Al Al jagall 4y i) Jad) 4y el
alall Gl g Mal) el 315

Université Ferhat Abbas Sétif 1
Faculté des Sciences de 1a
Nature et de la Vie

1;&3&:““_,41,;901;)52“@
3@\\9@&\3\9&9%

b il g e ) od
s ¢ skl
oyl (e dedia
45 DS
gg 12 alyg 320
Lo gt g i 8
Ll L ol g 1 pa—iadl
(Triticum durum Desf.) ball madll Caliial ey diladul 4l )
e 5 g on — Cilall 4l Sl
2018/12/15 g oy i

& apliall &34 glal

1 Cibw ol Ol b dnels 3laad Sl f Jsle e
1 Cibw sl Ol b dnals Slaud Sk i YAV

Tobae e O pansls 1 ol 3lul Ul s Lo O 5zl
dendl Ols g ez nals T ol Bl s
el Ols 5 e drelr Sl et s

3 S nal T ol Ll oy ool

2091-2018 4Laalad) Ll




&gl

omsall

a1y gaiall dagly
$IBelly Joluall daily

on sl

fald Zanmga

(aLsall gls sal) &y shaill &ulymll ¢ Jo¥L Jumsll
4

selall ganll sl Jou &gy dalys -1
4

slall qagll J1-1-1

4

@slyaall =¥l -1-1-1

@iyl Jalt -2 -1-1

2l sl syl x5 -2-1

ilsll spmgll ~1-2-1

selall ganll @lall sggemilt -2-2-1
aadll yoby Jalya -3-1
@emall yohll —-1-3-1

S lAgIL gl —2-3-1

alssifly wgeall iy ga ~1-2-3-1
slap¥l s Jhaflaly o -2 -2-3-1
dall Jlag ¢ gl 5ok -3-3-1
aadll &2l yy @z & xisall Jalgell -4-1
i sl —1-4-1



12
13
14
14
15
15
15
15
16
17
18
19
20
22
22
23
23
24
24
24
25
25
26
27
27
30

dall -2-4-1

isLsall -3-4-1

conll ~4-4-1

solall adll gl gilge -5-1

@liaZigll Il g cagill il l2a a3l sgls (ilall slag Yl -2
lall ulaa ¥l ggaa -1 -2

2Ll @le @ilall slag§t 5l -2 -2

olall slaa ¥l Jl o Goa gl oo 3009 s9all sypleall (g -1-2 -2
sohill Jalsa dma @l @ulall slag ¥l 45l -2-2 -2

a5l sa g quall mgm sall @l ilall slan§t 33y -3-2 -2
slaa ¥l daglaag Janall sl LT -3 -2

il aldl-1-3 -2

K slgs sa sldl -2-3 -2

i olgg el sl W -3-3 -2

@ rsanll Joumgll ~-1-3-3 -2

el Jymegll -2-3-3 -2

Jss9slall @ giaa -3-3-3 -2

Alad gyl sl 190 -4-3 -2

aglall myly 2l -1-4-3 -2

osle sl -2-4 -3 -2

soloall dagloal elog¥l — 4 -2

solondl Baglaal @ilygll cppmaill syloagilpzal -1- 4 -2
Lo ¥l o @mlagll alagl -2- 4 -2

¥l @ 2gmall alagl -3 — 4 -2

clasi ¥l o ilaeguall gyyleall qal -4 — 4 -2

a5l siilss aspads asilsnl dulymg @liadill @ oIl sigy g2 — 5 -2



33 Jazll 5k g ulgall @lill Jull

33 Aol Rulysll -1
33 asilon g g sl gogall —1-1
35 asslaall gpaciy dlazguall Alall dxlall -2-1
37 AL g ga J8 dpaliall s skally Llugll -3-1
39 & serall Ralysll -2
39 a3l gpamiy Rlagguall &lall Exlall-1-2
40 ligpell w1l -3
40 iyl slalll -4
40 iya ol sall lalgall-1-4
41 dea ol gy el sylalgll -2-4
43 il gl sylalgall-3-4
45 £lhzall @ilaa YU Jelaglt -5
46 silially dapliall . &lBIL Jugll
alyigall @l slagell laghgily sdall aadll o ssliml dglagal dalys —1- 111

46 solall agi alall aog sk oo ydlsada gaslly Ren ol gy 3899 sall
46 Bavgs —1-1
47 dea ol g sall milandl Lz mlase ¥l Lagbagily Ll ¥l alagul dulys -2-1
47 alell &% yoll Aaluag dyaglgssa —1-2-1
49 eIl Al g il sylll Jgh -2-2-1
50 ilgall gag Joh -3-2-1
51 lowll o Alguall Job : Algull slom -4 —2-1
R ol gy 3sall milanll @le s lase ¥l Lagbagsly Lo ¥l aglagul Rul yu-3-1

53 dyslad gyl
53 @lall Jyss 412ty (D) Jsssssl2ll (a) Jssg sslall oaa alell &80l @ giaa-1-3-1
55 clall il @ ginall ~2-3-1
57 daaa Lyl glell &3 91l o &I syly slally selg goll gl g5 -3-3-1

60 Bag snall oyl yapall ooy Kl 81 -4 -1



64 Rugymall sliagall Jloggals lagbgily slim ¥ aglagud salall yyaagll -5-1
65 dajli- 6 -1
solim ¥ sl g ganally &go soll yalill Rabiallinanlill &3 41l &ylagad &4 slga -2 11
67 elall slaadl ooy sl o aulall qadll s
67 Raxga -1-2
68 il sulpaal B3l gpgysesll syyleall mry @le @ilall slaafl sls -2-2
69 iVl alina @8 ol sl @ gina @le @ilall slag ¥l 4l —1-2-2
71 BV sglina o BN syl s 2l Buad (Lo @ilall slag U 45l5-2-2-2
72 clall gl @ ginall @l @ilall ulag ¥l 4515 -3-2-2
73 Eensl g sall spleall oumy @it @ilall slag Yl yyils ~3-2
75 daibll —-4-2
solia alalignlly Geaglsgs 56 sall mlgall (mey s linlall @il yils -3- 11
77 (Triticum durum Desf.) @3lall slaa§l sog sk @ aulall gasll (o
77 favxga —-1-3
77 dyn ol g sall sl gagall L2 @la2ill @ Il y5ls -2-3
79 2Ll Johg plell & 5ol Joh @l2 @lalill @Il 53l5-1-2-3
82 teally ilpull Joh ¢ iludl Job iliall g3z Joh @t gladill @Il sils -2-2-3
85 Eeilial gull ¢ Benglggpeall sylpngall @l glsaliill @ sll 55ls -3-3
85  clall gl giaally @ pgengll ginall @it @lialill @ ull sils ~1-3-3
88 falUyiall sylyslally oelg sl dals gle @lalill @ sll sils -2-3-3
90 B g pmall sslim ¥ @ilsad guelly anslso seo g9 sall giall Jolas -4-3
94 dajly -5-3
96 Bald Bl
absall ials

salall



aly 2 agll

el gaslly gulall sglallalbll cdesll cagyll 210 agll semy ga @l s2ally Sl asisl
Qe s2adl 1l gallly . Jag 32 alll lallll gaily syllell guals sogndl Janly claalil gl alll (Il
gy ] y2all clly gangg @in sl clly siia la @ty syhel la
laa @le asbad gl gemin Sl @l Jpall s2ally assil ol olsalil ¢ s2all @elos gal ail
aaly anpil L2 | sleall o 3200 @ sy @il daspall slagagill ¢ glagll ¢ manll @le (Jasll
s da@ll ailapgs ¢ slaclaall J& @l @le yeui Jaldll sl plogell § glsadl sble
Lolsss Lolengy osgtall dapliall Al clendl agla ¥l @l s2ally gngl cayleall (o sGAIL sy Engnall
sl Lima elyily daglia

Lagha galsd ayliys dealyy dlally degbll ggle a2 Slial o 2l ags Julz 1
lapgh alid alags dealyy | palia Glial o cllladl g galgs - w0
Blpsall splyc gy mata dealy polell &el2y 1 salaa Slial. syell @alis g
ilpsall splyc gy male Graly polell &olly mlial . Joys @lolay L

Bydosy hralyy | salia Ll L ylyy @alyed s

s digenll @ilidi dllugll aba dayd ajnglas g ashiy agm @lo @apl valy sy ¥ @il @ilial  @ilidag
cosestss asss dlally dgmg Ll gglell 8021 Bgralall g alilell @l slisl J21 5 ol « spnll glumg suly @iliyY Bggacell

dggh 8al2y glg il s Hlal @8 sers oa sl st oo pala oo J& s2al sall gos




u.a.i«.ll\

3 Rl logas CLall madlly bigas feobnedd lad S5 1l s Ll a oLk

sl 3 Ol Led olhase Al e jlast ()] anhdl sds Oud B adly U sbUL

iUl Byl Jo g Gl W sl b auls (1) BUH ez GbUL Gy bl alase Sl

9 demslsdm A LAl Jan aula Clall madll e BLoY a3l Al aibill ¢ 50kl ¢ ges

TI JO FVE S EOC AN [P VUM (PRI G WL JEX S PO W () I C A

2016 ) psall (munss gr &Yy Bobedtl J2d Sy ae)0) alis Ok g Ll madll
2017

dr Ml padl Ll bl LS gl oLasll s 3 S sl (sgime b 3T el gl
gl Of OUdl od  wlhsge ol Jo ddwad auhall s ¢ awgylll OLLYI gy (Syins
&) Polonicum 5 Oued zenati 5 Waha Lo &)lis Slisd) s T Bousselem, Altarg
! bl . Olinl) 558 awlust Mexicalizs caall 56 LMY SW sl Lzl ol
(S sl Lgnbnral @ )l el el iz Cp ol Bl sl Bptae DU
iaglis ST Bousselem s Mexicalizs « Waha oVl dw a5haSyo— sy s b ol s slaxsVL
Aaglie S Altars, 5 Mexicalizsoianall 4f aaglsp bl plall e Iolazed Ly 6,2 Y1 SLoYI
(p< 0.001)(s5ime o b Lad O Sl Laad 1S (Ol 5 59,0) sadl Bob OF padl Jd b
olol) ol st aland) 3 Jsb el Jsb colall 38,50 Job) lall S 3 Lol gen o
et 3 g0 LS U OF s sl Jagne B0 s ey (Cilad) 5 J8esSl s

RE TR PICNEIUE KRV RCITR GRE WO TR BTSRRI

aiad) ¢ ddt ¢ oS st S S gl ¢ U sler Yl kel el LSl
Lady sl 4l



Abstract

Drought is the most significant and limiting factor in crops in general and durum in
particular, especially in arid and semi-arid areas. The objectives of this study were (1) to
evaluate the ability of several selection indices of tolerance to identify drought tolerant
cultivars under varying environmental conditions and (I1) investigated the effect of water
stress in leaf, root and leaf growing zone on durum wheat genotypes grown in the greenhouse
until 3 leaf. We use morphological (leaf and root length) and biochemical parameters
(Proline, Sugar and relative water content) to quantify the effect of water stress. (I11) To detect
the effects of irrigation on some morphological and physiological and biochemical
parameters in set of durum wheat genotypes. cultivars were grown under well watered and
natural drought condition in open fields (El Oued Lakhdar - El-hamadia wilaya of Bordj Bou
Avrreridj) under a semi- Arid during the agriculturl season 2016-2017 .
all several selection indices of tolerance (morphological and physiological and biochemical
parameters) were highly significant (P<0.001) affected by water deficit conditions and
genotype effects, The typological study, based on drought tolerance indices, identifies
Bousselem, Altarg, as drought tolerant varieties compared to Waha, Oued zenati and
Polonicum, which are susceptible to stress by the Mexicali variety, is the most sensitive to
drought. The rustles showed a significant effect of water stress for all parameters just an
exception for the root length. Based on the biochemical parameters the genotypes Bousselem,
Mexicalizs and Waha are the most tolerant genotypes. The use of the morphological traits
showed that the genotypes Mexicali;s and Altarg, are the most tolerant for the leaf length and
Waha and Bousselem are the most tolerant when we based in our evaluation on the root
length. Statistical analysis confirmed that improved complement irrigation in the seven
varieties, all parameters (flap leaf length, vegetation height, node length, RWC content and
chlorophyll content, proline content) just an exception for sucre content were highly

significant (p<0.001) affected by complementary irrigation and genotype effects .

Key words: Durum wheat,water stress, , sucre content, proline content, root , leaf growing
zone, supplementary irrigation.
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.(Paccucci and Troccali, 1999) Sl o 2901 =2 0j9s (o) 4 AN
arbg BUH S bl (& Bygo conol medll Bl By93 Als S5 3 LS ()

.(Guendouz" et al., 2012 ; Bouthiba, 2007) 2L
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1 ciha — (abe cla b daals  lbl) Laglon aglall o) 5588 758 52 G —

(o) 3 by 31 A1) Jaadl
W\ :\...o\)..U\ -1

dailas 4 ‘59.34,’;:5\ é}l‘ -1-1
B3l Bslodl s o)l il 20172016y (21, 1 o sl IS ) UL ¢

&545&&9\ @Ju\ S\de.agyjj\ O g pF &56 L}‘j-;' dxy Lﬁ-m AR TR 3\.3\)):
el e G5 e 862 ) ey (B8 4° 44 51" L 35°5847" ) a5 b
e 3 (1.71) &0 (SISl PH 13 dabs Gb 4 55 o0 ) 350 Crany L(1-11) s

U ay dl ay 0B ok cndal) A

4 il ad ga

wad¥a ol

(Google = 2 = 5: 7 1 LYy apdledl 2d sl LSJJZJ\ C’J’U 5AZ 5y 0 11-11 Jﬁ.ﬁ\
earth, 2017)

A sy llis Byl s Gl e Ol s &l pige p L

Lo ge 4% .(Baldyetal, 1993) oLl j5b =T 3 =l Wbl jseb 5,5k Sley o

{EN
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1 ciha — (abe cla b daals  lbl) Laglon aglall o) 5588 758 52 G —

(Annicchiarico et al., 2002) Il s (°125 5 6.6 — xo gy sleadl 36,0 4 b o
Sl B pie SIS (hall maill (sl Z Y o W S5 Julpall sds
1) o> Olol blaal @ U i JW @ Cadl fole pnd O o8 ) doazdl
BliS™ o 108 s o i g 2y 5 olalgar DU daglie 31 25 3,2 Y) 0l OT V) L 2JLe
Cbalg=W s glis Slsl Ol jam (Ceccarelli, 1987) Lkl 3y b o amlsy)
(Condon et Ll & o 52 55— 53, 1l Sl IS y SUNY o508 185 plAI5 oo I B

. al., 2004 ; Reynolds et al., 1997)

Clr & G L Jgtdt 5 201 S 3 i e el 53 Dl ALl O3y )
e I Lsled) Jla ,u5 (ONM BBA, 2017) &Y sl 43 slo Y dbes 0 olball
Al e @ Bl S Sl s (el pdn 3Ll 18 LS 14286.5 — sl
R G O T I A T Y- IR JRCN CAU 5 W WO gy HP PO £ [
S 2 S ey (00541 (Bl ed 3 LTy 03173 B b 35~
o Wy e b et > et gd Ciamie n LY) Ol (5 3 Jmd

gl b s (S A eh Canis

2016/2017 A8, ) an 5o IO 351 A1 A 3 Sy BBl B 11011 J gl

Septembre | Octobre | Novembre | Decembre | Janvier | Fevrier | Mars | Avril | Mai Juin Juillet | Aout
T(°C) 23,65 20,9 11,42 9,54 541| 1057 | 1442| 1654| 24,23| 2872| 31,73| 30,03
P(mm) 10,41 16,77 10,67 89| 1816| 1321 2,03 8,38 558 | 21,28 0 7,11

Source : ONM BBA, 2017.
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1 iha — ube cilapdaals bl baglon ashal) ol 5580 mane 0 gon—

35 200
30 * /\.

s N\ S
A /
NN I 1

——T

Température °C

e @ @ & . & . & & QD QS &
&S FETS S
& & & &N Nl
Q,@Oo & @ ¥ «
S 2
% ~ 9

Jaxs 5 L3ludl &) Diagramme ombrothermigue 4Ll colleakl 1211 (a0
(ONM BBA, 2017) 2016/2017 481, | o g0 IVt 0 i) 3 5el) (5,0 A o
sl ol g Aozl dgl1 83U -2-1
gl asly =
(Triticum < lal) o) o Ol darw b} Slublll @ 83055 530S Jlomzal ¢
o Uad ol maly Sl @ A (L cdssl =) ade e T durum Desf)
(waha) 4~y @ @y Cadew  (ITGC) bl Jeolmall &l dgall o)
«(Oued zenati) (L) >y c(Hoggar)JUua c(MexicaIié75)L}l§w§x ¢ (Bousselem)(mﬁ
.(Altargs) 84, ¢(Polonicum) (Mﬁ

Byl o IV Alanzndl BLoY) Jatlas 5 ool ¢ gl 1 2211 gobor

Sl jaa Jﬂa'ﬁ\ anall

25 7 et bl aded) dules 6 S ICARDA. [CIMMY'T i
:l.AjLiA c%‘jﬁ. J-a.é-;) SM Ou-:-w “;.g\jj

Sl e gkl alls g oLl g ol
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Cryptogamiques_2! »Y ¢ slie (3Ll | 5b ALGERIE Sy
Ll s gl gl Bousselem

~ va-sgm c,.g\.'?) )35 CL”‘ oy . Jg_“ ICARDA /[CIMMYT JM

(S o) e Cw Mexicalizs

Bl 5 s 20 Bl (Jls 2l ALGERIE s

el e gidl AL ¢ I’helminthosporiose 2 Hoggar
G 5 Wl Cladl e S Ll
-:\a)\fuaj\

moucheture et > X ds gliall JBT) ¢l ALGERIE abj sl

L..S?j\ [RVA] A Lle=, . mitadinage Oued zenati

Mo pglie gt 395 bl ALGERIE Polonicum SOAJ
&2
Moucheture et Mitadinage

ICARDA /CIMMYT Altars )l:JT

Source : (Ait Kaki, 2008)
Adas o8 O ST )l oo gy Sl renad) e 4l sds O daze]
— WS )] Al S sl gl gy Ak 2016 eewd 14 Fle g )
oy b Gy ko) BL g bl a )l dadad ST a5 o ¢ 2512
dakas S o BL STy a1l o U A 35,40 250 IS g ) BLST e (3 020

C o 50 6 g A

36




cilal) 4pd FULN (Triticum durum Desf.) eulall zeadl) cilial (ans laiud Al )3 |, (2018) . oiiD@
1 i — (b clajddaals bll) Laslon aslel) o) )5iS3 0 5 T —

SULFAZOT (26 % N, 35% S, 120 Kg/ha) ¢ 5 o Slewad] &l ol sl D Janzusd

S (COSSACK) Adl Jlaszuls O™ 5Ll Clael) ¢ 5 slladV) a0 e 5
B ylall OlaeVl ¢ 5 Lad LS QLS /A1 587 5 aald) oty aald) olsT Je )
C IS sy

s lak oS ) ahee w8 LS ) a5, A alad) & )
o IVt Lad (gt Ao )l dakad IS sl ol N O o ) s Jlanzul,
W (gl A L il 0270472007 sl <l LSV (e sehens Ayl
Ls™ & L}.LJ\ sl o> (o) ddas & gd way LIl 23 7 04/2017 é’.)‘ﬁq s\
o0 20 53 e L)
&);sﬁy‘jwa,,éw Gyl g Labludl 31

Gt Jons gl e 2865 — g s P el Ll ¢ ses 8
5,20 (512016200600 34zall 5 2al) JUaaY) Lailes b ste fomw Loy or 23,87 (55l
S8 o gie oa Bl Rins ¢ ) sl BBl Lo st s e 323,08 50V o s

A1 31 ISKES 5 Y1 el
g b g

30 50
ST s
25
- 40 _
o L S
20 B g
2 30 9
} .
£15 - 25 8
3 ey
k5 - 15 3
s - 10 %
-5
0 -0
4 < (4 e .8 < &) RS N Q X X
RO AN @rb SN
& & & S ((e;\* Y ¥ RO
X S
o s 9

2016-2006 c Lo 3 2ll 5 ) A1 ol 3 ol sy Ll olims 1 3- 11 JSKE!
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(ONM BBA , 2017)

PP =T

35 180
A~ [ 160 _
30 - =
/ - 140 €
g 25 - 120 .2
il \ ﬁ
220 - 100 £
5 \ A 2
g 15 -8 3
E \\ / | E
> 10 60
- 40
3 - 20

201712016 & 5 ) s sk 51 A1 Sl 5 ) iy Il omeie 14- 11 )
ONM BBA, 2017

b o Al 3V Sl i) b ) bl a8 3 ) Al 34y Lo
ol e 3 ATy (Lo 45,97 Jo 3T gd @ Bsleall Lo e sl o b g ) 5T
5V Ol g aall B gad) Ll law e 3l 3401 S (7,85 U o
JeAls ool e 2 DM dols Jasls B ¢ 550 e OF 02 ¢ il ¢ )50 s
i ¢ ad) AWl 8T ey aad Wy A e ey LYY ol e e Sl
(Bousba, 2012; Bouzerzour and Benmahammed, Lkl 5 JW 2ad) d> 1 d.lad
el Lals dmlicy L il ed slimal (sg2i Olim 52wl s 52 LS 2000)
§ P g o s gl) Odidae JUaaY) Blas 0T A2 ¢ 1 ol sa2 e D
Al 4l gL ailas e ga Laslecd) (3 el odudd) 1da
L A g s by ST ot 38 S et U] s 5 Sl
b 3 Pl il s on Oy csbe o3 cyle gl IV e ¢ | ¢

L J 5y A Ol s @ el iy ¢ 10 Jgy 4 S e e sl
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oty 3 g WL (L J sl el G My 311 S 2016-2006 e L 5l
Bouzerzour and Benmahammed, (1994)  pdy . sl bl =T M= 550 41 ol
Sl 5 A o I 5 2l 5 g 551 A4 Ol 3 ¢ L) OF (2002) Bouzerzour et al.,
AU 4 GBUL 3 355 185k 15,5 o) LW wal e o JLw) dm Aol
dy pd) Aoyt 22
bl gt g Aol 2501 831122
Triticum el seodll a0 Gl s &) Bl 3 L 33LaST szl ¢

C(MEXiCaIiM)L}w «(Bousselem)sdlws 5 «(Waha) 4>l s durum Desf
(U 3y 5\2) s (i slizaly) (Altargs) W ((Hoggar) ,Las

20 Foule g S o et W) il des el OL) L s o bl oK

L2017 oyl

UL ol o e Lghot 5 2283 20 50 ( Jo 90/ Jo10) e slo | Jdlr cle sl vdd A
e G e 3 g o caoy kil sW 3 oleled sl sdd)l cai (el
o i @ dele 48 sl Bl 5l Ay oy Wl UG (3 e md 5 Gy
o o e s Ol O e pUT 5 U 4 e e oS 5 clae O U] 22l
C S eV () A5 el e 5 dilonie Sl 3l
(Terreau 4JU3 &5 + oy + & 5) 0 855 &el 5 &0 eVl cdle ¢ 5dd) O dey
e S janl s 6l ol S @bl 8 Jaae ol B E 0 aey (1-1-8) Juss
sl o (bl ST andl O bl wled) Ol Wi 3k eVl cas

S 16-19°C 5 1,8 24-27°C — 5} = o > b cdaeldly kol
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1 ciha — (abe cla b daals  lbl) Laglon aglall o) 5588 758 52 G —

Gelai F o W B, ek o e e e ool sUL bl e ¢
Jols by ag2 o By oVl sde Caai e pUT 9 al A sy SUI sl
L dalaS g gy Y Geadl i
Sl di -3
i Sy el Ll ) By it Sll) daT F B Syl m
A T @AY il des et O LSl s 4S5
Lad ol LDl aLall slemYl n o1 9 sy lial) dotl & 1y i) Lty
3 oy Bl deld) adladl g (sl el BheS 20U 38, ) slast
Sl o A Jlazl & WS (Hu et al, 2000) - 21 35, 1 306 10
Al Ul sy a3 ) g 5 oda by a5L)
8 ) LN 4
e 3 RSy Al Clldl e aad e ol o
o) gl adad) ) g oyl
dor f 9 M Ol 14
St Jsb g a3y Alazatt vV
S ackes Lo o Aol gy 3 ok G o JS S3uml )0 A3 Alana NI WS
@Aﬁr S A Jsb U o dg k)l edyy (Bernstein et al., 1993) - U3y
RGN
iy 1 AL
81y 3l 7o B 55 Biee o (LY A o o 3T (ool B, 5) &l )1 88 )50 dmles 3 ¢
Y WL dew ) 43,5 alldl o i e S Jsb e Wleie 83l

. (Spagnoletti-Zeuli and Qualset, 1990)
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1 iha — ube clafdaala bl Laglon ashed) ol 5580 mn S0 Eon—

SE (cm’) = 0,606 (L x I

e ol B3l Jsb b o = L (o)) 8 ) das i) L) o» SF (em?) &
MY foles 58 0,606 ¢ g b Lgae Al BNl 5 e Jawgie 2 Ty ¢ e L
(LxT) oo AU g B edde By IV e 5 )Aall d-Luel)

Ccm) HPT <t Jsb v/
) Al e IS Bl 23 i (B3 e BL) By e SULI J1sbT WS 6

(cm) LC dhaudt 2 J5b v/
alandl 00 L) saie 2T e aly aland) e Jsb 05

(cm) LEB el deudt Jsb v/
Al Al 28 o anldl e B e il dlaldl Jsb s ¢

(cm) LB 8Uudt Jsb v/
.G.;g;n A e I G5y alandl &3 o Aland) 371 e ki) sland) J gb a3

(cm) LE 3l g Aliud) Joha v/
§ o5 LA o= sland) deghie Aol g LA e clan) el o Aleld) J b JERvi,
Lo
b o g 5l Ol 24

(TRE%) (gl U (s g2

) oo sadl O g a8 bl iy M s 3 edl SU i) i
ok ST sy ) el b e slazsVl QA 3 5T a8 5 Bl diane ) B
Bl Gl gl b o s s ¢ (Fw) B OS5 o el il &l 05
> By gl OLE 3 Rl ot Ao 8 o £ (e]) e oS
DA W Lgos dny (PT) sl O (o sl 3y aelin 24 50l 61 >
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P pwrl tﬂfs.x.\roso iy (3 Aol 3 il Caid G5 dm L) 3y
oo 8,55 4y (Barrs, 1968) a0l o snnd) W (6 52l Ol o (PS) S O

:45Y) Mahdid, (2014) s DaCosta et al., (2004) <2 b

TRE (%) = 100(PF-PS)/ (PT-PS)

00 W Je PS, PT, PR JS° 5 (%) 35 ) o) SW) s 522) = (TRE) &
ol OU il b (Cl.n)

L Lol sl (552 ) (s e (3 s ety 31531 05 3 b 1511 !

J3)sS) s
o 0 500 wlai (Rao et blanc, 1965) &y b b g2 Jb g, oIS BaS™ a5 ¢
o JBs %80 1S Ol e o 20 e 3 L € Bpo wad UL 31N
G Jlemial amd 5 o ade fuamal) J 021 (Carbonate de calcium)p seedSI) U 5 S
i sl Lsb e olial) Calisel 4550 BT 55 ¢ L3151 Wy e el s A
oy Sled) Lo Blel o pe LVl e a sy b pased) Bl 2056663 5645
(eedlly dalad) J sl

Q)
j
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1 i — (b clajddaals bll) Laslon aslel) o) )5iS3 0 5 T —

AU DB el S

Chl a =12,07(DO663) - 02,69(DOB45)
Chl b= 22,09 (DO645) - 04,86(DO663)
Chl (a+b)=08,02 (DO645) + 20,20(DO663)

(Rao et blanc, 1965) <= 5, IS iy osza) 3 dnall |1 U 611 JSC2J!

spectrophotométre jle= e sl el 3 -7 Loy SO s s adkes —0 Ll medl G160 e iikee -

i\ ged! Ll )34

adl 3ol Al Ol (3 6 g 281 S ol Sl o gl e ST eLS é
k) o a8 ) Al dakdl) oWl @8, ) e IST (3 A Ll i B el

(Prol «pg/100mg MF » ) Q\,jjﬂj‘ 3;’.\-’“ v

b e Waal) (Lindsley and Troll, 1955) &b ¢ Wb L gl §plee ok

W) 45 LIL (Gorring and Dreier,1974)

He 2 3 Lpoi 8wl (U 2L BV o e 100 wla cond ) oDl
o islo 3l 0854 ) = Sl 3 luall e & gl U il % 40 J Sl s
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Sapsho 5,03 Gasmy il el GSTU R e e Sl L e e 1

A e [Je80, Jhe 120 Jle300] bV

S35 05 yelad 423> 30 3ul 2100 O 55 Jo Sl plas 3 o 0 Olal) o 5
z 4 ¢ (Toluene) OW sl o o 5 e ST o ) dmy oy 0 9 ) Bd e 02
oA Bl gl ik Lo e TuE ol 35 ((Vortex) Aol I
NSO, a5l o 03 saall @y 17 0 o § pip danbke 2al) Adll) Caas (idind) aa b))

Jsb s Spectrophotometrecadall jlg e ad gl LS T 5 L Il e Caised

DU Aldl & g ) w3 e Jlemaaly Gl g ) ST 5 508 6 e U 528 Al
Y=5,3155X -0,0139
Sleall 3 gl 4S™ 1Y

Olaal) 45 sl LS 1 X

() Les S 3 Yo EeS =Y ol

2x1000XY
—————— =y S5
MFx115.13

LS i ey S v

Gaand) Sl Sy G G Gy Sl Al ol Sl ST
G el e &le 100 4 @i ol S oMY (Dubois et al., 1956) i
oy oS pabsaldl (aid @ odele 48 5l % 80 J5Y) e Jhe 3 3 L eny
bl 3 Chall el e e 20 Cusl SO s b ° 80 3 ansl> (3 Y
ot P54 (%5) dpdl) o Jlal 1 e b d Gaiad alnadl e el mia dies A
g (o V Ok aed) el (3l xe (186 =% 95) S A xSl as

LT SRR RN
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Slabuendl Jo &gt ColW &5 (Vortex) dauly Sloall 7 5 U 000 ld
A& 20 ) 10 o0 2930 31> JLe el 3 @l

Slal) & LS 5S5 sad F sl 490 Bl Jsb e dgsall Bl T8
L S sl el o) Jlenzaly
bl JlamYi fudoudl -5
STATISTICA software zsb » Jlaxiwl auhydll o e fuamdl) bl dles ok
AU B5lam Y1 Gl ke

ior )5 5 Y il ;) (ANOVA and Correlation)  bLiy¥ly bl JdL 4t ys =

R WPPRRTUINN TN U WOt PR N PP PP {
i), (Analyse en Composantes Principales) ACP &zd sodl OLS M1 [Js =

e gl O - ol el STy o sy ol g g
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1 s (ube a8 daala | b)) La gl aslad) o) 5588 50 0 03 T —

ww\) @‘\:..H _ I

Ala Jo sty Chall madll o Blol dylowsns) Aulys -1- 11
U s ) By iloaS ey Bl gz A
dodds -1-1

@3p & ety dngdal) atd) AW 2] e a2 ) Lelpall ST LA e
ObolgW oLl dlnl 3,48 (Boyer, 1982) bl o duaal (3 60,8 sl Sl (1)
Lhsll Ay sl Y Se 5 3 el Al L o Jolsel) 0 Besett e dase

(Beltrano and Marta, 2008) %15 J> (3 (3Ll Canall

G sl O Ldsgiey 5,38 Oolisl) daplall LY clisl 3 dedll Gl O

Slal, e el slsY i oY) s O 6 (Jpal Jo LS dame oLl
ot Aol dlanzal ade Je cdsl )l ((Richard, 1989 ; Acevedo and Ceccareli, 1989)
i) i)l g Arad 3 L) aSladl me 5 Y Olpldl (3 cmpdl LUy sl Cans
Roglil el JlnaS” Lowsill 2oV o) bl 3 Syl plis[abs ) aslasleds
.(Ali Dibet al., 1991 ; Ross and Siddique, 1994) read)) Jis Dol e el e Lt
mod) e SLLYI Jam bzl LT s Wl oa alidl Ayl 2l ll sda e DUl
WleaSsedly Aoyl idsd ) pailadl @ a8 JSiy Sp ) SUb Ok o Ll
@ oaled BT 2pd ) el o or 8 5 (e ¢ S0 SISy oy o 48
SloV el ol 3 Wslazsl (S0 ) 5 W Sl Y1 Gy b o F ol S5

AL
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1 s (ube a8 daala | b)) La gl aslad) o) 5588 50 0 03 T —

b b 0 ailad e sl YUl LUYI Gl duwlys 2-1
s gy ) s S0 L1 ol 3l e OF il LS g gbl s 50 LS
OOt s (L) Jsb 19S5 dladl Jsb caland) e Jsb el b odall 351
g3l (OUH 4 FLU Gy b (3 slimal 0y LYl Gy Ld (P <0.001) Ssine A
W aaglill ey Laelinl o o Rwgydll GLYI Gy Joedl 1S 1500

S

= Jsb (HPT) oWl Job (SFE) ol 83,500 dmlus o IST el U2 01-THT] gk
O s Ll Oy b o2 (LB) W) Jsb 1Sy (LE) aland) Jsb ((LC)aknd)

Source of Mean Of square

Variations DF SFE HPT LC LE LB
Block 2 168™ 032" 0.18™ 054" 011"
Genotype 6 192.45%** 314.17*** 5.57*** 3.20*%** 18.85***
Erreur 12 1.69 3.02 0.35 0.19 0.50
Total 20 144.76 235.71 4.22 2.53 14.17
CV(%) 7.58 2.76 9.12 5.86 6.38

*, ** and *** significantly at p < 0.05, < 0.01 and < 0.001, respectively.

ns: no significant.

) 8By 5d) dlunny Aoor gl 8 10 -1-2-1
(ot r Yl Ay ayslay A o8 el Byl gl pal) 1
o dand) aindd ad Dus St s sk @ a2 e 2 U e
&bl 2-TL 93t (3 Bz skl Ayl 0dd B o) el Olionl] 2 glie Lol ¢ Lis
Gopb 3wy, Ol e & el 850 L (3 Vzee 15T T W sl O
5.51 5 Oued Zenati Cainall s ° 2621 o b gl 5 ol 88,501 dslis (3 ( 2Lk

.(1-1II Jg.&j‘) Zv_w 17.14 — 23 GK szj.:ﬁ & Méxicalizs )l s 2¢-w
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Jsb «(HPT) ol sb ((SFE)ekal) 83501 Bmls o ST llaw e 5)Lis 12-THT J gl
O s AUl Oyl o2 (1B) Ll dsb 1Sy (LE) Akl Jsb ((LO)aka) 320

Genotype SFE HPT LC LE LB
22,85(h) 72,83(b) 5,13(b) 8,4(ab) 13,63(a)
Waha
Bousselem 25,58(a) 78,83(a) 7,06(a) 8,6(a) 13,13 (a)
Meéxicalis 5,51(e) 47,66(f) 5,16(b) 5,63(e) 7,93 (b)
Hoggar 16,68(c) 61(cd) 8,13(a) 8,03(ab) 8,86(b)
Altarg, 10,61 (d) 62,66(c) 7,83(a) 7,66(bc) 8,8(b)
Oued Zenati 26,21(a) 57,66(e) 5,16(b) 6,8(d) 13,23(a)
Polonicum 12,58(d) 59,33(de) 7,50 (a) 7,16(cd) 12,63(a)
Mean 17,14 62,85 6,57 1,47 11,17
Min 5,51 47,66 5,13 5,63 7,93
Max 26,21 78,83 8,13 8,6 13,63
LSDse, 231 3.09 1.067 0.77 1.26
ESFE
3 30,009 25583 26,21a
A 2500 1 285p
;;3 20,00 - 16.62-c > 17,14
NL 15,00 1 22.85a
10,61d
10,00 - 5 51e
5,00 - i
0,00 -
> L
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LUV Gl 355lae eglie ST Méxicalizg sl Lol 050 Slball ads Lo I3lozels
il e L Altar Giio pe Bt Begas K2y Y1 s 0B 23 () Gl eyl
SVl Gl SR ddan) el ity el i o 808 Ay Bl 2
(Mekhlouf, Ll o 393 01 a8y (3 Jlb [ el OF (K6 23,501 2Ll & 35[3
Sl a3, o)) A LA olssU L) Oued Zenati Jaodl 055, 4ie <2008)
gedl dpe s Ol J5b 22241

Sl O LS o (Oliml) ol od e DI i) usT ol Jsb juny
el 02930 08 wiay sl e ST ST olanel QU s 8T 0 g 38T Lnis e
it 2hall sday (S 28 3930 om Ll w5kl skl Ll (Subbiah et al., 1968)
(Adjabi et &2W 3dx (3 Jerzedd > allall wld DU adl GbU) 3 Oge) ) s
Co sl ) sl (3 Ll G gs ) oda al, 2014 ; Benmahammed et al., 2010)
Jske)l 3 Bousselem Ciiall (55 (2-TH JSKEJV 5 2-THT J 93ty collows gall anlys o glof
G 047,66 2 Jsb Lowgze Bl e i (3 we 7883 Jsb Lwgie SLY Sl e
sV aelnd (2015)  Jse 5 (2014) Ahmedetal. o+ JS7 LTy . Méxicalizs sl
OF s bl oda o 8 jannd) L s5 2y Sy BUH 4l bl (3 2ol 2iuall odd
S as FLL 3 ag,all 6 ) Ol a e 2egliey L[ ™V Bousselem Cavall
4 a.l)> (3 (Guendouz etal., 2012°%) 5 (2014 ¢y o] fosi Lo as Lowils 3Ly UL

Sl Jsbd 2 ST o e JW sl Y1 G b (3 el madl) e Sl e

49



cilal) 4pd FUl (Triticum durum Desf.) qubual) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 i b o daala | Ll Laglon p olad) o) ;5380 08 50 G —

OF 058 Lty wo 531 M 55 38155 L Oued zenati s Polonicum (ndnal) (s
bl s gast i (3 Ll SO L) el
et 3o Jgb -3-2-1

e oS ol Gyl OF o 211 Jgid) 5 1111 Jgid) (3 ol i)
il Sl p aladl gie Job cls (3 W deg,all SLa gl e Laadl (3 s Bpns
Hoggar el 2l o813 cple dladl oo b (3 G40l )3 G iy lll L
s il a8 we (@) deilte Ao gag Sy ) s OB 23 ] Cail Hoggar
5.13 Jyb aoly w55l e v 7.06 <7505 7,83 JIsbll Bousselem 5 Polonicum sAltar
3 Méxicalizs Canall o S as (b)ailonis G gazt SIS JSiy U Waha Canall -
5 A Jsb ol L@ KA ¢ 211 Jgdly LS e 516 i J sk Oued Zenati
Slimdl ot Jod 505 3 5 G amsi ) patlad) on e dled e U5k
t50 dlendl e Job OF (2010) Kilig and Yagbasanlar oSS T LS «(Passioura, 1977)

L2 las) JLM«:- J- L“;”jjj-;)j""

HEHPT
90 -
3 80 - 7283
3 70 - 62,66
e 57,66 5933, oaae
’{ 50 | 47,66
40 -
30 -
20 -
10 -
0 .
> il
o \)
$ g_)") '\> OQO V Q/Q R
& N N &
S Q

O s ALl Oy b 3 A die Sl Jsb ol 2o TS

50



cilal) 4pd FUl (Triticum durum Desf.) quleal) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 i b o daala | Ll Laglon p olad) o) ;5380 08 50 G —

ELC
9 -
. 8,13 783 s
-9 1 7,06
8 |
R 6,57
= 67 513 5,16 5,16
] s
— 4 -1
i 5
2 -
1 -
0 = T T T T T T 3
‘3@ & -o‘z’.\\ & \\q;x &&f\x $ by
< & ol ¥ v 4° &
Q’O @ Q» @b 0\0
o ]

O s AL Oy b 3 ) e die Aland) e Jsb ol 34T S
L) 5 Al gl Al ciliea 4 2-1

Jsby dadl b o JS7 & Gme s V) (1-ID Jpudrh) pad) 2 i
Jgadt & 20l oad S O s #LL Oyl 3 (p<0.001) Bl oy L il
Jsb 3 Jomed) ) e il el Jgb 3 OBLoY) 3kl L) OF 2-TI
el
oA gl 4TSSy 2o Jgudt 3 Aledl Jskd olaw gl anlps ol
inall JS as Audlnis degas ISy )l Bousselem cinall ) 8.6 - (S52dl
@ 563 daw Jsb Jams ) Je e 803 5 o 8.4 b Hoggar  Cinally Waha
Méxicalizs )l ) JET Claew

Byl o oS Ry D)L 3 OULI Oyl ae (S (3 agr 593 Bl (s
ok 3wy (Bamoun, 1997) SWI jamdl gk Ul geal) CSH) s & a4

oda e slazely ¢ Sedl CSHI 5950 3 e Al Jsb ool Lls™ o S sl

51



cilal) 4pd FUl (Triticum durum Desf.) quleal) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 i b o daala | Ll Laglon p olad) o) ;5380 08 50 G —

Sl ylaa Jw‘y\ ) Je Hoggar <Waha 5 Bousselem Sl 0SS dsld
EPPRTUNG PN
C\jf})\ Of (Slamaet al., 2005 ) ;LT 3] cidkl eDaal (3 Lo 193 olandl Jsb aly LS
ol Jsb atlucs St o Judl 13950 s JWI Gaidl Gy b o 2l sland) 2l
3o Y 38,501 By aw wl] (Gate et al., 1993) el 5 . Sead SR AL B30 (3
5 Sl Silpsis ) adall s gl &) slaeW) p Sliadl  olid) s
5 2-T0 Jgudt (3 e )bl Lot e Syl odis ol 33155 (A o del (3 ol )
Oued zenati 5 Waha <oess (a) a8 el . Cptuilonin uis st glal Com 4-TH 2N
& 12635 @r13.13 ¢pes 1323 ¢pee 13.63 Liw J5b Joas Polonicum <Bousselem
Liw Jsb Jdas. Meéxicalis s Hoggar cAltar guows  (b) il dssastly L3zl
aio O ST ALl Slahaldl e el oyLal L 55l e vn7.93 5 +e8.86 ¢ w88

AV (a) 1esest Bl 055 adey BU a8 FLU Gy b 3 Ol s Ll b

.lﬁ)u,e

3, 10 - HLE
=3 97
- 8 -
g. 7
k3 6 i
—
1 5-
N 4 |

3 -

2 -

1 _

0" aluay)

ol
% ’8\'
@ Qc,s Q;\.\(‘ Q~°°go v & o°\
<P A\ & >
o\) ]

O as Ll Gyl 3 mad) i dled) Job ol (K

52



cilal) 4pd FUl (Triticum durum Desf.) quleal) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 i b o daala | Ll Laglon p olad) o) ;5380 08 50 G —

16 -~
13,63
14 - 13,13 13,23 12,63
3 12
3 11,17
— 8 T
i
4 -
2 4
O .
,80 o dliay)
$ ofv" ‘e:*\ Q\OQ" V 6«&0 &
P & N
OO Q

O s Sl Oyl 3 ) die ) Job oas 5o TSR
iilaS gty & o 05l 2iliadl Jo Slaas Uty DU dyloeant Gty -3-1
oy pdl Olall e OF bl el L 3 el 3 msse s LS
095 Bl L (P <0.001)  (Gsime dor ODt) o gy Al 250 )y
T gy ) Ol o Joeddl oS S0 el ¢ BU s FLL Oy b (3 el
LS LW gl ey Lae i) dkae Jgom
G b5y 5315 (b) Jedg)sASI (a) Sy 531 o ol 2B pl) (65221131
3 mmdyy sl e e ol e i ol BT s aas”
(Hikosaka Jaw 331 (3 sl 5,59 3,0 41 ¢ 65208 a2l Jalsadl o aad) ) wLoY oLl

. etal., 2006)

53



cilal) 4pd FUl (Triticum durum Desf.) quleal) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 s (ube a8 daala | b)) La gl aslad) o) 5588 50 0 03 T —

s (chlo b) b bs, sl ((chlo @) a kés, sl o2 IO il LS :3-100 J g3
S 2 ¢ (Pro)eds ) 522 ((TER) slald = 522 ¢ (chlo ab) ab s, o1
O s FUl Oy b e S am sl Al 50 3 (Suc) 3l

Source of
Of square
Variations DF Chlo (a) Chlo (b) Chlo (a+b) TRE Pro Suc
2 17.76™ 2.21™ 14.41™ 1.30™ 0.38" 0.22"
6 1420.25***  1955.50*** 7044.98*** 152,09*** 13.37*** Q9 73***
12 18.26 15.84 16.44 1.76 0.35 0.17
20 1069.62 1467.25 5287.34 114.39 10.12 7.35
CV(%) 12.41 11.09 4.99 1.88 7.84 4.32

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

** ***: Significant at 1 and 0.1% respectively, ns: non significant.

St (G-I J9ddt)y il Ay (6-TT JSa) -1 J gy ollon e LIS iy

e 2l 2 ey gyl () medll SLLY madl we Wl 3,00 L) 1S
el L 71.82 pg/g MF a"}:ﬁ))jm‘ S 3 A L;aﬂ Comn Eom (LY
gl e S A 2117 5 1594 pg/g MF 5 14.65 ug/g MF 4 331y Hoggar
Je 51l b s IS0 522 ddll s
iylae OlaS Altargy Canall dis a3 3y Hoggar canall ol dad ST o K

.53 Jde Waha 9 Altarss s Polonicum

el odn g, ) Gl Gy pldl 3y LIS LoD b ST gy oS o5
(Bousba, 2012 ; Mekliche et al., 2003 ; Hannachi, 2013 ; Salmi, 2015) Jf Ejuﬁ 8l
5 Bpke Jeall CoSHaus olas O Slulldl plams el (el O e ok )
iy sl Gl ed Gu DL BMe clmwy () sl sl Ol
2l ol e bUd ((wittenbach, 1979) [hall Jg 5 medll (3 Ssial SR

Yl Gl @ e Jeo oS s e Blisd) als d bele jum () sl
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RE TR
(TRE) sl ‘_;..J\ & g 3-3-1

) SR (3 (P <0.001) dygins dor B3 Jonws 4T Jgekdr) o 3-TIT i3 0
o 2l @ moly b e LS Clall el DLl cn W) 355, e L
slall ol Sgimeal] dd il OF 4-TIE Jgudet 5 7-TH BN s« LoV o el
Hoggar il (sl ds dsf Gl - & (Altarg, cne) Ls % 78.04 & e
G522 s L) Slalll wlane 23T 96 70.59 oo s )03 Jaw gy % 57.28 dach
p I e 0SG y dl sle Olady bgpe 050 ) medll ol BT sl cled) ol
e ol Ll (Bajji et al., 2001) aeslill W @, anled SO 3 2w ST
Sl s o >L4:3[IC.W;, L Gt Ml ae e M e BmnsY 3 W) o
LUYI 5l 2 Sl MYl (2012) &) - 5 ¢ (Djekoun and Yekhlef, 1996)
GV B> (3 BV U ey 31V b (3 ol sl s22 e aladl 3 351,5))
o) Al OV e all olals sae s L W s Al SLLL BY)
odh inis 1|
S Sb @52 sl W dhesall BLLYI gl 3] (Hannachi, 2013; Oulmi, 2015) &ivall

pylie CaiaS” Altarg, Cinall Ol do il e 1dey (Scofield et al., 1988)
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9 (chl b) blés, sl ¢ (chl b) alds,slS o [ s @ylis (4-II g
Sy Proyds ) (TRE) 3y slold ool (55221 107y (chl ab) JSII by, 51T
FLU Gyl @ aay,all Clall madll e SLLY B sl Wl 38,500 (3 (Sucre) 2514

LU 4

Genotype chla chlb chl ab TRE Prol(ug) Sucre(ug)
Waha 21,17(de) 27,56(b) 51,04(d) 64,87(d) 10,06(a)  7,9(e)
Bousselem 3511(c) 16,31(c) 114,62(b) 75,15(b) 9,20(ab) 9,42(cd)
Meéxicali75 56,01(b) 31,93(b) 116,95(b) 72,65(c) 5,33(d) 7.09(f)
Hoggar 71,82(a) 67,19(a) 156,71(a) 57,28(e) 8.36(bc) 11.25(b)
Altar84 15,94(e)  3,53(d) 37,64(e) 78,04(a) 8.36(bc) 12.27(a)
Oued Zenati 26,19(d) 31,29(b) 64,10 (c) 72,21(c) 7.53(c) 10.03(c)
Polonicum 14,65(e) 73,23(a) 27,40(f) 73,93(bc) 4.16(e) 9.22(d)
Mean 34,41 35,86 81,21 70,59 7.57 9.6
Min 14,65 3,53 27,4 57,28 4.16 7.09
Max 71,82 73,23 156,71 78,04 10.06 12.27
LSDsy, 7,6 7,08 7,21 2,36 1.05 0.73

Chlo a Chlo b ®Chlo ab

160,00
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ug/g MF J: g5l das
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V- 3 Loy (il Jsb g L sl plisy) (3 dely Lny 251y dongy SN Slead) 55020
Sl sy ) Syl CoSH) aas o 5ps e PUEI aiay 33601 B Ll eis Lk
Sl Jsb 83l 43,01 1 Lldl 2 asly e B e oY) ) BUa)) ods w1
Bouzerzour et al., ) g olulyldl o dpdall (8 e Al Jsb Uiy Ludly ol
ol ol e ey T ) (1998 ; salmi, 2015

ro gl Dies L Job DLyl Lo gy all Sl sl oy LYY g e
O Ll il om0 ¢ i) Jo 1= 07367 ¢ 1209253 (ispdl 2y Ahadl Job
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2 ol e ST 88 (ST ol Gl O L) (Salma, 2002) wo)lel (s agm e
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By )l Ll ol e SloY g, all sl oy BLEYT @Sllas 1 5-TIT J gk

O s U Oy b

Variables chla chlb chl ab Prol Sucre TRE EEN LE LB HPT SFE
chla 1 0,3239 0,9527 0,0089 -0,0641 -0,6362 0,0968 -0,1643 -0,5792 -0,3012 10,1931
chlb 0,3239 1 0,1749 -0,5310 -0,0834 -0,5411 0,2738 -0,1243 0,0088 -0,3159 10,1482
chl ab 0,9527 0,1749 1 0,1770 -0,0427 -0,5499 0,1169 0,0202 -0,4245 -0,0549 0,0146
Prol (ug) 0,0089 -0,5310 0,1770 1 0,2541 -0,3049 -0,0298 0,7595 0,2462 0,7367 0,6276
Sucre
(ug) -0,0641 -0,0834 -0,0427 0,2541 1 0,0124 0,7391 0,3670 -0,2302 0,1250 0,0624
TRE -0,6362 -0,5411 -0,5499 -0,3049 0,0124 1 -0,0512 -0,2741 0,0886 -0,0285 0,1788
EEN 0,0968 0,2738 0,1169 -0,0298 0,7391 -0,0512 1 0,4224 -0,2995 0,1885 0,2083
LE -0,1643 -0,1243 0,0202 0,7595 0,3670 -0,2741 0,4224 1 0,4425 0,9253 0,6050
LB -0,5792 0,0088 -0,4245 0,2462 -0,2302 0,0886 -0,2995 0,4425 1 0,6104 10,8036
HPT -0,3012 -0,3159 -0,0549 0,7367 0,1250 -0,0285 0,1885 0,9253 0,6104 1 0,6904
SFE -0,1931 -0,1482 0,0146 0,6276 0,0624 -0,1788 -0,2083 0,6050 0,8036 0,6904 1
90 7 y=0,882x+47,73 16 -
80 - R2=04766 * X=O,2515X+6,8604 i
’ . - 14 ez o
70 - R*=0,6457 . .
/ 12 -
60 b Y
3 50 - 10 1
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20 + 3 4 4
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O L L 1 O L} L 1
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Mean of square
Source of DF Leaf Leaf growing zone Root
Variations PRO SUG RWC PRO SUG RWC PRO | SUG RWC
Block 2 [1630® [0,084™ 4,85™ 015™ 0,0044™ 141™ 3,097 0,106™ |60,07™
Genotype 4 | 8384%* |16,64%%* | 48576%%* |82,21%** | 90,68%** 636,59%** | 102,24%** | 50,89%** | 75 gE*x*
Systeme 1 | 228,16%% | 70,34%** | 3757,15%** | 205,09%** | 31,11%** 3807,45%** | 80,81%** | 11,51%%* | 4890,14***
GxS 4 |50,48™ [ 1054%%% | 246,19%%* | 7,744%%x | 307%%* 100,53** | 16,75%** |0,93** | 330,05%**
Erreur 18 [1964 0073 18,83 0,065 0,20 21,43 1,80 0,186 1345
Total 29 |7255 16,29 608,61 51,38 36,92 614,43 51,18 19,91 603,08
CV (%) 96,86  |8,03 6,68 2,92 11,40 7,05 24,30 1248 | 488

PRO: Proline content; SUG: Sugar content; RWC: Relative water content.

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

** xxx: Significant at 1 and 0.1% respectively, ns: non significant.

fonnt) kit 3 gt gyt Jo S slgr Yl o122

Cob 3 ol gl e sl W welast Came gl 2 s
L o W sl W amaglis Sl (3 cded oST5 dasy (L
Al daled) (ool Bl (3 aSleSelly A ool B8l bwgme @lae 7-TII g3
AU sl Yly A Sy b 3 sl el e Sl I 5 2

. Morphological
Organ Leaf Leaf growing zone Root .
traits
i PRO SUG RwC PRO SUG RwWC PRO SUG RWC Leaf Root
Conditions
(ug) (ug) (%) (ug) (ug) (%) (ug) (ug) (%) length length
Irrigated | 3,14 (b) |1,84(b) |87,56(a) |6,12(b) |2,98 (b) | 76,92(a) | 3,88(b) |2,83(b) |87,89(a)|17,30(a) |8,06(a)
Stressed | 7,70 (a) | 4,90(a) |65,18(b) | 11,35(a) | 5,02(a) |54,39(b) | 7,17(a) |4,07(a) |62,36(b)|13,31(b) |7,86(a)
LSD5% |04 0,2 3,32 0,19 0,35 3,55 1,03 0,33 2,81 0,43 0,35

PRO: Proline content; SUG: Sugar content; RWC: Relative water content. Means followed by the same latter are not significantly different at

p<0.05

U oy ) 4S8 anlaeg dygies 3305 ) Al e S sl Y ool aulall o 8
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il g 2aS” Jol LI (3 Clonw La . 4057 pglg 2 08 GB)6 Juas gy LW Caall
adyl) Al Akl (39 ¢ (1.96 pgfg) JUss Caiall die 5aST Jels 1139 pgg dic ds
g gg W ol ) 23S B oy JUss Canall 6l 15.07 pglg deS claen
.6.21 ng/g

ol 1S line 334y ) @l ) (Chorfil and Taib, 2011) @55 ae Ll (38153
S15 Ax (Jaleel et al, 2007) o «BhoYls A e IS el JW sl Yl gl 8
@ dlomedl ol 8aST o slezs WU aing ol YU deglall LB slin) jlns calydl
A2 (A §aastly 2,00 2ld) wibal) ool B)0)1) acmnst il (slly eadl) Sl
ey aall gl cdonn Zu«fg}fj ol

ailally A ¢ Aol Byl e IS Cdepd) 28T Jo U sle ) 5 1 s gud
el il e Blsl a8yl Al

Proline content (ug)

Génotype Leaf leaf growing zone Root
Waha 8,13 (a) 8,94(b) 11,39(a)
Bousselem 2,19 (d) 7,04 (c) 8,33(b)
Méxicali75 7,69 (a) 6,21 (d) 3,32(c)
Hoggar 2,85 (c) 15,07(a) 1,96(c)
Altar84 6,23 (b) 6,41(d) 2,64(c)
Mean 5,42 8,73 5,53
Min 2,19 6,21 1,96
Max 8,13 15,07 11,39
LSD 5% 0,64 0,31 1,63
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ooy Bdelly Bagtl Ol SL S S Bgee Olpss LS5 6-TIJ 9!
ceas F SV a ) ler W asall Slol g 2eS” el loen 9-TIT 53
1S By Jol s - Oblexr Yl e ol Ble 3 SL S AU el cag madl)
Cvinall is 195 ug/g s 5.00pg/g 4 dxald) Byell (3 s S ol Sl e aST e
P QS ke 851pglg Ul (11 paedl Lz i e gy Wy sl
ST o7 9-TIJ g3 Fu e 1l4pglg 284 ST Caiall s 20087 3ol LSy 2eS” el
Lis Lebily 10.75 uglg i S Garall (sl 2l 2l 1kl (3 ol Sl (ST
1.09 pg/g dewiy HBen Canall
sl Byl e IS 3 A S S S aaST e SU sler ) b 19-TTI g
cball el e Sliol sl 4, Al ailadly Ak

Sugar content (ug)

Génotype Leaf leaf growing zone Root
Waha 5,29(a) 3,11(b) 3,15(b)
Bousselem 2,51(b) 3,23(b) 2,15 (c)
Méxicali75 5,001(a) 10,77(a) 8,51(a)
Hoggar 2,45(b) 1,09(d) 2,33(¢c)
Altar84 1,59(¢c) 1,82 (c) 1,14(d)
Mean 3,37 4,007 3,45
Min 1,59 1,09 1,14
Max 5,29 10,77 8,51
LSD 5% 0,32 0,55 0,52

£

skl wal ol 1 0T (Naser et al., 2010 ; Kameli and Losel, 1995) oo S lalys ]
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of Al wyLsl &) (Naser et al., 2010) 55 e GUISy Ll ms oeilidl ol 2L .2000)
1eS MY bl ol OF L™ ¢ e GBlgYls BL 3 0SS Y (e okl
W 2ad 0690 Ay 35m Sl sliael p aaSTA o S
Sl tie 2STR S S 28 753 5 9-TIJ 9! (3 dovzsl) gilad) o
S Bl polil Gl LSS OF e el slael Gy SUISy degyad) )
RSP
sloll gudl gl o S Slgr Y 80 322

o e Jlan dmy oLl ol (5l ¢ DU 2l ol wal e sl gyt e
(Lugojan W slex Y1 Sl (3 JUI agamll (o 2T atlakt e ) 3 ol AU g
sigs) CloY oy Ll D) Sgeal) mly 2] 7-HMIJ93) (ne . and Ciulca, 2011)
gl el il o TRE (3 ool SIS 10-TJgud) o WS 2l &)l
e gy Wy 2ty anall G % 62.89 % 86.30 Cp sl Byl U TRE Ao gl
PSlosy Canall Lie % 78.88 2 <l (b paatl (3 TRE de OF Jf BLYL i)
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Relative water content (%)
Génotype Leaf leaf growing zone Root
Waha 86,30(a) 72,34(ab) 70,64( c)
Bousselem 82,47(a) 58,53( ¢) 78,88(a)
Méxicali75 74,15(b) 76,71(a) 72,31(bc)
Hoggar 76,09(b) 69,01(b) 77,92(a)
Altarg4 62,84( c) 51,67(d) 75,89(ab)
Mean 76,37 65,65 75,13
Min 62,84 51,67 70,64
Max 86,3 76,71 78,88
LSD 5% 5,26 5,61 4,44

gu\ sleYl sl sl of CA.EJ\ ol L;l& V“L wly> (2 1988 4 Schonfeld et al., w\
Slizll 2aglil) Lo OF LS clatls o 33le slall ool (55t (2l amLae 05T
o Lol dayyl (s lgug (Siddique et al., 2000) J il 3y e b TRE s 05
oda . SW sl gl 3 (%45 UL % 88 (4) % 43 2 a2l TRE e O 31 e
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Gorgdgd M bl jam e JU slgxYl 5032

Sl ar Bl b5 5 BVl (T-IHJ g )bl anlyll 0dd Gyl L)
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Source of Mean Of square

Variations DF LF LR
Block 2 0.98 ™ 0.032"
Génotype 4 28.50*** 20.41***
irrigation 1 119.16%** 0.32"™
Gxl 4 1.04* 0.55"™
Erreur 18 0.32 0.209
Total 29 21.79 7.66
CV(%) 3.70 5.74

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

** xxk: Significant at 1 and 0.1% respectively, ns: non significant.

Jsbos W Byl Jsb (& Lgine il S sler W 0T 6-TIJ gt (3 Ao shl mslid) et
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Génotype Leaf length (cm) Root length
Waha 13,38(¢c) 11,1(a)
Bousselem 17,8(a) 7,78(b)
Méxicali75 14,5(b) 7,15(c)
Hoggar 17,48 (a) 7,51(bc)
Altar84 13,38(¢c) 6,26(d)
Mean 15,31 7,96
Min 13,38 6,26
Max 17,48 111
LSD 5% 0,68 0,55

e B o el 5y eSS dhy Byl Job e W sl ) b el S
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S5t (LEB)w) mo ilindl Jsb (LE)kandl sby (LOYAad) 326 sb (HPT)L
8aS (PrOI) (gl 8eS7) AlaShely (TER) slall smd) (5521 (g be ) chlo i35Sl
oS Ml W slem Y1 g b e ((Sucre) b S

conditions | chla chl b chla+b  prol(ug) sucre(ug) TRE EN LE LEB HPT L FE
Irrigated 39,93(b) 26,44(b) 135,18(a) 2,52(a) 9,03(b) 75,67(a) 7,92(a) 6,95(b) 15,71(b) 50,36(a) 15,42(a)
Stressed 48,66(a) 31,76(a) 106,86(b) 2,08(b) 9,36(a) 67,75(b) 4,94(b) 7,36(a) 17,62(a) 42,12(b) 11,21(b)
LSD 5% 1,53 2,21 4,64 0,04 0,02 0,48 0,35 0,21 0,46 0,12 0,36

s A Sty T LS (o)) OF obl padl 414 —IIJ 9l (3 g 98 LS

el ) Jsby i) Jsb Al 36 Job ol Job colell B0 Jsb e IS 3
09> Bl Ld (gimn dor OVas) o Awg )l SL gl e OB 25 U] Caol
o R Ayl Al Sl ssl bugd 13-l Sl (nd L (P <0.005) sl

L oS (g g L g b o il (3 Dl
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&= dsb «(HPT) oWl Job (LFE) ool 8,00l Jsb e IO sl W2 1 14111 g
Ay SW sl By b of (LEB) Ll dland) Jobg (LE) aband) Jsb ¢ (LC) b

+ e S

Source of Mean Of square

Variations DF LFE HPT LC LE LB
Block 2 0.057 ™ 0.011™ 0.086™ 0.72" 0.072"
Genotype 6 68.09*** 233.004***  17.08*** 20.52*** 3. 26***
irrigation 1 186.48*** 711.77*%**  93.30*** 38.47***  1.80***
Gxl 6 16.85*** 29.79*** 10.58*** 7.18%**  1,003***
Erreur 26 0.32 0.0403 0.31 0.53 0.11
Total 41 46.41 152.57 17.30 13.74 1.83
CV(%) 4.30 0.43 8.70 4.40 4.82

Means followed by the same latter are not significantly different at p<0.05,
** **%: Significant at 1 and 0.1% respectively, ns: non significant.

S Yoy plall Byl Jsb o oS g -1.2:3

Byl Job (3 Lulgly heme 16 5T oS (o)) OF ool ) 0dd gy o) sl
Cina)l climel (13-TIJgdd1) dw gyl Loy e ol b 3 ellisy W
Sl @ e Byl Jib e IS 3 bewgie i 15T JSCA1 045 S Oued Zenati
ekl il a gl Gl aed LS gy U ke Yl
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Chall il OLsl jan @ ol Jsb e S () AT 1 16 - T JSCad!
SW sl Yly LS I Ol 3 dng, ) wlssd) Slawsdl Bl il

e 9,55 Ao a3l Lazy Bousselem Canall s 19,36 Jall 38 ,6l1 Jslo) o sze el o

Sl Gu e ol Byl Job e e 1332 )8 JST banse Altargd il sl
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Bl Jsb ek d JW sl @on ¢ HLH B pligly U sl dles ST

ek ed O Ul wylsl &) Benmahammed et al., (2008) g5li xo Lnils (381555 ¢olal
e bl oW iy Slrlast e ity Beglaal) IS8, Job pas W sl
LSS SE Y Altarss Canall 06K dold ods

393 My olal) )l Bmlus gl Aul4l BDe 3eg Ul Cherfia, (2010) ©lalys o )la]
Islizuly (Lefi et al, 2004) 52l CSA 3E [l e Bsll Jsb (2L Lty (JW)
L SW sl s ST Bousselem Canall 065, wlaall wils s

3 Jsb (HPT)ld) sk« (LFE) olall )5l Jsb) e 7 ollonssin 120 115-TIIJ gk
C oS N b B (LEB) L Aladl Jsb (LE) sl Jsboy (LC)RLd)

Genotype LFE HPT LC LE LB
Waha 12,46 (cd) 43,28(d) 7,46(b) 7,43(b) 16,08(c)
Bousselem 19,36 (a) 46,85(c) 7,28(b) 7,95(a) 18,45 (a)
Méxicali75 10,75(¢) 39,83(f)  8,58(a) 6,11(d) 13,73 (e)
Hoggar 16,16(b) 42,4(e) 4,45(d) 8,13(a) 17,4(b)
Altar84 9,55(d) 42,36(e) 4,5(d) 7,18(b) 14,93(d)
Oued Zenati 12,95(c) 51,58(b) 5,16(c) 6,71(c) 18,76(a)
Polonicum 12 (d) 57,4(a) 7,61 (b) 6,58(c) 17, 33(b)
Mean 13,32 46,24 6,43 7,15 16,67
Min 9,55 39,83 4,45 6,11 13,73
Max 19,36 57,4 8,58 8,13 18,76
LSDsg, 0,68 0,23 0,66 0.41 0,87

GV ol Job 3 Ll g LS ) 06 14-TIJ g3t 5 16-TIT KV amogs oS
o SW sl Ogb 3 ol sk B)lie Ryl Clall medl) Olol aa

Joew Jsb ol G 2 Polonicum Ciiall dis o574 5 Jsb adl a5 15T g
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of (Bahlouli et al., 2005) 4y . keSSl (5 )1 gl & Mexicaling el Lie v 39,83
Rty o & 4By Y sy Bl as GbUL 3 s Lol am AW GL) ok
.2 1) Rebetzke et al., (2002) HLaf LS. Ul izl Coo b (3 ) S 3 Sl 516l
goomt Loy dshall SLIG (g gaasl 8 8k e sl Co b 3 ol Job
Sl ae IS Lontls 33lesy B clo pliatal 3 38 8,08 Ol i W Gres ()
dsb 83L& (haSI SU gBY) ol il o ) madll e (2014 ¢ G9a0)
DLzl Y ST Polonicum Caiall jiay doldhl ol s Ialazel oLl
Ul ae At Jgb g At Jgboe dhand! 1o Jgb o duaSHI g1 580 -2-2:3

= sk 3 Llg) g Lswe ST LS (o)) OB 14Ty 13-TIJ5ud) oy LS
o5 oS ) OGob ed (W syl Gyl w)lie Clol ma ke i)

Call dis o ed 45 5 Mexicali 74 hea)l dis o858 Cp L Aleld) gie Jsb lawgis

17-T01 Ji.ﬁ\ oF Altargs caall se duilnie degas JES (RN Jiw ¢.> Hoggar
3ol Bousselem i)l sl e JUI sler Yl Gg b (3 dhand) e Joba 2a3 e
S a2l ailadl o e Al g ok g LA Jsb O) L Altargd Cinall s e
Kilig and Yagbasanlar -+ |~ 481 LS™ ¢ (Passioura, 1977)2Lixl) — Jot 55 3 S

Olnll et lsbiee 5ge Alad) e Jsb Of 2010 di
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C k) il Glol Gan @ Ll dhed) Job e JuoSHN (o)) 5t 19T S

@My S ol Y1) s Byl 3 iy Aladl Job (3 Gpgims B3 29y ad) A ]
Sy ¢ gl Sl oy Rgas dr By ey gyl GLo) e () (S
o G L) gl Al sb e LS g A b sy pde 13-TI g 3L
Jasl W sl Gyl 3 ) we aled) 5 ki Jsb o3 19-TIT 18- 1 L]

gyl OLoY) o gl LSl o) Gyl (3 Lgad e
& Rilmts Aogas 2530 e ey s Bousselem auall (s o 7,95 O bl sk -l 5
b aaldl Job els cUiSy .Mexicalizg canall Lis o~ 6,119  Hoggar gl
Oued Zenatiia)l o duilnis desed ISy ol Bousselem  Canall s 418,45
) @ Ll aleldl Cali (1985)  Blum e~ . Mexicalizg cainall Lis o 13,73
e Al (3 adt Woas,al ol il Sedl) oS Bdes 3 agr 93 b
s 3 a3l e dhand) Jsb (3 S0l any Jell) CoSA Ales 3 Al als SU

o U5 3 OV Gy gl e Ll ) il e sy < (Bammoum, 1997) Sl S
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&= (Merabet and Boutiba, 2005) <luls se Lnils 3L = @ L Lawdly dad) Job
el &g ol el Ol Je (Daroui et al., 2011) 5 ball modll b
WSy 3931 83, (3 LS U bt sl
Syl 3 ) IR o oaS (g1 3633
slodd (gdl (551 (g5l Syl S AeaSII (g1 56 133

& sbeld ) (592ly (el SRl 3 (Spme A By 2gmy il JE e
(P< 0.001) Clol Lo (ssine dor Vsl Ming ¢ LSl (g )ly JW sle ) Gy b
A6-THJ gl oS () g JUI sl Yl b

bl ol (592! ((aby be @) chlo sl (s o U il WS 16-TITJ 9
S g S sl Y So b o F (Sue) A DL Sl 4Sy (Pro) cidspd! 4eS”(TER)

+ e S

Source of Mean Of square

Variations DF Chlo (a) Chlo (b) Chlo (ab) TER Pro Suc
Block 2 250™ 38.36™ 2.70™ 0.40™ 2.381"  3.63™
Genotype 6  1103.25***  0949.27***  12060.00*** 423.65*** 2,09*** 15,19***
irrigation 1 800.23***  297.38***  8422.65*** B659.57*** 2, 10*** 1 14***
Gxl 6 3420.14***  1058.54*** 14812.42*** 198.35*** 1.30*** 16.38***
Erreur 26 5.83 12.19 53.59 0.59 0.0053  0.0012
Total 41 1863.04 828.06 11310.84 292.83 1.49 12.70
CV(%) 5.45 11.99 6.04 1.07 3.17 0.38

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

** ***: Significant at 1 and 0.1% respectively, ns: non significant.

e el SIS gl e Je LS o Y)W 13T gud) s LS
ol el b g a tindS 1nS ol U G 3 gl il el Sl

S sl Gyl 1)lis LS ()
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Lie o S g oS (92t (3 Aad ] (17-TI 9ukd) LS (g1 O o o2

a5l e & Mexicalizs el & Ailnie Ao gt ﬁ;}!\ s Jﬁm «Oued Zenti izl

(Guendouz et al., 2014) wlulys 5l o Lails (2l (Hoggar (=) Canal) Ll ded

hall medll Slol jan ke LS @l Gl (3 jeasl 1S i) ol g
(Srpaidl S5l OlE g Bjde Jeall SR 3 Sl OF Sl ll wlaes il Ly
Lol U 5 el 3 Gyl oS B (5ypiandl (55l o Bl B3 o
sas e Blisll als ds fule imy (5yga5e) syl ld e LLL) (Wittenbach, 1979)
G SUb od e 858 (gpasd) el L sl Y) Cob g A Jse S5
Gyl o madll Slisl @ sl Yl Jod alhe p al Slulll e cloew. SbL)

Aaisnd) S5 ds g ) (g5

oI 2aS™ (3 OV ] oy ClioYl L bl ol (gl Al o33 Y)
S (g Y)W 13- g ¢ LS gy S sl Yl gl (3534
17-TJgd 5 20-TIT B 5 LSy ¢ W sl Y g by 555l cloll ool 521 2
Hoggar 5 (%88.9) Bousselem (pitall s sboll gl (sszeall o3 3ol g il Claen
oS S B 3 s L (% 6350)

sledd ol (5322 ((abybe a) chlo e dlSI sz o IS wllaugie dlie 117-TII g3
Saby U sl Oeb ed (Sug) W LSl 2aSs (Pro) cilsn)l &S (TER)

: M\ <!
Genotype chla chl b chl a+b Prol (ug)  Sucre (ug) TRE
Waha 26,53(d) 26,33(cd) 101,2(d)  1,4(f) 8,26 (e) 65,46(e)

Bousselem 55,66 (a) 13,73(f) 111,83(c) 3,01(a) 9,84 (d) 88,9 (a)

Mexicali75 51,58(b) 19,86 (¢) 177,05(a) 2,2(d) 7,84 (f) 71,46 (c)
Hoggar 31,43(c) 23,76(de) 72,8 (e) 2,96 (a) 11,21 (a) 63,59 (f)
Altarg4 32,18(c) 30,43(c) 75,73(€) 2,31(e)  10,03(c) 71,06(c)
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Oued Zenati 55,09(a) 51,77(a) 184,73(a) 2,46 (b) 10,41 (b) 67,51 (d)
Polonicum 57,58 (a) 37,80(b) 123,84 (b) 1,76(e) 6,78(g) 74 (b)

Mean 44,29 29,1 121,02 2,3 9,19 71,71
Min 26,53 13,73 72,8 1,4 6,78 63,59
Max 57,58 51,77 184,73 3,01 11,21 88,9
LSDs% 2,86 4,14 8,68 0,086 0,041 0,91

aladg 39500 md) 88 oS () Sl JoV bl O Sluhldl e el ST

— Slol e o s (Merabet and Boutiba, 2005) b))y cdoew el Jlanzal
Lo odd oLl o) ssall ¢l Tassili 9 Oued Zenati (MBB « Waha Lgxs o))
Slals @aST Latls 4l ojlal Lo gag S sl Yl Gy oy 1)l oS () g )b (3
doglie Dliol s dle sl By oo g2 15 DLoY) O (Berka and Aid, 2009)

L Alasl

Polonicum 5 Bousselem

Oued Zenati Mexicali75

o) o Glol Olikly LS ()l Gyl (3 slal) i) (59581 s 120- T SCE)
Ll

87



cilal) 4pd FUl (Triticum durum Desf.) quleal) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 cisha — (ube a8 daala bl Lia sl glad) o) 55380 3008 59 G —

iSO Sty gl deS” Js M\ s b 233

.(Slama, 2002 ; Kameli and Losel, 1995) 2La| egliey 25101 ol S

SN sme by GeY) G i) U ey 13Tt 3 Lialys il gl
S 38T 3 LS b s | @ RSTAY ) 28T 3 S
3 Ly do O Cloen dwg )l Ol asll Wlawgie Jodr 0 LB B9 by 4k
oY) o e AaSTRM ol SOl 58y gl 4eS

Ginall sl gl WSTR BeST Ll el (17-THJgud ) oS () g b oL
& Hoggar cauall ms duilonis degas JERN IRV Uiy 3,01 ug/100g \Ais Bousselem
1S 35ly 2l e IAST 1,4ug/100g 148 Waha Cainall (sl o ded 3 Cp
ol JeWaha (el o Bousselemcinall s Lk gl (3 ool

et o DUl L 50yl ST o Sl 5,05 A5 Wilfred (2005) o
a9 Wl W) Cab 3 St Dt oy (sl Ll ST e L) 1Y) e
& oo ST @ A LUV ) ) OF ) BLAYL ¢ Lnils o olal b
oda e slaaVl (OloW bl 3] ash (Db 5T LSl (o)) sedl Gk

(Monneveux and <ol 3930 ¢loc|s celad) J‘J- P ug.g &55\ LU Lud u.§.q iaell
.Nemmar, 1986 ; Wang et al., 2003)
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Polonicum jﬂﬂ 22 B mIRR
Oued Zenati - 227 2,67

Altarsa #1 23

Hoggar - 2,33 36
Mexicali75 16 28
Bousselem 2.6 343

Waha 07 2.1

0 . 2 3 4

) o Sl Olidly LS (o)) Ca k3 el 1S Sl 21 TS
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] ] 0,95 OSec B IRR
Polonicum _ 0a '
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Oued Zenati 11
1,2
Altar84 081
1,14
Hoggar 11
ol 0,71
Mexicali75 0,86
0,95
Bousselem 1,02
0.6
Waha 1,03
0 0,2 0,4 0,6 0,8 1 1,2 1,4

o Sl Olidly LS ) Oyl 3 asll ol Sl 4 wlpe 122-T0 K2

& gyl e Slol Byl (3 ol Sl BeaS ST 13-TII] 3ok B iy
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LS ) G b Waha Ganall gl xS WST s G GLLY L S
DS 1S Gsine o U5 s e 3 22- TIJSEN) ils &) p3le sy sle Yl
ug 1100g ST b Sl a8 1ST o)y o (17-IJ 93 gyl Sl o

~2led Polonicum Carall i 6,78 pg/100g dwS Jﬁb Hoggar —awa)l sV 11,21
B Ll UF o el S e eVl dedl i 3 S S oL S
@ LS ST ) @ep W sk OF ) ol G cldall e sl Sl
A=) Geall S s by Al WSTA e ssm (Zerrad et al, 2006)  G1jpY) (Sstens
.(Ben khaled et al., 2003) 3L,
Lagyill SLo JSpdly (Zodnidd M g5l JdS 43

7ol o Blisl dacd (analyse en composantes principales) Al Yl SUSH JE &
Sloglall s o ALl ods P cossiznd Gl Bl e Ao e AV (L))
g 3ot (%750 < %86,01) sl eaxel) F1 (axe2) F2 gl o slaxkl (Jaad) ¢ 3issl)
o) HLebY oS Al oda puxig % 9351 (Sylur NS
ks g Al 1kt e aeill Sleglall e 96 86,01 A (axel) JoYI e Ss
1S alindl Job g o 3 ab JelS g A Jag)slS sy dlad) ze b
gkl Je Mexicali 74 5 Polonicum (nérall darlsy .ol ALl agdl o cdgpdly ol S|
OF 561521 OF o) a iz (S5 jsmadd 2L 201 Lo Hoggar Canal) 5 2l

(Slidtly LS g Oa b (3 A5LaShush sl Beglill SLpSs jsmt oo

Aty (18-TI 3 o 23-TIT K1) (axe2) W) jotl Jo aial) gl £999 Lags
Jsby JnghSd anas™s (3 ) s o alag Ly sl ol oo 5 laslall 0 967,50
8 AL e e el eLal) ol st RS AL Sy odall Bt S (L
el e Ll agd) (3 Bousselem 5 Oued zenati (ninall jo! lia Job e ud
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Sl g LSSl

sledl gl s dlandl 3o Jsbe el Bl Job e Lolg) (axed) W) o) gy
£3559 AL 2gh) e DL S S (il akadl Jsb Wl Bl sk ad Ly
igd) Je Oued Zenatis Altargs _anally .ol 2gd) Je Bousselem « Waha :2LusY)
Ao sdaistyse Sl ol SUL jen (axed) cIW st of Ll o el 2L
Lty LS g Gl (3 daglial]

Altarg,

. Waha
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« Hoggar
05 TMexicaalli75
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3 -24 -1,8 -1,2 -0,6 O 0,6 1,2 1,8 2,4
Axe 1 (86,01%)

29 1 S ) ys2) 339 By )l LY 5 L) Lod o) g cUF 23— | JEeA]

91



cilal) 4pd FUl (Triticum durum Desf.) quleal) eadl) Cilial (ans 4t 4l 3, (2018) .z GiDB
1 cisha — (ube a8 daala bl Lia sl glad) o) 55380 3008 59 G —

ety Glol oda Ciog oy O sl e Gy dll Lol 65559 bls)l

o hegydll OLoY iy bl (ohage sae ol e lf e dibate Sleget
Polonicum s Mexicalizscrinall OF 24-T11 43}l o 23-TIT &S gl (3 desll 9392 (1 o2
3 sbyab 5 alégslS e e ok e @ g JoW) s e Rl 2 3 Ol
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Jslad o BU Lk s gl 521 e 2Ll 241 (2 Bousselem 5 Oued Zenati (pisa)) ys
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Jsby olalt 8,5l Jsbo : 8L 3 1 e Waha 5 Bousselem oo OIS 58 Loty . Jbg sl
SV L iy Lty cloll el Gmall (Bl ey 050 8 ) Al e
D omeliel Al T gy ot g s i e L g (3 (Oued zenati 9 Altarss)
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USall el O G (Oleget myl K5 Al Aul i ods e el

& Joby Loe oS (g2 lie s Arslazdss s 2flaZ  Polonicum s Mexicalizs e

DalaShngiee mlie JBU Hoggar oo G5l degedtl wf Ld ol by il

é Altargs 5 Oued zenati po el 2 aegesd) o L alaudl Job 5 ol Sdly (gl

d) Jsb el Sl bl BTy A Ao SlplSe S aila
s Bousselem o ASCall anl )l dsgadtl Lty ¢ Jbg ol g b Sl e 51 2aSTC i

S Aglender e Ol of UL @k Waha

SLSU Lo 2l ol g Clad) daglie liise on b5, o Meles 118-TIIJ 93
(axel, axe2, axe 3) awslwY) Joldl Lo dwg,ull LY Liky a5 40l

LM oo dsl¥) joltt o dwgyull Ol oy DLyl Clelas

(ACP) i) god)
Variables Axe 1 Axe 2 Axe 3
Chla 0,4204 0,7319 -0,4608
Chlb 0,3646 0,420 0,7367
Chl ab 0,6533 0,9984 0,008
Pro -0,7291 -0,103 -0,4104
Sucre -0,8449 -0,3032 0,1608
TRE -0,094 0,073 -0,8945
EN 0,6351 0,4269 -0,5198
LE -0,9336 -0,7517 -0,1816
LEB -0,399 0,053 -0,03711
HPT 0,3344 0,3038 0,06369
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Abstract

Water stress is the major environmental stresses that affect agricultural production worldwide, especially
in arid and semi-arid regions. This research investigated the effect of water stress in leaf, root and leaf
growing zone on five durum wheat genotypes grown in the greenhouse until 314 leaf. We use morphological
(leaf and root length) and biochemical parameters (Proline, Sugar and relative water content) to quantify
the effect of water stress. The rustles showed a significant effect of water stress for all parameters just an
exception for the root length. The results indicated that the effect of water deficit on biochemical
parameters depended on the combination of water stress and wheat cultivars and organs. The analyses
carried show that under water deficit stress leaf, root and leaf growing zone a RWC was sharply reduced
due a combination of leaf growth reduction. Water deficits impose leaf, root and leaf growing zone proline
content increase. Based on the biochemical parameters the genotypes Bousselem, Mexicali75 and Waha are
the most tolerant genotypes. The use of the morphological traits showed that the genotypes Mexicali75 and
Altar84 are the most tolerant for the leaf length and Waha and Bousselem are the most tolerant when we
based in our evaluation on the root length. Over all, the use of the Proline, Sugar and relative water content

to evaluate the tolerance of the genotypes to water stress are very suitable under these conditions.
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Introduction

Water stress (drought) is the most important factor
that affecting the productivity of wheat. Across plant
species, drought imposes various physiological and
biochemical limitations and adverse effects
(Mukherjee and Choudhuri, 1983; Chaves and
Oliveira, 2004). Exposing plants to water stress
adversely affect plant growth and productivity
(Namich, 2007). The decrease in soil water potential
causes alteration in minerals uptake by plant roots
and reduction in leaf expansion under drought or
salinity stress conditions (PospiSilova et al., 2000)
Durum wheat production is severely affected by water
stress in many parts of the world. A considerable area
comprises on semi-arid environments with low water
posing a major constraint on wheat production

(Shafeeq et al., 2006).

Water stress causes the establishment of a state of
water regulation of the plant that is manifested by the
stomatal closure and by a regulation of the osmotic
potential (Anjum et al.,, 2011). This regulation is
achieved by the accumulation of compounds
osmoregulators leading to a reduction of the osmotic
potential, allowing the maintenance of the potential
of turgidity. The accumulation of these organic
compounds has been highlighted in several plant
species subject to the constraint of water stress such
as rice, wheat and potato (Farhad et al., 2011; Xiong
et al.,, 2012). The connection between the ability of
accumulation of these solutes and the tolerance of
plants to water stress has been the subject of many
discussions (Tahri et al., 1998; Qayyum et al., 2011).
Proline accumulation is one of the most common and
direct biochemical responses to water deficit (Hanson
and Hitz 1982). The accumulation of low molecular
compatible solutes including proline leads to a
decrease in cell osmotic potential and permits
osmotic adjustment, which results in water retention
and prevention of dehydration (Heuer, 1994; Yoshiba
et al., 1997). Accumulation of sugars in different parts
of plants is enhanced in response to the variety of
environmental stresses (Prado et al., 2000). Various
authors point to the role of soluble sugars in the
protection against stresses. Metabolisation of storage

reserves in the endosperm of cereal seeds is tightly
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regulated and has a primary pivotal role in the
interactions among sugars, ABA and gibberellins
pathways responsible for the response to drought
(Finkelstein and Gibson, 2001). A central role of
sugars depend not only on direct involvement in the
synthesis of other compounds, production of energy
but also on stabilization of membranes (Hoekstra et
al., 2001), action as regulators of gene expression
(Koch, 1996) and signal molecules (Sheen et al., 1999;
Smeekens, 2000). Soluble sugar content has proved
to be a better criterion than proline content in
screening durum wheat (Triticum durum Desf.) for
drought tolerance (Al Hakimi et al., 1995). In this
experiment, only the total sugar content was
determined without the identification of specific
sugar components. Therefore osmotic regulation will
help to cell development and plant growth in water
stress (Pessarkli, 1999). It is defined that decrease of
relative water content (RWC) close stomata and also
after blocking of stomata will reduce photosynthesis
rate (Cornic, 2000). It is reported that high relative
water content is a resistant mechanism to drought,
and that high relative water content (RWC) is the
result of more osmotic regulation or less elasticity of
tissue cell wall (Ritchie et al., 1990). The aim of this
study is to evaluate the performance of five durum
wheat genotypes based on some physiological and
biochemical traits under stressed and irrigated

conditions.

Materials and methods
Plant material and stress conditions
Five durum wheat genotypes (Triticum durum Desf.)

(Table 1) were used in our study.

The experiment was conducted at the university of
Mohamed El bachir El ibrahimi bordj bou arréridj,
Algeria. Durum wheat seeds were surface sterilized by
dipping the seeds in 1% mercuric chloride solution for
2 min and rinsed thoroughly with sterilized distilled
water. Seeds were pre-germinated in Petri dishes.
After the emergence of the first leaf, the seedlings
were grown in PVC cylinders of 50 cm height and 10
cm diameter filled with a mixture of sand, soil and
organic dry matter (8:1:1). Seedlings were irrigated by

sufficient water each two days.
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Diurnal and nocturnal temperatures were 24-27 °C
and 16-19 °C respectively with 14 hours/day
photoperiod. At the 3 leaf stage, treated plants are
subjected to water stress by stop irrigation for 9 days

and control plants are regularly irrigated.

Extraction and measurements

The growing leaf three was disclosed, the location of
the elongation zone of the growing leaf and the exact
distance of growth zone was found to be 3 cm long
from leaf base (Hu et al., 2000) it was verified by
measuring displacement rates along the leaf axis by
the pricking method (Schnyder et al., 1987). Leaf
tissue of the elongation zone was quickly cut into

small segments for Measurements.

The soil was separated from the roots by a jet
moderate of tap water. The roots were then washed in

a tray before proceeding to the measures.

Biochemical analysis

Soluble sugar estimation: Sugars were extracted from
the three organs (root, 3rd leaf and leaf elongation
zone). Total soluble sugars content was measured by
the method described by Dubois et al. (1956).

Proline content: Proline was extracted from a sample
of 100 mg of fresh organs materials (3™ leaf, leaf
elongation zone and roots) by 2 ml méthanol and
estimated the proline content according to the

method of Troll and Lindsley (1955).

Morphological parameters
The 3 leaf and root length was measured in

centimeter with ruler at the end of the experiment.

Table 1. Origin of the five genotypes used in the study.

2018

Physiological parameters

The relative water content (RWC)

Determined according to the method of Ritchie et al.
(1990). Large broadleaves Organs (leaf, root, leaf
elongation zone) discs were cut from the organs, to
obtain about 5-10 cm2/sample. In the Lab, vials were
weighed to obtain leaf sample weight (W), after which
the samples were immediately hydrated to full
turgidity for 4 hrs under normal room light and
temperature. Organs samples were then rehydrated
by floating on distilled water in close Petri dishes.
After 4 hrs the samples were then taken out of water
and blotted dry for any surface moisture quickly and
lightly with filter paper and immediately weighed to
obtain fully turgid weight (TW).

Samples were then oven dried at 800C for 24 hrs and
reweighed to determine the dry weight (DW). All

weighing were done to the nearest mg.

Calculation
RWC (%) = [(DW-FW) /(TW-FW)] x 100,
Where FW = fresh weight and TW = turgid weight.

Statistical analysis
All collected data were subjected to the statistical
analysis (ANOVA) by STATISTICA software.

Results and discussion

The study of physiological responses of durum wheat
genotypes to water stress is a useful tool to
understanding the mechanisms of drought resistance.
Drought induces significant alterations in plant
physiology. Some plants have a set of physiological
adaptations that allow them to tolerant water stress

conditions.

Genotypes Name Origin

1 Waha ICARDA/CIMMYT
2 Bousselem ICARDA/CIMMYT
3 Mexicali7s CIMMYT

4 Hoggar Espagne

5 Altar 84 CIMMYT
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Effect of water stress on proline content

Proline is an amino acid known for its sensitivity to
drought and it is produced under drought. In plants
proline accumulation had been well correlated with

tolerance to salinity and drought.

In this study water stress caused a significant increase

in proline content (Table 2). As shown in Table 3, and

2018

in the Leaf organ the proline content ranged from
9.88 pg/g for Bousselem to 0.62 pg/g for Altar 84
with an average of 4.57 pg/g. In addition, and in the
root organ the values varied between 11.39 pg/g for
Waha to 1.96 pg/g for Hoggar, but in leaf growing
zone organ the proline content ranged from 15.07

ug/g for Hoggar to 6.21 ug/g for Altar84.

Table 2. Mean of physiological and biochemical traits studied in leaves, leaf growing zone and roots under

irrigated and stressed conditions.

Organ Leaf Leaf growing zone Root Morphological traits
Conditions PRO (ug) SUG (ug) RWC(%) PRO (ug) SUG (ug) RWC (%) PRO (ug) SUG(ug) RWC (%) Leaflength Rootlength
Irrigated 3,14 (b) 1,84(b) 87,56(a) 6,12(b) 2,98 (b) 76,92(a) 3,88(b) 2,83(b) 87,89(a) 17,30(a) 8,06(a)
Stressed 7,70(@)  490(@) 6518(b) 11,35(@) 502(d) 54,39(b) 717(d)  4,07(d) 62,36(b)  13,31(b) 7,86(a)
LSD 5% 0,4 0,2 3,32 0,19 0,35 3,55 1,03 0,33 2,81 0,43 0,35

PRO: Proline content; SUG: Sugar content; RWC: Relative water content. Means followed by the same latter are

not significantly different at p<0.05.

According to the rustles of Chorfi1 and Taib (2011) the
proline content increased proportionally in response
to water deficit both in leaves and roots. High
accumulation of proline content has been advocated
as a parameter of selection for stress tolerance (Jaleel
et al., 2007). Based on the mean of proline content
over all organs the highest content registered in

Bousselem genotype.

Effect of water stress on soluble sugar

Accumulation of soluble carbohydrates increased
resistance to the drought on the plant (Table 4),
showed significant difference between sugar content
under stressed and irrigated conditions. The highest
values registered under stressed condition. Various
authors point to the role of soluble sugars in the

protection against stresses.

Table 3. Effect of water stress on proline in leaves, leaf growing zone and root of five durum wheat genotypes.

Genotypes Proline content (ug)

Leaf leaf growing zone Root
Waha 8,13 (a) 8,94(b) 11,39(a)
Bousselem 2,19 (d) 7,04 (¢) 8,33(b)
Méxicalizs 7,69 (a) 6,21 (d) 3,32(c¢)
Hoggar 2,85 (c) 15,07(a) 1,96(c)
Altar84 6,23 (b) 6,41(d) 2,64(c)
Mean 5,42 8,73 5,53
Min 2,19 6,21 1,96
Max 8,13 15,07 11,39
LSD 5% 0,64 0,31 1,63

In the leaf organ sugar content varied between 5.00
ug/g for Waha to 1.95 ug/g for Altars,. In addition,
and in the roots organ the soluble sugar ranged from
8.51 ug/g in Mexicaliys to 1.14 ug/g for Altars,, but in
leaf growing zone the values varied between 10.75
ug/g for Mexicalis ug/g to 1.09 ug/g for Hoggar.
There are several

reports on carbohydrate

accumulation during various abiotic stresses in the
temperate grasses and cereals from the Gramineae
family where long term carbohydrate storage occurs
during reproductive development (Meier and Reid,
1982) Accumulation of sugars in different parts of
plants is enhanced in response to the variety of
stresses (Prado et al.,

environmental 2000).
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Table 4. Effect of water stress on sugar content of leaves , leaf growing zone and root of five durum wheat

genotypes.

Genotypes Sugar content (ug)

Leaf leaf growing zone Root
Waha 5,29(a) 3,11(b) 3,15(b)
Bousselem 2,51(b) 3,23(b) 2,15(c)
Méxicaliys 5,001(a) 10,77(a) 8,51(a)
Hoggar 2,45(b) 1,09(d) 2,33(¢)
Altar84 1,59(c) 1,82 (¢) 1,14(d)
Mean 3,37 4,007 3,45
Min 1,59 1,09 1,14
Max 5,29 10,77 8,51
LSD 5% 0,32 0,55 0,52

The mean of sugar content over all organs showed
that the genotype Mexicaliys is the tolerant genotype
than the other genotypes.

Effects of water stress on RWC

Relative water content is important character which

related to drought stress. Relative water content
(RWC) has been proposed as more important
indicator of water status than other water potential
parameters under drought conditions (Lugojan and

Ciulca, 2011).

Table 5. Effect of water stress on RWC of leaves, Leaf growing zone and Root of five durum wheat genotypes.

Genotypes Relative water content (%)

Leaf leaf growing zone Root
Waha 86,30(a) 72,34(ab) 70,64(c)
Bousselem 82,47(a) 58,53(¢) 78,88(a)
Méxicaliys 74,15(b) 76,71(a) 72,31(bc)
Hoggar 76,09(b) 69,01(b) 77,92(a)
Altar84 62,84(c) 51,67(d) 75,89(ab)
Mean 76,37 65,65 75,13
Min 62,84 51,67 70,64
Max 86,3 76,71 78,88
LSD 5% 5,26 5,61 4,44

As shown in Table 5, the RWC in leaf organ ranged
from 86.30 % for Waha to 62.84 % for Altar84. In
addition, and in the root organ the values of RWC
varied between 78.88 % for bousselem to 70.64 % for
Waha, but in the leaf growing zone the highest
relative water content registered for Mexicalizs (76.71
%) and the lowest values registered by Altar84 (51.67
%). Schonfeld et al. (1988) expressed with increase of
drought stress of wheat, RWC decrease and usually
but not always, in drought stress conditions, the
cultivars that are resistant to drought have more
RWC. In studies that performed on 4 cultivars of
bread wheat, RWC reduced to 43 percent (from 88%
to 45%) by moisture stress (Siddique et al., 2000).

Based on the mean of the relative water content over
all organ the genotype Waha registered the highest
values, and we can noted that this genotype is the

tolerant genotype than the other genotypes.

Effects of water stress on Morphological traits

Water stress had a significant effect on leaf and root
length. Leaf length in response to water stress was
decreased to 23% compared to well-watered
conditions (Table 1). A significant variation in leaf

length between genotypes registered in Table 6.

The highest values registered by Bousselem and

Hoggar, 17.8 and 17.48 respectively.
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Water stress affects negatively the root length (2.4%),
the values ranged from 11.1 cm for Waha to 6.26 cm
for Altar84. The impact of water stress on leaf growth

can be explained as a method of adaptation to the

2018

conditions of water shortage to limit the rate of
transpiration in order to maintain the water supply in
the soil around plant roots to increases the chance of

survival of the plant (Passioura, 2002).

Table 6. Effect of water stress on leaf length and root length of five durum wheat genotypes.

Genotypes Leaf length (cm) Root length
Waha 13,38(c) 11,1(a)
Bousselem 17,8(a) 7,78(b)
Méxicalizs 14,5(b) 7,15(¢)
Hoggar 17,48 (a) 7,51(bc)
Altar84 13,38(c) 6,26(d)
Mean 7,96
Min 13,38 6,26
Max 17,48 11,1
LSD 5% 0,55

Conclusion Chaves MM, Oliveira MM. 2004. Mechanisms

The water stress decreases the morphological traits
but increase the biochemical parameters, the
genotypes showed a significant difference under this
condition. Based on the biochemical parameters the
genotypes Bousselem, Mexicali;; and Waha are the
most tolerant genotypes. In addition, the use of the
morphological traits as an indicator of tolerance
showed that the genotypes Mexicali;s and Altar84 are
the most tolerance genotypes based on the leaf length,
but when we based on the root length the most

tolerant genotypes are Waha and Bousselem.

Over all the combination between the morphological
and biochemical parameters showed that the
genotypes Bousselem, Mexicali;; and Waha are the

most tolerant genotypes.
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