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English Abstract

Weed Control by Using Microwave

Introduction

In this proposal, the application of microwaves in controlling weeds is presented. The
application of microwaves in agriculture has been around for some time. Recently, the idea
has been suggested for the important and destructive problem of weeds in agriculture. The
proposers’ primary theoretical and experimental investigations, along with the results
presented by other researchers, show that the idea is promising and should also be
investigated from another economic and regulatory aspect.

Microwaves in Agriculture

Nowadays, electromagnetic energy is employed, not only in the telecommunication industry
but also in other industries such as the agriculture sectors, where some unsolvable problems
exist. The proven effect of electromagnetic waves in agriculture is the heating phenomena,
which depend on the imaginary part of the dielectric constant of materials [Y]. This was
started in Y2¢7 in the food, chemical, and medical engineering industries. Based on this
effect, the continuous rotation of polar molecules causes the conversion of the
electromagnetic wave to heating [Y]. Other examples of such applications are wood drying [Y-
¢], microwave treatment of animal fodder [], disinfection of walnuts [], wheat and Stored
product pest control [V], thermal disinfection of soils [A], anti-freezing [%], and weed control
in farms [].

The Problem of Weed’s in Agriculture

In recent years, weed control has become a serious problem in the agricultural industry since
it causes the highest damage to products [']. For example, in Iran, three weeds, Sinapis
arvensis, Phalaris spp, and Avena fatua, cause wheat production reductions of almost 1Y kg
per hectare[) +]; equivalent to YY7 damage in wheat fields[Y']. The seed banks in the top few
centimeters of soil play an important role in weed germination every year since the seed
bank's vitality and longevity have a major role in the establishment of weeds [)Y]. Five
consecutive years is necessary to effectively control weeds by chemical methods provided
there are no herbicide-resistant cases among the seeds ['Y]. However, nine new biotypes of
herbicide-resistant weeds are reported each year [)¢]. Environmental problems, herbicide-
resistant weeds, development of invasive species, as well as demand for healthy products are
among the issues that have led to the reconsideration of non-chemical weed management

[)e]
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Besides microwaves, there are some alternative thermal methods. The worst of them is
flaming [YA]. However, Other thermal processes such as steam, hot air, hot water, and
infrared radiation heating are also gradually gaining interest [ 4-Y+]. Microwave heating is
also among the methods which have been under investigation for around a decade.

Proposed Microwave Method

Interest in the effect of high-frequency electromagnetic waves on biological materials began
in the late Y3th century ['Y], where studies showed that the main effect of electromagnetic
waves on a seed is a thermal effect. The ability of each seed to absorb microwave energy
depends on its volume and mass as well as its moisture content. In Y39Y Barker et al. [ 1]
reported that one could prevent weed germination by raising their temperature up to Ve to A®
degrees. Brodie [] lowered this range to 120 to A+0 C. The main focus of this work is on
reducing required power density and required weed temperature. The exposure time and
exposure profile on the weeds is a matter of further research and differs from weed by weed
and soil by soil. In general, the weed seeds of the top Y +-¥+ mm of soil have a higher chance
of germination each year ['VY]. Therefore, in order to save power, reduce electromagnetic
wave leakage, and also to reduce negative effects of the microwaves on the microbial biomass
of the treated soil, this work focuses on Y+ mm top layer of the soil. A research group led by
Dr. Graham Brodie at the University of Melbourne is ahead of us in this research topic
publishing many documents [Y '], including research papers and patents [YY].

After checking the concept in some experimental works and fabricating a small prototype, the
group is focused on the economical and industrial aspects of the work besides further

researches on various weeds and soils. The results demonstrates that if the temperature of
weed seeds increases up to A+ degrees, their germination will be severely reduced.
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