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Introduction Seeds of Citrullus lanatus (watermelon) 

have economic significance in Thailand 

with high production potential and export 

value

Low germination rate 
of watermelon seeds

Seed itself

Bacteria 
contamination
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Introduction

(O2 gas and Ar gas mixture) 

Watermelon seeds treated with a plasma via 
plasma dielectric barrier discharge (DBD)

Increased seed quality

www.teck.com

The surfaces that kill bacteria and viruses - BBC Future bbc.com

ACS Nano 2021, 15, 4, 6008–6029

Copper solution treatment
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fychef.files.bbci.co.uk%2F976x549%2Fp08fk5fw.jpg&imgrefurl=https%3A%2F%2Fwww.bbc.com%2Ffuture%2Farticle%2F20200529-the-surfaces-that-kill-bacteria-and-viruses&tbnid=SsGtoZfIZ5YWPM&vet=12ahUKEwjv5ceu0__6AhVL_zgGHQm8CogQMygKegUIARC4AQ..i&docid=PCeni_MdU3g6yM&w=976&h=549&q=bacteria%20treatment%20by%20copper&hl=th&ved=2ahUKEwjv5ceu0__6AhVL_zgGHQm8CogQMygKegUIARC4AQ
https://www.bbc.com/future/article/20200529-the-surfaces-that-kill-bacteria-and-viruses


Experiment

watermelon seeds 

Plasma treatment

1,500, 2000 V

1.0, 1.2, 1.4, 1.6 and 1.8 s/cm

Cu solutions 
0.1, 0.05 ,0.025 M
(Cu1, Cu2, Cu3)

Cu solutions 
0.1, 0.05 ,0.025 M
(Cu1, Cu2, Cu3)

Plasma treatment

1.0, 1.2, 1.4, 1.6 and 1.8 s/cm

SEM  TEM and FT-IR

Germination test
3, 5, and 14 days

Germination test
3, 5, and 14 days

1

2
1,500, 2000 V
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Results and Discussion

SEM observation of watermelon seed before and after plasma treatment
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Control Treated 1.4 s/m, 1500V Treated 1.8 s/m, 2000V

25x 25x 25x

200x 200x 200x

Watermelon (Seed coat ) cross section
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Control Treated 1.4 s/m, 1500V Treated 1.8 s/m, 2000V

1,000x

10,000x

Watermelon(Seed coat )

10,000x 10,000x

1,000x 1,000x
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Control Treated 1.4 s/m, 1500V Treated 1.8 s/m, 2000V

20x 20x 20x

150x 150x 150x

Watermelon (Seed coat ) cross section
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Control Treated 1.4 s/m, 1500V Treated 1.8 s/m, 2000V

500x

1,000x

10,000x

Watermelon (Seed coat )
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Control Treated 1.4 s/m, 1500V Treated 1.8 s/m, 2000V

Watermelon (endosperm)

500x

1,000x

10,000x
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Treatment Radicle emergence 3 days Seed
Germination 5 days

Seed
Germination 14 days

Seed
Germination index

RAW 84.67 AB 70.00 AB 91.33 AB 16.16 ABC

Ar 0.4 s/cm 84.00 AB 68.67 ABC 87.33 AB 16.10 ABCD

0.6 s/cm 82.00 ABC 73.33 A 91.33 AB 16.96 A

0.8 s/cm 71.33 CDEF 48.00 EFGH 86.67 AB 15.31 BCDEFG

1.0 s/cm 82.67 ABC 56.67 DEF 89.33 AB 15.71 ABCDEF

1.2 s/cm 78.00 ABC 54.00 DEFG 92.00 AB 16.34 AB

Ar + O2 0.2 L/min 0.4 s/cm 84.00 AB 54.67 DEFG 76.67 CD 13.58 IJ

0.6 s/cm 89.33 A 58.00 CDE 86.67 AB 15.21 BCDEFGH

0.8 s/cm 80.00 ABC 57.33 DE 83.33 BC 14.52 EFGHI

1.0 s/cm 78.00 ABC 70.00 AB 88.00 AB 15.84 ABCDE

1.2 s/cm 84.67 AB 73.33 A 89.33 AB 16.98 A

Ar + O2 0.4 L/min 0.4 s/cm 58.67 GHIJ 35.33 IJK 70.00 DE 10.74 K

0.6 s/cm 60.00 FGHI 25.33 K 86.67 AB 11.04 K

0.8 s/cm 48.00 J 33.33 JK 61.33 E 9.66 K

1.0 s/cm 52.00 HIJ 25.33 K 71.33 D 9.87 K

1.2 s/cm 60.00 FGHI 29.33 JK 71.33 D 10.14 K

Ar + O2 0.6 L/min 0.4 s/cm 76.67 BC 47.33 EFGH 89.33 AB 13.78 HIJ

0.6 s/cm 56.67 GHIJ 54.67 DEFG 86.67 AB 14.24 FGHIJ

0.8 s/cm 48.67 IJ 51.33 DEFG 90.67 AB 14.57 EFGHI

1.0 s/cm 52.00 HIJ 50.00 DEFG 86.67 AB 13.73 HIJ

1.2 s/cm 73.33 BCDE 45.33 GHI 90.00 AB 13.67 IJ

Ar + O2 0.8 L/min 0.4 s/cm 54.00 GHIJ 38.67 HIJ 89.33 AB 13.99 GHIJ

0.6 s/cm 71.33 CDEF 49.33 DEFGH 90.67 AB 14.65 DEFGHI

0.8 s/cm 58.00 GHIJ 47.33 EFGH 91.33 AB 14.83 CDEFGHI

1.0 s/cm 62.00 EFGH 60.00 BCD 88.67 AB 15.41 BCDEFG

1.2 s/cm 72.00 CDE 46.00 FGHI 89.33 AB 14.87 BCDEFGHI

Ar + O2 1.0 L/min 0.4 s/cm 74.67 BCD 48.00 EFGH 89.33 AB 14.97 BCDEFGHI

0.6 s/cm 71.33 CDEF 52.67 DEFG 93.33 A 15.77 ABCDE

0.8 s/cm 64.67 DEFG 52.67 DEFG 86.67 AB 15.39 BCDEFG

1.0 s/cm 63.33 DEFGH 32.00 JK 84.67 ABC 12.83 J

1.2 s/cm 74.00 BCD 73.33 A 85.33 ABC 16.10 ABCD

F-Test ** ** ** **

LSD ≤ 0.05 11.38 10.95 9.36 1.49

CV% 10.06 13.16 6.70 6.42

Seed germination rate decrease when O2 gas increase in the gases mixture
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1

2

Treatment Radicle emergence
3 day

Seed
Germination

5 day

Seed
Germination

14 day

Seed
Germination index

RAW 75.50 BC 52.50 AB 78.50 CDE 16.19 CD

Plasma 0.4 s/cm 63.00 D 45.50 BC 88.50 AB 17.51 ABC

Plasma 0.6 s/cm 77.50 ABC 60.50 A 88.50 AB 18.77 A

Plasma 0.8 s/cm 72.50 CD 50.50 AB 89.00 AB 17.56 ABC

Plasma 1.0 s/cm 73.00 CD 48.00 BC 86.00 ABC 17.10 BC

Plasma 1.2 s/cm 78.00 ABC 55.50 AB 92.50 A 18.63 AB

Cu 78.00 ABC 38.50 CD 92.00 A 15.20 DE

Cu1 -> 0.4 s/cm 75.00 BC 52.50 AB 91.50 A 15.13 DE

Cu1 -> 0.6 s/cm 86.50 A 62.00 A 90.00 A 15.47 DE

Cu1 -> 0.8 s/cm 79.00 ABC 50.50 AB 84.00 ABCD 14.80 DE

Cu1 -> 1.0 s/cm 79.00 ABC 52.50 AB 85.00 ABCD 14.32 EF

Cu 1-> 1.2 s/cm 82.00 ABC 28.50 D 90.50 A 14.26 EF

0.4 s/cm -> Cu1 71.50 CD 32.50 D 76.00 DE 11.86 G

0.6 s/cm -> Cu1 84.00 AB 37.50 CD 86.00 ABC 14.32 EF

0.8 s/cm -> Cu1 74.50 BC 46.00 BC 70.00 E 11.74 G

1.0 s/cm -> Cu1 79.50 ABC 38.00 CD 87.50 ABC 12.97 FG

1.2 s/cm -> Cu1 77.50 ABC 44.50 BC 80.00 BCD 12.85 FG

F-Test * ** ** **

LSD ≤ 0.05 10.60 11.89 9.01 1.58

CV% 9.72 17.89 7.41 7.31

Cu solution 0.1 M
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Treatment
Radicle emergence

3 day

Seed
Germination

5 day

Seed
Germination

14 day

Seed
Germination 

index

RAW 78.67 ABCDEFGH 16.00 K 93.33 14.42 I

Plasma 0.4 s/cm 74.67 DEFGH 29.33 HIJ 90.67 14.65 HI

Plasma 0.8 s/cm 74.00 DEFGH 18.67 JK 92.00 14.67 GHI

Plasma 1.2 s/cm 70.67 FGHI 30.67 HI 94.67 14.93 FGHI

Cu 1 81.33 ABCDEF 62.67 BC 87.33 16.09 CDEF

Cu 2 78.67 ABCDEFGH 60.00 BCD 88.00 15.84 CDEFG

Cu 3 80.67 ABCDEF 66.67 B 91.33 16.70 ABCD

0.4 s/cm -> Cu 1 72.00 EFGHI 50.67 DE 89.33 15.91 CDEF

0.8 s/cm -> Cu 1 86.00 ABC 63.33 BC 92.00 16.86 ABC

1.2 s/cm -> Cu 1 84.67 ABCD 61.33 BCD 89.33 16.42 BCD

0.4 s/cm -> Cu 2 76.67 BCDEFGH 38.67 FGH 90.67 15.65 DEFGH

0.8 s/cm -> Cu 2 82.67 ABCDE 42.67 EFG 92.67 16.16 CDE

1.2 s/cm -> Cu 2 78.00 BCDEFGH 24.67 IJK 92.00 15.17 EFGHI

0.4 s/cm -> Cu 3 74.67 DEFGH 60.00 BCD 85.33 15.74 CDEFGH

0.8 s/cm -> Cu 3 89.33 A 84.67 A 90.67 17.75 A

1.2 s/cm -> Cu 3 86.67 AB 68.67 B 93.33 17.53 AB

Cu 1 -> 0.4 s/cm 81.33 ABCDEF 58.00 BCD 94.67 16.91 ABC

Cu 1 -> 0.8 s/cm 78.00 BCDEFGH 53.33 CDE 90.00 16.37 BCD

Cu 1 -> 1.2 s/cm 79.33 ABCDEFG 46.00 EF 92.67 15.89 CDEF

Cu 2 ->0.4 s/cm 75.33 CDEFGH 35.33 FGHI 93.33 15.78 CDEFGH

Cu 2 -> 0.8 s/cm 82.00 ABCDE 35.33 FGHI 94.00 15.82 CDEFGH

Cu 2 -> 1.2 s/cm 68.00 HI 18.67 JK 94.00 15.04 EFGHI

Cu 3 ->0.4 s/cm 72.00 EFGHI 32.67 GHI 85.33 14.23 I

Cu 3 -> 0.8 s/cm 68.67 GHI 30.00 HI 92.67 14.36 I

Cu 3 -> 1.2 s/cm 61.33 I 32.67 GHI 86.00 12.90 J

F-Test * * ** NS **

LSD ≤ 0.05 10.95 10.71 6.42 1.19

CV% 8.63 14.56 4.30 4.62

1

2

Cu solutions 
0.1, 0.05 ,0.025 M
(Cu1, Cu2, Cu3)
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Treatment Radicle emergence
3 day

Seed
Germinatio

n
5 day

Seed
Germinatio

n
14 day

Seed
Germinatio

n index
14 day

RAW 86.00 E 34.00 EFG 82.67 G 14.11 HI

Cu 1 92.67 BCD 32.00 FG 95.33 AB 15.09 DEFG

Cu 3 90.67 CDE 36.67 DEF 94.00 ABC 15.70 CD

Plasma Ar 0.4 s/cm 90.67 CDE 28.67 GH 88.00 DEF 13.57 I

Plasma Ar 0.8 s/cm 98.00 A 42.67 CD 97.33 A 16.89 AB

Plasma Ar 1.2 s/cm 95.33 ABC 34.67 EFG 87.33 EF 15.12 DEFG

Plasma Ar 0.4 s/cm -> Cu 3 94.67 ABC 55.33 AB 97.33 A 17.52 A

Plasma Ar 0.8 s/cm -> Cu 3 94.00 ABC 36.67 DEF 93.33 ABC 15.72 CD

Plasma Ar 1.2 s/cm -> Cu 3 96.00 AB 38.00 DEF 93.33 ABC 15.48 CDEF

Cu 1 -> Plasma Ar 0.4 s/cm 96.67 AB 43.33 CD 90.67 CDE 15.71 CD

Cu 1 -> Plasma Ar 0.8 s/cm 96.00 AB 36.67 DEF 85.33 FG 14.74 GH

Cu 1 -> Plasma Ar 1.2 s/cm 90.67 CDE 36.00 DEFG 84.00 FG 14.44 GH

Plasma Ar+O2 0.4 s/cm 88.67 DE 22.00 H 92.00 BCD 14.95 EFG

Plasma Ar+O2  0.8 s/cm 95.33 ABC 36.67 DEF 95.33 AB 15.68 CDE

Plasma Ar+O2  1.2 s/cm 86.00 E 38.67 DEF 87.33 EF 14.91 FG

Plasma Ar+O2 0.4 s/cm -> Cu 3 88.67 DE 59.33 A 96.67 A 17.59 A

Plasma Ar+O2 0.8 s/cm -> Cu 3 78.00 F 49.33 BC 95.33 AB 16.78 B

Plasma Ar+O2 1.2 s/cm -> Cu 3 74.00 F 41.33 DE 93.33 ABC 15.97 C

F-Test ** ** ** **

LSD ≤ 0.05 5.25 7.46 4.52 0.73

CV% 3.50 11.55 2.99 2.85

0.4 s/cm Cu3 0.8 s/cm Cu1 
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Seed coat

0.4 s/cm Cu3 0.8 s/cm Cu1 

0.4 s/cm Cu3 

0.4 s/cm Cu3 

0.8 s/cm Cu1 

0.8 s/cm Cu1 

1000 X Seed coat

Cross section of seed coat 
and endosperm100 X

3000 X
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Cross section of seed coat endosperm at 1000 x

EDS spectrum indicated elemental 
content in seed before and after 
treatment  

0.4 s/cm Cu3 0.8 s/cm Cu1 

0.4 s/cm Cu3 

0.8 s/cm Cu1 
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EDS-mapping of 0.4 s/cm Cu3

EDS-mapping control seed

0.4 s/cm Cu3 
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EDS-mapping of 0.8 s/cm Cu1

0.8 s/cm Cu1 
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EDS mapping of 0.4s/cm Cu3 at TEM02 and TEM03

TEM images of 0.4 s/cm Cu 3 at different magnification

0.4 s/cm Cu3 

The
 IR

N-20
22

 Sym
po

siu
m on

 

Plas
ma T

ech
 - D

riv
ing

 Sust
ain

ble
 Futu

re



0.4 s/cm Cu3 0.8 s/cm Cu1 

0.8 s/cm Cu1 

0.4 s/cm Cu3 

3250 cm-1 (O-H stretching), 2900 cm-1 (aliphatic C-H stretching), 1650 cm-1 (C=O stretching)

0.8 s/cm Cu1 and 0.4 
s/cm Cu3 have higher 
% transmittance at 
3250 cm-1 than control 
seed → higher –OH 
gr.

0.8 s/cm Cu1 and 0.4 
s/cm Cu3 have lower %
transmittance at 2900 
cm-1 than control seed 
→ seed coat react with 
plasma free radical →
higher –OH gr.

Seed coat
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High content of triglycerides was found in control seed which is the fingerprints of embryo

0.8 s/cm Cu1 0.4 s/cm Cu3 

0.8 s/cm Cu1 

0.4 s/cm Cu3 

Embryo

3250 cm-1 (O-H stretching), 2900 cm-1 (aliphatic C-H stretching), 1650 cm-1 (C=O stretching)

0.8 s/cm Cu1 and 0.4 
s/cm Cu3 have higher 
% transmittance at 
3250 cm-1 than control 
seed → triglyceride 
react with free radical

0.8 s/cm Cu1 and 0.4 
s/cm Cu3 have lower %
transmittance at 2900 
cm-1 than control seed 
→ triglyceride react 
with free radicalThe
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Types and intensities of free radical generated using Ar and O2 gases mixture in different ratio

Cu2+(aq) + -OH → Cu(OH)2(s) (1)
→ CuO(s)       (2)

Confirm by XRD or RamanThe
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Conclusions

• It was found that increasing the O2 ratio in the Ar mixture to ignite the plasma dielectric barrier discharge 
(DBD) system increased the seed nitrogen content and the O species oxidation the disinfection efficiency. 

• The plasma treated seeds showed that the surface of the seed coat reacted with the plasma free radicals 
resulting in the formation of more hydroxyl groups (–OH) and triglyceride accumulated in the embryo reacted 
with the free radicals from plasma. 

• The use of Ar gas mixed with O2 influenced seed quality by causing radicle emergence, germination at 5 days 
and germination index of watermelon seeds tended to decrease. 

• Cu compound coating had better results at 7 days germination, germination index. The distribution of Cu 
compound particles was found in the seed coat, not in the endosperm layer.
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