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Research Title: Promotion of plant extracts on seed germination and growth of test planis.
Researcher: Assoc.Prof.Dr. Chamroon Laosinwattana |

Assist.Prof.Dr. Montinee Teerarak

Miss Pariyaporn Netsawang
Faculty: Agricultural Technology, Department: Plant Production Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok 10520, Thailand.

ABTRACT

Potential effect of agueous extract from 5 plants species namely Jasminum officinalef. var.
grandiforum Kob., Piper sarmentosum Roxb., Piper interruptum Opiz., Pipe rretrofractum Vahl. and
Piper nigrum Linn. were assayed on seed germination, seedling growth and seedling vigor index of Rice
(Oryza sativa Linn) Water moming glory (Ipomceaaquatica Forsk) Chinese Cabbage-PAI TSAI
(Brassica chinensis Jusl) and Kale {(Brassica aIboglabra) at the concentration of 312, 625, 1,250 and
2,500ppm. The results showed that aqueous extracted from J. officinale at the concentration 312 ppm
had higher promoting effected on seed germination seedling growth and seedling vigor index of bioassay
plants than others plant extracted. The sequential solvent extracting method using hexane, ethyl acetate
and ethanol were used to separate on action compounds of the J. officinale aqueous extracted. Distilled
water and aqueous extracted were used as control and check treatment. The resuits showed that aqueous
extracted caused higher percentage of germination, seeding growth and vigor index of 4 species of tested
plant than ethanol, ethyl acetate and hexane. To study concentrations rate of équeous extracted from J.
officinale were further assayed on seed germination, seedling growth and seedling vigor index of 4
species of plants tested at the concentration of 200, 300, 400, 500 and 600ppm. The results showed that
aqueous extracted from J. officinale at 300 ppm had the highest promoting effected on seed germination,
seedling growth and seedling vigor index of 4 species of tested plants. Then effected of aqueous extracted
from J. officinale on seed imbibition and ({-amylase activities of Rice and Chinese cabbage-PAT TSAT
were further evaluated at concentrations of 200, 300, 400, 500 and 600ppm and distilled water used as
the control. The results showed that seed imbibition and ({-amylase activities increased with increasing
soaking time but decreased with increasing concentrations of aqueous exiract from J. officinale. The
extracted of J. officinale extracted on root stimulated of West Indian Jasmine and Guava root cutting was

also studied at concentration of 0, 1,250, 2,500, 5,000, 10,000ppm and I-naphthyl acetic acid (NAA)was

s
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used as confrol. The result showed that the NAA promoted was higher effect to the rate of rooting,

number of roots and root length than, aqueous extracted of J. officinale.

Keywerd Jasminum officinale f. var. grandiforum Kob,, Plant prowth regulating chemicals, Plant propagation
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Wuduganiriiszine s vh s idmstepalaeimeduguadhuhdeldilunten

i lgulumasssensudamensyesmsdutuivesn inus

2.9 matiamsl¥anagane
3 a = - 1t & 2 o A A o T A T
a3 1Fasoenfudsmafasinfislidsedlunalndmionwmeunamesnudifieus
azviianouaussdenis 1¥eendu 18 himilioudy aviladesniseenduanududuge un
a 9 s o o 1 A o a o
$IARBINITEDNFUM D1vziishvoeniluning laverdeanuansalumssensimiuy
! » ]
waneziale 1A 3 wandadieniy, 2527)
d.' L) 4 1 L] lg 1 H
2.9.1 wanteonsndwe g lvaiiufish Lifidie 1 iwu riinew e winfiliga
T 1 »
fuflasineguds i ns wasninnsdeuvesiiaianais n1sldesnduarnudududi
Hisanedonisnsequnaiasnld Taoall1deendu NaA nie BA avnududuilssina
500 §1¢ 2,000 dladnSudoans
P ' ] £ 1 4 .
2.9.2 winhieensinamihunai lRudwandsfsseunun iilelierniinieliliga
o o ¥ = 3 =
Auilasinegnou msldeendusisndesldnrududugain Tavdn@lduszana 4,000 s

10,000 Haansuroans
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=t ¥ 14 dw e L e da Y A dea
2,9.3 wanfigensnenun lRunnafivinga daun liwafduladt uaziyilivewany
Foy L ] o [~} aoor W ) ¥ Y o ar 1 ¥
wila iuuzaa dege vyu e auyiiadne n1sldeendunnudududuines bildna deq

L) é z or ¥ =1 1 ﬂ'
Mamudutuganng i 12 nlefidud Fanwisndalilaxedniiins

2.10 N¥naaey
§ = o1
2.10.1 WNBF1RAIULAY (spanish jasminc)iFOINGWNART N Jasminum officinale T, var.
L o é é & [] =
grandiforum Kob.8§11123¢ Oleaceae Huilufiyluanausdsiianils fousuliauaudionin
-~ ar = ar & 3 s e ¥ a g A Aoy o _A reter ¥ a
Hudouasiu Tnedpuasia lihilu e Sdulivinade Aweulidilen fwnlidiaia 1
Tudlulindseaeuuuuuuun dawluf veeeniifuidunds ndvaeniuas sonaenfitaty
4 s A w = s =t @ o
As aanfindunon aensztnuiinfewd Tsesonaenanoall Inarsveneng lasdnd uas
neneu (og¥3, 2541) TRIMsAnvuhenusluagousd lanbesanannamusaluly
{ ¥ o 3
WnEB1af UL AT TU 250, 500, 1,000, 5,000 #Lag 10,000 ppm ABNITIUEINTS
- 2 Y R A \2
wiAn lnveu¥es Collewtrichum WU AT AAANAMMUBAA T BUINTT BT 19 05
] & o
1anudanandudy 5,000 ppm (G52aid uasame, 2548) uazmsanuiiesduans a1sial
9 g = o =Y ¥ ar
(2546) hsnaeudisanalnnRranausasiu 1 3iia wuhasdianinlunssa
EJ o v 3 = = | = ¥ 9
Auuaeldnalussdudimssenuasmiseiyidu Invesisnagoufinrindugey uag
L] ® ¥
duafumieia@nInvesisnagoufissaunudududin vindu Wil uazamy (2551)14
o g r ﬂ" e g T
MnsusnaseengnTaInaIsaiaty AE lasmatinlasu Insnst Tdasusgnsediugd
¥ [l [ o ' o o v = vy o -
iufmesssuna IR anlaniuilszneudasmfendu vyjleasenda (-OH) mymiueiia
ar [ o o
(C=O)aeWUTEY (C=C)"C NMRanlnasu Usyneudloniveussaous iy 25 mivey
1 o = o o o
BzABY HE@AIHINY C=C Mimineiiavsusained (-COORMAZIO luA (-CONH,) MIuou
ar 14 ar = o ¥ a (] =1 ¥
Wuszg 'HNMR mutlpady ueasdanuseguatites Isunanuasuyiunend (-OMe) Asu
3 or o =1 LY om ]
AuUNNT uasaue (2552) T8AnyInaniedad Tamfotnynsmaduasdofionssunisuie
@ VAl ar . o
wadueasnneu Iuaifiszdunanndudu 12.5,25, 50, 100, 200 uaz 400 ppm (Huiaan 12
& T ow et ' '3 A o o v a4 3 o q YA  a
#1139 nuhwsiinsudusadasauiioanududuvesmsanaitivau i limanisdeies
ar im = d ar o
deelas Tulwufidand uazsunumsaiwaeathufanohused dwu sivdun (2551)
9 a oo ar o =
dinsfauidss@ninmmeisadaniniiy 3 siiade ludlssoad lunsdardou uazla
o t = = - o oo o
WnssatuiatdenIsenuaznses yRu Iavesivnaaey wwlsglilundnnuaians
9_ 8 e v a oW da o . a o
foa TNy wudgaswaANaat crude hydrolyze 30 alefidiud :bentonite 60 nlofidud : Tadoy
a e o ° a o - W
soBFama 10 nediFua nareumatiimemsauneuLazndsirNTen 18r310.25, 0.5
¥
uas 1 AuABEnMY (0.16,0.32 1n20.64 nTUABTIUNARBY) AIUNTATUIINTIOAUATANS

wingduTnvesnghdiunuazd il ldangea
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2.10.2 W3n'In % menenanidt Piper nigrum L.og i Piperaceae fidnvasiily
Reeisdumduasdudaile mduiideuazdecdany ludueenady julivies dawly
wray Tauluvunaundeunamdnies luflvinants 3.5-6 suBns 612 7-10 isuRiuas
ulviivsnalawlud 35 ¥u aenseniiuseuazeanasstwiuly degiduluen 10- 20
fiafwas Aneganmnuseasnsesiuasn e linaulmunasuon 3-6 unn ¥easndadtinen

o g

Alinasdad 2 oU HasIAULUFBE1 5-15 IruANns KaginseInauyn 4-5 ruRmns ua
W A g A o - od
uddianda nmelull 2 waa
Y AA a &1 . ' 4 . -

2103 9A1U WYDINUIAARTAT Piper interruptum Opiz. aq’lmqﬁ Piperaceae U
ar = g [~ ar ar
Fnuazdlu ot vwienan iteddse s ldiwdue mihdamusnediany Shadudad

L ] g d. = T
wdenAeudegou ife lidvnly luderglluvenneedioluninine uduauai damely

=} gt o) [} - - | [] Q@ ar t gt oy
unay luF@snduasn senasnitiuseeuan fasu aondosdanuuiuadivaennsn Ine
= -} = 1 o oy -1 z

Wiononila nasoufilied nagntuaend .

2.10.4 313 T¥eInuimans 1 Piper retrofractum Vahl, g lu23fPiperaceae Tidnwar

b 2 > o ¥
$lulhen vuanate Seilde iWe liwduer wihdamuansdions hudusai nlden
U v .A' H - ] J
souteeeu e M lu luduiglunennheadelunsnlne udusund dawluunaxy
1 - - - | v a ar 1 ‘a
luadeaduaon sonasnilusasruin Tnsy aentessamitiy adeasnnsn InovSeaen
-1 =y J = = = g
Ailana nasoudEes nognuasad
& = e [

2.10.5 ¥2N1g ﬁ%ﬂ?ﬂmﬁ'lﬁﬂi?'l Piper sarmentosum Roxb. ﬂg"lmaﬁ Piperaceae ﬁ
.W [-3 g L= - aQ S
dnvaiziihlidugn Srdunsanarlilaunudu ge 30-80 mudiues Swuiidier Tlnasen
Sludulny snsenssnaiuiety dhulumes senSoeady wiuluug AluBeud@sudy
Lﬂuﬁ’u‘lugﬂﬁ'fs‘lﬁl ANe 5-10 rudns 813 7-15 wudwas dargsluuvay Tauluwd asn
sondluvefizenlujinsensyuen asmdnfundamiveguuunudensn asnuenins Ha

fhuwama nay Sauiusguuuny
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SEdutiumsise

3.1 eilnsaiil¥lunismaaes

3.1.1 i 19 lumsadaas Taus wnsymfuuag, 2Ua, win'ln, asd uazseng

3.1.2 piafiafi 19naaey 18un $1, Az, nneds uazdngda

Jl3daan ﬂ‘ﬁiﬂ? TR0 ethanol 95%, hexane, ethyl acetate, calcium chloride, starch,
dinitrosalicylic reagent, LA H 15159570 (speed root)

3.1.4 gilnsaimeinmmanas 1dus Srned, unsufaauas, vianaw, viagilsuy,
NTLUBAA, W15, nssanseied 93, Naeada spectrophotometer, ITUNARBIVUIA
Furmgudnas 9 erudas, thfudaiouvany, 55103, Tneua iezvasananesyuia
15 ilaaans

3.1.5 13 esiieIneieans 1Aud 163 eeSIMEgyRINA (vacuum rotary evaporator),
304 AR 1ANAULE (spectrophotometer), dRIUANMIIIT AL Tnve s (growth chamber),
TuTnsTila (micropipettc), 81721501 (hot air oven), inS DanGuaas I anazneu
(centrifuge), IFi3eFaBE 1902100 2 Uas 4 Al smzéwﬁqunqmngﬁ (water bath)

3.1.6. Qﬂﬂiﬂféu“} 3 ndediunh, T, s, gilnsalaiwnn, g,

AADINVUALVIIA 30 x 20 x 10 UBLDUY
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3.2 F8manaaes

= .Y s = o, ) 7 o=
NINAasaN 1 MsnaaeulszansmnvesasanasInny s ¥Ha asmsauasums

= = or & & 4 o =
S 1) m‘sm‘sﬁy_mﬂn HASAYHANIMUYAIIAHUNAIVOINENATDL

mamsaNaIana

dnrsdadenlufiens 5 siia AoNNTI1ARIULAS Fasminum officinale £, var.
grandiforum Kob.), ¥$WQ (Piper sarmentosumRoxb.), H ¥ Au (Piper interruptumOpiz.), add
(Piper retrofactumVabl.) WagW3n'In (Piper nigram Linn) Hiianuauysel uazhidi lsauas
wuassunu i leufigamad 45 evwnwade etieles 3 undeauutaaiin uasinnua
WilluFuvada amhninnldlunsuzuas@uindulusasidaulunde 1 ndu derh
99 fiaddns uazshnsBahnmsugdaowis Adudedostumssemondanillduiigitu

o ar o ¥ W A L v Aa 1 ¥
1‘].'11“.’33'1 39U ﬂ'lﬂuuu1n1ﬂiﬂ\iﬂ'JUﬂ'Hn'J‘U'NEwﬂl&ﬂﬂﬁuﬁqu“ﬁ‘uu'lﬂﬁl"fgﬂﬂﬂ UagsnIisIy

i o Ld

a & ¥ o ) o ¥ 3oy 3
AN UIATIHIUNTYAIHNTOUUBSG 93 'inﬂuui]gvlaﬂ'ﬁﬂﬂﬂu'lﬂ\‘lﬂu‘ﬂ'izﬂﬂﬂ?']illﬁ]lﬁlu 1

alofiSus

nmsnaasviBoufisums

asariainnlufisn s s devialildaamdithi 312, 625, 1,250 uaz2,500
ppm TaeldthnaudluSEmsnBouiioy Hinsneceusumdaiiy 4 via 18ud 92 uasdnde
121 10 wia n11eqs uazad S1wou 20 e Taeldasadaluvumanssinaduriu
AUENANS 9 IURRIAT TiTBeRIoNTEAMIMEIAR 2 $u viuaz 5 iaddas vinrhnisilad
snmasswazilineg B lugninqumisei o Tavesfis Adasuasaing 12 Falus
guungdl 32 e uaz hiliuaeadng 12 $21ue quingil 25 ssruwaiGoa ATdy

o o 4 ¢ o o
dunns 80 ilodrvua
CTHNKHUNINAABS

¥ 1
Tun1snaaedinaasNINATBUIIWHUNTINAADINBUFUTUYSS Completely
o
Randomized Design (CRD) T5M5naaseas 4 51

Qs o
fn‘n.luﬁﬂﬂﬁ Ilﬂgﬂ'l‘i%lﬂ‘ﬂgﬂﬂﬂﬂ'ﬁﬂﬂﬂﬂq
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o g o o o w = < o ¥ d et
HUNUIUNTIDAYDAUNARNIUN T 'H'ﬂQﬁ]-IﬂﬁilwﬂglimﬁIﬂﬂﬂ‘l'ﬁuﬂi'ﬁluﬂﬂ‘lﬂﬂJﬂ?Tlﬁﬂ‘l'J

2’, 1 o oo 3 [~ S - ar 9 ar A s = o
aqus 2 Taamns yu lddvwdanaen Saanue1291n vazanuedudui 7 naennisu
AIzwan 11idoyan1s9on ANE AU LazAET NI IUINIR AT IR T s e
YIAUNADINTUNTT (Abdul-Baki and Anderson, 1973)

@ £ ] 9/ o o o

ATAMUNEALTT = (AUE1ITIN + ANNEIAY) x WofiEudnTien

) P = a v -y

eyai ldmdmnzdmanuudsdsunsadd (ANOVA) uazifFoumfisun

v v ~ 1 [y & & o
UANAUDIRINAY AT Tukey’s Studentized Range Test AseAuaNuFesu 95 nlefifud

a & =) s e o = 2§ 4 v b
MINAR9IN 2 ﬂﬂ‘lel'I‘l.l‘izﬁﬂﬁﬂ'lﬂ‘llﬂaﬁ1iﬁﬂﬂﬂlﬂﬂ?ﬂ1ﬂ$ﬂ1ﬂﬂ‘lﬂ]‘iﬂ'i]'lﬁ‘tl?l‘lli)ﬂ‘lll‘ll';l

T T = = o o o & 3 k4 A
HINABMITHUTTUNTIBN m‘im‘iﬂl"!FI‘].ITﬂ HAZAYHANHAVIMTIAUNNVIINT NATDD

= ar
m3AIsNIIEIA
=y k) o @ A A o e
mawsonlummssainuns Taevimisaadenlunlinuauysel LiliTsauazuuas
L] é g’ E-3 = a:i = =1
sunau mahwdgaiaisanliuds ninuniluiy lleungangll 45 osnuwaGon
U ar Foy o o & ; o o r A ar at
p6191788 3 U videvuumaaiin uasrinualithFuvinann sazih llugsifeadaas luds
o = = ) " . 2 o 1 - o o =) = o
Mazaeduyio 19875 Sequential solvent extraction evzyimisit lufaludvhazaeduysd
H ¥ d'd gl =) -
Geadsunnarsitivaise ldvasilidnnis wnwy efiassden wazieniuen
o o ] F=} @ © T = Y ar Y o ) - Q
mudy usluisludhazaronaazrialiam 3 W Tashidiezaominludsuazyh
maauluAsesnalnrueyn Iy Weasumuuanansusanass lualasasuaazsiia i
@ A 1 %’ L4 3’, g w A
asaiah 14 i nsewrnufunuanIsesAlenssAIENIotIBs 93 MInUuEIsenaf
nseqla llszmedaasanedomiossemoemsneldgyanme dseg ldasananoruves
o N ar o 1 1 o ° o
hexane, ethylacetate (lagethanol NI FIIMIDATERAnTLIIAazaIuf Tauazih Ttinu

Tugamgidwudwaniunld

msnageunlaufiavarsaia
¥
MmnmsReswasananeulila anandudu 312, 625, 1,250 uag 2,500 ppm Tagldih
@ df et = o o g A = ¥ ¥ . ] ¥
amuthiEmsaSeudion shmsnadeuiumaans 2 viia Taua 413 1w 10 waa 1199
$1uu 20 wia Taoldasanalusunaassunaduriugudnais 9 wudas fisosdse
» o
ATTATHINISINER 2 FU D1uag 5 Haaans nnwhiesTadunaasaai ldnd 3l
- T
andunumss gAY Tnvesiy Haenuaeadne 12 $2Tuse quugll 32 esrwadod uas ull

1 ﬂ.} [ -\ g ar ar
LANEIN 12 32109 QNI 25 DeruaIEYe AMuBUFUANT 80 lositus
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HUNIINAGBY
¥
TunisnaassiiuAaz ATNATOUIIUHUAITNABBINUTUANY ISl Completely

e H
Randomized Design (CRD) 7 5MINADDIAS 4 41

s o <

ﬂ‘]i‘uuﬁﬂﬂa AT U TIETHHAININAQD] .

o o 2 o o o A o o 9 o Aa

HUUIUNTIBNUDUUARIUN T ‘Hﬂ\‘lﬂ'lﬂﬁlllw'izluﬁﬂiﬁﬂﬂ'lﬂuﬁiﬂlnaﬂﬂuﬂ'ﬂuﬁn')
A ¥ o E g et ar ) @ A ar &S o
AR ZUARIURT "qulﬂﬁ‘_luluﬂﬂﬂ\Tﬂﬂ AANITUYTITIN llﬁgﬂ']'luﬂ']']ﬁ’u?uﬂ 7 VA InLIUM

=] o a 1w oA [~

AIINIZIIAA u'l%ﬂyiﬁﬂ'ﬁqaﬂ ﬂ']'lﬂﬂ'l'lél’u LAZATTUYNITINUTIATUIU W IR TATURA ITULUILT
YBIAUNANINANMS (Abdul-Baki and Anderson. 1973)

or o4 < 9 o o o

AFUAMTULAUSLETS = (ANUETITIN + ATHETIAU) x lﬂﬂil‘]ﬂuﬂﬂ’ﬁéiﬂﬂ

] = - o F = =t

doyad Idndmsnzdmaaulstsumeada (ANovA) sazalsuifisuna

wanAeveen Ran a3 Tukey’s Studentized Range Test NsgAunMME 03y 95 e fiSud

MInaasen 3 AnueasiannduduvssniNminzaudensaaa3uniseen M3

= =) ar o4 [ k2 v =
l‘il‘iﬂlulﬁllliﬂ HAZAYUANNBVULTIAUNNVeINY A Tel

=l o
MILAIHUTTIANA

] b 1 = g Iy or ] aF ar %’
iluynsyanuuasldlumsuswazsmnimanludasidiuluuds 1 nfy deih
M~ emem a ' ) ar o 2 avd

99 finfidas uagyhnstlathnnsuzdremnaumetosiumssemeudash luhungiu
g o ¥ o ¥ A o e P ' ¥
fluaan 3 3 i nsesR YU BLenFuaIuniluwa lvgesn uaznsaedE
= & 5 v o g.r 9F ar %’ %’, 9 o or gf g
DNVl IWIUATEATENTBULBS 93 Bmue laasaimi e IduRTEAunUITuTY 1

o o o
nlofsua

minareunBuuMevmyana

o o ¥ ¥ - Y ¥ 3

hmsanaiienluynsnasunasyniessld ldanmududu 200, 300, 400, 500

H & o 21 3 o =3 - 1
1az600 ppm IaslhhnauduiimsaSeuiion ynmsneasunuhady 2 vila 1aun 41
o =] o o 4 ar T
$1U2U 10 18R 4aTA9AY 14U 20 ida Tesldasadalununaassviiaduniy
'3 Y A = 2 o= ¥ [
AUINA1 9 IwUAINAT NTBIRWNTTATHINIZIUGA 2 ¥ 11UaL 5 lindans snsuatslladh
[ ]
nunasswaziililndBludarvgunisiesgudvTavesiy Nasawasadng 12 2 lug
- a = 1 & - A

qaungll 32 sswnraiod oy lifinaea g 12 $21ue gungil 25 oswiraiod AnwEu

ar @ o o o "
Funint 30 iloTigua
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IMUHUNTINAAEN

¥
lumsnanpliudazRYNATOUIWAUNIINABDUVUFUAUYST Completely

st ¥
Randomized Design (CRD) 15013 NADBINE 4 K1

mstufiona tazmsdnnzinanmnanes
o o 2 o - Y = I o g o At
HuTnumssenvesuaadui 7 vannisumzuaa lasmmualnudaniinnuen
Z [ T 2 i 3 @ ¢ g o ey o
Asua 2 Tadwas yu'lldluaaisen iunlesdudnissendda Janwedsn uazganue
o o ar = ° =] o
Auiui 7 vdsnnGuihmamizwas dideyanisen AweIAu HAZANBTISIAN
o T oa o
MUIUIAIAYLAUMTUITIVBIAUNAININAUNTS (Abdul-Baki and Anderson. 1973)
@ [ [ d & o
AFUANUAWTE = (ANVINTIN + anuean) x wlesiudnisten
° 1 - o aa
ihdeyat ndmsizdmanunlslsuneada (ANoVA) wazulSsufeunnu

¥ 1 1 a { 4 & -
UANATNYDIAUNAY IAGTT Tukey’s Studentized Range Test NiszAUATIFONH 95 11lo51Fue

] 4 i L4
MINABeIN 4 MInsleasugnEvesmshilnademgaiuasfonsuveusylasl

savh-ezhan
asnAaesh 4.1 Anmngnivesmsainannivaenisgainveuniafynaey

=4 o &4
M IHATBUHNAANTNATDIY
- g Ao 1 Y A 4 9 o g + of
RanllafNUVUIRINT AU Iﬁﬂlﬁaﬂlnﬁﬂqﬂ11ﬂ1u?u 5 IUAANDVIUNAND Ll‘lﬂ‘ﬂu
& o s T v
ITESLIN 6,12, 18 LU0 24 Qf'JTﬂJQ lﬁﬁziuﬂﬂﬂj’lqﬂ?\?%'lu']u 15 lﬂgﬂﬂﬂﬂ']uﬂﬂﬂaq !.!.%’Lﬂ‘u

Loz 6, 12, 18 uag 24 Falue

PINAasUNIIRAIN

o o 3 ¥ A snl ,, ¥ o

dasanaingn lunnsyianiuuasuudes a1l ldaududu 200, 300, 400, 500

¥ & 4 o o =3 a -
182600 ppm 1agiMinawiiuiimaaSowfion Mmsnageusuudany 2 vila Taus 410
ST 5 iAA H219e 31wu 15 wila Taoldasadalusumaassnnadurgudnaa o
a { < ¥ = an [
IruRLAS N58eRI0NTZATMINIZLAR 2 $U 91uaz 5 Tadaas Taousnidadlussesna 6, 12,
. EA (]

18 uaz 24 FaTus vimiuaneluifuueas vazih ldne 3 ludgnaununisnsapfu Tave iy
HE 4 1 T Q.I = 1 1 & =
Paamuaea g 12 ¥ 109 gungl 32 serusatea uas litinase g 12 $2133 gauvgl 25

= A o w2 sd o
SR AR ANUTUTUNNT 80 wloTiua

1ARK” 2D
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THRUNHNTINAAB
4 1 - 1 o
11!ﬂ'l'a'?lﬁﬁﬂﬂﬁuﬂﬂzﬁ‘]fﬂﬂﬁﬂ‘ﬂ'ﬂﬁLtﬂuﬂ15ﬂﬂﬁﬂ\illﬂﬂ’sjﬁﬁﬂﬂv‘im Completely

Randomized Design (CRD) T5015NARDIAL 4 &1

ﬂliﬁuﬁﬂﬂﬁ llﬁ:;’ﬂ1‘§3!ﬂi’l$‘]§ﬂﬁﬂ1iﬂﬂﬂﬁ\1

-7} ’g’ ar T T 4 L] = o o ar
Tufinihvinoeuuses uagilausasasuauszaznamimua yiudauduld
=y ~ - ?) e}r g a ar L] o
gHeAEnsEaYAIToelsEIIn 30 JuhvSouteaiin vindusaiimtnrdeusas uazih
o o sd o 3 .
mﬂm:rmnJuLﬂﬂimuﬁmi@ﬂu‘mmﬁumwm (Maity et al., 2009)
¥ ¥ ar r L 50' ar ¥ I
mﬁgﬂmﬂlmmﬁﬂ (%) = HIMUNUAWS 1T - WIHUANDUUTAT x 100

¥ ar L) "
WIHUNNOUUFAS

v
F=)

deyai ldmdmnzdnnnuulslsuneasa (aNova) uasaFeuiounis
uane0f 1D 1At T Tukey’s Studentized Range Test A15zAVANT0NY 95 1l Tidua
1 2 P 1 a & ar T
115NARV9TI 4.2 M3ATIIABUNTVDIT I NUWaABIONITNVO HEH ¥ Idavh-02

-4 '8
Tunahwndadnanaznnads

msnaveudsnssaeuluidarh-esluaa

q o 3 o & Y 3

hasadahnn luynsvadunasundensIn ldaududu 200, 300, 400, 500

¥ n'J ol -l o o -y 1
192600 ppm TneldhnauwdludimsuSeuiioy inanageudumaaia 2 ¥iia 18ud 410
$1U7U 5 AN 199 $1u7u 15 waa Tasuswdadiuszoznm 6, 12, 18 uag 24 12 1uq
¥ o o v §g Y ¥ A m oA ¥ a g o 5
vnhwaangu duTsdlenssaynssstlszas 30 Fuiiviseuteaiin duvaa Tduald
o 21 I3 -3 ) ey 9 o @ A -
azdvaluunadounas 15a (o) 151193 4 Tadaas 1 ldnyumlssdionsoamyumie
#9157 10,000 50UANT gungll 4 saruwaioa dhunar 20 wad 12 ldasasaelugy
:: g’ ar - -
spamar lafiuunfuiuninnsneuvesndaiisnadou gaasazavvedvadla 1 Naddas
Tdlunasananosvuia 10 iaaans uaz@vasazaiouils 0.1 wlediduqd 3uas 1 Taddas
1 ldl. - = =L ﬂyl ~
Tadmasananswdnirliiungavail 37 esrusa@oa unar 15 wrd vindudy
-y oy L-] ’o’ = 4 el -]

dinitrosalicylic reagent 1 Haaans uazi ldulnirReadlunal 5 wH Weasudmumian
H . dlt o £ o ar 1 P=) d' P
AntiNoangamgiind Tai hl fadnsganaunaad oo spectrophotometer in 1136172

Adu 560 W IuwAs
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TAWHUNTINABGY
. ¥
TuntsnasesiiudasRynadoudisununisnaassunuguauysel Completely

Randomized Design (CRD) FEmInanedaz 4 9

mstiufinga saemsIasIEiNeNM InAnes
ihaganauasiiia idindnoamamududuvesoulmiadh-os luar e
AUNTUDY (Maityet al. 2009)

Tauldgns
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4.2 MInNaanin 2 ﬂﬂ‘H“J‘Jgﬂ"nﬁﬂ'I“‘l’ﬂ\iﬂ]ﬁﬂ’ﬂﬂﬂ3ﬂﬂ3ﬂ1ﬂ&'ﬂ1ﬂﬂuﬂﬁflﬂﬂfn‘iﬂ'\uﬂ"iﬂ

o = o ot < 94 4 &5
N1Iien ﬂﬁm‘iﬂglﬂ‘lﬂﬂ HAZAY UA NN TIAUDATVIINENATDID

#an1ssen MsesaanIa uazdsianuniusuesing
. £ e
VNMIARYIETANALENNGUA1I80NENTIIN IUWNFFIANTUIAIAIYIT Sequential
=) 2 ar G [-] ﬂ;ﬂ g Q” =y -1
solvent extract IagiisadaunaavihazawhiivalosliUamin e ey wRaosEen uas
lmuea Aszaunnuwdudy 312, 625, 1,250 uaz 2,500 ppm leslithnaudlunssuitalugu
ar ’o’ [~ ar ~ ¥ [ g
uazmsﬁﬂﬂmmﬂuﬂﬁﬂnﬂf’f‘luuﬁq;ﬂuﬂ'mﬁﬂumﬂn WU @sanmhnannsIad e
= o o ] = - FY ar o =1 gt S At T a
TlefiFuaduasumssen M gAY In tazAsiaNuud s woIAuNa1 lAand1sana
Fugnian tefineedian uazenuea lasesanambninynsyaf uumaissauauduTy
& T o 4 =1 T oar =
312 ppm FadioSIFuAMsIBIINY 100 1WeTiFud anuemAund iy 5.93 iwuAmas
TANMUBIITIAIN 6.60 IFUAIAT HAZLAIATHAIINLIILIIVIIALATUNINY 1,253.00
A = T =y = = ar
sosauasanaduemuealilefiFudduaiuniseen maeiaudnTa uazdviianu
= wr & e fdd o oo cd o
udussvesdundriiszaunnadudy 312 ppm Fallnlefiudmasaniidy 91.25 losisud -
PANUIIAUNZUNIND 3.30 1FUANAT TANNOITIANNNY 4.58 suAInT uazliaiaesi
1] ) L] W a’) =y - =4 l. =y
AL DIRUNRUNINY 718.55 daumsanatuenaosmanilosisuaduaiuns
= = T} - o &
aan mMsnTauavla wazdvtianuudussvssdundrfissauananduds 312 ppm Fadl
& o o L o o o A 9 9 1 oA P =
oS FuamsIennIny 84.00ulo51Hud IAUIIAUNANNING 3.05 IFURLAT IANET)
1] o =Y L] or o T ar -7 5
NN 2.25 IFURUAT UAZHAIAFIATINUTIUIIVBIAUNA WA 455.15 URS AT aNATY
= ¢ & Pl oS - - U | o 3/ @ o ar
oy Tulefiruddualuniseen mansaudu Ta uazarinnuulisusesAunNanszaAL
9 g & a fd o v oo dd oo ¥ ¥ 1w
ANUTNTY 312 ppm FeioTIFUANIIOMNINY 73.00 1051FUA UANUEIAUAAUMINY
2.63 IEURINAT TAMBLIIS TN 2.80 (FURIUAST HAZHAIAFHA NI WBIAUAR

INY 396.05 (A13199 4.5)
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% o w o = LA . 1 = = =
ﬂ'l‘ﬂ\‘lﬁ 4.5 ﬂﬂ’llﬂﬂ'ﬂ"l'iﬁﬂﬂﬁ’ﬁﬂﬂﬂﬂ'lﬁgﬁ'lﬂﬂuW%ﬂﬁﬂﬂ']iﬁ\ﬂﬁiuﬂ'ﬁ\iﬂﬂ ﬂ'lil‘i]ﬁﬁl]ulﬂﬁiﬂ oy

ar A o ¥ k J ¥
AYUAMVUUINIIAUNDTUDIUTT

pIseENIasMSITIAIn

. RER T — axin s
mIENaAvE nzsen ANUBTIAY AN v w
m) Aunm
(pp
(%) @) - (¥n.)
Hnau FTMIAWGY  100.007:0.00 3.09"+0.15 2.7340.13 581.5019.55
312 100.00™0.00 5.93+0.06 6.60"+0,08 1,253.00'4.76
625 100.060":0.00 5.35°£0.08 5.66£0.05 1,100.50'+5.07
Check . . . .
1,250 1060.00%0.00 5.12°:0.04 5.207:0.10 1,031.00%:11.92
2,500 100.00°:0.00 458005 5.01%0,12 958.50%11.70
312 73.00%1.15 2.63°#0.15 2.80°0.00 196.05%+13.67
625 57.50%2.89 2.05"40.10 2.5540.13 264.13°44.00
BN i . ) .
1,250 18.75'2.50 0.00%0.00 0.00"0.00 0.00"0.00
2,500 0.000.00 0.00%:0.00 0.00":0.00 0.00"20.00
312 84.00°+1.15 3.05°40.06 2.25°+0.06¢ 455,15+5.01
. A 625 64.00°£1.15 2.10°:0.08 1.4420.11F 226.33412.96
BYianLHAN ; A .
1,250 2425126 0.00%0.00 0.00":0.00h 0.00"£0.00
2,500 0.00'£0.00 0.00%:0.00 0.00":0.00h 0.00"0.00
312 91.25"20.50 3.30"40.08 45840.10a 718.55"£10.93
625 82.50°40.58 3.20"+0.13 3.650.19b 565.13°£17.53
Muoa 4
1,250 39.00°20.82 0.00°0.00 0.85°:0.19g 93.04%:6.03
2,500 18.2540.35 0.00%0.00 0.00"+0.00h 0.00"£0.00

) H o g 1 o o
AURAIDINT AU 4 F1 vewlefIFuAn1II0n AN TIAL AMLIIN LazddeiinTdas
yaadund Anndsimudledisnysmileusuluassiniuaasi liuanisdunaada nmsdnszyw

funfe laa Tukey’s Studentized Range Test (p=0.05)
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= o I~
Hamaen massamila ;mzmﬁm‘mumuswmmwﬁq

4 et
nnmsfnmmsanatenngumseongninnluynsaadiuunide33 Sequential
¥ W b
solvent extract Isideaadua AW azawntunTos unnn fe Wy wwhassHean uag
4 o a ¥ & o Y
evuen Nszauanududy 312, 625, 1,250 uaz 2,500 ppm Tasfhhnduiunssuisaugu
ar %’ ot ar 4 [ g =1
sazasafannynsmatnueuiivdaBsudon wuhmsadahvnynsediuuad
dd o =Y =y = Qr  a o 3 9 g v ¥
nlodudduaiunisen maesaudy Tn uazasitinnuuduswesdunii ldanhasanasy
_y =y (-2 g " d'. ar
N siinezdian uazieniuea lasasadainnunsyaduasiiszauaududu
& A - 2 v oar P ) ¥ 1w .
312 ppm FeNleiFudmssenay 100 iledidud Javueridundunidy 3.91 wuAting
TRNUEITINMNAY 4.80 LFUANAT waslimariinnuud s svosdunduniny 870.75
W 3’; 1 ar é -\ ¥ [
sesaunmsataduemusafiseauandudu 312 ppm aafinlefiudnmssenigy 88.75
-1 'd T o - oo =y =
nlefIFud anua2dund N IAY 3.18 UARILIAT BANUIITINNIAY 4.05 IBUAWAT uaz i
T ar =1 1 o 1 ar 5 =Y a v =
MAFAITULTT IR UNAUIIAY 644.80 TruasaRavueNnocTaniinled FuddeuaSy
F o w A o 2 ¥ oA W Y o 2 A
M399n MINTAY In HaZABIA NN VBIAUNA N TTAUATITNYY 312 ppm el
o ¢ 3 o o o
nlediFuAnTs MR 62.50 1WodEud InNE1IAUAR NN 2.00 ISURIAT FAIET
| QF - o T ar o g’
TINAIOU 3.79 ISUALAT LasTMIAFIIAINT WS WoIdUnd WY 417.94 uazasanaty
= ¢ ra = a QV ar [ 9r W et as
wnirudaleisudduaiuniseen msws @y Ta uozasiinamuiias wesauniisza
4 O B : Y 1w
anududy 312 ppm FafilediFudnassenmiidy 5925 WlefiFud ianumidund sy
2.48 IFURAINAS TATINOIITINIOU 2.68 LAURNAT vaziiniariinnuud usreeaunan

17 305.18 (115199 4.6)
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H [ o o - o« ' o= = S .
ﬁ'l‘i'Nﬁ 4.6 ﬂﬂ‘UENﬂ'Iiﬂﬂﬂﬂy'Jﬂﬂ’Jﬂ'iﬁ2;”:11Uﬂuﬂ%ﬂﬂﬂﬂ1?ﬂﬂtﬂiﬂﬂ'}ﬁﬂﬂﬂ ﬂ'lﬁ&’i]ﬁfllum‘ljiﬂ oz

o o o ¥ ¥ Y
AFUANTMUVUTIAUNDIVOINTNINT

msveniazmRsafln

- aamdiudn " avtinam
T nANENL nigen AITHETIAH ANNUTITIN « o
(ppm) AR ATO T
(%) (¥31) @)
Wnau FMIAUQY  100.00:0.00 3.10°+0.08 3.18%0.05 627.50"+5.00
312 100.00%+0.00 3.91%0.07 4.8040.01 870.7548.14
625 99.50°:1.00 3.79%0.08 4.53°40.13 827.33°£12.43
Check .
1,250 97.50°0.58 3.09™:0.04 3.37°40.13 630.32°+12.68
2,500 92.50°40.58 2.89°40.07 3.0740.12 551.30%:12.44
312 59.25°0.96 2.48°0.05 2.68°40.05 305.18°8.15
625 42.75"40.50 1.48° 0.05 2.18%:0.05 156.05%:3.82
1anay . y h y
1,250 0.00'£0.00 0.00%:0.00 0.00":0.00 0.00"0.00
2,500 0.00'20.00 0.00%0.00 0.00"+0.00 0.00£0.00
312 62.50°£0.58 2.90°0.12 3.79°0.09 417.94°+4.66
. 625 43.25%0.96 2.18%40.10 2.38%0.05 196.75%:5.50
TR0 FIAN ! . S .
1,250 7.00"+0.82 0.00%:0.00 0.00"+0.00 0.00%:0.00
2,500 0.00'+0.00 0.00%4:0.00 0.00"+0.00 0.00°+0.00
312 88.75°+0.96 3.18%:0.05 4.05%0.06 644804375
625 72.50°40.58 2.95°10.06 2.53°40.05 396.95%6.02
BnHea ¢ ) )
1,250 21.25%40.50 0.00+0.00 0.00°20.00 0.00"+£0.00
2,500 0.00'+0.00 0.00%0.00 0.00":0.00 0.00":0.00

r q' o g 1] o ol
AURABTINT NI 4 F1 venoSIFUANIIISA ATNUIAU A TNEIITIA Wasmdaiiauudasy
vsafundt sundsfawdlsdonusvieusulunsdinitaasi luandetumenda swnmsiasied

fAunas lae Tukey’s Studentized Range Test (p=0.05)
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= = ar 4
HAN13I0N ﬂ'li[‘i]ifyiﬁ‘ﬂiﬂ ﬂﬂgﬁ‘lfﬁﬂ'nl‘!.E‘U‘ﬂﬁ'\?‘l]ﬂQﬂzﬁ'l

VINASANYIAITANALENNANA158DNENTNN TUNNTTIAN1ULAIR 187D Sequential
'd z} z’ <y -y
solvent extract JagissadaunnAasmeniivnisyldynn e lenwu wisscfian uay
{ ar . ’o’ & d
leMUDa AszAuAUENTY 312, 625, 1,250 wog 2,500 ppm Tasihinawilunssuiiaugu
w ¥ =] ar a ] o 3 3/
gazasanahnnunsnafuuasiiudaufSoufion wudh asadabhnnmsnaiuuas
= o & o 1 Py = = o o o 9 9/ gh=y ' L
Tnledibuaduaiunssen mswsadn T uazsslinnuuidassvesund ldannarsana
a"‘ =, o - g ¥ o
Fusnisy tohiaszFian uazenuen lasasanmivnnsramuuesiszaua nududu
& o e i o v ow a
312 ppm BatlofiFudmssanyiny 97.25 Wefidud Januedund N 4.40 I5URIAT
o [ Y = AT oA -] L ¥ 1w
FANUIITIANIAY 5.28 (FUANAT UBSVAIATURNUUIIUTIVDIAUNAUNINY 940.91
A w ¥ 4w Y g A ¢ d o T
s0904UIRe Msanafuemusanssaua MuEiudy 312 ppm Felinleiigudnissenniiu
o o o ot g 9/ v oar = = o -
92,501/ 01HUA UATWETIAUNAUNIND 3385 UAAT DAMUIMITINNNT 4.06 IFURIIAT
v g o i ar 1 v & 4 o o o ey
paslisndstin Nuulwsvesdunduniny 687 28amasanatiuantry linledudduady
a s o o~ 3 ) ¥ A LYY 2 A
A1590n M3 QLAY I HaZABIAIBLUILTIVBIAUANINTZAUANWYUUY 312 ppm U
o o 1 o - o ) o P oo =y =
o IFuANMSIoMNIND 86.25 Wesidua Innuedunaumny 3.22 IuAlaT IR0
L = 1 o <4 P oar s x-
FIAMIAL 3.931uRuAs tazdmarinnuuiauswssdund gy 617.17uasasanatu
a X o dd d1  m a s @ d ¥ @
wiaszdmniinlofikuaduaiunsen nssaaula nazarinnuulssyesdundn
w 4 e o ' oo s o
s@aunMududu 312 ppm Falitlofidudms ey 70.00 aledidua Inrweridundd
P = T oW o
AU 2.9LFHANAT TAVGITINIMNAL 2.66 (FUARIAT wag Bnsianuudassvesdy

ARNIAY 388.76 (319N 4.7)
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H ar o o - o 1 T -~ = =y
FﬂﬁN‘?l 4.7 F\Iﬁ‘[lﬂﬂﬁ'liﬂﬂﬂﬁ")ﬂﬂ’)ﬂ'I’ﬂgﬂ'lﬂfluﬂ%ﬂﬂﬂﬂﬁﬁ\uﬁiuﬂ’liﬂﬂﬂ ﬂ'lil'il'a'ﬂ'jm‘}ﬂﬂ lnag

w o o v )
ATUAITULAALTIAUNAIUDIRS U]

- prsenEzmasIafuin Avtinam
o ITHIYHN - -
TIAHATENT 133an ANUETIAH FITHENIT N 1185 e ]
. {ppm) o g
(%) @) (3. AU
Hindu FMIAWY  100.00%:0.00 3.28°+0.06 2942013 621.75%5.77
312 97.25%40.50 4 40°20.08 5284003  940.91%10.50
625 94.75%+0.50 3.85%+0.06 443005  784.03%5.82
Check
1,250 89.50™+0.58 3.35%0.06 3.90°%0.07  648.88746.65
2,500 81.25%%10.50 3.25%0.06 3.05%40.06  511.88%7.33
312 70.00%+4.08 2.91%0.21 266°40.12  617.67°+53.49
625 56.25"6.29 2.57°40.06 2234001 4427994562
BNy Y B ;i .
1,250 18.7542.50 0.00%.00 0.00°+0.00 0.00'+0.00
2,500 0.00%0.00 0.00%0.00 0.00'+0.00 0.00'+0.00
312 86.25°44.75 3.22°40.13 394°:033  388.76%:11.56
. L 625 75.00%:4.08 2.51%0.16 3414028 270.18%431.51
hinosFan \ f . .
1,250 30.0044.08 0.00%:0.00 0.00%0.00 0.00%:0.00
2,500 0.00%+0.00 0.00%:0.00 0.00+0.00 0.00%:0.00
312 92.50™42.89 338007 40674036  687.28°17.03
625 78.75°44.79 2.89°40.04 317%:0.06  477.08128.25
NMUea : / ' )
1,250 42.50'45.00 2.93°:0.07 2.73%0.09  240.61'+34.56
2,500 0.0040.00 0.00%0.00 0.0040.00 0.00%:0.00

1 a o ] o
dundsnnd iy 4 9 veutedfiFudnisen armendu anuensn tazadsilanundas
vosdund1 Aundsimuatuisnusmisusuluaeduniueas luuana iU 1aada einnisins e

fiunde Iag Tukey’s Studentized Range Test (p=0.05)
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namsen mavsaay In uazdviinauuiwssussdmis
MAMSANY AT ANALINNZU 159N N3N TUNNEIIAAULAIR18TF Sequential
=1 o ar a o : z: g’ = =
solvent extract lagissadaunnalvhasmentiadoslavnn fe wnsu efinssSien way
4 or g a3
BNIUDa Nszauaududu 312, 625, 1,250 uag 2,500 ppm Taslihnauilunssuitaruqgu
ar :’ (=1 or * [T g
sazasatmhnnmsneduuaaiiuanSouiion nudh asadainnymsmnad UL
=1 o o LR o, o = Y- | [~ g Ghey v or
linlefirunduaiumisen mswigAuTa uazdriinnuudwsweswundr ladnnaisana
ﬁ’l = = as g 4 o
Fuenisy Raezden uazenuea lasasanmivnnsnahuuasissauandudu
& d e o v & o o
312 ppm FaTdof1FUANITIOMAIANY 100.00 11} BT 1FUA VANNUIIFUARUNINY 5.37
= 1 ar F=y v qr =1 T o
SFUALIAT UAUEITINNINY 10.20 IFUAAT LAZIAIRFIAINLIUITIVBIAUNAUNIAL
or %’; H 7] &2 d o o 1o
940.91589auIna1safasuemMUoassALATINENTY 312 ppm FedioTiudmseenviiy
& 4 T oar =y T oar =
93.75:951FUA VANUITRUARUNINY 345 URNAT TANVEIITINMIN 4.061BURLIAT
A e o Y ¥ ow ' o . = S o
Az lNIATHANLVILTIVDIAUNTUNINDY 703.948 U AT ANAVINTUIEN T UL BT 19Ue
] =y =y = o = -4 9 9 A o ¥
FUATUNTION NMIFOIYIAY L@ UazATHANUNTWITIVBRUNANTTABANIANIY 312 ppm
& o sd o v e d &a 9 ¥ s ow a =t
falloTduan1sIenIng 91.25 neTFua IANUSTIAUAR NN 3.22 UAIIAT HAIY
Y N T oar -1 t oo Qs
BTN 3.9UBUALLAT LASUAIAFTIABUTILTWWDIRUNAWAINY 653.07 Uaza1Tana
< a a dd o1 & AW e o
nouUINFULNaszFeniinleiusduniunision N1 aan Ia uazAviauuUaE
4 ar & S o Voo o
9AUNANNTLAUANURNDIY 312 ppm FeflloF G uAnissenminu 71.25 ladidud Janw
H1IAUNAUYIIND 3.03 LFUAMNAT AIUHBITINNINY 2.69 LFURUAT LALHAIATIAI

=] T ogr £
UUAUTIUBIAUARUNIAY 399.82 (1151391 4.8)
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A19137 4.8 RavBITITANARIsANIIAZMEBUYISRemsduaSun1IEn Msed A Ta uos

LI | =1 9 ¥ a 9
ATUAITURUVINTIAUNDTVIIANIN

MsvenuaznsnIainla

msafia g = sptianuudause
13980 ANUNIAY ANUENIID v
HEN (ppm) funm
(%) (¥3.) (¥31.)
ndu AL 100.00°+0.00 3.6320.03 2.97%+0.06 749.50°+7.37
312 100.00°£0.00 5.3740.01 1020"+0.08 1,556.50°:9.04
625 98.25"+0.50 492°:0.02 7.75"+0.06 1,245.06"+6.04
Check . N . .
1,250 92.50%0.58 3.88%:0,03 6.49°+0,07 958.7676.72
2,500 88.75°20.96 37874005 5.63'40.05 834.93%:10.20
312 59.25'20.96 3.03%0.12 2.69°:0.16 653.07+15.80
625 42.75"40.50 2.67:0.09 2234001 458.52%:17.52
EHIE] : g \ .
1,250 0.00+0.00 0.000.00 0.00:0.00 0.0040.00
2,500 0.00'20.00 0.00+0.00 0.00+0.00 0.00'20.00
312 62.5040.58 3.22%0.13 3.94°£0.33 399.82°439.52
625 4325%+0.95 2.51°0.16 3.4140.28 300.36+30.27
iiaosFian . : ) .
1,250 0.00%:0.00 0.00'£0.00 0.00°£0.00 0.00'£0.00
2,500 0.00':0,00 0.00'+0.00 0.00°40.00 0.00'+0.00
312 88.00"20.96 3.45°%0.11 4.06°40.06 703.94°£29.44
625 72.00°£0.58 2.90°£0.05 3.17%0.09 493.20°%31.97
BIIUIR A A ;
1250 21.00%0.50 2.5740.10 2.73°+0.06 257.35%428.16
2,500 0.00':0.00 0.00'£0.00 0.00°20.00 0.00'£0.00

[] ﬂ' [-3 g T o ol
Aunasnnau 4 51 veuilefFudnsisn AmeAY AMUENIN uazA WA LSS e
sosauna Aundnfiswnessnuantisuiuluneduinaasi lNuandaduneada vinnsins e

Aunfolay Tukey’s Studentized Range Test (p=0.05)

4.3 MINAABAN 3 AndanaNutuduve I IS TUABMIAUTINNITIBN 113

= =y or o L 3 7 =
!‘il‘iﬂl"mﬁTﬂ Rz HANTHUYIUTIAUNSIUBINY Naaal

. m = w A o
HAN13980 NI RIAY I uasATiANUUIMIINDTI)
forsaranudutuvssm sz auasmIduasumssen msnigdula way
@ o g Y 94w v a¥ &
ANV IVBIAUNAT AszAuaNUUIY 200, 300, 400, 500 AT 600 ppm lAsHINGY
g o ' o 3 ¥ A e Y =y
dlunssiaEalugy nun asanaiinn luwnsnaniuuasiszaua Uiy 300 ppm lna

1 [ =y L = 1 ar o =] L ¥ 3kt A o 3
fAanNTTAUATUNTITION ﬂ'l'il‘ﬂiﬂ]ulﬂ‘lliﬂ uﬁzﬂ']ﬂﬁiuﬂ'}l'lﬂJLHNll’i\‘i%ﬂﬂﬂuﬂﬁ11ﬂﬂﬂq¢ﬂﬂﬂnﬂﬁﬂﬂ
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T = T qr o o 4 = = [] [ = ]
myguaiumsenminy 100 aefiiud aunimnes gy Tanun InadusFurennuoidu
AAUNINY 5.40 (FURNAT UNAFUATUADAVHIITINUNIAY 6.86 LFURLLAT UAZUA AT

] v w — o
ALY T WRIAUNAUNINDY 1,195.50 To94HT ATsAUATININNYdY 400, 200, 500 AT 600
= T 1 = Y 9 1w o o d = =
ppm JiKadeMsFuasuNTonvosnadudumiiny 100 aleddud Aunisnigdula
wu SradadSuaeanuudunduviini 5.10, 5.03, 5.03 uag 5.00 yuAaT HHaduaSy
1 T o = v o <«
HOANUITITINAIND 6.13, 6.13, 5.68 UAZ 5.68 UAIAT Laziimavilanuudausavesdu

AAUNAY 1,152.50, 1,150.00, 1,072.75 uag 1,067.50 mudiau (@1319f 4.9)

Maf 4.9 wavsidasmnududursir sz auReMI AU UN1IIen MsIyEnTa

ar o d
lm&'ﬂﬁiuﬂﬂ'ﬁllﬁ]%ﬁﬂ‘ﬂ"ﬁ

- 7. mswLnuasm o yAula AvANY
s ATV S )
M3/N  ATNENINU  ANINEIIFIN AT
naaey (ppm) T
(%) (¥1).) (¥3.) Auna

%‘%msﬂmﬂu 100.00°+0.00  4.85+0.06 538°0.05  1,022.50+9.57

200 100.0040.00  5.03°40.05 6.13°£0.05  1,115.00°:10.00
Y 300 100.00°+0.00  5.40°+0.08 6.86':0.05  1,195.50°+10.38
N 400 100.0040.00  5.10°20.08  6.13"+0.05  1,152.50"+5.00

500 100.00°:0.00  5.03°:0.05 5.68°+0.04  1,070.25°+0.50

600 100.00%+0.00  5.00"+0,08 5.68+0.05  1,067.50"+12.58

3 = 8 2 " ar
sunfsnndiuau 4 41 veulefidudnisson anuendu armesin wazdawinuudouse
vesAundl Aundsfimuaisardnysmdeusu lusedinirasi uandwiuneada vinnsang iz
funds Iy Tukey’s Studentized Range Test (p=0.05)

wan133en nswseaLIn uasdrilauudusueinaieds

Fnudananududuvesnsiiminzaudemsduaiunissen nsiiydvla as
FinLS ws et undl Hiszaunmnduty 200, 300, 400, 500 taz 600 ppm TasTndy
flunssyitaugu wuh msadamhnnlunsneduundfiseduasnudiudy 200ppm fina
Aemsduaiumsten mavsya In unsmdsiinnudasesiund|diige laoiinade
mITaaiuMsenriY 100 weditud sumswiy@ulawun radedSudeanuoidu
AdHINY 3.93 irudiuas Inadudiudenmen sy 5.56 uftinT uazlinAsil
A s WesdURFIIRY 946.25 7098917 iszAun TR 300, 400, 500 LA 600ppm

1 1 -~ T dd o = o J
Tnosomsdua3unmssenvesynanududumny 100 lesidud dumswsadu lanud
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fnagaauneaNuedUNduIND 3.90, 3.60, 3.60 1A 3.38 WUALNS HnanuATuADANY
r oo = ' =1 v o
815NN 5.25, 4.75, 4:33 U0 3.78 IBUAIAT Laslimariinnuuieuswedundunin

918.25, 835.00, 792.50 118 715.00 ANEIAY (R115197 4.10)

M 31971 4.10 HaveIta IR TN duB s AiIMNz duden T duES NI ten nss A Ta

ot 2] b
LREATUAITHHULLTIN TN

d . pssenuaznIaRIguiuln Ay
Ny AUBHUY — }
M3/N  ANUEIAY  ANNENTIN URTIER
nagey (ppm) v w
(%) (¥31) (¥31) Hunth
/s

FSAIURY 100.00+0.00  3.35%0.06  3.8540.06  720.00+8.16

200 100.00°£0.00  3.90°+0.08 5.56'+0.05  946.25°+7.50

Tinads 300 100.00°£0.00  3.93+0.04 5.25":0.06  918.25"+6.55
’ 400 100.00%0.00  3.60°+0.08 4.75°+0.06  835.00°+12.91

500 100.00°£0.00  3.60":0.08  4.33%40.05  792.50"+9.57

600 100.00°+0.00  3.38°+0.05 3.78°40.10  715.00°45.77

AURALNNTIUIY 4 F1 Vol Fudniseen anueTady ATWETI 10 uasAREERULA AU
voaRuNt ARdeRmud s nusmisuiulunesninansd luuand 19 umaadad 9Inmsdins e
AUNEE [AY Tukey’s Studentized Range Test (p=0.05)

Han1390n Mae3 ey Ta uazarfinnuuidussenzth

Ananmndutuvesanfimozauremsduaiumsten  msidafule uas
Fatinuudaswesdund fiszauarududi 200, 300, 400, 500 ttag 600 ppm Taesithnau
flunssuisaiugy wuh msaﬁ'm%mﬂ‘luw,mmﬂﬁ’muﬁaﬁs:ﬁnﬂﬂm’fn%u 300 ppm NHa
donsdaumssen n1sw3aRn T wazddsianuifuswesdund ldafigaTaoinase
mydaaiumsenmin 100 wWeditud Mumswiy@uTanuh inadudSudeanuendu
ARUIND 3.35 [URAIAT TNAdUETNABATNENTINMIAL 4.45 [BURAIAT waslindetiny
uffaussvasdunduiaty 749.75 seeasn Hseaun1uudy 300, 400, 500 uaz 600 ppm ka
ABNITHUASUA1IIBNY6.25, 82.50, 77.50 wag 71.25 weFidua sumswsydnTa wud fika
AUATUABANVETIAUNA UMY 3.25, 2.88, 3.03 Az 2.87 (FUAAT TnaduasudoANE
I 3.95, 2.98, 2.90 Haz 2.87 IFUAKIAT HaTMATIAMILTI VIR UAR TN

720.00, 482.00, 464.13 118 408.60 AUAIAY @151901 4.11)
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A9l 4.11 FavesdRT M TIdTNdUYsIMI I TudeMI A3 UN13IBN NTSIRS QAL Ia

Qs = o
nazArtinNuudwsanz

MseenMazM RIS YHiula

Y amndiudiu ” A¥HANUNTAT
n13den A UETIAU ATHETIID v v
naaey (ppm) aunal
(%) () (¥31.)

FWOWAWGY  100.00%40.00  3.00°40.12  2.90°:0.18  590.00:6.21

200 100.000.00  3.2510.15 3.95"£0.06 720.00°+7.58

v 300 96.25+0.00  3.35%0.05 4453006  749.75%5.59

fAZHY

400 82.50":0.00  2.88%:0.12 2.98°+0.18 482.00°45.61

500 77.50%£0.00  3.030.08 2.90°:0.12 464.13°+5.44

600 71.25%+0.00 2.87°+0.11 2.87°40.10 408.60°£8.03

] ] s F 1 ar
AUNASINTIUIU 4 F1 v uBIIFUANTISN ATWBTIAY ANEIIIN LAZMATHANULTLT S
vaetund Anadsfia i lessnesmisuiuluneduninaasi liuandsfunwada vnnmsdimaed
fundelny Tukey’s Studentized Range Test (p=0.05)

= = ar 51 ar
Han159en Mswiaan la wnzdaiinuuliussvesngs

fovdanamuinduvssasimunzausemsdauasunsion  Mswsyan e uag
o - S ¥ g
drnnnuudusvesdund Nizduatnududu 200, 300, 400, 500 1A 600 ppm Tavilindu
of| e T ar .’;’ i ar
fhunssudBmugu nuh esadmbonluynsmeduuadisedunududu 300 ppm fika
1 4 e = = 1 w oo @ g/ R =t 1
Aomsduaiunsen mewiaanla uazamsiinnuulisswssdund: idanga lasiinasde
msdaeumssenmiy 100 wefikud sumsgRulonuh Tnadudiudeanuendy
ARUVINY 5.34 lrudnms JnaduaTudonuensInmIAY 8.63 tsuamms uazlimaviiniy
uiT B unA UNIAY 1,397.00 seaaaut AsgAuaNUdudU 200, 400, 500 L@ 600 ppm i
ragemsduasuMssenvemnnududiny 100 nlefidud dumseiaiulawun
HOAUEIUABATINENAUNGUVIIND 5.08, 5.09, 3.63 UBg 3.41 UAWAS UnaduaSudoATIY

I oar = Al e oA 3 L 5 1 aqr
815NN 5.74, 6.03, 5.08 UAZ 4.01 UANAT uazlimavtinnuudwsvssdundumiiy

1,081.50, 1,111.00, 870.53 uaz 741.98 Mud 19U (13194 4.12)



39

131991 4.12 HatsedaT IR Uss T IMINT Tudem AU uMIen s gAY Tn

uagsrtinmmlans ainie

=y =y
mssenuaznisIainia

Y ANNTHTY ” d¥aamBas
n1iian f1ITHEIAH EREIHE PR v  w
nAAvdY (ppm) AUNA
, (%) (¥31.) (H31.)
IWOMSALAL  100.00%0.00  3.26°+0.31 3.94%:0.21 719.28°:9.12
200 100.00°£0.00  5.08°+0.09 5.74"40.33 1081.50°:6.71
. 300 100.00%0.00  5.34°30.12 8.63%:0.05 1397.00%+5.54
HN15
400 100.00°40.00  5.09°+0.13 6.03%40.14 1111.00°+6.37
500 100.00£0.00  3.63°:0.24 5.08:0.22 870.53%5.49
600 100.00°0.00  3.41°%0.17 4.01°£0.21 741,98°+7.41

' = a ¥ T e
AN Y 4 1 veslefiFudnisien AETIAY ATNE1I5 0 Kaz A asin LI s
vasiund1 amdvfiawdsdsnusmounuy lunediniuaasi luiuandatuneadd vinmsinsied
feRae lag Tukey’s Studentized Range Test (p=0.05)

4.4 MINAaRIN 4.4.1 HAVBITIANANNNNEY RN IUBAIABM TGN TN TTELIIN 6, 12,

18, uag 24 #lug

H < v
ﬂ’liﬁﬂu'l‘“ﬂﬂﬂﬁﬂ‘iﬂ?

T et o (¥ 4 ar
HAATTNATBUONTUDIIITANANININHNTFIAT MR N szAUATTIMUT Y 200, 300,
H L & 1 - ¥
400, 500 i 600 ppm NATBLNTEULLIAT 6, 12, 18 uag 24 ¥ Tus Feegnuhaisanaiinn
H ar i =1 o ] -
wnsaduAInIzAun S U 300 ppm Ausmsdlusseziig 24 52 lus mwsaduay
S o { & sd o I 0w ¢ d &1 A w
msgahveuudadn ldaiige Fauleiduanisgaiuviing 23.95 edisud dauhszau
o o o g [ JY)
anududu 200, 400, 500 taz 600 ppm HnledEbudnisgaiininy 23.57, 22.18, 21.11 uag
dad o o w - g ¥ 4 1 o 3 v d
18.68 tilofiFuanud1aY seanfeaadInus luasanaisInNnIviIan ey
& § @ [ ~ ¥ d
szozat 18 92 Tus Aszauanududu 300 ppm aunsodudiunisgaiveuudadalaa
F et o 2 o w s o 4w
Taslinlefdudamsaaiuiing 22.11ale915ua uazissAunnugudu 200, 400, 50048 600
s s T oW sd o o o g o
ppm Julofdudmagaiminny 21.92, 2092, 19.96 uag 17.58 wledirudaud s uazwaad
i @ 5 3 o [ ar
wyluasadaiinonnsnanuuaniusseziat 12 $21ue wuifissdunnududy 300
Ve 4 o & s 2 1w dd o
ppm Ao uAEuMsgahuesaadn14a Fedlnlesdudnmsgminmay 19.74 nlesibud
e ar ¥ g &g = ¢ d o ¥ o
uazHszaundudY 200, 400, 500 Az 600 ppm FINBTIFUAMITGAUUAINY 19.25,

S o o o g e 1 v 3
18.48, 17.02 11ag 1591 nJﬂiwuamumﬂmmzmaﬁw!.w“lumsﬁﬂﬂmmmgmmﬂﬁ'wum
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o & r oA ar T o ¥ o
Ahuszezinm 6 91w wudifiszduaaudidu 300 ppm gwsadudiumsgaiivoundn
& ¢ o P - i

12148 FadinlediFudmsgaiuviii 18.23 nledidud uaziszdunmududu 200, 400, 500
& o 7o o1 - w

uaz 600 ppm FelilodFudnsgailniAy 17.74, 16.14, 15.10 uaz 14.17 iwleiifuaauddu

2 N - FEY & s dd o ¥ g W

Fanszoznmfugiuba Aszduarududu 400 ppm A4l Tnlesiudnsgaivesudala

T o ot Ci
HAAANNUNTIUITAIUQY (®1319N 4.13)

1 o T ¥ o2 4
A13190 4.13 FavBIEsAFAvIARNTMAAULAAEN T aMIvBINAaT 1ITiszezIa 6, 12,

18, U 24 T2 Tus
mIafanns¥a nlediudnmsgainveanidading

AUNAY 6 #2lus 12 ¥l 18 ¥l 24 $2lug

FEmarugy 16.57'+0.44 18.33°+0.59 20424029  22.33"%0.55
200 ppm 17.74°10.45 19.25°40.62  21.92°+0.27 23.57"+0.13
300 ppm 18.23%+0.34 19.74*+0.22 22.11°+0.59 23.95°+0.84
400 ppm 16.147+0,71 18.48"+0.33 209274076  22.18%+0.82
500 pprm 15.107+0.54 17.02°40.43 19.96°+0.74 21.11°0.67
600 ppm 14.17°+0.46 15.91°40.78 17.58°+0.36 18.68°£0.92

" g A o ar & ar a o 1 T ] o sy = o
ﬂ'lﬁl'ﬂﬂ'ﬂﬂ13Jﬁ’?ﬂﬂ?ﬂﬂ'l':-lilﬂﬂﬂuﬂu1uﬂaﬁﬁullﬁﬂﬂ'ﬂiiﬂlﬂﬂﬂ'ﬁﬂu‘ﬂ'Nﬂflﬂ FINATTAATTH
frundu lag Tukey’s Studentized Range Test (p=0.05)

- 3 < )
NITRALIVDIUANNIINEN

2 g) 2 Pl
HanIsNATILnNTvBIsanaNYnITIad uueeiszAundudu 200, 300
P & & 1 - ¥
400 500 Haz 600 ppm NABUATZELIAT 6, 12, 18 taz 24 42 Tus Fwgwunasanadinn
wnsyaduasRsEaUadNdY 300 ppm fusasiiuszozng 24 Falue swisaduaiy
t 2 W e A o dd o T o w dd 1 A o
msgaiveunarlaangs Fadinlefisudnisgaiuiiny 62,53 nlesikud daufiseduany
= z T st
ifudis 200, 400, 500 uaz 600 ppm TiloSiFudnsaAtUTIY 60.66, 60.46, 58.84 1A 56.00
¢ o o ar A g ¥ A 1 w ¥ 9 o
alediudmuman sesasndie maadniusluasadminamsmnadunasiiussozng
; = e ] =y .‘,’
18 %1 Tuq fiszAuaNEudy 300 ppm AsaFuaunIsgai veuaad1214d Taadl
sdd o 2w ¢ d @ 4w ¥ 3 .
nlefiduanisgatiuiiny 53.33 nledisua uasiszauanuddu 200, 400, 500183 600 ppm
so’ T Qs & o o 1 ]
TleSduamagaiuiity 51.59, 52.46, 50.10 uag 49.91 nlefifudnuddy uaswdafiug
I { & A o
Tumsadainagnsmadnuasiiuszosing 12 $21Tue nunfisedunnududu 300 ppm
T - - g 9 et R A g d o H 1 e O o
aunsaduasumsgmiveundadnlad Fdinlesidudmagariumiu 47.60 nlefidud uas

4 o ¥ g 2~ e d o 2 . oW
FISSAVKMULANUY 200, 400, 500 Liag 600 ppm‘]ﬂlll‘l]ﬂﬁL‘Buﬂﬂ'liﬂuﬂu'ltﬂ'lﬂ‘lj 46.81, 45.95,
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<4 o o ar g = w B 3 a
44.47 uaz 43.72 nlefiudatuddunasmiaiusluasadmibhvnnsviafnuuaaily
& = ™ 1 o 4
T 6 92 19 wuniszdundudu 300 ppm ansaguriunsgativewudaléa
& o ¥ 1 o & o 4 o
Felinlofudmaamiwiniy 38.84 nlofidud uashisyaunimundudu 200, 400, 500 uaz 600
&2 s d o ¥ o1 e dd o & o
ppmEIN)aSIFUANITAAUNIAY 37.80, 36.64, 35.83 uag 34.22 ulsiFudmudAuFInn
T ¥ ~ P ¥ 4 p " e
srezIMALTIAR Aszaunnududy 500 ppm Hulesdudnsgaiwsuuia liuandieny

et <
NITUITMUAN(RITNN 4.14)

3 ™ Y ¥ 2 4
mswﬁ 4.14 Nﬂﬁlﬂ-&ﬁ‘]iﬂ’ﬂﬂ‘ﬂ'1ﬂ‘i’!‘ﬂﬁ‘iﬂﬂﬂ‘luuﬂ&ﬁiﬂﬂ'ﬁ@ﬂu'l‘l]ﬂﬂmﬁﬂﬂ’ﬂﬂé‘ﬂﬁigﬂznﬁ‘] 6,

12, 18, uag 24 #2704

mIaiannsnIa nledidudmsgmimemidannag
uas 6 ¥alusa 12 §2lua 18 Falag 24 ¥l
Ty 33.09%0.79 42.8140.70 49.08°:0.76  53.84°+0.43
200 ppm 37.80"40.77 46.81°10.76 5159042  60.66™+0.29
300 ppm 38.84%+0.50 47.60°+0.79 53334025  62.53+0.57
400 ppm 36.647+0.18 45.95%+0.78 52.467+0.58  60.46°+0.35
500 ppm 35.83°40.61 44.47°+0.42 50.10+0.41 58.84°+0.52
600 ppm 34.22°40.77 43.72°+0.54 49.91740.33  56.09°£0.46

Amasnaudedsnunioutulunsdiniuansd lduandisdunieada snnishinsey
AURDYTAY Tukey’sStudentized Range Test (p=0.05)

4 : & "
4.5 MINAABLI 4.4.2 wavesTisafannynsnaiuadedsnssmewleiidarh-ez

Tumadiszeznm 6, 12, 18, uaz 24 ¥4

Aanssuey lsfdai-oz lunausundadn

mnﬂﬁnﬂﬁaqu‘ﬁgﬂmmsaﬁ'ﬂfi’ﬁnm'gﬂmﬂﬁﬁmLmsﬁiaﬁnﬂismau"lmﬁa"’aﬂ1—az
Tumadiernsuswaatnaslumsadahnnunssadnuasssrzing 24 $2Tue nudii
seaunaudutu 300 pprm Suurmvessulsisav ez luaauinfigade
11.51 pmol/min/g(FW) 58989117 sz aunududay 200, 400, 500 Uaz 600 ppm fi1f51 089
toulaigavh-os Tummndy 10.96, 10.33, 934482 8.69 pmol/min/gFW)A NS 18U Fumda
fudlumsadminnmsnaduuasszesna 18 $91ue wudifszauanusudu 300 ppm
ﬁﬂ‘%mmﬂmmu'I.cm&'é’aﬂ"i-ﬂz'lmaﬁu"iﬂﬁf,[ﬂﬁﬂ 10.19 pmol/min/e(FW)A @AY 5038371

seAUALNYY 200, 400, 500 1Az 600 ppm NS vy lmivan -0z lumayiiiy 9.73,
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1 i L ar g
9.08, 8.39118 7.70 pmol/min/g(FW)mmmauduaanus lumsadathoinimsmnaduuag
szt 12 92 119 wuhiiszduanududis 300 ppm T1Snaveseu lnisar-os luas -
Wnfigane 8.87 pmol/min/g(FW) A1d1A1 7098t NszAundudy 200, 400, 500 uay
600ppm 213 nsveuei lasidasi-ee luaamiidy 8.44, 7.17, 6.531a2 5.11 pmol/min/g(FW)
o d o 1 o 3 o v a
audauuazaaiur luasanahoinmsnatuuasszeznm 6 92 Tue wudfiszay
o a3 H
AN 300 ppm TiSarveseu lmisanh-o luamunfigafie 7.95 pmol/min/a(FW)
o ar P ar 9 g = R
MUY setaaniseauaududu 200, 400, 500 waz 600ppm 1S mvoueu lasisan-

o2 luaaniidy 7.65, 6.37, 5.59U82 4.21 pmol/min/s(FW)A IR IALAHING 4.1)

——Contron ~ —B=200  ——300 =400 —=¥=~500 -8—600
E 12 -
kT
=
E 10 4
E
E 8 7
2
TR
P4
4
o
g 2 T 1
@

N 12 8 24
231 (12139)

MR 4.1 savBsasanannnsTIatuLatdensauaduisnsimen lmidavh-os luna

weadftszezinan 6, 12, 18 uay 24 $11us Aundvhoglussuznaipeinuianuiioasnys
ar 1 [] ] ar - = & -

iUy uaadd1 1uiA2IUMARAIAUNIIEDA 11ANITILATIZHATIRAOLYY

Tukey’sStudenﬁied Range Test (p=0.05)

= o ar v =] ¥
fenssaueu laidavh-sy lunavssaanaieds

nanTINATBLgMETBIsAtAT NI TIAAULAsERens sIew laslSarh-og T
maveufiemnsusudanneduadumsadahisnuninaduuacszozina 24 $2Tue
wuhiszRuaududy 300 ppm HTmavevew laisat-es luamuniigade 15.11
(umolmin/e(FW)) 39989117527 UA11:S 092 200,400, 500 1az 600 ppm HulSu1Mve9
o lsidar-os Buaawiniy 14.72, 13.05, 12.52 4ag 11.30 pmolimin/e(FW)A @AY d217

L ar g ﬂ" ¥ C; ar =1
uslumsadmbmnunsmaduuasszoznm 18 41 Tus wunfiszauauEYY 300 ppm i
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ﬂ?u1mw«au1wﬂé’aﬂ1—aﬂmnfrmnﬁqﬁﬁa 13.15 (umol/min/g(FW)) aday 589a931H
szaunmdudy 200, 400, 500 taz 600 ppm TfFavreusuluidadr-os luammidy
12.46, 11.22, 10.5548¢ 9.74 (umol/min/g(FW)) muﬁxé’ufhu’?"lm}‘luﬁ'lsﬁﬁﬁﬁqmmgm‘ﬁm
Auuaaszoza 12 92 Tus wudiseaunamedudu 300 ppm H1Bmaveven luisar-os
Tumanniigafie 12.10 (umolmin/g(FW) mud 1y sesaafiseduanndudu 200, 400,
500 iaz 600 ppm H13mnaveusu laidan-oz laainify 11.26, 10.66,9.03 uaz 825
(umol/min/g(FW)) awd e iusluasasai VINYNTFIAATULAITLEZLIAT 6 #2Tue
wuitszduaududu 300 ppm SUFaveusy lxisav-oz luamuniigade 0.17
(mol/min/e(FW)) mud1dy sesasunfiszaunanusadu 200, 400, 500 tas 600 ppm Ji1Tanal
vouey lmisarh-ox lumamindy 8.76, 8.24, 8.19ua% 7.78 pmol/minlg(FW)Gnuﬁﬁ'u(mwﬁ

4,2)

~¢—Contron  -B-=200 &30 o400 3500 9600

wolaua a((umol/min/g(FW))
=
!

11 -

10 -

9 -

8 —
153
e 7 i T ] i
P
[{=

6 12 18 2
sensm1 (¥ 139)

/Ml 4.2 BavesmsananIaNIMATULRIReMsduasuienssuou laidarh-ez lumaw
2ImNgeNTzIzNaT 6, 12, 18 uaz 24 ¥ Tue mmAshogluszoznanfeaduiiay
Frwdonysmileuny waash lilinnuuandedunaada nnmsimssiamas

11 Tukey’sStudentized Range Test (p=0.05)

<t = 3w ) ) o o o
4.6 MNINAABIMN 5 ﬂ'l‘iﬂﬂ‘kl1ﬂ’J'lNl‘lﬂl‘lﬁ!ﬂﬁQmiﬁﬂﬂ1ﬂﬂ15ﬂi$ﬂﬂ51ﬁﬂlﬂQﬂ\?‘l’ﬂ'lf’l‘llQl‘ll‘ll

sazAl3a

2 5 o
nalnguu
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INNSANYINAVBITATATINHNE T AN IMUAIADNITNTZRUTINVasnaTndudy
H Qs 1 T o
fssRuadudy 0, 1,250, 2,500, 5,000, 10,000 ppm LasaA1513931n Tasusdluszeziiat 20
= ] ar o = ar - 1 - H + s A A 1 o
W NIRRT NG 30 U azifan1TBenI 1N Indvsanthuanaanu lasnanus 1183 Ly
v - o ~ - 2 - ~ o A o A T o F
13951NNRTIIMINATINGINYAND93.33 sleskua laelisniiusnmagasnuny 4.53 N9
HazlinLe1ISIARAMINU3.58 ISUAINAT 589AENTEAAYIANNTHIANIULAT N5TAL
g o o o Py T oo o d o o - v A
ANUAUTU 1,250 ppm WEATIMSHATINNNY 66.67 loTirud Taelisiuiusinmassions
WY 2.87 A uazlin e Inmdeniiny 1.60 ufiuasdiuaisaianinnnsnanuuag
fiszAuaNUTUTY 0, 2,500, 5,000 LA 10,000 ppm HBATIATIAATINAIN 26.67, 60.00, 46.67
- o P oo a 1 A L) =
1az 40.00 wlefiguaaindiny Iaslisiuirusinmasnanuning 1.07, 2.20, 1.60 1ag 1.33 A4
AUTIRULASTANVENITINRFSNING 0.70, 1.59, 1.28 14T 0.93 HUAIAT AWa1aY (A15190
4.15)

P = v w 9 4 o g
A1319N 4.15 MIFOY IR NWNBUVUVDIATT analums ﬂi%ﬂu‘iﬂﬂﬂjﬂx‘iﬂﬁﬂﬂ‘lﬂ!ﬂm

' ﬁ"l‘iﬁi'fﬂ ﬂ"l‘i!.?]ﬂ'ﬂﬂ AUIUTIN AANHENITIN
fatlng : T X

(ppm) (%) (naunnnd) (%3L.)

15134570 (Check)  93.33%:11.55 4.53'+0.64 3.58%:0.32

0 ppm (Control) 26.67°+11.55 1.07°+0.46 0.70%:0.17

3 1,250 ppm - 66.67"+0.00 2.87°+0.12 1.60°+0.11

o 2,500 ppm 60.00™£11.55 2.20"+0.35 1.59°+0.21

5,000 ppm 46.677£20.00 1.60%+0.00 1.28°+0.53

10,000 ppm 40.00™11.55 1.33%£0.50 0.93"+0.47
Ccv 22.45 18.13 21.10

annasfiawdsdisnusmisudulunedutiuansitliusndradunisadd anmsingien

f‘i’lm%litliﬂﬂ Tukey’s Studentized Range Test (p=0.05)

Aalnd s
L P ] 3 A o (& A
2NN AN IHAUBIA IS ANATINYNEH AN ILIAINDNISNTLAUTINYBINATNT T
ar ] [~
sEAUnMUNY 0, 1,250, 2,500, 5,000, 10,000ppm o530 Tasusilussesiaat 20 w
3 a = ar a ' A A [ ) A 4 o 1
wuIMaNlingIns 30 u smamseensn lnuvssnsiuanatenu laenenuy luees luuse
= o = ai -~ ¢ o 4 -] .ai T A 1 qr A
Pnligannsnasngaiiga As 73.33 ilesikud Taelitwausinmfedenanidy 133 fa uag
finnuenasnman iy 116 uRmaT s95RamsaRAnAYNEY AT IuLALTiszAUaY

3 gt ’ A o = 1o dd o a0 a 1 A [
WAUN1,250 ppm HIRTINTOATININD 40.00 Lﬂﬂil"]fuﬂ Tﬂﬂﬂ%']‘uqui']ﬂlﬂﬁﬂﬂﬂﬂﬁW]'iﬂ'll 1
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Aquazlinnuonsnedomdy 0.77 uRNRT T MEITATATINNNTTIANIULAL NszATaN
wudu 0, 2,500, 5,000 11A210,000 ppm HBATINSHATIAGNAY 10.00, 33.33, 26.67 LAY 20.00
nlefiudadidy Tasliswusinmasaanuiiny 0.21, 0.54, 0.67 uag 0.1 AU wU wag
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Abstract

Potential of aqueous extract from Spanish jasmine (Jasminum officinale £ var. grandiforum
Kob.) was treated at the concentration of 312 625 1,250 and 2,500 ppm on germination and
seedling growth of Rice (Oryza sativa Linn.) and Chinese Cabbage-PAL TSAI (Brassica
chinensis Yusl var. parachinensis (Bailey) Tsen & Lee.) and distilled water was used as the
control. The result showed that agueous extract from Spanish jasmine had the highest
promoting effect on seed germination seedling growth and seedling vigor index of rice and
chinese cabbage-PAI TS AL Spanish jasmine aqueous exiract at the concentration of 312 ppm
promoting on seed germination, seedling growth and seedling vigor index of both plants
tested. The study of solvent extracting method using hexane, ethyl acetate and ethanol
respectively at the concentration of 312 625 1,250 and 2,500 ppm on seed germination,
seedling growth and seedling vigor index of Rice and Chinese cabbage-PAI TSAI were
evaluated. The result showed that ethanol frection at concentrations of 312 ppm had the
highest promoting effect of plants tested and followed by ethyl acetate fraction while hexane
fraction not effect differed significantly compare with control. These results indicated that the
main active compound from Spanish jasmine were medium polar substances.
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Keywords: aqueous extract, solvent extract, seed germination, seedling growth,
seedling vigor index

1. Introdaction

Plants maintain and expand their populations over time by the process of regeneration
(Bames, Zak, Denton, & Spurr, 1998). The probability of seedling survival is closely
connected to the seasonal timing of germination. Since environmental conditions prevailing
at the time of seed dispersal are frequently not suitable for seedling survival, many temperate
specics have mechanisms for preventing germination immediately after shedding. Seed
dormancy is a particular form of cessation of growth and is a ecrypto biotic state as an
adaptive mechanism of growth cessation, which often confers a selective advantage in
distribution and abundance (Amen, 1966). Seed germination and secedling establishment
phase primarily was very sensitive to drought stress that is reduced the germination and
establishment of seedling growm. Increase performance of seed thought the used of different
method promoting can achieve the final goal the same increasing seed and forage proceeds is
very effective. Gibberellic acid is a plant growth hormone that the most important role in the
control of seed germination is facilitated. The discovery of phytohormones has provedto be a
great boon to agriculture and aflied fields. The exogenous application of phytohormones and
various other mechanical, chemical and physiological methods have helped to increase the
production of flowers, fruits, and other agriculture commeodities. Seed germination and
seedling growth are known to be regulated by exogenous hormones (Khan, 1977., Verma &
Tandon, 1988). Allelopathy is an important mechanism of plant interference caused by the
addition of plant-mamufactured secondary metabolites in the environment. A large number of
plants produce inhibitory or stimulatory effects on the germination and growth of
neighbouring or successional plants by laimch allelopathic substances into soil, each as
exudates from living plani tissue or by decomposition of plant residues (Indegit, 1996;
Narwal, 1999; Putnam & Tang, 1986; Rice, 1984). When the plant produced substances are
productive, such connection can promote plant growth, increase disease neutralization, and
improves the plant’s potentiality to resist environmental stress. Allclopathic studies on the
leaf of Spanish jasmine were carried out following a express methods derived from the
exposition of allelopathy.

Spanish jasmine grows as a vine and produces aromatic white flowers with a calibre of 1 to
1-1/2 inches. Spanish jasmine is semi-evergreen, so il may retain ils leaves year-round in
mild climates but shed them seasonzlly in colder areas of the country. Periodic pruning is
necessary to control the vines. Cut the plant in late summer or early fall when flowering
slows. Remove any infertile or diseased vines as they appear. Spanish jasmine tends to
perform better if it’s planted in the spring in an area where it receives full sun or partial
shade.
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2. Materials And Methods
2.1 Preparation of Plant Materials
Three years-old Spanish jasmine (Jasminum officinale f. var. grandiforum Kob.) bush plants
growing in the experimental fieid at Samut Songkhram Province, Thailand were coilected.
The mature and healthy leaves were cleaned from soil immediately with nmning tap water,
dried-up in a hot-zir oven at 45°C for 3 days and cut them into small pieces in an clectrical
blender.

2.2 Aquecus Extract Bivassay

Twenty gram of 100 mesh Spanish jasmine leaf powder was extracted (20g : 200ml), with as
ethano! at room temperature. After three days of extract was then filtered with Whatman Ne.
93 filter paper to a concentrations 100 mg/ml and this stock extracts was kept in a
‘refrigerator. The Spanish jasmine extract was diluted with distilled water to give final
dilutions of 312 625 1,250 and 2,500 ppm.  Five milliliters of each treatment was added to
the germination paper placed in each 9 cm diameter glass Peiri dish. Ten healthy seeds of
Rice and Chinese Cabbage-PAI TSAI fo twenty seeds were placed in cach Petri dish. Four
replicates were maintained per treatment in a completely randomized manner in 2 growth
chamber with a temperature of 25 — 32°C, a 12/12 hour dark/light photoperiod, with light
intensity of 100 pmol ms? and relative humidity of around 80%. Treatments with distilled
water were used as the control. Germination was deemed only after the radical had protruded
beyond the seed coat by at least the dimension of the sced at seven days afier ireatment.
Seedling growth was measured as the root Iengths shoot lengths and seedling vigor index was
calculated by following the formula at seven days afler treatment (Abdul-Baki & Anderson
1973).

Vigor index (%) = (Root length + Shoot length) x Germination percent

2.3 Sequential Solvent Extraction Bioassay

The dry leaf of Spanish jasmine was extracted from Sequential solvent extraction method
using hexane, ethyl acetate and ethanol, respectively (Fig. 1). The dry leaf was soaked in each
extraction solvent for 5 days at room temperature. The extract was then filtered through 3
layers of following with Whatman No. 93 filter paper. After filtration, the filirate was
evaporated to dryness under reducing pressure at 45°C using a rolary evaporator and
weighted. The leaves residues were further re-extract with ethyl acetate and ethanol,
respectively. Crude ethyl acetate and crude ethanol were obtained. Theose crude exiracts were
and ethanol, respectively. Crude ethyl acetate and crude ethanol were obtained and were kept
in a refrigerator at 4°C until used. Each crude extract was diluted with appropriate solvent to
contain the concentrations of 312 625 1,250 and 2,500 ppm. Five milliliters of cach treatment
was added to the germination paper placed in each $ cm diameter glass Petri dish. Ten
healthy seeds of Rice and Chinese Cabbage-PAI TSAI to twenty secds were placed in each
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Petd dish. Four replicates were maintained per treatmen in a completely randomized manner
in a growth chamber with a temperature of 25 — 32°C, a 12/12 hour dark/light photoperiod,
with light intensity of 100 pmol m-2s-1 and relative Immidity of around 80%. Treatments
with distilled water were used as the control. Observations were recorded gemmination was
deemed to have occurred only after the radical had protruded beyond the seed coat by at least
the dimension of the seed at seven days after ireatment. Seedling growth was measured as the
root lengths shoot lengths and seedling vigor index.

2.4 Statistical Analysis

Datz are analyzed using anslysis of variant (ANOVA) Whenever ANOVA indicated
significant effects-(p<0.05) a pairwise comparison of means by Tukey's studentized range test
is carried.
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Ethyl acefate fraction

3. Results And Discussion
3.1 Effect of Aqueous Extraction on Seed Germination, Seedling Growth and Seedling
Vigor Index
The aqueous extracts of Spanish jasmine leaves was assayed at concentration of 312 625
1,250 and 2,500 ppm on seed germination, seediing growth and seedling vigor index of rice
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and Chinese cabbage-PAl TSAI compared with distilled water The results showed that
promoting effect significant different depending on concentration being tested. The degree of
promoting effect was increasing with decreased in concentration. Aqueéus extracts at
concentration of 312 ppm showed maximum promoting effect on seed germination of both
plants test species. Regarding, seed germination, seedling growth and seedling vigor index,
the promoting effect generally was more pronounced on rice then Chinese cabbage-PAT TSAT.
Résults were in congruent with findings of (Maneejan, Pluwiwat, & Laosinwattana, 2003)
who reported that the extracts from the stem and mixed parts of Spanish jasmine at the
concentration of 3.12 mg/ml., on the other hand, promoting root growth of the barnyard grass
seedlings mixed pasts of Spanish jasmine at the concentration of 3.12 mg/ml., on the other
hand, promoting root growth of the barnyard grass seedlings.

Rice and Chinese Cabbage PAT TSAT
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Fig 2: Effect of leaf aqueous extract from Spanish jasmine on seed germination, seedling
growth and seedling viger index of Rice and Chinese Cabbage-PAI TSAL Im each graph,
means having the same letter are not significantly different by Tukey’s Studentized
Range Test (p=0.05).
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3.2. Effect of Crude Organic Extracts from Sequential Solvent Exiraction on Seed
Germination, Seedling Growth and Seedling Vigor Index

The crude organic fractions of Spanish jasmine leaf was scparated by sequential solvent
extracting method using hexane, ethyl acetate and cthanol, respectively. Each organic on seed
germination, seedling growth and seedling vigor index of rice and Chinese cabbage-FAI
TSAI Distilled water was served as results showed that (Fig 3) ethanol fraction at the
concentration of 312 had the highest promoting effect on seed germination activity, giving
91.25 and 88.75 %, on rice and Chinese cabbage-PAI TSAI respectively at the concentration
of 312 ppm. Followed by ethyl acetate fraction and hexane fraction did not promoting seed
germination and seedling growth. The degree of germination was stronger on rce than
Chinese cabbage-PAI TSAI seed. These results indicated that most of promoting compounds
produced by Spanish jasmine could be presented in aqueous extracts. This finding is different
with by observation of (Phuwiwat, Laosinwattana, & Maneejan, 2004) who reported that
methanot fraction had the highest inhibitory phytotoxic compounds from Spanish jasmine.
These results indicated that the main active compound from Spanish jasmine leal were
medium polar substances.
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Fig 3: Effect of different crude organic solvent extracts of Spanish jasmine leaves on
seed germination seedling growth and seedling vigor index of Rice and Chinese
Cabbage-PAI TSAL Tn each graph, means having the same letter are not significantly
different by Tukey’s Studentized Range Test (p=0.05).

4. Conclusion
The promoting activities of crude extract from different organic solvent extraction (aqueous,
hexane, eihyl acetate and cthanol) at the concentration of 312 625 1,250 and 2,500 ppm on
seed germination scedling growth and seedling vigor index of Rice and Chinese
Cabbage-PAI TSAL The result showed that agueous and ethanol extracts from Spanish
jasmine had the highest promoting effect on seed germination seedling growth and scedling
vigor index of rice and Chinese cabbage-PAT TSAIL Additionally, the promoting effect was
more greater on rice than Chinese cabbage-PAT TSAL
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