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Abstract

Background and Objective: Hemp (Cannabis sativa L.) is a high-potential
economic crop; however, seeds preserved as germplasm resources often
exhibit low and inconsistent germination. Seed priming is therefore considered
a promising technique for improving seed quality and enhancing germination
performance. Therefore, this research aimed to assess the effects of seed
priming with water, gibberellic acid (GAB), and potassium nitrate (KNOa)

solutions on the germination and vigor of hemp seeds.

Methodology: A completely randomized design was used, with six treatments:
non-primed seeds (Control), seed priming with RO water (Hydropriming), GA,
solutions (0.02% and 0.05%), and KNO3 solutions (0.2% and 0.5%), at 30°C for
6 hours. After priming, seeds were then reduced in moisture content to nearly
the initial moisture content as 9%. Data were recorded daily for 14 days after
testing, including radicle emergence (RE), germination, days to emergence

(DTE), time to reach 50% germination (T, ), and mean germination time (MGT).

Main Results: Seed priming did not significantly enhance percentages of RE
(48.50-66.00%) and germination (29.00-39.00%), but primed seeds exhibited
faster and more uniform germination. Primed seeds had T_| (5.63-6.40 days)
and MGT (6.41-7.21 days) faster than non-primed seeds (7.26 and 8.16 days,
respectively). Primed seeds with a 0.02% GA, solution had the highest

germination of 39.00%.

Conclusions: Seed priming with a 0.02% GA, solution was the most effective
method for stimulating gsermination of low-quality hemp seeds, enhancing
both germination speed and seedling uniformity. This is beneficial for
production, multiplication of genetic resources, and the sustainable

conservation of hemp genetic resources.
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limsiaunenuazdaunlindeuiu Sedwanonmunim
wiawug wiafyvsanunsaananuduldsinit 10%
wazanansadnegmsiivinulsidoiuliigamgiinuas
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auTuLAEnegafismesensasevlednieianssy
e 9 MAeadestunszuaunssen Tagldvinlssinusniaa
(Radicle) soneonin Tasanmuturesudnadlilndifies
fumTuBudy sansaiusnedaldusvesnandu 9
faidy maeFeamfeusdaiustieilfudasenldndoniuy
ggvanane wazhlidundnasaivinldndousuy

s

(Copeland and McDonald, 1995) mM3wn3euniouuaaiug
Tviane B wiu ﬂmm'%smw%famuﬁmﬁuﬁ:ﬁwﬁw (Hydropriming)
Dunisnszfunssendsnisutindaluiidussezinan
fmngauilfiadainnudugauansedunsruiumsun
nanyansevnsiielilunszuiunissen (Bradford, 1986)
Tongwilai et al. (2023) F1BUNITATEUNFTBUUAANUG
fyrenmainidaududuiu 10% fed Huoan
3 s figaumindl 25 eamwaiFea shliudatisnnusnida

o

9 18% wazlanuiSilunissensinusniings 9 sinsetu

s

WewSeuiiisuiuudadliiiunisimsouniouudniug
(8% uaz 3.5 TnAeTu mudeu) visll Swhliudaiyes
fiausengs 21% uarfinanadslunisiensy 5.50 Ju

s

dewIsuifisufudailinunsnioumeuudaiiug
(12% waz 6.25 Tu mudeu) egnelsfn wdadyaii
naweumfenudniuiieidasdanusendinit 50%
uan9nil Golizadeh et al. (2015) TBamuMsIATEUNoN
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’J’NLLNuﬂ’]iVW’]aﬁNLLUUEjNﬁ@JyJiEﬁ (Completely
randomized design; CRD) &I 6 M3LUUA WU 4 4
g1aw 50 1w Tiun wiailidunaedoamdeundaiug
(gnpauay) MandoumSoumdaiuded asavane GA,
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Huduiugeuuninniu unan 14 Jundane
AWIAINgAS (Ellis and Roberts, 1980) MGT (Ju) = Snd
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MlATERANILUTUTIUToYAN19aTA (Analysis
of variance) waziUSeuifiaunnuunnasadeseds
Duncan’s multiple range test (DMRT) laglglusunsuaia
R (The R Project, 2025)
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nswseunSenaniugiywisiell da1sazany
GA, frnududu 0.02% wag 0.05% uazarsaray KNO,

ARMUTUTU 0.2% wa 0.5% WJunan 6 Fatua laifinavinla

Wwaniisineenuarianuentanaeanisansa (P > 0.05;
Table 1) Ineanilsinsonuszana 48.50-66.00% Laglilan
finnusenyseanas 29.00-39.00% (F1n31 50%) Faudn
ﬁ’z:ywﬁLU@%L%uG?mﬂaaﬂqmwiﬂ’wu%f]uﬁuéauﬂﬂﬁﬁw 1ng
il seoumFeniudniugiimnmseniies 37.00%
(Table 1) usififiugeuiinunfigs 27.00% (Figure 1) fiwan
aavioIAninGIga 22.50% (Figure 2) uaeiimdnnne 13.50%
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FuAautNege 9% LLazgﬂLﬁufi”ﬂ‘w’]LﬂuLﬁaﬁuqﬂiimﬁqmmﬁ
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(Citti et al., 2018; Leonard et al., 2020) Fuudndisllusiu
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Tunseenuaranuildinveaudnlasy (Priestley, 1986;
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fia 36 Wou wiriu lnewdndsnsdininusengs 84% uay
88% ANUAGIU
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naasqivlpveaduuslawuiu (Hilton and Thomas,
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(Dhillon, 1995) nsiadeundouminiusiysadieih
ansazane GA, ety 0.029% waz 0.05% uavansazane
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Tui ansazans GA, wag KNO, vilvwaniisinsenldisand
wanilidwIounsouudniug mszdiniswseuniouwdn
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< Vo & ' v a a =
WanlesuAINTURE T ¢ Laziiesneluszesd 2 Wi
syewiul (Lag phase) 1ee3UwuUN159ALTean iiensysu
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1995; Ashraf and Foolad, 2005; Chanprasert, 2010;

Table 1 Percentages of radicle emergence and germination at 14 days after testing of hemp seeds after priming

in different GA3 and KNO3 solutions

Treatment Radicle emergence (%) Germination (%)
Non-primed seeds (Control) 65.00 + 8.41 37.00 £ 7.39
Hydropriming 48.50 + 12.37 29.00 + 6.83
Priming seeds in 0.02% GA, solution 60.50 + 5.97 39.00 + 8.41
Priming seeds in 0.05% GA, solution 66.00 + 4.32 36.50 + 3.79
Priming seeds in 0.2% KNO3 solution 65.00 + 8.25 39.00 + 4.76
Priming seeds in 0.5% KNO, solution 65.00 + 11.60 37.00 + 11.49
F-test ns ns

CV (%) 14.514 20.797
P-value 0.092 0.463

Values are presented as mean + standard deviation. ns = not significantly different (P > 0.05), CV = coefficient

of variation.
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Figure 1 Abnormal seedlings at 14 days after testing of hemp seeds after priming with different GA3 and
KNO, solutions. Different letters (a, b) above the bars indicate significant differences (P < 0.05). Values
are presented as mean = standard deviation.
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Figure 2 Fresh seed at 14 days after testing of hemp seeds after priming with different GA, and KNO, solutions.

Different letters (a, b) above the bars indicate significant differences (P < 0.05). Values are presented as

mean + standard deviation.

100 -~
g 80 A
8 60 - 49.00 a
35.50 b
% a0 1 27.00 b 27.00 b 29.50b
e 13.50 ¢
a 20 A
0
0.02% 0.05% 0.2% 0.5%
Non-primed [Hydropriming|  Priming seeds in GA3 Priming seeds in KNO3
seeds Seed priming treatment

Figure 3 Dead seed at 14 days after testing of hemp seeds after priming with different GA_ and KNO, solutions.
Different letters (a, b) above the bars indicate significant differences (P < 0.05). Values are presented as

mean + standard deviation.
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Table 2 Days to emergence (DTE), time to reach 50% germination (T_) and mean germination time (MGT) at

50

14 days after testing of hemp seeds after priming in different GA_ and KNO, solutions

Treatment DTE (day) T, (day) MGT (day)
Non-primed seeds (Control) 2.84 + 0.09° 7.26 + 0.62° 8.16 + 0.47°
Hydropriming 1.97 + 0.19° 6.25 + 0.39" 7.14 + 0.30°
Priming seeds in 0.02% GA, solution 221 +0.16™ 5.63 + 0.09° 6.41 + 0.14°
Priming seeds in 0.05% GA, solution 2.15 + 0.32" 5.66 + 0.14° 6.43 + 0.19°
Priming seeds in 0.2% KNO, solution 2.36 + 0.18" 6.40 + 0.25" 7.21 +0.15°
Priming seeds in 0.5% KNO, solution 2.33 + 0.33" 6.15 + 0.47 6.82 + 0.39™
F-test *x *x o

CV (%) 9.920 6.056 4.288
P-value 0.000 0.000 0.000

** Means within the same column followed by different superscript letters (a, b, c) are significantly different

(P < 0.01). Values are presented as mean + standard deviation. CV = coefficient of variation.
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