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Effect of vetivergrass (Vetiveria spp.) leaf water extracts on germination of bioassay seeds
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Abstract

This research aim to evaluate the effects of vetivergrass water extract on inhibition of bicassy
seeds germination and seedling growth and the effects of vetivergrass leaves added to the soil as
surface mulch on germination and seedling growth of bicassay seeds under laboratory and greenhouse
conditions. Water extracts were made form 10 varieties of vetivergrass and 1est on radish (Raphanus
sativus.var longipinnatus. L) and barnyardgrass (Echinochioa crus - galli (L.) Beauv seeds at the
concentrations of 0, 12.56. 25, 50 and 100 mg/ml. The resulis shown that the inhibitory effects of water
extracts of vetivergrass leaves against germination and seedling growth of radish and barnyardgrass
seeds differed greatly among 10 vetivergrass varieties. The extract from Nakhon Sawan variety was the
most inhibition effect on radish seed, there were 100, 97, 77.5, 25 and 18.75%, when germinated in the
extract at the concentrations of 0, 12.5, 25, 50 and 100 mg/ml and lest effect on barnyardgrass seeds
germination. For plant residues experiment, vetivergrass leaves added to the soil as surface mulch at the
rate of 10 gafm2 reduced emergence and early seedliing growth of bioassay plants
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Table 1 Effect of dry leaf water extract of vetivergrass 10 vaneties at the concentration of 100 mg/ml on
germination and seedling plant dry weight of radish and barnyardgrass.

Vetivergrass Germination (%} Dry weight {mg/plate}

{Varieties) radish barnyardgrass radish radish
Water 100.00 100.00 14.25 3.25
Ratchaburi 48.75 98.67 10.12 3.20
Loet 56.00 86.67 12.48 3M
Sirangka 61.25 75.99 13.36 2.87
Songknla 28.75 83.24 8.01 3.30
Kampaeng Phet 2 41.25 89.34 9.58 3.14
Kampaeng Phet 1 71.25 94 67 13.98 353
Surat Thani 67.50 B87.84 15.17 285
Roi Et 63.75 90.67 1215 2.87
Prachuap Kiri Khun 48.75 86.67 13.12 310
Nakhon Sawan 18.75 87.67 712 298
LSDy 12.5 NS 212 0.57

HANIMAREST 2 wamalu Table 2. wudh el luwiveamdudniuguasairsdaguinuwihmui
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Table 2 Effect of Nakhon Sawan variety dry leaf placed on soil surface on the growth of barnyardgrass
plant after planting 28 days.

Residues Germination Plant length {cm) Dry weight {g/pit)
(/100 cm®) (%) Shoot Root Shoot Root
Control 100 35.12 2012 0.64 0.29
2 99 37.95 20.15 0.53 0.29
4 87 3255 19.85 0.51 0.32
Dry leaf 6 92 35.15 21.21 0.60 0.18
8 87 34.33 18.45 0.58 0.18
10 78 3212 17.21 0.68 0.12
2 99 33.56 2113 0.65 0.32
Dry leaf 4 a5 36.12 20.54 0.59 0.31
{extracted with 6 8% 35.49 20.98 0.68 0.28
methanol) 8 91 34.68 21.79 0.71 0.27
0 92 32.12 22.81 0.70 0.28
LSD,, 9.89 NS 268 NS 0.08
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wed with inereasing the concentrations. Their germination was 97,00,

775, ..5 (0 and 18.75% by ihe extract concentrations of 35, 30, 75 and 100 mg/ml, respectively. While. it was little on

sarmyardgrass seeds. The growth of both bioassay species also inhibited more strongly by the extract of Nakormsawan virety

han those of pine varieties, Surface mulching and soil incorporation of dried leal residues reduced emergence and seedling

srowth of both bisassay species: The reduction mereased at highet residue rates. Flowever, both: surface mulching and =oil

incorporation stimulited seedling growth 7 weeks afler planting. Therefore, nhibitory allelocheniicals in the plant residues

wem Lo have been washed out with daily watered and/or decomposed by soil microorzanism with in 7 weeks, This result

Jemomstrated that vetivergrass leaf residues could be use as mulching to suppress weed growth in agricultural practice. This
will reduce the use of synthetic herbicide and avoid herbicide residues.
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ABSTRACT

The influence of osmotic and phl effects of
aguecus vetivergrass (Vetveria zizanoides) leaf
extracls on the results of allelopathy biocassay
was investigated on rice, barnyard-grass and
radish seed germination. Electrical conductivity
(EC) was used as an indicator to deternune the
influence of osmotic potential. Tt was found that
the osmotic and pH media solutions did not
affect germination percentage of all bioassay
seeds when the EC value was jower than 6
mS/em and the pH value was higher than 4.
Aqueous extract of the dried vetivergrass feaves
at the concentration of 100 mg/ml showed
greatly inhibitory effect on seed germination of
the bioassay species. The germination of rice,
barmyardgrass and radish seeds were 6867,
86.67 and 18.73%, respec-tively The EC of that
extract at the concentra-tion of 100 mg'm! was
4.87 mS/cm, When compared to0 those of K80,
and KNQ; salis. This value is well out of range
of that which capable 0 inhibit the germination
of various bioassay species. In addition, the pH
of that extract was 5.58, which aiso had no
effect on the germination of bioassay seceds.
Therefore, osmotic and  pH  values of
vetivergrass extract were considered to be a
non-influential factor in the bioassay.

Keywords
Allelopaithy, Osmotic potential, Verivergrass,
Bivassay. Inhibition

1. INTRODUCTION

The phenomenon af allelopathy has been well
recognized and widely reported'”. Alielopathy
is often an important ecological process
regulating plant populations in  agcicultura
ecosystems’. However, many of the resuits of
bicassay studies used for democnsira-ting
allelopathy are difficull to apply to field
situations, One of the most widely used
bicassay techniques for study allelopathy
mvolves the preparation of aqueous exiracts of
plant leaf or theirs tissue muaterials and
observing the influence of these extracts on

germination and seedling growth of bioassay species
in pewri dishes™®. Osmelic effects are well known to
induce stress responses in plants, primary by causing
dehydration of plant material®. Although it is
assumed the response of seeds or seediings 1o plant
extracts is due entirely to allelopathy, the possibility
exists that the extract may also exert negative osmotic
and pH effecis on the test species and some
investigarions have qualitatively assessed Lhe relative
importance of the osmotic and pH influences and
allelopathic potential of plant extracts on seed
germination’. The aim of this study was 10 investigate
the influence of the osmotic potential and pH values
of the vetivergrass leaf extracis on the resulis of such
bioassavs.

2.MATERIALS AND METHODS
2.1 Plant Harvest and Tissue Extraction

Vetivergrass was harvested from glasshouse pots at
horticuliural experimental field, King Mongkut's
Institute of Technology Ladkra-bang, when they was
voung. green in color, and about 50-60 ¢m high. The
fresh leaves were cleaned immediately and drving
under hot-air oven at 43°C for 3 days. Dried Jeaves
(100g) were cut separately into 1-2 cm Jong, soaking
in IL. of distilled water and kept at §°C for 48 hours.
The extract was filtered through a Whatman No.i
filier paper. Afler filtration the solution was diluted
with distijlled water to contained 12.5, 25, 50, 75 and
100 mg/mi. Electrical conductivity and pH of all
extract solutions were measured.

2.2 Osmotic and pH Media Preparation.

Electrical conductivity (EC) was use as an indicator
to determine the influence of osmotic poiential of the
plant exiracts in the bioassay experiment. Aqueous
solutigns of potassium sulfate (K.SO,) and potassium
nitrate (KNQ;) were prepared at different
concentrations, which corresponded to  electrical
conductivity of 1, 2, 4, 6, 8§ and 10 mS/cm. K S0,
and KNG, used i this study because it has been
previcusly demonsirated to act as an inert osmotic
medium for such studies (Bell'). Aqueous solution of
hydrochloric acid (IICI) and ammonium solutions
were used for adjust pll of distilled water at different
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concentra-tions which corresponded 10 pH 1, 2,
3,4, 5, 6 and 7. The electrical conductivity and
pH of each solution was determined using a
niulti-parameter analyzer (Consort Lid, Model
C835)

2.3 Seed Germination Bioassay.

Each of lest solutions was examined for
germination inhibition using seeds of rice
(Oryza sativa), barmyardgrass (Echinochlos
cruss-gadfi) and radish (Raphanus sativus).
Twenty seeds of each bioassay species were
placed in a separate petridish contzining 2 9 em
germination paper wetted with 5 ml of test
solutions. The covered petri dishes were placed
al room temperature and natural light
conditions. Percent germination of each bioas-
say species was taken 7 days. All experiments
were 2 CRD with four replications. The results
were subjected to analysis of variance and
means separated by LSD at the 0.05 level of
probability.

3. RESULTS AND DISCUSSION

3.1 Inhibitory Effect of Aqueous Extract of
Vetivergrass.

The effects of aqueous extracts of dried
vetivergrass leaves were examined for inhibi-
tion of rice, radish and bamyardgrass seed
germination (Table 1). In this test, there were
significant differences in inhibitory activity
among bioassay species and concenitrations
tested. Aqueous extracts of vetivergrass leaf had
strong inhibition effect on germination of radish
seed and inhibition effect increased with
increasing the concentrations. The germination
were 100, 97.0, 77.5, 25.0 and 18.75% when the
extract concentrations of 12.5, 25, 30, 75 and
100  mg/ml, respectively, were applied.
However the extracts had little effects on rice
and bamyardgrass seeds.

3.2 Influence of pH Values of Tested
Solutions on Germination of Bioassay

Species.

Generally, the acidity of aqueous exiracts may
have a detrimental effect on the germination of
bioassay seeds. Thus a bioassay experiment was
performed with distilled water at pH values of
I, 2,3, 4,5, 6 and 7 without the extracts. The
results  showed that the pH 1 solution
completely inhibited rice, bamyardgrass and
radish seed germination and the inhibition effect
was observed when the pH of solutions were
lower than 4 (Figure 1). The pH of vetivergrass
leal extract concentrations used in this study

had higher than 5 (Table 1). Therefore, water-soluble
phytotoxic substances extracted from vetivergrass
leaves might be responsible for the inhibition effect
on rice, barnyardgrass and radish seed germination in
the present study.

120 -
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Figure | Cumulative germination percentage
of rice, barmyardgrass and radish
seeds exposed to distilled water at
different pH values.

3.3 Influence of Osmotic Potential of
Tested Solutions on Germination of
Bioassay Species.

A potential artifact that is common to bioassays of
plant extracts is the development of solution
conditions that are hypertonic to the seed or seedling
resulting in physical inhibition of seed germination
and plant development. K2S04 and KNO3 were
used (o determine the influence of osmotic potential
of the sclutions on growth parameters of bioassay
species (Figure 2). The data indicated that EC higher
than 6 mS/cm developed by K2504 and KNOj3

affected the seed germination of rice, bamyardgrass
and radish. However, the osmo-tic potential did not
greatly influence seed germination of those bioassay
seeds until EC reached 6 mS/ecm. There were
apparent diffe-rences among species in response to
EC higher than 6 mS/cm and germination of
bamyard-grass declined more rapidly than did rice
and radish with increasing EC. The EC values of
vetivergrass leaf extract solutions were fess than 5
mS/cm (Table 1). Therefore, osmotic potential was
considered to be a non-influential factor in the
bicassay.
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Table 1. The pH and EC values of aqueous extracts of vetivergrass leaf at differences concentrations and
their inhibition effects on germination of rice, bamyardgrass and radish seeds.

Vetivergrass extract pll EC Rice  Bamyardgrass Radish
{mg/ml} (mS/em) '

............. Germination (%)...............
water 6.02 0 100.00a 100.00a 100.00a
2.5 6.00 c.87 £00.00a 100.00a 100.00a
25 5.95 1.08 98.25a 98.00a 97.50a
50 5.90 2.25 90.50a 90.67a 77.50b
73 5.79 398 78.77ab 83.9%ab 25.00¢
100 5.58 4.87 68.67b 86.67ab 18.75d
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Figure 2 Cumulative germination percentage of rice, bamyardgrass and radish seeds subjecied w0
K.50, and KNQj; solutions at different EC values.

4. CONCLUSION

The present investigation has demon-strated that
studies considering the effects of plant extracts
on seed germination c¢an incorrectly predict
allelopathic effects when osmotic potentiaf
and’or pH values are in range of those which is
capable of inhibiting to various bioassay
species. It is recommended that the studies
utilize such Dbioassay techni-ques should
incorporate a range of osmotic and pH values
adjusted controls to enable the separation of
osmotic, ptl and allelopathic effects which plant
extract solution might exert on the bicassay
species.
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Abstract

Alielopathic effects of 10 vetivergrass varieties on germination and seedling growth of
bioassay plants were investigated under laboratory and glasshouse conditions at Horticultural
Department, KMITL. Laboratory experiments showed that among 10 varieties of vetivergrass,
Nakornsawan variety was the most inhibitory effect on seed germination and seedling growth
of all bicassay plants. Thus, Nakeornsawan variety was used for further experiments. Dried
plant extracts were more strong phytotoxic than fresh plant extracts and leaf extract had
higher detrimental effects than those rhizome and root extracis. |n pot experiments, it was
found that leaf residues used as cover mulch on the surface soil or incorporated into soil
reduced of germination and biomass production of all bicassay plants. These results
suggested that leaf residues release some allelochemicals into the soil. To isolate inhibitory
allelochemicals, methanol extract of Nakornsawan variety leafs was partitioned into ethyl
acetate soluble acidic (AE), neutrai (NE) fractions, and agueous (AQ) fraction. The inhibition
activities of thee fractions were compared with that of the original extract. The concentrations
for bioassay varied freom 250 to 8,000 ppm. The results showed that inhibitory effects
increased after solvent partitioning. The original extracts completely inhibited germinaticn of
radish seed at 8,000 ppm, while AE fraction completely inhibited seed germination at 2,000
ppm. However, AQ and NE fractions had lower phototoxic than that original exiract. Many
phytotoxic compounds produced by higher plants are phenolic compounds that would be
present in AE and/or AQ fraction. In this study, it was clear that phototoxic compounds from

Nakornsawan variety are phenclic compounds.
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_ EtOAc phase l
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Wug andintu (HaRNFNARENS)

nduy 25 50 75 100 200
VIS 54.25af 5225af 57.00ab  5375af 56.00 ab 4250 g-m
\az 5425a-f 47.75bk 5125ah 47.75b-k 50.002-h  39.25g-m
ATaeny 54.25af 5450af 4825b- 48500 38.00h-m  32.00i-m
faude 5425af 5050ah 5325af 5850a 5550 a-d  42.75 g-m
MUNRNGI2  54.25a-f 54752 44.50e] 5025a-h  51.25a-h 4550 c-i
AUwaIwes1  54.25a-f  5225a-f  53.75af 5525a-¢ 56.758b  40.00i0
A3Uan 54 25 a-f 55.00a-e 53.75a-f 55.50abc  50.00a-h  41.25h-m
dszann 54.25af 53.25a-f 5325af 50.25ah 50.50a-h  37.25i-m
armfanil  54.25af 47750k 45.00d-  44.25f1  4875b-g  33.50 kim
WATRIITA 5425a-f 4950a-i  4925a-i 4725b-k 47250  31.25m

AnargNaNsosnErniauTe lilaruunndnsiuneadfasnnamwesis ety ing

35 DMRT {p =0.05)
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25 un./uA. WudATaeni, uasaessd wavdseRou fidnsanormndudu 75 unsua. Wug
° o o v v & ¢ = PR
N2 uarilszacy MERTIAINENAY 50 UN/NA. WHEEsu) Tl wazUATRIIA W
AnsA9ding 100 wn/ae. uatluaisadaanva e nuieiug dundmasz, feada, :1913,
L :Jv X 173 ﬂj [ 4 e "4 s

23967 BRENUNANTs1 AdAsAMdNdl 200 unsua. Tnanarsaisannlusaiuednufoiug
Auwangst Adesiacnailuninendiga Aa 40.00 wWefidud  afiasndninasu
sewdriugraaaiudnene washiszduarsdudusegiu (115199 1.1.7 uaz1.1.8) wudn
{ (% ; z ar -1 3 0. ]

WaszduartudungeuardaalidnmacmsIn 19 uNaARIAY WRSHANITNARBINLIY
arsadpsntungudnufeiugieoida, 99U, AMUNANTST, 23260, ATUHaRET2 uaslsvany
asamanui lunisaniurnsteatuneadd winandaiuetsihfadiin Audrsannda
lunrreenaenudaiinizluarsaiaanlunciuednudaiuguasanssd, ae, ATAINY uary

wr

£ =l o ﬂ; ar 1r 1/ L3 & oo o
76U Tﬂﬂmﬂmmm:’lummnm@’m'!.uvicym.mowuﬁm'm{]?ﬁm Hanaandalunisen

%

AQA

[ ]

| a Y v ¥ = 1% b o
MITen 1.1.7 wa‘*nm@mfmm’mmeuﬁlmmmnﬂmﬂmmnlummmlml,m 10 WUG Aanng

AN UATAATIAIMITINATION VRAUNFAUNIET1IUN

AT nM39an (%) ANTIAMTINEN
0 83.75 a 54.25 a
25 91.06 ab 51.75 ab
50 89.84 ab 50950
75 20.23 ab 5013 b
100 89.010 50.40 b
200 84.41¢ 38.53¢

AnaRaauAsdnmuteuiy lHilALLaNENNAUNERRRINNIDIR T AaAL

Toedd DMRT { p =0.05)
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= L & L :l' i kN e odt r
M99 1.1.8 warasgreiuguaiudnaesaradiaseitanlonguenuie 10 Wug senis

30N UAZAAFIRMIEFINITDN FBUNRAVANG19UN

g nsean (% ) farapniamssen
hng 93752 53.00
Faudnm 92.50 ab 52.63 a
173 9313 a 5263 a
AUHILNT T 93.08 ab - 52.04 a
AYTA7 94.04 a 51633
NRAIINT T2 89.40 abe 50.17 a
Uszany 89.41 abc 49.79 ab
UATAITTA 87.64 bed 48.50 b
(&t 84.06 d 46 46 b
IR 86.23 cd 4592 ¢
qsnionil 89.90 abc 45.58 ¢

-

AnatyfusnEsinianiu lWiauuanftsiunieaiBannisassiaiaaniag

A% DMRT ( p =0.05 )

=l v ¥ a & 1
nEMAaaN 1.2 naresgrradiasaeniainluunudnasnuazuisaaaiuslniuguasaqssdsia
nsaan dRsSesenIsIan N13reaTan uasniAsduInIeuNiadnanY
17 k3
waznadun
HARANITIBN BATUTIAANITIAN BWASNITTAATIN VYRIAUARINNNIANT MAIRTN
a - 1 o a LY IJ g QII H {
wazwdn 5 dunudr windnnaiehumaslunandulinirsangaiqn (115199 1.2.1) annas
Aarvinanwaiadmagiusdaionnzluesadaannluvaiaaiianuidudy 25, 50, 75 wn/
g &r = 1 i o = e = d‘
ua. uwazlusefuelnuide 25 uay 50 un/ua. dnsaniiunndreiunaain wasmdaimnzly
anrans luwiergindudu 75 unsus. Inasenldupndrsdunsadfduwdaninrsluansais
arnlugamlrududy 100 un./ua. douaanmazlugisadaatnlunieaniududy 10
wafidudiazlusaarundudy 200 uns/ua. Livansredunteadalunisaan Lasnudundn
- ar ﬁ(. [v4 9r e L7 :’/ =] C: 4
gnnaviavisnziugnsainannluwdnudaasndsdu 200 un./ua. Tulinnsenaign A 7.59
- oo A 1 - oo o = ] ar o O
wWefldusl Bedannuanstefiunaadfisunniinmanizedaldifod Ay waraInnmaaes
Usinguasuudafmazluarrainainlusaiinoudndy 200 unsus. Weamdnmnuisundias

uimne Inalulidaurneeasdundiaauiat (Dnh 1.2.1) #AIRIMWAZINER 1 - 5 33 wudn
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E-4 ﬂj g h’ﬂ Lo a9 o ! 1 1 1 A H i
wdammwiziuinnauiidnsiansiinissaniafign wilduansrafusdsiunasluansainaniu
welnamdudu 25, 50 wnwe. grundsniwnzluasadinanluwdngaatndudu 100 un/ua.
pasluwelnuiivaanandud 50 un/ua. A8asaniuiiareinisenllusandrsiumieads . nnas
NARBINLTIA AT AN uLHRaRATTIENTY 200 NN/, wasluwdnuFaaonudndy 100 WAz

L% -3 » ) o - A - } 4
200 1N./N8. HBRTIAMNETTanIssen LA NuRnAtaiun19g R Taawdafinazluaisans
anlundnusisasnsdnduy 200 unsue.  dnsaniuderesmassenaiga nanentsrandan
] e o ar & w EJ 2 T e s ﬁl g “/ =
WUIMAIINAITINIZINRAEN AN 8 T4 (M19799 1.2.1) dunddnnaaiafwnsluinnduiings
adanuinfigaAe 100.00 weiidud Tednrseatanlivansdsefuiudundriadgivinluars

o T n‘ [ "‘ B v ol aedn ] o 0

anran1uaenazlULTIRARIIALINDY 25 UWRT 50 NA/NA, WANRITFaATIORWANFNIAUAL

= ome 8 b A

oo cliz 1 ;:J o cnl ’
HUHRTALYNUNNNTTNIBNITINAE Trefidundfiauganmazlu

« o %’ a8 L8 i ]
M5I9N 1.2.1 aateadsadafmnanluaaiarluuiieesmudniuguasanssd Adsanis

BN BATIAINIFIVAINNTIANUAS NITTDATIAVAIMNRALNNIAN

-

?l‘ﬁﬂ’!i‘ nseen (%) é’mmmm@wmmmm ﬂ’\i‘?ﬂﬂ%ﬁt‘l
Speed of germination (%)

yhnd 100.002 115.75a 100.00a
luem 25 94 95ab 99.25abc 94.93ab
50 92.40ab 109.0080 92.40ab
75 91.12ab 85.25¢cd £83.53hbc
100 78.48bc 50.00e 78.11¢d

200 30.384 15.50fg 0.00f
luuriy 25 93.66ab 94.50b¢ 92.3%ab
50 92.40ab 66.50dle 91.13ab

75 69.62¢ 30.25¢ 68.35d

100 39.24d 17.75fg 36.71¢

200 7.59% 1.50g 6.33f

’ ] ﬂ! " o 1 ] i o ] a T
Auagefmudtednesuieuiunansitliianuuanaeiumisadfsannisin e

ANBRBULL DMRT (p = 0.05)
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arsanaanluwd nuwis Admsaandndn 200 unsus. LifnrsesdAnaassiunday dalud

1 o = o oy s kY ﬂj as T c‘v L L
AMUUANANAUNIADATLNAFAATIRIRIAUNRIAINIZ IUA AR AN TULHINE B PA T LT 1

200 NN/UR. BINTTRATAR 6.33 Wafidus
aananisias il luduninaigniedausiunudn waatmasluanradaainluuda
L e o 3 o = o -
ALY 75 Mn./AA A NEIIEINEUNINIERAS 714 8. (A1T7 1.2.2) A1nN1TNATILY
panaiAnuIuNaanwazlug e nresluudnganazuiia Aeandnd 25, 50, 75 uas 100

) g ] ]
WN/NA. AziiannvemgaueesiudaidFauionfutindusinngs dsuansntunieadiegnet

m(
e

1A waranuanisnaaasnudnatsaneatnlunisiarluasiiantududu 200 un/ueay

ge

ar

utannRFeAniarasdousin dauaesarnerrinrudundaninasluatsadaaanluudnan

juis

& g

2 a o o ™ = Vot V o -
vindu 50 unsua. DANEINIBIINENNTI4AAS 2.78 Tu. TelNTA AN U RRRAY
[ & ] L 1 ]
wastwzluingn Puraudaimizluaireinlundnufiaonududu 25, 50, 75 wn/ua.
wazluinaarordudu 25 un/ua. dausrnssnasaudsnmns lugirannenluudnan
ANILTNA 100 wn/ua. wazlundnuieaatandudy 100 uns/as. ldSanuuansanafunieans
o= =y 44 9 1 o call' ar k74 o “w =
nanaseiAuIagasAundnudawaniiinnsluarraiasniusd nuiadadn 75 un/us. 1a2u
E 2 & = dl ] 1 [ =S o s i E7 :J v
91IAUNA1RIgAAR 15.58 Ti. T luuansdniunsrdidusundnwzluasataanluwdnas
9 ¥
AMHENTY 2.5, 5.0 wWafdus Tundnudsanududu 25, 50 4N/48. WRZUINAY WAFUNAIT]
[] o ] e o & o n'] = o 4 1 al o
ANENauAns A uetsiliad A TruReuduFund iz luatsaiasanluudnan
4
ALY 75, 100, 200 1A /MR, wazasanaainluwiiaonududu 200 wn/ma. waseurmin
uwkanudt sundrfvnzluaisadaanluwdnudeaomdudu 100 unsms. Whinndnufasgade
d. ] 1 ar = o 4 b7 -::: o £ g
16.5 wn. FalduanAraiunisadAtusundinizanasanaluntdnasarududu 25, 75, 100
T ] §
un/ua, anluwdnuiadudi 25, 50, 75 N0/ 49. LEZUNNRU WANTAWINWTSLANAAWatN9N
. o

L A4 o [ = Ll AI ar
dndAydusiunaiasyluaisadmsnluaanacundudu 50 un/ua. aararsanaainluwi

o«

uesluaaiAsdindy 200 un/us.
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al o 3 o o,
PN 1.2.2 wﬂ“na\m’]a‘ﬂﬂm@\’qammn‘luﬂmLmﬂmﬁwmmﬁﬂLgﬂﬂwuﬁuﬂmfmﬁmm ne

WIYALTE uastminuiisreamaadnnimii

A8ns AMINEN (Cm) f;wﬁn Wi
Fiug 7N 73 {mg/plant)
ﬁ’mﬁlu 4.08c 9.57a 14.03ab 14.25ab
lusm 25 5.43b 8.31ab 13.72abc 12.75ab
50 5.32b 9.78a 14.71ab 10.75b
75 5.52b 7.24b 12.76bc 14.50ab
100 5.82b 5.47c 12.48bc 14.75ab
200 1.81d 0.00d 1.81d 0.00c
Tuii 25 5.26b 8.17ab 13.40abc 13.00ab
50 5.43b 9.15ab 14.58bc 11.75ab
75 7.14a 8.44ab 15.58a 13.25ab
100 6.02b 5.28¢ 11.31¢ 16.50a
200 0.00e C.00d 0.00d 0.00c
e

' -Q' =t ar ar ] rd : ar < b=y a
ﬂ’]Lﬂﬂ?_IWFIWJJ631”3EIﬂﬂH?LﬁﬁﬂuﬂuLLﬂﬂﬁ’l’]hNﬂqqﬁJ WANFINAUNISANFIRINATTIUATITU

ALRATILLIL DMRT (p =0.05)

Wavia#ay  annaws

N Taiisy
Conirol i
2} mg.doml )

myaind i nluna sdnfugunsriig

a o b a & T
MW 121 maraaansannsneiiainluas wazluwissamagiulniuguasalssd sianissan

LAENIABTY AL TITRUNSANN AW NMEUAIMTIWIZINGR 6 Ti
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HAGRBNNSIAN AHSUTHBNISIAN UWATNNFTRATIN VBURARUNNITIIUD UAIRIN
AZIHAARITIIUN 7 'i’u'“lummﬁﬂuﬂ:ﬁ'\né’uwudﬂmﬁmﬁLW]:'Lua’nmrTmmn'Lwcgﬂchn
whanruidady 75 uag 100 w0, Snnssanunniiga (A1s1edt 1.2.3) Seliunnsinafunnadi
fumnn=lugnsaiadildanlusdnaaniududy 25, 50, 75, 100 yn./us. warluwednuienans
i 50 WAz 200 WN/us. FmRNNNAULATAseNINAnd S AT lugzainludnutie
ardudu 25 wn/ea. wasluwdnan 200 un./ws. adneitdudandty doulududnsanuidinig
JANTVBUNEA WUI? ﬁ’]?ﬁﬁhﬂ’1ﬂ11JLLCJﬂﬂﬂ’é"ﬁl?’}ﬂQﬁNL‘ﬁ/N‘fI’uﬁQQ%uﬂﬂu’l?ﬂﬁ@:ﬂﬂ‘é’mﬁ‘ﬂﬂ'ﬂm%
nssengaandanaidaunlifias doundafimnsuansaiaaanluudnansaudadu 25 un /
ua. fEnmaraninssantesndagean sdkivannetuidaimnzluatsainannluudnus
A 25, 50, 75, 100 N /e, wazdEans lumsataanloudnaanotadud 50 uas

100 un./ue

al Y H 1% t% o o s,
19739 1.2.3 N@'Hﬂdﬂ’]?ﬂﬂﬂﬂ"J‘r‘_lu’]"‘l']f’ll‘UﬂﬂLLﬂ:Lm\"‘U‘aG“EU']LLE»]ﬂWUﬁuﬂTﬁQ??ﬂﬂNmﬂﬂqﬁﬁﬂﬂ

FRP1AIINNDN LRZNTTATIATEUNAAUL1T19UN

A8n9 N1599n (%) HATIATITITRINTIIBN APPRATIR
Speed of germination { %)
Yindu 100.00ab 48.7530 100.00ab
luam 25 101.65ab 50.50a 101.65ab
50 93.94ab 45.38ab 83.94ab
75 87.88ab 37.38bc 87.88ab
100 96.97ab 47.00ab 96.97ab
200 57.58¢c 19.75d 57.58¢
Tuuta 25 81.82b 44.00ab 81.82b
50 90.91ab 48.25ab 20.91b
75 103.03a 48.88ab 103.03a
100 103.03a 47.38ab 103.03a
200 92.43ab 29.88ab 92.43ab

1 ! ; Ot Lo 1] 1 e -y -, o ﬁj
ANBRUAANUFAUENERRNa U W ATHLANA1ITUNNATAANNITIATISTANBREILLIL

DMRT (p = 0.05)
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wingluarranaanlundnaamiududu 50 un/aa. nazluudnuisnaududu 25 un./ua. usi
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= o 1 a fet
M50 1.2.4 naresasaindsiianiugaussuiaremiciulniuguasaossAnisnanis

wityiule wasdrwinudaresdasaId2un

35ms AL (cm) v

fiu 510 Pt " (mgiplant)

vhndu 5782 4.27¢ 10,2100 3.2520
luan 25 5.35ap  6.06b 11.73a 2.25b
50 5733 6.36ab 12.09a 2.250

75 5.07b 5.77b 10.82 b 2.75ab

100 5080 419¢ 9.03d 3.258b
200 1.76c 0.00e 2.13e 4.002

luwia 25 5.66a 6.48ab 12,158 2.75ab

50 5.68a 6.95a 12.5%a 2.75ab

75 5.70a 4.87¢ 10.36b 2.50a0

100 5.68a 3.45d 9.33cd " 2.502b

200 2.13e 2.6%e 3.50ab 3.50ab

1 A EJ ot b r » 13 o ] -=i L8
mmﬂmm*mé’qafaﬂmmﬁﬂunummqqiuﬂmmumﬂmqnummnmmnmmmmw

ANRAULUY DMRT (p = 0.05)

wzlugrsadmannlundnudispoududy 200 un/ug. ANNIIMARBINIINuRdY  Aanrann
4 o [T £ a P o i’f & = 7 [ § '
nluudnasuazuiniiaenadnduguiivuiunasdudiniaaiyduinwewiundls uasie
swinus  wudusdavaiduniwacluarsaieinluudnansorududy 200 wn/ua. #
H o P - P . ' ar am e 5 o [V e % PR
WIInUEIRge A 4.00 un. BvlduansisAunisadanuiwdnudeildannsundrdanicluans
annanlunaiudnuiiarudndu 50, 75, 100 uax 200 wn/wa. uazgrsanaaniuudngn
L :’/ g olo‘ iﬂi?; v L7 ] ot - ' =l
ANMMINTN 75 LAY 100 NNJ/NR. TOHNIUNNAL  WANUAMUALTUAN AN UNISEDAReiN9T
b )
snddutuuaminudeandundrfimnzluarsadaainlundnananmdudu 25 war 50 unsua.

1 ]
Trafuminuisiaangnda 2.25 un.
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1 o ar = 1 e 1 ar o ot 5 e =
AR LIINANNRIAL (NINA 1.3) HaABNIFDATIN WUTMRIRININIZNES 6 Fu Fundadl
wrzluarsadaanwdiacadndu 25 un/ma. Snisresdingafigada 104.01 wefidud Fad

oy i i 1 1 = am o | =
mﬁ‘?‘aﬂ'mm'admunm‘lmmnﬂ’Nnummnmnumunmmwwlu

d ar ,: y | AN '=I' '
AN 1.3.1 aarasarraiasasiiandiuinerasaudniuguaacssdnisianiseen uas

ATSTAATIAIDNNARETNANAN

Atnns NN (%) n1saniie (%)
vnau 100.00a © 100.00a
TN 25 97 34ab 97.34a
50 104.012 101.34a
75 100.01a 97 34a
100 101.342 97.34a
200 74.67bc ~  70.67bc
T 25 98.67a 97 34a
50 88.01ab 88.01ab
75 58.67cd 58.67cd
100 44.01de 40.)1de
200 8.01f 8.01f
win 25 105.31a 104.013
o0 103.67a 100.01a
75 102.67a 100.01a
100 93.9280 93.92a
200 24.25¢f 21 3def

1 i A Lol ar I ) 1 h L —
A7 L‘ﬂaﬂ‘}’l [MPY] ﬁ’?ﬂ?ﬂﬂi‘.‘fi‘mﬁ’ﬂuﬂ wuanei lddauunnAtA U At ms sy

o e
ALARHULY DMRT (p = 0.05)
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Variation AWl ANNENIIN AN WU

Treatment 34 453 * 2820 56.19 ** 26.37 *
A 4 1022 77.39 136.32 " 7418 **
8 6 10.98 ** 66.47 " 147.20 ™ 22487
AB 24 1.98 ** 10.44 ** 20.08 19.37 **
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