WALAILAK JOURNAL Applied Sciences

http://wjst.wu.ac.th https://doi.org/10.48048/wjst.2021.12051

Effects of Plasma Focus on Seed Germination and Seedling Growth of
14 Thai Rice Varieties

Vichai PURIPUNYAVANICH"’, Arlee TAMMAN?, Piyanuch ORPONG/,
Roppon PICHA', Mayuree LIMTIYAYOTHIN', Pasit WONGHABUT?,
Wautthichok SANGWANG?, Kewalee NILGUMHANG? and

Jiraporn PROMPING?

'Research and Development Division Thailand Institute of Nuclear Technology,
Nakhon Nayok 26120, Thailand

Center of Advanced Nuclear Technology, Thailand Institute of Nuclear Technology,
Nakhon Nayok 26120, Thailand

(‘Corresponding author’s e-mail: vichaip@tint.or.th)

Received: 19 August 2020, Revised: 28 December 2020, Accepted: 5 January 2021

Abstract

Thailand Plasma Focus 2 (TPF-2) is operated at 2.16 kJ of storage energy with argon as a filled gas
and can emit sharp x-ray pulses to plant cells in nanosecond (10” s) duration. The effects of plasma focus
x-ray on seed germination and seedling growth of 14 Thai rice varieties treated under 10 conditions; 0
(control), 2, 4, 6, 8, 10, 12, 14, 16, and 18 plasma focus shots, were investigated. The results show that
the germination rates and growth reduction rates were significantly different among the rice varieties. The
germination rate of 10 varieties (Jek Chuey, KDML105, LPT123, PTT1, RD41, RD47, RD49, RD67,
RD79, and SPR2) decreased when treated with a high number of plasma focus shots. LDs, and GRs
values were calculated, except for KTH17, RD1, RD7, and RD31 whose germination only slightly
decreased, or remained constant, even after they were treated by 18 plasma focus shots.
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Introduction

Plasma focus is a pulsed operating device that mainly consists of a power source and electrodes.
The power source uses a capacitor to store electrical energy, which is discharged through the RL load that
is designed by the Lee code. The electrodes consist of an anode and cathode that are installed inside the
vacuum chamber. The electrical energy from the power source generates plasma at the lower site of both
electrodes. A high magnetic field generated by the current of the anode accelerates the plasma to the top
of the electrodes and generates high density and high temperature plasma called the plasma pinch. X-rays
and other species of high energy particle are generated [1-4]. The Lee code is used as a tool to design the
plasma focus device and to calculate the plasma parameters such as plasma duration, plasma temperature,
discharge voltage, discharge current, and x-ray production rate [5]. Thailand Plasma Focus 2 (TPF-2), a
small plasma focus device, is designed for 3.3 kJ of maximum storage energy and 153 nH of inductance
load [4]. Pinch duration and pinch temperature are 11.34 ns and 332 eV, respectively, as calculated by the
Lee code [4].

Mutation breeding is used in many fields and has provided benefits in plant breeding since the
demonstration of mutagenesis in maize and barley using x-rays and gamma rays. Using plasma focus is
different from normal x-ray irradiation because plasma focus emits a sharp x-ray injection to plant cells in
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nanosecond (107 s) duration. The x-ray energy for the small plasma focuses up to 600 keV and an x-ray
dose of higher than 50 mGy per shot [2]. The study of the effects of plasma are widely known by use of
non-thermal plasma for different applications such as surface treatment, antimicrobial treatments, and
plant response research. The use of non-thermal plasma has potential to reduce microbial activity and
enhance seed germination and seedling growth in plants [6-9]. Studies of plant response by using plasma
focus are not widely known. Therefore, the study of effects of plasma focus on rice seeds will help to
understand the response of plants to plasma focus radiation and the useful application of plasma focus
technique on plant mutation breeding. This study aimed to investigate the sensitivity and the response of
rice induced by plasma focus. The rice seeds were irradiated with plasma focus shots. The lethal dose
(LD) and growth reduction (GR) were determined. LDs, is the dose that causes seeds to die by 50 % as
compared to the control. GR is the dose that reduces the growth rate by 50 % as compared to the control.

Materials and methods

Seed treatments

14 varieties of rice seeds: Jek Chuey, Kao Dok Mali 105 (KDML105), Khao Tah Haeng 17 (KTH
17), Leuang Pratew 123 (LPT123), Pathum Thani 1 (PTT1), RD1, RD7, RD31, RD41, RD47, RD49,
RD67, RD79, and Suphan Buri 2 (SPR2), were obtained from Chachoengsao Rice Research Center. The
rice seeds were packed in polyethylene (PE) zipper bags, with 10 seeds of the same variety in each bag.
Each rice variety sample was irradiated for 3 replications. After irradiation, all seeds were sown on top of
wet tissue papers on a plastic tray and kept in a dark condition for 10 days. Germination percentage and
growth reduction percentage were recorded. LDs, and GRsy values were estimated from the graphs
between the number of plasma focus shots and germination percentage and growth rate, respectively, to
determine the effects of plasma focus on rice variety response.

Plasma focus irradiation

The 1-year-old rice seeds were treated with the plasma focus in 10 treatment conditions: 0, 2, 4, 6,
8,10, 12, 14, 16, and 18 shots. TPF-2 device was prepared by a vacuum pumping process to clean out any
remaining gas. The base pressure of the system was about 510~ Torr. After that, the operating gas was
injected into the chamber at the operating pressure, 1 - 10 Torr. The capacitor was charged to the
operating voltage, 12 kV, which stored electrical energy of up to 2.16 kJ. High-voltage and high-current
spark gap was used as a switch to transfer the stored electrical energy to the device electrodes for plasma
generation inside the vacuum chamber. The plasma was generated and accelerated up to the top of the
electrodes and ended up in a plasma pinch. The pinch produced x-rays, high density visible light, electron
beams, and ion beams.

Statistical analysis
The data were analyzed using analysis of variance, after which means were compared using the
least significant difference (LSD). The analyses were facilitated by the R program [1].

Results and discussion

Effects of plasma focus on seed germination

The effects of plasma focus irradiation on germination were assessed by counting seed germination
of 14 Thai rice varieties at 10 days after sowing and calculating the percentage of germination compared
with control. The effects of plasma focus on 14 Thai rice varieties are shown in Table 1 and Figure 1.
Jek Chuey, KDMLI105, LPT123, PTT1, RD41, RD47, RD49, RD67, RD79, and SPR2 were significantly
decreased when shot of plasma focus increased. This result agrees with Yamaguchi et al. [10], who
studied the effects of ion beam and gamma irradiation on rice; the results showed that the hulled dry seed
treated with ion beam and gamma ray had survival rates which decreased with increased radiation dose.
KTH17, RDI1, RD7, and RD31 germination rates were slightly decreased when the number of plasma
focus shots increased. There was no statistically significant change in germination at different doses for
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KTH17 and RD1. For the effects of plasma focus on rice variety response determination, LDs, values
were used as an indicator of toxicity and calculated by seed germination percentage. The highest radiation
doses of Jek Chuey, KDML105, LPT123, PTT1, RD41, RD47, RD49, RD67, RD79, and SPR2 had
percentages of germination of less than 50 %, so that LDs, could be calculated. The LDs, values were
approximately 17, 8.5, 17, 13.5, 13.5, 8, 15, 13, 14, and 11 shots, respectively. This group is, therefore,
considered to be sensitive to plasma irradiation. However, for KTH17, RD1, RD7, and RD31, the LDs
could not be determined, because at the highest plasma focus shot, the germination percentage was higher
than 50 %. These varieties can be considered resistant to plasma irradiation. The results were in
accordance with Sasikala and Kalaiyarasi [11], who studied sensitivity of rice varieties to gamma
irradiation in 6 rice varieties; the survival percentages were decreased when the dosages of radiation
increased, but the responses of all 6 rice varieties had different survival percentages. The different results
may be due to different rice species having different radiation responses and different radiation types. At
low numbers of plasma focus shot, seed germination was not significantly different from control (Table
1, Figure 1). The result is similar to the experiment of Xu et al. [12], who studied the effects of heavy ion
irradiation on rice seeds and found that low-energy ions had no significant influence on germination,
survival, or seedling height, and medium-energy ions had a significant influence on germination.

From the experiment, at low doses, the plasma can stimulate seed germination of some rice
varieties. The germination rates of Jek Chuey, KDML105, KTH17, PTT1, RD1, RD41, and RD49 were
slightly increased at low numbers of plasma focus shot, but the changes were not statistically significant.
Previous studies have reported that low dose radiation exposure can enhance the germination rates of
bottle gourd, pumpkin, red sandalwood, tomato, rice, cucumber, and okra [13-17]. The enhancement of
germination rate may be caused by the stimulation of cell division and pathways that affect the synthesis
of nucleic acids, the activation of RNA, or protein synthesis [18,19]. Furthermore, some rice varieties
have a seed dormancy period, which is a survival mechanism to protect seeds from unfavorable
environmental conditions. Plasma focus exposure may break this dormancy phase and promote
phytohormone synthesis, such as gibberellic acid in seeds, that activate the signaling pathway and
enzymes which relate to the degradation of food reserves and, thus, improve the germination rate [20,21].
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Figure 1 Relative germination of 14 Thai rice varieties at 10 days after plasma focus irradiation.
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Table 1 Relative germination of 14 Thai rice varieties at 10 days after plasma focus irradiation.

Germination rate

Dose
(shot) C‘l'l‘:ll;y KDML105 KTH17 LPT123 PTT1 RD1 RD7 RD31 RD41 RD47 RD49 RD67 RD79 SPR2
0 100" 100° 100° 100° 100° 100° 100° 100° 100° 100° 100° 100° 100° 100°
2 106.60°  112.40°  101.9° 94.54™ 101.80° 100.50° 95.38" 98.33* 100.10° 77.78® 101.80° 87.14* 96.67° 88.24®
4 94.92% 55.64°  109.80° 82.16™ 101.80° 91.37° 92.86™ 98.43* 9491 62.96™ 96.67° 89.64° 102.00° 88.24"
6 90.26 57.52°  104.10° 85.77*¢ 93.16* 98.33" 95.09® 100.30° 9825  46.3°  95.00° 74.81° 103.60° 88.24%
8 76.97% 5496  110.30° 82.26™ 93.07° 94.95° 98.63" 100.30° 96.67° 77.78 94.82° 7849 92.96™ 82.36"
10 77.97% 32.69°  103.20° 76.80° 82.98™® 93.70° 91.29° 92.86° 89.74* 37.97 79.47° 4832° 80.48°  80.4°
12 67.71 32.14°  87.72°  74.85°  70.97° 105.60° 91.7%  88.16° 98.42° 37.04° 54.12°  55b°  47.26° 43.14°
14 53.2% 0.00¢ 101.90° 72.91° 4333 92.87° 88.19® 71.98" 46.58° 2.777° 77.72° 41.46° 54.76° 41.17°
16 57.97¢% 2224 90.76° 85.77" 40.96° 87.57* 88.66™ 86.12° 15.44° 12.04* 39.04° 44.45° 4738 3921°
18 38.28° 0.00¢ 79.30° 3031  7.02¢  90.42* 77.22° 7235 19.12°  0.00° 1526° 37.31° 9.07°  5.88¢
F-tCSt k% sk ns sk sk ns * * ks kk k% H*k k% ks
LSDy s 21.41 16.94 31,62 1623  19.02 3074 2129 1524 1127 2976  12.63 2522 1442 15.84
*Significant.
**Highly significant.
ns Non-significant difference.
" Different letters in the same column mean that the data are statistically different from the least significant difference (p < 0.05).
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Effects of plasma focus on growth rate

The effects of plasma focus irradiation on growth were assessed by measuring the shoot and root lengths at
10 days after irradiation and calculating the growth rate compared with control. From our statistical analysis, the
radiation effect can be grouped into 2 main response types: those varieties whose growth significantly decreased,
and those whose growth reduction was not significant. The 1% group consisted of Jek Chuey, KDML105,
LPT123, PTT1, RD41, RD47, RD49, RD67, RD79, and SPR2, of which GRs, were 13, 9, 17, 13.5, 14.5, 9, 15,
13, 11, and 10.5 shots, respectively (Tables 2 - 3, Figure 2). In this group, the growth percentage dropped by at
least 50 % at the highest number of plasma shots. This conforms to the results of Yasmine et al. [22], who
studied the effects of chronic gamma irradiation on rice. Chronic gamma irradiation produced inhibitory effects
on rice plant height. Sasikala and Kalaiyarasi [11] showed that seedling height decreased with increase of
gamma irradiation dose. The 2™ group, which showed high resistance to plasma shots, consisted of KTH17,
RDI1, RD7, and RD31. In this group, the growth percentage was still above 50 % at the highest number of
plasma shots; thus, the GRs, could not be determined (Table 2, Figure 2).

The results showed, that at lower doses, the plasma could induce plant growth for most varieties, except for
RD31, RD47, RD67, and SPR2. Rezk et al. [23] studied the effect of x-ray irradiation on seed germination and
biochemical analysis of okra and reported that low doses of up to 5 Gy caused a stimulation effect in
morphological growth and the amount of antioxidants. The result agrees with previous studies which showed
positive effects of a low dose of radiation exposure, which could be used to enhance growth in plants such as
tomato, pepper, Arabidopsis, and mung bean [24-26]. Ling et al. [27] reported that seed reserve food utilization
and the content of sugar and protein in seedlings increased after plasma exposure. Other studies have also
reported that plasma treatment generated reactive oxygen and nitrogen species (RONS) such as NO,", NO;~, and
H,0, which resulted in growth stimulation [25,28]. The concentration of plant hormones, auxin and cytokinin,
was increased in seedlings exposed to low-thermal plasma [29]. Therefore, the effect of plasma focus on plant
growth may be related to nutrient levels, growth hormones, and the activation of gene expression.
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Table 2 Growth percentages of seedlings of 7 Thai rice varieties (1% group) at 10 days after plasma focus

irradiation.
Dose Growth percentage of seedlings
(shot) Jek Chuey KDML105 KTH17 LPT123 PTT 1 RD1 RD7
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
0 100.00°  100.00®"  100* 100° 100 100 100.00° 100.00°  100.00®  100.00® 100 100 100 100.00™
2 107.00°  100.40®  117.1° 135.8° 1162 120.8 100.80*  89.84®  109.50°  99.98®°  111.1 1022 106.8 100.00®
4 87.42°  86.60™  53.79° 5445 1119 1159 89.15®  87.46® 106.00® 10220® 81.16  88.55 109.3 101.80®
6 80.38"  123.40°  63.96° 72.97¢  106.7 109.4  85.70™  77.80*  95.60°  112.10* 119.7  109.8 102.8 89.81®
8 87.79®  89.10™  54.82°  68.05° 116.1 1258 97.14®  82.46®  96.60°  93.49™ 1034 1202 1135 99.22®
10 4936 56.35%  4437° 46d° 1043 1277 76.55™ 7585  90.97*  98.08" 100 121 109.7  112.60°
12 55734 76.49™  36.6° 41.9° 8534 89.7  73.04b°  70.28"™ 75.9¢ 83.34° 1144 1272 1069 94.40®
14 8.35¢ 22.93¢ 0° o 107 1139 6433  60.70° 42.79¢ 41.95° 107.3 1194  108.7 93.02"
16 41.85%  44.84 1.89¢ 1917 8997 96.52 80.53" 7735 3986 39.67° 100.7 109 1063 90.17%
18 25.06%  10.09¢ 0° o 86.13 111.7  28.40°  27.26° 4.76° 2.73¢ 94.82 79.2 82.5  73.48"
F-test sk k3k sk k3k ns ns 3k 3k 3k sk ns ns ns *
LSDyos 374 47.62 29.22 25.63  39.65 5093 2474 19.76 18.41 19.29 4537 5781 5127 3328
*Significant.
**Highly significant.
ns Non-significant difference.
" Different letters in the same column mean that the data are statistically different from the least significant difference (p < 0.05).
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Table 3 Growth percentages of seedlings of 7 Thai rice varieties (2™ group) at 10 days after plasma focus

irradiation.
Growth percentage of seedlings

D
(sl'l’osf) RD31 RD41 RD47 RD49 RD67 RD79 SPR2

Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
0 100.00°  100.00®" 100.00*° 100.00® 100.00°  100.00° 100.00® 100.00° 100.00*° 100.00® 100.00° 100.00* 100.00* 100.00°
2 80.02° 94314 108.60" 103.90° 65.22° 70.66°  108.30° 102.40° 99.18* 12520 102.40° 95.32®  88.16 99.27°
4 82.84 91224 102.10° 87.46° 44.69°¢ 4978  99.86™ 103.50° 79.69  98.33®  103.70° 93.10° 124.70° 113.00°
6 88.61°°  113.80°  97.68"  94.65® 31.34%¢  28.52°¢ 9695  93.00° 58.10*  86.07 106.80°  99.02*  92.56* 101.00°
8 84.44™  112.60®  99.92*  91.68°  58.60™  61.44° 99.34™ 92,66 61.14*  81.87"  98.52*  93.16® 91.53" 118.40°
10 73.51®  98.70™  88.57°  87.75° 38.82°¢ 33.51c!  88.04® 89.06" 37.15°  60.24*  76.45° 7545 9227° 90.22°
12 77.71% 95834 92.1*  9226® 26.07%"  24.57% 5533 51.91° 58.84™ 7747  4323°  48.50° 40.87° 49.61°
14 60.31° 7642 5243 5556°  3.07 0.88" 84.47°  85.25* 36.22°  42.20° 5093  52.77°  39.26° 43.55°
16 68.67° 92534 10.22°  1530°  9.54°f 11.07¢F  37.75°  39.80° 35.53°  60.68b°  38.08°  45.06°  40.46° 45.34°
18 64.57° 74.22¢ 11.93¢ 14359 0.00" 0.00" 12.5¢ 11.51°  37.65°  45.09° 6.43¢ 6.514  2.167° 3.433¢
F—test * * sksk kk sksk k% £ %k k% * k% k% k3 £
LSDpos  32.66 22.36 20.9 13.35 28.97 21.93 2134 2269 27.62 45.64 18.64 22.65  46.62 3243

*Significant.

**Highly significant.

" Different letters in the same column mean that the data are statistically different from the least significant difference (p < 0.05).
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Figure 2 Growth percentages of seedlings roots and shoots of 14 Thai rice varieties at 10 days after
plasma focus irradiation. Error bars represent standard deviations.
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Conclusions

Sensitivity of rice seeds to plasma focus irradiation varied among different cultivars. The responses
of 14 Thai rice varieties to plasma focus were assessed via 2 characteristics: relative germination and
relative growth. Using up to 18 plasma shots, the percentages of germination and growth rate of some rice
varieties were decreased by less than 50 %. The LDsy and GRsy showed that Jek Chuey, KDML105,
LPT123, PTT1, RD41, RD47, RD49, RD67, RD79, and SPR2 were more sensitive to plasma focus than
KTH17, RD1, RD7, and RD31. The plasma focus effects on seed germination and seedling growth in
vegetative phases of rice will be investigated further in the near future.
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