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ABSTRACT

This paper reports the experimental results of the dielectric behaviour of mixture of different types of fertilizers
and soil at L, Sand C frequency bands. A smple and rapid measurement method using microwave free-space
transmission technique is used for measuring the dielectric constant. The variations in dielectric constant of soil
with different concentration of various fertilizers like Boric Acid, NPK, Potash and Urea are studied extensively.
Measurement has been performed using Vector Network Analyzer (VNA) and antenna/soil sample holder. The
sample-mixtures are prepared by mixing different fertilizers in soil according to the statistics provided by the
Department of Agriculture.
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INTRODUCTION

Soil is the unconsolidated material on the immediirface of the earth that serves as a naturalumefdr the
growth of land plants and has been subjected toirfiluenced by genetic and environmental factorgpafent
material, climate (including moisture and tempemataffects), macro and micro organisms and topdoragll
acting over a period of time and producing a praodhat differs from the material from which it hasrived all the
properties and characteristics [1].

The pH of a soil refers to how acidic or alkalife tsoil is. Thirteen elements, called nutrients, @ssential for
plant growth. They are classified as macro- andreamutrients, based on the quantity required. Asythrow,

plants extract nutrients they need from the saillelds these nutrients are replenished, plantsewé@htually cease
to grow. In nature, nutrients are returned to tbé when plants die and decay. When cultivated {slaare

harvested, nutrients that the plants extracted ftbensoil are taken away. To keep the soil prodectit is

necessary to replace these nutrients artificidllyis is done by applying to the soil substances tbatain these
nutrients. Nitrogen, phosphorus, and potassiuntteenajor macro-nutrients. Iron, Boron and Zinc e main

micro-nutrients. Many commercial fertilizers supphese thirteen essential elements. It has expatatig been

proved that soil interacts with incident electrometic (EM) waves and exhibits EM properties thah dse

determined [2].

Dielectric materials behave differently in the mese of an electromagnetic field. When microwavesdirected
towards a material, energy gets reflected or tramsdhthrough the surface or absorbed by it. Thapprtions of
above energy vary with the material propertiesnigivity € and permeability p are the key parameters desgribi
the interaction of materials with electromagnetidds [3].

Permittivity is not only frequency dependent busocaldependent on density, water content, profilenenail

composition and concentration, granular size distion, porosity etc.; some of these parameterseaislly the
last few, are typical in the case of Soil. Dieleciprofiles of materials are investigated in difat parts of the
frequency spectrum. Since recent research apmitatare concentrated at microwave frequencies,wibik

focuses in this range. At microwave frequenciesious non-resonant and resonant techniques aréableaior

the measurement of dielectric constant of matenalsch include transmission line, free-space, gxobe and
cavity techniques [4].
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Water has a strong influence on the dielectric props of soil at microwave frequencies. For adtizal

purposes, the spatial and temporal variation in ¢becentration of fertilizers is considered as ingat as
moisture content. Different levels of fertilizersveg rise to a large variation in the dielectric stamt. Thus,
knowledge of the variation of the dielectric comstaf soil with fertilizers is necessary for theificient use in
soil. Systematic study of the microwave sensingaif properties in the presence of moisture antlliiesrs has
evolved as a major need of the hour. Moreover, tesiing as a tool for judicious fertilizer reconmmation has
assumed great relevance [5].

The effect of moisture content on soil has beeemesitely studied. Experimental results carriedau62 different
samples (31 samples acidic and 31 alkaline, witlying Total Soluble Salt (TSS) and organic contgpnfs20 ml

each of soil under two different cases - (i) af damples and (ii) all samples individually mixed¢hvsml, 6ml

and 8ml of water to study the effect of extra-addegisture in soil have been reported [6]. The folltg sections
discuss the experimental setup and methodology methe measurement of dielectric constant of sbd-

fertilizer mixture and results.

EXPERIMENTAL SETUP AND METHODOLOGY

Application of an electric field changes the eliecttharge distribution of a material. Dielectricrpttivity is a
measure of this change. It is commonly expressecklation to that of free space and is thereforenésl as
complex relative permittivitys,. €, given in equation (1), describes the materiablvédur in the electric field. The
real partg, is called the dielectric constant and the imagjimert,s," is called the loss factor.

g=g -jg" Q)
Dielectric constant represents the ability of aamiat to store electric energy, while the loss dacepresents the
loss of electric-field energy in the material. Ahet parameter frequently employed is the loss tatgkefined as
the ratio of the loss factor to the dielectric dang, as defined in equation (2).

ta= g/ g (2)

The objective of this work is to measureof soil samples mixed with common fertilizersngsimicrowave free-
space transmission technique. Proper extractaatssed to ensure that elements such as phosplpotassium,
sodium, magnesium, calcium, sulphur, manganesepetppzinc etc, which are the essential constituerits
common fertilizers, are chemically removed from $lod samples.
g of most of the commonly used fertilizers is i ttange 1.5 to 12, of the mixture will vary between thg' of
dry soil and that of the added material. The mesment of attenuation and phase shift of microwarasersing a
layer of the soil sample gives ande,” [7]. The experimental setup used for the presamdy is shown in Fig. 1.

Fig. 1 Setup of free-space transmission method

A pair of identical coaxial probe-fed microstriptpla antennas (MPA) fabricated on a substrate (with 4.4, tan
d = 0.02 and thickness = 1.6 mm) are used as trammeo@ive antennas. A sample-holder containing sihié
samples whose, dielectric properties are to bermhated, is placed in between the antennas. Theysisd
conducted at three frequencies, viz. 1.88 GHz, G#z and 5.44 GHz, in the L, S and C bands. Roh&eBwarz
ZVB8 Vector Network Analyzer (VNA) is used for memement. The antennas are connected to the VNA. The
VNA is calibrated in transmission mode (respongeetgalibration) with a bandwidth of 300MHz, centied the
respective resonant frequency, with the empty sarhplder between the two antennas. The sample thisl@ebox
of rectangular cross-section made of acrylic, aemalt with ans,’ = 4.2 at 2.45 GHz, having dimensions 10cm X
10cm x 0.3cm. After calibrating the VNA, each seéimple is inserted into the sample holder. Measengsnof
magnitude and phase of transmission coefficient|(##d®), give the attenuation A and phase sfiifaccording
to equations (3) and (4), where n is an integdretaletermined.

A =20log |3 dB 3)

® =®0 - Ztn rad (4)
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The dielectric constant of each sample is compugiag equation (5).
&' = [(® c/2ndf)+1] (5)
where c is the velocity of light (m/s), fis thedquency (Hz) and d is the thickness of the lay¢he soil (m).

Typical antenna geometry is shown in Fig. 2; dinmems of the antenna for the three frequencies arengin
Table 1.

Lp

Ls
Fig. 2 Probe-fed MPA

Table -1 Dimensions of MPA

Dimensions Frequency,f(GHz)
(in cm) 188 | 245]| 5.44
Lp 4.71 2.8 1.6
Patch '\ 1373 | 24 | 116
L 8.4 6 3.75
Substrate We 67 5 3.48

Two different cases are taken up for study:

a) 62 different samples of 20 ml each of soil area#sbf these, 31 samples are acidic in nature (@ldvp 7.0),
while the rest are alkaline (pH above 7.0). All themples are dry, powdered and fertilizer-extractad
samples are the 'Udayamperoor' series from Ernakusstrict which are moderately acidic in naturéd (p
between 4.7 and 6.4) and 'Anuppur'/'/Agali’ serresnf Palakkad district, which are moderately allal{pH
between 7.0 and 7.5) [8].

b) All these samples are individually mixed with 1r8iml and 5ml of four different types of commonly dse
fertilizers. The sample-mixtures are prepared byimgi different fertilizers in soil according to the statistics
provided by the Department of Agriculture, Kerala.

RESULTS AND DISCUSSION

Values ofg," are found for four different cases : (a) all 9 samples, (b) soil mixed with all 4 fertilizer&) soil
mixed with 3 levels of concentrations of all faedrs - viz; 1/21 = 4.8%, 2/22 = 9.1% and 5/25 &@énd (d) all 3
frequencies. Among these, the most relevant reghith can be projected, is the variationegfat a particular
frequency, for a distinct soil sample at the thieréilizer concentration levels, the four fertilizemixed being the
running parameter; a mixture ratio of 1/21 = 4.8%ams 1ml fertilizer in 20ml soil. All discussionsrfaining to
the experiment are based on Table 2 (a to d). Resfilthe experiments carried out are classified ihree
categories. For simplicity of explanation, only t®f the 62 cases are taken up for discussionedoay 1
discusses the variation ef with frequency of the 9 plain soil samples witlirying pH values. In category 2, the
variation ofg," with frequency of plain soil and soil mixed wittie 4 fertilizers is discussed. Category 3 discgisse
the variation of,' values of soil-fertilizer mixture at differentwoentrations of the 4 fertilizers.

Table-2ag, Values of Plain Soil Mixed with varying Concentratons of Powdered Boric Acid (PBA) at 3 Different Frguencies

Frequency
1.88 GHz 2.45 GHz 5.44 GHz

Plain Soil | Soil mixed with PBA| Plain Soil | Soil mixed with PBA| Plain Soil | Soil mixed with PBA

(20 ml) Iml 2ml 5ml (20 ml) Iml 2ml | 5ml (20 ml) iml 2ml 5ml
pH | &' g g g pH | &' &' &' &' pH | &' &' &' &'
4.7 | 3.98| 9.15 9.26 9.34 4fr 390 7.79 793 805 (43184 | 559| 5.67| 5.74
49| 3.62| 741 750 757 49 343 646 658 6|67 |4P32| 4.90| 4.97| 5.03
50| 3.79| 7.63 7.72 779 50 353 6.81 693 7|03 |5327| 5.19| 5.26| 5.32
52| 3.83] 823 833 8.4 52 3745 728 741 752 |552| 5.29| 5.36/ 5.43
58| 3.76| 8.72 8.82 8.9 58 3.68 7.48 761 7,73 |53845| 4.91| 4.98| 5.04
6.1| 3.64| 730 739 74% 61 347 664 6[/6 6|86 |6314| 4.98| 5.05 5.11
6.3| 355| 765 774 781 68 348 693 705 716 |6321| 4.85| 4.92| 4.98
7.0 3.72| 8.10 8.20 827 70 352 7.11 R4 7134 |7332| 4.64| 4.70| 4.76
74| 3.80| 826/ 83§ 8.4 74 358 7.62 7[r6 787 |733 | 533| 540 547
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Table -2b ¢, Values of Plain Soil Mixed with varying Concentratbns of Powdered NPK at 3 Different Frequencies

Frequency
1.88 GHz 2.45 GHz 5.44 GHz

Plain Soil | Soil mixed with NPK | Plain Sail | Soil mixed with NPK | Plain Soil | Soil mixed with NPK

(20 ml) iml 2ml 5ml (20 ml) iml 2ml 5ml (20 ml) iml 2ml 5mi
pH g g g g pH g g g g pH g g g g
47| 3.98| 3.94| 405 419 47 390 4.02 445 484 (43184 | 3.92| 3.95 4.30
49| 3.62| 2.80] 2.83 2.8¢ 40 343 276 37 3|42 43832 | 3.45| 3.47| 3.9
5.0| 3.79| 3.68| 3.87 3.9 50 353 318 3P4 3|58 |5327| 3.03| 3.68 3.99
52| 383| 3.69] 379 394 5R 375 345 351 3|76 |552| 3.82| 4.24] 4.79
58| 3.76| 3.89| 393 4.2¢ 58 368 354 360 3|86 |53845| 3.86| 4.21| 4.7§
6.1| 364| 269 272 28% 6/l 347 250 306 3|80 |6314| 3.40| 3.52| 3.96
6.3 | 3.55| 3.47| 3.59 3.9 63 348 327 333 3]98 |6321| 3.85| 4.01| 4.44
70| 3.72| 3.70| 3.84 4.1] 70 352 3386 342 3|77 |73032| 3.86| 4.20 4.54
74| 380| 3.90| 414 477 74 3538 364 31 411 |7:430| 3.41| 3.76] 3.98

Table-2ce, Values of Plain Soil Mixed with varying Concentratbns of Powdered Potash at 3 Different Frequencies

Frequency
1.88 GHz 2.45 GHz 5.44 GHz

Plain Soil | Soil mixed with Potashl Plain Soil | Soil mixed with Potashl Plain Soil | Soil mixed with Potash

(20 ml) iml 2ml 5ml (20 ml) Iml 2ml 5mi (20 ml) iml 2ml 5mi
pH &' g &' g pH [ [ g &' pH g [ g &'
4.7 | 3.98| 4.26 4.31] 438 47 390 4.22 4.80 4136 437184 | 4.13 4.19 4.24
49| 3.62| 3.47 3.51 3.84 49 343 3.37 3.3 358 |4332| 3.22 3.68 3.72
50| 3.79| 3.64 3.75) 4048 50 353 341 3.1 3|76 |5327| 3.50 3.89 3.94
5.2 | 3.83| 3.99 4.12) 46 5P 375 3.95 4.02 4/08 |5352| 3.92 3.97 4.02
58| 3.76| 4.18 4.48 481 58 3.68 4.04 411 417 |53845| 3.57 3.62 3.66
6.1 | 3.64| 3.88 4.08] 431 640 347 3.68 3.61 3|67 |63114| 3.55 3.73 3.78
6.3 | 3.55| 3.98 4.18] 449 683 348 3.74 3.81 386 |6321| 3.56 3.61 3.65
70| 3.72| 3.90 3.98 424 70 352 3.83 3.0 396 |73032| 3.37 3.42 3.46
7.4 | 3.80| 4.28 4.49 4671 74 358 4.2 4.19 426 |7A30| 3.92 3.97 4.02

Table-2d e Values of Plain Soil Mixed with varying Concentratons of Powdered Urea at 3 Different Frequencies

Frequency
1.88 GHz 2.45 GHz 5.44 GHz
Plain Soil | Soil mixed with Urea| Plain Soil | Soil mixed with Urea| Plain Soil | Soil mixed with Urea
(20 ml) iml 2ml 5ml (20 ml) Iml 2ml | 5ml (20 ml) iml 2ml 5mi
pH | & &' &' g | pH| & &' & & | pH| & &' & &'
47| 3.98| 428 435 4.69 47 390 398 405 4|34 |4384| 3.88| 4.06] 4.29
49| 3.62| 3.86| 397 416 4P 343 384 394 420 |4P32| 3.69| 3.74] 4.11
50| 3.79| 3.89| 397 422 50 353 3.67 386 4/16 |[5327| 3.38| 3.61] 3.84
52| 3.83| 4.17| 421 484 5P 3745 397 413 438 |552| 3.77| 3.85 4.11
58| 3.76| 3.96| 4.04 447 58 3.68 385 3099 4{27 |5845| 3.62| 3.79| 4.19
6.1 | 3.64| 3.81| 399 424 6/ 347 357 3[73 414 |6314| 3.48| 3.56| 3.94
6.3 | 355 3.77| 397 429 63 348 362 3/88 4,08 |63B21| 3.43| 352 3.84
70| 3.72| 394 409 462 70 352 398 4013 4{31 (73032 3.55| 3.72| 3.98
74| 3.80| 3.91| 4.1 4.4 74 358 3.66 371 399 |7A30| 3.51| 3.76] 3.89
I_'_'_*:'”: I — = L il
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Fig. 3 Plot ofg' of soil samples at 1.88, 2.45 and 5.44 GHz Figa & vs pH of all plain soil samples
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The variation ok, with frequency of the 9 plain soil samples withyiag pH values is plotted in Fig. 3. It is seen
that there is a variation igy with frequency for all samples. All soil samplag anixed with 1ml of all the four
fertilizers. Variation o, with frequency of the soil-fertilizer mixture atethhree frequencies is plotted as in Figs.
4(a to e). As fincreases from 1.88 GHz to 5.44 GHzof soil-boric sample decreases from 9.15 to 5&Qte
pH = 4.7 soil sample. For all the soil samplgsdecreases. This trend of decrease;inalue for increase in
frequency is shown by all the other soil-fertilizz=rnmbinations also.

Before the analysis of these results is made, imigortant to know the;, values of the constituents of the
fertilizers used. Values are given in Table 3 Bihce all the fertilizers are powdered and dry thwio trace of
moisture - the mixtures are expected to displajedigc properties that are present in the constitumaterials.
For the four different cases of soil mixed with thewdered fertilizers, it can be seen that theatam is in
accordance with the mixing rule [10]. The variatismmaximum for powdered boric acid and minimum fPK
for most of the cases. This is to be expected aglpred boric acid has the highesvalue and NPK, the lowest.

Table-3 &' values of some common fertilizers

Fertilizer g
Boric Acid Powder 11.8
Nitrogen, N 15
Phosphorus, P 4.1
Potassium, K 5.0
Urea 3.5

e = B0 L

-

= — ]
- - |
E £
= £
— " '| ” HIH | W
— P TS G
el S EFL TS
.4I- Lr is wa wl =a -_- 48 as ik ] Wt A Py
pH all
Fig. 4b &' vs pH of Soil-Boric powder mixture Fig. 4ce, vs pH of Soil-NPK mixture
m— = e LR B LS
— = 1A% — = LA My

= Sk L = B L

Dicleciric Consiani
L
Diielecirie Constnnt
*

%
|

) ig N ] il T s 4A L] a4 ] o .
pH pH
Fig. 4de, vs pH of Soil-Potash mixture Fig. 4e; vs pH of Soil-Urea mixture

Finally, the variations in values @f with percentage variation of concentration levelsfertilizer content are
plotted in Figures 5 (a to i), for each soil samgid = 1.88GHz. A notable feature is that higher feait contents
have higher;, as compared to that of lower fertilizer contentshas frequency. This is exhibited at the other
frequencies too. Fertilizers increase the poreespéthe soil. Due to more pore spagencreases and the fertility
of soil is also increased. The different typesedtifizers have different organic components. $o#lso affected
by these different organic components.
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CONCLUSIONS

The paper explores the relevance of usage of mevevirequencies for the dielectric-property exicacbf soil.

Study of the properties of dry and fertilized safl microwave frequencies is useful in agricultuseil pH and
availability and supply of nutrients are interreldt Through this paper, dielectric constant valiea variety of
soil samples, each with varying pH and TSS are oreds both at fixed and varying fertilizer-conceions at the
L, S and C-band frequencies. It has been obsehetdtlie dielectric constant of plain soil and suiked with

fertilizers decreases with increase in frequencythe microwave band. The results obtained are udefu
predicting the fertility of soil. It is also obsexs that at a given frequency of measurement, thiectric constant
of soil-fertilizer mixture increases with increasefertilizer concentration. It is further concluti¢hat the free-
space transmission technique can be conveniengly aong with a simple microstrip patch antennaasditable
sample-holder for the study of soil properties.sTsiudy on the dielectric properties of dry andilfieed soils is
thus useful not only in designing microwave sensdrsoil-moisture estimation, but also needed iedjting the
structure and chemical composition of soils. Thaadis helpful in designing sensors for microwaeenote
sensing and for the retrieval of soil-moisture emtfrom the remotely-sensed satellite data. Hereearch in
this area will enrich our knowledge of soil sciereeal will prove beneficial to the agriculturists.
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