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Abstract

In order to investigate the effect of soluble chitosan on plantlets growth in vitro and minituber yield
in potato micropropagation, single node plantlets of Agria cultivar were treated in vitro with soluble
chitosan at different concentrations including 0, 5, 15, 50, 150 and 500 mg I by adding to the
tissue culture medium and growth parameters of plantlets were assessed in vitro. A number of
plantlets were subsequently transferred to the greenhouse and sprayed with chitosan solutions
including 0, 200, 400, 600, 800 and 1000 mg I™* weekly, and minituber yield recorded. The results
showed that the effect of chitosan was significant on fresh and dry weights of shoot and root and
length of plantlets, but its effect on leaf number per plantlet was insignificant. Application of
chitosan a concentration of 500 mg I™* significantly increased the shoot fresh and dry weights,
compared to the control. However, at low concentrations its effect was insignificant. The 15 mg I
of soluble chitosan significantly led to the increase in root fresh weight of in vitro plantlets.
Whereas, higher concentrations, especialy 500 mg 1™, significantly decreased root fresh weight of
in vitro plantlets without considerable decrease in root dry weight. In vitro application of 500 mg I™*
chitosan significantly resulted in improved acclimatization of plantlets in the greenhouse as
expressed by increasing minituber numbers and yields, compared to the control. However, foliar
chitosan application at the greenhouse did not show significant effect on yield parameters. The
present results indicate that soluble chitosan can be successfully incorporated into potato seed
production from in vitro plantlet stage.

Keywords: Chitosan, In vitro culture, Micropropagation, Minituber


mailto:E-mail:rrasghari@yahoo.com

87 oy dzond 3)Slas g M)y p SIS g cluind 9y balps  lognS Joloxe 3,8 36

L'_..‘:JEL."Y.~“C)‘J‘AAAJJS‘J‘Y~.. C)“)m
YooV GoKen 5 Song 5 Yo o8 GKea 5 Gusils

hind G o0 @as bane Hu Gl S ) sulatl
2ol (L85l 5 Gaide, ©odb 5 ad 3 s Sels
a5 Gl 30 gl s sale ol 31V 8 o L<an
o) galaas ‘)Jmkeéaﬁ‘)d el (SLACJ—..SJJJGA
(Yoo V olKen 5 sl s) Linai,l Jie oguls olals
corwl sad soldiil

S a0 S LS (V-0 2) oolSan 5 (Sewll g
o9 it (o0 @S baae 5 gL S Jolae
BRI Py PR SUPV R P+ SIS P PR ERCA =1
JSQJJJJ‘AJJQLAGJJ‘JEU*MM‘AK
ol e o sladaals ju dpeae

) o Gl S Jslae 56 sala GraledT o
Oood e S bl 5o e o slad oals
(5‘.&4."\9—63:)&‘) BE kJ"AtA (SLA‘\A_:QA..C J‘)S.LQLJ(S“L:Z*.:L
5y 5 0T el shae 530 5w 5 LT 835 Hlus S
5oad dallhs AR o Jals slacaalS s Slae
o3 (e e 53kl 9 OF O suliil i<

“:"'6; J‘)B o

Laghiyy 9 9lse

eSi—ie ol g oK uledT 5o (ha g5y ol
sladaalS o) oo Juayl @Sy oS5l Suedcuw
| E S PPN, PN EEN- P N B VS N
ChitoPlant 5,3 ab L) olu S abids slaclile
0+ 530 & N0 O Sl (oLl Chipro e< s )
5 Satls00) MS 4l tS lasas 4 3l 59 0 Sk
NaOH Ly 4 Jslao PH 5 slsl (Vary S <l
pae ale 4 col s 8 4 a3Y s K i 0IVY s
poSie Ve VO bz b Jslae 5o ST i
ad Gda Giabe) 3 laclale oyl oyl i

doado
3 b 50Tl 5 Gl Gl Gl
Ol ol ey oo 5 S bl 5 Lol slajls
sl gladl Hoadly oo SFI L) 5 age J e
a8 Ghs 4o pesoms Ol sole e Lh il
OB90 Ol O 55 Lo S 5o 5 su g s u) 50 05
s o suliial 3wl B (sl

5 e o (5303l 9 pge SIS ) (S
sladaalS S ol pla i ol 8l Hh solaS a8
9 e a3 Al ddsel s o Saedo
GLad pead 5 YL s by (Jalaiel Jges 58
S s aalse T L sldad (50 Ialod so e
s slann Sl glacanl g 5 LA (ol <an
SIoLSan 5 Sl 5 Y- (LS JlS) W5 o
8L celin slaanilKe o Jlad ool ol (Y- ¥
I LT 5 ot cloaco 5155 o Wi ool sl Lo
o 3 (o0 (Yoo ¥ GILLSea 5 G ga) was (hals
3 salaas Gusas Jlad L7 gl i s ol
srSlee 5y il 58l 5o Laglawsl BT 5 a5l
s 5 ge cudS lane 5o ladpalS

Gy S S el (als w8 oy (0 3S
Lagols (ol aslams s Sia i (Koo i S a5
st olas s s i 31 Gy oSl o sy
Lag st 5 golaas Gusas Jlad b ol 53S0 5 oo
22108 0315 oS e glie LSl 5 Laganall b b
5 0ala Gil38l Lagins 5 tauae aebu ol Ll
s ST was e alS T, Ll 5 sl sloas
Sels Gaman Gl i€ Ly Hlas (Yoo ¥ ol L<an
Lacsobas =l 59 sLS Jaad 5 oo slie (il 53
FRCXRESI Sy, SRR IOV SPRUPSE L) U g

'Prebasic seed
’Basic seed
3Chitosan
“Deacetyl aion



1388 JLo 12 0 )l 19 sls /¢l jiils alxo

Cogs o 30 GOLBE (bl 5l Jsla slasals
Jo8 glas b ol pob LB Hosud wa glas S
O 59 S 0t Gl a3 LSS 4 Ha (Bolas
hs) e ble # 5o K o Gl aS L las 5586
Jadl_.u\,zz.s‘,)ju_gﬁ\... SA e Fe ¥ X
Ol i€ L lass 586 5 Ll 5 5S6 ol gie 0 (Gl
09 08 LELE Olsie 4 s £ oo @S base o
e s o zadl O agnSile dnlis gy 0 438 S ks
S il g o (0L e s < s )
Sl daylie 5 uibiols iad ad suliil was 5

1285 aladl SAS 1531 a5 SS 4 Lasuls

G g gl
sy cidisue Slio o Ol S il - gl U
Sl 0950l 5 55 b5
= Ol S olae b Slass 31 Guibisls wdaS Jsan
Oleaa .ol sudi sala HLlad V Joaa Ho QAlids olis
058 Slia 5 Gl S 31 s po dbadle S g5k
Y Jldial mlacs o ) 5 Slea (i Sd 4 3
952 olaine 10 Jlaial el 5o 4aalS Job 5
condilas gl sme 580 4 alS A o S slaad
Slas ol as s glackle (Sl 4wlis

S 58 (Slea Ay SEA 5 5 00 clie o S ol
ol as S 110 50 A0 D slac bl
Ol Ol Ol ey wol se SIS G S basas
W Lo e aals b Ll BYEA) s wad ol
Ol i 5 Hu oy, S che 00 il € (55 s o
sl g il gole e AR wald 4 s
Ohii KB 5 SG0s eess PO 5 TY i 4 wals
(Y 7) Ololsan 5 (Saatlg uls Gralydl 1) (Slsa
09 Ol S (gl (5 550 Ll 5o oS W0 5l 2l
Sla 5 S0 e A Gl o a Sle V- clile
Omby slacdale Hu Jdgwaan oo (Rl 381, A g as
ol sl b (g ls e LA

YxV0 e € glaadgl ju sad sulal cuis buas
oo i) Sl (e Ve gl 4 Sie (Sl
Jhass s i€ a8 g0 LS IS 58l ol&0is Ho Jusind
LA sail ) 09 ) @l ) uy Bad (51agS
Juaml o, S cn S glad gl (Bl s £ S5
A8 Bl da 50 Yoo YY G adi; SEU1 o, il
208 o L sl slace dhwy T 5
boao mhos 50 4l o e SR 5y J e sSee 01
lom Ogad Ho) @as ) s sle K ud aala ciS
5 olaBl (Bulas Holay 4nal€ V- Wl jlas 5
5428l 53 50 «Som Wlasd waalS Job slon
S e oSe il iy 5 el SEA 5y ey,
S & 5l u)se sl s o LiapalS o8
Ll i b aaaalS uls (a3l 5l g sl JUal
lagla K o cnn < a8 cas T Hu glollk
oS5 ) ¥ s (S5t am suls Jals (S
S S i (M i Y 28 K ala! (08 Y g
ALS slasls 5 el Ae b I ol ge S5 s
ikd e 580 pas ssbie 4 wlal o el )
239520 (e jon sladaals g, ol As
o Slle 53 Glu G slad slas (SIOLE Lyl
G o gl jua Sl Veve gAes Foe Fee Yo
= S & e 4 cndlS ) 4R3A g0 G Guy g s S
290k g dee gl 5wl b slae LaeaalS s,
3o 5a0 Ve g s cadila s o dy o e GBS
535 5 dhad g Lyl lin 5 i S alatl et
a5 5Re Il 45 gy dnsat
Osos bl 5l Jals slasuls uils )y 0 3a3
NS5V L ghalas Bl b B o gledi
Jodae afide glachle oF 5o oS =8 K alasl (65)
O+ N0+ B+ N0 B i) o bile £ o L ss
ek 43 S 51 5o Hlas olghe o (SRl o p S ke

Biolan



89 oy dzond 3)Slas g M)y p SIS g cluind 9y balps  lognS Joloxe 3,8 36

Sl 0953 Lol o 55 fwsjcam L g, p Ol gtS il ol S0 Wbl 4 e Y g
wllas 5 g0 il s 5 51

Sla e ke
eros
S polaws S 035 S b5 R S 05 Ol ped o
B laady, 5 059 @l
amals o bLaly, Sl S Sl
Ve v ia0” (RVARY S S LYF/ NS ¥ RN VYA 0 Olu 28
JAZK v/s00 VIV \YY/104 At TARYY YAY /AN 0t byl ol
Vol 17 Ve/a Vv /e vo/h vo/n (%) <l juis a2
Ao 50 Jlad Ck‘" 2 ls gmn g 4l pae g S 5 4 s g % NS

Cils 09030 b (Ole 528 O ran 03) Aals s b 28 Lo s 4, LIS 4 Olu g Jgboes cilises slacdale aylis =Y Jyus

O Blam el Hle 5l Ol s Jglows b Hles it glachals DD
23 )l g (S cdals) aals ol L
ils o gejl 0r Vor 0 \o 0
F) sl S 5 5s
vi/ae A YV FF 1¢/1 -v/y Yo/ YY/A oy/y f
(W\j 2°
| 5 ae e
i ou S 05
MEA V4/¢%F /Y A vie vl Ya/A _ B
(“’,"L:S 23 r;u\:")
23 p S ) Ay 5 05
g B T AL L7 4 G -\/aFF IR/ \Y/A VAo f , Tl
(smals D0 B
y . e e oy
23 ;S.e\-‘) adyy S 0)s
\/ay -1 ot —/hy v/an AN vive f
(a8
Y4 -y A -\ - oy V¥V (rowiils) azals Jsb
/AQ A/ A Al - A NA S 5 oslaws
i) Vo™ ey oro ove id g \AR Gy 5 aedd ol
2 ¢5) 5 53 azedd b5y
Y/¥\ f/0F** \/en Vs /AN \/AQ \Y/YA f ()€
eSS
(55
45}3 l.fz?)|
/v of e VAR YN Y\ /oy Y/e4 C
(e L)

%\ ‘JLQ-:"‘ ck.ﬂ)é )‘3‘5:.&& el



1388 JLo 12 0 )l 19 sls /¢l jiils alxo

sy idites Slio 1y DS il g g 36

S Lyl o 5 2L
P EN g ESY B B PRTINL E Y PRUENPY!
el ol Husnn wsa slac S pulid s (V Jsus)
2] st 58 53l dulal oIS slasS sl 4l
S olis 31 K maa gl (To) LK o olu s
ihd e 4K fay 5ol Cpl 5 a0 Sl Sae (o
= SLE s Ol AS L (e slacaalS
280 (ol Aal g ,80 s ap e olis
09 (T) gl § 550 bl s 5o (L S Syem s
dasad slass Jold GLAK 5 dalllas o) 50 olis 4K
b o9 5 gL 5 455 5 dnead (s B 0
cob—w 531 ol Hla ae u g Hlatae %\ Jlaal
olis e Sl e jusa i soldi) ol i (alid,
o8 el laK o LaaaalS o, Slae .S aas o
b€ b ae o heas Gl siS (it slackils
G o o a2l il stae Lol 358 00 18
29 Ol g1 05 ,lS JolEle S5 iaan o plas (5,080
sl 30 (T2) GlaK Lu 5T KL (Ty) e s
9oy 0 s o e dallls uyse A lins slin
il sl €S 0l L 3 (Y- ¥) ollSas
st ((SHiasas Glals ) GLE 5o lugas
o8 b8l ol H3L5 o JAl 5 Hla salS il s
35— Juad e 3l Juand g0 50 ((Kij8 an Sl S
m,a Yo Giulndl el g sues adie o LB Giale)y]
(Y2) ololSan 5 (Sl g S am ol ol o Slae 5o
OGREK b, s oo olw ik oK < wals o las 5
O3 dgead olaad g o Slae (3380 4 (5,50 (EX Vitro)
poSike V-
Ol 381 5o i S daias 5o T ws,K sl en 4 sl o
Ll ol Sse e domew 4psad olaad o Slac
cinS hins o ladaalS Olhe cudS S wialy oLas

‘)Ju“)‘bd‘&.u.u‘ JJ\-“)‘\-‘-"L‘}-‘

8L (Al g ol pelin slaaiunls Hugad Jlas b

Ol aS olile (3 B pal (S0 4lis

028 Ol able (Bl G oS ols ol (Y Jgas)
Gosb © b RS ol bae sk 4 laddy, 5
25058 O3 s 0 Slee V0 mlile 5o Ol S oS
VO 3 e lale ralydl Ly s a5y Ladiiy,
Lol GRalS (g ls fae s 4y 300 Sl
poSislee V0 lile s Lds Glu S Jslae Jla ol b

‘)ﬁu‘)bu_'u.a)\g_]e‘\_}mi._:)‘(‘.'d‘}jmé, >»

Oloe 1) iy S8A (55 wald & o 5 Gl
1als U LacBle pyle 5o s olo Gol3l w50 00
€S an e LS @l Gl bl (5l e CMEA]
V0 O YL slac Lle judd g, 55 00 gl s
cia anle 4 i Ole S Jslas 53 o S L
9 Sl sag iy, CA—*‘-.' ol sl sine nalS 5 of oS
Ol S Jslae a8ls 5o ol il (Al KA (5
dem s (pigeed g iy SuiA sole wes 5o (il 31 el
5 Sl s ol st ol s Ghds Sid sule
ol aS < anuly las 50 (Ve 8) oS
Sel 53 e aSke Ve 5 1e ) il clachile

\3 9 g0 4+AL3§ KA sule dus a0 il 3
poS L0
b L9 solane ralS (w88 Jslae Sl 59
IR0 b Hu i saali s e S sladgalS
Sl s e (ol e IWAT (L S Jslae
Ol S 050LS s cne Lo (Y gan) wds sualis

)JG‘WQJ‘)JL“‘}‘-"‘)J

Qﬁ_‘.a)_.'(;‘)bu_’u.e)ﬁu @adnd 0558 sl o
‘_!4SMJL;QQL.AJQ.\‘J cudlss daalS 5o Sy olaas
PENCS u*"-‘:"b—*‘ 3 uS‘A S wbyee pralk LM)SO‘:‘*"
Al oo oS baias Ho sad w5 ladpalS [ K
Job ol 31 (Y++#) lolKea 5 (Sl S edla ol b

ileals GBS Gl S L Hlad ol Hu aalsS



91 vy 42048 3,Slos 5 Ady SIS g gl (90 baylyd )0 lwgiS Jalowe 30,87 45U

o Bl gl e AT sald 4 cunsd @iES
SLE (V+o8) olilSan 5 (Sl S slallls Jla e
09 sl poasS e Ve s lale Hu ol S 4 S uly
dn ¥ sgaa jolydneac slaai e Sl as
I RIPPE- TRt
ot G ol s Gl A J s 58S
O slad jo b 88 oAl Sa a3 d S 0

QJL&;IP;J@;&@M)@JJ?;&A

aSlae 5oy Glal sl o 15085 Jsl se o sllasls
ol S g0 de e oo G g GAK 8 fala lals
29 e Ol i o gl glacilale awlis
o3 sl ol 58S SIaa 4 S oly lis iS laas
29 0S8l 0 Hlad 4 sy dgeas slasd Gl il
3 S (5 in s 4 4S ) S L i
Ol 3811, G g o dneat slaad s Hu VY s gan aals
baao 5l e ayS b 0 lale o Guinad Ay oo
S ola e wald & e ool 381 Ol e o cudS

LJA-Q‘)J u‘—l—u% \“JSGJZU’ AYAR JO' NO GLAQMC

S Lyl 55 Ol s2S e Jlasl 1 G e ) e iliis Slao iyl 4 20 —F J

Sla e Sl )
&35l a0
u‘,gtus,l g 5 axedd Oy g 5 azods slUaS Q!mﬁ@;ﬁ
/o ® IN7AT o™ Y IS
tlvo ™ Vv/aq ™ ofyq 0 (T2) 68 ;s Sl S b ,les
vive vl g \ \ oelzal
Yy/an® A7/ of +A*F ° (T1) <8 boes 43 Slu S b les
Y/vq " g/eN ™ ey ™ Yo T,xT,
£1MA ¢IvY Y. gy Yolodl
(A vo/h N7 (%) < s s 2

Ao ) 50 Jleas) CE"‘ 23l fme gyl g pE S S 4 sk g % NS

S prS e 0r N0 0 slacilile g ug o fae
S (5o e AT S e s (s S A
BORIRVRA AT -

S yiSdais

23 Ol S Byuas duy o B 4 poans 5o
Sel S b e 5o 5l s A S L0 okl
Lol - 53 (e S slaiaalS Csdhe o K50
S usdige SR G T JEBI G Gy 5 slednd o500
0% 40 (s g laas Gl id) 3ask S w s 5

sgda alle ol 5o aS ghsb ws g Hla e s o
Ol 8l uald 4 culd Ggs Hu dpead (55 o Hu TV
> (Ve F) ololSen 5 (Seally < olalllas ols oLits
ot S 535 1 Ol 5 536 iSham o ol oLt
S ail o cdS bass jhl jo a Sl Ve cbile o
o9 1o aald b el s ju A Gl 8] b gie ke 4
oS a0+ opllne Shle aalesT ol s bl g
VY IRV . AURUA 1 I
09 pS e 00 510 slachile o ol S Jlael
SLaaal€ ¢l il Seels oS lara S



1388 Jlo /2 o)l 19 als /6598 s alome g o ¢ (6 hol 92

Lo s 0o S 31 8 1 ool 0ol g 0 e ol (a5 bl ol L o s oLt

Lo ools oo GLAK @ LT JEDI 51 Gy 15 e

S Seubp 99 hdslae oo © QL AS S5 ol ssa
=i bl Gusige BT Glia alan )y 5 dhavu g clia b g Liagead Gy 5 slaad Gl 33l 5o Glak
S Shs e i Hh B oS58 e cu e 05 sl € e Bl 5 il 536 s 3550
S o sl 3T 5 1 piubeT ol slal ISl b oliab)l o s Shae 555 il Jslao 530

il o (Slasyas 5 Kiad dlasais dia e aal e 0 e a5 5u (Ol sl auS el

ouldiiul v, g0 C.)L'm

Agrawa GK, Rakwal R, Tamogami S, Yonekura M, Kubo A, and Sgji H, 2002. Chitosan activates
defense/stress responses in leaves of Oryza sativa seedlings. Plant Physiol Biochem 40: 1061-
1069.

Bautista-Banos S, Hernandez-Lauzardo AN, Vedazquez-dd Valle MG, Hernandez-Lopez M, Ait
Bark E, Bosques-Molina E and Wilson CL, 2006. Chitosan as a potential natural compound to
control pre and postharvest diseases of horticulturd commodities. Crop Protection 25: 108-118.

Bhaskara Reddy MV, Angers P, Castaigne F and Arul J, 2000. Chitosan effects on black mold rot
and pathogenic factors produce by Alternria alternata in postharvest tomatoes. J Amer Soc Hort
Sci 125 (6): 742-747.

Cassells AC and Curry RF, 2001. Oxidative stress and physiological, epigenetic and genetic
variability in plant tissue culture: Implications for micropropagators and genetic engineers. Plant
Cell Tissue Organ Cultre 64:145-157.

Chrikov SN, Il'ina AV, Surgucheva NA, Letunova EV, Vaitsev YuA, Tatarinova NYu and
Varlamov VP, 2007. Effect of chitosan on systemic viral infection and some defense responses
in potato plants. Russian J Plant Physiol 48 (6): 774—779.

El-Ghaouth A, Similance JL and Wilson CL, 2000. Enhancement of the performance of Candida
saitoana by the addition of glycolchitosan for the control of postharvest decay of apple and
citrus fruit. Postharvest Biol Technol 19: 103-110.

Gaspar T, Franck T, Bisbis B, Kevers C, Jouve L, Hausman JF and Dommes J, 2002. Concepts in
plant stress physiology. Application to plant tissue cultures. Plant Growth Regul 37: 263-285.

Joyce SM, Cassdlls AC and Jain SM, 2003. Stress and aberrant phenotypes in in vitro culture. Plant
Cell Tissue Organ Culture 74: 103-121.

Kowalaski B, Jimenez T, Herrrera L and Penalver DA, 2006. Application of soluble chitosan in
vitro and in the greenhouse to increase yield and seed quality of potato minitubers. Potato Res
49: 167-176.



93 vy 42048 3,Slos 5 Ady SIS g gl (90 baylyd )0 lwgiS Jalowe 30,87 45U

Murashige T and Skoog F, 1962. A revised medium for rapid growth and bio-assays with tobacco
tissue cultures. Physiol Plant 15: 473-497.

Nge KL, Nwe N, Chandrkrachang S and Stevens WF, 2006. Chitosan as a growth stimulator in
orchid tissue culture. Plant Science 170: 1185-1190.

Putalun W, Luealon W, De-Eknamkul W, Tanaka H and Shoyama Y, 2007. Improvement of
artemisinin production by chitosan in hairy root cultures of Artemisia annua L. Biotechnol Lett
29: 1143-1146.

Waker R, Morris S, Brown P and Gracie A, 2004. Evaluation of potential for chitosan to enhance
plant defense. Rural Industries Research and Development Corporation Australian Government,
Canberra, Australia.



