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Transfer of Simple Biotechnology for Micropropagation of

Conserved Plants to Secondary School in Songkhla Province

AZUNIAY
ANENS19158 A5, duUD9 mYln
~ v f§ & [
A3 g350u udou
UNNE12251050 AR

TasensaeillasunuatiuayuaInIulssunMuRuAY
UM INYIAYFIVATUATUNS
Uszdnteuuszunn 2555-2559



GUETY

swazBuaieatulasin iy
AnRNIsNUIENA
unAngan1w newazn1wIsIngw
unin
Trgusrasa
agUlassmsmsaneneamaluladiinmnmsveneiugivegedng
- mswisendudiuiiniielftudiuiivUaonde
- msthdhuesfiuSnaueada / sensuvesiniutulessinaiuiiewisin
- MseuuIaeanUgn
LBNATDNDY
msanemenau} / waluladuitinEeu ddnw wazyaraiily
- MIBUTUEIUURNIS
- MsUsEEUMSNSUTNNSENsn / nsRneusulufanssue
- pansUssliufanssuneiumalulagdinimnisvene gy
AMNTINYBINULNYASIUEILVDITNTIANIS / A1SaNDANaNTTY
NAUANUN
nauiilasusata



INYNTIINTIIN

A15199

1

10

11

12

13

BRIINNTATNYOATINVDINYANS Garcinia UWBIMNTANT MMS LAY BA L1UUTU 5
fiadnsusiednaiuian 6 dUani
HATBIANSAIVANNSI YL AULAFNsTNUILARRAIINTUGaUYRINYEANa Garcinia
U19%iln

asUnafindinasennntuduvaesiavesiivana Garcinia Uiswiin
NATBIENTEWNT WasTuduBuduienisadiseenuuomns MS filiifiu BA
wagiiusennudndy 5 dadnsudedns WWuan 1 Weu

navesrintudau uazanuidudures BA fiiuluemnsgns MS somsdmirsen
mmdnmnzsdsaiunm 1 dou

NaYeInNITuYes BA TiAsluemsgns MS demsiaunuedsensIumndans
Aoadunm 45 fu

navesiavewme iy wasviatuduiiinadensaisenruesiumismins
MuABIILEIIERT MS Lin BA Wudu 1 Sadnfusedng s1uiu TDZ Wty 2.5
fiadnsusiedng (Juan 1 bieu
navesenglusoudunssiailasidusinsasnunada

nsassunadanIntuauly L2 vdmadssuuemagns MS [BuansnIuaLnis
wiaiulawie wazanududusneg Wunan 1 weu

NABIANULULTUVDY dicamba ﬁLﬁMI‘U@W‘MWiQGﬁ MS sensnileaninuusle

pdmadsaduna 1 iou
navesugiilosaiesifudarmenvesuinuuenmagns MS Wunaglaa 3
Wesidud fiusimanansmuaunsaiEule
navastusduleronisaduonunsmzdsssiuliludsswuesgns MS
Ay BA 1 fadinSusiednsilunan 1 feu

wiafis udnfinilld gnsoms uaznisiauvestudundsnismizdssosin
futhu Tkefudomnsiefifinisveetusuasivinuiugnaslunaonnaaos

10
12

13

20

24

27
27

29

33

34

38



a
AN

10

11

12

13

14

15

16

17

18

5181150 NUIZNaU

a15aina iy warltluniseto USRI TUA L NYABUYIINITINZLAES
mawseunanedednidouiiomnzidesinng seieiuduazeysndiugnssy

nMsaUinaiimeuenveiinnsss susiehe e uazduilnadiune 15-
20 w1l

Snunirueadaria friable lFanmameidsdudeutesdununuuamsgns
21915 WPM iy BA 1wty 5 Jadnsudedns Wunai 6 dUansi
mamaqqmmmiuawﬁudauL'éué]’ueiamsa%wamwuummaﬁim’tﬁ:u wagiAg BA
Wudu 5 4n/a. Wuna 1 deuy

HAYDY PVP #ion15¥ntn1sasagansinuuemsans MS ia BA wWudu 5 fadniu
means Wuan 1 heu
Snvagvoswensmitmhldandudiulasenuaziudiude UUDWNTEAT MS
Wi BA Anududuang o Wunan 1 feu

é’ﬂwmzﬁuaﬁwﬁmjﬂfwmaﬂiﬁﬁﬁﬁﬂﬁﬂﬁ UWBIMNTANT Y2 MS it PVP Wit 500
JaanSusednsidunan 45 Yu (U= 1.0 wuhiwng)
aamsauﬁ%’ﬂﬁﬂmﬂmiwm3L?ﬁym%udaw,uémuummiLL%qqm MS Lauﬁnmasg‘mia 3
Wesidug BA Wudu 5 fadnsusedns PVP Wudu 500 fadnsusiedns fu
phytagel iWudu 0.2 Wesidua Wunan 45 Ju
Wun1sveslugauaadaumstniILAaaa waztnieenTIusINuLeIMIEN
1eon

Msad1uAadE LaTEDATININTUEILEANYSY UuensTiRuLayliBy PP
Wty 500 fadn3usedns ndanadsadunan 45 fu

SnvaEnsasLAadd uLareansIN aNTudLLER Uy msiAuLasliiu PVP
Wt 500 fadnsusiedns ndmiadsadunan 45 Su
miﬁmuwaﬂsJawé’mmﬁymmjmam’amumLﬁﬂmﬁuwmmi MS @1 BA A1
\udusnge Wuan 45 u

Funesildannismedssiwngiivsaanludes @) wasdnnsiiludesey
A3viils (¥27) vupnsudagns MS Wuan 1 ey
dnuaveandnuiosiduunmumnugniniveasdnainuings (Eeile) lutiesan
(171310)

ﬁum‘%mﬁléfmﬂmimaL?]ymﬁwmuummsqm MS Juan 3 ey
navesiavoms fularrintuduiiinanonisadsonvesiumsmdinisn
AesuueiTgns MS i BA Wudu 1 Sadnfudedng sauiu TDZ dudu 2.5
Jaansusedns Wunan 1 heu
maﬁuaqmmu@iamsﬁmuwmaamm’%‘mwa‘“ﬂmaLgmuummsqm MS 153l BA 119U
1 fadnSusedns swiu TDZ Wudu 2.5 Sadnsuseans Wunan 1 e

~N N o B

10

12

13

14

15

16

17

18

19

21

22

23

24
25

25



s19n15AINUsENaU (AD)

a ]
AN MU
19 ANuEYIUUARAIUDIDURWARLUIUNAT ML UN1TNUWARSE 26
20  anwagkAaaaNTnEIaNlusaudELAg L2 Mé’uwwﬁmuummiam MS L@ANa1s 28

mummammmﬂmum LLavmmwmumm Lﬂunm 1 by
21 SnwazleanAnduusled ( msn) wwwmmmmaaawL‘W%Laswummﬁam MS Ry 29
dicamba 0.1 fiaaniusieans (n) wag 0.3 Aaaniusoans (V)

22 ANWALUDINEG LavkAndYiwennNaialdlun1snzLae 30
23 FuRBUNISHISELTUAILIAAS LN Rs sl uaRANAaD 31
24 dwsimsaiianeadanInnsiizifedudulular Uavesdnly uuemMnTans 31

MS 1@L BA AULudu 0.5 faansumnedns SaunU TDZ Anudutu 0.5 faansume
ans \Junan 6 dUen

25 dnwavvewnadandniildaniudnlu (1) was Fudnde () UUDWNTEAT MS 32
LAY BA ANMNTY 0.5 fadnsusiedns sauiu TDZ AMUutuY 0.5 Jadniume
ans \Junan 6 dUen

26 aaﬂsamﬁa%dmﬂ%mmﬁﬁ%aqazmaﬁmqL?:awummiqm MS 1@d TDZ A4 32
Wty 1 fadnsuseans samfu 2,4-D Wad 0.1 fadnsuseansiAuasa1u 0.2 %
n) wayldidunsau (@) Wunan 6 dUav

27 woamwnmamizdsssduliludsmosduleviusnesiuueinggns MS \fiu BA 34
1 findn3usedns tmaglasa 3 Weddud fu 0.70 Wedldud (115 = 0.5
WUALLAT ) 018 1 Whou (E19) uaz 2 1oy (121)

28 #edndunsumssyuiaiiviléainluvaeanansignasiu 38

29 madeurnariudssgndtinenmamndsadedeveninGeunnlsaiou 41
ASUATUATS

30 UsIEIMANISHNaUIHkarMenenwAlulagd NNV RUgRATnISeY 41
15938ULABY

31 amsmvestanssumsUssnnuarasamsinsdsaileeiniutuuayliing 42
Nulosiidatulunuiununsnialdndd 25

32 Sepazvemhsnuiidniueuingsanis/msansalufanssuniedi a4
welladtnwlununeasaeldadsi 21

33 wansUssdiuanuianelavesfidrSurniingsany/msandalufanssumany a4
welulagTannlununeasnaldadd 21

34 Sepazvewhenuiidnuruingsanis/msandalufanssuniadn 45

walulagdinmlunununsnalansan 22
35 wanmsUszilluanuianelavesfidnsurniingsany/msansalufanssumasu 45
walulagginmlununuasnalinssi 22



AMN

36

37

38

39

40

41

42
43
a4
45
46
a7
48
49
50

=p.

s19n15AINUsENaU (AD)

Sovazvosihenuiiinsusuinssans/nsadnluionssumieiiu
wAlLlag¥InmnIsveneRugNY
naUssfiuanuiianelalunsdvuinssanmsmsmzds e defiviniutuuay
natuiledunununsmaldndi 23
Spravvosihenuiidnsiusuivssans/nsadaluianssumneiiu
wiAlulag¥inmnisvensnugivg
naUszifiumuianelslunsdvuinssamsmsmzids e defivinfiutuway
Winafiudlodurnunuasneldndsit 24
Sovavvosihenuiiiisinsdnssanns/nsansaluionssumissu
wAlulag¥inmnsveneRugnY
naUssfiuanuianelalunsdvuinssanmsmsmzds e deftviniutuuay
Binafudlodurmunvasmeldndsit 25

N5IALAIBUTNTIANITNDUTUIIU

U5381MANS BN In AN swazanSanseumalulagdinmnisveneiug iy
nsiiuseesiiitetunlddugudiusudulumsmsdsailedodi
wurthgunaniuagiesesdiefllflusrmunzdeadodediv
a3uenszUIuMsiunswena il etudusuduitestunldlunszdeaiede
nsuusihtsunousey Tunswisuomanzidesiedeiy
wadaneviligunsalineg Tudiheidsasnide
vssmamtedsatadofivineg meluginedss
wuzihasugnusaziiafnzaufuiivuasiSmseyuasundluvasannasieen
mﬂmmﬁaaumamﬁuﬂqﬂ

46

46

a7

a7

48

48

50
51
52
53
53
54
54
55
56



IolA9nN15398 (n1elng)
(NM¥1B9NG)

AMZUNARY

PULINUAUGING

= = o av
'5']8'6331@891LﬂEJ'Jﬂ‘UIﬂs\‘iﬂ'ﬁ'JQﬂ

nsanenenmalulagiinmnisveneiuiivegeienilsaseulisey
TudminaswanioyiniiugnssuinlusUvesmungnueans
Transfer of Simple Biotechnology for Micropropagation of
Conserved Plants to Secondary School in Songkhla Province
ANANTIA13E AT dUUDY hTzle

A3, g35n udau

ATl indu

APV INYANERNT ABZNTNEINTOIINYIA

IRV ITUAVAIUATUNS TNV UVANIA LYY



AnANsINUTTAA
Y9Y0UAMUIATINITOUSNENUFNTTURTIUTOWIINNITIIVAT AUAINITZVNTAUTIYEAT

Ae7UUsNI9NNT3 wazdanwITeanuludanaluladiinmnisinunsuaznsneIns sIsuYf Au
NINYINTTITUYIR W INeFeasvaIunzuns NatvayuRuyulunisinidy

auUay WvEle



yalasen1sidy (mwilneg)  nisaieneawelulagyinmnisveieiugivedaieuilseieudsenly
Jwdnasanfeusnuiugnssuilusuvesaiungnueans
(n1e199nge) Transfer of Simple Biotechnology for Micropropagation of

Conserved Plants to Secondary School in Songkhla Province
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Propagation of southern native plant species by biotechnological method could help
solving the extinction of those plants. The activities include the preparation of culturing
more than 10 species of southern native plants e.g. Parkia, Djenkol bean, Nitta tree,
cinnamon, Lumphi, Lungkhae, star gooseberry, schomburkiana, rose apple, Garcinia and
some medicinal plants. The initial explants such as seeds, shoots and leaves were used for
callus induction, plantlet regeneration and shoot multiplication and proliferation.The further
purposes were to conserve those plant species in vitro and transfer this simple propagation
biotechnology to students at secondary school level in Songkhla province about 12 schools
in Muang, Hat-Yai, Sadao, Chana, Nathawee, Sabayoi, Ratthapoom, Bangklam, Singhanakorn,
Kasaesin and Ranot district. This transferred technology would cover students in university
and interested farmer. The acitivities was conducted during Agricultural Fair in each year
(2012-2016) at Faculty of Natural Resources, Prince of Sonkla Universitty. Each day 3 rounds

of transferred technology was performed and each round approx. 100 participants attended.



Then, activities were evaluated by all of participants. The result showed that participants
were satisfy at have a good appreciation. Therefore, this reseach project will be useful for
student both secondary school and university and interested farmers. Moreover, it can
create a network of plant genetic conservation between secondary school, universities and
interested farmer.

Keywords: plant genetic conservation, Royal project, biotechnology, secondary school,

Songkhla province
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0.5 1.0 - - 26.4bc meristematic
0.1 - - 0.1 66.6a nodular callus
0.5 - - 0.5 8.8¢
2.5 - - 0.25 90.0a
C.V.(%) 31.3
G. atroviridis 0.5 - 0.5 - 15.4b friable callus
(somkhag) 0.5 0.5 - - Oc
1.0 - - 0.5 34.5a
C.V.(%) 25.2

10

A 4 dneaizueadavia friable NldnnismnzidedlugouvesduLunULemMTanTeIMT WPM

WA BA lWUTU 5 Tadnsusedns Wunan 6 dUan

M1319% 3 agunsiiuySnugenInFuduvatevilnvesivana Garcinia U19in

Species Explant  Culture media+PGR Avg.  shoot
no./explant
G. mangostana  Seed MMS+5mg/L BA 20
(Mangosteen) Leaf WPM+5mg/l BA 2-5
Callus MS+0.5mg/l BA+0.5mg/L TDZ (1)
WPM+0.1mg/l BA (2)
Overlaid medium (3) 10
G. speciosa Seed MMS+5mg/L BA 50
(Pawa) Leaf WPM+5mg/l BA 2-5
Callus MS+0.25mg/l NAA+2.5mg/l BA(1)
overlay medium(2) 20
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G. atroviridis Seed MMS+5mg/L BA

(Somkhag) Leaf WPM+5mg/l BA 0
Nodal WPM+0.1mg/l TU (1)
explant  overlay medium (2) 20-30

PGR: plant growth regulator, MMS: modified MS medium

WPM:  woody plant medium, BA: benzyladenine
NAA: naphthaleneacetic acid, TDZ: thidiazuron
TU: thiourera

overlay medium: 919131487 ¥ MS 1ii NAA 0.06 ladnsusiodns wag BA 0.03 ladniunoans
(1) (2) and (3) 2ITTNUILARAE TNUIUDA WALNISUAYIVDILDRN ANUANU

2.2 guyitnaants (Syzygium jambos (L.) Alston)
-mswzdeasdnsmhaanlinanisinieensa
Fanenudauytnenlianua sharmazeinniuiBnnsnnsgiu inngdsaaude
viefauvadudiug vuemsudegns MS smaglasa 3 Wedidud AumAnaIsaIuaums
Bqiule wagosiiiin BA WWudu 5 Sadnfuredns enunsieassgasiiin PVP Wudu 500

o

—

[ 1

findnsusadns Ju phytagel iy 0.2 wWosifud Mnudssilgamgd 26 + 4 osrieaidoa Tuas 14
iluasot wud msmm?:mLuﬁmﬁ”’uuﬁmuuamﬁqm MS Asimanansnuaunsiadyiuln 19
msInn59en 100 wWesidud warlisruiudu 1 fudendundn diuerms MS iy BA Wudu 5
fiadn3usedns Wens1n1sten 100 Wesifudwudu wiliswinveniads 3.66 vendeniaudn
aamlummsﬁﬂi'mmﬂmimw]umm%zyLa*u‘[mqqn'jﬁnquL?:muumms@u BA (nifl 5)
waafidautadudiug mmmLLf’hfmLgawummiﬁﬂsmmﬂmsmuqums
Wiiullianunsadniheenieiviosensiuls uiluersiiu BA Wudu 5 fadnfudednsTv

§991N158519809571 88.89 Wasidud wazlrdnuiusen 8.67 sansadudiu (151991 4)

) ®e
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A 5 NAVBIFATONMTUAYTUAILTUAURDNTATNEBA TINUUR TN LIGAY Uavtin BA 1iudu 5
2 = &8 Ay a & &= a
un./a. {0 1 weu . leeiuudnuuemisilidibia BA v. lieeiuudnuuemisidi BA
Y 13 a & & o M oa 2
WU 5 Un/a. U= 1.0 WwuRung) . IRgLuandnnunsune v sliey BA . Judiu
2 Ao & a a D s a
LAATIAAANLYINNINAREIUNBIMITLAY BA 1WudU 5 un./a. (U15= 0.5 loudluns)

AT 4 HAYDIEATIMT UAsTUAILTUAUABNTATINEBAUUDIMIS MS NiiFu BA
LAZIALAIEAMUTLTY 5 Nadnsureans 1Wunan 1 oy

GLECAVAE] inTudu n3a3egen (%) $rugon/Budiu (von)

PGR-free MS Frade 100a 1.00c
ARRINYIN 0.00b 0.00c

MS+5me/LBA  sraudn 100a 3.67b
ARRINYIN 88.8%a 8.67a

F-test * *

C.V.(%) 13.32 19.36

* LANANNNEDA (p<0.05)
' a ado o w v v v v ¢ a v v aa A a (89 aal
ﬂ']LﬂaEJ‘Vlﬂ']ﬂ‘UG]’JEJWJ'EJﬂ‘l‘:!'iﬁ]’Nﬂ‘lﬂUﬂ@aﬂJULﬂEJ’Jﬂu@Jﬂ'J’]JJLLGmG]'NﬂUVI’NﬂGWLll’e]’JLﬂi’]SVi@'JEJ'Jﬁ DMRT

-Havad PVP fian15inigan

thiudrudaundanusnsdiianumn 3 Tadwns LWﬂngaauuammLﬁﬁqqm
MS iintimaglasa 3 Wesidud BA Wudu 5 Gadnfudedas Lidu PVP uiaidududu 500
findnsusiedns Ju phytagel iy 0.2 wWosifud Mnudssiigamgd 26 + 4 osmwaidoa Tuas 14
FlussioTu ndamvdsadunan 1 Weu Tufindnsimsadrasonsaudisuiioufussninanisiiy
vdslsiiin PVP wut Gudwiinadssdinninsennuldluomsisansgns (ewnsiidy warlsids
PVP) uaznuITudIuiinndesuuemnsitldiiin PYP innsadsansussnounaniiuea deuald
ownsimnzasaUasuduiinasthadulddn (awd 6)
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AW 6 Haves PVP densdinthnsaiasensanuuemsgns MS 1y BA iutu 5 fadnsude
dns Wuan 1 deu (U1d= 0.5 wuRums)
n. onsiilsiiiu PVP
v, eWNsTAY PVP Lt 500 dadnsusedns

NavasyidaFuduuasaauduTuyas BA danistnigansay

ihiudiulatseen uaz 4 mmztﬁmuummsl,vﬁqqm MS Lﬁuﬁwmaﬁima 3
Wosdusd sauiu BA Wudu 05 3 way 5 Jadndudedns PVP Wudu 500 Jadnsusedns Ju
phytagel Wty 0.2 1Wosidua ’mémﬁqmmﬁ 26 + 4 psraod lriwas 14 FlusioTu was
wnzdsadunm 1 deu Tuiinlesdudnsadreeen uwarsuaugendetudiu Wisuiiteuiuluus
azAudutuYes BA lagldununisuaasiuuy Completely randomized design (CRD) 1A%
Anadedieds DMRT wui1 Judiudelfnisadeonnulddnindudmvassenluynszduaing
dudures BA Tneil BA Wity 5 fadn3usiodns dnirwensinlfgegn 12 searoTudiu uandeiu
naadRegaltuddny (p<0.05) (571971 5 way amd 7)

A a & v v A a ' )
M1319% 5 naveindudiu uazautuduves BA Mauluamisgns MS denistniigensiu
nasanzaesduan 1 hau

BA (mg/l) A Woesldunnsaiiseen $1urnen/Budin
0.5 U9 91.67 4.67de
UJaneyan 100 3.66e
3.0 U0 100 7.00c
Jangyan 100 5.67d
5.0 k) 100 12.00a
Jangyan 100 8.33b
F-test ns *

CV.(%) 13.32 10.82
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ns: MTAMUWANANNAUNIIEDR

* LANANNNEDR (p<0.05)

' A Ao v v o W N W o & a YR Y aa A a fY  an
ANRALTNINNUMEAIDNEIANINUILADALLLALINULANULANANN A UNIIADT AL DIATIEYIA83S DMRT

A 7 dneaigvegenTinntniliandudiulaegenuarudiude uuemIgas MS 1au BA
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ANudNduae o Wunan 1 deu (U13= 0.5 wuRums)
(n) FududouazUanseen (1) Mwidssuuemsiiy BA 0.5 fadnsuseans
(R) FudruteuazUatssen (1) Awziasuue iy BA 3 Tadniuredns
(9) Fudrudeuazlansson (v) Mwziasauuermsiiiy BA 5 fadnsusoans

-NITWAIUI YD aANUAZNITTNIITIN

FAnenuaaLfeIe ﬁﬁmmqa 0.5-1 LURLUAT mamﬁawummsqm MS uag ans
9113 MS flanasdusznauvesemsasnianils (1/2Ms) ahmaglasa 3 wedidud Pvp iiudy
500 fiaAn3usodns fu phytagel Wudu 0.2 Wosifud nufesiionmnd 2644 ssrmiwaidoa Truas
14 $alusdofu udunzdsadunan 45 Yu Suiindesidudnsimuivesonsiy uazn1siinsn
Wuin geniinsiaLn wagBaenald 100 Woddud nieunainisadiesnld 100 Wesidus luens
ﬁgqamgm (il 8)

9 8 dnuaizvesunuinenlintninla uuewTENs Y2 MS 1y PVP Windu 500
fiadnsusiednaidunan 45 fu (V13= 1.0 Wwuiwns)

1
1 o

aguldudasausiinenldl Wemindssdudmudaiauiaunemagns MS iy
5wma€g‘[ma 3 1Wofdud PVP iutu 500 Tadn3usdedns Ju phytagel iudu 0.2 iWesidudi
Unmnansmuamnsaigiulnananien warliuitauysalld 1 dusendandn vimadeady
nan 1 ifeu wazidieviudnuFauenniueiaudnadssuy 01sgns MS ntniaglaga 3
Wosiud BA Wudu 5 fadnsusedns PVP 1dudu 500 fadniusednsiu phytagel \iudu 0.2
Wosifus annsadniheensaulfiads 8.67 vaadetudiu

Fudrude 1Madssuu omsgas MS dudmaglasa 3 Wesidud BA udu 5
fladnSusedns PVP Wudu 500 fiadnsunednsiu phytagel Wudu 0.2 1Wesidus lhnsadeen
$7m 100 Wosidud Wvengean 12 voaratudau
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FUAILLIAIABIVUIMTIAT MS Uag 15 MS indanatlasa 3 wWesidud PVP
Wudy 500 Hadnsusadns Ju phytagel Wudu 0.2 Wesidud Wieaafivauinazdnenald 100

(%
v

Wasigus wiawisiinisasnasinle 100 Wesidud vdaumiziasadunal 45 Yu

2.3 gAY (Garcinia schomburgkiana Pierre.)
_nsAnINsInIzAEsARuzRUsan 1Tt sen I
ARLENUAANZAUIINKE YIIAEZIARINATNSHIRSEIY wnzlAssiasEn viedn
wadudiug vuemnsudegns Ms Wudmaglasa 3 wWeddust BA Wudu 5 fadnsudedns PvP

dudu 500 Sadndusedng u phytagel ifudu 0.2 Wodifud Mudssfigunad 26 + 4 pean
wauda Tuas 14 Hrlusetu vdumzidoaduna 1 deu Tuiinedifudnisadrseensiy

MnMITATud e suAnuziy vuawnIudigns MS iy BA anudiudu 5 Sadnsuse
am3 PVP mnududiu 500 fiadn3usiedns phytagel Anududu 2 Wodidud ndminadeniy
a1 30 Su Fudiufiinadsaindumeen wazidienadssesnfunad 15 Yu (runans
ziaes 45 $u) Tngldiinnséeidss wuin aeeaiinisdnens ((md 9n) snsinsiingensiuain
Fudruudanadn warsauenlinanavauss 100 wWesidud Tiuansetu uaglisruugoniidni
gannnidi 2 wuRlLASIaAY 3 ven (2-5) Aetudiu ondidvuiadn (0.3-0.5 wufwns) fuiueds
6 vam (4-8 van) detudu Wawneidssluemnsgasdinainduna 60 Yu nut fnsuanaison
\RutuanBuduiy (Nt 99)

A 9 aammﬁ%’ﬂﬁﬁmﬂmsmwLﬁym%‘udaumﬁmuummm%qqms MS Lauﬁwmasgima 3
Wesiiud BA Wudu 5 Nadnsusedns PVP 1fudu 500 Jadnsunedns Ju phytagel
Wty 0.2 wWesidud 1Wwnan 45 Ju (U1s= 1.0 wuRuns)
n. soasuilomnzdeadunan 45 Ju
3. geasudlemnzidsadunan 60 Su
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-nsnhunadaendusausdn

thadauzdufiiunswonsnidoudundamuensiiianumu 2 fafiuns mzdss
vugwnsudeges MS iuthemaglasa 3 Wosidud BA iiudu 0.5 fedn3usedns TDZ (Thidiazuron)
Wudu 0.5 Tadnsusiedns PVP wudu 500 fadnsusedns Ju phytagel iudu 0.2 Wosidud 11
Aeafiguugll 26 + 4 ssmwaifea THuas 14 Faluwiofu wduwzdsadunan 1 Wou Sufin
WesiiudnaiAnuaadauarnisanaeensan nud1 Judiuiinadesannsaiaunliuaada 30
Woddud weadafidnvanfuludmdedaiediderseou uazinnznguiuegiauiu (nwdl 10n)
waadadsnaniidnvuzadeunadanafidninuugniemafisdtu uiazUuveaunadaninin
asfdsznoureniiedeinigdusen Wwudenfuiinmaseudedeingluiing uasiimundoudiay
fimulveeanissensonisly Lﬁaé’wLgaumaé’aﬁlmwwLﬁyaauummsqm%ﬂﬁwam (MS L
haaglasa 3 Wesifud BA mnududu 5 Sadndudedns PVP armidudu 500 fadnsudedns
phytagel Aududu 0.2 Wodidud wuin awnsadnilfiAneensiu 100 Weosdud (awdl 10%)
pdmadsadiunm 1 Weu

Al 10 Waunsvedlugauaadauuestniueada uazdnihgeasiusiuuuemsiniigen

N wAREN0ABIUUDIMITgAIMS Whntanaglasa 3 Wedidud BA iudu 05
fadnsusedns TDZ [WuTu 0.5 Tadnsunedns PVP luty 500 dadnsunadng
ohytagel Wudu 2 Wedidud niwiniedsadunan 1 iou (U1s= 05
LYURLLAT)

2. soarmditnihindudumdnuuesgasiniisen gns MS Whuthmaglasa
3 Woesidud BA Wudu 5 Taansudedns PVP iudu 500 dadnsusedng
phytagel Wudu 0.2 Wostdud Wunan 1 Weu (U1s= 1.0 lwuRuns)

-Wavay PVP Aan159ndIunass uazeansay
thiuduadafiinsadunadandalunsinudreiu andanendudig wden
fughelumsidssuuomaudages MS ianinaglasa 3 Wosidusd BA Wiy 0.5 Sadn3usiodng
TDZ wiudiu 0.5 fiadndu wazensnaiu BA wiudu 0.5 Tadnsuredns Insflermsfsassgastul
i PVP videwfinsneidudy 500 Sadnsusiodns fu phytagel iudu 0.2 Wosidud 1udesiigumnd
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26 + 4 p3AnwaLTYa Trwas 14 Fluana Ty vdamnziasaduiian 1 oy Juiinilasidudanisiin
LAaRE wazn1saNeensUIsuiisuiuluemnsniaesgns (seninansiiunseliiia PVP) wudn
L 2 W I o % 1 ¢ 2 € I 1Y) | ¢ & 6 av o
Fudruandansasrawnadalnidle nelmuasitusnisastanadalu 75 wWasidud vueInisnk
WA PVP uaz 50 wWosidud vuemsiiia PVP Fegendinistniuaadaluseunsn (30 wesidus)
waglinauieatuivetmsdniieensiudanudn emnsilidy PvP Widesidudnisasiswangs

1 lﬂl a lﬂl lﬂl L2 : 1 o lﬂl U o é’
NI191STAL PVP (A0 11 4ag 12) wazilofnwenTudiuweadd waseansiuitniilaluinades
vuowshaigasin wud Wnaumesiuiunistniiueadafe amisiliin PVP Tinswawn
YDILAATE WaLeanIINLAANIDINITTLAL PVP RS ALALEANINALIUUBIMNTALAY PVP 92l
nsasvasUszneuniniiuea ndnivdeniiond 1 dUani lnedunsglaandvesemsiuaemdy
fhmnasgnasiulade wasantuluduaraeegdn wagliiinsvmuise

Taeialuwal @15 PVP Wwuadluaimsmnzidgaioannisasnaalsusenauiluaa 1y

Tuniswneideslinn duwun wean lelinsivans PYP Wietigannisaseansiluea wiannnsdne
& ' a g v - v o v a ' ~ A A =
Inuan N5y PVP Tueumsildmngaesdudiuvesusaudulinaiuanm1sluanniesidndu a9
9199z dululiinduduvesugauiinisadwasused s fivhujisenduans PP Fsdemaliuosidus
N1SASILARTATOULSNADUTIIN LALIDYINNNSE18LR8ILARAALALEDATINUUDINTN WAL PVP
WU @uNsatiNUSINLeadawazyan LA

80
70 A
60 -
50

40 - =m0 mg/l PVP

Response (%)

30 4 ® 500 mg/I PVP
20 -

10

callus shoot

AT 11 N15a519LARSA WALEDATININNTUAIULAALLAU VU IsIRLLaz iy PVP gy
500 fiadnsusedns wasnaasadural 45 Ju
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AW 12 Snwarnnsadiaunada waseensiy Mnduduwan vuomsiiuuagliiy PVP
Wutu 500 fieansusedns ndanaasadunan 45 Sy (1§ = 0.5 wuRwns)
n: MS + BA 0.5 un/a+ TDZ 0.5 1n/a
9: MS + BA 0.5 4n/a+ TDZ 0.5 un/a + PVP 500 un/a
A: MS + BA 0.5 un/a 3:MS + BA 0.5 u4n/a + PVP 500 un/a

-ANIAININTUYG BA fian1sas1eansaal

ﬁﬂﬂajwamwmmL?Tmuummsqm MS ﬁLﬁmﬁnmaegIﬂsa 3 Wosidus waziiu BA
Wudu 0 05 3 uaw 5 fednsusedns fu phytagel ity 0.2 Weddud 1Nudesiigamgl 26 + 4
ssrnwaidoa Tuas 14 Salusietu vdumzdeaduaa 1 deu Suiinmsifnsenussuiisuiily
wiazAIRTuvee BA 1nBIN9UKUN1TNAABILUY CRD WisuiflsuAaiedieds DMRT nuid
913N BA Avundudiu 5 fadnsusednstnirensnlddnaugean egilsfinu searufivuin
Lﬁﬂﬁwmumﬂﬁqm 13.67 vansoTudIL uwansansaifegaltuddny (p<0.05) WeawSsuifleudiu
BA Amdndudue Womnuiduduves BA anasansnsadaaiunisbnenvesen sendaeildnian
Tuemnsitlaiiiy BA Ssliivaniiiinugeunnit 3 wufunsgean 9 searotudau (113197 6)
uanandaziiuldin 7 BA mnududugaiulinsimumesluiifivundn uazdadudidu o
Wisuisuiuomsiliiiu BA Widuiidluvunealug wazsualuinnnd ((mi 13)
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A5197 6 NAUDIAULTNTUYDS BA ﬁ@aﬂummsqm MS fian1siauIvesganTINndsnadeady

1781 45 U
BA (mg/) $uusonretuEIu
ANUgaTBYNIT 1o, NG 1-3 @il ANNGINATT 3 Bl
0 1.33c 2.00 9.00a
0.5 2.33cC 2.67 7.33a
3 8.67b 2.33 2.00b
5 13.67a 2.67 0.00c
F-test * ns *
C.V. (%) 14.04 35.83 22.70

ns: WTAMUWANANAUNIEDR
* LANFANNNEDR (p<0.05)
ARANNNUMEENYIAenUluaauAReINUTANLLANAIINUN1E@DT AL 1ZYA 835 DMRT
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A 13 miﬁmmﬁumaawé’mwﬁyaaﬂfcjmjamammﬂLé‘ﬂmoﬁ’uuummi MS i3 BA AM8L0HTY
Aee) Bunan 45 Tu (U9 = 1 wufng)
: BA WU 0 HadnSuneans
9: BA WU 0.5 Hadnsuneans
A: BA LLUU 3 HadnSuneans
& BA LU 5 Haansuneans

asulddomagns MS Wahmaglasa 3 Wodidud BA anududu 5 Godnsudedns PVP
Wudu 500 fadnsusedns phytagel wWudu 0.2 Wosidus Thensinsiingensiy 100 wWesidus
waglsiduauseniiiameminnndy 2 wulwesiads 3 soadetudu wdnnadsaiunm 1
o veafifiennuenatiosndn 1 wufwesiade 6 son vadewedndunan 1 deu Taglil
nsdeiies
o1msufegas MS Faianaglasa 3 Weddud BA arududu 0.5 Sadndudedns TDZ
Wudu 0.5 Tadnsuredns PVP Wty 500 dadnSuseans phytagel Wudu 0.2 Wasidud dniinns
afaumadauvuvaiiiiendilugaiueada 30 Wedidud ndsinnadsadunat 1 feu wede
wnadadanaluidssuuemisgnsinineen wuii ansadniiliAnsensau 100 Wedidud
ndnnadenduna 1 ey
weadaanm s Snaildfluewnsgns MS Wunaglasa 3 wWeddud BA avadudy
0.5 fadn3uredng TDZ wWudu 0.5 fadnsusedns phytagel Wudu 0.2 Wosiiud waznqueansiu
annsadiusiuiusonldgeaauueinisgns MS Wutniaglasa 3 Wedidud BA armdudy 5
fadnsusedng uasiaundudulddfiaadionauissuueimisgns Ms fiusimanaisnuaung
LW3LAule
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2.4 w5814 (Parkia timoriana Merr.)
-HAYaBUS IISNAUTTRAIN 798N UAzAIINENYTATYBIAUNAT

thénazwSesidnuenaanaintuides uasdnngfidaidiumedudesageimis un
Mudsuemudigns M Wnthaaglesa 3 wWesiud fu 0.75 Wedidud fguund 28 + 2
ssrnwadoa Tiuas 16 rlussoTundmadsaduna 1 eu Suiindedfudauenvesdnng
Wisuisuiulunsardudiu nuin Annsidaueneonainludedisnsinisieniisanindnng i
Boansludsdludg 1 dUansiusn Lﬁaamﬂé’wmﬁmaLﬁymuummﬂmamammiﬂ@ﬂ%uﬁmmmﬂﬁ”
Anin Tusaeitdwazfinadsaiddudedslienlutsdansiusn uidlenadsaduna 2 dUav
wui Bufliesidudnisionifiudiu ndsannadessielddunal 1 Weu wuin dundiildainnis
’mL%qﬁ’Wﬂzﬁé’ﬁﬁW%ﬂULgma%iu?ﬂﬁﬁuﬁﬁmmamgsaimﬂn’jflé\’uﬁﬁmwﬂaaﬂmﬂiuﬁm (AN
7i 10)

a v N Ay v Y =~ & v Y e & = =
AMA 14 dumBeadildannisimnzidesinnzivsaantudes (@e) wasdnnznilubeegasamia
(337) VUOINTUDIgRs MS 1Tuan 1 e

-NaYaIIANAZTInaNISIeN UasN ISRV NATEY
ihénazimiesiongneg (1wdl 15) snadsauuemsudeges MS iuhnaglasa
Wty 3 wWedidud Ju 075 Wesidud nudssfigungf 28 + 2 ssmuwadoa Wuas 14 $alusde
fu vdmadsaduna 1 feu Tufinediduirusenvesdnng Wisuieusuluudazeigues
Fudau nut o1gvesiwnghifinasoivefifudnisien Tnsynszerrasdmaglidnnisen 100
Wosifus warannsaiimunduduiiauysaindousenignlivdmadeaiuna 3 Weu (nmil 16)
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AT 15 SNUazaudnseInTILunAUAINENLNYLANININER (F1elle)
Tiewan (vinile)

AT 16 FumBeaiilannnsnedesdnnzuuemsgns MS iWunan 3 weu (U15 = Liwufiuns)

-wavasvianafu ussdusauiiduadonistnireensinvessumzes

Nudssdudnvaissenuazdovuomisudgns Ms iiudimaglasatudu 3
Wesidud BA Wiudu 1 fadnfuseding saufu TDZ Wudu 2.5 fadniusedng enmsgasienaruiiy
uefu 0.75 Wodidud wie phytagel iudu 0.2 wWosidud 1nudssnieldguund 28 + 2 aaen
waroaliuas 14 FaluseTu ndnadsadunat 1 feu Suiinesidusinisadusen Suausen
sotudu Wisuifsuiiluusassiinvestudin warrlavesnsiu nuhdududelisnsnisada
aammqaﬂ’h%uahuﬂmaaam’l,ummiﬁLﬁum"@uwﬂﬁﬁmmLLmﬂmaﬁ’ﬂummiﬁLau phytagel uag
Slofiarsandiuusenannisiadssde wuin ormsfiiu phytagel Wiuausendedudiuads
3.33 gon genownsidnfuddlisiuusondudiu 2.33 sensio (M3afl 7) Tasseniildarnermis
7y phytagel %mﬁﬂ’qumﬁﬁ@mﬁu (it 17)
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M5 7 HaUDeutinUetne Il LaralntudIuninafen1Tas 19 on TINYBIRUIATENVAINTTIRE
UUDMNTENT MS 1 BA 1T 1 fadnusiedng Siuiu TDZ Wudu 2.5 dadiniusedng
Juan 1 ke

wHnneIu ¥intud nsasegen (%) SruausenreTudIL
Ry ip 100 2.33b
Uanween 66.67 1.00c
Tnln s U9 100 3.33a
Uanueen 100 1.00c
F-test ns *
CV. (%) 31.49 21.29

ns: WTAMUWANANAUNIEDR
* LANFANNNEDRA (p<0.05)
ARANNNUMEENYIAeNUluaauAReINUTANLLANA1INUN1E@DT AL aIAS 121835 DMRT

-HAYDIBNIIUAINITAS 19880 TIU
e,‘, Ay 1 v < a g Y Y & @ '3 Y Y

NudgfudIutouneMWlgns MS Inudmaglasaldudy 3 1Wesidud BA LUty 1

fiadnsusedns sy TDZ wudu 2.5 Tadnsusedns Wiuneiu 0.75 Wesidud 1Wisuiieussning
a = 1 a 1 % % & @ I dy U a = v

nsuvselaidunsaudnty 0.2 Weosidud Mudsanieldonmal 28 + 2 esriwail@ea Tikas 14
FlugadoTu ndn1ndsudunan 1 weu Juiinesidudnisadiswen I1urugenfoTUaAIUY
Wsuieuiuseninansiiuvise luduneanu
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amil 17 navesrdavesnsunarslatuduiiinasonisaiseavasfumismdnisnais vy
91M158AT MS LAy BA 1udu 1 fadnSusadng Tiudu TDZ Wudu 2.5 Tadniusiedns
Huan 1 Weu (U135 = 1 wufuns)
(n) Fudhudonadesuuomaiiuns i
(¥) %ua'auﬂmaaamwLﬁymuummi@mﬁu
(A) Fududonadssuuewnaifiu phytagel
) FudruUanggeninaagIuuemsLiy phytagel

MnmInadsstudutounommaudagns Ms ianinaglasadutu 3 Woedidud B
Windu 1 fadnsuseding Saudu TDZ Wiudu 2.5 fadnsusedns Wuneiu 0.75 wWesdud 1Wisuiiiay
seusmsidnvdelifunsaududy 0.2 Wesidud wuih ewnsiiussd il waugeniade 4.33
gaaRoTudIY ganiownsiiliifumeeiu waedinmsiauveduldiini duduiinadesuemsi
lsitfiamsnu (nmil 18)

n U
PN ' ' o = [ & a [
AN 18 Nﬁ‘U@QNQﬂWUW@ﬂ’]iWGNU']‘U?NEJE’J@L‘VﬁEN‘Via\‘i'JNLﬁENUUi’J']‘VT'ﬁEjGﬁ MS 61U BA L 0UU 1
a a o 1 a 1 [y Y Y a a o 1 a &) & 4
1AANTUADANT FIUNU TDZ WNTU 2.5 1aaniumeans sJunan 1 weu (u1s =1
LWUALUAT)
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A: ST LULANNIAUY
n:l' a 1 & @ 3
9: DISIAURIAIU 0.2 LUDTHTUS

asUnINadesinnswissuue IR MS Wnnaglasadudy 3 Wedidud nefu 0.75
Waedidud dwarsanld 100 Wesifud wazidlenafesdudiudavusimsudagns Ms ifudinia
glasaduty 3 Wesidud BA Wudu 1 Sadnsusedns saudu TDZ wWudu 2.5 dadnsudeding Wiy
phytagel Wudu 0.2 Wosidud wavreaududu 0.2 wWesidua %’ﬂﬁﬂﬁﬁmaamaﬂé’ﬁﬁqm

2.5 auwe (Cinnamon; Cinnamomum verum)

-nawrzidgeludeudunauinadniunass
wnzdestudiulugaunengsiulagldauinvesluilivnag (i 19) diluruesigeg w1

Wongtalasnisurluleanagadidudu 70 Woasidud Wuan 30 Juni ndsanntuusluaisazane
o ¢ v v s d & & ~ o v vy X v v H 1 H

AapTandliuty 15 Wesidud Wuian 15wl dningdneifes wasaameiinauiieiiie 3-4 A%
wasanuuanlulifionnndne 1 wufiuns 817 1 wufuns waginudeauueImswiegns MS
BA A211LTUUU 0.5 Haan5usadns s7unU TDZ 113U u 0.5 Haansusaans 1auagsnegla
gl 28 + 2 psrwadedliuas 14 Flussetu Suiinesidudnisaiwnadaseudieuiuly
LAAZUUINYDI LU NLNUNNTNAABILUU CRD LU UWiguARasn835 DMRT

NN15 AT uduTuTouALAIRI UL 3 BuanUln Tu L2 Tiasidudnisasia
wraddldasan sesmannfe L3 wag L1 audau fiesein L1 Juluiiseunian dierunisvensdie
Mlluides iadsldasumnuidsiauinninuuindu dealidasidudnisastwenadani Tuvaed
Tu 13 Wuluiifienguingn szezimuinisveugadunndt L2 Jeinlinisadaueadanindi a1n

e’lj | < aa [ a o Y Ay [l a 2 (% o

AMsneasatinudn W L2 Wuluifissesiamunmunzay aunsaiunloduduaiwsusulunisgnun
whadalaAvgn (13197 8)

!
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revrmerncel

L1 ' 12 13
AN 19 SNYLYRIlUDUALAIUBIAULYELARLIUNA T lUNSTNULARAE
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9197 8 navesenglusaudunwalUasiduinisasaweada

91¢lUgoudLAg nsasIuAAGa (%)
L1 13.33b
L2 46.67a
L3 26.67ab
F-test *
C.V. (%) 75.96

*UANANYNEDAN (p<0.05)
A AVNIAUNILAIDNBIANUTAULANAIAUNIED AL DIATIEVIN 875 DMRT

-uiln uazpIdutuvasarsaIuaunIsiasyiulniilasan s uAass

ihlu ludouduns (L2) wmensidelnensguutluseanssedidutu 70 wWedidud
Hunan 30 Junit ndnduiuurlumsazansaasiendifudu 15 Wedidud WWuan 15 wit wdudh
ﬁéleEJL?:EN wavdedeinnduiainge 3-4 afs ndmndudalulfiouinnsng 1 wufwes e1n 1
LYURLUAT LLamwémuummm%qqm MS LRy BA %38 2,4-D ALY 0.5 Tadnsumaang
$auffu TDZ aududu 0 0.5 uay 1 Gedndudedns Mudsanieligungfl 28 + 2 osrisaidoa
Tuas 14 lussetu Jufindedidudnisaiupadauiouiivuiulusazsiauasaududuves
#13AUANNITHITAULA 1UHUNITNARBIWUY CRD Wisuiflouaadssieds DMRT wudn 81913
Fidu BA aududu 0.5 Sadnsusednssaudu TDZ arududu 1 fadndusodns uanmemisadn
ogafitfudAny (p<0.01) Auansmuumsiaiaidulavin uazaruidududug Jaazfiuitomsd
WNasAIUANNITIATYLAUL 2,4-D 38 BA Auudu 0.5 Hadnfusednsiiesog1afeli
WesidudnsadaumadamilonSeuiisuiunisldsuiu TDZ (1519l 9) adenndestunisinenves
auvs wazAny (2538) fissauiinsdnihunadassnelinaffigalueimsgns MS iy BA Saufu
TDZ fimududu 0.5 fiadnSusedns Ani1n1sld BA wse TDZ Wissetaiien agelsiniunis
WzEsupadaeusiieliuuiuianindinnadsaunsoanldlnensiiiy PYP madudy 500
fiadnsurodns (A md 20)

A15197 9 N1TasIAadaanTudIuly L2 ndNudesuneInnsgns MS lANa1TAIuANNIg
WwieAulnule wazaudnduae Wunan 1 Wweu

TDZ (un/a) MsasuAaag (%)
2,4-D 0.5 un/a 0 6.67b
0.5 40.00ab
1.0 33.33ab
BA 0.5 un/a 0 26.66ab
0.5 53.33a

0.1 60.00a
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*%

F-test

C.V. (%) 53.79

*UANANNNEDA (p<0.01)
AN UNILHIDNWIAN UL AULANANTUNED AL DIATIEN 2875 DMRT

A 3

A 20 Snwauzuaadanitniianluseudung L2 mé’uwwm?ﬁymuummiqm MS LAsE3AIUANNNT
wigivlawdn wazaududusngg Wunan 1 Weu (U= 1 wufms)
A: MS + 0.5 mg/L 2,4-D
U: MS + 0.5 mg/l 2,4-D + 0.5 mg/l TDZ
A: MS + 0.5 mg/L BA + 0.5 mg/l TDZ
L MS + 0.5 mg/l BA + 1 mg/l TDZ

2.6 iau (Eleiodoxa conferta (Griff.) Burr.)

Y v . 1 o o a < o
-HAYIAINUTNTYYBY dicamba Aan15Tnilaurfnduysla

UILAIRAYDIMAUANIAINMIAUUTINUUARTAUUDIMITEAT MS i dicamba ATy
1 Tadnfusiadng nsaweanasUinidudu 200 fadnfudedinglagyiin1sgneideunadauuaInisens
Y ' = & = = = 9 v 1Y = &
Aanamne weu Wua 18 ey FinmsAnuilliuaadaeny 1 Wau 1URUUMNTENT MS



29
iy dicamba AaLdutu 0.3 waz 0.1 Tadndusiedninsausanosnidudu 200 fadnTusiodns
Mudsaneldanmias 14 $alusiotu gumgl 26 + 2 ssmwalduaiinisvaaes 5 91 9 az 10
nasavaaes ndsderdewnifeutufinnsardendnduuiloisuifsuiuluusazaududy
¥94 dicamba lagldusunsvaassiuy CRD Wisuifisuaadedeis DMRT

PNMINUABIUADFAVLUBNTEAT MS TR dicamba asidudiu 0.1 wag 0.3 Tadndusle
803 0unan 1 ey nut ansnsednilsininduuileldluemnstiaesgns tneflormsgns MS
WAy dicamba pauidudu 0.1 fadnsusedns duasulidnisasisdeanfnduuile 42 Weosdud uas
T#uruleaniniduuile 3 WBuuslesevasannass ganinermsiin dicamba Amdudu 0.3
fadnfurodns Felinsadrslaundniduuile 20 Wesdusd uaglidrurulaaniniduuile 1.8
WBuusleseviasamaaes (AN5197 10 Al 21)

1399 10 HaveImududuaed dicamba Mfinluemisgas MS denistniileunfnduuilonss
nudsnlunm 1 e

Dicamba (mg/l) msasslannfnduuile (%) Srunulsandnduusle/vaen
0.1 42.00a 3.0
0.3 20.00b 1.8
F-test x* ns
CV. (%) 29.74 43.70

ns: WTAMUWANANIUNIEDR
** UANANYNNETA (p<0.01)
ANRALTNANAUMILAIDNEIANAULANULANANAUNED AL DRSI9d0UA8 DMRT

n 1

amifl 21 dnuuglganfnduuilen (Ast) MaNNLARSANINIZESIUNEMNTERT MS LRy
dicamba 0.1 fadnfusiedng (n) uaz 0.3 adnTuseding (v) (UT= 1 lwURLNT)
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2.7 asuy (Baccaurea macrophylla Muell. Arg.)

LoNWANFILYIINKNE (AT 22) uenaTodisueanesed 70 Wostdud uu 30
Uit pudenaedendidudy 20 wWesidud Wunan 20 it wardedtinduilseinge 3 afs 3
WNZEAGILIULEMNTEAT MS TiUTIARnansmuaunasyAule (nwd 23) IEENRTEMIELE
Hunan 4 #ai winseniwindiuvedly uazde nadssuuewnsudegns MS iiu BA adudy
0.5 fadnfudedng $afu TDZ euidudu 0.5 fadnfusedng Mudssanelignmgl 28 + 2 aam
wadealiuas 14 $rlussotu Suiindnsimsadraeadaisuiiouilunsastudiulngldununis
VPABILUY CRD Wituiflouaadssie3s DMRT

AN 22 ANWAEYRINE waslAndsuwenanKatialdlun1siniziaes
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AN 23 TURDUNITMTILTUAILLARS LA sl UNaRANAR DY

e’l’ Qy 1 2 @ a ¥ 2 a a [y 1 a
MNuFeFudIute warlu vueImITuTEns MS Wi BA aududu 0.5 adinSudedng
2uU TDZ ANUNTY 0.5 TaanSUMADaNT NUIT TUAIUNIAD9AIUNIT0AS19LARR A LANE 191NN

¥
a

deoudunan 6 dUani lnengudluliesidudnisaisunadaldganintudiude (i 24) uaz

LAAAANAS1991N UL ILAAaANHAT Y7 dukAadaNlnaINTUAILTDTFYIDUAUDIAASY (AN
a
1 25)

100 —

o

80

Y

s

40

ILFUANMTTINUADAT

7 o

20

e

Ty i)

M 24 FR5INNTASNLARTAIINMTNIBLET WUl ULAL TOTDIRINY UUDMNTENT
MS wfi3 BA An3udu 0.5 Tadnsufadans sauiu TDZ Anusiudu 0.5 Naansusadns
Wunan 6 dUan
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n a

A 25 dneaizveswaadantmilaandudiulu (n) way Judide (1) vuOMITEAT MS LFisl BA
ANUUTY 0.5 Taansufeans sauAU TDZ Anuudu 0.5 faansudeans Wunan 6
AU (UNS= 0.5 LURLLAS)

2.8 dzma (Parkia speciose L.)

-Nm/admsmuqam'ma'a'zwmufman’)wnmyamw

T udIU Vo suaqavmau'maLamuummiam MS Lfigl TDZ AUuTU 1 Jadnsuse
ams SauAY 2,4-D 1uTu 0.1 uaaﬂimaamamaqummu 28 +2 psrnwaidealiuas 14 $alug
sty Tsnsnsadiseensay 25 Wesiud uaslisniugeniads 8 vearoTud qaﬂ'jwmmsﬁlﬁ
WRamseu (0w 26)

n 1

AT 26 BaATINNAT19AINTUAIUTDVDIAEABTNINUFBIULDIMNTEAT MS LAY TDZ Aduidudu 1
fadnsusedns S3uiU 2,4-D WuTu 0.1 TaanSusednsMAuxeny 0.2 % (n) warliiy

1 < [ L4

W01 () Wuan 6 dan
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2.8 dula (Citrus maxima (Burm.) Merrill)

-WavasugaulasaiasidusiaI1Nan vadIan

thudndalewugnosh uasitugiivinasiuunvensifefonoanosed 70 Wosidud
Hunan 30 3uf uazaaedend 20 Wedidud Wunan 20 uift wagdedeindu 3 adinelugée
B4 MaAsIULDIIgRs MS WWatmaglasa 3 wWeddus fu 0.70 Weddus Usu pH 5.7 1ades
Tufidin gungdl 26+2 ssenealdoa Tufinefidudausen uagnismevauasiintundsain
wnzdsmnduaiidune 1 ieu 1Maukun1maaeaLuy CRD WisuiflsuAiadslagds Least
significant difference (LSD) Wfiagn1snnaasvin 3 8 9 ar 10 11000 viaenaz 1 LWAA

a

= ! < L v a6 ¥V § < i3 Y v 6w
PnNsAnwInUInLdavesdulaiugnesdiliesidudainusengaindiduleiugiiuiy
gou InglilUasiduininusen 97.67 uanansiunsadinednesiveddey (ms1en 11)
15797 11 HavesiugdulesaosiduinNuenvotuanuLemsgns MS wuumaglasa 3

§ ¢ a a
LWUDILEUR ‘VI‘UTWﬂﬁ]']ﬂﬁ’]'ﬁﬂ')Uﬂ@Jﬂ’]iL"\]inL@UI@

Wugdule Wesidudnueen
ek 97.67
NG 63.33
LSD o5 12.28
C.V.(%) 6.73

—Nawaﬂﬁ’ug’ﬁyfam'an7557%’7\13@@591/

radulaluidesvesduloiugvesd waziugiviinasiy aanfundiniziuanly
NADANAADY YUINAINNYNY 1 LYUALUANST awﬁswummiqm MS 1Ry BA 1 §adnsSumedns Yisa
glasa 3 Wosidud 1w 0.75 Wesidud Usu pH 5.7 angldmsliiuas 14 dalussietu Noamgll 26+2
IANTALTeE TUNNUBSIIUANITASI9890 WAL IUIULDARDTUAIN NaIAININIZIAsRdUaT 1
a ~ ~ | a aa | ° H
DU 2HUNITNAABILUU CRD WisuiauAadelaeds LSD waazn1snaaoin 4 919 ag 7 70
VINAY 4 YUY

nnsAnwnuIdilonugneiliilesidudnisaiieeensiu wazduIugenmot
druganinduleniugviviivaeny lnglinisadaeen 91.75 Weosldud wagduiugen 3.50 vonsie
TudIu WaNFNNUEENNTYEAYNISERR (p<0.05) (M5 12) BINFI91NN1TINLABITUAIUAIGY
] & a ) ~ o A X ] &
Junan 1 fow Usngmeeausnuseesn (11w 2741 ) wasiiianadesduna 2 hou aneen
Aanmsiauluseniiauysal (A 27931)



34

M50 12 navesiugduladonisasiegensinanMansiissmauldludeuuemisgns MS iy
BA 1 fiadnsusiednsilunian 1 weu

v

Wugdule nsaseeansl (%) UIUYARDTUE I
VB4 91.75 3.50
UAYHGERE 30.00 0.58
LSD o5 16.03 0.66
CV.(%) 15.22 18.74

29 27 gaaTinMsizifesdduldluifsavesduleiuivesiiuuemsgns MS 1w BA 1
fiadnsusiedns Uimaglasa 3 wWesidus Ju 0.70 Wesidud (U = 0.5 WwuRwms ) 9y
1 \fieu (He) way 2 ey (131)
wennidalifnduy Aldavhnsmnzidesdedeliiielddusuiugiiuliveneiuiuway
ausnyiugnssuiusialy laun

9

48819 (Archidendron pauciflorum)




-A1an [Etlingera elatior (Jack) R.M. Smith)]

-WeY12Us (Pseuderanthemum palatiferum (Nees) Radlk. ex Lindau)
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-N32Y18A1 (Kaempferia parviflora Wall. ex Baker)

-{nRAIUTIU (Sauropus androgynus L.)

-duan (Citrus mitis Thunb.)
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—%ﬁuﬂn? (Curcuma mangga Valeton & Zijp)

-w3IuY (Curcuma longa L)

3. M3ayuIaaanlgn

rouflazeyuaduiiweanugniduiiesfesiinistnihsndeu welilddundfiauysaindon
flazdroasiulgniadutunougainevesnsvesiugivdenismngdsaiode wWelddundii
aummuamalﬂLﬂumimsﬂﬂﬂaﬂamu waziflosnndundteglunaontduiianmanudugenn
(90-100%) muumﬂmmsmaﬂaﬂmuauwwﬂﬂ yliundinevun Tutuusnisdesanaiiutuag
Huddudulaemaidundlunasamaasduidsduanmmslimudunasfisduain 2,500-3,000
&nd 18 7,500-10,000 04 (auUas, 2539) ndufsiiveonainuasa drvfuiiiauntusnesnay
muawdrihluvgnlutanugnivngan andulivnuivieviananafelansousufivliussana 1
FUaai uitelotduitvususle (il 28)
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A 28 feeetuneunsenaiiviilannlunasaneaesUgnasiu

Tnvaguudfiefivsvavenudifalunsmnzdsadededioldlunisdeneamalulagls
susllilumead 13
P31 13 wiladis Sudnfindld grsowns uazmsimuvesdudundsnTnzis oy
Iinatudosunsiafifimsveneiusuasivinmiugnasluvaananos

vy YA Fuguile GLERRIAT AITWAUINGS
Wz
1 ausjuheenlyd  wie/de/danssen MS + 5 mg/L BA OnTI
yon PGR-free MS 31N
2 uzeu Wan MS + 5 mg/L BA + 500 gOATI
mg/l PVP
Wén MS + 0.5 mg/L BA + 0.5 RRG!
me/l TDZ + 500 mg/l
PVP
uAada MS + 5 mg/l BA + 500 YONTI

mg/|l PVP
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10
11
12
13

14

=
bATYN

BULYY

MG
A9LbY

D)
DN
ANAAN

WYIUST
AILYLAN

Nauyen
AN
U8

Tu

LARAE

Tu

ANNY
U8

gon
U9, YA
7o99n
U9, YA
wén
99, Y89
#UDION
nulu

MS + 5 mg/l BA
PGR-free MS

MS + 1 mg/l BA + 2.5
me/l TDZ + 0.2% AC
MS + 0.5 mg/l BA + 0.1
me/l TDZ

MS + 0.1 mg/l dicamba

MS + 0.5 mg/L BA + 0.5
mg/l TDZ

MS + 1 mg/l TDZ + 0.1
mg/l 2,4-D + 0.2% AC
PGR-free MS

MS + 0.5 mg/l BA

MS + 3 mg/l BA

MS + 0.5 mg/l BA

MS + 3 mg/l BA

MS + 0.5 mg/l BA
PGR-free MS

MS + 0.5 mg/l BA

MS + 3 mg/l BA

MS + 1 mg/l dicamba

YONTIY
AUNAN
YONTIY

LARAE

TeunArUUSle
LARAE

ganIddl

Aunan
2RI
YN
YOI
2RI
YOI

AUNaN
8RNI
YOI

uAaga
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4. 1BNE1591989

auUas wvels 19Pa wevdy waz wauad gsllaned. 2538, Anuduiusseninviinvesenmuasle
Ialafiusion1stninludiiuasunadavedenn. Songklanakarin Journal of Science and
Technology 17: 121-127.

auUas wvele. 2539, wiAlulag¥inmuesiivan. @wwan: ANPIRINYAENT AMENSHEINTEITNYIA
UINGRUFIVAUATUNS

Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with

tobacco tissue cultures. PhysiologiaPlantarum 15: 473-497.


http://www.kmutt.ac.th/jif/public_html/article_detail.php?ArticleID=3546
http://www.kmutt.ac.th/jif/public_html/article_detail.php?ArticleID=3546
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nanssulunisuseyudeuunng
1. uwsihgunsoluasiadesderidniulumanziisased iede wavetone
2. Fmawsnomnsdmiunmamnzisaiebody
3. msudumsndss magheides WAz UIAAUNAINANAIRUUGN

uals
Y

rs

= A ) = i aa v s o =
AN 30 'Uﬁif]']ﬂ']ﬁﬂ']iﬁ»jﬂ@‘UillLLagﬂ']EJ‘Vl@@ILVIﬂIUIaEJGU'Jﬂ']Wﬂ']?UEnEJWUﬁqWﬂjLLﬂUﬂLiEJUIiQLiEJu

ISNIRN



42

5.2 mMsUszmanazasamsmsiassiedeiniiuduwasldnaiudiosnald
nsUsemnsananndalritulunuiuneasaldadi 25 FemsestuTuduans
Ingrrans Jun5eulsussudseudnsInLazdINaut1UTENIn A 91ASANTEINYSH A
NNLINTFITUNR WTInerduaswaruaiuns e nvnalug 24981 il 31
lagAanssuusenounie
1. psdausnanuandnssanisfiniddsadeulddnenasnaassn Tngld
funuinFeu 4-5 audengusmiuiiaue FasaziBenvesnanuuaznsiiausazlsznausig
FoiFos fiuuazainudfoy TrgUszasa 8015 Han1sfnw wavasuna
2. Ms¥naukazneuRIay waanfivnFeudtaueau azdalanialy
;:ILG?IWiauﬁﬂéfﬁmsei'fﬂmﬂuﬂimﬁuﬁmuau‘tw‘%ﬁ%’amé’a
3. NI MALHULLATUTENMANANTISUTENINNAIILAINAMLATINANT
4. NMSUBUNYTAUATWALYDISITIA
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Micropropagation of Three Species of Garcinia

SompongTe-chato and Mongkol Lim
Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University,
Hat Yai, Songkhla, 90112 Thailand

E-mail:Tesompon@ratree.psu.ac.th

Abstract

Three species of Garcinia; G. mangostana(mangosteen), G. speciosa(pawa), and G.
atroviridis (somkhag) were cultured for micropropagation on modified Murashige and Skoog
medium (MS) containing various plant growth regulators. In the culture of seeds, many
shoots (20-50shoots/seed) were induced in mangosteen and pawa, while multiple shoots
were not induced in somkhag. In the former two species, young leaves excised from the
shoots induced from seeds in vitro produced 2-5 shoots per leaf on woody plant medium
(WPM) containing 5 mg/l BA. Shoot regeneration from leaves was also achieved through
meristematic nodular callus formation in these 2 species. In mangosteen, callus was most
efficiently induced from leaves on 0.15% Gelrite-solidified MS supplemented with 3%
sucrose, 500 mg/l PVP, 0.5mg/l benzyladenine (BA) and 0.5 mg/l thidiazuron (TDZ), whereas
medium containing 0.25 mg/l naphthaleneacetic acid (NAA) and 2.5 mg/l BA was the most
suitable for callus induction from pawa leaves. In somkhag, friable callus was induced from
leaves in medium containing 0.5 mg/l NAA and 1.0 mg/l BA. The calli were originated from
proximal region and wounded sites at midrib of leaf explants in all the species tested. In
both mangosteen and pawa, single nodular callus produced 10-20 shoots/month on WPM
containing 3% sucrose, 500 mg/l PVP and 0.1 mg/l BA for 2 weeks, followed by overlaying
liquid half-strength MS containing 3% sucrose, 0.06 mg/l NAA and 0.03 mg/l BA, whereas no
shoot was induced from friable callus of somkhag. For propagation of somkhag, nodal
explants with or without axillary buds were alternatively used for culture on WPM containing
3% sucrose, 500 mg/l PVP, 0.1 mg/l thiourea and 0.1 mg/l BA for 2 weeks, followed by
culture in liquid half-strength MS containing 3% sucrose, 0.06 mg/l NAA and 0.03 mg/l BA for
further 4-6 weeks. By employing this method, 20-30 shoots per explant were produced after
2 months of culture.

Keywords: Tissue culture, Garcinia, mangosteen, pawa, somkhag
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Introduction

The genus Garcinia belongs to Guttiferae and is composed of at least 49 species
including 10 unidentified ones. All Garcinia species are native to Malaysia Archipelago (Lim,
1984). The most important species that is well known and grown for commercial purpose is
mangosteen (Garciniamangostana Linn.). Some of the other related species such as
somkhag (GarciniaatroviridisGriff.), pawa (Garciniaspeciosa  Wall.), ma-pood
(GarciniadulcisKurz.), cha-muang (GarciniacowaRoxb.) are sometimes grown in backyard.
Generally, all species except mangosteen can adapt well to drought or dry area since they
have good root systems which distribute both horizontally (soil surface) and vertically (deep
beneath the surface). At early growth stage, they need not to be shaded so much like
mangosteen and watering is not necessary. Because of these characteristics, these species
have been used as rootstocks of mangosteen for making its plantation in drought area.

Although it has been well-known that vegetative propagation of Garcinia species is
rather difficult, Husan (1990) reported successful results on asexual propagation of
mangosteen by various methods, among which side grafting provided the highest percentage
of success (90%), followed by top grafting and chip budding. However, development of graft
union and further growth of scion are usually not so good and healthy even when
percentage of success in grafting was very high. The main constrain to the success is the
production of yellow gum from wounds which inhibits the formation of graft union and
results in low grafting success. Attempts on employing in vitro grafting (Te-chatoet al., 1992)
also resulted in low percentage of grafting success due to the same reason. Further
establishment of the in vitro-grafted plants to soil was also difficult due to the weak root
systems. Accordingly, several authors tried to micropropagatemangosteen through shoot
formation by culturing seeds (Te-chato and Aengyong, 1988; Normahet al., 1995; Goh et al,,
1988), young leaves (Te-chatoet al., 1992; Goh et al., 1994) and meristematic nodular callus
(Te-chatoet al., 19953, b and ©).

For breeding of mangosteen, it has been expected to introduce drought resisitant
character by crossing with related wild species. However, it has been difficult to hybridize
mangosteen with other Garcinia species is difficult because of the cross incompatibilities. To
overcome the difficulty, it may be useful to apply the biotechnological methods. Especially,
somatic hybridization through protoplast fusion opens a wide view for genetic manipulation
of these species. For the somatic hybridization, it is necessary to establish a system for
efficient plant regeneration from protoplasts. Before stepping into the study on
improvement of mangosteen and their related species by biotechnological methods, it is
necessary to obtain basic data on tissue culture response of those species. So far, there
have been no reports on tissue culture of the species of Garcinia which are related to

mangosteen.
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In this paper, therefore, we report the results on the callus induction and

micropropagation of shoots from various explants of mangosteen, pawa and somkhag.

Materials and Methods

Plant materials

Three species of Garcinia, namely; mangosteen, pawa and somkhag were used as
materials. In case of mangosteen, plantlets raised in vitro by subculturing monthly intervals
for 2 years were used as a source for explants. For pawa and somkhag, fresh seeds were
excised from the fruits and cultured for germination on modified Murashige and Skoog
medium (MMS) supplemented with 3% sucrose and 5 mg/l BA, which was previously
reported to give higher percentage of shoot formation from seedling than basal MS (Te-
chato, 1999). After culturing for one month on this medium under 2,500 lux illumination
with 14 hour photoperiod and at 26-28°C, various explants were excised from the seedlings

and used for callus induction and micropropagation experiments.

Culture media

Culture media used in this experiment are as follows;

1. Multiple shoot induction medium (MSIM): The modified MS medium supplemented with
3% sucrose and 5 mg/l benzyladenine (BA). The components of modified MS medium in
me/l were as follows; 1650 NHsNOs;, 1900 KNOs, 440 CaCl,.2H,O, 370 MgSO4.7H,O, 170
KH,PO4, 12.4 H3BOs, 33.8 MnSOq.H,0O, 21.0 ZnSO4.7H,O, 1.7 KI, 0.5 Na;Mo0,4.2H,0, 0.05
CuS0O4.5H,0, 0.05 CoCly.6H,0, 15 FeS0O4.7H,0, 18 Na,EDTA, 500 myo-inositol and 5 thiamine-
HCL.

2. Callus induction medium (CIM): Modified MS medium supplemented with 3% sucrose and

500 mg/l polyvinylpyrrolidone (PVP). Various concentrations of Ol-naphthaleneacetic acid
(NAA), BA, thidiazuron (TDZ) and thiourea (TU) were added.
3. Shoot primordia induction medium (SPIM): Woody plant medium (WPM) containing 3%
sucrose and 500 mg/l PVP. BA at 0.1 or 5 mg/l alone or in combination with 0.5 mg/l TU
were added.
4. Shoot elongation medium (SEM): Liquid half-strength MS containing 3% sucrose, 0.06 mg/l
NAA and 0.03 mg/l BA. Usually this medium was used to overlay on the SPIM.

All the media except for SEM were solidified with 0.2% Gelrite and adjusted pH to
5.7-5.8 before autoclaving at 1.07 kg/cm? for 15 minutes.
Multiple shoot formation from seeds, young leaves and nodal segments

Seeds of pawa and somkhag were isolated from fresh fruits. After removing all

arils and surface-adhering fibrous tissues, they were soaked in 20% Clorox solution for 20

minutes, washed three times with sterile distilled water, sown on 10 ml MSIM, and kept
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under 14 hour photoperiod with 2,500 lux illumination at 26-28°C. After culture for four
weeks, percentage of explant which multiple shoot formation and number of shoots per
explant were recorded in each species. Young leaves of mangosteen, pawa and somkhag
were excised from shoots which were raised by in vitro culture of seeds, and cultured on
SPIM. After culture for two to three weeks, SEM containing various plant growth regulators
was overlaid onto SPIM and cultured for further 4-6 weeks. The number of shoots induced in
each explant was recorded 9 weeks after initiation of the culture. In somkhag, shoots were
further cut into nodal segments and cultured for shoot multiplication on 10 ml of gellan
gum-solidified WPM containing 0.1 mg/l TU, on which 10 ml of SEM was overlaid. For these
cultures, 15x90 mm Petri-plates were used and they were sealed with Parafilm after

inoculation of the explants.

Callus induction from young leaves

Young leaves of mangosteen, pawa and somkhag raised after one month of in vitro
culture on MSIM were excised and cultured as entire, segmented or striped explants on CIM
supplemented with plant growth regulators. Twenty five leaf explants were cultured in each
15%x20 mm Petri-plate containing 15 ml culture medium. Four plates were replicated for
each treatment. The cultures were sealed with Parafilm and kept under the same conditions
as multiple shoot formation experiment. After culture for 4-6 weeks, percentage of callus

induction and origin of the callus were recorded.

Shoot induction from nodular callus

Nodular calli induced from leaf segments of mangosteen and pawa were transferred
onto 20 ml SPIM in 15x90 mm Petri-plate. For each plate, 10 ml SEM was overlaid after two
weeks of culture. After culture for 6-8 weeks the number of shoots induced in each nodular

callus was recorded.

Results

Multiple shoot formation from seeds

The seeds cultured on MSIM showed different ability to produce multiple shoots
among the three Garcinia species in terms of both percentages of explants with shoot
formation and number of shoots per explant (Table 1). Pawa gave the highest values in both
of the percentages followed by mangosteen, whereas somkhag did not produce multiple
shoots.
Multiple shoot formation from leaf segments

Young leaves of mangosteen and pawa produced 2-5 shoots when they were
cultured as a whole or segments on WPM supplemented with 5 mg/l BA (Table 4). In

somkhag, however, the leaves produced no shoot on this medium as well as other media
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containing different concentrations and concentrations of plant growth regulators.. In the
culture of somkhag leaves, only friable callus was observed at notch site or cut area (Figure
2). Frequency of direct shoot bud formation from leaves of pawa was far greater than those
of mangosteen, especially when the leaves were cultured as segments (data not shown). In
addition, the time required for shoot bud formation in pawa was faster than that in

mangosteen.

Nodular callus induction from young leaves

Callus induction from young leaves occurred differently among the three
Garciniaspecies tested (Table 2). Mangosteen provided the highest frequency of callus
induction on CIM supplemented with 0.5 mg/l BA and 0.5 mg/l TDZ. Addition of NAA
completely inhibited the callus formation. In pawa, however, addition of low concentration
of NAA favoured for the callus formation and the best callus induction was obtained on CIM
containing 2.5 mg/l BA and 0.25 mg/l NAA. Proliferation rate of the callus on this medium
was 3-4 times by subculturing with monthly intervals (data not shown). In case of somkhag,
addition of NAA also favoured for the callus formation and medium containing 1.0 mg/l BA
and 0.5 mg/l NAA gave the best callus induction. Replacement of NAA by cytokinin, TDZ and
TU, acted inhibitory to the callus formation and no callus was induced when TDZ was
combined with BA, whereas TU reduced the percentage to the half.

The quality of callus induced from young leaf explant on CIM was different between
somkhag and other 2 species. Mangosteen and pawa produced meristematic nodular callus
which was compact and nodular with some shoot primordia (Figure 1). In contrast, somkhag
produced friable callus which had light green color with slow growth (Figure 2). In all the
three species, the calli were mostly originated from proximal region of the explants,
followed by midrib and distal regions. In case where wound treatment was made by

stripping at midrib, callus induction was also triggered at the cut surfaces (Table 3, Figure 3).

Shoot induction from meristematic nodular callus

Multiple shoots could be induced from nodular callus of mangosteen and pawa.
After multiplication of the calli in CIM till reaching to a desirable quantity, they were
transferred onto SPIM on which development of the shoot primordia was induced. Further
elongation of the shoots was promoted by ovelaying SEM onto SPIM. By adopting this
procedure, ten (mangosteen) to twenty (pawa) shoots/callus were produced within 4-6
weeks (Table 4). In case of somkhag, leaf-derived callus proliferated quite slowly, turned
brown, ceased growth and finally died after 2-3 subcultures. Neither shoot induction nor

establishment of cell suspension culture could be achieved in this species.
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Discussion

Garciniaspp. are characterized by agamospermy or obligate agamospermy. Seeds of
the species contain somatic pro-embryos originated from ovary tissue or nucellar tissue
without fertilization (Lim, 1984). Accordingly, approximately 10% of the seeds germinated
have more than one seedlings per seed in mangosteen and pawa. By culturing in vitro,
embryogenic potential of the seed was intensified and 70% of the mangosteen seeds
produced a large number of shoots on MMS containing 5 mg/l BA (Table 1). The number of
shoots obtained per seed has been reported to range from 10 to 20 in mangosteen (Gohet
al.,1988; Te-chato and Aengyong, 1988; Normah et al.,,1995). Although pawa also gave 100%
multiple shoot formation due to polyembryony, somkhag gave only one shoot probably due
to the lack of the nature of polyembryony. Although Normahet al. (1995) reported that NAA
in combination with BA increased the number of shoots, reverse results were obtained in
the present study. Presence of NAA or other auxin in the medium gave inhibitory effect on
both multiple shoot formation and callus induction in mangosteen. Addition of NAA to the
medium caused a rapid browning of explant and culture media, leading to the necessity for
shortening the interval of subculture.

In micropropagation of fruit crops, frequency of the success generally depends upon
genotypes, culture media and plant growth regulators. Predieriet al. (1989) reported the
difference in the ability of plantlet regeneration from cultured leaf explants in different pear
varieties. Similar results were also obtained in micropropagation of apple rootstocks, in
which some varieties required a low concentration of IBA while others required a high
concentration of that alone or in combination with GA3 (Yepes and Aldwinckle, 1994). In the
present study, three species of Garciniaresponded differently to plant growth regulators for
callus induction from leaf segments. Mangosteen callus proliferated most profoundly in MS
supplemented with only cytokinins (BA and TDZ at the same concentration of 0.5 mg/\),
while the calli of pawa and somkhag were induced and proliferated in the presence of both
auxin and cytokinin (NAA and BA) (Table 2). Characteristics of the calli induced also varied
from species to species. Leaf-derived calli of mangosteen and pawa were compact and
meristematic, whereas somkhag produced friable callus. In these 3 species, the calli were
mostly originated from proximal region of the leaf segments (Table 3). The same
phenomena were also observed by culturing immature cotyledon of apple (Rubos and
Pryke, 1984), peach (Prunuspersica), plum (P. domestica) and cherry (P. cerasus) (Manteet
al., 1989), in which multiple shoots were formed only at proximal region and that no shoot

was produced in the absence of that region.

In the present study, various explants of Garcinia spp. produced multiple shoots on
SPIM containing different plant growth regulators although somkhag gave quite different

responses to the culture media from the other two species (Table 4). Twenty and fifty
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shoots were induced from one seed in mangosteen and pawa, respectively on MMS

supplemented with 5 mg/l BA. Young leaves of these species provided only 2-5 shoots

when they were cultured on WPM containing 5 mg/l BA. Although somkhag could not be
propagated through seeds and young leaves, nodal explant was proved to be the best
explant for multiplication on WPM containing 0.1 mg/l BA and TU (Table 4). Based on the
results of the present study, propagation of elite trees for each species will be efficiently
performed year round. Moreover, improvement of the species by genetic transformation
through particle bombardment and Agrobacterium-mediated methods will be achieved
through the use of plant regeneration systems established in the present study.
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Table 1 Difference in multiple shoot formation among the 3 species of Garcinia on MMS

medium containing 5 mg/l BA.

Species Multiple shoot % Multiple shoot Avg. shoot number
formation formation per seed

G. mangostana yes 73 20

G. speciosa yes 100 40

G. atroviridis no 0 1

N 100

Table 2 Effect of plant growth regulators on callus induction from leaf explants in some

species of Garcinia.

Species PGR % Callus Type of callus
BA TDZ TU NAA  formation

G. mangostana 0.5 1 - - 15.0a

(mangosteen) 0.5 0.5 - - 68.8a
0.5 0.5 - 0.5 Oc mreristematic
1.0 0.5 - - 66.7a nodular callus
1.0 1.0 - - 25.0b

C.V. (%) 10.3

G. speciosa 0.1 0.5 - - 25.4bc

(pawa) 0.5 0.5 - - 54.1ab
0.5 1.0 - - 26.4bc meristematic
0.1 - - 0.1 66.6a nodular callus
0.5 - - 0.5 8.8c
2.5 - - 0.25  90.0a

C.V.(%) 31.3

G. atroviridis 0.5 - 0.5 - 15.4b friable callus

(somkhag) 0.5 0.5 - - Oc
1.0 - - 0.5 34.5a

C.V.(%) 25.2
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Table 3 Origin of the callus from various types of cultured leaves.

Species % Callus Origin of callus
Proximal end Mid rib Distal end
G. mangostana 89.7 51.6 16.0 14.0
G. speciosa 55.5 41.6 13.9 0
G atroviridis 154 154 0 0
N 50

Table 4 Summary of the conditions for shoot multiplication from various explants in three

species ofGarcinia.

Species Explant Culture media+PGR Avg.  shoot
no./explant

G. mangostana  Seed MMS+5mg/L BA 20

(Mangosteen) Leaf WPM+5mg/l BA 2-5

Callus MS+0.5mg/l BA+0.5mg/L TDZ (1)
WPM+0.1mg/l BA (2)

overlayed medium (3) 10
G. speciosa Seed MMS+5mg/L BA 50
(Pawa) Leaf WPM+5mg/l BA 2-5
Callus MS+0.25mg/l NAA+2.5mg/l BA(1)
overlayed medium(2) 20
G. atroviridis Seed MMS+5mg/L BA
(Somkhag) Leaf WPM+5mg/l BA 0
Nodal WPM+0.1mg/L TU (1)
explant  overlayed medium (2) 20-30

PGR: plant growth regulator, MMS: modified MS medium

WPM:  woody plant medium,  BA: benzyladenine
NAA: naphthaleneacetic acid, TDZ: thidiazuron
TU: thiourera

overlay medium: 1/2MS liquid medium supplemented with 0.06mg/l NAA and 0.03mg/l BA
(1) (2) and (3) callus induction, shoot bud induction and shoot elongation medium,

respectively



67

B
Figure 1 Nodular callus with leaf primordia obtained from leaf of mangosteen (A) and direct

shoot formation from leaf of pawa (B).

Figure 2 Light green friable callus obtained from leaf of somkhas.



Figure 3 Callus formation from wound area at stripped midrib.
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Abstract

Generally, the same species of plant contains different DNA contents. By this
characteristic it is very useful for verification of relative species each other. Flow cytometry is
popular technique which is used for that purpose due to short steps, incomplicate, rapid
perform with a large amount of samples. In Garciniaspp., the DNA content of mangosteen,
madan and somkhage is nearly the same or equal. Mapood had DNA content two times
higher than those cultivars and four times higher than that of Phawa. In case of Lansiumspp.,
longkong had the highest DNA content, followed by langsat and duku. From the above
results it is suggest that flow cytometry is very useful for verification of fruit crop varieties in
a short time in future.
Keywords: Fruit crops, flow cytometry, cultivar verification
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Abstract
Various explants of Somkhag were cultured in different culture media supplemented with various
plant growth regulators (PGRs). The results showed that nodal explant gave the highest percentage and
number of direct shoot formation at 100% and 3.8 shoots per cultured node, respectively on woody
plant medium (WPM) supplemented with 0.5 mg/l benzyladenine (BA) and 1 mg/l thiourea (TU). The
following result was obtained from distal cut end of stem (35% with 4.5 shoots/cultured stem) and leaf
explant (56.17% with 2.64 shoots/cultured leaf). Multiple shoot formation was not obtained from root
explant. Histological observation of stem and leaf produced shoots revealed that those shoots originated
from monolayer of epidermis. The cells in this layer were chracterised as meristematic cells, rapidly
divided to form shoot structure with vascular tissue. Shoots were successfully rooted (55.56% with 2.67
roots/shoot) by wounding the basal part, dipping in 1000 mg/\ 3-indolebutyric acid (IBA) in the dark for 15
min and the inserting in Nitsch&Nitsch (NN) medium with 0.5 mg/l A-naphthaleneacetic acid (NAA).
Keywords: Somkhag, thiourea, multiple shoot, Histological
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A

duwwn (Garcinia atroviridis Griff) Wuldnavimisldnsuaisvestszmalne lnsanzludmingzan
Unendl wsndna JWuliidududnegluned Guttiferae (@uns, 2538) navedlidununiisaion Ussmvulunald
fouthanUge W IWuRaTeszYY Yiieuzun Tvesminldduanulnefuthudensiwavesduunndy
T¥audugmlenladin Futauns (5Tnd wazany, 2503) lusnduwunlsiiduiisinegrsunsvarseniiunald usfly
Hagtuduuaniduiisinanntu iesanimsdunui duuauniinsalensend@edn(hydroxycitric acid, HCA) g 30
Wosiuslaewiin ansdenarudusdudueulss ATP-citratelyasefisuusunnluifiddunsgvivesnsalesiu 39
fnalunssudanmsansaluduiunlnlluead dwsunenumseeeiusdunndeiinamzsdsaiededy
THdudusuduiidundn wasUassen (393 uavandes, 2539) n1sWmunmsainssensauldilue1nsgns MS
(Murashige and Skoog, 1962) L BA (benzyladenine) ag TU (thiouria) A1uNTULINAUBE Ay 0.5 Un./a.
Fuanduimunairsunadaldmuewnsfiugiu MS ifia NAA (naphthaleneacetic acid) 0.5 1n./a. wag BA 1 1n./
3. uazmavidnunusenildlasnismedssassenuazdeluoimsgns WPM (Woody Plant Medium) ifisl BA
wag TU ananduduinduegnsay 0.1 un/amsdnisnangenduuunlaenisadaung 2 uu. $1uau 2 wnadl
Uhadulauudiduudeenluaisazans IBA (3-indolebutyric acid) (Wanad wazaulas, 2541) senuatuiayld
osuimarestudfinzidssenisaieenu wartidavewensuandudindnaileveeiugsuu
1n eydnEiugnasy uaglfiduedosdiolumsugnarefuliiudununlueunan

aunsaluaz35n7s

thudusen wasdevosdunaniildainniamsdesuuemsgns WPM \fiu BA Wudu 0.5 un/a. TU
Wty 0.5 wnsa. Dunan 1 deu indauenlifivun 1 s dunmnsdssiiuvinn Tnssendssuuemsman
Turenda 9 av 3 gea/ Teidssunemsudduvin 4 seud wanay 1 Fu el uusonnweuds Suildfn
wangstummst WPM i BA $2fU TU wa 1BA Tussduamududuiinnnsnstu wilunadesaneldnsy
wasuy 14 Flassietuiinnuduuas 1300 §nd gamgil 2652 °C  Wunan 1 Weulasuwvsmsvaaoadu 4 ms
nnas fail
1. BvdnavesriauazanuiduduvesansauaunsieiyiiuladensiiaUiinueansau

thiudugenuiedesmneidssuuemaudegns WPM fiu BA Wudu 0.5 Sedndudednssaudy TU 7
Aududu 0.25 0.5 0.75 wag 1 un./a.1fulnan 1 1Hou A51980USNIINITAABEATIL LAETIUIUATLEN
wWisuilguiuluudasailn wazaududureansniuaunIsaseyLAule
2. dnswavasniawsulusanisdniieanlagnseainluduiun

wisnluildinnzdeiaeisns 3 357e 1) luitldanmamzdesuuemsme 1 wou 2) luitldanms
wnzidesuu sl 1 ieundatheaomsvan 1 ey waz 3) uildanmsmzidssuuemsude 1 ieu
wiiheasemsudsedniunat 1 weufiusiusauluii 3 %%mam‘wwLgaauuawmiLL%aqm WPM 1y BA
Wudu 0.5 un./a. sauiu TU Wudu 0.5 un/a. Wunan 1 ieunsiadousnsinisaineeensin wagduiugensoly
3. Anwiiiiaveswendleiitiedeinen

suswiegdefiawenslneasanaiduiien fixative 1uiaan 48 dalus Helumsilu dagae
isesinlulasiaylifivuin 8-10 luasousoauualad dmnsilueen douduenistiu thludesgnieléindos
anssenlifiogidnveawadiimuilroensiy
4. wavasptuduvasaIsAUANNITRSYRuladaaaaEnsalun1stniisn

drgeadsquualy BA WWudu 1,000 un/a. 1utian 15 uad NWLW’]%L%EJ&H?J’]MW?LL%QQW?
NN(Nitsch&Nitsch)iiia NAA udu 0.25 0.5 0.75 way 1 un./a. eidsssenluiidaduna 2 &t foudrel

desluaninindsudeifuinamuduiaidn 6 a1 #5296an159011510 (BR5IN15a519510 3WIUIIN/B0R
LAZAIINYIITIN)
THURUNITNABIUUUAUARDN WARSVTALUAYTIINITVAGDY 3 ©1 T1ae 5 Faae
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NALAZINTAINANITNARDY
1. 3vswavasvilauazarmiduduvasasmuaunisniyiuladensiiuUisueansiy
nMawzidsstouuemsgns WPM in BA wiudu 0.5 un./a. $auifu TU Wutu 025 waw 1 un/a. a¥ha
HOA5INFeER 100% wiluevsgasiin BA 1udu 0.5 un/a. sawfu TU Wudu 0.75 un/a. Wisurusensou
\Augan duon (Tablel FigurelA 1B) uazwuin amnzidssdudelasdauarsduniodelfianueun
duasunisadsensaruadnsiuaunn (>10 sea/aud) Tngldriunsadrunada (Figure 2A) dmsuiugy
sntlinnsadeeonsilnenss lidunsadunadaldiduiusiuius-s son/sn (Fisure 28)

2. answavasnsnssulusianisdnuisanlaeassainluduwan

nmsisasssenduunluems 3 38 wui mamnzdsduemsudmiesmsmaniieedraielsl
Aamsadiseen uwilunmsinzdsduemsudaazomsmanaduiu wuidinsadseenlnensiannlu (Fieure3) i
dasmsaiseen 56.17% S1uiugeniads 2.64 senriely (Table2) Fudusuuuuemnsiimnzaslumsiniesly
Lﬁa%ﬂﬁwEJac»fLmsmiaaEJ'Niiﬁmm"wmuaamﬁlﬁﬁawﬁwﬁwLﬁal,ﬂ%'smLﬁwﬁmmwwﬁaﬂuﬁq@m (auaq, 2540)
atoradlesnaniugiiuandaty uaznisnevaussdeansauaunnaiydulaiiuand siu Tunsdlduuonlal
novaussiensaiawoulslorduileld T0Z luvaziluimanevausslduinniy 500% wazueulsleedudusn
duasunsaseenduuInnlaenssantu (>50 vena/lu) (@udss, 2540)

3. e Ingnvesmsiingan
ilensrraeuiiiavesensiuiuinniiiaumndudiuvesddudumiedenuin soadinaiiamamn

Mnadifisry vionduisaduinaiwadinvesdiiu (Figure 20) aonndasiuntnmizidsdusiing udluinalsd

sreeuMstnieensiulnensnmsnzEewudusn wasdefiduaioen (@ues, 2540)

4.xavaInnududuvasasaluanNssyiulafanNaInsa luNsENlIIN
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Tablel

Effect of plant growth regulators on
proliferation of shoot from culturing

nodal explant on WPM medium for one

month.
Multiple shoot Avg. no.
PGR (mg/l) )

formation (%) of shoot
BA(0.5)+TU(0.25) 100 3.13
BA(0.5)+TU(0.5) 93.33 3.88
BA(0.5)+TU(0.75) 86.67 4.00
BA(0.5)+TU(1) 100 3.8
F-Test ns ns
CV. (%) 8.59 40.87

ns = not significant difference

Table 3 Effect of concentrations of NAA containing
NN medium on root induction from excised
single shootafter one month of culture.

PGR (mafl) Avg. shoot Avg. root Avg. root
forming root(%) number length (cm)

NAA (0.25) 55.56 15 1.48

NAA (0.5) 55.56 267 0.97

NAA (0.75) 55.56 1.67 1.15

NAA (1.00) 55.55 1.33 1.25

F-Test ns ns ns

C.V. (%) 36.56 54.04 56.62

ns: not significant difference

Table 2 Effect of leaf preparation on direct shoot

formation prior culturing on WPM+0.5BA +
0.5TUfor one month.

Avg. leaf forming Avg. no. of

Treatments

shoot (%) shoots/eaf
0° 0°
SM+LM+SM 56.17° 2.64°
0 0
11.78 36.31

: Significant difference at p<0.01  Means sharing letters in

common is not significant difference by DMRT. SM: Solidified

medium, LM: Liquidified medium

Figure 1 Multiple shoots of somkhag from cultured

nodal explants (A) and shoot tip with one
node (B) on WPM medium supplemented
with 0.5 mg/l BA and 1 mg/l TU for one

month.
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Figure 2 Development of cultured nodal explantswith long distal end (A), root (B) and histology of shoot
on nodal explants with long distal end (C) on WPM medium supplemented with 0.5 mg/l BA and
1 mg/L TU for one month.

Figure 3 Direct shoot formation from culturing leaf onWPM+0.5BA +
0.5TUfor one month. (The leaf was prepared by culturing shoot on
solidified WPM for one month follow by liquidified WPM medium

for further one month)

Figure 4 Acclimatization of complete plantlets to soil
vermiculite mixture containing 4 inch pot.
A: control humidity for first week

B: survive under greenhouse conditions
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N15YNENRUSHEAY (Garcinia schomburgkiana Pierre.) lunaaanaaas

In vitro propagation ofGarcinia schomburgkiana Pierre.

A ¢ & v 1 1
E!iiﬁl‘u WUYaU wazduUas LGI’U%IGI

Sureerat Yenchon' and Sompong Te-chato’

INMANYANENS AMSVISWEINTTITUYIR UNINIAYAIVAIUATUNS INenunalng 9. dauan 90112
!Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla, 90112,
Thailand.

Abstract

In vitro propagation of Garciniaschomburgkiana Pierre.was carried out using apomict
seeds which weresurface sterilized and cross-sectionally cut into 2 mm segment. The
explants were cultured on solidified MS medium supplemented with 5 mg/l BA, 500 mg/l
PVP and 0.2% phytagel. The results revealed that the explants gave the percentage of
multiple shoot formation at 100%. For shootmultiplication, cluster of shoot (1 cm in
diameter) were separated and transferred to culture on solidified MS medium supplemented
with 0-5 mg/l BA. The results showed that 5 mg/l BA gave the highestshoot numbers at
16.34 shoots/explant while the medium without BA gave a maximum number of elongated
shoot (3 cm) at 9 shoots/explants, significantly different with another treatment. The shoots
at 3 cm in length were excised and rooted on solidified MS medium supplemented with
NAA or IAA at 0.5 and 1.0 mg/l. The suitable auxin for root induction was NAA at 0.5 mg/l
which cave the percentage of rooting and average root number at 57.14% and 2.07
roots/shoot, respectively after culture for 6 weeks.By this technique,Garciniaschomburgkiana
Pierre.could be multiplied and conserved in vitro as genetic source for further improvement
of Garciniaspp. in the future.
Keywords: shoot clumps, In vitro propagation, Garcinia schomburgkiana Pierre.
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wazaysnuiugnssuusaulunasanaassiveldUsulssiugivluana Garciniasioluluauan
AR BRI NsveneRugluvaenvnaed Uesu
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WgAau (Garcinia schomburgkiana Pierre) \Huldnauszianlddudusfanisluaed
Cruciaceae Haildnwzen3alealisarAuTeInn finfiugas vendou waglugeuinuusenay
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Upadnfinnntu anudesionisagiugidgunn n1sveneiuduasnisiiusneiugnssuidiang
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nsEneTNUiAadaantuduly wiwaadallaunsaiuUsSuuLastnitenledsa (dannTad,
v & = S g v & A = a a =
2544) dariulunsAnwisldtudiuudaiioAnwnavesasnIuaunsasyRule Muangaulunis
inzidsaiunzauluiasnneaes lileveeiugIuILLn ausnuiugnssy wagldidueiodieluns
Ysulsaiugusaunazivluana Garcinia lueunes

gunsaluazasnis
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fioflns Mudssuuemsudeans MS annaglasa 3 Wedldud  BA (6-benzyladenine) i
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Wosidus (audes, 2540) wdumiziass 1 Wou tuiinweiifudnmsadeonuaysuiusonsotudiu
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glasa 3 Wesidud BA Wudu 0 05 3 uaz 5 dadnsusiedns Ju phytageldudu 0.2 Wesidud
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(Duncan’s multiple range tests)
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AsnzEss 50 1) Tngldfimséredes wui fnsedmeendiuiu ddisuaueensiueds 20
ganReTudL(Figure 1B) iodendurassensilumzfesuuomsgasiy wui dnmsdiudiuoy
poauslaifinisBaen waziinsmeninty (Figure 1) wanein BA Waudu 5 fadnsudednsimnzaly
nstniheeaudldwinganlunisiauveteen @enadestu auled waz Tunun (2531) F9518971U9
mMamnzidasiannuuesiiiy BA anudidugedniheesldunnuinseigdulawaznsian
SRNIRLIt

Wl

Figure 1 Multiple shoots of madan from cultured cross-sectionally seed segments for 30
days (A), 50 days (B) and shoot multiplication (C) on MS medium supplemented
with 5 mg/l BA (bar= 0.3 cm).

2. aAnududuvae BA dan1siaiuIveean

mnmsfausnngusearuluifssuuewnsfidiy BA emdudusineg wuh BA Wudu 5
fidnfusodng dninsenldgegaiade 16.34 senrotudiu duensfiliiu BA duadulfnmsinun
yoswonldinidliveniianugsnnndt 3 wufes $1u 9 goAratuAIL UANATINNARREES
fifedfyfunnudududug (Table 1 uaz Fisure 2)denAdastu aules way Jumun (2531) &9
senuiniletresenununadnuesinaludssuuemaiu BA Wuduih dwalfsendaeniléis
Ty
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Tablel Effect of concentrations of BA on shoot development from cluster of shoots after 45

days of culture on MS medium supplemented with 3% sucrose and 0.2% phytagel.

BA No. of shoots/explants Total number of
(mg/L) shoots/explant
Less thanl cm 1-3 cm height More than 3 cm
height height
0 1.33c 9.00a 12.33
2.00
0.5 2.33¢ 7.33a 12.33
2.67
3.0 8.67b 2.00b 13.00
2.33
5.0 13.67a 2.67 0.00c 16.34
F-test * ns *
C.V. (%) 14.04 22.70
35.83

* 1 Significant difference at p<0.05, ns: not significant difference

Means sharing letters in common is not significant difference by DMRT.

Figure 2 Effect of concentrations of BA on shoot development from cluster of shoot after 45
days of culture on MS medium supplemented with 3% sucrose and 0.2% phytagel

(bar= 1 cm).

4. wavasvdauazanududursseandurianisdniinn

NNMsFRgeAIReNT ITANEs 2-3 Wwufms sndnthsinmnudn ewnsdy NAA wWaudu 0.5
findnsusiodns dnihan Tneliivesfidudnisadienn 57.14 Wedidud warlisiusnade 2.08
nseTud sinfluwetvgjninluensiiiu Pandsdssduna 6 §Unsi (Table 2 waw
Figure 3) @0nAasdiu dulod WazAty 2554 WUl NAA 0.5 lednsudednslinisiiasnluduianle
a9a0
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Table 3 Effect of types andconcentrations of auxin
on root induction from excised single

shootafter 6 weeks of culture.

Avg. shoot

PGR (mg/l) . Avg. root number

forming roots(%)
free 0.00c 0.00d
NAA (0.5) 57.14ab 2.08a
NAA (1.0) 23.81bc 1550 Figure 3 Characters of roots induced on NAA (A) and
AA (0.5) 33.33aC 116c IAA (B) containing MS medium
IAA (1.00) 61914 1.95bc supplemented with 3% sucrose and
F-Test *x *% 0.2% phytagelafter 6 weeks of culture
CV. (%) 84.10 37.98

* * Significant difference at p<0.01

Means sharing letters in common is not significant difference by DMRT
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