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Jsmanll ads Lein Lad Ly sima aliasd o1 Ledl W1 A5 )laall Ul e (g sira (3l 5 caeliaill CulaiulBA
BA il [axle2.0 ilelaall 2ic g 3V1 ol yhl el ) (e i e 3 [ £ 584.9 & 8V 23 Jasa el e
Sl c¥are o Lisina CiBsiig an 2,15 & b bl J gl Jase Aol 45 jliall dlalae cadacf gpa
e 3 /48,554 G )V aaal Jame (AT BA 531/ axde] 0 ddalae caidae i g A jaall Olalaal)
s 50) Goa) aabnd da )Y Aol 3l 3ale) (s o(s smiil) Al o) Aol 3l (e sl day )i amy ella g
L sina B gii g Al ¢ 3a/g 08 7.8 & 5V aaad Jane Aol BA il / adle 1.5 dlelas cilae ) (e Ll
Jane Aol Jsaanll a5 il ddan o L gina <8 585 BA Cllas apen ()5 45,0 dlalaa o
o) 3 (e sl o e sa/ad )5 1065 45,2 GBIsY) 2aal Jaea el g 48 Johal Jshal

i Calendula officinalis Lol ss¥) <l g 8 il bl caeliais ¢ o (8 BA G (1) Jsad)
clall MS by e Ltel ) e diall e 33 54kl lemon Queen
Table(1): Effect of BA on initiation and multiplication of Calendula officinalis L.
cv.lemon Queen shoot tips drived from field cultured on solid MS media.

(aelail) Ala je) aalasl ALl 2ay (5 5l Als ye) alosl Ay ) 22
After eight weeks (Multiplication) After four weeks (initiation) BA
Ss¥l axe g ji Johl Joh Y s Ss¥l 2xe g 8 Jshl Jgha| acl ull 22 FyR
g A Jshl e () &Shoots g ARGl () sl g mg/I
Number [Shoot length number Number |Shoot length| Shoots
Of leaves (cm) Of leaves (cm) number
10.6 a 52a 2.1Db 4.5 ab 2.15a 15b 0.0
7.1Db 2.25b 55a 40D 1.26 b 3.7a 0.5
9.1ab 243 Db 6.7 a 54a 1.48Db 39a 1.0
7.7Db 2.7Db 7.8a 4.6 ab 1.09b 4.4 a 1.5
7.3b 24D 6.0 a 5.2 ab 1.39Db 49a 2.0

%5 Juial (5 gina die 3 gaal) daate K0 USRS s g Lad U gina BRI Y aal gl) 3 ganll (e Agdliall g jall 3 A8 Y

o Jsanll a3 3 () sa8Y) il die Caeliaiy ¢ gl 8 Adbisal)l COlaleall Ll (2) Jsaadl Cpus
L sn o2 5 BA il / aide 1.0 dlelaall ic de) )3l o i o 3o [ £ 08 2.9 £ V) daal Jaea el
2,69 & 8 Jshl Johal Jaa Al BA A/ azle 1.5 Alalas cilae | 5 ecDlaall AL Ao U sina &8 6i5
O b Ay ) dmy @lldy e 3a [ 4855 7.2 31 5Y) ) Jane e & jlad) dldlae cibaef (s
s el clael BA i/ aide 1.0 dales o)) Jsand) o caieliaill Al e il daal e (a5 e )3l
Slels o 3.04 g8 Jshl okl Jae Jeb e Jganll a3 a8 i s 3a [ g8 3.6 g 8V (e
BA il [tk 1,5 353l Tans sl e de) 530 (e (35 6 5a [ 455 84G) Y1 33ad Jans
54 BA O il (e a5 3all ) 3V Caclai 8 (2) 5 (1) o saall il i a3
Aaiig g 580 aae saly ) il Al salpd) e elzadll 61 00 a3l LS il s
o) e Jsanll a3 Al gaill ki g Adalall Gl e el Gam e ) Al J gaal
1.: e C\ - b),ﬁi-? Uy &HY\ V=l (.: 0‘\ d .:"é"\ H\ Lng_l .)_15.~ )ﬂ\ B.Jl_lw‘} u\} (.\.\4!.~ al)
e A )le oS I G Coe il st il g 581 ol dal o) Gl g sl o LS (2000 <Smith)
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2 asasaLan Sl aray el ael y g 5iad S g 81 ol hal o (o) 3 pay Layy sl
il

lemon <sia Calendula officinalis Lol s~3Y) il sie Caeliaiy ¢ gii & BA Ll 1(2) Jsaal)
alall MS by e Ledel ) (e Jaall (1 33 Al Queen

Table(2): Effect of BA on initiation and multiplication of Calendula officinalis L cv.
lemon Queen nod derived from field cultured on solid MS media.

(aelaail) Aa je) aalasl Al any (5 53d) AU y0) gl Aoy ) any
After eight weeks(Multiplication) After four weeks(initiation) BA
ép;‘i\qm ¢ A dshl dd gAY axe épﬁ!\am g A dshl Jsh & Y 2 S/ aale
gAdshl el (m) Shoots |g 2 dshl el () Shoots | BA mg/l
Number |Shoot length  number Number |Shoot length number
Of leaves (cm) Of leaves (cm)
75a 2.96 a 3.0a 7.2a 1.57 bc 1.0Db 0.0
7.2a 2.7a 2.2ab 3.6b 1.59 bc 15b 0.5
79a 2.8a 3.6a 59a 2.09b 29a 1.0
8.4a 3.04a 3.2a 59a 2.69 a 16D 1.5
3.7b 1.43Db 2.2Db 26D 1.17¢c 18D 2.0

%ob Jin) (5 sisa 2ic 3300 ddnie (R JUR) o gy Lad U sine (iS5 Y 2 51 3 ganll (jacn Agdodiall i gl ld o5y

e Leiel ) (e Al Aol 530 (e Al g a1 Cal okl pdas 8 IBA il (3) Jsasl cpus
Alabaall 02 5 %70 et daui o) [BA 1/ a2le0.5 dlalas cidac 3 #3LY) 38 55 JalS MS Loy
iy and 14 jia Jobl Jshl Jame Aeis i e 3o/ 53 8.8 )sdad) aaal Jae ef ciael by 5
1)sd i Al S Y1 aal 5o IBA O bl (Ao i) sa i 88 e )3l (e alsl day )l ey
Dsaallsae Baly s adadill A shall Al Cpaad UL 50l (salae (5SS 5 LA Alaia 5 Lol 8
.(2002¢054) s Hartmann) W skl 5

by )y dame (ol (Ao Jgmanll a3 3 0 a8V Sl QLS 3iai 8 BA )il (4) Jsaadl (e
%15 45 4 Aot BA ) palel 0 dAdilae cilac) s (ABA W pile 0.5 Adilae (4w ot 5.4 sl
g 1.0 8 2 Jaas Aot el BA yil/aale 0.5 Aalas aa oo 1€ Al a5 8 calae) Al ¢) 3230
el Jgmaall adg o] 05 & 4 Jsdal J sl Jame el BA S pale 1.0 Addlas dae ) s A Sl ¢ 3/
i e 3/ 2 5,075l aaal Jaee ol cibae ) W 0 Al %47.5 )53 cusS Al o) 3adl 4 5 4
day ) 2y @lh g BA yilfaale 0.1 Adalas (e aw 3.87 L3 Jshal Jshal Jara (Aol e Jgmal) a3 cpa
3 Gl (550 5305 A ) s _A) i A Y a3l saked o saadl G LS cael 3l
e el s BA pale 0.5 dilas 2ie Gl Ael 5 ) (30 2210.25 by )5 (Aol (o Jsaall o3
g 8 2l Jare o) BA pale 0.5 Aldae ki) 58 W) (58 %15 435t 40 o) BA Ji/peale 1.0
o) BA Y aike 1.0 dldbae iac 5 cdoas s yaad) cidlabaall L3 e U gine <58 5 i o 3a/ 8 2.0
CroSil A e dpns el BA »pale 1.0 Adalaa s 0.1 Adalas calael g cans 1.42 & 58 Jgdal Jsdal Jana
Calael csﬂ_x.a ey A2 6.17 Hsiall el Jaaa ! BA)—*V?‘L‘ 0.1 Alalas Cilac) 5 ¢9%47.5 52l
o 475 i sk Jshl Jsne o) BA i/oile 1,0 Alebae
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O 5BV bl Ayl Ao ) )3l (e sl ¢ 589 Gl k) jaas 8 [BA LSS ; (3) dsaal)
Ly Ao ael )3l (e aalid 4 ) 22 Lemon Queen—iiw Calendula officinalis L
lall MS
Table (3) : Effect of IBA on rooting of shoot tips of Calendula officinalis L cv.lemon
Queen derived in vitro after four weeks cultured in solid MS medium.

() D3 Jshl Jsh Jsaall e % _edadll A/ L IBA
Root length (cm) Root number Rooting % IBA mg/I
2.59 ab 09b % 50 0.0
4.14 a 8.8a % 70 0.5
1.04 b 3.4b % 60 1.0
09 b 1.8b % 40 1.5
0.79 b 16b % 40 2.0

%5 Jinl (s giasa e 3]l 2oxia (S0 JUR) o L Lad U sine iS5 Y a0 3 genl (janin agibfiall iy al) b S8y

oSl ol ) 05 (Aot (o Jsmand) a3 3 () a8V Gl QS 5 (8 IBA UG (5) Jsaadl G
g o8 i K el a3 %1254 530 s (e 4 jlaall Aldas a5 IBA Y p2le] 0 Adas (10 027.5
Glael g o 0.67 g 58 JobY Joda Jamang i e yaf g 81.25 & 53 2l Jaea el ilae ) la ) s ada
Dsall aaal Jama el cilaet la )0 038 3 %52.5 sl o oS3l 4y 30 dsd e IBAY pade 0.1 Adalas
acl i salel (rag el day pl Badd Sl ded ) e a2 2,93 Jsda Jamayy Ao 3o/ )32 6.85
pile 1.0 @l sl e ae) )50 e a214.8 QST (55 Aot (Ao Jsamnll 23 5 A0 aulad day Y
Culael 5 %10 & Y Cp oSl 4 i dns (Aot IBA Silfpse 0.1 dalaa s 45 )3 e idac 5 [BA Y
Gulaef a5 4 dalaall 028 5 [BA ilfaale 0.1 o eaall Jous gl e GSH Aoty 5 (e %55 ysia i
s 4,65 s Jshal Jshal Jana et e Jgemnll 2 cpn (8 o A6 3/ 53 8.25 sl aaal Jaea el
OIBA Lil/pake 0.5 Alalra 5 43 el Ahalra (3

& ) e e ) O 528V il QS e 6 IBABA o S i) Bl (6) Jsaadl G
e del )l e atB85 LS (s (Aol (Ao Jgmanll a3 D ¢(2,4-D i fazle 0,13 elae 2ic 48550 &) 3l
lige il i K Ae ) all o) 3a¥) (0 %30 )5 IBA i/ a2la].0 ae BA Sl aake 0.5 2 el Lo oMl
222 5 IBA »3/ axke 0.1 pe BA >/ axle 1.0 dlelra 5l BA i1/ aitke 1,0 gpiilelral) aie el )30 (4
Elad) AL e Uygine cudgii il g s da [ g8 2 £ aY) 2aa) Jane et Cadael a5 ilebadl)
A aade 1.0 255 dav sl e ded ) 3 (e 2 3.0 ¢ 8 Jshal Skl Jana el e Jgeand) &g du s j2dl)
212 (e %70 et s paall o laall i aaall L e Ly gina cudgi g IBA 53 asle 0.1 g0 BA
Clsiis IBA A/ axle 0.1 ge BA i/ aike 0.5 = 25040l MS s s (e del )30 (e sda < S 4000
Jaxs ddual 4 s el Clalaall S¥aza A o Lysins IBA )31/ a2le 0.1 a0 BA I/ a3de 0.1 dlelre
A Jshl Jshal Jare el BA S/ aide 0,13 kbas calae) Laiy i o o/ 53 9,0 alae) ) 5hall axe
salel Crag eyl (e il A )l (S 13 5 4 g el llaall 3Ly e Uy gine a8 i i 5 6.9
A/ a3le0.5 ildras oan AIBA 3/ arle] 0 dlelan cidae (5 540 sl day 5¥ recultur WS del )
Cfilalaall IS ) je 15,9 &l dum QIS iy 055 Sled IBA S/ pade 1.0 e BA

i oS Al SOl (e 45 Sl gaall g g 8V e ¥ ama 3 ) I al de) ) 3l sale ] o ot WS
O OsSall s gll (e Aol ) 3 e (i e 3 [ & 58 g 8 el Jame o) e Jsandl ay ) saa 5 9
e Jsmanll aig s paall Clalaall (L o b gine 58 )5 IBA S faide 0.5 2 BA S/ 22k 0.5
e Jsaall 235 IBA 3/ a2k 0.1 a0 BA/ pade 1,00 Ailne (30 o 3.5 & 8 Jshal Jshal Jara e
0.1 g BA 0.525 )l Joisll die (S del ) (e clldy 0670, s3all i & il o) 3o 4 sie dousi e
[ a3de 0.1 dldbas (0 i 6 3a /53 10.2 sl aal Jane el e Jpanll i ia A IBA S/ aake
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2,4-D Vpale 0.1 3530 MS o s (e 48 )5 o) jal el )5 (e @il 5 Lemon Queen —sia Calendula officinalis L. ¢ s=3¥) < GalS s 4 BA Ll (4) J s
Table (4): Effect of BA on callus differentiation of Calendula officinalis cv.lemon Queen produced from leaves cultured on MS medium

supplemented with 0.1 mg/ | 2,4-D.
(After eight weeks) (de!)3) (e anlal 40l a2) (After four weeks ) (=10 (e gl day )l 22)
skl dsk | S el a¥) [ Jshl Jsh el ool | Jskl dsk - Jshl sk el Y :
: Al = . vt ; b el 3yl | vt bl o4 BA
() s 2757 %osia s (am) g8 gV 0 | Bop i Gl | () | L 0/"’3 .;ZE | () gl A 2l G il s | ’; u‘jﬁl 1/ s
Root rooted | Shoot | Shoots | Explants | () sl Root | 22= |70 Shoot | Shoots | Explants | ‘"~
number number| rooted Callus |BAmg/I
L(ecr:g';h of roots exg;oa)nts I((agr?]t)h number Sphrgcc)jtl;((:;j) - \(/:\7”(lrjr?g) L(ecnn%;h of roots [explants (%) I((egr?]t)h number Sr;]r(c))gtl;%%j) E.W. (mg)
3.57b | 5.23c %32.5 0.0d 0.0d %0.0 9.8a 2.6C 3.82c %32.5 0.0d 0.0c %0.0 4.67ab 0.0
4.7a 6.17a %47.5 0.37c | 0.25¢c | % 0.25 | 9.67a 3.87a | 5.05b | %425 0.25c | 0.25b %?2.5 4.73ab 0.1
3.37c | 4.52d %42.5 1.3b 2.0a %7.5 10.25a 1.85d | 3.82c %42.5 0.7b 1.0a %7.5 5.4a 0.5
4.75a | 5.72b %47.5 1.42a 1.0b %15 9.92a 3.06b | 5.07a | %47.5 1.05a | 1.0a %15 4.55b 1.0
(aa 4.@.11.».134&\ A_'ﬁ);y‘ <l ?GJY‘

.0 5% Jlia) (5 siue die 3 gaad) daxte S0 LIRS Cos Lgiu Lasd U gima CAlIASY a6l 3 ganl)

2,4-D sil/aale0.10 253l MS oy e 484l ¢l 3l de) ) e 8l 5 Lemon Queen—iiw Calendula officinalis L. o) s23¥1 <l (S lad AIBA Ll 2 (5) Jsaall

Table (5): Effect of IBA on callus differentiation of Calendula officinalis L. cv. Lemon Queen produced from leaves cultured on MS medium

supplemented with 0.1 mg/l 2,4-D.

108

(After eight weeks) (A=13) e gl 4L a23) (After four weeks) (Ae! )3l (e gl day ) 2a0)
Jsh el Y S e 3aY) - sk el Y S e 3aY) N
Jshl IS S Al dRl sk % & il i S 0o J skl S il Al | Jshl Jsh S EREKS oot !B'.A‘
. . o, & (a) £ 4 : bl . . o, . . o o bl | ilfaale
() | sl ) Yooss | g | B EXplants G Dy | (e ol Yoo | () B2 B AEA |2y sasu | IBA
Root | number | rooted Shoots produced e Root | number | rooted Shoot Shoots | Explants e
length Callus Callus Mg/l

Length | of roots | explants (cm) number shoots E.W.(mg) Length | of roots | explants | length(cm) | number | produced E.W.(mg)

(cm) (%) (%) VM em) (%) shoots(%) | - ' \MY

4.65a 4.7b %45 1.2b 1.5a %10 4.8d 3.28a | 3.75c %45 0.67b 1.25a %12.5 2.39d 0.0
3.95b | 8.25a %55 1.25a 0.75¢c %10 7.9c 293b | 6.85a | % 52.5 0.87a 0.75a %10 3.5¢C 0.1
4.65a 4.0c %45 0.62c 1.0b %2.5 12.07b | 2.92b 4.2b % 45 0.45¢c 0.25b %2.5 5.95b 0.5
3.17c | 3.75c %25 0.0d 0.0d %0.0 14.8a 2.32¢ | 3.12d | % 225 0.0d 0.0c %0.0 7.5a 1.0

0 5% Jwial (5 siuse 2ic 3 gaal daaie (K50 SIS G Lgi Lo U sine (AT aal gl 3 sanll (e 4galiiall Ca a1 i3 26 Y]
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Table(6): Effects of BA and IBA on callus differentiation of Calendula officinalis cv.lemon Queen produced from leaves cultured on MS
medium supplemented with 0.1 mg/ | 2,4-D.

(After eight weeks) (A=) (e gl 4lad 220)

(After four weeks) (=1 (e gl day ) 2a)

Jsh : Jsh A - 053 slaY | dsh At 050
BT EAABENY Jshb .. . BN
L e o] e T | A | g | o (eSS T ds 22 BA | BA
()i | o o T | g ; 0 sl | oo s g ; 0 sl a7
Root | number | ()= 0y | e 1 (%) 1 Ty e e | o) |y | B ] (OR) | Ty | S e | A e
rooted ® | Shoots | Explants Root ) | shoots | Explants IBAmg/l | BAmg/I
Length of | Shoot b duced Callus Lenath of rooted | Shoot b duced Callus
(cm) roots | &XP ants length number: produce F.W engt roots | explants | length humber:) produce F.W
(%) shoots(%) o (cm) 0 shoots(%) | ,
(cm) (mg) (%) (cm) (mg)
3.1L 4.25i %40 0.0f 0.0e %0.0 1.99 | 2.15gh | 2.75k %40 0.0f 0.0c %0.0 1.09f 0.0
4.4q 9.6b %50 0.0f 0.0e %0.0 7.7de 3.2e 7.6b %50 0.0f 0.0c %0.0 3.9ef 0.1 0.0
4.5f 4.6h %30 0.0f 0.0e %0.0 13.7a-c | 3.9d 4.0g %30 0.0f 0.0c %0.0 6.5¢C 0.5 '
2.30 2.5n %10 0.0f 0.0e %0.0 15.9a 1.5ij 1.0n %10 0.0f 0.0c %0.0 7.2a-C 1.0
7.5a 6.4d %40 1.5d 1.0d %10 4.6fg 6.9a 6.0d %40 | 1.0ce | 1.0b %10 2.3f 0.0
5.3d 10.2a %50 0.0f 0.0e %0.0 7.8de 4.6 9.0a %40 0.0f 0.0c %0.0 3.05ef 0.1 01
3.6i 5.3g %50 0.0f 0.0e %0.0 11.8bc | 2.3g 3.6j %50 0.0f 0.0c %0.0 6.9a-C 0.5 '
2.5m | 2.8m %50 0.0f 0.0e %0.0 14.5ab | 1.7ij 2.2m %40 0.0f 0.0c %0.0 6.7bc 1.0
4.8e 4.6h %40 1.2e 3b %10 5.2fe 2.8f 3.7i %40 0.5e 2a %10 3.5ef 0.0
3.7h 5.7f %70 1.5d 1d %10 7.8de 1.8hi 3.8h %70 0.5e 1b %10 3.9ef 0.1 05
3.5j 3.8k %50 2.5b 4a %10 12.1bc | 2.3g 3.8h %50 1.8b 1b %10 5.7cd 0.5 '
1.5p 4.0j %10 0.0f 0.0e %0.0 15.9a 0.5k 4.0g %10 0.0f 0.0c %0.0 8.5a 1.0
3.2k 3.6l %60 2.2C 2.0c %30 7.5f 1.3 2.6L %60 1.2c 2.0a %30 2.7f 0.0
2.4n 7.5¢C %50 3.5a 2.0c %30 8.5de | 2.14gh | 7.0c %50 3.0a 2.0a %30 3.2¢ef 0.1 10
7.0b 6.1le %50 0.0f 0.0e %0.0 10.7cd 3.2e 5.4e %50 0.0f 0.0c %0.0 4.7de 0.5 '
6.4c 5.7f %30 0.0f 0.0e %0.0 13.0a-c | 5.6b 5.3f %30 0.0f 0.0c %0.0 7.6ab 1.0

0 5% Jlais) (s sive dic 3 gaal) daata (K80 AR v Lein Lasd b gina CBATY dal 1) 3 ganl) (pania 4gilitiall o a1 iy Q6 YY)
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SHOOT TIPS AND NODES MULTIPLICATION, CALLUS INTIATION AND
DIFFERENTIATION OF CALENDULA OFFICINALIS L. CULTURE IN
VITRO

Bashar z. A.Kasab Bashi Khaula M. Y. AL-Nooh
Horticulture Dept., College of Agriculture and Forestry, Mosul University. Iraq
E-mail: Bashybashar@yahoo.com

ABSTRACT

This investigation was carried out in the laboratory of cells and plant tissue
culture at department of Horticulture and Landscape Design,College of Agriculture
and Forestry,Mosul university,to propagate Calendula officinalis L. cv. Lemon Queen
in vitro by multiplication shoot tips and nodes taken from field culture on MS medium
supplemented with (0.0,0.5, 1.0, 1.5, 2.0) mg /I BA,shoot produced in vitro cultured on
MS medium supplemented with (0.0,0.5, 1.0, 1.5, 2.0) mg/l IBA,moreover parts of
leaves had been cultured on MS medium supplemented with 0.1 mg /I 2,4-D for callus
initiation, callus cultured on MS medium supplemented with (0.0, 0.1, 0.5, 1.0) mg/I
BA interacted with(0.0, 0.1, 0.5, 1.0) mg/l IBA for differentiation. Data refer that best
multiplication 7.8 shoots/explants with 2.7 cm length were obtained from cultured
shoot tip drived from field cultured on MS medium supplemented with 1.5 mg/l BA
after eight weeks compared with nodes which gave 3.6 shoots / explants with 2.8 cm
length from cultured on MS medium supplemented with 1.0 mg/l BA after eight
weeks, highest rooting 70% with highest roots number 8.8 obtained from shoot tips
produced in vitro cultured on MS medium supplemented with 0.5 mg /I IBA, highest
fresh weight of callus 15.9 gm was initiated from callus cultured on MS medium
supplemented with 1.0 mg /I IBA or from callus cultured on medium supplemented
with 0.5 mg/l BA and 1.0 mg /I IBA, 4.0 shoot /explant regenerated from callus
cultured on MS medium supplemented with 0.5 mg/l BA and 0.5 mg/l IBA, 10.2 root
/explant obtained from callus cultured on MS medium supplemented with 0.1 mg
/I BA after eight weeks.

Keywords: multiplication,callus, BA, IBA, Calendula, Calendula officinalis L..
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