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6- Fritillaria imperialis L.

7- Lilliaceae
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6- Tween 20
7- Kruskal-Wallis
8- Mann-Whitney
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1- Indole-3-acetic acid (IAA)

2- 2,4-Dichlorophenoxyacetic acid (2,4-D)
3- Kinetin (Kin)

4- 6-benzyladenine (BA)

5- 1-Naphthaleneacetic acid (NAA)
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1- Cynodon dactylon
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Table 1- Analysis of Variance for Effect of Different Concentration of NAA and BA Combinations on Callogenesis
Percentage, Calli Diameter and Regeneration Percentage in Fritillaria imperialis L.

[CAPOVES I WIS NN Orlay o puiluo
Source of Variations Degree of Freedom Means of Squars
LIRSS o b8 (Kl
Percent of Regenaration Average of Callus Diameter
NAA 2 6.29" 0.350"
BA 3 9.67" 0.332"
BA x NAA 6 16.89” 0.321"
Error 36 0.018 0.135
(%) & y%5 g poo

CV (%) - 9.56 26.43

0L ¢ 75 Jlais! pdaw ;5 Jl5 gime coi )i 4y st g
* and ** Significant in 1% and 5% level, respectively
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Table 2- Mean comparison of the effects of different concentrations of BA and NAA combinations on callogenesis percentage,
Calli Diameter and regeneration percentage, leaf number, Average length of leaf and Average length of root in Fritillaria

imperialis L.
KW 5 pSlw 555 o 555 o
NAA cdils BA cdils ) A Sl slass E»* slass u»&#
ods ods s . Syl ady) Job
(mg/) (mg/l) <ljk e yd Sy : EW
NAA BA L.S'»’~‘} (Cm) Percent of Numbe (Cm) Numbe (Cm)
Concentratio Concentratio  Callus ~ Average of Regenaration rof Average r of Average
n n Indl;/ction D_Calluts Leafs IeEgtr]l of  Roots LeFr;gt? of
iameter
0 §O(()))a la. 7563‘)e 757 5° Z% : 2° O(.)ga‘)s
0 0.3 50° 1% 25° 1 1° 0° 0°
05 25° 0.75° 25° 1 0.5 0° 0°
1 100 2.5° 75° 4« 3 5° 2
0 50° 0.5° 0° 0° 0° 0° 0°
0.3 0.3 75° 1.07* 0° 0° 0° 0° 0°
0.5 75° 2° 75° 172 42 128 0.4°
1 100 1.75% 50° 2° 0.7 2° 0.2°
0 75° 1% 0° 0° 0° 0° 0°
0.6 0.3 100° 2.5% 75° 8° 1.7° 0° 0°
05 100° 2.25° 0° 0° 0° 0° 0°
1 100° 2.37° 75° 8° 1.6° 0° 0°

) )50 b (7 e s 13) ol Blod 31 ()l im0 ST g2y )3 Sy By b (sl Sl
Numbers followed by the same letter in each Column are not significantly differentns
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Table 3- Correlation between callogenesis percentage, Calli Diameter and regeneration percentage, leaf number, mean length
of leaf and mean length of root in study of different concentrations of BA and NAA combinations

oIS sep kS (ke Job (mle Jsb il
Ol pts 29l = oS i3l ey S g dlas Sy Ay g dlaxs Ay,
Source of Callus Average of Regeneration Number Average Number Average
Variations |nducti0n Ca“us Percent Of LeafS |ength Of Of ROOtS Length Of
(%) Diameter Leafs Roots
@i oodlS do
Callus Induction 1
(%)
o8 s (Sl
Average of 0.529** 1
Callus Diameter
ik aeyd
Regeneration 0.431** 0398**
Percent
Number of Leafs 0.061 0.443" 0.300" 1
Sy Job ol
Average length 0.170 0.531" 0.468™ 0.687" 1
of Leafs
Ay dlas
Number of 0.076 0.066 0.330" 0.404™ 0.464™ 1
Roots
ady) Jobo (nSile
Average Length 0.318" 0.285 0.423" 0.068 0.322° 0.329" 1
of Roots

01 75 Jloss) gdaw ;5 I sime o iy e gt
* and ** Significant in 1% and 5% level, respectively
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4- Anthurium andreanum
5- Ceropegia pusilla
6- Benzylaminopurine (BAP)
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9 $YL slacbale 5l 5550 TDZ (1) )3 p 5 ko O/1) oy
1y 2l oyl sl 0393 onlS A5 (2008 wla 93 ol oyl
bysye il INAA YL glackle (S6)1550 514 olg e
NAA 35U 55 55 (3) o) g olBglll aiulojl ,3 (16) casls
545 1558 S oLy 0y oS i sy TDZ s
St 5L NAA V509800 1Ly S 5 53 TDZ 1Y 509,50
LTDZ oS 5 aS b s ccudls o)l aJg 5 lil 0 s>
s pas any yome NAA Y509Se 151 5L slachale
G TDZ a8 15,8 oyl35 (13) hlson 5 sl i o)l ls
| bl sl sl I35k Sgie NAA L (5 3 b 5 e
(L) St 5 oot %o ialag] 3 w38 Ko “clic ol o
5 TDZ elnecle b bita 51 48 sl L5 WISl b8 )
A A I ine B LS JSt g egllS (2551 5> NAA
ol aop 1 s g 5 g )b ine gdlary boosls Siuen
(6 Jsa) o s Sy Jsbo Silae 5 0 L 2l 200
iy 2 Sy Jsbo 65ke o5 ol sloodls Lo g 4o
52 ploxil (g2l sla g, Jf edlitel b adyy Jsb (:0ke
NAA ;2 13 )5 e 03 Jlos Sy Mg poliaio 0 jlos e
L aali o olyen 4 S 6 5las LTDZ ji 15 p,5 Lo 0/5 4
32U 55 Sy Job pSibo o VL s aislis S5 sl
2 eSS 05 g NAA 2 13 5.5 oo 013 Jlos o 205k

1- Sanguisorba officinalis
2- Ziziphus jujuba
3- Rhododendron simsii
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Table 4- Analysis of variance for different concentration of NAA and TDZ combinations on callogenesis percentage, Calli
Diameter and regeneration percentage

[CAPOVES 37 WIS NN Orlay o puiluo
Source of Variations Degree of Freedom Means of Squars
@15 Pl e o b (ke U
Callus Induction (%) Average of Callus Diameter  Regeneration (%)
NAA 2 273437 0.69" 246.43"
TDZ 3 243.05" 0.44" 83.24"
TDZ x NAA 6 151.91" 0.32" 206.16
quo)" bL...wl
Error 36 0.31 0.05 0.60
CV (%) - 2.96 17.33 8.79

01 Jloss! g 53 ls e s
**Significant in 1% level

2133l 20y w5 a8 (eSSl (2l j gl wuoyd 2 TDZ g NAA (590,00 a3 o (SCLE p3T (3Kl aumnlio -5 Jga

adyy Job il 9 31a 9 S 2 Jgb (Sl oSy Sl
Table 5- Mean comparison of the effects of different concentrations of NAA and TDZ combinations on callogenesis
percentage, Calli Diameter and regeneration percentage, leaf number, mean length of leaf and mean length of root

NAA clilé  TDZ cdiké M’; e “"‘z be slass :’5" S s
(mg/l) (mg/l) o od ik o Sy »Jdsb Ay ads) Jg®
NAA TDZ s (Cm) Percentof  numbe O™ numbe  (C™

Concentratio Concentratio  Callus  Average of Regenaration r of Average r of Average
n n Induction Callus Leafs lengthof  Roots  Length of
(%) Diameter Leafs Roots
0 100 2% 75 52 22 2c 0.4°
0 0.1 75° 1.75® 50° 1¢ 0.5® o 0¢
0.3 25¢ 0.87¢ 0¢ 0° o° of 0¢
0.5 75° 0.25¢ 25° 4° 0.5% 2¢d 0.2f
0 50° 1.5% 0¢ 0° o° of 0°
0.3 0.1 75° 0.5° 75° 4° 0.9® 1¢ 0.5¢
0.3 25¢ 0.75% 50° 30 0.8% 8 1.6%
0.5 100 0.25¢ 50° 6° 3.2° 1° 22
0 75° 2.87° 0¢ 0° o° of 0¢
0.6 0.1 100° 1% 25° 1¢ 0.5® o 0¢
0.3 100 187%® 50° 1¢ 0.6® of 0°
0.5 100 2% 0¢ 0° ob 4b 1.2

85,5008 b (L7 Jleis] gdaw ) (o lel Llod 1 gyl sine T gt oy Sy By b (ol uSilie
Numbers followed by the same letter in each Column are not significantly differentns
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Table 6-Correlation between callogenesis percentage, Calli Diameter and regeneration percentage, leaf number, mean length
of leaf and mean length of root in study of different concentrations of BA and NAA combinations

oIS sepy kil (Sle Job (mle Jsb il
Oyt ol &3 R[4 @libae,y Sy ol Sy Al Slax ady,
Sou_rc<_a of Callus Average of Regeneration Number Average Number Average
Varlatlons |nducti0n Ca“us Percent Of LeafS |ength Of Of ROOtS Length Of
(%) Diameter Leafs Roots
@i oodlS do
Callus Induction 1
(%)
o8 s (Sl
Average of 0765** 1
Callus Diameter
ik aeyd
Regeneration 0.009™ 0.064 1
Percent
Number of Leafs 0.141 0.416™ 0.364" 1
Sy Job ol
Average length 0.074 0.390™ 0.416" 0.968™ 1
of Leafs
Ay dlas
Number of -0.173 -0.110 0.223 0.191 0.178 1
Roots
ady) Jobo (nSile
Average Length -0.189 0.126 0.223 0.191 0.178 0.590" 1
of Roots
01 75 Jloss) gdaw ;5 I sime o iy e gt
* and ** Significant in 1% and 5% level, respectively
1 Jlas! dans > iy dlas b g do 3 5 Jlesis | grdans o 1y o150 Pgw Lilosl

byiye 5 g8 b Sibe oy (9 Jgu) o oLt a0 >
LoKin 2 )3 25 o o s NAA 2 53 £ o 06 Lo <,
3 5 L wgdlS op 5SS 5 dal Cawd 4 yio b 2/8T s
5 S ko 031 S5 9 NAA 2 3 05 oo jho o
S Lo 0/3 gNAA 1) 15 5,5 Lo 013 Jlos cpizmen ¢ Kin
Sle (Stused 4525 ls B Jpiz) 43 sanlio Kin zd 5o
oy Uy ogllS 5 dab S sl i clio s b ogllS lad
2 S Job 5:Silee Ly g acopn L Jlasl s )3 alimgS
Cowddn @l (9 Jods) cuily  Suod 1oy D Jlois! pdas
WL KiN g NAA Glise clacclale )8 sl s sl
Y bl i3l ae)s (103 1 Jlois! o) ()l sxe
0Sbe dlie Jsia 5l ool gl (T Jsiz) cudls (6535
£S5 o 073 calis sl )lo 5 (1550 duoyd o YL a8 0y ()Lt
i ey S 06 5 Kin ) 3 p 5 Lol s NAALZ >
b5 Sygo doyd 19 e LKIN 2 15 5,5 Lo 1/5 s NAA

a0 yd 3t Kin g NAA (5la 90,9 cilideo glacdalé 3T
aIY S dlas g 235l 2o pd gl S ol wglS
o9 il
O oeely Jluwg)S 65l Ll o0 gl 4o angi b
2 el op g il 2 g by pme OB gle slacuS
Fo glajlesd rizmen 9 ald glajlad 4 bgye (g8 g
prSiske O3 Kin 12 35 25 Lo 15 s NAA 1) 15 5 e
) 3 oy S e 016 Kin 12 )5 5,5 Lo 1/5 s NAA 2
1 gNAA ) 35,5 e 006 Kin 2 5 5,5 Lo 0/5 s NAA
pS e 15 g NAA 1 15 p 5 Jeo 016 5 Kin 2 1o p 5 e
i 3 S e o e Blis 5 9 48 edalio Kin i >
IS g ao 3 25 LK ) 3 6,5 Le 0/5 s NAA
Jgi) 1 a3 ls Ll5edls Sl 5 (g)lesd S 5 o ks
St 03] Cwddns ol j  (Staed i oy 5 (8
dopd g LSy b8 L oliwgllS ho)> G (6o g Cuta
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Table7- Analysis of variance for different concentration of NAA and Kin combinations on callogenesis percentage, Calli
Diameter and regeneration percentage

[CAPOVES I WIS NN Orlay o puiluo
Source of Variations Degree of Freedom Means of Squars
U o b (ke
Percent of Regenaration  Average of Callus Diameter
NAA 2 16.04** 0.16ns
Kin 3 2.00** 0.08ns
Kin x NAA 6 13.07** 0.25ns
quoj bwl
Error 36 0.08 0.17
CV (%) . 11.54 31.47

0L Jlois) gdaw 53 5 sime g (6)5 dxe pie sy ik g NS
ns and **: Non Significant and significant in 1% level, respectively
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Table 8-- Mean comparison of the effects of different concentrations of NAA and Kin combinations on callogenesis
percentage, Calli Diameter and regeneration percentage, leaf number, mean length of leaf and mean length of root

NAA clilé clilé “’; . “”‘z be :’S" b g o8
(mg/) (mg/)Kin o? oy @libsey Syl 2 Jsb ahy, Jsb
NAA Kin '3 (Cm) Percentof ~ Number (Cm) Numbe (Cm)

Concentratio Concentratio  Callus  Average of Regenaration of Leafs  Average r of Average
n n Induction Callus lengthof  Roots  Length of
(%) Diameter Leafs Roots
0 100° 7.5 752 5 2° 2° 1°
0 0.5 25¢ 3p° ¢ ¢ ¢ ¢ ¢
1 50° 3.5 0¢ 0¢ 0¢ 0¢ 0¢
1.5 100° 7.5 o¢ o¢ o¢ 1° 0.2°
0 75° 20 0¢ 0¢ 0¢ 0¢ 0¢
0.3 0.5 75° 7 50° 2° 0.7® 5 1°
1 50° 3re 75° 3® 1.2® 3® 2.5°
1.5 100° 45® 50° 1° 0.5® 1° 1°
0 75° 4° o¢ o¢ o° o¢ o¢
0.6 0.5 100° 6.5% 25° 1° 0.5® 0° 0°
1 100° 7.5 50¢ 1° 0.7® 70 1°
15 100° 7t 752 3® 2.5 4* 0.2°

5 %3Sy b (17 Jleist daw yo) s lel Llod 51 gyl sine T gt 53 Sy By b (ol uSilie
Numbers followed by the same letter in each Column are not significantly differentns

2 iy Job (1o 9 3aad 9 S gy Jgb (3050l 5 2 3InS (11551 w03 ¢ wglS a8 (Sl (23S Mo yd (e (Sianod -9 g
05 5ls AY P KIN gNAA Sg0,98 CuS y7 il bycdlale
Table 9- Correlation between callogenesis percentage, Calli Diameter and regeneration percentage, leaf number, mean length
of leaf and mean length of root in study of different concentrations of Kin and NAA combinations

. od wop Gk ke . Job (mle Job (mle
Ol gants 2abio = 5 <2i5b oy Sy dlani Sy Ay y Slani Ay,
Source of Callus Average of Regeneration Number Average Number Average
Variations Induction Callus Percent of Leafs |ength of of Roots Length of
(%) Diameter Leafs Roots
@i oodlS ao )y
Callus Induction 1
(%)
ool b (S0l
Average of 7 1
Callus Diameter 0.30
@il 2oy
Regeneration 0.314™ 0.064 1
Percent
Lj)) )‘Jaj -
Number of Leafs 0.101 0.172 0.525 1
Sy o ke
Average length 0.221 0.360" 0.711" 0.676™ 1
of Leafs
Ay dlas
Number of 0.418** 0.098 0.399" 0.013 0.100 1
Roots
ady) Jobo (nSile
Average Length 0.031 0.088 0.552" 0.401" 0.370” 0.435™ 1
of Roots

%L ¢ 75 Jlais! pdaw ;5 5 sime cody5 4 s g
* and ** Significant in 1% and 5% level, respectively
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Introduction: Crown imperial (Fritillariaimperialis L.) is an ornamental and medicinal plant native to
mountainous regions of Iran. This plant genetic resources is in danger of extinction, because of grazing livestock
and pest outbreaks. However, due to slow reproduction in natural conditions and traditional multiplication
methods such as scaling and Bulb division, many species of this genus are endangered. Using of biotechnology,
namely in vitro plant propagation, is a solution to the problems of reproduction of rare and endangered plant
species with difficult propagation and mass production of valuable genotypes. Therefore, micropropagation of F.
imperialis through in vitro regeneration is essential for conservation and commercial production.

Material and Methods: The bulbs of F. imperialis in dormancy stage obtained from Ilam mountainous
regions in Iran and theywere placed in wet vermiculite at 4 °C for 4-6 weeks. Then, Bulbs were surface-sterilized
with 70% ethanol for 60s followed by immersion in 5% (v/v) NaOCI solution for 20min with gentle agitation,
and they rinsed three times in sterile double distilled water. Explants prepared from the lower third of scales with
basal plate and were placed in MS basal medium supplemented with different concentrations of NAA and 2,4-D
for callus induction. Test tubes with bulb segments were maintained within 25+2°C in growth chamber at 16
hours light period by the illumination from white florescent tube light and 8 hours dark. After two months callus
were transferred to MS basal medium without PGRs. Then, callus excised to 0.5 cm pieces and were transferred
to MS basal medium supplemented with NAA in 0, 0.3 and 1 mg/I concentration.Three types of cytokinins with
different concentrations were arranged in three seperated experiments. Thefirst experiment medium contained
NAA with BA (0, 0.3, 0.5 and 1 mg/l), the second experiment NAA combined with 0, 0.1, 0.3 and 0.5 mg/l TDZ
and the third experiment MS basal medium included NAA with Kin (0, 0.5, 1 and 1.5 mg/l). After three months,
percentage of callogenesis, diameter of calli, percentage of regeneration, number of leaves and roots and length
of leaves and roots were measured. This experiment were carried out in completely randomized design with 4
replications.

Results and Discussion: In the first experiment application of NAA and BA on in-vitro multiplication of F.
imperialis were evaluated. Highest callogenesis and formation (100 %) was observed in mediums contained 0.3
mg/l NAA + 1 mg/l BA, 0.6 mg/l NAA + (0.3, 0.5 and 1 mg/l) BA. Also, callogenesis was obtained in medium
contained 0.5 mg/l BA without NAA. This result showed that only in medium supplemented with 1 mg/l BA
provided highest (100%) callogenesis, when NAA concentrations were low. However, high levels of NAA (0.6
mg/l) in all concentrations of BA were obtained maximum callogenesis. We concluded that NAA is essential for
callogenesis and enhancing its levels can increase callogenesis. Also, application of low levels of BA (0.4 uM)
in callogenesis mediums of Cynodon dactylon contained Auxins resulted in increment of embryogenetic calli
formation. In the other hand, presence of BA is essential for plantlet regeneration, however NAA is not
necessary. Plantlet regeneration was obtained in PGRs free medium. Statistical analysis of results showed that
different concentrations of BA and NAA had significant effects on percentage of callogenesis, diameter of calli,
percentage of regeneration, length of leaves and roots (P<0.01) and number of leaves and roots (P<0.05). Mean
comparison showed that maximum number of leaves (17 leaf in each treatment) and length of leaves (4cm)
obtained in media supplemented with 0.3 mg/l NAA + 0.5 mg/l BA. Correlation between the number of leaves
and other traits such as diameter of callus and length of leaves (P<0.01) and regeneration (P<0.05) was
significant.

In the second experiment, application of NAA and TDZ on in-vitro multiplication of F. imperialis were
evaluated. Analysis of variance showed that maximum callogenesis obtained in medium supplemented with 0.3
mg/l NAA + 0.5 mg/l TDZ and 0.6 mg/l NAA in all TDZ levels (0.1, 0.3 and 0.5 mg/l). The combination of 0.6
mg/l NAA with all concentrations of TDZ resulted in maximum (100 %) callogenesis. Highest diameter of calli
was obtained in medium contained 0.6 mg/l NAA without TDZ. Best plantlet regeneration was observed in
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media contained 0.3 mg/l NAA + 0.3 mg/l TDZ.

In the third experiment, application of NAA and Kin on in-vitro multiplication of F. imperialis were
evaluated. Statistical analysis showed the highest callogenesis in medium supplemented with 1.5 mg/I Kin, 0.3
mg/l NAA + 1.5 mg/l Kin, 0.6 mg/l NAA + 0.5 mg/l Kin, 0.6 mg/l NAA + 1 mg/l Kin, 0.6 mg/l NAA + 1.5 mg/I
Kin.

Conclusion: The results of this study show the similarity of callus proliferation in all experiments. In all
experiments, medium supplemented with 0.6 mg/l NAA plus all cytokinin concentrations showed the highest
rate of callogenesis. The highest callus diameter (7.5 cm) was obtained in third experiment (0.6 mg/l NAA + 1
mg/l Kin), while callus diameter in the first (1 mg/l BA and 0.6 mg/l NAA + 0.3 mg/l BA) and the second ( 0.3
mg/l NAA) experiments was measured 2.5 and 2.87 cm, respectively. Regeneration results indicated that
Cytokinin is necessary for plantlet regeneration. Plant regeneration occurred only in medium contained both of
kin and NAA, while BA and TDZ could regenerate plantlets from Callus independent of NAA presence.

Keywords: BA, Cytokinin, in vitro Condition, Ornamental Plant, TDZ



