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Introduction

Various methods have been performed to control weeds in the world and the use of herbicides is one of them,
but public concerns about human health have changed interest in alternative methods. Thermal methods based on
flame-weeder, hot air, steam, and hot water have the potential to control weeds, but due to the high cost are not
economical. Electromagnetic waves transfer energy into weeds and finally destroy them. The effect of radiation
on plant mutation, high consumption of energy, and human health are problems for this approach. Unlike other
methods, electrical energy is an ideal and non-chemical method for weeds. This method applies high voltage to
weeds, their roots, and soil so that electric currents pass through them, and the vaporization of the liquid content
of weeds Kkills the weeds. To increase the severity of damage to weeds, the development of a feedback
mechanism is required. The ultrasonic sensor measuring physical parameters like plant height is a simple
method. Some complex sensing systems include optical sensors such as infrared, and machine vision that require
high-speed processors and expensive equipment. In this project, as a simple method, the monitoring of the
electrical current passing through weeds was used for developing the feedback mechanism and increasing
electric damage to weeds.

Materials and Methods

In this study, the system consisted of a high-voltage device that generated a 15 kV AC voltage to kill weeds,
as well as a feedback mechanism that included a sensor to measure the electric current on the input of the weed
killer and identify the presence of weeds and their annihilation. All parts were installed on a robotic platform,
and an application on a laptop was connected to it via an access point for navigation and data reception. The
system was tested in a greenhouse lab with various weeds. Initially, a test was performed to investigate the effect
of high voltage on the weeds and establish relationships between the electric currents passing through weeds and
their presence (before and after annihilation). During the test, the system was guided along a path and applied
high voltage to kill the weeds. The feedback mechanism was then calibrated based on the extracted data on
electric current relations. This allowed the system to detect weeds and their annihilation, enabling it to move to
the next target once a weed had been eliminated. After calibration, a comparative test was conducted to evaluate
the weed-killing efficiency of the two methods (with and without the feedback mechanism), and the results were
analyzed using a t-test with p < 0.01.

Results and Discussion

The observations indicated that the input electric current on the weed killer was dependent on the electric
current passing through weeds. When the high-voltage electrode touched a weed, the electric current passed
through it increased, and simultaneously, the high electrical energy destroyed the weed. After the removal of the
weed, the electric current rapidly decreased. The average energy consumption per weed plant was estimated to
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be 250 joules, which can be compared with other methods. The final test comparing the use and non-use of the
feedback mechanism revealed significant differences (P < 0.01) between the results obtained with and without
the mechanism, demonstrating that the feedback mechanism increased the efficiency of weed annihilation. The
sensing system used in the developed feedback mechanism is a simple method that is affected by the electrical
resistivity of weeds. As such, it did not mistakenly detect other objects as weeds, unlike an ultrasonic
mechanism. Based on these results, monitoring the electrical current passing through weeds proved to be a
suitable method for developing a feedback mechanism for the weed killer to identify the presence of weeds and
their annihilation.

Conclusion

The use of high voltage as a non-chemical and alternative method for weed control has shown promising
results. The study revealed that measuring the electric current applied to the weed killer was an effective and
straightforward approach to developing a feedback mechanism. This mechanism aids in identifying the presence
of weeds and ensuring their elimination by intensifying the damage inflicted on them through the application of
high electrical energy. To further enhance the efficiency and speed of weed control, future research should
consider integrating an automatic guidance mechanism with the weed killer.
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Processing box, 3- Supply box, 4- Battery, 5- Servo motor, 6- Gear motor, 7- High-voltage electrode, 8- Ground
electrode, 9- on/off switches, 10- Fuse 11- Restart button)
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Fig.5. The circuit of the weed killer with the feedback mechanism
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Fig.6. The application for controlling the weed Killer with the feedback mechanism (1- Move forward, 2- Move back, 3-
Turn left, 4- Turn right, 5- Stop movement, 6- Movement speed, 7- Electrode height, 8- High-voltage switch, 9-
Connect to port, 10- Serial port number)
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Fig.7. Test environment, the weed killer with the feedback mechanism killing weeds
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Table 2- Electric current and time data of weeds killing
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Fig.9. Working program for the weed killer with the feedback mechanism
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Fig.10. The graph of consumption power for weeds being killed by the weed killer with the feedback mechanism
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Table 3- Number of killed weeds in the operating modes of the weed killer with the feedback mechanism
8350 digy axi

5 Lo Number of killed weeds
No. SYSTHTENN 3,934 g b
Feedback Non feedback
1 27 19
2 24 23
3 23 17
4 28 18
5 24 21
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Table 4- Statistical comparison of the operating modes of the weed killer with the feedback mechanism

AES Mean SD t df Sig (2-tailed)
Type of test
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Table 5- Comparison of the high-voltage weed killer with feedback mechanism with other methods

O¥95 &y 3,5dos Y3l v sl S
Method Fast performance High efficiency Complex Side effect
“’w No Yes Yes Yes
Chemical
() No No Yes Yes
Biological
HlON
S Yes No No No
Mechanical
Sl
Yes No No Yes
Thermal
onboliiog 1S 2lgal
g L“”S{ ey Yes No Yes Yes
Electromagnetic waves
e Yes No No No
Laser
) b 56y Yes No No No
High-voltage
2,52 Yl 3 Yes Yes No No

High-voltage with feedback

5 03y sl Sy & ki 555 sladisy (sl Jg 352 0,8
s Sy olg Slas g ale pale byl Lol e3gl 5l
o s L acuglio 40 aS ws 0y90 5 @lg A it ol 5o
(Brighenti & Brighenti, 2009) yiag3— ;o &lg YV+ 8y a0
3 Jlesl 5Lds Jlade gl ol polaidl s & 1) (618 e
L (Blasco et al., 2002) 4 (Diprose et al., 1984) sl yings
slagiagin e gladls 636 @l oy 9 GiR9R O
e pde Laalelo cpl plals & am o0 (Ui YU 5Ly b by
e i 09 00 29l sladie bad p aseis Sl pae Lo
56 sy (051 2w 2500 (> &S (gygboss gl 4 Jlosl 5y

i Lo andilob lawgs

9 Lacdbls b o (62,955 895l 2929 (ingy nl

jracile S396 YL 5y laingh b 4 Cuns shlite gl
SV 5Ly (605 LS4 U mts dllelus ol 53 0445 dloo]
sl oles 9 5 W 9296 pasedl 9 (Bpae gl Ok
ole) b Gl g A Cu o Ay Oygody jyb slacile (o0gi
Sahin & ) yimgi— o a b Ve SV, ol o jl ool
Oibgiy ol 33 4l Ve 5l 5wl polie o (Yalikilic, 2017
Aol S8 Ly il [ bagin 53 (en 45 g3

Yoy,

&F ol Sl s ol () ZAY iagly cnl 33 520635k
0db 5,35 b+ Jide »j (Diprose et al., 1984) yiags

» a8 sblw (Blasco et al., 2002) yingl ;3 picred g dg
e Jol8 pbodn (S iy ) dlo e )3 50 slacile (090



VPe¥ bl oF o5lods Y ol (55 59bis s milo s piis VY'Y

g 3y 3l wilolw 9 (Sahin & Yalinkilic, 2017) 4 (2009
940 L Cewload dgl oy ldas ps )0 aS Wb od ot
298 BN g Jlael Ban &y JyuS g gloj 9 535l 480 sl
Ss o o] (939 pae cow B9 4 55,3 (SEL Jleel > b
Cygre So i e S0 lp 69555k JWgjle 3929 cnlple
balyd 55 (ST sl imgly sl 29300 Slaiding 298 0 gmno
Wil 5 YL ples cdylo b YL 5Ug a8l Sl ecslas 5o
i ile 9l Gl g ptn oy U258 odlitul 355 colin
Wlybas 4 dng L oeiomen b pialidl o] )L b ye
I ptomie 5 38 Slies Sl edlizl Y 5Wg 5l (o3 (8,5 5

S 15 4o

Comgjlame gy 9 (bl it (o) S (oSl 5y

S oSen 2> > Canl i cplply sl i slacdle (o346 (olp
s sbadide (3 e il Gl 028588 ©ogots 551
ol Lloriw 48 Wb (et e Gidgiy oyl 50 e el
g 03l (B9, 5y e Y 5Ug 5396 ol (6399 ) (Sl
5 iy e askis (63,58 5k il sl gy 4 jaeS
a3 o iol3l ]y 55 5,m dale (o3l Bl ond oS el )] 30l
s5le ety ol ST S (e Gl 1y o 3,8kes rimen

Diprose et al.,) wile j,» cale YU Uy Sogb (L3 cla ying}

2,5 3148 Coolel 13 diian yod ol
5P el e ihenti & Brighent, ) {Blasco et al., 2002) (1984

References

1.

Astatkie, T., Rifai, M., Havard, P., Adsett, J., Lacko-Bartosova, M., & Otepka, P. (2007). Effectiveness of hot
water, infrared and open flame thermal units for controlling weeds. Biological Agriculture & Horticulture, 25, 1-
12. https://doi.org/10.1080/01448765.2007.10823205

Engineering, 83, 149-157.

Engineering, 113,  148-157.

2. Birrell, S., Hughes, J., Cai, J. Y., & lida, F. (2020). A field-tested robotic harvesting system for iceberg lettuce.
Journal of Field Robotics, 37, 225-245. https://doi.org/10.1002/rob.21888

3. Blasco, J., Aleixos, N., Roger, J., Rabatel, G., & Moltd, E. (2002). AE-Automation and emerging technologies:
Robotic  weed  control using  machine  vision. Biosystems
https://doi.org/10.1006/bioe.2002.0109

4. Bond, W., & Grundy, A. (2001). Non-chemical weed management in organic farming systems. Weed Research,
41, 383-405. https://doi.org/10.1046/j.1365-3180.2001.00246

5. Brighenti, A. M., & Brighenti, D. M. (2009). Weed control in organic soybean using electrical discharge. Ciéncia
Rural, 39(8), 315-2319. https://doi.org/10.1590/S0103-84782009000800007

6. Derrick, B. (2017). How to compare the means of two samples that include paired observations and independent
observations: A companion to Derrick, Russ, Toher and White (2017). The Quantitative Methods for Psychology,
13, 120-126. https://doi.org/10.20982/tqgmp.13.2.p120

7. Diprose, M., Benson, F., & Willis, A. (1984). The effect of externally applied electrostatic fields, microwave
radiation and electric currents on plants and other organisms, with special reference to weed control. The Botanical
Review, 50, 171-223. https://doi.org/10.1007/BF02861092

8. Dworak, V., Selbeck, J., Dammer, K. H., Hoffmann, M., Zarezadeh, A. A., & Bobda, C. (2013). Strategy for the
development of a smart NDVI camera system for outdoor plant detection and agricultural embedded systems.
Sensors, 13, 1523-1538. https://doi.org/10.3390/s130201523

9. Ehlert, D., Hammen, V., & Adamek, R. (2003). On-line sensor pendulum-meter for determination of plant mass.
Precision Agriculture, 4, 139-148. https://doi.org/10.1023/A:1024553104963

10. Khalil, M., Johnson, T., & Lamar, C. (2005). Comparison of computer-based and paper-based imagery strategies
in learning anatomy. Clinical Anatomy: The Official Journal of the American Association of Clinical Anatomists
and the British Association of Clinical Anatomists, 18, 457-464. https://doi.org/10.1002/ca.20158

11. Legg, M., & Bradley, S. (2020). Ultrasonic Arrays for Remote Sensing of Pasture Biomass. Remote Sensing, 12,
111. https://doi.org/10.3390/rs12010111

12. Marx, C., Barcikowski, S., Hustedt, M., Haferkamp, H., & Rath, T. (2012). Design and application of a weed
damage model for laser-based weed control.  Biosystems
https://doi.org/10.1016/j.biosystemseng.2012.07.002

13. Morin, L. (2020). Progress in Biological Control of Weeds with Plant Pathogens. Annual review of
phytopathology, 58. https://doi.org/10.1146/annurev-phyto-010820-012823

14. Paap, A. J. (2014). Development of an optical sensor for real-time weed detection using laser based spectroscopy.
[Doctoral dissertation, Edith Cowan University]. https://ro.ecu.edu.au/theses/1282

15. Peltzer, S., Hashem, A., Osten, V., Gupta, M., Diggle, A., Riethmuller, G., Douglas, A., Moore, J., & Koetz, E.

(2009). Weed management in wide-row cropping systems: a review of current practices and risks for Australian
farming systems. Crop and Pasture Science, 60, 395-406. https://doi.org/10.1071/CP08130


https://doi.org/10.1080/01448765.2007.10823205
https://doi.org/10.1002/rob.21888
https://doi.org/10.1006/bioe.2002.0109
https://doi.org/10.1046/j.1365-3180.2001.00246
https://doi.org/10.1590/S0103-84782009000800007
https://doi.org/10.20982/tqmp.13.2.p120
https://doi.org/10.1007/BF02861092
https://doi.org/10.3390/s130201523
https://doi.org/10.1023/A:1024553104963
https://doi.org/10.1002/ca.20158
https://doi.org/10.3390/rs12010111
https://doi.org/10.1016/j.biosystemseng.2012.07.002
https://doi.org/10.1146/annurev-phyto-010820-012823
https://ro.ecu.edu.au/theses/1282
https://doi.org/10.1071/CP08130

VWY (60,055 ) 95ku b j 0 (sbacie (50916 sl YU 5Ly ilolws cb b g (> 1hb (o))l 9 )Ly

16.

17.

18.

19.

20.
21,

22,

Rask, A. M., & Kristoffersen, P. (2007). A review of non-chemical weed control on hard surfaces. Weed Research,
47, 370-380. https://doi.org/10.1111/j.1365-3180.2007.00579.x

Sahin, H., & Yalinkilic, M. (2017). Using Electric Current as a Weed Control Method. European Journal of
Engineering Research and Science, 2, 59-64. https://doi.org/10.24018/ejers.2017.2.6.379

Slaughter, D., Giles, D., & Downey, D. (2008). Autonomous robotic weed control systems: A review. Computers
and Electronics in Agriculture, 61, 63-78. https://doi.org/10.1016/j.compag.2007.05.008

Utstumo, T., Urdal, F., Brevik, A., Dgrum, J., Netland, J., Overskeid, @., Berge, T. W., & Gravdahl, J. T. (2018).
Robotic in-row weed control in vegetables. Computers and Electronics in Agriculture, 154, 36-45.
https://doi.org/10.1016/j.compag.2018.08.043

Vigneault, C., & Benoit, D. L. (2001). Electrical weed control: theory and applications. Pages 174-188. Physical
control methods in plant protection, Springer. https://doi.org/10.1007/978-3-662-04584-8 12

Yuan, W., Li, J., Bhatta, M., Shi, Y., Baenziger, P. S., & Ge, Y. (2018). Wheat height estimation using LiDAR in
comparison to ultrasonic sensor and UAS. Sensors, 18, 3731. https://doi.org/10.3390/s18113731

Zwietering, M., Jongenburger, 1., Rombouts, F., & Van't Riet, K. (1990). Modeling of the bacterial growth curve.
Applied and Environmental Microbiology, 56, 1875-1881. https://doi.org/10.1128/AEM.56.6.1875-1881.1990


https://doi.org/10.1111/j.1365-3180.2007.00579.x
https://doi.org/10.24018/ejers.2017.2.6.379
https://doi.org/10.1016/j.compag.2007.05.008
https://doi.org/10.1016/j.compag.2018.08.043
https://doi.org/10.1007/978-3-662-04584-8_12
https://doi.org/10.3390/s18113731
https://doi.org/10.1128/AEM.56.6.1875-1881.1990

