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Abstract

Background and Obijectives : Organic farming is one approach that benefits the quality of life of farmers, consumers,
and the environment. However, effective weed management remains a necessary part of agricultural practice.
Chemical herbicides are commonly used for this purpose, but they tend to accumulate in the environment and
cause widespread negative impacts. In nature, allelopathy is a phenomenon whereby plants produce and release
organic compounds into the environment that can inhibit the growth of neighboring plants. These naturally occurring
organic compounds are usually biodegradable and thus have minimal potential for environmental accumulation.
Synedrella nodiflora (L.) Gaertn. is a plant species that has been reported to exhibit allelopathic activity. However,
prior studies have only evaluated its crude extracts, without further fractionation or identification of the specific
chemical constituents responsible for the allelopathic effects. Therefore, this study aims to separate the extract into
different fractions to determine which one holds allelopathic potential. The goal is to identify components that could
be developed into environmentally safe herbicides that support sustainable agriculture and pose minimal risks to
humans and ecosystems.

Methodology : Leaves of Synedrella nodiflora were extracted using 80% methanol by soaking for 24 hours, followed
by filtration through filter paper. The resulting filtrate was evaporated to dryness using a rotary evaporator to obtain
a crude extract. Half of this crude extract was subjected to liquid-liquid partitioning by adjusting the pH to 5 using
sulfuric acid, then adding chloroform and gently shaking. Two layers formed: the chloroform phase (moderate polar
extract) and the aqueous phase (aqueous acid extract). Half of the aqueous acid extract was further treated by
adjusting the pH to 10 using ammonium hydroxide. A mixture of chloroform and methanol (3:1) was then added
and gently shaken. The water-soluble fraction from this process was collected and termed the aqueous basic
extract. Each extract was evaporated to dryness using a rotary evaporator at 39°C. The dried extracts were tested
for their effects on seed germination and seedling growth of Chinese flowering cabbage (Brassica chinensis
Jusl. var. parachinensis (Bailey) Tsen & Lee). Concentrations of 0-2 mg/mL were used, and observations were

made over five days. Germination percentages were recorded and used to calculate IC, values via probit analysis.
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The osmotic potential of the extracts was determined using the freezing point depression method, in which the
solution was chilled in a salt-ice mixture and the lowest temperature and phase-change temperature were recorded.
These values were used to calculate osmotic potential. To assess whether osmotic effects influenced germination,
PEG solutions with equivalent osmotic potentials to those of the crude and moderate polar extracts were prepared
and tested for seed germination effects. Measurements included shoot length, root length, fresh weight, and dry
weight to evaluate the impact of the extracts on plant growth.

Main Results : The results showed that both the crude extract and moderate polar extract significantly inhibited
seed germination compared to the control group (p < 0.05). Increasing the concentration of the extracts led to a
greater reduction in germination percentage. In contrast, the aqueous acid and aqueous basic extracts did not
result in statistically significant differences in seed germination compared to the control group (p > 0.05). The IC,,
values for the crude and moderate polar extracts were found to be 0.94 mg/mL and 2.5 mg/mL, respectively. The
osmotic potentials of these extracts at IC,, concentrations were -0.24 MPa and -0.18 MPa, respectively. When the
effects of these extracts were compared to PEG solutions with equivalent osmotic potentials, it was found that the
PEG solutions did not significantly affect seed germination (p > 0.05). However, the crude and moderate polar
extracts at the same osmotic potential significantly reduced germination compared to the control group (p < 0.05),
indicating that the inhibition was not due to osmotic effects. Furthermore, the crude and moderate polar extracts
significantly inhibited shoot and root growth, and reduced fresh weight (p < 0.05). Shoot growth was inhibited by
100% and 94.3%, and root growth by 100% and 66.1%, respectively. Fresh weight was reduced by 63.5% and
69.5%, respectively. However, there were no significant effects on dry weight.

Conclusions : This study confirmed that crude and moderate polar extracts from Synedrella nodiflora can
significantly inhibit seed germination and seedling growth of Chinese flowering cabbage, demonstrating clear
allelopathic potential. Among the three extract fractions—moderate polar, aqueous acid, and aqueous basic—only
the moderate polar extract exhibited consistent inhibitory effects. The aqueous acid and basic extracts did not show
any clear allelopathic activity. The observed effects were not caused by osmotic potential, as demonstrated by the
control PEG treatments. Therefore, it can be concluded that the moderate polar extract contains bioactive
allelochemicals responsible for the observed inhibition. Further research is needed to identify the specific
compounds in the moderate polar extract responsible for this allelopathic activity and assess their potential for
development as natural herbicides for sustainable agricultural applications.

Keywords : Synedrella nodiflora (L.) Gaertn. ; allelopathy ; seed germination ; osmotic potential
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moderate polar extract
2 times
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bioassay l aqueous basic extract
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Figure 1 Procedure of Synedrella nodiflora (L.) Gaertn. extracted by liquid-liquid partition (Harborne, 1998)
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WreNd13azane PEG (Polyethylene glycol) ﬁﬁﬁmﬁnimaqa 4,000 a5 WA ududw 0.1 0.4 0.8 uaz
1.2 nfw/Aadans antuuLivasazansnn 1 aaans vnlmen W, iuihganuansana lnavinnisdnmonuiduduas
4 1 mnffmiﬂmﬁivﬁ’lﬂm%’wniMMmgmmmmwﬁuﬁuum W_ fnnsruansnaaduduaes PEG il W,
whugnsaiaienssEaNgsazans PEG lunsmadewnates W, rlan19eaniazniaiasyaenannangsasialy

n129anI91agcAL sl

ynamnzindaly iindu ansafpvenufiaanududy 0.94 faansuseiiadans wazansaRngat moderate
polar finnudad 2.5 Taaniusefiadans 1AV NNIINILILARda RN TR iU LN A LHATRIEN IaTARENNT
sanIedlLEn Antiiiensunan 5 5u 399A AdNEIEEA AINNEN9IN °nfa<1mﬁmﬁmﬂﬁwumslw,wi@:ﬁmwmm LAY
Auidethmae lddmmiminan wazileuiigumni 60 esanaidua Wunan 48 datua s ldaiwiniite
vt

WEUNIINAABDIASNITIATIEUNNATF

o

TUNUNTNAADILUUENANY 0] (complete randomized design) ¥11n1snaass 4 11 Lialddayaninis

al

'
a o

Apnziannulsilmureseyanitis One-Way ANOVA AntisinnisuFauiiauAafefaeds Tukey HSD Nszail

ALY 95% sneiTilsunss PSPP 1a5d1 2.0.1

Results

ANN38iAA1TANNENLATARIE WN1Uea 80 twafidus uazihunanamaedtuidiusaaaaamian laansain
wiazdau laun ansafaveny ansafndau moderate polar a13a1 A% aqueous acid LATANTATAEY aqueous
basic ﬁﬁmmﬁmLwi@:zﬁ'quﬁvlﬁlﬂwmmum@&i@mm@ﬂmmmﬁmmwﬁq fimanududu 005 1 uaz 2 fadnfusie

aa

Hadang 1wnan 5 54 antiwinnisduawumaaiisen uazi llauwnuiunlefidusnissenilenFauinauiugn

1026



B l 9NIANIINENAIARTYINT TN 30 (RULN 3) Auenew - FueAN WA, 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025

BURAPHA SCIENCE JOURNAL

ISSN 2985-0983 (online)

UNANNIAEY

o o

AILIAN WU ANsanANENURNATUEINssRN LU AT IAat el dATyn19ada (p< 0.05) Tnaiitlafidusinig

o

sananasiily 37 0 uaz 2 Wefidusileauiuganiuan ANa1AU (Figure 2A)

1 £
=

\HeNARBLNTIBNTBINAANINFAIEN9ATTRAW Moderate polar WA AR ARNATUEIN1390NUDINER

° o

' A o aa P ¥ PN d%’ = o ¥ =] I3 = = o 13
DY WNNUHATNATYNNANG (p< 0.05) ImﬁlLN@ﬂ’J’mL’ﬂNLWNN’m“HuNN@V]’]sl,ﬂl,ﬂ‘ﬂ?l,"ﬁuﬁm’]ﬁ\iﬂﬂLN@LV]EI'LIT]U‘]J‘B”IWJU@Nu’ﬂﬂ@\‘i

o

Tnafiesidusinissenanaciilu 96 88 uaz 57 wWefidusilaiisuiuganrunn AINa1AU (Figure 2B) N3NAABLNNT

sanmladnsaiadau aqueous acid Uaz aqueous basic WLl ANLANANTUNN9EDRA InendaR lATuanndow

-

aqueous acid Hitlafifusinissananasiilu 80 63 waz 94 wlasifusdidemsuiugnaruAn AINAIAY (Figure 2C) uay
wWannlasuaindau aqueous basic Hidafidusinissananaaiu 94 86 uaz 89 ieafidusiaauiuganiuAx
AINATAL (Figure 1D) iWetdeyaainnismaasunatesasaindausing | sewlefidusnisentaanannanesalm

A1 IC,, TneidT Probit analysis Wu31 @1sarindau crude extract Waran9afindaw moderate polar HA1 IC,, Winfiu 0.94

a o oA

WAy 2.5 WaanSuAaNafanT MNAAL Juanieidnsanndal aqueous acid WA aqueous basic NAININNGN 2

o

JaansusiaNanans (Table 1)

© 150 © 150
£ A < B
(8] o
o =}
3 7 3 s a
2 100 1 2 100
(=% Qo a
E £
3 8
5 5 °
= 50 b = 50
£ c
E 3
i )
* ‘ c 3
° O _ T S N O . T T T
0 0.5 1 2 0 0.5 1 2
Crude Extract (mg/ml) Moderate Polar Extract (mg/ml)
B 150 3 150
'g ns C g ns D
Q Q
i=} 8
3 ks
2 100 - £ 100 -
o o
E £
o [}
o o
5 5
= 50 = 50
= £
E E
© &
] Q
® ®
O = T T T O = T T T
0 0.5 1 2 0 0.5 1 2

Aqueous Acid Extract (mg/ml) Aqueous Basic Extract (mg/ml)

Figure 2 Percent germination of Pakchoi treated by A) Crude Extract, B) Moderate Polar Extract, C) Aqueous Acid Extract,
and D) Aqueous Basic Extract, from S. nodiflora for 5 days. (Error bars show tstandard error, letter abc on the

graph shows the statistical difference at p<<0.05 by Tukey HSD, ns means not statistical significant)
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Table 1 1C,; and W, of extract partitions from S. nodiflora tested on the germination of

Pakchoi for 5 days

Extracts ICs, (mg/mL) W, (Mpa)
Crude extract 0.94 -0.24
Moderate polar extract 2.50 -0.18
aqueous acid >2.00 Not tested
aqueous basic >2.00 Not tested

dlathansarafimududuwiniy IC,, 1e9dnsannusiazaauliuidn W, wudansanndou crude extract
WA moderate polar extract HANWNTL -0.24 waz -0.18 WnNNzU1gA1a (MPa) ANNaNFL aitlailgvinnnadnenluans
afmdq1 aqueous acid LAY aqueous basic fiegannTal LL?WNLL%QiﬁNﬂWiﬁu&ﬂﬂﬁN’ﬂﬂm’mLs\lﬁﬁﬂ"sﬁ\iﬁ\‘i (Table 1)
anniutinansaiagau crude extract Wae moderate polar extract WaL&1782818 PEG fitlan W, wiriugsarinly

NARALNITIAN WL ATANATIEIUANTARARNLLAY ATanada1 moderate polar Hualfidefifiusinissanilaiiey

'
o = v

Augarauananatatnaminladn Tnsanasidu 49 uay 56 iasidus nuadu luanshlugainasaunissendon

a13azane PEG %39 W, winiu -0.24 uay -0.18 wnnzthaaia lduansnsaingaaauns (Figure 3A and B)

120

B a A
£ 100
G
2 N
3 80
©
o
g 60 b
o
c
(-]
© 40
c
E
& 20
R

0

Control Crude Extract PEG

120
B a , B
S 100
o
2
E 80
a b
E 60
Q
1=
2
] 40
£
E
& 20
=

0

Control Moderate Polar Extract PEG

Figure 3 Percent germination compared to control of Pakchoi in extracts and PEG, A) Crude extract and PEG at  -0.24 Mpa, and B)
Moderate Polar Extract and PEG at -0.18 Mpa, for 5 days. (Error bars show *standard error, letter a and b on the graph

shows the statistical difference tested by Tukey HSD at p<<0.05.)

1028



B l 9NIANIINENAIARTYINT TN 30 (RULN 3) Auenew - FueAN WA, 2568
BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025

BURAPHA SCIENCE JOURNAL

ISSN 2985-0983 (online)

UNANNIAEY

'
v A

n13ANEINITIAs AL IATa9N2 1A A TUATaR AL LA ZA1381 A2 1 moderate polar 1Hulaan 5 31

Q
' £ '

ANIUINHITAAINENIEBA ANNENIIIN BAZTINLITNgR warastin TUauwiaiatin I Fa i minuie wudn e

WIAINENIEBARAZAIINENITINTBIUAATANAABTLLALATZIMNNATIANLYN AT INENIEEALATIINTBIFUNAININA

o

Tuusazganaaesidauansiue 9 il d1Ayn1eais (p<0.05) lnggarIuANARATAINEIIERALINTL

0.86 LEuRWNAs e lAsuansaianey luiinisasnyaessen uazarsanndau moderate polar HAtaaLLiNAL 0.30
IURLNAT 9UAINEN9INTBINsR T ARILAN FaT lASuasa Ane LA lATUA sa AA9W moderate polar

v v
Vo

(A = o o T A o g 5o v v Y = -
ANRAELNIND 1.13 0.1 WAL 0.38 LIURLNAT ATNAIAL mumfauw@H@umummmmuﬂmmwﬁ;ﬂﬂqm‘mwmq

pad)}

aa o ' ° o

anANLIHANNLANFANTUat R AATYNNaDE (p<0.05) IneaAdLAN 1A LA AL wazgaT liiuans
afda1 moderate polar HuNWHNAAWINAL 182 116 uaz 127 FaANFN AINAIAL LazilaTinsnzidayauiminui
gaanaggeinzluansaia wudn Ruawinuislduansdreiunieads teslugarauacuan ganldiuansatanaiu

wazga lasuansaningau moderate polar Hiutinuiawiniy 51 54 uay 48 NaAniN AINAAL (Figure 4)

1.0 1.4
a
a
A 12 B
0.8
= = 1.0
8 §
= 06 = 08
B ]}
c =]
B 5 06
5 04 b =
=1 8 b
£
[} o 04
0.2
0.2
c
0.0 ¢ 0.0 B
Control Crude Extract Mederate Polar Control Crude Extract Moderate Polar
Extract Extract
2500 80.0
C D
a
200.0
60.0 s
@ o
E 150.0 b £
£ b = 400
(=] 2
@ 100.0 @
E z
2 & 200
& 500
0.0 0.0
Control Crude Extract Moderate Polar Control Crude Extract Moderate Polar
Extract Extract

Figure 4 A) Shoot length, B) root length, C) Fresh weight, and D) dry weight of Pakchoi treated by crude extract and Moderate polar
extract for 5 days. (Error bars show “standard error, letter abc on the graph shows the statistical difference tested by

Tukey HSD at p<<0.05 and ns means not significant)
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Discussion
= o a a o o 1 a a v =® ]

nsAnEIHANNEARlaNIETIR TANAANENRATARIANTReBNLAzNTastyALTRIBIN9As TnaAnwn Tudau
YAIR1TANANLNU 1941 AKIU moderate polar @#19a1ARIY aqueous acid WAz @a1987AKIU aqueous basic WL
ansannacunENLLATa19andau moderate polar Hnaliluaananassananasatineliad1Arymieads (p<0.05)
wanaliiiudnansaindauianaailansiinns w1 uain1:enIe N anNN9e 48nARBIILIENTUNATEIAN AR
annluigasAingaiuiudnuasea (Asterraceae) Waun Silybum marianum, Cynara cardunculus, Wa% Galactites
tomentosus HnEN1NEaRTANIT (La lacona et al., 2024) agivlsfinn Watihansainnauaindnuasa il uandau

. 4 . “a A I U/ « 9

wudndaunuanls 3 dau Hiieedan moderate polar extract WM UWNHMEHUEIN1TBNLDANAANIINES 421 aqueous

acid extract Az aqueous basic extract liifinalun1sgduginssenaadmann 196 Feanaanisuanansannildly

nsnaassil luansarindau moderate polar axilansngu Nuadn uay nasiuass 1ueaAilsznay (Harborne, 1998)

[ !
o aa '

PNRNTILNIUINANTANAAIN Euryops floribundus %qmmmﬁuﬁqmm@mmsTﬂmm (Lactuca sativa) ﬁmanaju’«?‘\lua
an 401 AadnfuieuinnsAunaanfansy (Gxasheka et al., 2025) a19UsnauAUeaNMAILTRA i1 p-coumaric,
gentisic, p-hydroxybenzoic, syringic acid, vanillic acids, catechol, gallic acid, ferulic acid, Q% anisic acid A31m97u
J18NENNEAATANTT (Li et al., 2010) Hn13ainuazAnsansnguinasiuass LAun ocimenones a1n Tagetes
, = = oA o a a o« o @ A
minuta B 0uNT 1WA Asteraceae WU ANaN1BaATaNTT Inaa1u1908UEIN1998NIRUNAANTINARDY (Lopez
et al., 2008)
Wasannlunisdugeniseanaesansanmnanndnuasaanadlunaainasiiuesrlseneuresansainlnens
& a o Ao \ o o wal | s p~ \ H & Wy o o
wireanalunaannisiasannilsiagnazaaaguinauin e W, snasuasinasanisgainaeananls seiily
nanaaestiaslamnimeaaeunanes W, sanissenteamannanesasae Tnaiasaindauveanuwazden moderate
d! ] dl o 2// < v 1 1 [~ v 1 alg 1 o
polar extract Aiudrunainnsnduganissanaamanls lua IC,, Aan139anuauNanNg 96 WU H AT

0.94 uay 2.5 Haaniusadiadans Aua1Ay antuasinlldindn W, denudniamndy -0.24 uaz -0.18 1NN

U1aAna AINAIAL INNI9EEENENIaTAnY PEG AAWINTL W, uaziilinageunissanteaman wudn waanimny
1w PEG #idAY W, -0.24 uay -0.18 wnnzinana dulefifusnissanliunnsranisaifannganounn asagy
Tuilsziauiiladnan W, Tuszausanannluilnaluniseufannseanuediudn A9TUNATR9ANIATANENL LAZATENA
] dl o v [~3 v & @ I3 é =® ai o o dl
@91 moderate polar N luAAN 9Nt fiGusn1sanA1asandunanianatsiiuesrlsznauluasanni
= 1 a a 1 < 1 [-3 [~3 ¥ 1 d‘ c'\ =®
anaduasanalnniegzinenlusendnenissenaeaudn aeslsianlumdadinlnad W, Nr1a9h -0.6 lunne
anna delddnasailasidusinigan (Walne et al., 2020) uazilasidusnissanaeman luitana Brassica aziEu
ansnagiiad W, Andn -0.8 nnziaana (Pace & Benincasa, 2010)
WaAnEnaresasannandnuasadiudsananeLLaza138nad21 moderate polar AlanisiasnytALs

2096 UNEINIF Wudn arsanaveNLLazafsatiadal moderate polar HHATLENAIINENNEBAUAZAIINENITINGEN
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=3

faiau i liiulddnansiiluasantsdudeninasoiolniduansi WuesAlsznevaglu moderate polar extract
%'\1Lﬂumm@:u?\lu@aﬂLmefa‘fWu@ﬂm‘(Harborne, 1998) Hsenudnansdsznaunguiue@n taun p-coumaric acid,
chlorogenic acid, caffeic acid, ferulic acid, gallic acid, p-hydroxybenzoic acid, protocatechuic acid, syringic acid,
WAL vanillic acid ﬁqw'ﬁiumﬁuﬂ:\mmﬂ?mmmﬁ@mmzm NU8Y Ambrosia artemisiifolia (Scepanovic et al., 2022)
%ﬂﬁﬁmmmd’]Lmﬂfﬁuﬂﬁﬁnzﬁu‘im‘lﬁum@{ﬁu (monoterpenes) AN Salvia leucophyila ﬁm@ﬁu&qmitﬂ?mmmmn
Brassica campestris IﬂﬂWUdﬁﬁq%?ﬁuﬂ%‘ﬁUé/\m’]iﬁ/ﬂLm"]zﬁra‘ Bueielulnedsauazeeunuadueileidesiy
tana91n (Nishida et al., 2005) FadinsAnEiumenssivaandnuasanudn dsumenszivaannluan s
asAsznay 49 98a laaadaniUTuamuan 11y (E)-B-caryophyllene, germacrene D, a-isocomene, thymol,
B-cubebene, bicyclogermacrene, a-pinene, B-pinene, myrcene, Wa limonene sy (Kambire et al., 2024) ?ﬁlxim‘i
U’]Qﬂﬁmﬁiﬂﬂﬂﬂudﬁﬁqw§Wﬂﬂﬁ@§IﬂWﬁ§ LU thymol, limonene (Azirak & Karaman, 2008) myrcene (Hsiung et al.,
2013) iflafiansousn IC,, WU AN IC,, anansafavenuiipandan IC,, 184817aNAA3U moderate polar Wans 1
Wudnansafavenuildnanwlumsdudenisenldaninansarngau moderate polar deuaaslidulddnansaangus
N19EAALANITANNENLATARIALTAARNNATUANETRA %'qﬁm@miﬁ’mum?qu%rﬁml,uu additive %178 synergistic

inhibitory action aanA&aaiuN1sANEN W Medicago minima WUANHNNSLETHONS LIRS ARTANTT LHesaINaTarin

a

venulinaduginisenteandnmnagaslaaninansaingauaun (Scognamiglio & Schneider, 2020) atlidluizas
Y X ) ! - o o a S a o a a & Y 4
sasAnwselldiesdtlsznanresarsainaindnuasaneengnsidedaatanislunismasesiiduanslinting sausis
o ¥ ® = 2 A a a a A o o 9
fapsdeIAnHTaNaT0IaNTMATUsaNTTUIUNNININETTINE LAz N sas R ulaa T a o Il sve nefld

Tunnansnessteatinallss@nanin

Conclusions
=2 o o o o d‘ v v 2 o v o

nsAnNazesaIsainanlnuAsataansiatsaiaveunaiafaemniues wdatilluendou ldansarin
#91 moderate polar, aqueous acid, baY aqueous basic NUINHINLANTATARIUNL1LLATENTATAE1 moderate
polar WiniunHuadudanssenatiedniau Inanudiansaindsunauignalunisdudanissenuazniaiasey limandd
T X v o = - S S o = = P& = = = o
vl idddnunsaiiesrlszneuansiindgneniedaalanisuinnd vl iauasiuauuLaTNg naiu uaz
Wanagauansaianaududui 1IC, nFauieuny PEG AdAn W, winiu wudnaauauisalunisduganisean
Tdladunannannanuasanseatuin AaiuasaglladnanuainisalunisdudanissenaesinuasanIaINgsa
Tansniduesddsenavlugnsanindiuansaninvenuuazdiu moderate polar 19Aasin sAnsfallfsrinues
A958R AN T AN UATALAZNIETNE VBT ULRNAIMATN FoxianIsINIInaaessziuu avlgnsia e iduaas

A unsiauuansidndangainsssnanfsiall
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