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Plant regeneration from in vitro leaf culture of Kumquat orange (Citrus japonica Thunb.)

ad o S gx
Y1AU AU
Chalinee Thangmanee "
Paivrinemansuazadinenans winerdeneiggin Smiagia

1Department of Science and Mathematics, Phuket Rajabhat University, Phuket
*Corresponding author: Chalinee Thangmanee, e-mail address: chalinee t@pkru.ac.th

UNANED
naduaa (Citrus japonica Thunb.) LuLwaswesansoangndsn1eTinmia laun nsanednesin Indfuea

¢ adl

wazlalsiiuegs In1sUgnduIaLUUALANINYATNIABUNTyiudymaie 9 Wy dundnasyiiuledi lsauazuua

naRAAUANINYA1N o ez Uymivanll meadianisimnzdeaiedeiivgniuyszgndld muidediingUssasdiite

Anwinsinzidestuainluredudadildanmsnzdalunasanaans uazmsiiiu N® benzyl adenine (BA) 1ies
wilALfe %3059uAU 1-naphthalene acetic acid (NAA) Iumm‘iLWWng‘c’qu Murashige and Skoog (MS) #an13LAn
WAASE N1SANEENIINKAREE NSNS IUINEOATINIINOARET Kazn15insInlunasanaaes nansAnwvInudn
9IMTGAT MS Ffn BA fiszsuanududu 1 fadndusdedns sauiu NAA fisgduanududy o. 15 ﬁaéﬂ%miaﬁm I
wWaesiudnisiinunadagegn (73.53%) ﬂﬁmmamnmmaaaaaam (100%) lugmsgns MS mmm BA fiszfuaau
[NTu 1 Hadniusiodns ﬂmwmmmuaamwmmumaamﬂmamaaaam‘mwwmmmmaammaaa‘uummsammu
\Wuan 4 dUai 91vnsges MS MiAu BA fiszdumnuidudu 1 fedndusdedns ’L%mmuaammmmumuwmLaaaqaqm
(9.35 voaroTudwity) seaflldaunsafauinanléd (76.66%) Tuomsgns MS ifiu NAA fssduamadudu 0.45
fioAnsusodns ndmnieidsadunm 4 da duiiniifisnauysaignéelulgnluiu wasihnmseyualulsadousely

° o

Addgy: du, nstniueada, nsimungen, n1singn, Mszidsdurasannaes

Abstract

Kumquat fruit (Citrus japonica Thunb.) is a great source of bioactive compounds such as ascorbic acid,
polyphenols, and carotenoids. The conventional cultivation of this orange faces a lot of problems e.g., slow
growth, insect, pests, and diseases. To solve these problems, the plant tissue culture technique is applied.
In the current work, leaf derived from in vitro seedlings of Kumquat orange were used for explants and
N® benzyl adenine (BA) alone or in combination with 1-naphthalene acetic acid (NAA) were added in Murashige
and Skoog (MS) medium for callus formation, shoot regeneration from callus, multiple shoot proliferation from
a single shoot, and rooting in vitro. The highest percentage of callus formation (73.53%) was obtained on MS
medium supplemented with 1 mg/L BA in combination with 0.15 mg/L NAA. The regeneration percentage of
callus as high as 100 % was obtained on MS medium supplemented with 1 mg/L BA. Multiple shoot formation
was initiated after subculture regenerated shoot to the same medium for 4 weeks. MS medium supplemented
with 1 mg/L BA gave the highest average number of shoots per explant (9.35 shoots per explant).
Multiple shoots were rooted best (76.66%) under the treatment of 0.45 meg/L NAA after 4 weeks of subculture.

Plantlets with healthy roots were transferred to soil and acclimatization in the greenhouse.
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Table 1 Effect of BA and NAA at different concentrations on callus formation from leaf explants of

C. japonica after 4 weeks of culture

BA concentration NAA concentration Percentage of callus formation
(mg/V) (mg/\) (mean + S.E.)
1 0 41.86 +7.61b
0.15 73.53+7.67a
0.30 63.89+8.11ab
0.45 62.17+8.08ab
0.60 58.83+8.56ab

Values within a column followed by different letters are significantly different at P < 0.05.
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uAadEgEn (100%) dedngeniiAntuusnoaniusenifien 9 (Figure 1c) LLazéTwsJLﬁyawummiqm@uﬁﬂ 4 dUnm
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soTuduivgeandeiuiu (935 vaasetudauiia) (Figure 1d) TnssanimusazseninmeTiads 131 iwufiung
daulueimsgns MS 7L1Au BA Aszdumnududu 3 uas 5 fadnsusedns Wiiesidudnisiineon 66.66 uas
43,33 wWesidus mudiu Tneliuusendetudiuinads 4.25 uay 1.47 seasatuduity warlinnuenseniade
0.73 uaw 0.19 wuflans muddu wamsmasesiiliuanslidiui lunssuaumsiannvesdtuduiitluduseslunaen
naaestiy WWunananhstadunigluresity uazdefumeusn ldun MThaYAIAIUANNISIS LA UlaTY Iaenuin
BA iulalaladuflmngaslunisdninliiAn oo funluadaluiivisddu [18] 1197 [20] wazifudssndudmiuns
nszdulViAnnsen uarnaiuduugensmantudude (211 Insaznszfuriunsuiaradveniedeniadaiu
awmudnvesmaiiusuusensulunaonnnaes [14] Iny BA duadiuluemsmzidesensasluinanonisdnils
Aansaaeansemnslussduisadifiunnty duasaliiinmanansesluufivussiafidminliiAngenantuduity
(22]
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Table 2 Effects of BA concentration on shoot initiation and multiple shoot proliferation from C. japonica

callus explants on MS media after 4 weeks of culture.

BA concentration Percentage of shoot Number of shoots/explant  Shoot length (cm)
(mg/\) regeneration (mean + S.E.) (mean + S.E.)

(mean % S.E.)

0 0.00+0.00d 0.00+0.00c 0.00+0.00c
1 100.00+0.00a 9.35+0.942a 1.31+0.08a
3 66.66+8.75b 4.25+0.62b 0.73+0.08b
5 43.33+9.20c 1.47+0.35¢ 0.19+0.05¢

Values within a column followed by different letters are significantly different at P < 0.05.

RINEeReugouduIneny 4 dUnni Nlaane1sans MS Mikiu BA anuidudu 1 fiadnsusdedng an
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Wiudu 0.45 Tadnsusiedng Wesiduinisinaingean (76.66%) Inefianuunndsegndfeddaniadf (P<0.05)
@ .d' v o -] ] S a X oo = a
fummaaesdu 9 uagliduiunndedudiuiivgan (4.43 sndeen) lagsniiavuilaueniiaie 3.47 lwuRiuns

a ¥ 1 a '
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Sruaunndetudiugonsiian (1.10 sindeven) Tnssnfiinduileniueniads 1.50 wufums uenaininanismnasds
wansliiudnin Liflanuuansnsedradidedidgmisada (P<0.05) vonUasiduinisiingin wagduiusinpesenly
915803 MS s NAA fiszfunnandudu 0.15 uag 0.30 adn3usiodng nanisnnaesillduandyiifiuin n1siu NAA
atlluemsinzdsdimuddasensiniliansnaneenlunasamaass dsdunmldanlunisnaassdilsifinsiiy
NAA agldesidudnsifnsinm deunhilisienuin sendunsedunininsinuaus Tnensesu quiescent pericycle
cells iedninliAnnsulaead wazranevuaveagadiliAnnisiauivessnuansdiuding (23] waenuinfivasd
duvanginfiannsnasinnldfmeluemsime desiiiuasamuunisasgiulafivnduesndu (NAA wio 1BA)

A

[18] Tne NAA WusenduiidfigalunsinilinAnsinluiiesddu [24] [25] [26]

Table 3 Effect of different concentrations of NAA on in vitro rhizogenesis of C. japonica

NAA concentration Rooting (%) Number of roots/ length of roots (cm.)
(mg/L) (mean * S.E) micro shoot (mean + S.E.)

(mean + S.E.)

0 40.00+9.09b 1.50+0.15bc 2.50+0.30b
0.15 60.00+9.09ab 2.16+0.24bc 2.58+0.10b
0.30 56.66+9.20ab 2.64+0.37b 3.91+0.21a
0.45 76.66+7.85a 4.43+0.49a 3.47+0.13a
0.60 33.33+8.75b 1.10+0.10c 1.50+0.18¢

Values within a column followed by different letters are significantly different at P < 0.05
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Figure 1 In vitro plant regeneration of Citrus japonica Thunb. (a) In vitro leaf explant of C. japonica in MS basal
media. ( b)  Callus induction from leaf explant and emergence of shoot bud from callus.
(c) Regenerated shoot was separated from callus. (d) Multiple shoot proliferation from regenerated shoot
derived callus in MS medium supplemented with 1 mg/L BA (4 weeks). (e) Rooted plant. (f) Plants grown in soil

pots that were regenerated from in vitro culture of leaf explants of C. japonica. Bar showing 1 cm. scale.
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