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ABSTRACT

This paper describes the measurement of on field soil properties for jawar crop. The measured properties are soil
water content, resistivity, conductivity, P" and total dissolved solids. Few more properties like texture, gravimetric
water content, volumetric water content, soil melting capacity, bulk density, porosity, water holding capacity and
chemical compositions were determined in laboratory, after air drying the soil samples collected from the same
locations. This study has been carried out at the test location as it comes under low rain area. So this location was
used to study the effect of water content on physical - chemical properties of the soil and its effect on the jawar yield.
The profile probe PR2 and an indigenously devel oped resistance meter was used to measure the soil water content
and the resistivity respectively. The experimental observations shows that the on- field soil water content for the
jawar crop should bein the range of 19 to 35 percent cmcm®. From the resistivity measurements it is observed that
as depth of the probe from the field surface increases the soil resistivity decreases.

Keywords: Profile probe; Resistance meter: Soil physichEmical properties; Low rainy season area; Jawgy cr
field.

INTRODUCTION

There are lots of development in the agricultutadhsas equipments, knowledge, and number of thimaisaffect
crop productivity. Farmers involved in precisionriaglture can now get more detailed information wbtheir
farming options than ever before. In addition telgiboundary and filed attribute maps, new eledtsanechanical
and chemical sensors have been developed to stildynsl plant properties.

The real part of complex dielectric constant israportant parameter through which the soil watertent can be
determined. The knowledge of the behavior of sditew is useful since it affects intensively manygbal and
chemical reactions of the soil as well as plantwgho This physical property plays an important rolemany
agronomic, ecological and hydrological investigaido understand the soils chemical, mechanicaldhggical
and biological relationships. The theoretical bdsissoil moisture measurement is based on theelaantrast
between the dielectric constant of water (80) dwad of dry soil (3 to 5) [1-3]. The dependence iefattric constant
on moisture can be measured with time domain refleetry (TDR), frequency domain reflectometry (FD&R)
number of sensors available in the market [4-7].

The soil water content is the most important phaisisroperty of the soil which is used to charaaerthe
availability of water for plants. Large range gfpaoaches is available to measure this. The aithede methods is
either to provide fast measurement value or toipevalue for continuous measurements over largege All
approaches need calibrations for individual séibsolute values are actually needed and theyage a restricted
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linearity at high or low moisture ranges. Most aitgive methods describe the physical properties ofery
restricted solid volume, which then becomes theesmtative for a large bulk volume. Several regief soil
water content measurement have been publishe ipast, notably those by [8]. More recently, anotbgiew has
been published by [9, 10] has provided very ussfuhmaries of theory and practice of many of tlehnegues
available, and the contribution of the Gardenerbieen revised and updated [11,12].

In the present study the author has reported prgbgsical - chemical properties of soils for jawdhe
measurements were carried out on two different jdietds of around one hectare area. Plots have besde on
these fields of the size of 5m X 3m.The field logatwas at Ramling Mudgad, Taluka - Nilanga, DitrLatur of
Maharashtra- India. The field location is non-iatgd farming land and depends only on rain watdéchvbhomes
under low rain area. The jawar yield obtained fritta measured fields with minimum water content wathe
range of 10,000/ - to 11,000/ - Kg/ ha in 2012 wtieare was drought in that area. Therefore, tiig fiocation was
selected to study the status of water contengfiext on physical - chemical properties of thdssand on the jawar
yield. The filed jawar crop is shown in Fig. 1.

EXPERIMENTAL SECTION

2.1 Fiedlocation

The field experiment was conducted on an agroncamy f(18 24' N, 76’ 36 E and 631 m altitude) at Ramling
Mudgad, District- Latur of Maharashtra- India. T¢wor of the soils was faint black and dark blddkder average
climate conditions, the area is an arid and reseB@0 mm to 350 mm average precipitation that ccaurthe
month of July through October. March through Mayhis driest period for crop growth. Little precgiibn occurs
during the winter months of October and Novembére Thean annual temperature is around@8The mean
annual sunshine period is around 8520 h.

2.2 Soil sampling

Soil samples were collected from 10 to 15 cm dégogbr at different points on the experimental sksound 10 to
12 soil samples were taken from each site and aftaoving the surface organic materials and firsr@ll the
samples mixed thoroughly to make one composite Eafipe soil samples were then brought to laboyatorigid

containers to avoid atmospheric changes and brgakia soil aggregates. After air drying for a wetie soil
sample was divided into two groups for analysigoRo the analysis, each soil sample was passedgh a 5 mm
sieve. The collected soil samples mixed thorougblynake one composite mixture and crushed well reefioe
analysis. The texture analysis of both the soilamwas completed with the help of mechanicalesievhich is
noted in Table 1.

The physical properties of soil play an importasierto improve the life and quality of soil, sintey are related
with the water holding capacity, water conductifility, aeration, water retention, productive capacstructure
and plant nutriments. The physical properties efghil samples collected from the test locationseeveempleted in
laboratory which is noted in Table 2.

2.3 Soil Characterization

Soil P' was measured in distilled water at soil: wateioraf 1:5 using a  meter after shaking the suspension for
30 min and equilibration for 30 min. The same saspm was used to determine the electrical condtict{EC)
after allowing them to settle for half an hour gsian EC meter. Particle size distribution (soiltte®) was
determined using mechanical sieves. The availabike osganic matter (SOM), Nitrate (N), PhosphateOgr
Ammoniacal Nitrate (N), and Potassium (K) were dateed in laboratory and are illustrated in Tahle 3

2.4 Soil water content

A profile probe (PR2) soil moisture measurementesyswas used to measure the soil water conteistbiased on
the principle of frequency domain reflectometry @Dtechnique. Using this probe the soil water contan be
measured on agronomic farm up to one meter dept®@@snm, 200 mm, 300 mm, 400 mm, 600 mm and 1000 mm
It works by inserting the probe into the soil. Whswwer is applied to the probe, it creates a 100zNHdquency
signal that is applied to the stainless steel rimgsch transmit an electromagnetic field extendafgput 1000 mm
into the soil. The field passes easily through dheess tube wall, but less easily through the @isgThe water
content in the soil surrounding the rings dominatepermittivity. The permittivity of soil has sing influence on
the applied field, resulting in stable voltage autihat acts as a simple sensitive measure of\stér content.
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The water content was measured on the experimsiteégh the month of September, when soya beanwesptwo
months old. Prior to the measurements plots haee beade on the test locations. The water contestmeasured

at the crop root (i.e. at 15 cm depth) with equeerivals. The measured soil water content at theeréxental
location one and two is given in Table 4 and 5 eetipely. The accuracy of measurement is in between + 0.06
cm’cm® with generalized soil. Figure 2 and 3 shows thetpgraph while measuring soil water content attioca
one and two respectively.

2.5 Soil Resigtivity

Knowledge of soil resistivity is the key factor decide structural stability. It varies widely frdield to field and
changes seasonally. It depends on water conteetmichl composition, soil type (sand, clay and sidpd

temperature. It has a direct impact on the degfeeorosion in underground pipelines. The decreassoil

resistivity relates to an increase in rusting ceion activity of the soil therefore the protectitreatment is
necessary. Soil resistivity data is also usefuhiake sub-surface geophysical survey. It affectsdisign of a
grounding system. When it is possible to choosddbation of the earth connection, resistivity meaasnent helps
to qualify the soil [13-17].

To study the corrosion activity of the soil at #rgerimental site the resistivity was measuretiatdepth of 10 cm.
The resistance meter works by inserting the twdgsdnto the soil. The probes are made from coppky and are
purchased from the local market. It is taperednat end and wired at another end. The probes ayeseesitive for

water content changes. The probes establishedeatriehl contact with the earth. The meter injecsstant current
through the ground via. the two probes. The curfewing through the earth develops a potentiafedénce.

Measuring V and I, the resistance per cm was called! The resistivity was determined using thefelhg formula

given by Wenner [18].

p = 2N AR )

Where p, A and R are the soil resistivity in Ohm- cm, lzontal spacing between the probes and the resistanc
measured form the meter respectivalge measured soil resistivity at the test locatina and two is given in Table
6 and 7 respectively.

2.6 Soil conductivity

Soil conductivity is one of the simplest, least exgive soil measurements available to the farmedsyt
Conductivity refers to the electrical conductiviggC) of a solution, or it is a measure of the electurrent
generated by charged ions in the solution. Thetridat conductivity varies not only to the concextion of salts
present, but also to the chemical composition ef nlatrient solution and soil moisture. It does difterentiate
among the various elements, it measures total esliRlants tend to take nutrients up in an ionimfeso soll
conductivity of a soil solution give an idea of thatrient content in a soil. Measurement of eleafrconductivity is
nothing but monitoring the changes in the nutriaitition over time [19, 20]. That will give an idefiwhat type of
adjustments should be made to keep the solutidmiance for the crop to grow and give maximum yidlde
conductivity at the test locations one and two waesasured with the help of hand held conductivityenat the
crop root which is noted in Table 4 and 5 respetyii-rom the knowledge of conductivity the totalsblved solids
(TDS) was determined which is illustrated in thmearable 4 and 5.

2.7 Soil P"

The P' of a soil is the hydrogen ion activity. It is vemportant because soil solution carries it nutsesuch as
Potassium (K), Phosphorus (P) and Nitrogen (N) pfeits need in specific amounts to grow and fafhtliseases.
Therefore soil P measurement is very essential for healthy cropfefdilizer, fungicide and water can't save a yard
which is out of soil P balance. Without starting with the proper sdl| Bl effort and energies will be waste. Only
when the Soil Pis right then the other variables become significiVhen soil pH is in balance, plants and other
forms of life have a chance to prosper and livdthgaappy lives. When soilPis not proper, growth will slow.
Plants will not be able to utilize nitrogen andetfiood properly. The soil'Pat the test location one and two was
measured with the help of hand held pH meter attbp root which is noted in Table 4 and 5 respetti
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RESULTSAND DISCUSSION

The soil texture, physical and chemical propentieghe soil samples collected from the test locatoe and two is
illustrated in Table 1, 2 and 3 respectively. Theasured on-field parameters like volumetric watentent,
conductivity, P'and TDS at test location 1 and 2 is noted in Tdbdmd 5 respectively. The soil resistivity for both
the depths at thiecation 1 and 2 is noted in Table 6 and 7 respelsti

Table 1. Soil texture

Sr. No. Soil texture Jawar test location | 1 Jaestlocation 2|
1 Coarse Sand (Percentage) 27.30 04.63
2 Fine sand (Percentage) 9.26 07.18
3 Silt (Percentagt 24.4¢ 36.0¢
4 Clay (Percentag 38.9¢ 52.1%

Table 2. Soil physical properties

Sr. No. Physical properties Jawar test location Jawai test location 2

1 Gravimetric water contenfig) 0.47 9.¢ 0.429.¢

2 Volumetric water conterfy) 0.59 cmi.cm® 0.55 cmi.cni®

3 Volumetric water contenéy) by SM-150 probe 0.586 % Vol. 0.356 % Vol.

4 Soil wilting capacity 0.340 % 0.455 %

5 Water holding capaci 56.5 % 62.5%

6 Bulk density 1.27 g/cm 1.31 g/cm

7 Soil porosity 0.52 0.52

8 Air-filled porosity 0.07 0.05

9 Water at wilting point 29.3% 26.0%

10 Available wate 17.7% 16.0%

Table 3. Soil chemical properties
Sr. No Chemical Compositic Jawa test location Remarl Jawar test locatic 2 Remarl

1 Available Organic carbon (% by wt) Below 0.5% Low Below 0.5 % Low
2 Available Nitrate (Kg/hectare as N) 4.08 low 20.4 High
3 Available phosphate (Kg/hectare a®#§ 0 Low 0 Low
4 Available potassium (Kg/hectare as K) 45.36 Medi 45.36 Medium
5 Ammoniacal Nitrogen(Kg/hectare as 5.8¢ Low 5.8¢ Low
6 Conductivity 140 %5 fem Non-saline 100p %5 /em Non-saline
7 Total dissolved solids (TDS) 77-105 ppm less -85 ppm Medium
8 pH 7.9 Slightly basic 7.5 Slightly basic

The soil water content was measured at the dep8 aim from the field surface. The probe sensor atakb cm
depth i.e. at the crop root. The measured soil metatent was different at different locations and@vas in the
range of 19.71 % to 30.52 % (Zom™ for location one and 24.51 % to 34.79 % {cm® for locationtwo. The
variation in water content is more for filed twaaththat of field one. This may be due to the vemetn textural
composition at the two test locations.

The soll resistivity was measured on the sameldestions with a resistance meter. The resistwiag different at
different locations and it was found in the ranid 88 to 157 K- Ohm-cm at 10 cm depth and 135 t& K4Ohm-

cm at 20 cm depth for location one. For field tivavaas found in the range of 138 to 155 K- Ohm-criGatm depth
and 136 to 153 K- Ohm-cm at 20 cm depth for locatiwo. The variation in resistivity is due to, tbessimilar

proportion of water content, physical and chemamahposition at the test locations. The soil registis higher at
10 cm depth than that of 20 cm at the two testtiona because water may be percolated in the sdiless water
may be available at the top of the field than tifahe 20 cm depth.

The P'of the soils was found in the range of 7.1 - 75tést location one and 7.1 - 7.5 for location tiibe ionic
conductivity was found in the range of 412 - 4¢75 /cm for test location one and 380 - 4¢%5 /cm for location
two. From the knowledge of conductivity the totesblved solids (TDS) was determined and it wahérange of
229 to 332 ppm for field one and 209 to 367 ppnfifEd two.
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Table4. Field measurementsfor hybrid jawar crop at test location one

Volumetric water content measurement ConductiifS and P measurements
Sr. | Testlocation| Depth of the profile Perce_ntage On field lonic Total dissolved| On field
No. Probe in om volumetric wa?er Conductivity solids (ppm) P
content (cricm® | (EC) (u %5 /ecm)
A
0 30 23.40 439 241 - 329 7.2
1 30 24.76 430 236 - 322 7.3
2 30 20.53 436 239 - 327 74
3 30 19.71 429 235-321 7.2
4 30 21.45 420 231-315 7.3
5 30 22.34 428 235-321 7.2
B
0 30 21.56 421 231- 315 7.1
1 30 23.74 412 226 -309 74
2 30 21.89 416 288 -312 7.3
3 30 22.14 423 232 -317 7.2
C
0 30 21.93 443 243 - 332 7.1
1 30 26.52 447 245- 332 74
2 30 25.69 441 242-330 7.2
3 30 29.16 428 235- 321 7.3
4 30 27.85 438 240 - 328 74
5 30 25.19 423 232 - 317 7.5
D
0 30 28.6¢ 41€ 229- 313 7.2
1 30 29.47 430 236- 322 7.3
2 30 28.27 428 235- 321 7.2
30 30.52 416 288 - 312 74
Table 5. Field measurementsfor hybrid jawar crop at test location two
Volumetric water content measurement ConductiifS and P measurements
) Percentage 1
Sr. | Test location Depth of the profile volumetric V\?ater On field lonic Total dissolved| On field
probe Conductivity .
No. in om content (EC)u 5 fem) solids (ppm) P!
(cnfem®
A
0 30 31.11 446 245- 334 7.1
1 30 29.1¢ 39C 214- 292 7.1
2 3C 25.0% 42¢ 232- 317 7.2
3 30 24,51 447 245 - 335 7.5
4 30 26.52 439 241 - 329 7.4
5 30 27.12 489 268 - 366 7.5
B
0 30 26.3¢ 40E 222- 308 7.2
1 30 28.3¢ 431 237-32¢ 74
2 30 26.61 419 230 -314 7.5
3 30 27.36 467 256- 350 7.5
C
0 30 26.38 428 235-321 7.4
1 30 31.72 48€ 267- 364 7.t
2 30 29.2¢ 457 251- 342 7.2
3 30 32.45 435 239 - 326 7.1
4 30 31.85 477 262 - 357 7.3
5 30 30.23 490 269 - 367 7.4
D
0 30 33.2¢ 452 248-33¢ 7.2
1 30 34.7¢ 461 253- 34E 74
2 30 33.46 380 209 - 285 7.5
30 32.48 432 237-324 7.5
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Table 6. Field resistivity measurementsfor hybrid jawar crop at test location one

Resistivity measurement
Horizontal Spacing Vertical Depth Soil resistivity Horizontal Spacing Vertical Depth of Soil resistivity
Sr.No. betvviflecnn:tzi)probm of the probes in cm (B) (p) (K Ohm -cm) betwi(re]ecnn:tzi)probm the probes in cm (B ® 0551)1 om)

1 0-50 10 151 0-50 20 141
2 50-100 10 151 50-100 20 141
3 100-150 10 148 100-150 20 143
4 150-200 10 148 150-200 20 143
5 200-250 10 145 200-250 20 141
6 250-300 10 149 250-300 20 141
7 300-350 10 149 300-350 20 143
8 350-400 10 149 350-400 20 143
9 400-450 10 139 400-450 20 143
10 450-500 10 157 450-500 20 145
1 0-50 10 151 0-50 20 141
2 50-100 10 145 50-100 20 142
3 100-150 10 145 100-150 20 142
4 150-200 10 147 150-200 20 143
5 200-250 10 147 200-250 20 143
6 250-300 10 143 250-300 20 141
1 0-50 10 144 0-50 20 135
2 50-100 10 144 50-100 20 135
3 100-150 10 132 100-150 20 136
4 15C-20C 10 132 15C-20C 20 13€

5 200-250 10 138 200-250 20 135
6 250-300 10 142 250-300 20 135
7 300-350 10 142 300-350 20 136
8 350-400 10 142 350-400 20 138
9 400-450 10 142 400-450 20 139
10 45(-50C 10 14z 45C-50C 20 13€

1 0-50 10 144 0-50 20 135
2 50-100 10 138 50-100 20 135
3 100-150 10 139 100-150 20 135
4 150-200 10 140 150-200 20 136
5 20C-25C 10 14z 20C-25(C 20 13¢

6 25C-30C 10 14z 25C-30C 20 137

The soil texture was determined in laboratory afierdrying the soil samples for a week. Amongs to test
locations, the location two has lower percentageoairse sand and higher percentage of clay tharothacation
one.

From physical properties it is observed that tledédfiwo has higher water holding capacity than tifafield one
since it has higher percent of clay.

The soil chemical analysis shows that the orgaaiban, available phosphate,(®), and available Nitrogen (N) are
low at both the test locations. The nitrate (N)ldsv at location one and high at location two. Thaikable
potassium (K) is medium at both the test locatidee P' is slightly basic and conductivity is non saliridath the
locations.
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Table7. Field resistivity measur ementsfor hybrid jawar crop at field two

Resistivity measureme

. . . . Soil
Sr.No. E:gﬁgg;atlr‘zp;ggg s Vertical D_epth of | Soil resistivity p) Egtcvzggrtatlhip;ggg s Vertical D_epth of resistivity
in cm (A) the probes in cm (B (K Ohm -cm) in cm (A) the probes in cm (B (p)
(KOhmcm)
1 0-50 10 145 0-50 20 142
2 50-100 10 145 50-100 20 142
3 100-150 10 146 100-150 20 141
4 150-200 10 147 150-200 20 141
5 20C-25C 10 14= 20C-25C 20 141
6 250-300 10 145 250-300 20 142
7 300-350 10 145 300-350 20 141
8 350-400 10 141 350-400 20 139
9 400-450 10 147 400-450 20 143
10 450-500 10 151 450-500 20 141
1 0-50 10 138 0-50 20 136
2 50-100 10 139 50-100 20 137
3 100-150 10 146 100-150 20 141
4 150-200 10 146 150-200 20 141
5 200-250 10 147 200-250 20 144
6 250-300 10 149 250-300 20 145
1 0-50 10 146 0-50 20 143
2 50-100 10 147 50-100 20 145
3 100-150 10 146 100-150 20 144
4 150-200 10 147 150-200 20 144
5 200-250 10 151 200-250 20 144
6 250-300 10 147 250-300 20 141
7 300-350 10 148 300-350 20 142
8 350-400 10 149 350-400 20 146
9 400-450 10 148 400-450 20 143
10 450-500 10 151 450-500 20 145
1 0-50 10 145 0-50 20 143
2 50-100 10 145 50-100 20 142
3 10C-15C 10 15& 10C-15C 20 151
4 150-200 10 155 150-200 20 151
5 200-250 10 148 200-250 20 143
6 250-300 10 150 250-300 20 145
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Fig.l. On field Jawar crop at test location

Fig 2. Cn field soil water content measursment with the help of profile probe at test
location one.
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Fig 3 On field soil water content measurement with the hdp of profile probe at test
location twa.

CONCLUSION

The experimental measurements presented in thisrpegds to the following major conclusions for gaverop to
grow and give maximum yield:

i)  The soil water content should be in the range d¥il® 35 % (cricm >

i)  The soil resistivity should be in the range of 18355 K- Ohm-cm.

iii) The soil Pshould be around neutral to slightly basic.

iV) The conductivity should be non saline and in thggeaof 100 — 15Q.25 /cm.

V) The jawar crop will grow in clay as well as in sgdam soils.

Vi) The jawar crop will grow in the soils having lesganic carbon.

Vii) The said crop will grow in the soils having lessgrtion of phosphate and nitrogen.

Viii) The potassium (K) required for the said crop shdldn the range of medium to high.
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