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Abstract

Folic acid (FA) is a biotic elicitor being used for promoting the antioxidant production in
plants. The elicitor application depends on not only its type but also concentration and growing
period of plant. Several studies in vegetables have applied FA as elicitor, but there was no report
in kangkong (lpbomoea aquatica Forsk.) which is the economical vegetable in Thailand. Therefore,
the effect of FA application in seed and seedling at various concentrations on germination, growth
and antioxidants were examined in kangkong. The seeds were subjected to priming by soaking with
0, 25, 50, 100, 200 and 400 pM FA compared with non-primed seeds as control. The results indicated
that field emergence, mean time to emergence, shoot height, shoot dry weight, total phenolic
content and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity were not significantly
different among the treatments. The 25, 50, 100, 200 and 400 UM of FA were sprayed at 14 days
after sowing compared with non-sprayed as control. The plants were harvested at 20 days after
sowing. Shoot height, shoot dry weight and DPPH radical scavenging capacity were not significantly
different under non-sprayed and FA treatments. The 50, 100, 200 and 400 puM FA foliar applications
showed high contents of total phenolic with non-significant difference. However, total phenolic

contents trended to decrease in 200 and 400 uM FA treatments.
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priming wagliHung priming (@maassniua)
wrvgnlunszarananafinuuin 15x70x15 cm
(M19x019xg9) TUsTYFIAUNaNLAzTEADn
gnsdiu 2:1 TagU3uams Uan 2 uad/nseans
svuzlgn 10x10 cm neen 5 wdn/vay §1u7u
50 wwidn/nsz019 Liloeny 10 Sundameonludn
pauLenvaavaNas 2 fiu 1anseandlulssiou
yaans wagliimntu Ihesesiugns 16-16-16

Y 4

§n51 5 ¢/nszans wagldtegie 30 ¢/ 20 L1y

LAY

[ [ 3

9931 1 Unsgans Lﬁamq 7 JURRIYDALUAR 319
WHUNISNAE0ILUY CRD & 7 annae wiazaa
vnaedl 3 4

nsduiindeya

2.1.1 A13%9N



Uil 25 atiudl 1 unsAy - NUAMUS 2560

215815 IMemansuazinalulad

(1) m3sen Tuiinanusen iileeny
10 JundagenLuan
(2) szaziraadslunisien (mean
time to emergence, MTE) uitnanusenidlowiu
Tuideslnadununiedu Tnsdufindoyannu
aufiseny 10 Yu wdmeoaiuda a1nsutiun
AWINA MTE [9] 91ngRS MTE = 3(T, x N)/SN,
dlo T, AosuanTundumziuda uae N, Aosiuiu
FunditsenluwsasTunduniewda
2.1.2 MsaSaivle iufeadndadu
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\fleony 20 Yu ndameeniudn Tuiinaugadu
waztmiinusdu Insaufigangd 50 °C wu 72
Hilus Tnewadoan 10 fu/en
213 @15Usvnouiiusdnienun uay
qviddueyuadasy DPPH tdnysdudléiannnis
oULTaTigunadl 50 °C w72 §2lus wuRTen
Wuansadn Ineualunsaziden 31U 5 ¢ a@in
A8 95 % ethanol Tudmsndiudingsuay
ethanol 1:3 Tneu3u1as 91ntushunnsesdae
N3¥A1WN503 Whatman® wes 1 thansadaiiléun
seinedaviiazatvean laeldia3es rotary
evaporator figuufi 50 °C 9nduthaiAsey
Usinaansuszneuiiuedniiavan uazgnssiu
pULAdHTY DPPH ol
(M YFuruaisusgnaufusan
Wanu (total phenolic compound) ARLUAI91N
35u94 Miliauskas uazamuy [10] Inetansaiaud
azaumIviazaty 99.9 % absolute ethanol
Toelddnsdiuarsannuaz absolute ethanol 2
mg/ml mﬂﬂy’uﬁﬂ‘d sonicate 1uLaan 5 uil
Ywnansazateysuinsg 20 pl ldlurgu 96-well
plate wua15azany Folin-Ciocalteu’s reagentﬁ

139919 10 W1 Y3195 100 pl Laziduansazany
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micro plate mntudluiisia 30 wil
wa1 (25 °0) ileasurvuaiaiiiluIadinig
gAnduLasiinl1ue1Indy 760 nm faeLAIed
Microplate Reader 3u PowerWave XS 890
Biotek A1wamiUSunauansUsznaufiuedniievae
Wisuiguiunsmansgu sallic acid
(2) gnBdueyyadasy DPPH
ANUUAIINIDUDY Yamazaki wazaAng (1994) 6714
108 Jaiarree [11] Uransafinuiazaluniesiaiii
axa1e 99.9 % absolute ethanol Inglddnsiaiu
a1sanaiag absolute ethanol USN1M5 2 mg/ml
gntuirly sonicate 1uiaan 5 wiit Yimans
azanefieg19UsuIng 100 pl Taaslunay 96-well
plate Y1195 100 pl haziiuaisazaley DPPH
U31795 100 pl ¥e1 3 viqu micro plate Uaillu
fiflonnu 30 it Aigumgiivies 25 °C uduhluin
ANNIRANEULAIANLENIATY 520 nm FBLeFes
Microplate Reader §u PowerWave XS 590
Biotek AN % mié’uéu’qa%aﬁais DPPH
(% inhibition) a1n@® 3 % inhibition = [(Abs
control- Abs sample)/Abs control] x 100 Wle
Abs control fia A1N1SAANGULEIYBS control Way
Abs sample A ANNNTYANGUUAIUES sample
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N15LR3eHALTR uazansinuayaadase
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Ieinau vadloradululidinisadisansdueuya
daszludnysIulunovauesda FA A1838013
priming FILANFI9IINAITINEIIUVOI Burguieres

wagAug [4] AnNuINnIg priming Wanddualy

M99f 1 Aasentulias szezanadelunisien Augeiy wazivinuiiu Welgnmewdn

v Y a

FA AMUNTY 50 MUY 48 F2lue AUNaIa

dunn JUSunaansUsznouiluednianug wasgm

AUAULA

DPPH gaanegnaiitly

HnUsIuUAlUNIULaENIUNTT priming fe FA AMULTNTUANS 9
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AIeNluLUaY szoznanadslunmsen | Avuasdy Tminuedu
FA (uM) o )
(%) (1) (cm) (mg/plant)
control 56.00+6.93" 4.92+0.23 24.43+0.51 534.7+57.4
0 58.67+5.03 5.02+0.25 24.42+1.97 535.7+64.2
25 66.67+8.08 5.06+0.70 24.93+0.91 429.0+117.2
50 68.00+12.17 4.73+0.16 25.30+0.46 408.3+87.5
100 64.67+11.02 4.84+0.27 26.30+0.62 613.7+187.7
200 70.00+5.29 4.65+0.20 25.27+0.78 479.0+33.0
400 71.33+5.77 4.70+0.19 25.47+0.40 516.0+42.7
F-test ns ns ns ns
C.V. (%) 12.59 6.91 3.78 19.47

'Aade + ANdeauuNnIgy; ns = luand1eiunisada
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intfsdu Fsnsnevaussie FA Tufivusiazslingy
wanaafuly dugun1Inaaesves Emam way

Aauz [5] fiviu FA At 20 uM Wi Linum

usitatissimum 51087 45 60 uay 95 Tundavieon
AR WU L. usitatissimum eanaanis Inandn
widauiady winihiugetu s fnandndy
ToufinTu nswu FA anududu 25 me/L aludh
dun fiony 5 Yu vdmenuiu uagludnuidiad

a

191y 3 Tu ndenenuIL wuIHINIaevilng

be

mamﬁmLuﬁmmz@mmwmﬁmqa%{u [3] uenani
A1TIY FA AM3LTUTY 50 ppm 3uAUIR8ul
12 AULTNTU 50 ppm WaZINAUT AIILTUTY
500 ppm lud1and iileeny 30 uaz 60 Yunds
Ugn demalininugaiu Ane1Isie wasnandn

o o
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M990 2 YSuaansusgnauiiuednnivun uavgnsiiueyyadase DPPH vaernUedu Lilaugnae

v Y A

A [%

9 Y

waadnUsduildaunaziuns priming se FA anuidudusia

USinaansUszneuiiuedniiamun QViSsueYABAsE DPPH
il (mg GAE/g dry weight) (% inhibition)

control 2.3140.26 89.67+4.00

0 1.61+0.63 89.54+6.59

25 2.30+0.51 95.82+2.16

50 2.34+0.89 96.02+0.73

100 2.39+0.07 91.54+5.60

200 2.32+0.40 92.22+7.02

400 2.59+0.52 97.20+£0.97
F-test ns ns
C.V. (%) 23.24 4.91

'Aede + ANJBAULIINTEIY; ns = BuanNAeiuN1aEaa

322 @sUsznauTiuedniianun wevu
FA A210L9UUY 50, 100, 200 wag 400 uM WU

Y A A

arsUsznoufiuedniiaualudntsduiviuags
ndmaasdu q wasdaliuandatunisadn
wAUSInaansUszneuilueanianuaivualiy
anasileviu FA Anadudugs (200 uay 400 p)
drunsny FA mandudius (25 pM) a1suszneu

FusdnnauniiuSuiaanaaarianbduanaeiu

'
aa v

saddfudmaassaiuaudlifinigwy (m3ed
3) anuan1svaaesiuandliifiuiinisny FA 7
ANUNTUINgaNaansanseulaingFuaie
asUszneufiuednifuduld egrdlsfinu g
navauesaAUdutuves FA Tun1snsedums
afeansinuenyadasyluiivusazaliaunnsiiaiu
1U WU N1y FA asdudy 20 uM Ty L.
usitatissimum Wuinudafiarsusznauiiuedn
a9ty [5] v3an s FA anaidudy 25 me/l Tu

Daumn nudnuiivsunaunaslsiaiiuunndu Tu
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Ludndl glutamate, glycine ka8 ¥ methionine
Wity [3] uenvniflunisniu FA avandudu 50
ppm L g98E19LA7 n3ald FA A21aLTuTU 50
ppm 321AUAMEUT 12 ANLNTU 500 ppm
wazIn1dud AULTNTY 50 ppm wudntulutng
araiinaelsladuazunlsiiuoadifiuunntu (6]
3.2.3 quduoyyadass DPPH wuin
Fnijsdudildduniswuie FA asidudusiig o
Wisuiiisufuduiildsingwy fgvidiuoyya
Sesy DPPH Talumnenafumeadin (ansneft 3) i
q finuindenu FA ansdudy 50 wag 100 pM
fUsuaasUsznouuednianuaiintu 4
Tnehaluansuseneuiiuednimunuarqnidy
auyadasy DPPH faunuduiusiulunisuin [12,
13] wilun1snnaesilansuszneufiuedniionun
Tinadululufienaunndafuiugrddueyua
dasz DPPH (llesannansdnueyyadasziinans

Y9 whazsinazilnnuausalunsvinateny
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UszneuiluednnmualudnUedulaiussansnimn Herissantia crispa L. [14] Glycyrrhiza glabra L.,
lun1sivihuiseniuenyadasy DPPH Javinlv Chelidonium majus L. kag Tanacetum vulgare
An1siueyyadasy DPPH (uldlufiannedl L. [15] WDudu

wANAAUNUUSUUE1SUSENDUTUBAN VLA B

f1919N 3 AUGINU UINUNLIAU J3unuansusenaunuaanyanun LaZHNIAIUDUIADETY DPPH

YDINNUAU IHoWUAIY FA Aududuag ¢ wWisuifisuiunisliny

q

mwigedu | dmdinudeiy | USinaensussneufiuedn QissusyyAdasy

i (cm) (mg/plant) vt (mg GAE/g dry weight) | DPPH (% inhibition)
control | 20.70+1.39" | 532.33+117.41 1.98+0.58" 95.31+2.40

25 21.40+£1.01 | 502.00+47.69 1.74+0.67° 93.26+2.30

50 20.87+1.41 | 538.33+51.96 4.11+0.41° 96.47+2.41

100 20.90+2.33 | 525.00+95.28 4.30+0.41° 94.10+3.52

200 20.67+0.65 | 601.67+101.20 3.00+0.82*° 96.47+1.87

400 18.90+0.56 | 503.67+76.29 2.77+1.26® 92.78+2.29

F-test ns ns * ns

C.V. (%) 6.61 16.02 28.53 2.66

T
a

‘Aafy + ANTELUNINRTTIUAURNATIAUNERdnYIdaiY. Tanuuandeiuegsiiduday

Y o

MDA TZAUANUTBRNU 95 % g7 DMRT; * = uanAnsiusgedidvdAgnisada p < 0.05; ns = Ll

o

UANANAUNINEDA
4. &@su 4.3 AN5WU FA @uLdudu 50, 100, 200
9
a1 wdarndeaudluniunaziiunis war 400 uM HndsduiivSunaansusenauiluedn
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