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Abstract

Dielectric barrier discharge plasma (DBD plasma) is cold plasma that can be utilized to enhance
the seed quality of various plant species. The objective of this study was to investigate the effect
of DBD plasma on seed germination, vigor, and seedling growth of Chinese kale (Brassica oleracea
var. alboglabra). Two cultivars of Chinese kale seeds, ‘Aun Ya Ma Nee 50’ and ‘Bang Bua Thong 35’
were treated with DBD plasma for 5, 10, 20, 40, and 80 s compared to non-treated seeds as control.
The 5 s DBD plasma-treated seeds revealed high germination percentage and germination index as
well as low mean time to germination, which was not significantly different from the control. Seeds
exposed to DBD plasma for 10 s or longer times resulted in remarkably low seed germination and
vigor. However, shoot and root lengths, fresh and dry weights of seedlings derived from DBD

plasma-treated seeds for all exposure times showed non-significant difference.

Keywords: Chinese kale; Germination index; Germination percentage; Seedling growth

1. umin avorn Wldasedl falenuvaende wasdufins

Avi (Brassica oleracea var. alboglabra) fudsndon [3, 4] Snvensanewanausinazii
udinlumsena Brassicaceae ﬁﬁwﬂqmawﬁm Tuszovnanduy [5] vlilasadmamenmuas
fusnnlutssmelng aztiduinegdu v manaivesiaTagiianisudsuulasegisnini
Faowwdn Taehlunisugnuasguasnundimdleld  wilivinlfaudnuasdaiuudsuluedemansevy
IenanAngaazaunmAsnaretadeiiAsates ns disadntestutngiiun [6, 7, 8, 91 wanawuuy
sonvesudndutlifoniedifinnuddlunisme  ladidnniauusieesaavisa (DBD wanawn) 1du
Ugn Teslamzanmelanfeulutligduieliinms  nanaufuiiadsaniedesidanatasuuy DBD
Wasuulaswesanimeinimegeninga miliudn  TeldvdnnisazaunazaeUszquuledidnniadie
WusTTlaan WA ol fanusenaiiane Wiy Twihnssuaaduiinusinsdngdaa [6, 8] wanaud
nédudauss avilifvanansoogsonldluulasgn  \Retuusenaulufediaanseu leseu 3edy3 Telou
fflanmuandeuiiutsusiu nislvelulaeneg  eudou eyyadassivansusznaulungueendiay
datiueuenuazanuudusswonudadeunts  videlulnsiuiiedhsiouizen (21 lumansinuns
wnzUanivane s [1, 2] wWu mMsutdeluindou ladin1sumalulagnatauuyssynaldluvain
nslé38na nsldennadu ns priming wiade  vanedusmEainaunmdaiug og1dlsfam
Yviteansavane [Wudu Senswenidinidesida  sveznailunisatenaraundudedenilsiidfey
fAsMsUfRTigeen Woawu suidianed  fdwansenuiuguamusnsdn Wy wiadnnie
sdsranszvusioan maden VieNrUN1578 DBD Waaun Wi 60 3wl wind

Haguldimsusvndliveluladwanann  mmudausadivtulasannsnsenlfisiuogaiie
fued1aunivate Wy gna1unssueIueud  @1AVNaDR wikdaiun1sate DBD wandun uu
PAENVNTINANG GRAMINTINDINT MIMIUNME  15-240 FunitvSelisiunisanowanasn fesidus

o o

wagn1gnunIsineas wesanidumaluladn  anwsenldusnsnsiuededidedidgnisada [10]
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ANNENEIEn [9] nsenudisiuasiuliiins
Twanaundiszernaineg duasunsienveaudn
waznisiasyAvlnvesdunaunnaeiuluniu
yiauaziugiy ogrelsimudslufisnesunsly
DBD wanaunluwdanzd dafunsnaassiized
Fnqusrasdiflofnuanuen muuduswesudn
warnsasaiviavessuseuayii eats DBD
WanannULLAA Wi 5 10 20 40 uay 80 Iunil
wWisusuiunsldarewanaun

2. gunsaluazisnms

<

2.1 Waawug

q

wanugpzildlunsvaaeiidl 2 Wug fe

WugSayuel 50 99U lewdnd AefUaistu d1in
WagUgUItINes 35 NUTEN ami Laavi @n 311
2.2 WAUNISNNADY

TWUNUNITNARDILUY Completely
Randomized Design I 6 Awnaes fio n1stiiuda
lUa1e DBD wanaunwu 5 10 20 40 way 80 undl
Wisuisuiuandildiunisatenanaunduds
VARBIAIUAN
2.3 115218 DBD Wa&un

38 DBD nanaun Tiasesriidinnanaan
WUy DBD ﬁ%’a%LﬁﬂimmmumaLme-;isumufTU%y’u

d1saraneLnda (normal saline solution) Qﬂﬁuﬂmﬂ
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2.4 nsUuiindaya

1) anusen dudauwiglagds Top of
paper (TP) §7u7u 4 91 918 50 win lundes
WanaRnIuIa 7 x 9 x 4 wudwas Wi 10 Sadans
Nslugmnziiguugdl 20 ssmwadoa THuas 8
Flusuawdia 16 Falus Thbmntu uiindrunud
ﬂé’ﬂﬂﬂalﬁamq 5 uay 10 FUnSanzIuEn 910t
ihlumuauUesifudninusen [13]

2) armudaussveandn tuiindoyadsd

2.1) sveznaneaslunision wnzwdn
WULRLINUNNINA@BUANNIDN TUANTIUIUAUNAT
Unfinniuauiiseny 10 Jundamzimda i
Pludnmszesnanadslunisen (mean time
to germination; MTG) [14] 1ngms MTG = TN /
>N dle T= Suuundanziuda N = UIUAY
néUnATenluLsar Tund i zILan

2.2) dviin1seen WwngAnuReRTU
nsnagauAINten Juiinduiuaunarundnniu
AN 10 Tundsmie it Ul
A1130N (Germination Index; GI) 9ngA3 Gl = Wa
5304 [Fwaudundrunifisen/suauiuiling
urazIu]

3) Mmaasyivlnvesiusey twdaimig
WuenfunsmageumLsen edugeusny 5 Yu
waanzwan Juiindeyamnugeii waganue
590 twinanuavimtnuitaduiazsin Tneou
Tigaumgil 70 ssmimaidea Wunan 72 92l
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2.5 Msdnsgidayanieata WU AINSONVBAIUAALLTUT 5 Lay 10 NALwIE
WdoyaudeszinuwUsusiu (ANOVA)  wide fiauuandnsiuedsiidedAgyvneada lne
Wisuileupnuuanaavesdadelagds DMRT 1 wdsazivisdesiuginisnovaussnossasiaiiy

sedumudesiu 95% Tngldlusunsu SPSS msmenaraundulUlufiamadionty fe wand

NIUA15278 DBD WadN Wiy 5 Uil dainugen
3. NANTITIVYRAZITA gefign wiliunnsrefusgsiifoddgmieaday
3.1 A2MU9RNLAZANLT SV UER winfilinunisans DBD wandu mssiiuszezia

nsunnanastiugdyud 50 wasiug  Tun1sane DBD wanawn saus 10 Funfivuluwée
1190849 35 11218 DBD Wandu1 wiu 5102040 fiminssenanas n13a18 DBD watdu Wiy 40 Lay
way 80 JunfiiUSeuiieuduwdeiilildatenatann 80 3wil whadeusensiiian (Figure 1)

A B
100 o 2R 3A  days [day10 40 . 2bas a”
Al == A B }{ FA I b B c
g 80 A b < BC - 80 + C c
S 60 o «d 9o 60 - cd C
4@ d
£ a0 - 40 A
@
O 20 - 20 4
O T T T 1 O T T T
control 5 10 20 40 80 control 5 10 20 40 80
DBD plasma exposure times (s) DBD plasma exposure times (s)

Figure 1  Germination percentages of Chinese kale seeds subjected to DBD plasma treatments for 5, 10,
20, 40, and 80 s comparing to control: (A) ‘Aun Ya Ma Nee 50’ and (B) ‘Bang Bua Thong 35’. Data
are means of four replicated samples and error bars indicate + SD. The same lowercase and

uppercase letters indicate non-significant difference by DMRT test at p < 0.05
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<@ @ 1
AUUTILIIVOUUEA WUIT N15RN8 DBD
wanaNiser I Wanastiugsyud 50 4
szuznaadslunssenliumnsnsiusgsiiudfgy
meatin Inedlenegluyie 2.57 + 0.07 592,96 + 0.22
Tu uiugusdIves 35 N135a7g DBD walaun w1y
a ~ < < P N
510 4ag 80 Wl WansaNTIMaTITEEEA AR

Tun1599n (3.28 +0.10 3.41 + 0.32 Uaz 3.11 + 0.19
Tu ewanv) llupnansiusenedidedAgynieain
Fuwdailidnnenatamn (3.05 + 0.05 Ju) dwunis
216 DBD Waneia 20 ag 40 Jundl wdnsendnilan
3.80 + 0.41 Uag 4.12 + 0.70 Ju auasiU (Table
1)

Table 1 Mean time to germination (MTG) and germination index (Gl) of Chinese kale seeds; ‘Aun

Ya Ma Nee 50’ and ‘Bang Bua Thong 35’ subjected to DBD plasma treatments for 5, 10,

20, 40 and 80 s comparing to control.

DBD plasma ‘Aun Ya Ma Nee 50’ ‘Bang Bua Thong 35’
exposure times (s) MTG Gl MTG Gl
Control 2.70 + 0.07 18.42 + 0.78° 3.05 + 0.05¢ 16.35 + 0.55°
5 257 + 0.07 18.58 + 0.28° 3.28 + 0.10% 13.84 + 0.38°
10 275 +0.12 13.82 + 2.03° 3.41 + 0.32% 11.77 + 0.87™
20 2.96 + 0.22 11.85+ 1.47° | 3.80 + 0.41%* 9.66 + 1.28°
40 291 +0.26 9.98 + 1.55° 4.12 + 0.70° 6.78 + 1.63¢
80 2.74 + 0.06 7.14 + 1.26¢ 3.11 + 0.19° 11.43 + 2,68
F-test ns ** ** **

Means + S.D. within each column followed by the same letters are not significantly different at

level by DMRT, ns non-significantly different at p > 0.05, ** significantly different at p < 0.01

dufinnsaen wud wasiussayud 50 7
H1UN"5278 DBD wanawn 5 Funil dsviinnssengs
(18.58 + 0.28) unlkiuansnsiuegadideddgmnis
adAfuAndliiunsanewatan (18.42 + 0.78)
maifiuszegialunisats DBD wanauu 10 20
40 uay 80 Il whnddvilunissenanatetnad
Tfudndny dauiuguistomes 35 wuinsdnailsising
nsAgnarauniiAnutingienssan (16.35 + 0.55)
usin13a18 DBD wanauvnsvesaviliadnien
ffinnssenanadmuszeznaINIRIeNAEN T

3 (Table 1)
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mMadsunlamaduadl Tnoduadunsdunsse
gosluuiuLlUDLSadY LazdpudanunIALauTan
a'qma‘[,ﬁmf?imﬁmwmaﬂgasﬁuuawaﬂlﬁﬁ’rﬁu 2,
16] agalsfmunisldnarauiiedfiunnusenuves
widntuegiuvanstady wu sdiavesnanaun wies
Audanatadn annglunisasriamanaun svesnan
Tunsanewanaun Wudy [17) sauedeiidesain
INANURZEIZsTUTIavesiiy [18] Tnevill
msmawmamﬁiwmaﬁy’m Azdluszdnsnn
Tumsiiudnsinssenveswde (5] lumsveaest
Ynudneziiugdayud 50 waziugudmes 35
11218 DBD Wandun wiu 5 3unfwéniaiideen
LLazmmLL%@L.Liﬁg_jﬁﬁqmmhiﬁmwmmﬂ@hqﬁ’uasm
fifuddymeadftuadaiiliiiunisanenanan
A15218 DBD wang@a w1y 10 20 40 uag 80 ud
wanilanusenanasiaziantiasegradiulada an
naudndlisendrulnag dundane (ldlduans
foya) uandlviifiuin DBD wanaundilsainiades
fuilawanaunuuy DBD Adlunisvaassiienaaydl
iu'L‘vm’13‘171'%ﬁmﬂﬂumﬂﬁu@mmwmmmﬁmﬂzﬁ’l
M5218 DBD manaunemuusas 10 uiiituly
damansenunausewdailrudaneiiuunniu
AuszeznattunIenanaln eradumsglasu
Svswann¥edy oyuadassiisansusznovlungy
sondiwnielulnsinuiiiedhreufizeniiognelu
wanaunnAuly nan1svaaesiladenndaiy
UNAFBIYBN Singhawiboon et al. [19] finuinig
279 DBD wanau u1u 15 99 240 3u1d ladanunse
LﬁmmmaﬂLLa:mme%’amemLuémﬁuﬁ:w%ﬂ%m
ftugsniiu 1 wufidullewnsmadu uaziuiveiny
i 5ﬂ‘fl’:dLuﬁmW%ﬂ%ﬂH%ﬂﬁﬂuﬁuigﬁﬁﬂ?’md@ﬂaiﬂaﬁ
LasiiuEanoL it unNsE oY IANNNTANENANEL
FnsuANNINYRLUAAUNNTTA WY Bnnnrel
[10] $1718m [20] wshazanewanaunszosnatay
viesnuuAnuwdamanidanusenliuansig
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fusgrelifudfymsadftuwdadliniunisane
waraun Tumensaduduadaiivusedadieldsu
asaenataunluszesnafinsauaziiuniy
BNLaLANULTWTURNLER Wit ldsaznaIuu
wnuluAviliudeiinanusenanaduazientias
MIAENAIELT W 5 UnT WEednsfiandesidus
ALIENLALATEINITIBNE LANISIRNTTEZEN
Wu 10 ud i liadeiinnuseniazanuudauss
anad [21] WUAgIRULAANSANTRENAFNNUU
il im‘ﬁLuﬁmﬁmwmaﬂqmazaﬂmLﬁamawmam
U 15 U9 [9]
3.2 N3 AUlnvaiugaU
sugeuilenannudnnstiviugdaudl 50 7
KUN"578 DBD Wanaundiszeznaaigg faugs
#u Arwesn tvenanuazinuslunnsing
fuegrelieddgyneata Tnelinnugadu 3.51 +
0.24 §4 3.99 + 0.21 WUAWAT AIUYIIIIN 1.74 +
0.44 1 2,47 + 0.56 WURWAS 1viinan 27.62 +
6.95 fi1 37.12 + 5.65 NaAn3u/fu wavhminus
4.09 + 0.24 §3 4.30 + 0.31 Haansu/au (Table 2)
dhuiuguistines 35 wuan msiwdeuiane DBD
wanaunfiszezaenee Iisuseuiisimugedu uas
AMUENTINLANANAUBETTEd A 19EdA 1ne
winfiléunisane DBD wanaun wiu 40 3wt fu
goufleugediugaian 4.08 + 0.45 WURLIAT U
Tiwananafuegaditudfytusugouiildanudn
fiane DBD Wana@un wiu 5 20 waz 80 3uift s
adadilailéanes DBD wanawn wavduseudildan
winfiane DBD wanaun uiy 10 Jundi faugedu
ﬁfaa‘ﬁ'qm #uSuAINNB1ITIN A58 DBD Wandu
w5 3unit Tfugeudifimnuennsingaiian 3.00
+ 0.49 wuRluns walduanansiuegrsidedfgiu
fugoudilanudaiians DBD wanaun uiu 20 40
waz 80 3wit saawdediliildans DBD wanaun
Fugeudildanuaaiiane DBD wanaun 1w 10 Sundi
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Table 2 Shoot and root lengths, fresh weight (FW) and dry weight (DW) of Chinese kale seedlings,
‘Aun Ya Ma Nee 50’ derived from DBD plasma-treated seeds for 5, 10, 20, 40 and 80 s

comparing to control.

DBD plasma Length (cm) Seedling (mg/seedling)
exposure times (s) Shoot Root FW DW
control 3.55+0.10 217 +0.34 27.62 + 6.95 4.09 £ 0.24
5 3.99 £0.21 247 +0.54 34.18 + 5.57 4.25 +0.71
10 3.93 £ 0.26 2.39 + 0.61 3391 + 6.47 4.30 + 0.31
20 3.74 £ 0.32 2.22 +0.61 37.12 + 5.65 4.10 £ 0.15
40 351 +0.24 1.74 + 0.44 35.41 + 8.49 4.21 £ 0.15
80 3.64 +0.17 1.74 + 0.19 35.48 £ 9.06 4.15 £ 0.18
F-test ns ns ns ns

ns non-significantly different at P > 0.05

an 20.36 + 3.57 04 24.55 + 5.05 Tadnsu/Au way
Yhviinusia 3.85 + 0.31 89 4.41 + 0.25 fadn3a/
AU (Table 3)

fanugnsintdesiian drudminaaiaziinin
v R P < '

WA NUIRUSOUNLAINLAANIUN1TR Y DBD

WarauInIzeeIal SuminaawavdInnui

TaiusnansfuegrelidedrAgyniseda Taediuimidn

Table 3 Shoot and root lengths, fresh weight (FW) and dry weight (DW) of Chinese kale seedlings,
‘Bang Bua Thong 35’ derived from DBD plasma-treated seeds for 5, 10, 20, 40 and 80 s

comparing to control.

DBD plasma Length (cm) Seedling (mg/seedling)
exposure times (s) Shoot Root FW DW
control 3.42 + 0.21%° 2.20 + 0.54%° 21.24 + 4.95 4.01 + 0.36
5 3.88 + 0.33% 3.00 + 0.49° 20.36 + 3.57 3.87 +0.24
10 3.34 + 0.23° 1.86 + 0.45° 21.49 + 393 4.01 +0.29
20 3.61 +0.31%° 2.28 +0.34%° 22.89 + 3.57 441 + 0.25
40 4.08 + 0.45° 221 +0.67%° 24.55 + 5.05 3.85 + 0.31
80 3.81 + 0.20%° 1.99 + 0.36® 24.35 + 493 3.93 +0.49
F-test ** ** ns ns

Means + S.D. within each column followed by the same letters are not significantly different at P < 0.05

level by DMRT, ns non-significantly different at P > 0.05, ** significantly different at P < 0.01
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Wsaiulnvesiunan [16] egslsinin nnsasey
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sggzalunsaenangduuanateiuly 21nn1s
VPaeItNUINTIIERALTNa1e DBD Nandun
fiszaznaingg vilvdugeuiniswadulall
uwaneseesfitedfynaditudaiiliounis
MenanaNn uwaneliiiiudn nsate DBD wanawn
ldanunsafiunisiyivlavesduseunsinle
widoalumszdansihlinevaussienaaun
wWuiatuwaadldnileldfunataun w3 5
10 20 waz 40 Wy Anmswsgydulavesdunaily
uwaneseesfitedfyneaditudaiilitiunis
18nanaNn [20] Tuniemsedudnunisate DBD
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4. a3y

A13278 DBD manaunldiuanavin uiu
5 3wf wanfinaueenuarAuLlansIgIgaus
Tiuansstunsadntunaeiildsnunsatswanaun
mil,ﬁmwmaﬂ,umima DBD wangun w1y 10-80
Ui whnlANueNLaANULILTARAIRNNTT Y
hansaNeNaNEL AL RLAY uenaniin1sate DBD
wanauliudnnzthfisveziaidng dudeusinng
WwigAulaliuansnsiuniseia
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