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Abstract—Electromagnetic radiations have many agricultural
applications like imaging, remote sensing, dielectric heating, pre-
harvest and post harvest treatment. The thermal heating brought
about by the microwave can be efficiently used to disinfect food as
well as non-food materials, soil and importantly it can be used to kill
pests and bacteria’s. This paper focuses on the effects of microwave
heating of seeds and even weed Kkilling that is brought about by
heating. Microwave heating in seeds can enhance the seedling mass,
promote germination and even cause an increase in the length of
stems and roots. As the microwave heating is completely related to
the dielectric constant of a medium. The dielectric properties of the
agricultural produce, weeds, insects, pests and even the human
tissues is measured and then we need to select an appropriate
spectrum of frequency which can control and kill the weeds, insects
and pests. The idea behind pest control is that pest and insects are
mainly composed of water and the water content in their body is
higher than any other materials that are present in the cropping
environment. The heating method completely relies on the dielectric
properties of the weed plants and the surrounding. The aim is to
warm the weed plants without affecting the surrounding. This can be
done if we precisely measure the difference in dielectric properties of
materials at a specific frequency. We need to search for a particular
frequency at which the pests and the agricultural materials have the
highest difference in dielectric constant. At this particular frequency
the pests and weeds readily absorb the electromagnetic energy but
the product plants don’t. The application of electromagnetic waves in
agriculture have proved to be an environmental friendly method to
control pests, weeds and insects without compromising the texture
and taste of the agricultural produce

1. .INTRODUCTION

The frequency region from 300MHz to 300 GHz of the
electromagnetic spectrum corresponds to the microwave
region. These waves propagate through the space as time
varying electric and magnetic fields [1]. The entire microwave
spectrum is further sub-divided into many smaller bands.
Microwaves are unique as they can travel through lossy
mediums, resulting in an increase in temperature of the
medium. This uniqueness has led to the application of
microwaves in agricultural and food industries. The heat
generation in microwaves is due to the interaction between the
medium and the microwave. The dissipation of energy
depends on the frequency of the wave and the characteristics
of the medium. The microwave energy is usually dissipated in
form of heat throughout the medium.

This volumetric heat generation [2] causes rapid heating and is
a highly energy efficient method. The microwave heating has
many industrial applications like the pest control [3], metal
casting[4] , oil extraction from tar, increasing crop production,
drying and enhancing the quality of crop, and controlling
weeds n cropping system[5,6]. The microwave radiations are
being readily used in agriculture as these radiations enable
fast, continuous and non-destructive monitoring without
contaminating the material. These radiations are much safer as
compared to the ionizing radiations and are relatively
insensitive to dust, wind, water vapor and other degrading
environmental conditions. Microwaves can be used for drying
of products. It is advantageous as it causes internal vapor
pressure which brings the moisture out resulting in an
improved quality of food products. The conventional methods
for controlling weeds in a cropping system include the
chemical and mechanical processes. The use of insecticides,
herbicides, and pesticides can cause various health related
issues as well as can hamper the soil quality. These
environmental concerns have led to an increasing interest for
the non-chemical weed control mechanisms. The efficient
interaction between microwave and agriculture can result in
higher and better agricultural produce. Efforts are being made
to understand the underlying physics to employ microwaves
efficiently in agriculture.

2. THE GENERAL PRINCIPLES OF MICROWAVE
HEATING

The permittivity € and permeability p of a material determines
its interaction with the electromagnetic fields. Dielectric
constant is a parameter which is specific for a material and it
describes its ability to store electric energy. Loss factor is
again another such parameter which represents the loss of
electric energy. Permittivity can be represented in terms of
both loss factor and the dielectric constant as:

e=ex—je"
where ¢ is the dielectric constant and ¢ is the loss factor.

Now the relative permittivity can be obtained by normalizing
the material permittivity to that of the permittivity of vacuum:
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where g = 8.854 X 10" F/m.

Now the relative loss factor g, = — = —
&0 Zﬂfoé‘o

is a function of both conductivity (c) and the operating
frequency f, .Hence the dielectric properties of the agricultural
produce are found to depend on the temperature, operating
frequencies, composition, physical state and density. The
composition here in particular represents the composition of
water and salt content in a material. The heat generated due to
microwave in any material is given by the relation:

H=556X 10" X fy ¢ E?

where H represents the converted thermal energy in W/cm?,
¢ represents the relative loss factor,f, is the microwave
frequency in GHz and the electric field intensity in V/cm is
represented by E.

The interaction between microwave and the medium results in
heat generation. The generated heat is dependent on both the
moisture content and the dielectric constant of the medium.
Microwave heating is because of the simultaneous moisture
and heat diffusion in the material. A rapid moisture and heat
diffusion through biological material yields faster heating as
compared to the conventional heating system.

The geometry of microwave applicators can be employed to
provide non-uniform heating. Applicators with larger cross
section can provide faster microwave heating. This microwave
heating is used for killing weeds and controlling insects in
agriculture. It is one of the fastest methods which do not keep
any chemical residue. Microwave heating is beneficial as it
produces highest heating in the core of the stem, which then
results in permanent rupture of the plant. The conventional
heating indeed produces the least temperature at the core of
the stem and highest at the surface. The microwave
applications are dominated by the fastest diffusing waves
whereas the conventional heating techniques are characterized
by the slower waves. The effect of heating the seeds using
microwave frequencies was first studied by Davis et al. [7, 8].
The applications of transmitted microwave to the seeds are
listed below.

2.1 Promoting germination

Microwaves can be used to simulate growth and seed
germination. This dry method is being used for unfolding the
seed coating has far beneficial results as compared to the
conventional boiling water mechanism. Plants like Accacia
have a waterproof coating which impedes germination. After
being micro waved the resulting seeds can be stored for a
longer period of time and even remain more viable.

2.2 Increasing length of stems and roots

An increase in the length of stems and root in some plant
species can be obtained by employing microwave techniques.
Microwaving of seeds have shown a dramatic increase in both
the stem and root length. The agricultural University of
Bulgaria has researched that microwaving the lentil seeds at
450W for a time period of 30secs resulted in about 10 percent
longer stems and about 7 percent longer roots. When the
application time was increased to about 60 seconds, it resulted
in seeds having 9 percent longer stems and about 6.5 percent
longer roots. A further increase in the heating time for about
90 seconds showed severely negative results.

2.3 Enhancing seedling mass

Microwave treatment can be used to enhance the total mass of
the seedling. The Bulgarian University revealed that when the
seedling was exposed to 450 W of microwave treatment for
about 30 seconds and was measured at the 14™ day, the total
mass was found to be 16 percent higher than the usual mass.
An exposure time of 60 seconds boosted the seedling mass by
36 percent. Considering the later stages of growth, it was
found that treating the seed for about 30 seconds with 450
Watt of microwave energy gives the best result.

3. DIELECTRIC PROPERTIES OF PLANTS

The dielectric constant of material increases with an increase
in moisture content. The materials with higher dielectric
constant interact more readily with microwave radiations and
therefore are more susceptible to microwave damage. The loss
of moisture is linearly associated with microwave heating.
Thermal runaway is a phenomenon in which there is a sudden
rise in temperature in a very short period of time. As the plants
are heated up, the moisture content gets lower and eventually
the dielectric constant becomes less. A lower dielectric
constant allows an increased transmission across the surface of
the material, as a result of which more and more energy is
transferred to the material leading to the phenomena of
thermal runaway. This thermal runaway can cause undesirable
destruction during microwave heating [9], but it can have
beneficial applications when it is used efficiently. Thermal
runaway can induce internal stem pressure which will lead to
stem rupture in several weed plants like paddy melon and
fleabean. If the dielectric properties of the weed plants and the
crop plants are significantly distinguishable, measures can be
taken to bring about thermal runaway for weed plants during
microwave heating. Thermal runaway can kill weed plants in a
cropping environment when these specific heating conditions
are maintained appropriately.

4. MICROWAVE DRYING

The drying mechanism in process industries consumes an
intensive amount of energy. The conventional hot-air drying
methods demands a prolonged drying time, because of which
the final product is degraded in quality. Volumetric heating at
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about 2.45 GHz facilitates microwave drying. The microwave
drying process should not be used individually and is used to
assist other drying processes.

A combination of hot-air drying with microwave heating is
widely accepted [10]. Microwave exposure can result in
highly porous and dried products if it employed individually
during the initial stages of drying. Therefore these are used
during the final stages of drying to reduce shrinkage [11] and
shorten the total drying time. Microwave drying brings about
25-90 percent [12, 13] reduction in drying time and the drying
rate is increases by a factor of four [14, 15] as compared to the
conventional drying techniques. The products dried using
microwaves are found to have higher porosity [16], better
rehydration[17, 18], better aroma retention[19] and better
color retention [20]. This process is being adopted in a slower
pace by the industries due to the complexities in designing of
microwave drying chambers.[21].

5. MICROWAVE TREATMENT OF WEEDS,
INSECTS AND PESTS

Microwave heating of seeds is already discussed in the
previous section. This section emphasizes the use of
microwave heating for pests and weed killing purposes. The
agricultural industries invest a heavy amount in weed
management strategies. The conventional chemical fumigation
methods have various disadvantages. Besides their simplicity,
the continuous use of chemical fumigants like Methyl
Bromide can reduce the thickness of Ozone layer.

The interactive relation among several branches of science and
technology has  brought about improvements in
interdisciplinary  fields like agriculture. The wuse of
electromagnetic radiations does not keep any residues and
hence is considered to be one of the fastest developing
environmental friendly methods for weed and pest control.
The microwave radiations have larger application periods as
these are not affected by winds. It even facilitates selective
heating through which only the desired plants can be targeted
without hampering the adjacent ones. This principle is
extensively used in activities relating to spot-weed control.

The cost constraint both in form of the equipment cost as well
as the energy requirement cost, limits the use of microwave
heating. The presence of lossy unwanted targets in open
environment leads to energy losses. The microwave
applications can be made cost effective by improving the
polarization field of microwave such that it functions only for
some particular targets. When the non-polarized microwave
radiations are induced in the weeds, they may not induce
current in sensitive parts of the weed plant in order to Kill
them. Hence polarization of microwave radiation is important
to carry out the desired operation. The standing wave patterns
will have deep minima’s if we use a single microwave source
to feed a single antenna or a small number of antennas. The

weed located in the field minima’s will survive these
radiations as the heating effect in these minima is too low for
rupturing the weed plants.

A moving microwave source can solve the problem of deep
minima’s and the standing waves generated due to this moving
source will remain unaffected in the perpendicular direction. A
moving microwave source indeed should produce efficient
spatial incoherent fields in at least one direction. Many
microwave sources like magnetrons can be operated
independently and in an unsynchronized manner to develop
spatially incoherent fields. The magnetrons feed energy to the
horn antennas as the horns have large radiating apertures. The
horns are usually wide open in the H plane and are stacked in
the E plane. The larger phase error in the H plane is used to
diminish the coupling between the adjacent apertures.

The following Fig. corresponds to a prototype of a stacked
horn antenna which can be employed for weed killing. Here
the standard magnetron is operating at 2.45 GHz and the
waveguide dimensions are chosen to be 80X 85 cm. The
length of the wider section was taken to be 52 cm for
achieving minimum crosstalk.

Fig. 1: Design of Horn antenna Array

This design can be implemented to develop a stacked horn
antenna which uses microwave frequencies to kill weeds.

Species of weeds like Marsh mellow seedlings( Malva
Parviflora), paddy melon and fleabean (conyza bonariensis)
were observed under microwave treatment by Brodie et al.[10]
and their probability of survival under microwave radiation
was found to follow a simple logistic response function given

as:
1.0
Ssurvival = 1+ W/a)n

Where a and n are the response parameters and
¥ is the applied microwave energy in Jem™.

Seurvival TEPresents the probability of survival of species.
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Considering the experimentally calculated response
parameters of the following species as mentioned in the table
below, simulations were carried out using the MATLAB.

Species Response Parameters

a(Jem-2) n

Fleabean 201.5 10
Marsh mellow 162 20
Paddy Melon 145 20

The simulation results for computing the probability of
survival using MATLAB are shown :

probablity of survival

L L L
0 50 100 150 200
energy density

Fig. 2: Simulation results for Probability of Survival of Paddy
Melon, Fleabane and Marsh mellow.

250 300 350 400

The red, green and blue curves represent Paddy Melon,
Fleabane and Marsh mellow respectively. It can be seen that
Fleabean is more susceptible to microwave damage as
compared to the Marsh mellow weed species. Paddy melon
indeed has the highest susceptibility among the three observed
species. The simulated result makes it clear that an energy of
about 350 Jem? is sufficient to kill all the three observed
species. Hence the antenna is to be fed with such energy that it
delivers a minimum energy of 350Jcm™ to destroy the weeds.
As the weeds and pests have a higher concentration of water
and moisture as compared to that of the crop, they cannot
survive these high radiations. The crop and other agricultural
produce with lesser moisture content as compared to pests and
weeds can easily withstand such radiations.

6. CONCLUSION

There are many potential applications of microwave and RF
frequencies in agriculture. The advancement in techniques for
precise measurement of dielectric properties of various
materials in a cropping environment can be exploited to
facilitate microwave drying, microwave heating of seeds, pest
and weed control, and even for many more applications which
have not yet been developed and discussed.
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