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Abstract 
In this study, electrical discharge weeding, a non-chemical control method, was applied to experimentally 

cultivated arugula (Eruca vesicaria subsp. sativa) and the invasive alien species Alternanthera philoxeroides (alligator 
weed). The effects of applied voltage, discharge duration, and soil water content were evaluated through visual damage 
assessment, analysis of variance, measurements of electrical resistance changes. In arugula, applied voltage was 
identified as the dominant factor, whereas the effect of discharge duration was relatively small. In addition, an optimal 
soil water condition that maximized tissue damage was determined. Tissue damage corresponded to reductions in 
electrical resistance, exhibiting a threshold-like response in which damage scores increased sharply once the resistance 
decrease exceeded a certain level. In A. philoxeroides, all individuals (10/10) were killed under the 15 kV–30 s 
condition; however, the effects on underground tissues were not clearly determined, indicating the difficulty of 
controlling underground organs using electrical discharge weeding.
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Fig. 2 Voltage and current waveforms of different applied 

voltage. 
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Table 1 Total score and number of dead plants for Arugula 
Voltage 

(kV) 
Time 

(s) 
Total score  Number of dead 

plants 
0 - 6 0 
  30 24 0 

 3  90 31 0 
 180 26 0 
  30 49 2 

 9  90 58 4 
 180 84 5 
  30 81 5 

15  90 94 7 
 180 97 9 

 
Table 2 Results of the two-way ANOVA for Arugula 

Category 
 

Sum of 
squares 

Degree of 
freedom 

F-
Value 

P-Value 2 

Voltage 597.3 2 73.57 P<0.05 0.593 
Time  46.8 2  5.77 P<0.05 0.046 

Voltage×Time  43.6 4  2.69 P<0.05 0.043 
Residual 328.9  81    

Total 1016.7  89    
 

Table 3 Total score and number of dead plants  
for A. Philoxeroides 

Voltage  
[kV] 

Total score  Number of dead 
plants  

 0  6  0 
 3 15  0 
 9 22  0 
15 97 10 
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Table 4 Results of the one-way ANOVA for A. Philoxeroides 
Category Sum of 

squares 
Degree 

of 
freedom 

F-
Value 

P-
Value 

2 

Voltage 520.5  3 198.9 P<0.05 0.943 
Residual  31.4 36    

Total 551.9 39    
 

Table 5 Stem resistance of Arugula after discharge 
Voltage 

(kV) 
Time 

(s) 
Resistance 
(M ) 

Resistance ratio (%) 
After / Before 

0  4.774 100.0 

3 
30 0.413   10.1 

180 0.309    6.6 

9 
 30 0.193    3.7 
 90 0.161    3.4 
180 0.125    2.6 

15  30 0.116    2.4 
   (n=3-5)

 

Table 6 Stem resistance of A. Philoxeroides after discharge 
Voltage 

(kV) 
Resistance 
(M ) 

Resistance ratio (%) 
After / Before 

0 2.26 100 

3 1.99 88 

9 1.63 72 

15 1.30 57 

  (n=3) 

 
Table 7 Total score and number of dead plants for Arugula 

Voltage 
(kV) 

Soil moisture 
content (%) 

Total score Number of dead 
plants 

0 - 5 0 

15 

5 49 0 

10 70 2 

20 55 1 

 
Table 8 Results of the one-way ANOVA for Arugula 

Category Sum of 
squares 

Degree of 
freedom 

F-
Value 

P-
Value 

2 

Soil moisture 
content 23.4 2.0 3.79 P<0.05 0.22 

Residual 83.4 27.0    

Total 106.8 29.0    
 

Fig. 3 Voltage and current waveforms at each soil water content 
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Table 9 Stem resistance of Arugula after discharge 

Voltage 
(kV) 

Time 
(s) 

 Soil moisture 
content (%) 

Resistance 
(M ) 

Resistance 
ratio (%) 

15 30 

 5 0.148 3.1 

10 0.112 2.3 

20 0.146 3.0 

 

Fig. 4 Relationship between stem resistance and withering 
score after discharge (Arugula). 

 

Fig. 5 Relationship between stem resistance and withering 
score after discharge (A.philoxeroides). 
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