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Résumé :

Le présent travail se propose d’étudier I’effet de la salinité¢ sur la micro-
propagation et la callogénése de la pomme de terre (Solanum tuberosum L. ) in
vitro et de comparer le comportement physio-morphologique et biochimique de
quatre variétés ( Bartina, Spunta , Désirée , Timate ). Dans ce contexte une
expérience factorielle a été conduite dans un dispositif en bloc ( carré latin )
complétement randomisé avec quatre concentrations de NaCl ( Cy:0, C;: 25, C;:
50, Cs : 150 ) mMol et quatre répétitions le travail a été exécuté sur 64 unités
experimentales dans un milieu MS et des conditions controlees .

L’observation physio-morphologique et biochimique pendant la micro-
propagation montre que les concentrations en sel provoquent une diminution
progressive sur la longueur des tiges (LT) et les racines (LR) , le nombre des
feuilles (NF) et racines (NR) suivies d’une réduction significative du poids frais
et sec des feuilles et racines ( PF¢ , PS¢ ,PF,, PS;) pour toutes les variétes étudiees
. Les valeurs de la chlorophylle (‘a,b ) ainsi que le taux du potassium ( K*) dans
les feuilles et racines sont réduits sous les hautes concentrations de NaCl (
150mMol) chez la variété Désirée avec une accumulation de sodium (Na* ) dans
les feuilles et racines et une élévation en taux de sucre dans les feuilles ( Suc ).
L’indice de séparation des groupes d’apres I’analyse de variance nous indique que
des comportements spécifiques entre les deux varietes Bartina et Désiree qui
semblent plus tolérantes par contre les deux autres variétés Spunta et Timate
présentent une stratégie sensible au stress salin

Les résultats de I’étude qui porte sur les capacités callogénéses et le pouvoir
de régénération sous stress salin in vitro indiquent que les quatre variétés ont
manifesté des comportements bien différenciés, 1’indice de sensibilité (Is )
confirme la sensation des deux variétés Spunta et Timate comparant a la variété
Bartina et Deésirée qui présentent un taux élevé du poids frais et sec et un taux
d’augmentation d’induction des cals ( cal% ) avec une grande capacité de
retentions d’eau (Ws) cette tolérance sous les conditions salines est liées a une
prolifération des cals (CMR)

Les résultats obtenus suggérent la possibilité d’utiliser la technique in vitro
pour la sélection variétale sous des stress abiotiques

Mots clés : Solanum tuberosum L. ,salinité , micro- propagation , callogénése , sélection
variétale



Abstract

The present work aims to study the effect of salinity on the
micropropagation and callogenesis of potato (Solanum tuberosum L.) in vitro
and to compare the Physio-morphological and biochemical behavior of four
varieties (Bartina, Spunta, Desiree, Timate). In this context a factorial
experiment was conducted in a completely randomized block device (Latin
square) with four concentrations of NaCl (Co: 0, C;: 25, C,: 50, Cs: 150) male and
four repetitions the work was performed on 64 experimental units in an MS
environment and controlled conditions

The physio-morphological and biochemical observations during the micro-
propagation show that the salt concentrations cause a progressive decrease in the
length of the stems (LT) and the roots (LR), the number of leaves (NF) and roots
(NR) followed by a significant reduction of the fresh and dry weight of leaves and
roots (PFs, PSs, PF,, PS,) for all the varieties studied. Chlorophyll (a, b) and
potassium (K¥) values in the leaves and roots are reduced under high
concentrations of NaCl (150mMol) in the Désirée variety with an accumulation
of sodium (Na*) in the leaves and roots and a rise in sugar level in the leaves (Suc).
The group separation index from the analysis of variance indicates that specific
behaviors between the two varieties Bartina and Désirée that seem more tolerant
against the two other varieties Spunta and Timate present a strategy sensitive to
salt stress .

The results of the study on callogenesis capacities and the regeneration
power under salt stress in vitro indicate that the four varieties showed clearly
differentiated behavior. The sensitivity index (Is) confirms the sensation of the
two varieties Spunta and Timate. comparing to the variety Bartina and Désirée
which have a high rate of fresh and dry weight and a rate of increase of callus
induction (cal%) with a high capacity of retentions of water (Ws) this tolerance
under saline conditions is related to a proliferation of callus (CMR) .

The results obtained suggest the possibility of using the in vitro technique
for varietal selection under abiotic stress..

Key words: Solanum tuberosum L, salinity, micro-propagation, callogenesis , varietal selection
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Clade :Dicotyledone
Sou-régne : Tracheobionta
Division : Magnoliophyta
Classe : Magnoliopsida
Sous-classe :Asteridae
Ordre : Solanales

Famille : Solanaceas
Sous-Famille : Solaniodeae
Genre : Solanum

Espéce : Solanum tuberosum L
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el s il

( Benavides et al., 2000). <l WS gai Jaza (alédsl ) gasalassll ANaCl S 5 -
ke 150 e S (aliad) e i 5 ginall 5 daliliall Clu JST gaill il Janall (alias)-
(Queiros et al .,2007) .NaCl ¢~ J s«
NaCl 5o sle 150 5 1005 A yue 5 A0 i g ) 5 @l ) Sl (man daaS 330 ) -
. (Queiros et al .,2007)sa Ll cilu ISIL 45 jlae Lalias) BB () oS
bl sl e dlamiual mlall 3805 A Ll BB 068 il S Cada il o) -
( Queiros et al.,2007)
oudaldagl) Sl Gpaan 400,11

Ay ushi ]

Ctb}.ﬂﬂhj ‘QASJ\:\QJJ“\S\J;\A:\:\M:\LJJJA]\ QUM\MLA;\ oJ‘%_LJ.\Au\_uu:}“G’_m
daalasa pe )y ¢ Aase je Al 5l Aila gn Aan gl 38 Aan lsd ) 50 paliliad I3 Al ) il
Oo—mdigal) A s (o el pana < el Ll V) @l any o J saall A Ll 3kl
a—my o AV Al ) b Il e sea linlaill Al e Ll | gy s sl )
dr—alaall J) ol sl ol e A Jall s gl sl 5 bl A 3 Bagaa Slaasi) 3l
AaaY) 3 Caliaa¥) 5 bl £ V) e apaall () HESYT Jlae 8 Ledlaxiad DA (e 3 30)
(Souza et al., 2005., Koriesh et al., 2003) .lagiog yall
cadalast) il cpatt! dlaatieal) Adbaal) L8l 2

(Richard, lesmadl dmadll Aol )3l L o et A lilall ST e Gulalladl) s s
;82 sl o8 (4 (10 £2005)
s Gl JUsY), 1.2

- Bl JSY) Gy s 11,2

Sy ki) Juaal) 85 50 Aoy il ) Aaal) del ) bl aal s gdall ISy
510 5y sk e clilall HSE salall & L) HUESY alladl b A Hlail) i) alhee Lgeadius

) e (e 33 ga sall dpailall sl 1SS e 5 jle B8l HESYW ¢ (g puadll SIS 55k o
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el s il

el gl cllee JDA A1) o Claall 1) il 5 380 5l Ailaall ey s UL LY
. 330 1000 I 100 e s s liay 3 caeliadll Jana of Cus (Demol et al., 2008)
(Ochatt et al.,1999)

il U] Lgiland 0 o5 3 Ciladivn yall de )y (8 pladl) aa Gal) (5 sl HUSY) 4y il
Slo adind Al i jall de ) ) A8 e sgda O Ul Jald Gaasy 38 5 (yal a¥) e A 5 dails
L | el del )30 damales ke 0.3 Y ole 0.1 0 La sl s 4l gha il el ppia s Jnie) )
sanll 5 Y oL Cangy Jarind ) (5841 (5 padll JUSY) 438 5 diaidia Fladll daws
(1995¢ )5 0) Apalall e )l aadiy € Jus e

© aBal JUESY) i jaaa 2,12
A Y il Jie Ay st yall 50l Gilual) (jaey dala clibal) HUS) 6 Asl) de -
.3a3 ehayy Saay 52l (Orchides)
25 dalise il 6 Jas Al o3 8 il Ly e ) )3 ()W) e claluall 4 el -
Jae Jaide ), 148 2 b Cagdl) (e 20100 dabise o) Can Ao ) M 4 e 4 Cagdjll e 2o
Addasll del )30 e JlSa 100
Sl (8 95yl Ayia 3358 b 95 S dlaely Al daVapall Al el Akl bl i) -
(1995 ¢33 ). Ada¥) Lgikal g (o Basms
(Soltner,2005). _saill <l j08 Cpaty sy -
adfiea pall 421 3,2.2
bl die Ay Ay o5 Ay iy saill Aaily A 5 A oS5 danail (e B jle ALy daaY)
sle Lt Cua (a0 0.5 G 0.1 (o k) 5 aaia paad) LA (e DS Jiad AaadV) 038 5 ) glaiall
saclall Jiad LY clilall a8 Lsan )0 aali 5 Laily all Winald e g il ALy 5 )8
(Margara, 1989) .Auil ¢l jal gaeal dulu)
e 3858 Y il seda il Ulal Y1, 1Ll iKY a8y jlall LG il Aol ) ey
@bl o 5all (8 ALY gl JUS) dlee YA e (Saadi, 1991) e Ciia i Y1 il
Go A GV e Jpaall (Sa Gl el e WA 05 3 ¢ alall ae i) 8 T il
(Sama, 1998 ). Gl Ly < 35 Sl (al yaYl
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sl Qisadll 3.2

A8l 5 ailiad 3 Gl ) Caags (AN G A 5 AT ) SIS e e i 5a g o
UTINI RUT TR g PR AVEEN

. Agrobacterium tumefaciencs s Sl Jil Jady Gl ) gall bl Jy il @

(El hamdouni et al., 1999; Eric, 2003).cs ssaall caals o

Cilaliaal) daslie e Jgand) eSS )y sl sl e 5230 5 Galaladd) il (ady Logh
i and (L)) 5 A saall Alasdll) Alall ad «(Rousselle et al., 1996) b s il 5l 4y gaal
Neomycine o5 » «S 53l Agrobacterium tumefaciens LS dda ol s 4 sadl) alalalall

Agrobacterium L _sSab A saal) Gudalladl «(Zamir et al., 1994) phosphotransferase

.(Raffaela et al., 1988) Kanamycin-ll 4 saa (uhlay U5y tumefaciens

dpall dal) 4l g dpalal 4,385 4.2

Jaxiui Cua ¢« Guha and Maheshwari  (1964) <k (e 8 e J5Y 4l o34 Cdag
el e all dpalal Y 2L mad (Aminul et al., 2007) bl ot 5 o)
(EI hamdouni et al., 1999; Haplométhodes s~ s =3 Haploides-doublées 4iclias
dxall olal & dgpall dapaall U cily e J sl (e Eua ((Natalija et al., 2004
a5 (Dubois, 1989 ; Aminul et al., 2007) dsrall dapall el il e B Al
ze—i LS "Gynogengse" (Uil sleacl 5l "Androgengs" (&l ciba) LA del )
Lay il de )y 30 e saal s Als e 3 138 5" HOMOZYgotes" &y sl Jal sal) Alilaia il ~Liily
.(El hamdouni et al., 1999)

leale Joaaall @l il Jawi g il 55 e ¢adalad) il vie dorall day sl aaida 3 i
&)Y xie « STALI 5 @l il sl Eua (Yeoman, 1986; Filippone et al., 1992)
(Wang et al., 1994) ssall Lpall 4l s ala¥) dic Lgie dsaall dapall 323ek

i e WU (20 = 2X = 24) Akl A al) i Gl i e 5l o
Dunwell and Sanderland ,( ) <k o (2n = 4x = 48) dsall apiall Aely ) (ulallad)
Sudhir et al,( 1978 Y<ik (e (2n = X = 12) dural) Ll dalal 5 <1973
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: gl Cpagdl) 5.2
ddalae Al AN Jray dald ey 3l bl (e o a5V (glal (5 sbll Jlaall aaa )
JLind 43€a; 5315 «(Oluf et al., 1975 ; Eric, 2003) cudl si s all Al<ia chais  gagl) sLially
3 Ol (ppind ol 5 5 O aendl S Cam (d28 0 (50 A 2 Al s Ay g 58 pmalic
(Demarly and Sibi, ga—us Oaas dleall z3U g ¢ ga—wall madll Aulac A 5 ¢ailida (pe o

.1989)
i i i) Gl o) ) (A lalas 40l OUlall ST (e 4slasdl ) ALl s

chacoense «Solanum nigrum Jie Solanum g s (e A Gebal ae calS Gulalay)
s .(Amira et al., 2007) 4= skl 4 slaa (e a8 ) Ja) e Solanum berthaultii Solanum
sl 535 e 5l Lycopersicum esculentum ablekll Jie s a1 g1 5il 5 Gudaladl il ¢
dppall Goall ol e G ZWY dgaall dapall A Gaballall Gily e Bl
.(Sylvia et al., 1991)
D gl Gl 6.2

Variations s2—wall bl =l as Larkin and Scowcroft (1981) axsi
Aa el Jal) 846 Kl Alalnall Al el Y s L3355 J3Y somaclonale
oo g8 Ul jelai oy pda LAY Sl da i de ), Gask G 3384l <"Somaclones”
Lepoivre and Semal, ) dass—uill 4cl )31 (e L8 3aaaiall cililaill 8 aaa g alhs
.(1989

Al Al Bl gig il ey g slall bl el ) 5 o SN S G Al je JBIA
O5Sas s yra e a0 iaa ((Eric, 2003) ADN —U 4l s 4331 5 5 &y Caaat o) (Say
@l uill ¢ gane 585 (El hamdouni et al., 1999) savall (il cans 3 ¢galiic) eyl

G st le Jxiy (Dubois, 1989) 4l o hll 5 sall 2 Lale Juaaiall 4351 )
A sedaall i) e 3aaal) Bla¥) o8 ¢ Laa¥) clill L ol gy 58 of Lia g1 68 0 djlas ye

. (Sibi ,1989) Vitro variant si «Phénovariant»
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s ) @l il jase 1.6.2

saill Cilalaiag ac e a5 8 casl all (e 40la bl (e adall dpa de) ) ) A SIS Sy
Glall 3l @8 IS il (e dakid sl e s « (Dubois, 1989; Rousselle et al., 1996)
.(Eric, 2003 ; Richard, 2005)<lilill daualill je 53l calhll G ¢ a3

il ) ol sl (6 g (e ad Ul ke dhlaa) ¢yl oy Hlall 8 (SN OSSO S
.(Nguyen et al., 2002) dla¥¥) LA 5Laill (lai aey Al sl g slall S oy

sAgaaad) clilal) Jal 2,.6.2

Ll de )3 o g i 3 pdle 13884 ()5S0 388 (gl i) Jual Jsa Cilpia i sae )

Mestre ) Jua¥! e 8 aiwa s smn 4ndi Go Jimy 585 sie Guany o gaill Ciladaie 4l

(Noseran, 1985) <l & Sluiud (S5 ind e 352 50 (5553 3 5l (and Petiard , 1985
(SIS gl plall 58 o (S

daadll Ay <

<l ik J ey ey «(Parrot et al., 1992) ddlaiall Jual¥) ) Jiliy s L 1 58—
il el gy 8 Jeriny 8 5 bl dpan aay o 4y il g plall 8 (o SH 5y
:0= El hamdouni et al, 1999 s Laaill Al )5 sauall il =35 (Kole, 2006 )

_‘;;\A\AAA\‘;JQ&SD

Aiall Lapeall Sa3 Al v

Agraall Ballinle e Al v

1l B3ay oy 38 A 5 rall Ay (A a5 O

S S e Jpmally o G ranall i v
(rmall e dphas g dakd sV

Alilaiall ye Glasall n A adad Jals v

exmall Jah el Leaa s e 4 i Al dgman g drann dadal g 23l v/
Gl glSill e & 3 0
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A 30 st Gl ik O
Jaail) ‘gJALB <

G 138 5 (SKirvin et al., 1994) (windl ASS 3yl e #Y) aay a8 g j8lie e
.(Kole, 2006 ) &) gall i B > s sl ) HlanaY)

sdgdaad) clilal) ) Jal e 3.6.2
b et L) il £ Jal e o

oo ISl L) (ay 25 @
Baail) 1aa IO ‘augﬁj\dmwg;\ﬂbjgug\}j s il 2y o
Sibi, 1989 ; Larkin and Scowcroft, ) .csoatall g S sl Jaaill 85 88 COhaat Giass
.(1981

D daual) Gl 4ueri 4,62

LAl 2 Baaa Apaes Jild ) sedas an s (535 ¢l il jalas aal (gauall cplill ey
el bl e daliie a s o(Larkin and Scowcroft, 1981) auls sai o s 5all sidll
(Choi et al., 2000 ; Farhatullah and s slall 4 liaS d%ga pailiad Harali M8 die 3 joaiall
O 3 pabllad) il die &Y 8 Ulal deriey 63l ¢ g5ll jaae 48 03 Raziuddin, 2002)
(Ehsanpour et al., 2007; lutts et al, 2001., &= slall da glia il §IS LY aga (g2meal) il
Bouharmont, 1991 )

sAgdaad) clilal) e 3 el Jal sad) 5.6.2

AL okl v

A8 IS s S gs) e e S iiall Gu IS (g Bl (gl il e J gl (S

Filippone et ) dus sls il 4ills 5 o Jall 138 dagada JA (e (6% il (06 D3l (il
ondll Heela Aage o legd gl Sodll haalll 455 5 (al., 1992; Robert et al., 1994
Cua el cplall e 515 Jra o (€S2 uall 220l (Demarly and Sibi, 1989) i
dgrnall Lapall 5 93 4 Hlie Lpuall Arpall gaxeia 3 EY1 e 3 S daany el ol G Taadly

.(Yeoman, 1986) 4Ll s 4!
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sdoasudl) de )3l Baa v
A il Caglall 8 Y satll daay dad e il ekl Jama Y el bl e i
A_alall @l jahll aae (g paall Jaill @l je 2e oSa% Eua ((Demarly and Sibi, 1989)
i g cdgmandl) Ao ) 30 A Y el gl b el o Sy Gl 5 ¢(SKiiin and Janick., 1976)
(Sibi, 1989) sl 5l Ml S saill (e L
a5 LS il Glliill 5 el A ulu) Jal gadl aal (e dompill Aol )30 @l ) 90 sac
(Wang et al., 1994). 3 S s il £l sy ool gaill of Cua alalladd] il s

b s S 5 v

Lasi yo ouslSll 2L (S ¢(Angela, 1995) dpa—wall il JS 5 8 age Jale yiiny
o sall & sl g salall ¢ jall g g e Caliay S35 ¢ gl Clalaia O Jaay Y1 A 2l
(<d «Cytokinine/ Auxine dssi cas 4815l el il alias Cua ((André et al., 2003)
(Akbar and Hakoomat , <& all (5 puaall JS8N e J ganll (Say s ed) o) Jaall IS
2004)
: (S Y 9
ki 81y glall paall dagds e il ga oS30 IS Y G il
it g LA ALV dmpn i Jie (LAY ana i Y (€ DU 5 jnae < pili 2 ]
.(Sobhy, 2002) dasaiall 581 5l (A sl s
Allium a5l s 3 8 ABlaiall oy sa SH i Ga 25 S el GauS W1 o 60

.(Angela, 1995) ssativum

1 (i gamad) 90
(oA S sl il g g ailiad aal
ol alusl e o il v/

Ladloall Calay) e sall s Jaill pals o Caliy) s il b Sl ol Jsi 58l v
JM\})&J&\}&\J}?\L&M&A 4\.1_'\44}

LIt wia g B g ) oIS Balay Jaliia W) g oyt g ol o sall o il ) jial) aiay v/
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Benzyl s Zéatine s Kinétineasss (1S (I saliall s 3l sall (e 1588 sy v/
Sl Jie Ay g cme Gl e A sanl) yall U oY) o) gadl 03 (4e 5 Adénine
dalaidl ) la s 4t olalll g v 8al 5 5l cac Aulle Locadl 5 i) (alaallg
RERVRNON|
4 lalaall a5 dadll saladl o la il g i gall dalgd) i) ey v
. (Sobhy, 2002)4ulall ac) ull (4S5 aaais
Al sl ) ) QS A aalas J e 10 ) 610 3 5 i sl 5 il )
(Oluf et al ., 1975).4akl) 4515 s e S 23ad Sall G s 3y 5Y)
1l )
e Lo i o (50 WIAD ana e 3 3 cl paalld WO s e o pual) i
285830 Gaoh oo Ll elall (@85 Ay LOAD aaa 3ab ) ) s ) cAasladl sl
¢ (0 Amylase )ay Bl aaiy ol 5alld 15 o5 ) samn) Jarall dadl ) 4051301 o sall
3y sma () L) sand dadill je T A0 ye ) geall e oLl g g g 5l e IS Jsag 5315
.(Sobhy, 2002) L seml ddadi 4415
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:%M\ ralial) v

Aa (;:\sa_\ﬂ Alaat Ll J\}‘J\ e \SS} “’J__US_HJ\ ccju\‘y\ Jia 3.)55.45\ )_mtud\ W
(Meulmans, 1984) <lill sauh je sai 8 Law (585 O il gyl

133 capenal) Jalall v/

85 oL Al ) Jaladl 3 sm 0 il () Sy dganal) cl il JS33 ) ARl il ciy

oy 8,88 Jlaed A a Coa (Lutts et al., 2001) sl el 50 d3A LAY LS

OsSE eca g plall oda cad ot g a8 LA (sl 5 sdaa Jas At ale S 53 ) G sISU
. (Jain et al., 1991) s slall dlaxia alail slaiy (5 Al cilul ol 4as

Lduad) @ i) andl Jilu g 6.6.2

dul 30 (Saall (3 maal sy Polymerase Chain Reaction (PCR) 4 ki as

.(Sultana et al., 2005) DNA U il ) sl dday Al g dasanll Juady il ie 4550 5l &l il
s} Random Amplified Polymorphic DNA (RAPD) Jlexiu) e PCR 4ui adixd
palie 4l )y (8 dege 45 Polymorphism) RFLP (Restriction Fragment-Length
.(Ehsanpour et al., 2007) (shladl i xie (Subbarao and Chris, 1999) 4s slall da 4l

L) (bl Sl 7.6.2
Db Lo Lt e e il Bae a5
() il 5 5lie A0 5 5 <l s jedad o)) il jalall (e S aae e a sl Gl <
al g of 8 Bk Adlide Galliad sae o Jsanll Bl <
slany) 8 Ulal Janioy A g il juaa <
UL s 3o 45 )l <
sl dasailly 45 )i ddlSa ye <

. (Eric, 2003 ; Angela, 1995) Wil )y dlaalall juaill Guud 48 jae age gl <
s dead) cplill el 8.6.2

FAAPEIINSUNCE W I LEE

Lede 5 5isall Jal sall s cilialall el alall Juaal 5 Sl s 4kl e A8l e <
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el s il

Axdgia pe Dl i b <

a5 Al sasall il vie i 3l g e Jamadl (ailadl) i) i <
A

Osaas e Ay all lially il e Jsasll <

JSE5 A e e asiall ) Galalad) bl Bl Ao 30 Joa V) el all iy <
(Robert, 1994) 45 a1l de) 3l 5 (e S

diuaall GULA (e 230 die 3 age pdadl QLA A8) e g JilaS Hiiey <
(Masayoshi et al., 1996 ; Eric, 2003 ; Angela, 1995)

Ll N V]

B dgagall de ) ) 3l IO ¢ a el o EEY) ey s slall G glia il 2 L) Clagl il ()

A slall sl il (e 308 ) g3l vie Caasi s o(Flowers. 2004) Jish (e die Cdia s
= Nicotiana tabacum &l L3 e Nabors et al., 1980 J—=a3 238 (Tal, 1993)
e 288 b s xie Wl (NaCl (#% 0.52 5% 0.16 S i) vie da slall dplle 4 jlia
Benavides et al , ( 2000)s Ochattl et al .,(1999) «Sabbah and Tal ., (1990) ¢ JS

Ageiall Caglall 6 A glall e glia LDIA ol e

Jl.@_hs\j celanyyl L_mj ‘_g ;M\ ‘_Ar_ BJJ&M UaLLJ\ QM\ ‘_Ar_ :\:\A:i_uuj\ 4.;\))3\ ‘“_,’A iyl JA:\R_J
ta skl e aalil) alga}! Jaad o dpula Y1 AyinaY) Galaal) 25 30l S dagall paibadll as,
ekl e Al Glu IS Lo ol cauBlgis sl de) )y (e s janie 4yl AL e ol su ol 8
(Flowers , .(Assal) dapal) Lalal) Lapdall LAY del ) (e ol (sall Dapall 453l) 4l
2004)
D dgatal) g Bl ciad dlal) oY) 8 dadl) Ao 30 paal 2

(8 A slall Ao glaall bl el o oy il A sle JS e Mo bl Adledll (5 5k e s

del ) wlas Jlxiuly «(Zahed et al., 2007 ; Christophe et al., 2006) 4wl a5kl
(Croughan 4s slall & glia 4l ja & Sllag) Zosdll de) )30 8555 «(Anura, 1988) (sl
:s» (et al, 1981) Piri et al., 1994)
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oA (g stuall (Je a8 La sl g il <
Aoaldl 580 5l (380 g Jiel Jlerinly pans 3230 s dilia Jalu sl 8 dglall LAl el 5 <
.}SWB\AL&AQ;QUM\QAJ*\SJJQ h}mﬁdﬁjﬁﬂ’b@mw\;\sbj\ <
Aaine Cag ok el dead) Gl LS alaia¥) g cJlall il gl aladiial (e JIE dpapuil) de) 30 <
. saill 2380 4l A ally dpmsaill Ao )3l anst <
. (Croughan et al, 1981 Piri et al.1994)
da glall dq glaal) culilail) plasi) 3
(Chen et al., Sl ZLyl Q& ) g snd) dleal) dl s aal 4 il da gla s
2005) L5 Aa slall da slae clilys U Jaas Las alladl (e 4l 5 ilalse (ad 4 5 <2008)
Ailias sa 5 Ao o) g0 58 )y sk e Aailil) A i) LTl agd of LS (Toshio and Eduardo,
«(Christophe et al., 2006) LDaiuy las age dallall ol Y1 ae ABLIL LAl e )
dae )30 mml HY) alina 3 ey 48 kS AS1gE ) i) (sal A lall A gl Cpas fay 1)
o2 e glall Al wenl) LAl An lall A glie JLaal i s Aadlal lpally A asa o Linpida AaLal
(Tal, 1996) Jii—a sin <! (Epstein and Rains, 1987; Tal, 1996) dsls &) sif sac 2ic
aglie OV e Js—andl (e 28Ul g agaad (e Sl ol i oLEBY) el calhay
Flowers and Yeo, 4= slall 4w glia yshil 3,k 32c s y8l(Croughan et al., 1981)
.(1995).

S dalall dpadll clilall 5kt <
53 g2 gall HLall da g3l @i ) o) W) Cp el <
Ll 8 Led 53 s sl il Jlanid <

MY\ a.c\)); j\ “"_I\JSH\ Galaa) cJ)S:AS\ clairy) dbqﬂ.m\_a EJP}J\ <kl & LL\\J.}:J A.ﬂ}ﬁ} C\.u!

24


http://jxb.oxfordjournals.org/cgi/content/full/55/396/307?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=imprevment+salt+tolerance+potato+&searchid=1&FIRSTINDEX=0&resourcetype=HWCIT#ERH003C34
http://jxb.oxfordjournals.org/cgi/content/full/55/396/307?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=imprevment+salt+tolerance+potato+&searchid=1&FIRSTINDEX=0&resourcetype=HWCIT#ERH003C34
http://jxb.oxfordjournals.org/cgi/content/full/55/396/307?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=imprevment+salt+tolerance+potato+&searchid=1&FIRSTINDEX=0&resourcetype=HWCIT#ERH003C34

~
Eond! 31489 éj.w\




Canall (3 ka3l 5

4l olsa 1
Laboratoire de culture in vitro 4wl del,30 jda (5 st o Gjladll cy jal
A Saall il gl 38 el ge Cadan 29Y - D8 SAGRODEV (a3l ghaill duika o) 4 000
hind LY o CRBT) L 5! 55 5l
4 il il 2
- b L Ayl Calaal i
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Anslall (e ddliae il sise

- Ay il azenai 3
el e il Cuny AU m sl araals 490 sdall cileUailly dildle & jat Cy gl
da gl (e 38055 Ar )l Ciia JS dee (V. Vo VaVy) osblhdl Gl e Galial
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Aai s X 4x 4) 644) e Al

dlal) salal) 4

sdaala 3 cliladll g <Al Lad) o
oshladl s (e Calial Gy i Jlasiiasl 288 ¢ ) 3l 8558 siall Gilial) Cuwa i all sl oS
daila ol 48 8 (e Lale J geanll 5 Calial o2a Timate« Bartina Spuntac Désirée: . s

Byl (e Dial 33 glue A5 Gl — M 3230 sidl SAGRODEV (a3l skl
(1) 3l A daia s ilialloda 5 i el Ay ae s JSE) Cee DU
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K™t -0,847 0,874 0,781 -0,561 1
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s JISH J€5 Al el Aeilly

82

Z\,gll,g,d\ ] slaal)

JAsail da glal) cilall |l ddall

108,733 | 278,088 | 2122,266 CAL%
**%k **%* ***

5,849 | 408,686 | 900,333 PF
**x%* *** ***

0,803 | 121,150 | 124,028 PS
**% **%*

1,591 6,970 36,962 CMR
**k* ***

3,147 7,723 65,545 WS
*** ***

30,172 97,602 | 998,257 IS
**k%k **k* **k*

(ns s s »£) Pr>0.001 (s$22) Pr<0.001™"
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PV

- Q8L |
D Gl sy s a1

Gl e s sl @l paidl e cida Sl (ACP) dsbea sl Alas ) Al ol ) 1l
Gsine o LT )3 Jsb o) as Timate« Désirée« Spunta<Bartina <ilial day JY (ulalall
i il e ¢ 9695.9 ¢95.4 iy 3 AY) cilia (3al) USY) Ala el iy Chl @) adié s
G LAY Gl il A jlie agin Jalaill s Chially daslall e gill Jadl) ¢ jelal <l pial) o8
2 Ul a3 Al pdall Gleladl aaal Gad (ANOVA) (SYia) Judaill gaadaty ¢ 3 a4l
Gl e Jilad &5 agin Jadaill 5 Canall 5 da glall oSl Jrdll i apans s clll e A slall ddeld
(6 sinsa o b sine S 0 V) e da glall il o G i G a1 891 e 3 Alledl) Ao gannall
Y 1

oadalagl) il G chibiva) day )Y A 190380 9 A 915 s 5al) AN o daslal) Jad ) <
( Timate« Spunta¢« Désirée<Bartina )

i b fialil) (g 230 U8 (e pudalladl il sai e da bl il Al 0

Gl Gl J e abadall mle (e ddline 53S0 5 536 (Silva et al., 2001) st «Jial)

I Ll e o Jga (Le100 S5 o)) gsiald) aag 38y Fpmandll Ao )30 Gasha e (udaldad

(e lea130 Jasd (Khrais 1998 ) es sal duat s Ay saall Cilial) 4818 8 <y )

10120 S 5l die calead 3 Gl Juzadl Gl ialll 05 850 vitro 4a slall Gakaladll il
NaCl d

Désirée s Spunta 25 i jall e ) Gl Gilial dag i jlial (s s ddlal) i) )y

Jse 1e100 saniy ¥ Apael) Aol 3l ol s glall Lelans o cps l5 Timates ,Bartina

oo s Laigy o igmaa b a3 (1S5 U9 (10100 2 Leband Jua (3l il iany oLty <NaCl
Désirée s Bartina «iuall Jie Jse 1150 A alial) (any Jas

o o 2500 Naclealall 38 ) G () sell o 3al) ohaiy gai ady Laid giliil] (e Jaadl

( Taleisnik and seb) LS e saill LS Eim alEAL 4)all (st 3L (]
i o oSy Al B o) pe 3 e J8I NaCl (e daisiall &l 38 30 o) Grunberg., 1994)
28 da glall (e dcassiiall 31 o) (e Jag e adaledall cilys Galieal (oanal 4030 gl 1 32Y)
Ll elall palaaial @iy 3 Ly dgmnla o pam sl dilae Gigaal dy g paia ()50
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58155 @3 LalS il (13-15 ¢2-15 « 1-15) JSal il G (s Laadl s(Badawi ,1985)
LR/NF(r= _sxall s (r= 0.544) LT/NF <lisll J)dal Jane J8 o sl 8 apalall il sivadl)
& 85 L 13 5 Désirée Spuntas Barting <iluaY) xie 4l 31,53 aae Ji5, 0.612)
A jrall DLl 84 gl Cloleal) 418 N LD cws 2 5m0 ( Khenifi et al ., 2011) &l
soallall Jyandy Aldal o3)eall & Ay s (Rengel,.1992) =Ll aleadd
() el 4B ARl jaliall aloaidh clall (Selectivity) — dslalall
Caiaa e L) sda y pudallad)h il Jlshal o) sV s (2007 ¢s05) g 4 12 5(1989
(khenifietal .,2011) 1aY LS dalall 581 il saly 30 J 3585 =) In vitro 4= 5 <IDésirée
G ga5 85, da slall 3S) 5 ol ) ae Griayy Glall Jsb o) Timates Spunta <luaY) xic
o oaland) e Led 3l pall anV) Bl 8 JYEAY) s LA aludil g e g 38 1) (aladay)

Al yualiell g clall paliaial J8 yay (5301 (5 ) sans ) 2gal)

Jare (aliail 5 saill Jaw o) Alall agadl Qi ) (5255 NaCl a2 seall 20 ST 4011 3:8) i) o
aggall cldledll 8 e AieSie Lglemyy 4glall alany) heall Jaé ol Jlan)
Al Calial aea 2ie0p 150 Laldl 38 A 8 saill axe o) WS (Smith et al ,1992 )
elall palaial A8 I a5y Jadl 508 jilleda o 3 srg 283 el A s jaal) Gadalla)
5 aspsall dald g daldl CligV) aS) s sl of LeS, ag sl llledll Gl
AV g LAY 3 il sa¥) 38 55330 ) (e 4l 4 oY) dpend) Gigan I (a5 O (S 50
Desirée —aia (ulaladl Gl gai ar=il 3( 2007 ¢s2l5) ae 385 132 5 (Munns, 2002 sl
Al siuall vie Timate —aiall sai aaail WS, i/ J 00 ala]1 25 Ald) 38 5l die In vitro g s, <
(khenifi et al., 2011) U ae @55 128 5.9%150 S A Cad LAl daslall dad )
.(Bouraoui etal ., 1998 ;

S0 ol il 8 bl il ddae YA Lale J geanll 23 il bl Jalas jeday LS

& pill Jumdl e J geanl) o 45 Sl 31 5Y) 220 e S il Led o g saall 2y IS (e Adlial)
a5 seall 2 ) ¢S e Allall 380 il ol el 8 J g0 L1 25 4 503 seall 2 ) IS 5K 5 ae MS dass
ain LS 1 25m 5 Jsa e 150 S5 L ¥ 31 s¥) ae 8 s sale Lnlissl caudd NaCl
Al e 308 585 o) Sl S il Adee o) (Munns and Tester., 2008) ¢ siabll
oaliad) Sia Lo gac 5 @Al baii gaill (8 a5 5 ppeall 315V (8 <o 5 <)) Cilalial
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ol )y A Jsl s 5 485l dalie 51 (31, 5Y) 2ae (i) L) Jiahy o pdl) saill b
.( Benmahioul et al .,2009) ~lall 2ga)

ke 25 Jinall oalall ¥l Al b 4l 5 0al alail) o da slall ils Al o il eca o
150 5 100 381 Wl | S IS il &l A g jaall Calial) JS (b o 03 gaall 25518 (30 J s
L al dul @il LS ala IS0 Cuaiod LD s B o seall 25 e Jige e
Cun il (6 st Ao JsW) alaall 84yl ki da skl 3l Gl Bouaouina and al ., 2002)
(Suhayda et al. , 1992) Laa¥ 5. sell » sally 4 lie da slally 13l ST (5 sinnall 138 () 5Spm
Sly | asasall 3,58 Jse e 200 100 bl 3800 3 el Alaind A (i)
LI bl Jame (alias) () s g o (Sa )3l sai 8 (=lasY) 13 o)( Netondo, 1999)
L sda Hhd 8 jalaas) Ul g Aail

Calial) IS 8 alall Cagylall s jdall g Slall calad) o 50 3 Gealasil JaaD iliill DA (g
GO A gie B g 58 Janad pa elall 38 55 Conall CaDEAL Adlisa alaAsY) s Y axa CulS M
0ol Al Wi | (r=0.823)  PSI/PFr Lsiall aic 5 (r=0.823) PSt/PFr Gl 2ie Cilall
i) a5 G g Y1 Gl saally Ll e dalad) 580 (a0 B i Jaa gl ()
0osMs (r= 0.567) PRA/LT Glall (sl o0 3 dpalal) o labaall (n Ay sina iy 8 29
DS pea e (NACH s (e 25) C1 Sl (3588 WS (r=0.832) PF/LT _saadl (sl
Gl Le(2009 ¢ L ossals sad) Gy cudl 3 Désirée 5 Bartina  (iiall ve dala
625 7DD izl 380 53 Gl 3 el (i Gl (e (2008 s i) s( 2004¢ —=S1) 5LV
Gl pabaaial (8 LA o 08 G () )l 3 gm0 Laa s Sl Gl ¢l 83k )
(Rains et al,1986) aldl ai gyl ML Ay Lieey  4ald
o alalall il 3l G 3 g2y NaCH e 4alladl 35S0 50 die ol 559 Jane 8 (aladsy) o

(Mass,  1986) sl laya  ahi silely WAL agldl 48l
Jara Galiaily saill ool el sgall Qa5 L)) 5255 4 g0 geall 2 ) o3 Al 580 5l o LS
aggall Glladll 8 e ieSie Lelamyy aglall alany) hacall Jad el Jlan)
28 Jge e 150 Aaladl 3805l sie (ulalladl @il gaill axe )5 (Smith et al . ,1992 )
Ay saal) el ()l izl g elal) palaaial 418 W) a5 Adladl 380 5l o2 () (I (5
Gl Y1 oS58 80l ) o cps 8 4iliall alial) Galaaiel 8 D) Eia s ) il il

DS 305 (e 43l 4 0¥ dgendl Gigaa ) sa5 O (S s 5K 5 0 g0 sl Aali 5 ALl

85



PV

s paail 3 (12007 53l s)ee 3k 138 5. (MUNNS,2002) 4l Aol 5 WDIAN 3 il gY)
il e, 1/ Jse alal 25 aldl 35S 5l sie |n vitro g 5o ) Dessrée «iiva (ulalaill il
daglia g Sasi | ekl Désirée s Barting gsiiall o) Jas gl 4l jall & dddliall 5 Lale Joaniall
. Timate s Spunta (néiall 45 jlae mlall 381 5 S A Juaidl

Désirée : ciiall &l gal) 5 U o da glal) Jad 1 <
Désirée —auall Hlidl 5 a dllall 4 Hall soa =

Jlosl e

Chl a/ Chl ¢s.sime o i 1S Cua b S 555180 5 a Jid g oIS (5 gima il 8 da slall s
oS 18 3 gay ey s s 5 adid s sISI (alias) (e IS O Al all i 31 (1= 0.966) b
o) i) il (a5 8 il Aain o Jd g ) IS adan e g asall 3 5 1S o 53 )
by IS J) A 5 il (g g alaat ) (35 Las da slall (5 shuse 165 ) die bl 3, 5Y
o=lias) X (Tuna et al., 2008)4s seall dadaill) (5 giwe Ao i SV Jaill dilae daysi
O Ol Jsad (535 Lee s seall Ao 30l s Sedall S il didee o) 535 a gl sl
Ssinas asmilisll ) o puall LaS G Jalii HY) ABle b ) ey 5 clall ) jaal) ) puadY)
<Al b3 3y pall iyl cias (r=0,874) Chl a/K*pe (r=-0,555) Chl a/Na's Jié s 5!
(2004« .03 0AT 5 alsh) saa 5 e aa

A il S *

r=-) Chla/Suc i 4l 483 aa g 4l Jas 51 388 A glall 3aly 3o 2 35 4513 iy Sl G Jas )
Dl G W aad @lld () &4 8 5 1= -0.847) Kf/Suc (= -0.748) Chl b/ Suc s (0.779
OS85 (Al g Gl 5 Jall 5 2 gudall £ LndlS 2330 A gl saund Cilalers B pdlae Gl o 50 SIL A8 8
(Tsakalidi et al ., 2011) &)Y A i) W K 5

Cagol YA LAD (5 sanY) askaiill & Laga |50 conli il ol sall (e Al iy Sl aa3 LS
(5 e 834 ) aa Jai yy elall (i 5 4 slall Casill i 5(Gill and Sharma., 2002) ealall sl
(Tajdoos et al., 2007) Asball LAY 3 < jua g S

G5l (b o 53 saall o) 53 Al ) il (s Cum KeH/Nat <Y Jelas e Gaslall & i) LS -
dulay) Ale 5 (r=- 0.793) K+/Naf/Suc o Anle A83e aa g5 ad) Jas gl 088 ulaladl) il ) 53a
(r=-0.793) K+/Na+f/Nar , (r= 0.967) K+/Naf/Kf, (r=0.847) K+/Naf/Chla 4 szs
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83 (Y psdgeall sl (8 33051 a3 s( Alllen et al ., 1998) sas 5 Lo ae (380 138
O\( Tuna, 2008)_S35. (Tsakalidi, 2011) s sl 0 328 3.l 31 day®s LAY U8 (e 4ialiaial
.» 2000)s slall lilaill Jasd (30 Gl A8 Hla 5 A slall Jaad Y Al ddial) o U V1 oS) 53
W) 34 pmnl) e O 4 ) sanl) andaii & Jaadll 4301 0 ) shaaY 3)(Hasegawa et al
Pa e AN ) o 503 seall Jsa0 died Alal) 08D Al agal) o ddadlall 8 sa dlll
ol Aglle Ly g SR L) sl sall il (3835 ) (0% e 0] eLiadl Al 33dual) ol gl
a5 geall gl S 51 8530 )5 a sanld gl il gl 8 (i) Caand g gaall (3835 Calasal 4320
eliall 8 Alladl) Ja) a8l go Ao o gl sl 5 2 503 sacall il gl Gy nadliil) B0 sy (2al82W1 128

=1l

(Davenport.et al, 2003 , Shabala and Hariadi ., 2005)

87



s Gl gl i s ja 2

el bl JSi5 5 Adslall Ay sl bl Guail degae 4% yha Ly judee Sl SN £l ey
dalall 5 Alall calalga¥) 5 ¢l 3Bl il A glie Cpadl ¢ 15l il age jaian ey g3
.(Nguyen et al., 2002) Lealisl e jigi Al Jal sl Calise dul jal g

Jalladi s bl all 55 3aa A glall da i uallad) Sl dpesa il o J aad) allaly

Aol )3l e IS S Ala yo A Lpamall sl o Y1 LIS ol gine allay La sy s

sl & Adds 30 5 <l et 38T Cus o(Ochatt et al., 1999) dage Ay el duspuaill

Amzallag et al., 1990; ) 4a slall (3o da yiie 3:S) 5T Gl SN (g o35 G0V da) e A
.(Gozal and Kochba, 1982

A sl salall (8 il i asa s o Ledad oy uallad) il aie A glall s ISI A glia (s ()
aa i Y ) ) alall o sl 8 il IS BB o) e i S35 ¢(Amzallag et al., 1990)
age ol il Wil a2 ) Lo oalall dleal) ol Gl da slall Lgia slia ()L 3,8 Cila slae

.(Heur et al., 1998.)

et ety dauy B salll LiSal il Galaladl il il IS ol e 4y el JDA (e LSS
G g el (gl Sl Al Jexind ¢NaCl 00 Jse e 150 (e oale 3855
¢ e 1330 A (Use e 150 0 ) NaCl zle (e 30 e 581 5 () adallad) il s SIS
$sina il Al Gl Jare 33l Ll NaCl (e Jse e 150 s Lol gaill Loy 38 53 el o G
e adlia) L& Aastivsall alall 580 53 I WS ¢ NaCH o Jsa (o 25 g b fISI g e
60 o 1S Al die il 3 da glall Lgtia slia da a5 Aleatiiall Calial) cuoa 138 5 ¢ AT ) Eaaly
Jse e 350 s 50 5SIA s« (Ochatt et al. , 1999) 2= NaCl i+ Jse (e 450 )

.(Sabbah and Tal., 1990) NaCl ¢

OIS La gl b ulae IR (e (35S O S A slall A glaall il IS olaE) Lo ani ()
Jalaa N d8laYU ((Chaudhary et al., 1996) (saill Jav siall saill ¢ JS&H A ccilall s s )
il ST Al (5 ginall g b JISI ailad 5 «(Ben Ahmed et al., 2008) 4 slall dpbisall
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A slall b IS o il il A LA (g LiS) 31 julaall o8 5 ¢(Quieiros et al., 2007)
A sLall (G Aagial) yulaall aaf LY

G sina o)) (i bl @l i) e cidda ) (ACP) Gt sl Agilias V) Al yall ) 1ol
dalaill s caiall g da glall oo gl Jadl) jedal puriall 138 ¢ 94 95,4 Ay 3 V) Jie aba)ll o5l
e A slall Ale 8 (g il a3 YY) Jalaill Gadaty ¢ 5 il (5 AN ol yrially 45 jlie agin
dc sanall ) jiie Jilad o agin Jalal) g caiall g Aa glall oSO Jadll 3 aaa 5 il gl S
S sl 2l 8] il ) AlLadl)
il U ¢ adallaall el aie il S JuSa8 da gl sty dalddl g cdg jaill oda W e

oAl a5 8 Al ] A slia il IS 2Ly da glall Lgiall) A o A ¢ Jantio Al g s
e glie s IS e WUl i gLl g gl () o5 il dpaas A3

Gl JSN ) geds iy J<l Ao jud Al € g jaall Gilia¥!) die il ISl JSE o3
Dsebs (Sl e el alAe) )5 s G e N B e a5 o IS JiSl Gl
AL 7 S G s el 13 i) (A e slS
asall in Sl SN S ) i) aadle g case 15 G 10 320 A il IS e} il
Bl CilS W) g lal 48 jaiial) 3aall 5y late il JKI JSE Aoy cilS g | 20

Ol pubalad) il xie (Yasmin et al ., 2003) 44 Jia 55 L dBlas Lale: Joaniall miliill o
o Jaxunall Jaus gl 4ny oo daus (B ¢ G5V G s 3 e ag 1121 b8 e <l
Aol

Al I Alesinaall dalal) €1 50 IS 3 IS s SIS QS (o i) SR (e Jan 51 LS

Aot O WS ¢ Al A 3 (ialids) Lgaabay o))l Jansl) (8 alall 58 il A sab 3l O g
) Joa 55 Lo aa (381 935 iliil) 038 () o CAL/PF r=0. 683) A Y aiia (e Adlida CuilS aladsy)
i s (Désirée Bard <Maris) <ilia¥) () <l xie (Queiros et al., 2007) o< JS
Oatiall MLEL A Hlie dadls NACId 50 sle 25 S il 8 (alediVl A il LS dalad) 380 530
Spunta s Desiree (ptiall alill & jlis L le 55 Jle (mlias¥l oS Law Timate s Bartina
Lin o) 68 30 dgiliia g ST NACId 50 (sle 25 o sl a5 hall s IS oyl LS ¢ I i) e
ealall 38 il d Ll ecla SN JiSis e 3S 5l 13 s gima L8l ol e (s raalall il IS
Jldgile JSinll A (8 (mlaasV) du s awgie golall Jla) S8 NaCldse e 100
Jse Lo 150 S5 8 Al il U Ll calall e e le 58 Mo 38 55 jiiny s 5 ccalial)
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Cua Timate s Spunta Gsiiall dals ¢ sl 2 JOA 45 Conaal 5 saiy al 5S¢ 3ad «NaCl
OS ¢ Bartina s Désirée (ptiall pfe laa el G0 duis & pxlaasy) o<
QUEIr0s) 43!l dua i La | S 4055 milill 028 () cla Lo 53 (ladiiia (o SNBSS A (8 (aldasY)
(Bendif ., 2017) Ly 43l Jua 53 Wl &3S Désirée <Bard <Maris —ilua¥) xic (et al., 2007

I sl 90 Cro SYI 815l 8 gaill i ol G A slall Aians ol il LAy
el (e ¢ NaCldse (e 90 (10 SV 38 5 e (g sinall o gl & gt AN LA (s 8 <NaCl
il IS S () 68 Alanional) A0 Alad 3 5 L 138 5 (Ochatt et al., 1999) 4 slall ia glia yiad
Cu ¢ S Gl (o (8 ddpmaal) JSE) A a8 ) age ey NaCld e (e 150 5100 S Al
dlenia Lalail ¢lEY (5 Al Clul jal dad je 0 5S5 Cag plall o8 Ciad andli g da A8 LA G ¢
.(Jain et al., 1991) 4 5Ll

Stephen et ) 4 slall 4. slaal) culu MK plati) 8 Llle daiia 48 jla a5 cdasaai 4] ) ) JS DA
(al., 1984

) Jie da 5 A el il die g il &) IS Lgdle Joaniiall il Sl of i) cuiyy
ol S5 caa W jelaa s il i (e e 150-100-50-0) NaCl oo oalad) 58 53l
(Patnaik and Debata, Queiros et al., 2007; Koc et al., 2008) e Juast miliill s2a Jia
Led sy (il ) aisl Jsaiy DAl getay o gISU e 055 daslall 5l o )5S0 Gua <1997,
.(Stephen et al., 1984) 4 slall (e dllall 380 3l 8 dida ) ASilatia (10

s guall & pmdl V) jteas sl 5 1Sl I alad) Jas gl 8 da sliall il U of Jaa ol LS
; Patnaik and Debata, Miki, et al., 2001) 43l Ja 5 Lo Jilad Zlainl) s2a 2Dl 8 435
. (Zacchini et al., 1997 ;

5 (e Giladly a1 s YA e )5S Aele by s IS ie sall e el )

Calial el A sVl oS SN «(Heur and Nadler, 1998) slall (s s slally i,
Oe oty ) oF Gy yrall (e 4l LS cilally a0l (e daslall A i) pulalladl
oy La 138 5 (5 3 san¥) gl g 18551 ey o) 50 Jaws sl ALl agad) (e JBy 30 adal) g
saliail s dgamall 2 sdl el Jpemny UGV Juini (e Jly g3 sl s il Ciliall
(Flowers and Flowers, 2005 ;Mansour and Salama, 2004; El-Swaify, 2000 ) seil
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Oy (158 A pelall o) il s bl JS die iy o) saill palaas) gf a1 1
dals Aranall Gl Y Ay Cldralls clall o Jgandl Dy gria tlad 5 b eas Gl OS] Gaage
(Maas, il g sill caua iy RlASY] Hlada s da slall Jaial (5 sive (ST AR (8 o 530 sid)
o= aill e o(Vicente et al., 2004) s«ill dls e s(Ghoulam et al., 2002) —suall 51986 )
& il aie < jiul L 13 (Shannon, 1999) L sl ae delilly cansS yis crlall 38 53 coelall
<ilS5 ¢« NaCld s e 25 DS 5l & Lile 1500 de 5 ) jall ilia¥) il IS il Gupm ¢y il
Alle (malaasy) A il ol Timate caiaall e b dlalaall Calioaly) & e alsdiy) A
«(Queiros et al., 2007) 4daay La 138 5 (2 Lall) zlall (e Jadl Jas sl 3 daalill el ST 45 jlae
3¢ (alids) Jaws ol Cus PF/PS (r=0.945) sl s cilad) ¢ 5l o S Dol )) 2 5mn 5 Jan g1 LS
& oS aliadl Jas ol NaCld s e 1505 100 cposS Al e« S sai e 5 5
e J NaCl e se e 100 e ST e ) 30 Jasy (3 da lall S 53 2 35 3 laa slISH - g
del ) e ailaadla ol o ol gaill 138 ¢mlally Bagaall LAl die Gaat3 jalls & g eclu IS gal
LA e 4 gas vie (Ochatt et al., 1999) 4l Ja i LS (NaCl mlall ae e Jasi s A LA
salll (S NaCl oo dse (e 450 N 60 o 55ty Jas s (A sl LgiSay A glia udallay il
e JS L) Jom 55 ) i NaCl dise sle 1505 120 3815 8 () 5Sy (pmanY]
.(Shankhdhar et al. 2000; Queiros et al., 2007 )

oad die g el SIST ala 1 () 1) (8 o Ll o dlilae el (5 5l Apally Alssall i) o)
dozaddiall Caladl () 5 sl ad ODA (e 13 5 ¢ LS gl A ) (e Al 380 3 (f G il
Jse e 25 camm 38y o gl A mlall 3 a8 «NaClL (0 e e 1505 100 crnS Al B
ST G (g3 385l Ll el IS 2dlal) 50l (S i (g sime e (mliaS) sy NaCl o
Lo G158 i) o34 ¢ (358 Led NACL (3 U (e 100 S:S A 5¢8 gaill (& (aladiV) (0 9% 50 (0
Ehsanpour and Fatahian., )« (Potluri and Devi Prasad, 1994) 4ide Jiaxd
Sl saill Al e Jay alall (5l & paleasy) o WS « (Bendif et al., 2017).(2003
.(Ekanayake and Dodds, 1993) Lilaiul 5 LAl aludil e da skl yili e
s o IS ail) o iall saill Coloen a3 (LAY S 5l Dbl e plall all il ol s
Llal Calidal ool Jas siall gail) 4 liay dmgus de) )y JS 4l i del )3l dalu gl Caliss
il T il saill 8 Gl L gl Lgle Jhasiall gl QA (ed Ll ae il SIS
OO 5 (ool Jass giall gail (5 gina Jalii ) 2 ga g B LS o))l Jans 1) A sl gl )L il SIST
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<l die (Queiros et al., 2007) &l ae @850 W 1385 «(r=0.777) CMR/PF b))
Lisina 1,80 1 san 5 Cua ((Zacchini et al., 1997) <isb (e das WS A die i ¢ uballall
Sagaall il S xie Caaad 5 AUl o3a (o) AESall il KU ol Jans giall pail) o A skl
) il sy Gl ISl xie gl JI85 da gl (Benavides et al., 2000) 4 skl
Adagi yall b ¥ o) LaS ¢ ) agall (i) g cdaws ol 8~ DY) 35S e ld ) e il 5 ) sam¥l g
eli gl S i g o sl ALV 8 (sl aaady () el b Cali s Alal) Aa lally

. (Shannon and Grieve, 1999) s«ill Jl& Ml

«Jsa e 1005 25 curS il & % 41528 = (=lasl (Queiros et al., 2007) 25 WS
058 NaClJ se sl 150 38 5l 8 () LaS clindils a4y jliie S5 08 5 ¢« % 45.77 5 3.53 Jibia
Ol e Ju L ((Queiros et al., 2007) xie % 69 Jias % 61.40 OIS Cua ¢ e (aliasy)
Jse e 100 Gos ) S5 3 el )l Jans gl da slay il el ST il) Jas giall el
. NaCl

U Al LAY il Jau giall gaill & 8N (:less) 6 (Patricia et al., 2001) <

Adadi yall LS all () 3 gy il T giall gaill 8 adi pall (aladsVI Ll ¢ Jadl Al (5 sinall (0

gl 385 gLl s arent s @l el Ll e 4 sen¥) LS Al 6T :NACT 255
.ClsNa*

Al e o)l o gl 8 pelall il A jo ga ol sISH Ll (5 sinall dpas (e Cangll ()
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Abstract

Our study has allowed us, to achieve the main objective we set at the beginning; which is the possibility to
regenerate in vitro an entire plant of two varieties of potato: Desiree and Spunta under saline conditions. This
a factorial experiment was planted in MS growth medium with three different concentrations of NaCl (25,
100, 150 Mmol/L) and a control (Co) by doing ten repetitions. This work was conducted on 80 experimental
units within controlled conditions. This study allowed us to know the effect of the salinity on the micro
propagation in vitro of the two varieties of potato Spunta and Desiree by following the growth and the
development of three morphological characters (leaves number, stem length, roots number.) for four weeks.
The results show that the response of the plants to salt stress varies with the variety and the salt
concentrations. Similarly, it appears from this study that the potato shows a well-differentiated behavior
under the high concentrations of NaCl, which proves the sensitivity of the potato to salinity. It also appears
that the Desiree variety is more tolerant to high saline concentrations.

* Cotresponding Author: Sabah Larit P4 laritsabah2008@yahoo.fr
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Introduction

The potato (Solanum tuberosum L.) is a tuberous
herbaceous plant native to Latin America. In
agricultural practice, the production cycle of the
potato is mainly vegetative; the tubers produced
constitute both an asexual reproductive organ and the

alimentary part of the plant.

The potato is a strategic agriculture because of its
position in the world, where it ranks fourth after wheat,
rice and maize. The world production was evaluated in
2013 at more than 368 million tones on 19.4 million
hectares (Rolot and Vanderhofstadt, 2014).

In Algeria, land erosion, salinization and
desertification threaten 3.2 million hectares of land,
formed by forest cover in the northern region. This is
also the case for one million hectares in the steppe
areas, 400,000 hectares in the western region, and
100.000 hectares in the southern part of the country
where potato cultivation is practised in the pivot of
Oued Souf (Ministry of Agriculture, 2005). This
salinization of the arid or semi-arid zones is mainly
due to the strong evaporation of the waters which
favors the concentration of the total salts in the water,

and their rise to the surface of the grounds.

In this context, plant biotechnology techniques and
more specifically in vitro tissue culture can play
important roles in the selection of new cultivars in
addition to conventional field breeding. For this,
different biotechnological pathways are used to
increase the diversity and the ability of plants to
tolerate saline stress, knowing that in a natural
population it is the whole plant that faces the selective
pressures where the screening is carried out at a
global level. On the other hand, in vitro, it is the cell,
freed from the stresses encountered in the whole
plant, which is the target of the selective pressures in
order to arrive at a range of variants thus generated,
which differ from those resulting from the classical

selection (Sibi, 1996).

The objective of our work is therefore to look for the

effect of salinity in vitro on 2 different varieties of

2018

potato: Spunta and Desiree, which are the two most

cultivated varieties at present.

Materials and methods

Materials

Plant material

The explants used in this study consist of two
varieties namely: Desirre and Spunta of the species

Solanum tuberosum L.

Proposed treatments

The treatments applied on this experiment are
different concentrations of NaCl:

CO: 00 M mol NaCl.

C1: 25 M mol NaCl.

C2: 100 M mol NaCl.

C3: 150 M mol NaCl.

Each treatment was repeated ten times in this

experiment.

Culture medium
The culture medium used in our work is the MS Basic

Medium (Murashige and Skoog, 1962).

Composition of the culture medium

The culture medium is prepared in 1 liter beaker with
continuous stirring. It consists in putting 500 ml of
distilled water. Then we add in order the following
elements:

50 ml of Macro-elements

10 ml of micro-elements

10 ml of iron

10 ml of vitamins

The pH of the medium is adjusted to 5.7 + 0.1 with
NaOH (base) or HCI (acid). The medium is then
supplemented with distilled water to 1 liter with
continuous stirring. Then, 30 g of saccharose and 7 g
of agar are added to solidify the culture medium. The
mixture is then boiled until all the agar particles have
dissolved. Finally, the medium thus prepared, is
transferred into tubes of 25 x 75 mm using a vending
machine at the rate of 10 ml per tube while sealing the

tubes with stoppers.
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Methods

Micro-propagation

Under the horizontal laminar flow hood, each vitro
plant is removed from the bocale by using a sterile
forceps and placed on the sterile blotting paper and
then fragmented into as many sections as nodes
whose sections are 0.5 cm to 1 cm. (removing
however the basal bud or the root part) using a scalpel
passed to the flame in order to obtain homogeneous

material or microbouture.

Measurements taken

During our experience, the parameters selected are:
Number of leaves

Number of roots

Length of the stems

Root length

Branching of the stem

These measurements are made weekly for 28 days.

Statistical analysis of the results
In order to define and highlight the effect of salinity
on the potato and to identify the best variety and the

most determining parameter against salinity, we

2018

decided to perform a statistical analysis using a

specified program (EXEL Stat, 2014).

Results and discussion

The results recorded about the growth and
development of the aerial part, negatively correlated
with the NaCl concentration, but good growth is
observed with the concentration of 25 Mmol/I relative
to the control. Taleisnik and Grunberg (1994 )have
also shown that low concentrations of NaCl, less than
3 g.IY, can stimulate the growth of aerial parts of some

tomato cultivars (Marmande and Edkawi variety).

This phenomenon is interpreted as being the result of

improved water relations, attributed to an
accumulation of mineral ions (Cuartero et al., 1992,

Munns et al., 1986).

Salinity affects the growth of young seedling stems,
according to the values of the figure, it is noted that
when the growth medium is highly saline (100, 150
Mmol), vitroplants undergo an aggressive decrease of

stem growth compared to the control (Fig. 1.)
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Fig. 1. Evolution of the average number of leaves formed during the growing season in both Spunta and Desiree

varieties.

According to Benmahioul et al, (2009), the higher
saline concentrations cause a cellular ionic imbalance
and toxicity in the plants; this may affect some vital
metabolic processes such as growth reduction and
necrosis of sensitive callus. Mwai et al. (2004) show

that the reduction of plant height due to the effect of

salt, which delays the processes of cell division and
extension that are the basis of growth. However, the
application of ANOVA indicates that a slightly saline
medium (25 M mol) has a significant influence on
height growth, according to the work of (Bouraoui et
al, 1998).
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The analysis of data obtained during regeneration of
vitro plants shows that the different concentrations of
NaCl have a significant influence on the number of

the formed leaves. The best values are obtained in the

MS medium with an NaCl concentration of 25 Mmol.
However, the high concentrations of NaCl cause a
remarkable decrease in the number of leaves,

particularly the concentration of 150 Mmol (Fig. 2.).
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Fig. 2. Evolution of the average stem length during the growing season in both Spunta and Desiree varieties.

Our results are in agreement with the results obtained
by Yeo et al., Neumann, (1994) and Ben yahmed
(2013), during these studies, the authors showed that
the primary effect of salt stress in many plant species
is the osmotic phase that inhibits the growth of young
leaves, rate of onset and appearance of the leaf, and

overall shoot development.

As researchers Munns and Tester, (2008) show that
the photosynthetic activity will be unable to meet the
carbohydrate needs of the young leaves, which are
reduced in growth. It is therefore generally
considered that the decrease in vegetative growth,
expressed either as a reduction in the number of
leaves or as leaf area, is generally the first response to
genotypes exposed to salt stress (Benmahioul et al.,

20009).

The results of the study of the root system is
illustrated which shows that, in the condition of
moderate salt stress in 25 Mmol NaCl concentration,
all seedlings are significantly affected. This particular
behavior would be a form of tolerance to moderate
salt stress (Fig. 3.).

This same behavior was reported by Mallek et al.

(1998) during the study of some cereal varieties.

For both concentrations of 100 and 150 Mmol of
NaCl, all the plants respond negatively, in the same

way until complete absence of rhizogenesis.

A study conducted by Bouaouina et al. (2000) has
shown that the impact of salinity is perceived
primarily at the root level. For these authors, the root
part would be more affected by salinity than the aerial
part. To adapt to salt stress, the plant would first of all
reduce the development of its root system in order to

preserve the aerial part.

Suhayda et al. (1992) note that in barley, a decrease in
the elongation of the root system was observed at
high concentrations of 100 to 200 Mmol NaCl.
Guerrier, (1996) show that the first response of
glycophytes exposed to salinity is a slowdown in their
development with root growth often less affected than

leaf growth.
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Fig. 3. Evolution of the average number of roots formed during the cultivation period in the two varieties Spunta

and Desiree.

Netondo, (1999) in Mwai et al. (2004) showed that
the reduction in root growth could be attributed to
the reduction of the rate of cell division and
prolongation, and thus the decrease in the diameter
of the root.

Conclusion

This work aims to study in vitro the influence of NaCl
and the effect of the genotype (Spunta and Desiree)
on the micropropagation of the potato Solanum
tuberosum. To achieve our goal, we have studied the
following morphological parameters: number of
These

parameters were evaluated in order to characterize

leaves, stem length, number of roots

the level of tolerance of these two varieties with
respect to salt stress. In the present work, we have
used different saline concentrations (0, 25, 100 and
150 Mmol / L of NaCl) with stress duration of 7 to 28
days.

The results obtained show that the control medium
Co has a high regeneration rate, after 28 days,
compared to the other concentration studied (C25,
C100 and C150). Although the presence of NaCl in the
growth medium at low concentrations does not have a
significant influence on the growth and development
of vitro plants, the results obtained with the C25
medium are comparable with those of the control

medium.

However, we found a weak development of the two
varieties studied in the C100 and C150 media.

It is also apparent from our study that the Desiree
variety seems more tolerant towards saline
environments. This behavior can be explained by the

difference of their genotypes.
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