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Effect of Nano-bubble priming on seed germination and seedling

growth of France marigold
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Abstract: Seed priming method is potentially able to promote rapid and more uniform seed germination.
This study investigated the effect of nano-bubble priming (NB priming) on germination, germination index
and seedling growth rate of French marigold (7agetes erecta L.) var. Kamphaeng Saen-08-DO. The new
and 1 year storaged seeds were primed in RO (reverse osmosis) water that were generated to be NB
water for 0 (Hydropriming), 10, 20 and 30 minutes, compared with unprimed seed (control). The results
showed that NB priming enhanced the quality of French marigold seeds. In new seeds, NB priming
significantly increased the greenhouse germination (89.00-92.00%) and higher than hydropriming
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and control treatment. Moreover, NB priming gave the higher germination index (GI) and seedling
growth rate (SGR) than control in the laboratory condition. In aged seeds, NB Priming had the higher
standard germination than Hydropriming and control. NB priming with 20 and 30 minutes generated
NB water gave the significantly higher germination, GI and SGR than hydropriming and control in
greenhouse condition. NB priming, being simple, without any chemical residues, and can be effective

to increase the quality of French marigold seeds.
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Table 1 Effects of Nano-bubble generating time on dissolved oxygen, bubble sizes (nm) and total
particle contents.

Particle size  Total particle (particle'ml™)

Treatments DO (mg-1™)
(nm)
RO water 4.20d 0.00b 0.00d
10 min generated NB water 5.98 c 195.30 a 8.47x10° ¢
. 6
20 min generated NB water 6.99 b 195.20 a 8.76x10° b
6
30 min generated NB water 823 5 19520 a 9.04x10%a
F-test *k *x *%
CV (%) 6.26 19.70 19.63

** significant difference at P<0.01

Means within the same column followed by the same letter are not significantly different by DMRT
at P<0.05.

=
w
no
o

1076 x1076

—
N
'

§ 20 =
10—5 £ €
=~ 3 c =
E g B 5
g3 =15 £
2 3 £ o
£ i6d = o
B 8 0 g
o 4_2 g §
3 z =
E =5
23 3
0%“"1-'1-1‘r1ﬁ1]' 5 e B T s r1111[““1--1-1'r1111["“1"r‘1‘r1111r““r"t‘r‘r:—O
0.010 0.100 1.000 10.00 100.0 1000 5000

Diameter (um)

Figure 1 Bubble sizes by bubble size analyzer (Horiba Partica LA-960) of RO water (——) and 10

min (===+), 20 min (—) and 30 min (----) generated NB water
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Figure 2 Change of France Marigold seed water content of new seed (A) and aged seed (B) after
soaking in RO water and 10, 20 and 30 min generated NB water.
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Table 2 Effects of NB priming on standard germination and greenhouse germination of new and

aged France Marigold seeds.

Standard germination

Greenhouse germination

Treatments (%)" (%)"

New seed Aged seed New seed Aged seed
non-priming (control) 97.50 84.00 ¢ 77.00 b 38.00d
Hydropriming (RO water) 98.00 88.50 b 88.00 b 48.00 c
NB priming (10 min generated NB water) 98.00 91.50 a 89.00 ab 62.00 b
NB priming (20 min generated NB water) 98.50 92.00 a 91.00 a 85.00 a
NB priming (30 min generated NB water) 98.50 92.00 a 92.00 a 89.00 a
F-test ns * * *

CV (%) 0.80 3.46 6.07 8.89

ns, *, **: non-significant, significant difference at P<0.05, significant difference at P<0.01 respectively.

”l\/leans within the same column followed by the same letter are not significantly different by DMRT at P<0.05.
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Wil 6.30 uax 5.38 muNaNAL ‘Emmm“mﬁuﬁ:ﬁiﬂ
EuMsERENAN NN AL ARTUTH A ATilAYTw
@NANgA A 4.05 Ti9ln1svn NB  priming
'mmmwmmmummmﬂﬁummewuﬁmﬂu
mmuimmlummwumﬂgumma‘wummeu
w38 % dawluanmizGeaunnasy
41M13911 NB priming iuanminifuiag 20
uar 30 wldAaaiinnuenfinauINnngn
55 % (Table 3)

Table 3 Effects of NB priming on germination index (Gl) of new and aged France Marigold seeds

under laboratory and greenhouse testing conditions.

Laboratory test”

Greenhouse test”

Treatments

New seed Aged seed

New seed Aged seed

non-priming (control) 2438 c 18.73 ¢ 8.07 4.05d
Hydropriming (RO water) 27.96 b 23.40b 8.93 5.38¢c
NB priming (10 min generated NB water) 30.48 b 25.92 ab 9.05 6.30 b
NB priming (20 min generated NB water) 35.88a 28.11a 9.10 8.88 a
NB priming (30 min generated NB water) 36.96 a 28.61a 9.22 8.80 a
F-test > * ns >

CV (%) 5.49 7.83 8.92 30.10

ns, **: non-significant and significant difference at P<0.01

"Means within the same column followed by the same letter are not significantly different by DMRT at P<0.05.
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pINa1iy  busnseiuwdniugndiunish
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ANNTNTBINAARUEHANE RTINS ALUTE
TAUNAN WiNriL 1.34 mg/plant donlumAnivginn
WumAmilgEINNgYi NB priming MLlfanm
Wnflna 30 Wi dArdnsmsiasoiFvinzesiy
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WulmesFunavintL 1.08, 1.05 waz 0.93 mg/
plant mMuaaL TugnmisEeumnaans wuqn 6n
nsasgiauinaassun s e suaniug lud i
AHUANFANNATA TneidAnagszndng 0.36- 0.47
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nfuanmidiunan 10 uaz 20 w7 usiiiAngendn
WAAWLETINUNSYIN Hydropriming UAZHAATLEN
TlHUNTZLAUNIETINANHN DN TDUNAATUE
(Table 4)
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Table 4 Effects of NB priming on seedling growth rate (SGR) of new and aged France Marigold
seeds under laboratory (14 DAP seedling) and greenhouse (31 DAP seedling) testing

conditions.
Laboratory test” Greenhouse test”
(mg/plant) (g/plant)
Treatments New seed Agedseed Newseed Aged seed
non-priming (control) 24.38 c 18.73 ¢c 8.07 4.05d
Hydropriming (RO water) 27.96 b 23.40b 8.93 5.38¢
NB priming (10 min generated NB water) 30.48 b 25.92 ab 9.05 6.30 b
NB priming (20 min generated NB water) 35.88 a 28.11a 9.10 8.88 a
NB priming (30 min generated NB water) 36.96 a 28.61a 9.22 8.80 a
F-test * * ns *
CV (%) 13.87 14.74 17.78 18.16

ns, * : non-significant and significant difference at P<0.05
"Means within the same column followed by the same letter are not significantly different by DMRT

at P<0.05
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