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An attempt to eradicate Alternanthera philoxeroides
using electrical discharge and the effects of
discharge parameters on plant tissue damage
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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. 1 Experimental equipment.
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Fig. 2 Voltage and current waveforms of different applied

voltage.

Vol52. No.5

_4’7_

(2 15kV-180 B CIE 1 BRZBRWTRAICHIE LTZ. Z Dk
REROCT BB BN 21T - I fE R % Table 2 1277
I, FUINEEE & iR O [ 7 CTF B 7E(P<0.05) AR T
&, WHEORZHAEMI :iﬁbf%ﬂﬁi‘%(ko 05238~ 7~
F72, O SHINEBIEIC LD ENKE L, BRI
& WHE DI HAERIZ DN T i, BERHBEIDDNHGR
E LTINS NI ENS DTz, TR, HHEE KSR 12
~25%TCToH-o7-.
by THZINI A Ny Table 3 |2 B DIE
WCEAEREEGF AT LR LT E R Ly 2 T
FRICHNEEZ KRE LT 5 E 27 N8R, 0-9kV
FTHEVOERPROEND DR TRE RZERITR L, K
LT RRIZ R bR o Ttz — 7T 15kV TIEAETOKEN
FiBE L7z, Table 4 (255N A 3T BTz — oA E
’\ﬁk SINTORER A RT. IS XV EIINEEIC X D8RO
ICHBZEP<0.05)VHERTE . ZOFE5FRIL, 94%
%iﬁﬁzé#% WCRERLDThH-oT. ZORE, £EHILTE
WThv, HHEEKRIT20-25%TH-T-.

Table 1 Total score and number of dead plants for Arugula

Voltage Time Total score  Number of dead
kV) (s) 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 Degree of F- P-Value 7?2
squares freedom Value
Voltage 597.3 2 73.57 P<0.05 0.593
Time 46.8 2 577 P<0.05 0.046
VoltagexTime  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 Total score  Number of dead
[kV] plants
0 6 0
3 15 0
9 22 0
15 97 10
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Fig. 3 Voltage and current waveforms at each soil water content
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3.2.3 M EEDEMRMERIE 4 HHEEKESEMTHE
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Table 4 Results of the one-way ANOVA for A. Philoxeroides

Category Sumof  Degree F- P- n?
squares of Value  Value
freedom
Voltage 520.5 3 198.9 P<0.05 0.943
Residual 314 36 - - -
Total 551.9 39 — — —

Table 5 Stem resistance of Arugula after discharge

_48_

Voltage Time Resistance Resistance ratio (%)
kV) (s) (MQ/m) After / Before

0 — 4.774 100.0

30 0.413 10.1

3 180 0.309 6.6

30 0.193 3.7

9 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 Resistance Resistance ratio (%)
(kV) (MQ/m) 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 Soil moisture Total score Number of dead

(kV) content (%) plants
0 - 5 0
5 49 0
15 10 70 2
20 55 1

Table 8 Results of the one-way ANOVA for Arugula

Category Sum of  Degree of F- P- n?
squares freedom Value Value
Soil moisture 53 4 2.0 379 P<005 022
content
Residual 834 27.0 — - —
Total 106.8 29.0 — - —
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Table 9 Stem resistance of Arugula after discharge

Voltage Time Soil moisture  Resistance  Resistance
kV) (s) content (%) (MQ/m) ratio (%)
5 0.148 3.1
15 30 10 0.112 23
20 0.146 3.0
0.6

[0kV: 4.77 MQ/m |

o[k

.o
9

N
~
T

3kV
7180 s

B 100
R, P \
[15kV-30s | 120%) Iﬁ! -

I
[\
T

e
=

Resistance of the stem after
discharge [MQ/m]
(=)
(0%}

0

0 10 20 30 40 50 60 70 80 90 100
Total score [Point]

Fig. 4 Relationship between stem resistance and withering

score after discharge (Arugula).

‘Discharge time: 30s

Resistance of the stem after
e
[\]
=

0 10 20 30 40 50 60 70 80 90 100
Total withering score [point]

Fig. 5 Relationship between stem resistance and withering

score after discharge (4.philoxeroides).

IR —



Keisuke HIRANO and Hironobu MATSUO

WO FEEOEPUE IS L 0 HIKL 725 12 D ERIEY
BN TIH < T EZ N Z &2/ d 2 ENERT
H5D.

R BE B O & A 27 ORIER % Fig. 5 1TRT,
JEHIAZE IR 22D B DO Fig. 4 & FBEICDH 58 T
BoTEY, FRRCEIUEICB T 2BENFEL, T Ol
DI L > CTRARD EBZDND.

4.2 TEESKEOEMIBE~NDEE

Table 7 DFAERD O THEEKFE 10 %3 b A 27 L FEsE
BN S otz 2 OFERIL Table 9 (3T ikE R O 1
EOEPLE Fig. 4 1T T LHI—HLTW5. —F5 T, Fig.
3 MBITEEOKRE ST EHKRYO/NSWIEIZKE WS
ERDND. O EIXEFERORE ST LEKSOKR
EWEICKEWZ L EBERL TS, LERST, FFED
EHEEKRRITE T, ZERICHCERE AT 2 ATRetE
BhHDHEEZD.

4.3 MEBREDFTHIVIL/ T4 bI~DER

Fig. 5 75 0~9 kV OIFEIMRA LR L, 15 kV FUNREE
F CHPUEIC e B EEEZ KD D & 12kV EHEE S, x4
VNI UAEROIEARFETIE, 30 HOABIZB N T
BRLEBZOBREOBEENMNETHDLEBEZLLND. —F
T, B O X D I EREIZIT OV A BEO AN LTV
L. SVAIEE AW, ERERICKEREZRTZ &N T
ENEEBET RV IRWNECHEESE NS REME S H 5.
K& & EEMERAEDED 2 LIk T, BB
WAKTE LRV TSV R TR T E 5B 2 ER T 4uE, A
TIEBE OB TGRS T T v ) A b o & BRER
LENTELAEENE LD D, BEEHZE 0 FETIE
FHEMRE L TERMOSR A v v 23 DR im )
LREL TRE SN TERY, BROMBNIFTREIEA, FEBIC
ELTZ LT LWNEBZoND. #imlZiEzy L LT,
e EMARETSH L THIRE L DA EL T 57
CHBIE R R L OO L EMmE i L OREE T 72T
W RETILERDD LB XD, YFWEMITK E~BIR
MWD D, KEZENEZEmE KIOETLILN > T
WARWIRFT A S BRI A > TIR X ICEER A S SH L
TW FELEZLND. Eie, HRICY > TIENRIC
BRLEE OB ERY 2 — VNI L B3 KB I D
72 5.

5 F&EH

AR TIIN Yy aTZBLOF TV A b olkt
U CHUINEE « R « TIEEKED 3 NTF A —FZD
WTIEERB L O EZO|PUERE 21T > 7-. F Ok
X, TR ES:.

1) FVINEE & B O L 0 W IR OB E XA /]

VN2, FRICEINEEIC L DB R REho Tz,
2) HEEEKROENT X > THMIRRN O KA BT

Journal of Japan Solar Energy Society

_50_

1=, BEERKET DRl LR E KBOTFED
AR

3) —EOEGEREM GEHEE LCBU) 28X 2 LR
MR HININT B ATREMED R ST,

H Ny aTZBILORFHZYV I FA b THILEZEDORNE
DIFENT K D ER OBRFUEIR TIZEW R R bk,
5) FHTYN I FA N OH EEIZEEEIF SR B

AR

DL EOFERIE, ATHFTE CIHRRIIR STV iR
TN T A — & LW OBE & OBfRO —H & A
LML DO THY, MO THFATZY IV ) FA bk
U CHMERELMEA L FFTh 5. RS ORERI DIV
v 2 ZITHAITIFENEE 15 kv, FcErR 30 Ll L,
THEEKE 10 %R THIVUTFF R OISR FET
D ENHERESNZ. ZORRETHZIN ) A N TD
MEREEHETEZDE, TV T A FUIZHT D
REREICBW L, T0AEBHEOEEKEEZZBE T
X, 15 kV U EDOEBEN 30 LI EORERB TH E
W&+ ICBRERFIRE & B 2 b D, R TFEICB U CIXEiRE
RCIEEORBIIEN TR, BRFEOTEELH DI LD
D, KGR EL L OHEEME AW @EBE/ L A RESE
IR > THAMLEHZFTORIFZ 72 LTHRIEER D Z
ENTE IR, MY B BT 2 UNIEOIER D U A7 %
EBxbHEtnhBIREE D EEZD.
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