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Abstract

Imported Chinese mustard seeds may exhibit secondary seed dormancy due to unsuitable
environmental conditions during transportation or storage, such as high temperatures, leading to high
seed dormancy (64.00%) and low germination (32.50%). Therefore, this research investigated seed
enhancement through seed priming using KNO; and CaCl, solutions. A completely randomized design
was used, comprising six treatments: non-primed seeds (control), seed priming with reverse osmosis
water (hydropriming), and priming with 0.5 and 1.0% KNO; or CaCl, solution. Seeds were soaked for 6
hours at 20+2°C, after which the moisture content of the seeds was reduced to approximately 7%,
which approximated the initial moisture content. The results showed that seed priming of Chinese
mustard with 1.0% KNO; solution resulted in the highest percentages of radicle emergence and
germination of 95.50 and 93.50%, respectively, when compared with non-primed seeds (32.50 and
31.00%, respectively). Moreover, the primed seeds with 1.0% KNO; solution were highly vigorous, which
had the time to reach 50% radicle emergence (0.60 days), days to emergence (1.21 days), time to reach
50% germination (2.78 days) and mean germination time (3.62 days). These times were faster than those
of non-primed seeds (1.84, 2.76, 4.08 and 4.76 days, respectively). In conclusion, priming Chinese
mustard seeds with 1.0% KNO; solution for 6 hours at 20+ 2°C is the best method as it resulted in the

highest radicle emergence, germination and speed of germination.

Keywords: seed enhancement, seed dormancy, low germination, speed of germination, seed vigor

41



P5ANTIVYLATABASUIV NSRS 42(3): 41-54

UNANED

& o sw a Ao w i
LAANUTNNNIALVLINUNVINAINUTE LN A

]

Y a a g =
nudguinisindiwuuniegiiiduiaiuiy 19

Wesannannwinasublisnzauluseninanisvuds

WIansAuinYT Wy gaunglige dwaliudaingy

49 (64.00%) uazinl1190n61 (32.50%) A4t
NI iRdingUszasAiieAnwinsedunissen

aranisissunieuiudanug lneldaisazans

o

KNO; g CaCl, ’]’NLLNUﬂWiWﬂﬁ@QLLUU?jMﬁMHim

a

= = sV Y & av 1 1% & o
U 6 NIALUUR lﬂLLﬂ LllaﬂmllleiUll‘WiallLllaﬂWUﬁ

]

(ynArUAN) NMaEanSouLERTuSA e reverse
osmosis (hydropriming) @158ga18 KNO, finau
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Wenenansdn Brassica juncea (L) Czernjaew agflu
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Ann1aden wazUszmalnedinisindnudanug
mnnaelut w.e. 2567 Usunu 1.66 uauilansu
Andugan 21.09 d1uum (Agricultural Regulatory
Office, 2024a) Taedrulugdndudaiuginnin
Wennnnusemaiduauausunm 1.53 uaunlansu
ﬁmﬂugaﬂ'ﬂ 15.51 @1uum (Agricultural Regulatory
Office, 2024b) wanadnn1alerTaiduindniug
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lshnd1 70% wagdauuIaninisnieaimldini
98% ynAmWEATuginIAngrineivualal
awnsadnudiele (The Secretariat of the Cabinet,
2013) Tusgninesnisvudaudanudinnindieain
AUsEImAIUDUTEIMAYa18N1981RAANTNAT
YoLudnLULYABLE (secondary dormancy) Faiudn
fnnaideafivuadnuasiesduszneuifuringy
Uszunad 35% (Thomas et al., 2004) 1agL1u8n019
§3uanimuandeniliivanganluszninsnisuuds
vsemsifiusnw 1wy gamgiigadunaiu Jasde
WugNuluaed Brassicaceae drulwngliiinnsing
wuuUgunil (primary dormancy) Wi®1anuN59HNGY
Wesandosluiugun (wild species) #38Ludn19
Ransiinduuuniogil iesanlsduaninwindes
flalwanzau (Awan et al., 2018) Feify wawugie

Tu33d Brassicaceae A1siiuSnwIigunll 4-5%

WALANUTUFUNNSHT (Baskin and Baskin, 2020)
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(McDonald, 2000) §938n15senanisndudosin
wanluinzugniiud limsfvinvudesanudn
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(halopriming) \lun1sudiuanluansazaieinie
pdun3d Wwu Inunal@euluinse (KNO,) uwaalge
aaslsd (Cacl) FuduasaduaSunsenuazansazane
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and Mohan, 2025) Ta s KNO, 1 uansiafifigae
anensindvenudnfidenldfustiaunsmane
Tudszwmelng (Na nakom and Kaewsorn, 2021) Tag
dloazanethazuandald K waz NO, @9 NO, ¥
whifuddneseuwmueendnulunssuiunsmela 39
¥ldudaiinismieladiindu (Mdntyre et al.,
1996; Lara et al., 2014) s3udedelun1saady
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Kirosassefa et al., 2010) U51891UASLATEUNS DY
waniuginnnden ‘Sangam’ sea1savaly KNOs
AMUUTY 0.5% tJutnan 12 ¥y, (Kumar and Rai,
2021) waznisiaseundeuiudaiudinninden
‘Sangam’ A18@1588a18 KNO; AL UNTY 1.0%
Huvian 4 v, inbiwdaiinnusenluanmudasgandi
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Tarenn duludalviuieionszaudu arntuan
auturessdnadlndifssiuautududussana
79% luggaaa1udulii (fu Dry-60, Be Weifo)
flgaumgfl 30£2°% ATIIuENIS 4025% 1Huinan

[

48 %3, naaesfivesufinnisimaluladiudniug

q

AAIVINVEIU AUSLNYAT UAINYIABNEATAIENT

N3N UNITNARDY
TNUHUM VARBILUUANANY50d (Completely
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vhdaiuginnadeiilsinuuazeiuns
W3EUNFRUNAATUTUINAAOUAIINIBNNINTFIY
Tuan el jURns Tnomizudauunszane
dAmTuMIAaRUANENTEALIY JU K-1 Y83UTEW
WAeunau (Usznelng) 318 @msu) §1835 Top
of Paper (TP) lugaiuaugumiiadu 2030
Tnofigamail 20° Tuanmila Wuan 16 va. waw
aaumnndl 30°9 Tuanmduas WWuan 8 vy WWuaan
7 TUnaunIgLuan (International Seed Testing
Association, 2025) UsgiiuA 190N kaZAILLIIT
YouUAATS Leun

1) Wwanilsnneen (Radicle Emergence; RE)
fuldaiisnsengnuszana 2 wy. iy Wuna
7 TUVEANIZIAR AUINRINGRS

wénilsnaen (%) = (Furuwdaiisnen
x 100) =+ 1uaniEnTiug

2) AN31990 (germination) UsgliluA1nugan
vosudninniadealastuafausn (first count) uaz
ﬁm%qmﬁw (final count) 7 5 way 7 Jundame
Wan aauanau laun dugeudnd AugouRaunf
\WAnER wariudnnie (International Seed Testing
Association, 2025)

3) anildlunissonsanda 50% (time to
reach 50% radicle emergence; Tsgwe) WU LU E AT
Fneng1IUszanas 2 uu. Mty dunan 7 Tunds
mzludn AUININgATAFALYAI9IN Coolbear
et al. (1984)

Toore (FU) = t+ [N + 1) +2) - n) + (n;-
Al x (4 - )]
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4) Srunuiuiidisinsen (Days to Emergence;
DTE) Yusurwadafifisinsensnaussuia 2 uu.
nndu unan 7 Junduniswdn Auineingns
(Dhillon, 1995)
DTE (3u) = ¥nd + 3n
e n Ao Sunusdeddsnenutuil 1,2, .. n
(n=7)
d fo Jurdumzwdaluiud 1,2, . n
(n=7)
5) nafldlunisseniis 50% (time to reach
50% germination; Tsp) tusiugauuninniu {uran
7 FUNdUNZLUAR AUIUNAINgAs (Coolbear et al.,
1984)
Tso (W) =+ [N+ 1)+ 2) - n) + (- n)]
x (t; - )]
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N fe Saufuseuunfivenun way

5) nanadslunisien (mean germination
time; MGT) udruauduseuun@vniu 1unan 7
Funduniziuin A1uIuengns (Elis and Robert,
1980)

MGT (3u) = $nd =+ n
Ao SNl 1,2 ., n(h=7)
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d @
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Juaarnesdaluiui 1, 2, .., n (n=7)

NFAATIEVdaYaNI19En
TAT1giaduLlIUTINdeyani1eaia
(analysis of variance) WazlUSyULIBUAINULANATS
A11ad8#7833 Duncan’s Multiple Range Test
(DMRT) Taglalusunsuadd R Jompuk, 2012)

NAN15eLaz T

nInszRuAIBNLAnTUEInNIATEIRe

BnsmSsundeuwdniugaisuinazansazaiy

Ane 9 Snavhliudaiisinsenuaziannusenunnmig

'
v a

n1vadfeg1adved1dyd (Table 1) Inoiudad
wigunSeuudaiudieaisazaly KNO; A1y
Wutu 0.5 uaz 1.0% f5nsengafigauarluunnsing
pg19lldedrAgyn19aif Ao 88.50 Way 95.50%
AINEIAU 309893 AiB NSiaSBUNSauLLANTUTA Y
@15agane CaCl, A3 9UTY 0.5% (83.00%) @2
winiliwIoundenudaiusiisnendiiign Ae
32.50% LYuAgIUAIAIIN9eN AgNITinTeUnTey
waniuginnInlledfieasazals KNO; A1y
Wutu 0.5 uaz 1.0% dsnaliudaiiniusengsiian
uazldumnanseensiidodAgyvisaia Ao 88.00 waz
93.50% AN (Table 1) Fanuiudnansiign
wazliunna1segdlidudAyneada Ao 9.50 waz
0.00% AuEU (Figure 1) druudndiliiwIounseu
wdavusiiaausendiiian Ao 31.00% (Table 1)
uAnuAnangaign Ao 64.00% (Figure 1) wanain
wandn1sine
nnantsaaesiuansliiiuiingg
wissunSeuaniudinnalisaiuasazaty KNO;
fiaududu 05 wag 1.0% vilnudaiiaausen

WLAUUSEUN 57.00-62.50% LiloUSeuLieuny
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waailivSounoumdaiiug (Table 1) Jeaonados
flu Suresh et al. (2025) $1891UNSASUNS DULLAR
HuginNIAlEImEasazate KNO; Auidudu 1%
Junan 4 v, iliudasianusenluanimuuasas
niudedildunisedsundeusidaiug (92.40 uaz
82.49% A1UAFU) 1NS12 KNO; tuansdaasunng
990 (International Seed Testing Association, 2025)
idleazaneinazuandild K waz NOs Ine K* azang
atlulalimanFuuaziaflea Yieshwrndndesaluda
(osmotic potential) kagnszAun1IvINUvaeUlY
1N 40 vila Aldlunisdanseiuilsnazusiu
Sniadansedunisirnuresouluifiiertedy
nszuIUnN1IMIEla (Wang and Wu, 2013; Anschutz
et al., 2014) @1y NOs 8138lanudunusuteulyy
lumsasanina (nitrate reductase) Tun1sas1a
Tulesd (nitrite; NO,) 3alunsneenlan (nitric oxide;
NO) uazld NH,* gn3ddilunsnoziilumeoules
ngMIuUTUWINE (glutamine synthetase) ©3BNGAN
WwaguLna (glutamate synthase) (Lin et al., 2020)
F9 NO, avdaslunszurunisdansisilusaunisly
wan inlFwEadvsinalusiufiviy wiaseen
1a asﬁu (Hendricks and Taylorson, 1974; Mcintyre et
al., 1996; Alboresi et al., 2005; Lara et al., 2014)
Snwa NO, Wusisudidnesoulunszurunismela
TuAtimuleanaaine (pentose phosphate pathway)
Fadunsmelaluseiuad
N151989NTLAUVDINTEUIUNTITMITALUY
UnAarAnfuiiniadendu (altemnative pathway) 7
fIN1500NTLAUUAUY WansIn1srglawuuuni
wanendaul 3avnadenisliiAn umdlonismela
wuuUnAignduss (block) Feanssudsnismela Ly
lounlua (cyanide) wagunlaium (malonate) vl
gendumdeifisamediastuindeuidmadondu 9
Fatmulnaneawanduidnadendiddyiionald

29NTLAULNDDDNT AT NADPH @9UDNANDONTLIU

Wa7 NADPH dagneandladlaniesfisudianaseu
g 9wy lumse lulesd delidndudeddeondiau
wiodtnadenvesinalalada (slycolysis) vawiid
unueenauluniseandlad NADPH Tunszulunis
melawuuldldeandiau Jeduasunisenveaudale
(Chanprasert, 2010) wonand NO;~ Fevinlans
Fudinssenvidensauauledn (abscisic acid) nely
Wananas (Matakiadis et al., 2009) wagduasuns
duasesinsndvivelsaduiiienssduniseen
(Hilhorst and Karssen, 1988)

uanINil NMswIeundeuudaiuiinnin
Wedeasazaly CaCl, inududu 0.5% vinlw

s

wénflanusenganinudailsinIeumoumdniug
(Table 1) vaanAdasfiu Bhat et al. (2023) 51891U
MawseunSeumaniug Honesty (Lunaria annua L.)
wARgItuInn el Tngududaluaisavany
CaCl, AaLdudu 3% 1Huiian 48 vu. vinlduén
f3nsengeniinisniounemuiaiugio
(61.10 waz 40.00% A ug16U) wszLile Cacl,
avaeiiazuandali Ca? way CU Seunaidoui
wihidulauninmes (cofacton) fiddnyvosoulesl
vangvfiafidunuimdrdglunisindeudieudann
wrase v savauludidindu o wazditedesuts
Tueuleailsuvesdnliiiluanadnasdmsuldly
N32UIUN1399N (Hanson, 1984) wenNtl Ca2t &l
unumdrAglunisaiuaulasiaiiwarn1svingu
voudoruimad (cell membrane) TagiAetasiunis
M19ruvesnoalnafia (phospholipid) 4285091
wefosnmvondeviuivad aanssiluaresanseng g
panuIABuenad (Hepler, 2005) Snviadsdaasy
nsvieuveseulsinean g (phosphatase) ag
oulesilaa (kinase) Afldruiisadeslunisds
dyanalunszurunissenvesuan (Trewavas and
Malho, 1997)
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agalsinny nMswseundeuuaniuginnie
Jeaseansazans CaCl, innududu 1.0% finavh
Thudadsnsenuariianusensiniinismieundon
wanwusfsansazats CaCl, indududu 0.5%
(Table 1) aradumszansazanefissiuannududu
geasiAwadndsniansazaneiisyfuaududy
i1 ﬁﬂﬁmﬁm@mﬁﬁwdmammslﬁmﬂ'ﬁzmumsqaﬂ
#1 Fanuindaaandeiudaindags (36.50%) iile
Wisuiiisuiuiiszauanududu 0.5% Tudndn
LWe Y 14.50% (Figure D usnand iefiansmun
WisuisuauLsleaau (ionic strength) 531319
a15azany KNO; wag CaCl, denasordndooaluds

s

(osmotic potential) ¥eda1sazatsutluldnius
Fnnimden Aszduanududu 0.5% a1sazans
KNO, fia11uuselooausind CaCl, (0.0495 wag
0.1353 Tuasiedns muddu) wwdeatufisssuay
gy 1.0% ansazane KNO, Sanuusdlosausing
CaCl, (0.099 wag 0.2703 luanadns MUAIAU) 138
uinseiiansazans KNO, fimnududu 1.0% daanu
wsslesausninansazans CaCl, firnududu 0.5%
(0.099 wag 0.1353 luamedns MUAIAU) LAAIIN
a1savarefisziuanutuduiiazUasndediniu
wanuinnndes mnldseduanududugeens

]

dunadesialgoviead

Table 1 Percentages of radicle emergence and germination of non-primed and primed seeds

of Chinese mustard with different solutions

Treatment Radicle emergence Improvement Germination Improvement
(%) % (%) %

Non-primed seeds 32.50+4.12d - 31.00+4.76d -

(control)

Hydropriming 55.50+7.72¢ 23.00 57.00+£10.89¢ 26.00

Seed priming with 0.5% 88.50+5.97ab 56.00 88.00+3.65ab 57.00
KNO; solution

Seed priming with 1.0% 95.50+£1.91a 63.00 93.50+3.42a 62.50
KNO; solution

Seed priming with 0.5% 83.00+9.31b 50.50 80.50+8.85b 49.50
CaCl, solution

Seed priming with 1.0% 60.50+6.40c 28.00 60.50+5.26¢ 29.50
CaCl, solution

F-test o *x

CV (%) 9.20 9.85

** Means+SD followed by the same alphabet are not significantly different when Duncan’s Multiple Range Test (DMRT) method

of mean comparison at 99% confidence.
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100 -
80 41 6400a
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4 14.50 ¢ T
[T
20 9.50 d I
|_=_| 0.00 d l
O T T T T T 1
Non-primed seeds  Hydroprimi
onprimed seecs - Rydropriming 0.5% KNO; 1.0% KNO, 0.5% CaCl, 1.0% CaCl,

(control)

SUWULIVLNE

SOULULIVILNI SOULULIVnNI SUWILIVL

Seed priming treatment

Figure 1 Fresh seed of non-primed and primed seeds of Chinese mustard with different solutions

Different lowercase letters represent significant difference (p<0.05).

n1smssunSeuudniusinnintdeayn
F3n1svinluanldianlunissensinde 50% waxil
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Table 2 Time to reach 50% radicle emergence (Tsoe) and days to emergence (DTE) of non-primed

and primed seeds of Chinese mustard with different solutions

Treatment Tsore (days) DTE (days)
Non-primed seeds (control) 1.84+0.47a 2.76+0.16a
Hydropriming 1.09+0.30b 1.60+0.26b
Seed priming with 0.5% KNO; solution 0.71+0.05c¢ 1.35+0.02cd
Seed priming with 1.0% KNO; solution 0.60+0.05¢ 1.21+0.10d
Seed priming with 0.5% CaCl, solution 0.76+0.06bc 1.43+0.10bcd
Seed priming with 1.0% CaCl, solution 0.85+0.06bc 1.57+0.13bc
F-test ** **

CV (%) 23.86 8.97

** MeansSD followed by the same alphabet are not significantly different when Duncan’s Multiple Range Test (DMRT) method

of mean comparison at 99% confidence.
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Table 3 Time to reach 50% germination (Ts,) and mean germination time (MGT) of non-primed and

primed seeds of Chinese mustard with different solutions

Treatment Tso (days) MGT (days)
Non-primed seeds (control) 4.08+0.18a 4.76+0.07a
Hydropriming 3.51+0.07b 3.99+0.12c
Seed priming with 0.5% KNO; solution 3.22+0.08c 3.62+0.06d
Seed priming with 1.0% KNO; solution 2.78+0.08d 3.37+0.09¢e
Seed priming with 0.5% CaCl, solution 3.57+0.10b 4.14+0.15b
Seed priming with 1.0% CaCl, solution 3.63+0.08b 4.20+0.07b
F-test ** **

CV (%) 3.02 2.36

**  Means+SD followed by the same alphabet are not significantly different when Duncan’s Multiple Range Test (DMRT) method

of mean comparison at 99% confidence.
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