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ABSTRACT

Potatoes are nutrient-rich and are economically important. To meet the
quantity demands tissue culture technology is used for seed potatoes development
and reduction of the importing cost of seed potatoes. In this study, modern tissue
culture technology - temporary immersion bioreactor — was employed to enhance
the production of microtubers that can be utilized as seed potatoes. Single-nodal
explants in liquid culture in the twin-flasks temporary immersion system were
cultured using MS liquid medium supplemented with 0.5 mg/L BA. To obtain the
initial shoot explants the medium was fed to the explants every 8 hours, 2 minutes
duration each time, for 3 weeks. Factors influencing microtuberization were
examined. In the first experiment, the frequency and the period of liquid medium
feeding were studied. In the temporary immersion system, the liquid medium was
fed to the explants every 3 and 12 hours, for 2 and 20 minutes per feeding, using MS
liquid medium with 90 ¢/L sucrose. After an experience period of 3 weeks results
showed that microtuberization in the twin-flasks temporary immersion system was
more efficient compared to that in the conventional solid medium culture.
Specifically, 2-minute feeding every 12 hours was the most optimal condition, which
yielded 90.00% microtuberization and an average of 1.93 microtubers per shoot. In
the second experiment the effects of different initial shoot numbers (10, 20, and 30
initial explants per container of 300-mL liquid medium) were compared. It was
found 20 initial explants per container to be the optimal number that gave rise to

an average of 28.4 microtubers per container. After which, sucrose concentrations



were varied in liquid medium (30, 60, 90, and 120 ¢/L). It was shown that higher
sucrose concentrations promoted microtuberization. 90 ¢/L of sucrose was found to
be the optimal concentration, while 30 g¢/L of sucrose was insufficient to induce
microtuberization. In the 4th experiment the effect of cold stress on the initial
explants was studied by incubating the explants at 4°C for 0, 8, 24, and 72 hours
before entering the temporary immersion system. 8 hours of 4°C treatment was
found to be the most optimal, especially when considering the generation of
microtubers weighing > 1.0 g, which was enhanced by 4.19 fold compared to the
non-treatment. On the other hand, 24-hours cold treatment decreased the number
of microtubers generated. The effects of heat stress was examined by heating the
initial explants at 30°C, 40°C, and 50°C for 1 hour prior to entering the temporary
immersion system and comparing results with the non-treatment. 50°C-preincubation
was found to be the most optimal treatment, which increased the numbers of
microtubers per shoot 1.23 fold and yielded more higher-weight microtubers (4.62
fold increase of > 1.0-g¢ microtuber generation). Finally, the resultant microtubers
weighing < 0.20, 0.20-0.49, 0.50-0.99, and > 1.00 g from bioreactors to soil were
transferred to planting and grown in greenhouse condition. After 1 month of
transfer 85-100% sprouting in microtubers which were incubated at 4°C in the dark
for at least 1 month, were capable to develop into plants. The results demonstrated
effective utilization of temporary immersion system to induce microtuberization for

further industrial-scale plantation.

Keywords :  potato microtuber temporary immersion system feeding conditions

sucrose abiotic stress
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USinasnvhmsveaes  Jasedidnen Toun  anuduasszeznainislienmsmal 1w
Judrwfiadaiy  sefunnududureninaglasa ssesnaninfuinuiiisiunds e
A4N178LASEANNNNNENNTEAUUILNATY 1ABagiin1TIATIEYNT58519%) Uselaniia 91wl
dwein uazauavh %ﬂuuNﬂ'ﬁmaaq%ﬁﬂ'ﬁﬁwﬁﬁaﬁLﬁm%ummﬁaum'ﬁaaﬂwé’qaaﬂgﬂ

TulsaSeu waensineinsdued wu AuaudAnisimueyyadass Wusy



Uszlavunaininazlasu

Toanzimunzanlunisadiendi (microtuber) surlSslussuvanding Feazdy

wataTsn1suarasfauiNaunsainlusesenlunsnEn iR uEIuHTIsEAUgRamIN T TY



UNa 2

ﬂﬂ@ﬁLLﬁ%ﬁi’JﬁlL@ﬂﬁqi

AnudAyvasune

fur3a (Solanum tuberosum L) Wufisifianuddgmaassgiadusufuauves
lanseintimaediand TneluSunaumsuanuinndt 365 awudusiet dinsugnunnniy
150 Usgmavilan InslanzUszmaiidaiannlunivie@ouazuoning deliuniaduumas
913NdRey (Patil et al, 2016) AauAwdlarIMIvesTuNTTusuiuanIsesandn
wideslusudSinalusiusesnuas deilusiuanfiaiidriny fe patatin Tuu3unngs (Liedl
et al,, 1987) Iﬂiﬁuﬁlﬁmﬂﬁuw%ﬁamquaﬂdﬂﬂsauﬁle’w’mﬂﬁ"ﬁm WasTurlSsunn 150
nfu fsmnaansemsfiraslasuluwiagiu (recommended daily allowance; RDA)

a

Usgnausig Infiudigeds 45%, Indiud 6 (pyridoxine) 10%, Amdiud 3 (niacin) 8% uaz
ofing 9 (folate) 6% ueniniéiimuaaion Tnunadoy woaveda wén lolofu uas
wunil@ey (Patil et al., 2016; gvie, 2562)

TusfunSellansdnuoyyadaseing 9 fididy  loun  uelsiuesd  (carotenoid)
asUsenaufiuedn (phenolic compound) wazranliued (flavonoid) Faualsiiusssmnuly
sfuSnudn Tususean 100 n3u fuelsiiuess 50-100 lalasn3u uslushunSsaneiugd
ImuazaeiusAvassnunis 2,000 llasn3u uelsiussdfinuanluaidu xanthophyll
18uf  lutene, zeaxanthin uag violaxanthin  ansUsznauflueantusiussinuinnde
chlorogenic acid ?z'quﬂﬁa 80% wosUsznauasituednimun NalusemludunSaiodan
s 30 lulasnSusietudSan 100 n30 FannnidSnadinuluiulSailedunuaya
1hadaaeain wanluessdulveifinu Ao catechin uaz epicatechin (Brown, 2005)

fussdaduumasanslulawnsnitdiey Wesnduimaudsazauluiigs muussy
fulieiinssuaunsmsaaeununmitelsldnandanuinaindesns  SunSsiipnis
ﬂ%mmﬁflmaﬁaaLW'ﬁflﬂuﬂﬁzU’mmsLLUigﬂé’asJmsmaGwﬁaahumzmumsﬁi%qmmﬁﬁm

Y Y

geyliiursauasududuinia (browning reaction) tlosa1nUfiseuaaisa (Maillard

. ' H Aa o a o & o aa ' @ @ [ Y
reaction) sewinunasAgAulUsAY sliladeninadenmuninvesiuas lauwn aeiug

9

Wosnnusazaneiugiinisazauuduanaadiy  gniswizdagn eamgll egnisiiuien

saluismsiiusnuiitudss sl way 3561, 2562)



Asnanduelsaludsswmalneg

fulsadufiniasvgiodnviavieiilinanovunugs  Tnenandniilasedliuarls
Uszanal 6,000-9,000 vwsels Aiufnzdgnudneglumiamaniawievessumalne
oun Fodval du wogenn nandedléiuszann 90% aggninluldifioduingiudms
TssuulsgUiudfmennsey dagtumnasiosmanandndusfeduuliugedy anudonis
fulSaitelfiduingRuegfiussanas 124,100 dusiel S1AIeABve SRS saam e sman
ogfl 35 UmslaRlansy (W, 2551)

{]mgﬁ’uﬁmssumaﬁuﬁﬂqﬂLﬁmmﬂe'%fuLﬁasaa%’uqmammsuLLUsgﬂﬂuN%’a Tnefiiiud
waﬂqﬂﬁwﬁ"qmzmm 38,779 13 ¥ 2560 wazuiindudu 40,055 15 1l 2561 (@ina
irswgiansinens, 2562) egnlsAmunisugniusidudsemelvedoddiniugiiidian
seUssnAunuiay esnndssmalnedldfinsndniiusiuidldios sldaanisee
uaawsiaug Tud 2561 fSinamsiidwisiugiunsgsis 4,525 wedndu uazlud 2562
dududu 592015 wedndu Andugadifunanedesduum  (hsumsdnensussne,

sl o v ]

2562) inunsnsguaniunSediulvgfesweriiudimindiansauseme iilvdanldanvadly

3

Fruresununiskdn Sntatureunmaidndedarugienndudeu iliAnanudrin uas
liaenndesiuggniaimzgnivanzay dwalvnananselsanas (lan, 2523)
UssialnesinmaddiiusiiudiSaansssamatazdudnunn - desannlyl
anunsonAaviusiudsdldifome  lilidununisdeiigdy  nsensanumsuazannsl
GugideasslmmmstdsifusiunSmesensy  Idoynifusunseuanunnasesdnig
n13A1lan (World Trade Organization: WTO) U 2561-2563 fa Usunailulaaen 302 6iu
ssiusSsaniteuussy f8nsndlulaam 27% uazsnsnnBuenlaam 125% udannnnsd

(%

UsenalngluauisandniiusiunSalaieaane AMENTSUNITULHUNU AT AUWRIL

q

[

f =X a a & a a8 Y U o so & a I o
NFNYATLLASHNNTEU "{NNQJC‘]LVTU“UE]UﬂTﬁLIJﬂC‘]aqﬂﬂUQle']WUQNUNiﬂiu(ﬂﬁﬂflE]JIF]']GHVLQJQ']ﬂﬂ

U 951ENelulAInT 0% wardnsINIBUBNLAINT 125% wielinunsnsHwInuSIu

]

HinhlumnzUgnilanandniismenonisuilaanmeludsema  leedieulunsdndwi
v 6w OV ovay v 1 aa [ ¥ o ¥ o ' v v & & b4 !
Wugiunstlata 3 At Wwuvnsdfyaealdugundn - SvthediiugiudSalsanuliug

NeAINS ALY 35 Vndeilansy wasuldnfesudenandnannnenInglusIATuAImINen

FUNTIUNITIANIINTHAARALNTAIANTETIEY viaNuA veuilvg wasdunSslamvuald



PIOARAT  ENTIPN-HguIeY)  $1ASUBelIEINIY 10.60 umdedlandt  waryisgaHu

(N3ng1AL-511AY) S1A13UTelsINT 14 vnseAlansu (W@, 2561)
ANWAUSNIINONUAEASTVD AU

o O & A ¢ oA U A o = @& Ay a
JurFuduitluid  Solonaceae wWudgIUNYIMINULWE  LHUNYALANAALAET
Uszimeaniy  ddumillaanainlandnagiuanlumivewsnild  vukaunsuasuuLiieniv)
a aa ¥ (% [} a a
weudaluUsswAluAdeuasiuy udNseemguauafiuaLEng
lassaievesdudTausenaumediuee q (nni 1) Jalldnuaenangneeanseail
(Faagug), 2540; Uaumsd uaz u1men, 2546)
°o v < v & ' = 3 2/ a a o
1. ardu 1 Juliiilegeu Jvwdnies lussezusnnisasyiulavesd

[
¥ U 1

AUAZAIATY TEEZADUINITATYLAULATOIEAUDIDIZAINTINI DA UM ILLLITIU

Re

Y v ¢ A & ao v ~ a
Yuagiuaneiug Welafundmuazianiiues 60-150 WuRlins
2. lua 1inandruvesmvesarnuldnu ddanazudnd drutatalaeee
Inaaziinswaunluidui Haannisvenedivesdiutaelva
o ] o v Yo ° v a g | YR '
3. W Wudduazanemsldfuwasivimudiuveneiuguuul
afune uSaulatginavsidudruniauiifniiunss vuRivesiiling
nsra1wey wazdl lenticels Wugdn o dmsunismielanazszuiveinia U3

;4

wazawauasiuwlslunuaeiug Tuiugnsmidnawuunsinauuagnsinay

v aa a ! s a

3 muundmadud Seliiatey waluuwaieiuginalideu Wusiun Bondn
russette AYIIMULazAvesR T Saanane B dudnuuruseswiug 1neild
Fausium-ada indes dessou du uas thaa wioias

4. wide Wudiuiadysenunaineuui niendnadynainevdni
onssnanses gruvestevziasyluidudiildfuiiahafusuuayiva

5. Tu Wuludszneunuuvuun (pinnately compound leaves) @
vanevesununarsluiludes 1 lunnalvgiian uaziludeniFusivisansdng fio
Tudesauinlng warlugesauimdn ludesrsaowiindesiuuuaduuuy
wnunaly suTavesluazuandnsiulumuanesiug Wy oval, oblong, obvate
e round

6. 91N AUMASPIINUAATISTUUTINUAILAZIINUULL  AUTLS QU

NTINUTLTLUUTINNBETLATYUIINFIVBIMUBLAzTavRiAulARY



Underground stem

I ' a v | I3 a
7. a8n WuUnsnyavUn cymose kANNIUTDNNLUU 2 NI ABNYBYIY

aa !

aiuuiutenenges dvasmengesTuadivaeiug lnevilunaniziidiseoy

1 ! a A dy a a a v v U U a A
ABNYDULLANLADNUNAULAEY 2 NAYU NAUABN 5 NAY SIGRIZRIY 5 U LNATRAILUEY

[

1 5419 81 2 carpels wag 2 locules meluiiliopudiuiuain nsuaunasiale

VINAUFILDIVI DNALNY

a !

< = 1 aa = ’6’ = =
8. aM USUTNNAULUU hUY Mi@gﬂl‘% LA aazuInng Ulaan

Y

& Ao Y
UN ﬂ’]EJIULiJﬁ@@JﬂWﬂ%iUWJQ
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Tarminal lasilat

Adventiticus rools
Cavaloping tubar ..

e L e e e e
':-1‘?1 il /j': _ B e Scale leat on rhizome
Evebrow . § i T e
{rudimentary leal scar) A -".I‘!\ ! LN ""-
7 e % _ Lenticels
0 A o Gy, kS by _,{
Eye Trnod : ; : Diglal end
v (] vy o
Old “sead” pioce ~ AL £ MY\ ek
P O F A gl Stam or prozima! end
I
}F gl Young tuber
I t .__ . ¥
Trua roofs -
;iii‘ ‘"
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fan: (Patil et al,, 2016)



n1sugniiuelSe

Tudszmelveonugnsiunsmsmamiiolutisngmun wwduugnlutiadiousannm
WauRafoungednieu osngfiomamvinzansenisiasydulavesinsiunds gamal
ABaregiUszana 21 earisaifua viednidntey unaiiudiuataudvlanaslvng
nanlandedionmgireuinaudusening 15-18 esmwalea (lan, 2523) SunSsddoans
AL 12-13 dalue wasiusulunseanudunsa-ae 55-65 (naluladyitiy,
2562)

msUgnsussamuUnAGuluReungaineutazufnlufeuiunny dunisugn
furfsuengasingnauiisuuulvan genssdudmgatiunans 800 wastuly s
Ugnuengguuseenifu 2 fu fe Juusnugnluieusmeutaziiuiflufeudsna uas
suit 2 Ugnludounsngirsuasiiuiedluieunanau (maluladyt, 2562)

duilleniunveneiugdudss Ao 1 usagmuumhauisasenviialdueeiugle

TnenasdurSrdeinasdnussana 15 a1 JueSsndafaunsalimigusening 6-10

£
aad o A

WM sUgniiurFannynsnsteudl 2 35 dsil
1. n1UgNNA YAvuan 5-12 wudwng kagnianelninaiineen
Augau WaInauiimeaunaAaniulensn naAuNawY kiIsaUIMIN (nalulad
10U, 2561)
] o/ [ = ya 6 1 &J 1
2. msudsintudn Idinauuazazen yukeanegedeaelsn WU
witueenilu 2-3 #n lneudazdnlidafneguseunn 2-3 a1 egalsinnunis
wusazibiiinuinukg Fedudesslidelsadiduinuna wazyilisuii
mele delulieriudraziluilslunestiaunaviu 9 saumeduldlvivay
¥ a0 dg/ 5 L 1 ¥ o
LazsInmea1sAlie e 1 ase seudusauten IHaUseuu 10-15 Tu
wndsneudugeulUdneugnatutas (lan, 2523; walulagyitny, 2562)
BnswdahegldiiiuglumsdgnifesniniBnnsugnnaiana 100 Alansusels uedl
msnuMsUgnnanlikanindt  Wesanilemsazadluimndisisamsasyiulavesiu
(len, 2523)

(%
[y [ Y U v

funSsagannsanuiiealiflefiongusyana 100-120 Fu wasansusasalaidedne

v
& Y ! [

Ugn Jaduszeziivhdiunnfun vsedunaaindiduduieuasssauiuiuiwasuliunsang 7-
10 U fowniy NM3YAIMITTImsAusEdnsyiuaslinsnailinaawaauuiuly i

U o ot A a [y 1% =3 & o ] 1= = J al
WduRsluNIusEUIINIAR 7-15 TU LLﬁ’JLﬂ‘UI‘LlIiQLﬂ‘U‘V]LLﬁﬂﬁ@QlﬂJﬂﬂLLazﬂJﬂﬂiﬂ’]ﬂL‘Vl’ej'mﬂﬂfﬂ



(meluladvnathy, 2562) dvnnisfugniassuniuasiinsadiaueaniassd solanine eaz
Wlrmiiadefiduivdruslnasasiufu (avimil, 2562)
sraznadaiuTnvasiuse

mm‘%mtﬁu‘lmmﬁuﬂ%’qLLﬂqaam‘fJu 5 syey (Ml 2) §ai (Patil et al,, 2016)

3382N153YHAUTA |1 MIWAILIVEINUD (growth stage I: sprout development)
sovilFunnmiedousenoonunang wavduaadlevioseulnaiuiniu Tussesivhiug
(seed piece) awtduunamdsnuildlunisiasayiula

szaznsseysAUla II: NISWAILIYESAY (growth stage II: vegetative growth) 1Tu
sreziifinasaiulaniadidu nsadadines g vessu towd sen Tu A 510 Tauluidlva
sveriSuannsuanmisllauiiviidaSuarathat ssevmseSaiule | way I e 30-
70 Ju Yuagiutadesing q wu Julan aumgivesdiu waregiiiug

szazmaasAuTa Il nsiFuadhesia (growth stage Ill: tuber set/initiation) lu
sveziimaiamlminndntaevedva  Tneasldsseuavsuviunes  uwidslivereaun
nsseivialuszosifldinandsyana 2 dua

S&’ﬂ%ﬂ’]’iﬁ%i‘g@ﬂiﬂ IV: N15YYIVUIAYDAT (growth stage IV: tuber bulking)
wadaeluiiimsveneuunnainmsazanty asems wazadlulawsn  msasaivi
seovilldnauuiian TuegiuTulgnuazaeiiug Tnsenaldaauinis 3 Weu

srmzmaasdule v masaduladuiivasia (gowth stage V: maturation)
Tussezdsudoududmaes lus sasnsduasiziuaanas snsinmsasyivlnvenh
#1a9 wazsumeluiign shunifovie periderm muwazuuss iiamiufifidimaus
(dry matter) Wiy dnawdeulufuuts fannzandmiviiluuilneianuazussy
s Sadanseglumudunannundsiume  FfussliongAuszogladiui  hliuds

a [y [ Y 1% = 1%
wWasundulduiinalanazdiuiawiianas
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GROWTH STAGE | GROWTH STAGE Il GROWTH STAGE Il GROWTH STAGE IV GROWTH STAGE WV
Sprout development Vegetative growth  Tuber initiation Tuber bulking Maturation
Sprouts develop fram Leawves and branch Tubers from st stalan Tuber colls expand Vines wn yellow and
e on seed tubers stems develop from tips but are not yerap-  with the accumulation  lose leaves, photosyn-
apil grow U pward 1o aboveground nodes preciably anlarging of watar, nutrieats, ond  thasis Jecreases, tube?
emerge from the soll “:25 ;m enged in mast cuftivars the carbohydrates ﬂu::::]{a ::se and vines
Roats begin to develop w end of this stage coin-  Tubers become the ¥
st the bate of emerging  Feets and stolons cides with corty flow-  dominann site for depe-  Tuber dry matter con-
sprouts develop at below- ering sition of carbohydrates  tent reaches a maxi-

ground nodes and mahbile incrganic murn, and tuber sking

j set
Photosynthesls beging nutrients

a a a o O
AN 2 SSEJ%ﬂ’ﬁL‘\]iEyJLWUIWUEN?,JuNN

37 (Patil et al,, 2016)
1 & A P v ¢ w @
ﬂﬂiLW’]ZLaﬂ\‘lLuaLEJEJLWE]“UEJ']EJWND:SJ‘L!NN

mangidsnidodefindunTunummniulunsuulsuasimunnsugniiues
TugrmaneTikuumeiiamamngdeaiadegninnlfiieufulsnismdndunfafievili
Ifivituaonidelsn Bmawnzdsatedeiviuhldlasmaiiordwlnduniesiio 1wy
o¥ve oo wawiwad mwmL??&N‘Lummié’qLﬂswﬁﬁﬂisﬂaué"smﬁﬁm thana Fndiu
wavasmuANnTaiivln luanwdasnde Tnefimsmusuaninundexlunisimizides
WU e gamindl wazAnuBu  uieliduiinddnuneesmumenusuarlduiiasnnly
sgoznannnd  lunmawsdsadodefivuiasringnsomsdanmgidesdaumnyan
il 9 fvssashansemsUldleR (unudl, 2545)

wadanamzisatedofivgninnldlunszuiumsveneiusiuids Vil
wAnfundusisUaealsald  wazannsnvenetugduiuddslfesmniiluanmdaenide
Tnglunsmeidisuiofuufinasuasihdulaenlsenmzied 2 38 Ao msdadudiute

WeNIZIaesULe 1IN (single node cutting) WaMSARTUAIUTALNILIALIAIILBIMS
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s

WRIULATeRYEn (37, 2532) Tumsndniiiugiiudsianunsavilaly 2 dnvae Ao nus

]

C RS

eI luaninUanniia (microtuber in vitro) wasTwusvuIadn (minituber) Tuann

9

lsaSeuniinismuaulse (Useiasy wavany, 2529)
ASTUIUNITAITES 19T UES

nsasehvessiussndunalnilelfegseauazidunssuiunsidudon nsvuuns
ahhdadueiozazanemsvesiunisegnelddvinavesansmununisissyivlnuas
anmuwindey TuliunumdrAglunssudygiunszAuaNanInLIndouwasNISduRATIER
a13AIuANMTasRulangluy ( Seabrook et al., 2004; Pérez-Alonso et al., 2007)

nszvIunsaiilegmeldavinaveseesluufisuudlfidu 4 dureu Ao 1) s
Anlvauaznssonvesimainmdna 2) maasgyidulauasunnisfiuresiva 3) Msvganis
WwigAulavespmenlne wer 4) msiieiiuaziasyAulauesia  (Vreugdenhil and
Sergeeva, 1999) MIUABLUUAMNIFAFILING UL NTTUILNMTUULYARUAL VLN DVLIAYDS
wadvesmaiaialuanmmzidsaiedeiundefunszuiumstiusn 9 vesnisinily
anmessund  eglsfmahiiieluanmmndsadeorsnganinatyiuladun
urgudnansUseana 0.8 wufluas dedlvunmdndadendn $aa (microtuber) Tuvaisd
shiiAnluanmsssumfazeenelngiuluauiauegare  Wunainandnmsuagaduas
YBVUINYBATARUTIIN perimedullary region Tugrsvnevesnisiasyiulavesia G
lwhidniliAstuluanmmsdsaiedo (xu et al, 1998)

JuaisaduiiuasruaunmsiaydulanTdvinaluynsyesvesnsruiunisainei
(Xu et al, 1988; Vreugdenhil and Sergeeva, 1999) Fulusisadusyiuiigeaznszdunisiin

1%
[ tY [y a

lnanagnsiesydulavediva  wasIntusEAuYesIUIUBLTARUMITARAIAUN DY AR
wenantgesluuivelindu o Galdiumuaunssuiunsimuvewiieg lunsiialuauas
A % a a0 I a o Id a 1% v a 4;( YA A 1
nsgngmvedlvaseaulalalatiunandudssndu  Tuvuginisadesiiietuladlolidnaiu
yosuiaTaaUsaeTiaum  wasmndnssnwsvaumiviuilluraeniiseaulelalatugs
PUNFOUNINNTAFIUINBYOY jasmonic acid 8onaNtU (van den Berg and Ewing, 1991)
jasmonic  acid  Junauadidgiiniugunisasisiuaziasyivlavesiiuenmilonind
AIVANMENABIULUBLIAAATILLY ( Pruski et al.,, 2003; Cenzano et al., 2007)
) [} o/ Ao o a g a a a
wanduladeanimwinseundidgianlunsnssgunsasayduls  nswdsunlag

edugIUIneT waznisadieiiludiuelss Faldun anue1diu ANudNYedLEs ANETIAAY
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LA Wagdu 9 (Seabrook, 2005) Yaduanminedendu q 1wy gunTiuarsINeINg
lulasiauiidrumuaunszuiumsiauvesiunFaguiy
nalnmsaseiuazmsiasyivlnvesisiunsiignaiunslaesesTuuiivuaztade
anuanden samiauumslunstnihlifemluanmnsdeadede uansfamd 3
f93l 2 wwneildululy Ao 1) mauansmuaunsaiiulaadue iz uay 2)
msUfutladsanimuanden wu anmgniulazeudiua  deuiuaunagesluuvesiy
wnzdsnidaderliAnnisaiion Tnsaunsolduumdauumanis wioks 2 uumns
310U (Dobranszki et al., 2008)
mAfednlvgfiistesiunmsaishisuddduanmnedontodoiajautily
NSNAFOUHAVDIANTAIVANNITATYAULAYTAFIS o) WU 8anTu (Mangat et al., 1984) a3
Auduluelsaay (Tovar, 1985; Harvey et al, 1991; Hussain et al, 2006) lelalafiu
(Wang and Hu, 1982; Veramendi et al., 2000), coumarin (Stallknecht and Farnsworth,
1982) wag jasmonic acid (Pelacho and Mingo-Castel, 1991; Pruski et al., 2002) aealsh
puinnuhiimsaseiidiiy 1 Fsetudiiv  annslianseuannsaiaiule
mouanEsudly sniunsly jasmanic acid lunisinzideslvasunSavanansaingian
A4 100% (Pelacho and Mingo-Castel, 1991)
uenanifadivansnideidnwmavestafoanimundeudensaiaiiluanm
LWWngﬂﬂLﬁaLéa loun @nnuae (Pelacho and Mingo-Castel, 1991; Seabrook et al,,
1993) uavauunil (Nowak and Colborne, 1989; Harvey et al., 1992) agalsAnuauie
wianimadeunaastidaninuandeudanariluaniieiifinsfvasauaumaaiyiuls
Tuewnsmzissiie fafuerananlitadvanmundeutoaiudafovdnfeaseuau

nsasayAulalunsAIuANNSAn (Dobranszki et al., 2008)
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REQUIREMENTS FOR TUBER INDUCTION AND INTTIATION

decrease of endogenous
ribberellin levels

decrease of cndogenous

ethylene levels - adequate state of hormone
increase of endogenous producing organs
cyvtokinin levels - adequate level of

4. increase of export of hormone receptors y

jasmonic acid

aut of leaves

o

EXQGENOUS REGULATORS ENVIRONMENTAL FACTORS
- antigibberellins = daylength f photoperiod
- cytokinins, - light intensity
< COUMArim, = temperature
= jasmonic acid ete. = mineral nuirition cte,

~ . ™~ -

WAYS OF TUBER INDUCTION IN FITRC

Muil 3 Msmuaumsaseivesiuliilagesluuiivuazuuwmnieiilulule
lun1stniinisaiemdiluanimingifeailode

flan: (Dobranszki et al.,, 2008)
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57189143 MNYIVBINUNITAZ199 S Tuan Wz lioe

s

Tumsfinwmmamnedeadedeiunddmannsaaniafionsveneius  Iiads
i g MAededunstniinisadiends wu #19AUANNITAS QYLAULA dhaaviseunas
ANSUDY 51981 NIABUYISY an el gaungll 1Jusiu Feenumsinuidoselul

USIA (2534) lﬁﬁﬂ‘mmimé‘mﬁﬁaﬁw%’qmaﬁui Spunta, DTO-33, P-3, DTO-2
way LT-2 TmmiL‘vmL%ﬁ%jﬁ@h@ﬁ%ﬁ@@i s MS Wudﬁﬂuw%ﬁmaﬁuﬁj Spunta, P-3

way DTO-2 dmsafamidilegedia 100% luewnsiduianaglasa 8% 33wy kinetin

a

ALY 2 uay 4 fladinSusiedns uay BA 2 Uadnsusedng lnsimzifedluan1iziia 9
gamaiiedy 21 ssrwaldua aunsaiuifedlinaminnisinzdeniunil 90 Ju

wazdalains@nen IS msiAuSneTnuSTuNSIwu1P3Y @ewus Spunta, P-3, DTO-2 wag

9 q

(% A

LT-2 Tuannzgaumgiiiuansnaiu 3 sedu Ae 1-5, 21-25 uag 30-35 ssrwaidea Tuanim

a

=] 1 3. U a o o IS o Yo a o & a
fin wud MaAushvIlunssigamgl 1-5 ssmwaied vinlimdadusSalauen?
YBIUTRURANANTEA waztnnTaITUNSIana e Ngn
Teixeira and Pinto (1991) AnwinsasneindududSeaneiug Bintie laginzidedly
A al v v ! ! IS LY C R A o A r.:qu
p1nsndlulasiausas BA Anududusng 9 wud In1siamvesiniusiunsailomisides
Juan 30 Tu igaumall 26-27 esmwaidea angldanindn lnelduwidiuasiivingn
WAwnaaluemnsneiu BA siududinaglasa 6%
Harvey et al. (1991) Anwnidun1InanmATiuesy 3 aw‘ﬂ’uﬁ: 1@wn Arran Banner,
Cara Uay Spunta laginzidesluesgns MS daudas 4 ans laelinsifuansyzasns
WwiggsAule 1o ancymidol, chlormequet, daminozide Way paclobutrazol wualu
91W39LAL ancymidol tag paclobutrazol dswaduginisiaseyiulavesiaaludulisans
Wug Arran Banner, Cara Wag Spunta TuynszRuadududy wagnisld ancymidol uay
~ v v 5 & ~ v O A’ ' a o a o
paclobutrazol ~ #ieuidudy  10° luans  Hwadudainisuanuiemisinitunfivesinam

[y o

WNZLaee kazdlonsinisas1ndwiudulagludmaliminminianag

b

Harvey et al, (1992) AnwmsdniiliiAarisiudSneldnsmnsdesiigungd
uansiadu TRLA 20 uaz 26 ssrwALdEa ULeNIENS MS Ay BA 140 lalasniusiedng
uazthena 80 n3u Tnevaaosfududds 3 anewus @0 Aran Banner, Cara waw Spunta
wud1 mansdsstusfimelfgamnd 20 esrwadea T 3 aevius Aamsasieidld
11nnd1 70% uslumanedeaneldgamgl 26 ssewaloa ansadsfidufios 50%

wasillaizidesiaamall 26 esmwaled Wussezaan 1 duav udadneludsgaumall 20
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v !
& A o v =

pemLaya WU TusSeia 3 aeiud ddmdnvewnduendsiuediiteddny Feane
wugnihlminigeign Ae Aran Banner (60.4 fiadin¥w) sesaaun fe Cara (36.2

§adn3u) uar Spunta (29.8 Tadnu) mua1iu dausiudTanzidedueimsans MS MiFy
a159zaeM AUl paclobutrazol 0 w3e 10° luans ludunSsaneiug Arran Banner

Wz Spunta Nwnzidesnneldanmall 20 war 26 ssmwaliua wuitaleug Spunta 1

o

WNZRERME 20 Uay 26 adrwalded 19nTINTATINRTIEER 100% waraeug

]

(%
a

Arran Banner 8n51n158319%31gaguiu (90%) Wntiniidnvesiia 2 aneiiug Mmigiies
Tugaumail 26 asmwaldya fe 18.1 Nadniu
Seabrook et al. (1993) lnfAinwifiaBnSnavestiawionisasrwindadunssluanin

WSlAsloEe  WUINANNe1YRT UL NS War A NWLYRINISAS 1Y Fedunle 4

a o ¥

Usznn lown Ussan A Ae  WAginaned1eusnudutefatusunuly - dadu

<3

) o Ay a = o a a Al P
ANWULINADINIG (AR 1A) Uszan B fs diinuudatglnaning179nu1a1ne94

o o a

(09 1B) Usetan C Ao MiltAniadud 2 wigiulnannimaisunsn (0 wi 10) uag

[ [ '
= v 1 Y ]

Useinn D fe WaReaniwian o ieduediusiiazdiniinegosiausn (nnd 10) Tuvug
PAUNIANZL AL UTITTUN AL TN LI TUAULANANER 91U WAZUUIAIN

a 1 ] o A = §f (3 a v a a
ANIN99ANNENIVINEY Tnetillasidunnisiiaiidaluuseinm A icjﬂﬂ/l?fjfﬂ

1cm

Y

= Y 2 o o N a X & & A Y 1 v A a
AT 4 dnwagnTunse 4 Ussnvniiedulugnimngideaiede laun wiheinain

a o [

meUInaEuteRntugiumuly (A), Mndauudaiglvaiiageaninainaitie (8),
Aa o o u a a a v o v A Ao v & st.;glu
AApIERUN 2 ligAvlaanimaausn (C) kagianeniiidn o IReTunsdiuiiuay
dUNgvaIrILn (D)

fan: (Seabrook et al., 1993)



a Y

Gopal et al. (1997) wuin nsldumaglasanudutuas 6-8% duasulviinii
fuguuindndudununnn Jowidednwnstniiliismadulsileensmizsideaiede
v dy a' 1 U 1 t:lil ¥ ¥ QIJ
AElHANIIENTIZLASIWLANAIAE WU NISENZLREIN8lRaN1IENNSIKES 10 T2l

@ ~ a a v a o a ~ a o v P o
Rotu Nl 18-20 asrwaiea inandnvindigeign fAe 2 aseru uasilumvinues
37574 225 Tadnsy wazsiaiigdganglaaniznananlue1msind BAP wuin widae
Trminsaudinduain 255 Wy 645 fadansusesnu lasdliudnndy 364 fTadnsusom
sudlddEneInITAvSneniuNss  wumnmAusnwluniiasasitieniswnglen
v oa A d W aa o A v A P H

niwhRniuinnluide  leglamginiawanemmlanudutuvesiniaglasaes
| ) v v A a o 1 a & o aa a a
S BAP avuidudu 10 fadnfudedns anansaiusnuluniuasigumall 61 aam
wawdea lau1uds 12 wou

Vreugdenhil et al. (1998) lawziassduaiusiunislugnwiuasndie oy
WIgugun1sasaiilinaensaseuenvesiudsianenug  Binge WUl m1deENse
) [~ o a : 1 a Q’lj a a go’ I ) <
Wl i lalududunmigidesuuamsiiudisa 8%  d@wniswaiunldidugan
a e 2, g x Y oy N 5 “
ARV LT UAIUTINNLLRLIUUDINS RN 1% wazdadinisimunvesndnaluidulvalu
gnsansiiiiinng 8% saufiu GA 0.5 llastuand nsvuviumsidsuhmaduulaiagin
navassEaulima wile wazieuleinngluiy 1He991nsseensRaUINLANANNY SEAUYDY
Upnanazrianssuvesauleiinisasukuasludiuninisasainids  wuininisanasvad
wmnangleauavngalaa  Wewinimsazauudiluunudingn  laeweulesl  sucrose
synthase, frucktokinase iae ADP-glucose pyrophosphorylase ﬁﬁﬁmiiuqaqﬂuizazmi
Il NAMID

Xu et al. (1998) Anw1ananaves GAs, ABA uavimiaglasasanisaiunun1sasne
WAluludSeaneiug  Binte  MwzidedluaninUaoniiio  Benun1saseiiusnmaan

dy I [y 4 c{' dy d'd qoj [ c’l’

wnzdeadunan 5 Ju luduimzideduemsgasiiiinig 8% wasndiainnisimnsiaes
luszer 10 Tu V89 MNTMIZIRIEnTNALIMIG 6 uag 8% HN15a31eiaAnTY 100% i
Puiedy warihniniianiiginitemsansdy ensiiy GAs 0.5 lulasluans &
Hasion1sveevedtua wilinisaieiditdesnian waze iy ABA 3.8 lulasluans
A111509N U158 19N TUTUN 4 NEIRINAITINISLRLY TNSINT10MSNRLFAN ABA 1 Tu

Y

lngnudn seauves ABA azgullemaglussevindinazizanadloniniswmun @9 ABA il

(%
LYY

NadudIdnSnaves GAs vnlulraannisvenedi Wwuhenu IAA wag BA
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Dobranzki et al. (1999) Anw1dnsnavesuatiariugnsusianIasIwindiudTaly
annnziasaiade Tngldauiiunssimiziaeanielanishivas 16 97luasatu AANuLdy
was 111 lulesluasemisiaunseedund Wunan 4 dUasi dhludndilmaniailee

wnzagdluanniinas 8 lusmeiu wazniglaaninis wunnisnzidsaniglaaniniiea

s

annsadmiiifaiusnisifian  Jwenssiuluwdazaneiug  mafaidesinauly

]

FUauN 2 dunsinngiagdluaninduas 8 Talusraiu wuInnsiiniiRuTuludUA%

L3N VUINVDITITINIEBIANINUEAS HULAdURIAUENa19nNd 2 Tadwns Tneldnuium

Y Yy
Y v o 1 4

JuRdgegfl 1.20-1.52 Wrenu alTuegiutugnIsuveusazaneiiug

]

Le (1999) 1iududesiueds 11 a1eug Aa Agria, Bintje, Charlotte, Emtestolz,
Eba, Hemes, Hertha, Nicola, Panda, Sirtema ta¢ Urgenta mﬁﬂmmiwﬁmﬁﬁﬂuamw
Uaoaide Tasimeidedluamasaigas MS fiuhmausanlsaisedunnududuunns
fu wud finsadensldnadluanniudy luemsitiimausanlsa 8% wazly
onsiimauseailsa 8% SaufU BA 2.5 fadnsudedns wui finsdnildaavhdile
Anmsinzaeduanniudu LLa3ﬁﬁmﬁﬂﬁﬁhqaﬂiwmmiﬁLammsmmmmsvﬁm@u‘lm
¥ilndu 9

Pelacho et al. (1999) ﬁw%uﬁwsﬁaL‘ﬁ'mﬁuw%"au']%’ﬂﬁﬂﬁtﬁmﬁa?hiummiqm MS 7
Lamﬁﬂma@ma 6% lagldunsndun3y 3 wln Ao acetic acid, propionic acid wag

ascorbic acid 6 faallans lnedseaziaINSasNLANE9iY Ao 0, 8 way 16 Tl

[
Y

wud dmsaseindiluemnsniinsidunsadunigna 3 wia lunnszegnainisiilas 39
a & aay 1 a a N6 = ] P v a av¢
Anmsweidstduemsuninliidnsfunsadunid  Jnanladn  aunsaldnsadumsd
wunsldansamuaunisasydulaluemisinzifeaiiensedunisaiaingila

Ali and Esmail (2010) @nwinisliuasdnng § Uszneusiy @1 @dnku dden @
WABY WasELAY SIUNEnIndle LitenedeuNanIenuvaLasduatildenisnseduliiinns
45193 arMINRAUIVEWIIIINMSINsReWUdIuTaweiudlss 10 aeius  legld

< A a ! A a A £% Ya o a
9IRS MS NiFiuglasa 6% wud1 anmilanaziasdiledanansanseauliiniiaigs
iam 70% war 60% MUaIRU wasEY1d @ warduns nsEAunISAniITIUIuNa1eT 52%
| A v a va v oA = A = Y g vy a o
drulasdvdenseAunsiaIItesfiaan 48% uwasdleluazdavnansanseduliiiaid

a o 1

X A o a a o o w A% a aa =
SUU']WIWQJGUU UUNRUNAALRAY 137 ey 128 UaanIUNDNI SNUATNU bASFUINUY d@lR8ILaYH

[ 1 I

dansEAuNIiaIINlanyasUnAunianagsyning 63-65% uanaNinislviuasdsiig

Y
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q Hunan & &@nk (pre-treatment) Aougheduludsduanmiinduna 8 danst eilna
denisasaiulavesdunarnisaiiadtluanindn nislisadurilisuinnsasgduls
Ftapsistmiingn arugauagduude suidmaliAnnsaeidududununnian 3
ViRl LLazﬁﬁmﬁﬂawumﬁ'ﬁmmﬁqﬂ 138 dadnsusien

Pruski et al. (2002) AnwinsdnihlsiAnidlusiusSaanewus Sangre uay Russet
Burbank TuaninUaeaide tnsldewnsgns MS A jasmonic acid (UJA) 2.5 lalesTaans
wut Fusulfsaneiug Sangre AilFSU JA wdnilumneidswioluewnsiivnaannas JA
meldannda anunseasieiusnliidanitaieiug Russet Burbank Uszanas 1-2 &Uanii
dnfuniadiu JA Tuewnavaanavevnsuds nuddusiun$saneius Sangre Mimzidssuy
pwnsudsluanmiudy annsafiavidilddninaneiug Russet Burbank Taefis1uausii
WAe 24.7 arenvue Suiuthiuade 1.55 Wsedu waviuiinthinads 0.15 nfusie

Habib et al. (2004) T#wmadia liquid scintillation counting Tunsesavaeusiunss
WugN13A1 6 @1wiiug Ao Alpha, Bintje, Green Mountain, Kenenbec, Russet Burbank Wag
Shepody wagiugun 2 al%id fie S. microdontum wag S. kurtzianum fUAINENNTOM
Magadu Ca? luownamsies Sweaeufissdu Ca* anududugs (15 Sadluad) was
anudiudusi (5 fadluand) wuindleszdu Ca” Tuemnsgas MS Winduann 3 fadluans
Uy 15 Jedluans %ﬂ'aLﬁ%ﬂﬁmiLﬂ%@,@u‘[mﬁ%ﬂw@ﬂ 9 AU s?fﬂﬁﬂﬂ@jﬂﬁa%wﬁﬁaﬁ
diutu 19-31% uadludaBerhimuauduves Ca?t ifiaduds 38-226% Tnganeiiug
Bintje SUsvavsnlunisavan Ca® wniian

Sarkar et al. (2006) AinwaNav®4 jasmonic acid (JA) hay methyl jasmonate
(MeJA) wazanuduiusiulalnlafusonisasaduiunss Tneldgududomenmadedy
anmUaoalie nnaauUNavad JA 1150 Mela Anududusing 5 oA 0.0, 2.5, 5.0, 7.5 Lag
100 Talasluans wae BA fiaududusing 4 Mun 0.0, 22.0 uaz 44.0 llasluand neld
anneflinzausiensainewnda (emnsiiglasa 80 nfusiedns) Jswudn JA aziunuivily
ﬂ’liﬂﬁzé]:umiL%%@LﬁUI@%@ﬂiﬁﬂiu%uﬁ’JuﬁﬁaL?]IEJ’J Tuvas?t BA finadudenisiaiaiiulnves
IINUAZHDATUNATDY JA ﬁﬂszﬁumim%@LauimamﬂéﬁEJ uanani BA Sadfudamsiasy
vadlnaduegrann Insamzdleldsauiu JA sxduilidunadudanniu A Lifuals o e
nsareniluiuressiuiniduasdvdinisfuie rsaiusenindnunaniniii
uazthwinaniauavesiia) urdeudaiinadoaeiugiuideluemis BA 22.0 lulasly
anfegsne egrdlsinu JA fnansziunsiadyivlnvesindmdsanidnsifniiudaly

[ < LY a a 43 & A oA v a !
8NUTLUN 1l unanIINTEAUYesIUIUBLSadUNanelullalb oy muul%‘[mlﬂuumma



19

AUADNITASIILAZNITN191UYDe JA 0813l5AR10 JA a1u1savinlidinidnimeunaiigg

'
= v 6 av o

s siiunsazauudsluiitlvaduls Falinammeaeiugiun JUfduiusegned

9
(% 1%

Todfszminddelalaiiufu JA semsavauimaimduazinmanmunlufsn annanis
naaosuandliifiuin lelalafuainunasnisueniignisediunisiiauves JA was
muduiusesgesluutwiaiinanesroriainisuivesiisyninsmsiauesiaily
dnndasnie

Mokshin et al. (2008) l@AnwravesumasAsUBUREN1Tas 9T Ssluanm
Uaoaute Tngldiuns 3 aneiug loun Zhukovskij early, Nevskij waz Nikulinskij neaeuns
yosumasesueu loun glasa nglaa wanlea sislavdandadeuasnaniu uazldnim

[

WnTunwanenaiy  ieliiun1sasinlutudiudemenmhunnisides wuin anenug
Zhukovskij early mouauaslanfigatuemsiiiglasa aeiug Nikulinski nauauedlaniian
Tupwnsniingnlng wazaneug Nevskij meuauaslanngalusnmsniinglravseylasavse
H a i b, = > A s & & Yy oo e q' oy
wnnaaeinsiniy Felunsalvadfiivefidudnisainaindimged 88% uenanildsla
vagaunIszidesluemswadamgaeiug  Nikulinskij  wudndatinisad1amdaiuauy
989N Weldenmsnseiunisasislvaiiunglaanseviinlag dawaliddnuiuiauiadu

M TvwIn g Uulazinminundu
NN3ADUAUDIVDINYADANIITLATIANIINIBATN

annundeedidanginainiadiifiouesdi#in (abiotic and biotic stress)
wanidmaronisissaiviavesity  mnanmzeieaduliineliiAnnisnie  (nonlethal
stress) wifiawyhlifiednnssadulafiveinuasldadnate fivazinsusuilunszuiuns
LWNUBATY (metabolism) visegnaiielinuseanmziu 9 auniasruiuanzAseniy
WK awmanueioadlugiinanddldddin WWud gamad was din Armiufouds
Y@ asdunidd mafnuiauna  wezeuidy  uaumiineliiAemuedsasendindy
(oxidative stress) @sqzAeliiin reactive oxygen species (ROS) naevin %ﬂﬂuawﬂa
dasy (free radicals) lngagiiauanansaivhuiisenduaistiluanasng 9 vasead v
mnudeveselvad Maasyduln simuins nudsandnvesiivanas ogslsAmy delin
ROS fumeluwed  fwasinszuiunmsuiuiegsenluannuedentulaenisadiaansdiu

BUUADATY (antioxidant) HIBAANANTENUVBIAIUASEATY 9 (5UNS, 2557)
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flsneaudTedidnenudn nslianinzaieanisniennssFuUiunatsunie
nzEeq dananszAuNssyRulnveteieIzarauIvng Wi Pumisutapon et al. (2012)
Anvnavesan1zaseaszauUIunas tawa anuseu Ay (0 ssrwalded) n15u1n
9INF ANULAILES warANNLAL fansiasaiulnvesidawminly Alstroemeria Tugnn
wzidsadede nuin amwm%mﬂﬂwmwmw’jumnﬁm’mﬁ@LauimLLazmiLﬁu
Usinaunildedneiiod iy uenainil Pumisutapon and Topoonyanont (2017) Anwwa
0INTHIANNLATEASEAUUINNATS LAKA AU (4 edealed) AUsou AU
91NF WAZAULEY fonsasieisveniuddluanmmnzidsaiede wui annzesen
nnUszandmalAnnisasidufistu Tnonislieubu (4 esmueadea) Wuna 8

Il duasuasiindalaniign
WALLTAENISINIZIAE BT O NYAYTZUUINTIATID

nsieisalabaiivuanaNnslgemsjuwuuaasuuy - dlimalulaglualuns

a

wnzdgadaaluiuseansanuiniu Wy waluladniswngiaealateiunigssuuay

Hansn  Almamnzidsadedeiivisenivar  Sefivayldddaonyniiansuansing
MnuLURIRLTiduTae I asdusneiy  feveitdmalifivldsuemnsediafud
nssaiulaldsreznanfiduauarldUsinanananfiiuy Sniissruuiifvanunsads
szgznansiiensiivanzauiuigudaslinuuudnluddls  Fevandunuludiuves
ussulUlFBnde unadl wazemy (2553) szuumsdsndebefivuuuandaasafussuy
flilunamzisaiaBofuofuuinaluswiuinn meusiiusgemsuastudiuiie
favunn 24 eoud lUaufviwun 20 Ans Svanunsondefivlusedugpanunssuldosnad
UszdnSan Jagduiimsdundssyndldiuivesegiavangviin (unual waganie, 2547)
Hagtusruvaninasildnvusuuurinuea (twin-flasks) Uszauanudnialunis
YeRUNIN NS RITaIeTiln wasdirlslusunisansununisuanlaegieann sauds

]

HANAATINTUME  18aNN1SYINUYRIsEULInLInziinvus 2 dw fie  duildussy

(% '
a

! a | PN = & = Tl &
VUAIUNY LLazﬁ?u%‘Uii"ﬂq@qVWiLWaﬁmiﬂUﬂqiLW’lgLaﬂfl %Qﬁqmqiﬂaﬂﬂqﬂa’lﬁqil,wq%Laﬂ@l‘u

v 1 ! (Y Y]

fadIuroInYUENUIIITUAINNY udwald Wetaiaiinvune nsasgnasnduanganivue

Y
(%

Ay vihlvildavegluensnaeanan  Tngnisdeinuemslu-ndutiagldusaiuadlunis
HanAue SIS wEdnils Fslumsimizildealleeniy  nsliermsialagnsiasingi?

& a a a 2 ! = A a v & 1 Y 1
L‘U‘Llﬂ»la@G]Bﬂ?iL%iiqu}LG]UIﬁﬂJEN‘UUﬁ’JUW‘U 'mmﬂmmumelﬂiumamnwsduzuuazmﬁumLLmuﬂiaq
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21 (air filter) FinlUasalda (Watt, 2012) NSHARAUNYAILTZUUINTIATIIEIUNS0AN
ASIENUARBINZLAelADe 60-80% (WSANRA, 2550)

dmsunisinuludsewelng Inisiaunssuunisnassunugldnanesygiand gy

o«

1 [

fio Unuan ddaunsaiifoguardamilsienelulssmmndauias vildldszuuandansn
wuumaLdadun LA inAgnATuULINATIINEY 3.11 wh wenanddsdnwnsnans
IunnlussezfinUinasmidunvugann 700 faddns Wisuidisuiussuuemuds
uaze v ImaUuuls w1 sruusntinsnasaiindwuliUsEIg 27 Wi 9
Budiu Bannninszuvosudauazemnsian 10 wh (unadl wagam, 2547)
Tuiligtufinisthmameidssiessuuauhnsmulilunsesiusiasugia

#n3 9 s Tunusl Albarran et al. (2005) AnwnisfinUsunanduuilelunwuzawn 1 dns
Tnelviownavan vn 9 4, 12 waz 24 49lus wuedaay 1 wift wud msldewnann 4 4
il wuedsar 1 uift aunsadiuUinandusleldundian 3,081 Buvile uarlushuns
Jiménez et al. (1999) fimsldszuvandinsnasuzan 4 ans UaTeIMAIGNT MS
fauasiiiuthmaglasa 80 n¥udedng Usuns 3.5 dns Lienaniidaluaewus Desiree
uay Atlantic wut SulSeisaosmeiusiiai 2.8-3.1 Fretudn susdinsmzndes

& a wa o ST = 1
UVUBDIMTWUINAINNES 1-1.5 NINBYUAIU
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unN 3

ad a o
9N137338

WyNAaae d151Adl wazgunsal
1. sufudlFannzideailebonus ‘Atlantic’
. anseildinIene1msans MS (Murashige and Skoog, 1962) finuuad (AN1AHWIN)

. @smuaunsasyulavesity loun 6-benzyl adenine (BA)

2

3

4. thaaglasa

5. Lawauny (gellan gum)

6. MAufEmTuEEsLiedovun 24 saud

7. qUﬂiaiswmmsﬁ"amnqummLLt:Jm%’m%’Usqmmsuuzsumm 24 9OUDY LU AINTBIBINA
Uaenide aneens@alay uavdose

8. wsosufmdmsunismsinasadl laud nszusnaie Jnnes wastiue

9. \pasttEnsvAdinae LA AsumU

10.4p309¥nAulunsa-ae (pH meten)

11 wfaiseinie (autoclave)

12.§utfiu (refrigerator)

13, éwﬁwmmuqmmﬁ (water bath)

14. ﬁdﬂ&ﬁ@@@ (laminar-air flow cabinet)

15. gunsalindmiiatie wu Tulla fuiln wagUinAy
ANSLATINAULUNSI IUTZUUINYIATINBUNINISNAADY

TunsAnytadelun1as199 I TUHSIUTTUUINTIATILUUT LA NBUIINAIT

a Y o qg Y a a ) o & Y A &
NAapsIzIsNAUUN SIS AvTalusruLangans  Tnesthdudiudoneiuiniziaesiy
2IMTNAIGAT MS Anudasiiiu BA 0.5 fadniusedns Tuszuvautiasniniimsivemns
wiamn 9 8 Hilie wuesar 2 Wil Inzidesiaumngl 25+2 samwaltea talas 14
sy @0 Tulasluasanisnauunsaeiuni) Wuszezinan 3 dUann e lrlaaudinsy

N Imeaneeg q Asld
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ANSNAABIN 1 NISANWINATBIAINUDLALITLULLIAINIS IMDIUISINA2 IUTSUUANTIATID
ABN1SEH51991297

a.

TNUNUNTNAABILUU CRD & 5 N3537

adal

NI5UASN 1 91MSUD4

[

o o &
9 PNU

adal 1 <& g =

353357 2 Wemsvaavn 9 3 Tl wuestag 2 Wil

353359 3 Wiomsiuwamn 9 3 $alus uuesias 20 w9

353359 4 Wiomsiwamn 9 12 Falus wiuaias 2 wid

353357 5 Wemavaavn 9 12 Tl wuestag 20 Uil

dudusSszidesluszuvandansaduna 3 dUavi sumgideauuemsuds
NI9lUTTUUANTIATNTNANNALAZ I2U2LI8INIS IR ISR 9 ANLNUAITNIAABY 1Y
ISAIEns MS daudasusimanansmivaunsisaaulaiiuglasa 90 nSusiedns
winztdessluanmiladunal 3 dUam

| aaa o Y Y O o v o Y v <

WeiazNITUIBUIIIU 5 91 (Van) ToRuiudSssiaduinug 10 susevin Tdomsuds
samaUSung 300 fadansrevin dunauaztufinna loun wWesiudnisadnei diuau
Wwedu Wesdudmvuimimingls q (grading) (WUsrtmunmiy  Kimardinen-

. s & &w a ] ' )
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Potassium nitrate (KNO5)

170
1,650
370
440
1,900

51ABINIIBY MS

R GREFIGEY

Ysunauansinleasemugns

(HaaN5UABINITANS)

Boric acid (H;BOs)

Manganese sulfate monohydrate (MnSo4-H,0)
Zinc sulfate heptahydrate (ZnSOg4-7H,0)
Potassium iodide (KI)

Sodium molypdate dehydrate (NaMoQOj, -2H,0)
Copper sulfate pentahydrate (CuSOy4-5H,0)
Cobalt chloride hexahydrate (CoCl, -6H,0)

6.2
16.9
8.6
0.82
0.25
0.025
0.025

65



66

271115 MS anLUag

dsiadl Uanaansiildiwdeuatms 1 ans
51921 TVGN 100 dadans
5190 1U15584 10 dadans
Thiamine-HCL 1.0 {95895
Nicotinic acid 0.5 Haddans
Pyridoxine 0.5 Uaddans
NaFe-EDTA 35 N5y
Myo-inositol 100 n3u
Sugar 30 N
3 N3

Gellan gum
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ANSIATIZANINEDH LUNITNAADIN 1 NISANYINAVDIANIUDLALIZELLIAINTT WABINNS

A2 MISLUUINGINTIIRDNITES1991297

1.1 Wesidudnsiinad

ANOVA
Duncan™®
sSum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 60200.000 4 15050.000 11.136 .000 Control 15 20.00
Within Groups 283800.000 210 1351.429 32 50 82.00
Total 344000.000 214 12120 50 82.00
3/20 50 84.00
1212 50 90.00
Sig. 1.000 A1
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
34.091.
b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
o U Q‘ U U
1.2 MUIUNIAINDAU
ANOVA
a.b
Numberperplantiet Duncan
sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 8.341 4 2.085 3.730 .006 Control 3 1.00
Within Groups 93.351 167 559 32 41 1.41 1.4
Total 101.692 171 12120 41 1.46 1.46
3120 42 1.55 1.55
1212 45 1.93
Sig. 109 129

Means for groups in homogeneous subsets are
displayed.
a.Uses Harmonic Mean Sample Size =
11.678.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA
Duncan®®
Sum of Subsetfor alpha = 0.05
Squares df Mean Square Treatment N 1 2
Between Groups 64809.215 4 16202.304 1212 22 22.73
Within Groups 173660173 93 1867.314 12120 20 25.00
Total 238469.388 97 3/20 21 38.10
312 20 40.00
Control 15 100.00
Sig. 265 1.000

Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
19.250.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not

guaranteed.
§ < ¢ U a ’c: o [
1.4 1UBsUANIAIVUINUINUN 0.20-0.49 NTU
ANOVA
Duncan™®
Sum of Subsetfor alpha= 0.05
Squares df Mean Square Treatment N 1 2
Between Groups 18144.712 4 4536.178 Control 15 .00
Within Groups 186038.961 93 2000.419 3120 21 28.57 28.57
Total 204183.674 97 312 20 30.00 30.00
12120 20 40.00
1212 22 40.91
Sig. 051 443

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
19.250.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA
Duncan®®
Sum of Subset for alpha = 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 9677.489 4 2419.372 1.449 224 Control 15 .00
Within Groups 155322.511 93 1670135 312 20 20.00 20.00
Total 165000.000 97 3120 21 2381 23.81
12/20 20 25.00 25.00
1212 22 31.82
Sig. .086 A

Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
19.250.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not

guaranteed.
f @ ¢ U a %; £ o
1.6 1WUaILEUANINIVUIAUIUUN > 1.00 NTU
ANOVA Duncan®®
Subset for

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 879.732 4 219833 435 783 Control 15 .00
Within Groups 46542.948 92 505.902 1212 22 455
Total 47422680 96 3120 21 476
312 19 5.26
12/20 20 10.00
Sig. .229

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 19.057.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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1.7 Wosidudmausenm A
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ANOVA Duncan®®
Subsetfor
Sum of alpha=10.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 742115 4 185.529 109 979 Control 15 7333
Within Groups 158441.558 93 1703.673 312 20 80.00
Total 159183.674 97 12120 20 80.00
3120 21 80.95
1212 22 81.82
Sig. 579
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size =19.250.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
s @& 6w a
1.8 wWosigunmailseinn B
ANOVA Duncan®®
Subsetfor
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 695.733 4 173.933 .200 .938 3/20 21 476
Within Groups 81038.961 93 871.387 1212 22 9.09
Total 81734.694 97 312 20 10.00
12120 20 10.00
Control 15 1333
Sig. 432

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 19,250,

h. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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1.9 Wosidudmausewnn C

ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square Sig Treatment N 1
Between Groups 525974 4 131.494 190 943 1212 22 455
Within Groups 64474.026 93 693.269 32 20 5.00
Total 65000.000 97 Control 15 6.67
3/20 21 9.52
12/20 20 10.00
Sig. 576
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 19.250.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
s @& 6w a
1.10 Wasunnialusenn D
ANOVA Duncan®®
Subsetfor
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 464.750 4 116.187 .285 887 12120 20 .00
Within Groups 37902.597 93 407.555 1212 22 455
Total 3B8367.347 97 3/20 21 476
32 20 5.00
Control 15 6.67
Sig. 371

*USeunieuARaeaeis DMRT Aronesiwmilauiununeds Anadgliiianuwnnanaiumig

ADANTLAUAULTDIIY 95%

Means for groups in hamogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 19.250.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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NANISNAABIN 2 NISANEYINAVIITUIUTUAIUAIAUABNITAS1991237

2.1 WosiduAn1sas1aiiga

ANOVA
Duncan®®
Sum of Subset for alpha= 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 10485.000 2 5242.500 3.549 .030 30 expl 120 75.00
Within Groups 364875.000 247 1477.227 20 expl 80 86.25 86.25
Total 375360.000 249 10 ex pl 50 90.00
Sig. 077 555
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
73.469.
b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
quaranteed.
o o l&“ 1 ¥
2.2 UIUNININDHU
ANOVA Duncan®®?
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 1.663 2 832 1.369 257 30 expl 90 1.70
Within Groups 120.931 199 .608 20 ex pl 68 1.74
Total 122,594 201 10 expl 44 1.93
Sig. 120

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 61.799.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.



2.3 PUIUNIIINDN1VUL
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ANOVA
Duncan®
Sum of Subset for alpha= 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 468.400 2 234.200 25.736 .000 _10expl 5 17.80
Within Groups 109.200 12 9.100 20 expl 5 28.40
Total 577.600 14 30 expl 5 30.60
Sig. 1.000 271
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
5.000.
§f < ¢ a ’c{ o [
2.4 11U gUAIAVUINUINLUN < 0.20 NTU
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 10518.391 2 5259.196 2.462 .092 10 expl 22 22.73
Within Groups 151643.771 Al 2135.828 20 expl 25 24.00
Total 162162.162 73 30 expl 27 48.15
Sig. .072

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 24.491.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.



2.5 1Uasigusm

Fvundntn 0.20-0.49 n5Y

74

ANOVA Duncan®?
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 633.597 2 316.799 27 881 30 expl 27 37.04
Within Groups 177744.781 71 2503.448 10 expl 22 40.91
Total 178378.378 73 20 expl 25 44.00
Sig. 650
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 24.491.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
& @ ¢ a %,’ L o
2.6 WastguAnIVUINUIMUN 0.50-0.99 NTU
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 6152.007 2 3076.003 1.750 181 30 expl 27 111111
Within Groups 124793.939 m 1757.661 20 expl 25 28.0000
Total 130945.946 73 10 expl 22 31.8182
Sig. A07

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 24,491,

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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2.7 Wasiusvavuintmgn > 1.00 N3y

ANOVA Duncan®®
Subset for
Sum of alpha=10.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 8.700 2 4.350 011 989 30 expl 27 3.7037
Within Groups 28775.084 71 405.283 20 ex pl 25 4.0000
Total 28783.784 73 10 expl 22 4.5455
Sig. .892
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 24.491.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
s @& 6w a
2.8 1UasunAIIUIELAN A
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 94.149 2 47.074 031 969 30 expl 27 81.481
Within Groups 107068.014 71 1508.000 10 expl 22 81.818
Total 107162.162 73 20 expl 25 84.000
Sig. 833

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 24.491.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 34.798 2 17.399 022 978 30 expl 27 7.407
Within Groups 55100.337 71 776.061 20 expl 25 8.000
Total 55135.135 73 10 expl 22 9.091
Sig. 844
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 24.491.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
& @ ¢ a
2.10 wastunninausenn C
ANOVA I
Subset for
Sum of alpha=0.05
Squares df Mean Square Sig. Treatment N 1
Between Groups 8.700 2 4.350 .01 .989 30 expl 27 | 3.704
Within Groups 28775.084 " 405.283 20 expl 25 4.000
Total 28783.784 73 10 expl 22 4.545
Sig. .892

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 24.491.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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2.11 Wos@udiaruszinn D

ANOVA Duncan®®
Subsetfor

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 173.865 2 86.932 164 849 20 ex pl 25 4.000
Within Groups 37663.973 7 530.478 10 expl 22 4.545
Total 37837.838 73 30 expl 27 7.407
Sig. 630

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 24.491.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

I 1
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HaN1INARaLN 3 NsAnyINasEAUANNTNTuglATaiaN1TE3199R0

3.1 Wasiudnsiin

ANOVA
Duncan®®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2 3
Between Groups 281677.372 3 93892.457 89.315 .000 30 50 .000
Within Groups 202891.157 193 1051.250 60 49 44898
Total 484568.528 136 80 50 90.000
120 48 91.667
Sig. 1.000 1.000 799
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 49.236.
b. The group sizes are unequal. The harmonic mean
ofthe group sizes is used. Type | error levels are
not guaranteed.
o o ‘: 1 14
3. 2 9UIUNRIANFDAU
ANOVA
Duncan®®
Sum of Subset for alpha=0.05
Squares df Mean Square F Sig Treatment N 1 2 3
Between Groups 120.209 3 40.070 94.958 .000 30 50 .000
Within Groups 70.469 167 422 60 34 1.353
Total 190.678 170 90 45 1.933
120 42 1.952
Sig. 1.000 1.000 893

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 41.910.

b. The group sizes are unequal. The harmonic mean
of the group sizes is used. Type | error levels are
not guaranteed.
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ANOVA
Duncan®®
sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 61619.734 3 20539.911 14816 .000 30 20 000
Within Groups 108136.364 78 1386.364 120 20 20.000
Total 169756.098 81 90 22 22.727
60 20 75.000
Sig. .068 1.000

Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
20.465.

b. The group sizes are unequal. The
harmonic mean ofthe group sizes is
used. Type | error levels are not

guaranteed.
f @ ¢ U a %’ £ o
3.4 1.UBsgUAMIAIVUIAUIVUN 0.20-0.49 NS
ANOVA
Duncan®®
sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 22293.792 3 7431.264 4180 .008 30 20 000
Within Groups 138681.818 78 1777.972 60 20 25.000 25.000
Total 160975.610 81 120 20 40.000
90 22 40.909
Sig. .062 .260

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
20.465.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA
Duncan®®
Sum of Subset for alpha = 0.05
Squares df Mean Square Treatment N 1 2
22870.288 3 7623.429 30 20 .000
93227.273 78 1195.221 60 20 .000
116097.561 81 90 22 31.818
120 20 35.000
Sig. 1.000 769
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
20.465.
b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
§f < ¢ a ’c: o [
3.6 WU YUANIRIVUIAUIUUA > 1.00 NTU
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square Treatment N 1
466.741 3 155.580 30 20 .000
19045.455 78 244172 60 20 .000
19512195 81 90 22 4.545
120 20 5.000
Sig. .358

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.465.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA
Duncan®®
Sum of Subsetfor alpha = 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 112129.870 3 37376.623 33.891 .000 30 22 .000
Within Groups 88227.273 80 1102.841 120 20 75.000
Total 200357.143 83 90 22 81.818
60 20 90.000
Sig. 1.000 72
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
20.952.
b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
§f < ¢ a
3.8 WastUAIAIUTELAN B
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 2484.848 3 828.283 1.074 365 30 22 .000
Within Groups 61681.818 80 771.023 90 22 9.091
Total 64166.667 83 60 20 10.000
120 20 15.000
Sig. A15

Means for groups in homogeneous

subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.952.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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3.9 WasusaUsenm C

ANOVA Duncan®®
Subset for

Sum of alpha=0.05

Squares df Mean Sguare F Sig. Treatment N 1
Between Groups 478.355 3 159.452 670 573 30 22 .000
Within Groups 19045.455 80 238.068 60 20 000
Total 19523.810 83 90 22 4545
120 20 5.000
Sig. 347

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.952.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

+
a

32.10 Wosidudimiusenn D

ANOVA Duncan™?
Subset for

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 478.355 3 159.452 670 573 30 22 000
Within Groups 19045 455 80 238.068 60 20 .000
Total 19523.810 83 90 22 4545
120 20 5.000
Sig. 347

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.952.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

I 1
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4.1 Wosigusn1sas1aiimn

ANOVA
Duncan®
sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2 3
Between Groups 101800.000 3 33933.333 24,345 .000 72 hr. 50 38.000
Within Groups 273200.000 196 1393.878 24 hr. 50 76.000
Total 375000.000 199 0 hr. 50 90.000 $0.000
ghr. 50 96.000
Sig. 1.000 062 423
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 50.000.
° v a v
4.2 RUIURININDAU
ANOVA
Number of tuber per explant Duncan‘”’
Sum of Subset for alpha = 0.05
Squares df Mean Square F Sig Treatment N 1 2
Between Groups 23314 3 7771 20525 .000 72hr. 19 1.211
Within Groups 55.279 146 379 24 hr. 38 1.368
Total 78593 149 0hr. 45 1.933
8 hr. 48 2.229
Sig. 301 054

Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
32.786.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA
Duncan®®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2 3
Between Groups 65759.812 3 21919.937 12.481 .000 8 hr. 21 19.048
Within Groups 135227.842 77 1756.206 0hr. 22 22.727
Total 200987.654 80 24 hr. 19 57.895
72hr. 19 89.474
Sig. 781 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 20.168.
b. The group sizes are unequal. The harmonic mean
of the group sizes is used. Type | error levels are
not guaranteed.
§f < ¢ a ’c: o [
4.4 U3 uUnMIAVUIAUIMUN 0.20-0.49 N5
ANOVA
Duncan®®?
Sum of Subset for alpha = 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 10022.489 3 3340.830 1.712 an 72hr. 19 10.526
Within Groups 150224.425 77 1950.967 8 hr. 21 23.810 23.810
Total 160246.914 80 24 hr. 19 31.579 31.579
0hr. 22 40.909
Sig. 158 251

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
20.168.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA
Duncan®®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2 3
Between Groups 19175.169 3 6391.723 4274 .008 72hr. 19 .000
Within Groups 115145819 77 1495.400 24 hr. 19 10.526 10.526
Total 134320.988 80 0 hr. 22 31.818 31.818
8 hr. 21 38.095
Sig. .390 .084 608
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 20.168.
b. The group sizes are unequal. The harmonic mean
ofthe group sizes is used. Type | error levels are
not guaranteed.
§f < ¢ a ’c: o o
4.6 \WUaslguUAMIRIVUINUIMUN >1.00 AU
ANOVA
Duncan®®
Sum of Subsetforalpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 4987173 3 1662.391 3.053 .033 24 hr. 19 .000
Within Groups 41926.407 7 544.499 72 hr. 19 .000
Total 46913.580 80 0hr. 22 4.545 4.545
8hr. 21 19.048
Sig. 565 .052
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
20.168.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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4.7 Wosiudraiussan A

ANOVA Duncan®®
Subsetfor

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 4183.523 3 1394.508 1.581 .201 0 hr. 22 81.818
Within Groups 67915.243 77 882.016 8hr. 3 85.714
Total 72098.765 80 24 hr. 19 94.737
. 72 hr. 19 100.000
Sig. 079

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.168.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

+
a

4.8 WasiudaiUsenn B

ANOVA Duncan®®
Subset for

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 1162.840 3 387.613 652 584 _72hr. 19 .000
Within Groups 45750.740 77 594.165 24 hr. 19 5.263
Total 46913.580 80 0 hr. 22 9.091
_8hr. 21 9.524
Sig. .265

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.168.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA Duncan?®®
Subset for
Sum of alpha=0.05
Squares df Mean Square Sig. Treatment N 1
Between Groups 436.909 3 145.636 588 625 24 hr. 19 .000
Within Groups 19069.264 77 247.653 72 hr. 19 .000
Total 19506.173 80 0hr. 22 4.545
8 hr. 21 4.762
Sig. .389
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 20.168.
h. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
f = ¢ U a
4.10 vwUastunmIRIuTELNN D
ANOVA Duncan®®
Suhset for
Sum of alpha=0.05
Squares df Mean Square Sig. Treatment N 1
Between Groups 331.089 3 110.363 .890 450 8 hr. 21 .000
Within Groups 9545.455 77 123.967 24 hr. 19 .000
Total 9876.543 80 72hr. 19 .000
0hr. 22 4545
Sig. 244

a

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.168.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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5.1 Woasidusn1sas1aviin

ANOVA Duncan®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 1200.000 3 400.000 657 25C 50 90.000
Within Groups 146000.000 196 744.898 30C 50 90.000
Total 147200.000 199 40C 50 92.000
50C 50 96.000
Sig. 324
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 50.000.
o U 1 : 4
5.2 MUIUNINDAU
ANOVA
Duncan®?
Sum of Subsetfor alpha = 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 3.884 3 1.295 3.085 .029 30C 45 1.889
Within Groups 60.008 143 420 25C 45 1.933
Total 63.891 146 40C 38 2132 2132
50C 19 2.368
Sig. A57 143

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
32.417.

h. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA Duncan®®
Subset for
Sum of alpha=10.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 2550.942 3 850.314 558 644 50C 19 10.526
Within Groups 120340624 79 1523.299 40C 21 14.286
Total 122891.566 82 25C 22 22.727
30C 21 23.810
Sig. 326
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 20.691.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
& @ ¢ a %; L o
5.4 \WUasigunnivuInUInun 0.20-0.49 NSy
ANOVA Duncan®®
Subsetfor
Sum of alpha=0.05
Squares df Mean Square Sig. Treatment N 1
Between Groups 5026.957 3 1675.652 747 527 50C 19 21.053
Within Groups 177141718 79 2242300 40C 21 28.571
Total 182168.675 82 30cC 3 38.095
25C 22 40.909
Sig. 225

Means for groups in homogengous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.691.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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a o

5.5 WWasudavuIntivgn 0.50-0.99 nu

ANOVA Duncan®®
Subsetfor

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 3435574 3 1145191 468 705 25C 22 31.818
Within Groups 193190.932 79 2445.455 30C 2 33.333
Total 196626.506 82 40C 21 42.857
50C 19 47.368
Sig. 364

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.691.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

+ 1%
a o

5.6 Wasi@usmavuinuiudn > 1.00 n$u

ANOVA Duncan™®
Subset for

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 3878.467 3 1292.822 1.337 .268 25C 22 4.545
Within Groups 76362.497 79 966.614 30C 21 4.762
Total 80240.964 82 40C 21 14.286
50C 19 21.053
Sig. 123

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.691.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA Duncan®®
Subset for
sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 299.873 3 99.958 .068 977 30C 2 80.952
Within Groups 116085.669 79 1469.439 25C 22 81.818
Total 116385.542 82 50C 19 84.211
40C 21 85.714
Sig. a2
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 20.691.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
& @ ¢ v a
5.8 iasiunidaussian B
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square Sig. Treatment N 1
Between Groups 354.885 3 118.295 A17 850 25C 22 9.091
Within Groups 79886.079 79 1011.216 40C 21 9524
Total 80240.964 82 50C 19 10.526
30cC 21 14.286
Sig. 638

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.691.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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5.9 Wasusausenam C

ANOVA Duncan®®
Subsetfor

sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 55631 3 1.844 004 1.000 25C 22 4545
Within Groups 38066.758 79 481.858 30cC 21 4.762
Total 38072.289 82 40C 21 4.762
50C 19 5.263
Sig. 925

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.691.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

+
a

5.10 Wosidudimiusewnn D

ANOVA Duncan®®
Subset for

sum of alpha=0.05

Squares df Mean Square F Sig Treatment N 1
Between Groups 334.064 3 111.355 922 434 30C 21 .000
Within Groups 9545.455 79 120.829 40C 21 000
Total 9879.518 82 50C 19 000
25C 22 4545
Sig. 232

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 20.691.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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6.1 Wasiuin1s9enuasinIvUInEIvln <0.20 N3y

Y

ANOVA
Duncan®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 131000.000 3 43666.667 89.694 .000 0 mount 20 .0000
Within Groups 37000.000 76 486.842 1 mount 20 90.0000
Total 168000.000 79 2 mount 20 95.0000
6 mount 20 95,0000
Sig. 1.000 504

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =

20.000.
§ < 6 o a goj CY [
6.2 WUaSLPIUANITIBNVINIAIVUIAUINUN 0.20-0.49 N
ANOVA
Duncan®
Sum of Subset for alpha = 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 99000.000 3 33000.000 49176 .000 0 mount 20 15.0000
Within Groups 51000.000 76 671.053 1 mount 20 85.0000
Total 150000.000 79 2 mount 20 100.0000
6 mount 20 100.0000
Sig. 1.000 .087

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
20.000.
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ANOVA
Duncan®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
_ Between Groups 102375.000 3 34125.000 42171 .000 0 mount 20 10.0000
Within Groups 61500.000 76 809.211 1 mount 20 85.0000
Total 163875.000 79 2 mount 20 90.0000
6 mount 20 100.0000
Sig. 1.000 119

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =

20.000.
§f < L3 o a goj £ [
6.4 1 UL 9UNNITIDNVBINIAITVUIALUINUN >1.00 NSU
ANOVA
Duncan?®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 92375.000 3 30791.667 29.436 .000 0 mount 20 10.0000
Within Groups 79500.000 76 1046.053 1 mount 20 85.0000
Total 171875.000 79 2 mount 20 90.0000
6 mount 20 90.0000
Sig. 1.000 .649

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
20.000.
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6.5 ANUGIRUINIITIVUAU MmN <0.02 N3

ANOVA Duncan®®
Subsetfor

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 2195 2 1.098 487 621 6 mount 1 6.8182
Within Groups 49.565 22 2.253 2 mount 7 7.2857
Total 51.760 24 1 mount 7 7.5000
Sig. 402

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 7.966.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

6.6 ANUGIRUINTIIVUIAU ML 0.02-0.49 NU

ANOVA
Duncan®®
Sum of Subsetfor alpha=0.05
Squares df Mean Square F Sig. Treatment N 1 2
| Between Groups 974.900 3 324.967 57.449 .000 6 mount 20 8.1500
Within Groups 429.900 76 5.657 0 mount 3 8.6667 8.6667
Total 1404.800 79 1 mount 19 9.5263 95263
2 mount 20 10.3000
Sig. 108 057
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
8.231.

b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
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ANOVA Duncan®®
Subsetfor

Sum of alpha=0.05

Squares df Mean Square Treatment N 1
Between Groups 30.744 3 10.248 6 mount 20 9.5500
Within Groups 271.422 44 6.169 0 mount 3 9.8333
Total 302167 47 1 mount 16 11.1250
2 mount ] 11.2778
Sig. 237

6.8 ANUGIRUAINTITIVLAL WL >1.00nTH

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size=7.182.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.

ANOVA Duncan™®
Subsetfor

Sum of alpha=0.05

Squares df Mean Square Treatment N 1
Between Groups 5.847 3 1.949 6 mount 7 11.2857
Within Groups 86.643 20 4.332 0 mount 3 11.5000
Total 92.490 23 1 mount 7 12.0714
2 mount 7 12.5000
Sig. .397

Means for groups in homogengeous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 5.250.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA
Duncan®®
Sum of Subset for alpha = 0.05
Squares df Mean Square F Sig. Treatment N 1 2
Between Groups 108.208 3 36.069 67.262 000 0 mount 3 .0000
Within Groups 25.204 47 536 1 mount 15 6.1333
Total 133.412 50 2 mount 17 6.1765
6 mount 16 6.2500
Sig. 1.000 772
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
7.673.
b. The group sizes are unequal. The
harmonic mean of the group sizes is
used. Type | error levels are not
guaranteed.
o o 9(; U U
6.10 ﬁ]ﬁu’)uiUﬁ]’]ﬂWJ‘UH’]ﬂWMUﬂ 0.02-0.49 N3y
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 2.355 3 785 663 579 0 mount 16 6.8750
Within Groups 54.465 46 1.184 1 mount 16 6.9375
Total 56.820 49 2 mount 9 7.2222
6 mount 9 7.4444
Sig. .260

Means for groups in homogeneous
subsets are displayed.

a.Uses Harmonic Mean Sample
Size=11.520.

b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 627 3 .209 195 899 0 mount 18 81111
Within Groups 75.960 71 1.070 2 mount 20 8.1500
Total 76.587 74 6 mount 20 8.2500
1 mount 17 8.3529
Sig. 523
Means for groups in homogeneous
subsets are displayed.
a.Uses Harmonic Mean Sample
Size =18.659.
b. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
o o g U U
6.12 mmﬂumﬂmmmmmmﬂ >1.00 N3
ANOVA Duncan®®
Subset for
Sum of alpha=0.05
Squares df Mean Square Sig. Treatment N 1
Between Groups 2.381 3 794 709 550 0 mount 17 9.0588
_ Within Groups 73.905 66 1.120 6 mount 19 9.1579
Total 76.286 69 2 mount 16 9.4375
1 mount 18 9.5000
Sig. .269

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size=17.428.

h. The group sizes are unequal.
The harmonic mean of the
group sizes is used. Type | error
levels are not guaranteed.
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ANOVA Duncan?®
Subsetfor
sSum of alpha=0.05
Squares df Mean Square F Sig. Treatment N i
_ Between Groups 120.867 2 60.433 222 .802 6 mount 10 54.5000
Within Groups 7337.000 27 2711.741 2 mount 10 58.1000
Total 7457.867 29 1 mount 10 59.2000
Sig. 554
Means for groups in homogeneous
subsets are displayed.
a. Uses Harmonic Mean Sample
Size = 10.000.
v v
6.14 UtnWRsAUAINIvWIAUIAEN 0.02-0.49 N5
ANOVA Duncan®
Subsetfor
Sum of alpha=0.05
Squares df Mean Square F Sig. Treatment N 1
Between Groups 568.875 3 189.625 713 551 0 mount 10 62.2000
Within Groups 9574.100 36 265.947 6 mount 10 63.4000
Total 10142.975 39 2 mount 10 67.5000
1 mount 10 71.8000
Sig. 239

Means for groups in homogeneous
subsets are displayed.

a.Uses Harmonic Mean Sample
Size =10.000.
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6.15 UATNLINANINNITIVUIALIMLN 0.50-0.99 N5U

ANOVA Duncan®
Subset for

Sum of alpha = 0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 560.475 3 186.925 .388 762 0 mount 10 78.5000
Within Groups 17336.900 36 481.581 1 mount 10 80.8000
Total 17897.375 39 6 mount 10 §2.6000
2 mount 10 88.6000
Sig. 357

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample

Size =10.000.
M v
6.16 UMUALIAUANNIITUINUIEA 21.00 NS
ANOVA Duncan®
Subset for

Sum of alpha=0.05

Squares df Mean Square F Sig. Treatment N 1
Between Groups 453.875 3 151.292 74 913 0 mount 10 94.2000
Within Groups 31282.100 36 868.947 2 mount 10 96.4000
Total 31735.975 39 6 mount 10 100.5000
1 mount 10 102.8000
Sig. 559

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample
Size = 10.000.
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