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INTRODUCTION

Irrigation an age old device of watering the soil is defined as the

application of water by human agency to assist the growth of crops, grasses and

trees. Human efforts to fight against variations in the supp~y of water to

agriculture, takes the form of irrigation in the first attempt, the main function of
,

which is to nullify the adverse impact of irregular uneven and inadequate rainfall

along with its wide fluctuations from year to year. The introduction of irrigation

in any area increases the agricultural production by 5 to 10 times. The modern

Agricultural technology is based on sufficient moisture conditions. Thus

development of irrigation facilities is a vital factor in promoting agricultural

productivity in most parts of the country. It is in this context that Electro-Osmosis

irrigation has come into existence which could be a potential method of irrigation

in the near future.

The term Electro-Osmosis is used to describe the electrokinetic

phenomenon of liquid(water) moving through a system of porous medium

rel2\t!veto a fixed solid (ie the colloidal soil particles) which are prevented from

moving under the influence of a primary externally applied electrical field. The

derivation of this term is based on an analogy with osmotic phenomena which

take place through organic and inorganic membranes, diaphragms or porous

plugs. Therefore such movements of liquids through a porous plug under the

influence of an electric potential is called "Electro osmosis" or electric - osmosis.

The porous system such as soil may be thought of as bundles of complicated,

interconnecting passages of diverse ways. In short it can be understood that in

electric- osmosis the mechanism for the translocation of soil moisture is possible

due to the existence of the electric diffuse double layer in a l1)oistsoil system. On

cipplicationof an electric potential at the ends of the soil system results in the

displacement of the charged mobile moisture films to the relatively immobile

ones. Because the mobile part of the moisture film is free to move where as the



soil particles are not, a flow of moisture takes place. The direction of moisture

flow depends upon whether water is charged with positive or negative ions.

Electro-osmosis is utilised for the dewatering of silty and clayey soils

difficult to drain by gravity. These soils cannot be drained easily by gravity

because of the relatively large surface tension forces of water in such soils which

tend to retain water in their voids. Dewatering of soil is pursued to facilitate

laying of foundations in a dry pit or excavation, for the stabilisation of soil in

natural or artificial slopes as well as for other purposes.

Dewatering is a technique of soil improvement whereby the amount

and/or pressure of pore water is reduced. The up-ward flowing water can cause

a quick condition; an increase in pore water pressure for a given total stress

which will cause a reduction in the effective stress and thus soil strength. In soil

engineering it is frequently highly desirable and sometimes essential to remove

pore water from the soil or atleast to rE!duce the pressure of the pore water.

So;lletimes dewatering is done as a temporary measure to permit construction

and sometimes as a permanent measure to protect a structure.

There are many techniques of dewatering, including

(a). Vertical drains (as used in embankments).

(b). Horizontal drains ( as used to dewater natural slopes)

(c). Ditches(along a highway) and

(d) Well points (for an excavation).

Dewatering can be assisted by the application of direct electric

current,(Electro osmosis). Vertical sand drains are frequently used in

conjunctions with pre loading to accelerate the consolidation of fine grained soils.

,sCJ:lssuch as silts and silty-clays are virtually impossible to drain with normal

pu~lIping methods, because the capillary forces acting on the pore water

preventing free flow under gravity. Osmosis technique may therefore be

considered as a possible alternative.



Yet another application of electro-osmosis is the stabilisation of soils.

Stabilisation, in a broad sense incorporates the various methods employed for

modifyingthe properties of soil to improve its engineering performance.

If two electrodes are driven into an ideal saturated porous system and a

direct electric current is passed between them, water contained in the soil will

migrate through the soil from the positive electrode (anode) to the negative

e!ectrode( cathode}. An electric current causes water to flow through soil in the

followingmanners. Since the surface of the soil particle carries a net negative

charge positive ions in solution are attracted to the soil particles and concentrate

near their faces. Water molecules are attracted to the soil particles and

concentrated near the faces. Water molecules are attracted to the cations. Upon

the application of a DC voltage between two electrodes the positive ions

adjacent to the soil particles and the water molecules attached to the ions are

repelledby the anode. The free water in the interface of the void space is carried

along to the cathode by viscous flow. The resistance to motion of the water

moleculesis assumed to {onow Newton's \aw o{ Viscous F\ow , the di\"ection of

flowdepends upon the whether the liquid carries positive or negative charges

and upon the position of the poles of the source of the direct current.)

The velocity of the soil moisture flow depends upon the magnitude of the

appliedelectric potential difference and the viscosity of the liquid medium. The

amountof moisture transferred is proportional to the specific surface area of the

soilpartid~s in a given volume or weight. The finer the soil particles, the more

specificsurface there is in a unit volume or in unit weight.

When a direct current is conducted through soil media, water modules

movein the direction of the voltage gradient. By application of direct current the

dipole water molecules are being attracted by cations and move towards the
(

cathode. In the cathode, the water molecules are released and collected there by



raising water content in the soil at that zone. This phenomenon is known as

electro-osmosis.

The main objectives of the study are

1.

2.

3.

To study the feasibility of electro osmosis irrigation.

To analyse the effects of soil texture on the phenomena.

To study the effect of electric voltage variation on electro-osmosis.



REVIEW OF LITERATURE

A number of studies have been conducted in the field of Agriculture and

Engineering to evaluate the application of Electro-Osmosis in each field of study.
I

This chapter contains a brief review of various studies conducted in the past

utilisingthe principle of Electro-osmosis.

2.1. Desalination

Desalination is the process of removal of the excess salts for purification

of the available inferior water. Usually sea water or Brackish water undergoes the

desalination process. There are different method of desalination of water namely

(1) process involving phase change (Ene,gy intensive) (2) Membrane process

using the principle of reverse osmosis (3) process using ion-selective properties.

Osmosis is the transfer of water from a dilute to a concentrated salt

solution under natural osmotic pressure. By applying a pressure (10-100bar)

which is greater than osmotic pressure (up to 25 bars) on the sea water or

brackishwater, fresh water is forced through a membrane. Thus reverse osmosis

purifiesor desalinate water.

The principle of electro dialysis uses DC electric potential as a driving

force and ion exchange (Cation and anion) membrane to remove positive and

negative ions of salt from saline water. Desalination of unconsumable saline or

sea water is required in water-scarcity, regions to produce potable water

electronic or boiler-feed water etc. Both reverse osmosis and Electro dialysis

membrane process are energy efficient.

Petrov and Neapin (1975) conducted a study on the investigation of hard

water in capillary-porous bodies by electro osmosis. An attempt was made to

obtain experimental data on the behaviour of hydrat 2 layers on the basis of



electro-kinetic phenomena that must be sensitive to a change in' the structu re or

dimensions of hydrate shells. A study was made on the temperature dependence

of the speed of electro-osmosis using powder diaphragms made of quartz particle

of thtee size classes and aqueous KCL solutions as electrolyte. A gradual increase

in the speed of electro-osmosis with an increase in temperature from 24 to 60°c

was observed for all three quartz fractions. This temperatures effect suggests that

similarphenomena take place in other process determined by the action of ionic

double layer, such as the swelling and shrinking of colloidal systems.

Klamp (1976) conducted a study on irrigation water from the dikes by

reverse osmosis. The study reveals that the process of obtaining de-salinated,
water for horticultural irrigation is being automated, and prospects regarding

effectivenessand cost are good on the basis of trials described here.

Kok (1976) conducted on water supply by reverse osmosis. Osmosis is the

transfer of water from a dilute to a concentrated salt solution under natural

osmoticpressure-By applying pressures which are greater than osmotic pressures

on the sea or brackish water, fresh water is forced through a membrane. Thus

reverse osmosis purifies or desalinates water. In this study, an apparatus was

designed based on the principle of reverse-osmosis which purifies spring water

foruse as a water supply for green-houses. It supplies 48m3 of purified water

daily.

Zareian (1989) conducted a study on the application of electro-osmosis to

reclaim saline soils. It describes a case study where the application of electro-

osmosisresulted in a decrease in the salt content of saline soils. Soil samples with

different salt contents with four replications were selected for the experiment.

The observation included measurements of types of salts present in the soil

samples, electrical conductivity, quality of water expelled and current density as a

function of time. The results support the use of electro-osmosis in saline soil

reclaniation.



2.2. Electro-osmosis in frozen soil v

Various studies were conducted to study the effect of electro-osmosis in

frozen soil and also the movement of water and ions in frozen soil.

Mizoguchi (1981) conducted a study on the movement of water and ions

in frozen clay by electro-osmosis. Soil decontamination is of great consequence

among concerns by the public about environmental problems. Numerous
(

attempts are being made to clean up contaminated soils with the use of in situ

and non-insitu techniques. None of these is a panacea because of the

complexity of soils and the presence of multiple contaminants. As one of the in

situ clean up methods, the combination of artificial ground freezing and electro-

osmosis techniques might be useful to decontaminate polluted soils. In the

present study, movement of water and sodium ion has been measured in frozen

clayat sub-zero temperatures under an electrical gradient for 24 hours. Then the

experimental result has been analysed by a model considering unfrozen water

content and ion concentration as a function of temperature.

Grassen(1991) conducted a study on electro-osmotic conductivity

variation with temperature in a frozen soil. It was found that the conductivity

remained constant at the value measured at 22°C untill about O.4°C in below

the freezing point depression. Below this temperature the electro-osmotic

conductivitydecreases rapidly.

2.3. Electro-osmosis in tillage operations

Electro-osmosis has been proposed as a method for inducing lubrication

of tillagetools without introducing additional materials to the soil. Application of

an Electricpotential can cause water to move through the soil from anode to

cathode at a rate directly proportional to the amount of current. When an

Electricalpotential is applied water which moves to the junction surface of a tool



can act as a lubricant to decrease function. Electro-osmosis yielded reduction as

large as 10% in tillage draft force and energy requirements.

Laison and Chyma (1995) conducted study on the Electro-osmosis

effectiveness in reducing tillage draft force and energy requirements. Tillage tests

were conducted in a laboratory soil bin to quantify the draft force and tillage

energy reduction obtained with electro-osmosis. Electrical parameters examined

were voltage level and use of one or two anodes. The tillage to<;>1served as the

cathode. Tests were conducted in loam and clay loam. Soils at two moisture
I

content each at tillage speeds of 3.3 to 7.7 km/hr. The application of an electric

potential reduced tillage draft force upto 39% in a loam soil and upto 11% in the

clay loam soil in the soil bin tests. The greater draft force reduction in the loam

soil was obtained with a 40 V. electrical input, one coulter as anode, soil

moisture content of 17% and tillage speed of 6.5 km/hr. The largest draft force

reduction in the clay loam soil was obtained with 45 V input at 3.3 km/hr. The

largest draft force reduction was obtained in the wetter of two test conditions in

the loam soil, but in the drier clay loam soil test condition. draft force decreased

linearlywith increasing voltage in all soil conditions, one anode yielded greater

forcereduction than two in nearly in all tests draft force. Reduction was similar at

all tillage speeds in the loam soil, but draft force reduction decreased in field

verificationare noted to assess commercial potential of Electro-Osmosis tillage.

Raditc P.A.S. et al (1997) conducted a study on draft reduction on tillage

tools by electro-osmotic lubrication. The characteristics of electrical conductivity

of unsaturated soils under the influence of normal pressure soil bulk density, soil

moisture and applied voltage are described. Measurement of electrical

conductivity was done by measuring electrical resistances of soil blocks at

constantvoltage.sandy loam and silt loam soils were used in this experiment. Un

saturated test soils showed constant values for electrical conductivity when the

electrical voltage and current applied were changed. Electrical conductivity of

unsaturated soils had linear relationship with pressure on electrode. Soil

moistures content had a quadratic relationship with electrical conductivity on silt



loam soil and a linear relationship with electrical conductivity on sandy loam

soils.

2.4. De-watering

De watering is a technique of soil improvement whereby the amount and/

or pressure of pore water is reduced.

Electro-osmosis is utilised for the de-watering of silty and clayey soils

difficult to drain by gravity. These soils cannot be drained easily by gravity

because the relatively large surface tension forces of water is such soils tend to

retain water in their voids. De-watering of soil is persuade to facilitate laying out

of foundation in a dry pit or excavation for the stabilisation in a dry pit or

excavation for the stabilisation of soil in 'natural or artificial slopes, as well as for

other purposes.

The principle of de-watering fine-particle soils electrically in illustrated in

figuretb deep the excavation. The negative electrodes (cathodes) are installed in

the mass of soil away from the slopes, of the cut and are made in the form of

perforated pipes resembling a well point. Their function is to collect the water

flowingfrom the positive electrode when there exists in the soil an electric field

between the electrodes, ie a DC circuit. The collected water in the negative

electrode is pumped out and discharged;

The volume (V)of water moved per unit of time by electro-osmosis proportional

to the applied electric current. The dielectric constant is inversely proportional to

the viscosityand electro-conductivity of water.



LDI
v= --(Cm3 / s

4AL.'A

I= Zetapotential (Volt)

D = Dielectric cons tan t oj water

I =ClIrrent (Ampere)

Jl=(tvnasicviscosityoj Water(g / seccm2)
A =SpecificConductivity oj Water(mhos / cm)

10

If the current kept constant, the flow of water is independent of the length

and area of the capillaries. Allthese items are functions of temperature.

Kovaler etal. (1977) conducted a study on electro-osIJ1otic dewatering of

slurry. A laboratory ring was constructed to investigate the possibility of

dewatering slurry by applying an electric current. It comprises essentially a tank,

containing a dix anode, perforated cathode, a vessel for collecting the liquid

fractionand rectifier. It was established that the presence of potential difference

between the electrodes, electro-osmosis taken place in the slurry mass" there by

separating the fractions.

Johmton (1978) Conducted a study on soil drainage by electro-osmosis in

which the principles of electro-osmotic water flow in relation to the soil and

electricalparameter which control the magnitude and distribution of induced

pore water pressure using drainage was given. The factors influencing the

applicabilityof the technique to any site on soft clays for providing accessibility to

trafficor for stabilisation for foundation. Excavation and drained along with is

relativelysimple cost analysis.

Carapciogle eta!. (1991) made the formulation of electro-chemico-

osmotic pressure in soils. Electro-kinetic technique have been used for various

purposes including consolidation of soils, dewatering of sludges, and hazardous

waste remediation. Estimating the feasibility of employing electro-osmosis in a

particular operation depends on the ability to predict the out come under the

variety of conditions. Prediction of this type are frequently facilitated by the use



of mathematical model designed to represent the physical system under

consideration first, a review of fundamental aspects of electro chemical -osmotic

flow in soil Ls presented following a brief outline of previous studies,

identification and quantification of the significant process. And the construction

of mat..Gmatical representation are given. This is achieved using a approach

basedon the principle of continoum in contrast to an approval based on the

irreversible thermodynamic of coupled flows. Special emphasis is given to

coupling effects on transport process. A complete model and associated

boundary condition are then obtainE:d

compressiblepore~ medium.

for electro kinetic process in a

Yin et al (1995) conducted a study on pore pressure' in soil due to

alternatingelectrical field. Pore pressure development in a soil specimen due to

electro-osmosis under alternating current conditions is examined theoretically.

Solutionto the governing equation are derived for one-dimensional flow with

boundary condition. Corresponding to an impervious (conventional no-flow

boundary) a partially drained boundary, and a partially drained bounders with

an interveningpermeable zone between the boundary conditions can arise from

detailsof pore pressure measured at an electrode consist of a steady state and

rapidlydelaying transient response. The pore pressure inhibit a 45° phase shift

relative to the applied electric current. The effect of the partially drained

boundary is to reduce the peak to peak amplitude of the pore pressure

increasing system. The effect of the partially drained boundary is to reduce

furtherthe amplitude of the pore pressure and to increase the phase shift to each
0

as 180 depending on the relative permeability of the impeded boundary.

2.5. Electro-Osmosis Irrigation

Electro-Osmosis can be defined as the transmission of moisture in soil,

because the difference in Electric Potential in a porous soil environment, where

the direction of transmission is from anode to cathode. The phenomena has

been utilised to raise water in the soil for providing efficient moisture in a depth



.£'-

where the plant roots develop. The electro-osmosis irrigation could be a potential

method of irrigation in the near future. 'The flow of water in the direction of

the voltage current is accomplished according to the following equation.

I' =K 8E
, , oX

Where'

V.= Velocityof water molecules (em / see)

K, = ElectroOsmoisis permeability (cm2 / secY)

oE
- =Electrical Potential Gradient (V / em)oX

The electro osmosis permeability Ke is not a constant for the soil and is

givenby the following relationship.

K =nD;. 4:r )J

Where

D =Dielectric Cons tan t

;=Zeta potential

jJ=Viscosity

n=Soil Porosity

Raheeni and Muzali (1997) conducted a study on Electro -Osmosis

irrigation. The Phenomenon of Electro-Osmosis was used to raise water to

provide sufficient moisture at a depth where plant roots develop, Using plexi-

glasscylindersa laboratory model was developed to simulate the ground water

table and a positive electrode in a plastic pipe of steel mesh at the top of the

cylinder, were installed. The cylinder was filled with soil and using a direct

current) t'ransmission of moisture and salt throughout the soil was investigated.

Theeffectsof different voltages 20,40,60, and 80V and soil texture on the rate of

moisture and salt transmission were investigated. This study confines the

successfulutilisationof electrical energy for transmission of soil improving the soil

chemicalquality, and removing the additional salts from the soil. Electro-Osmosis

is more successfulin fine texture.



MATERIALS AND METHODS

Electro-osmosis defined as the transmission of moisture in the soil

because of difference in electric potential has been used for drainage and

dewatering. This phenomena also enables the supply of moisture content in the

root developing zone so that the plant can use the moisture for growth without

any surface irrigation. The methodolgy adapted for studying the above

phenomena is described in this chapter.

3.1. Experimental set up

The laboratory set up consisted of a square(Yc.sJ.~(~iO~1soil container, with

fixed water table, two electrodes inserted in the soil media, and a transformer.

The specifications of the different components of the laboratory set up are as

follows.

a) Two square prism soil container of height 1 metre with 20cm cross section

b) Two electrodes- anode made of cast iron rod having 2cm diameter and

cathode made of perforated steel sheet.

c) A constant head tank connected to the soil container to keep the water table

at a specified depth

d) Moisture sensing cell located at specific intervals along the soil profile

e) A D.C source to supply the current needed for the experiments

f) A 1A transformer with variable voltage adjustments of 12,24,36,48, 60 &

80V

3.2. Preparation of soil sample

The soil sample used for the experiments was collected from the

instructional farm of Kellapaji College of Agricultural Engineering and

Technology, Tavanur. The soil was passed through sieve No. 10.



3.2.1. Determination of properties of the soil sample

3.2.1.1. Particle size analysis

The particle size analysis was done as per IS 1498-1970 and the soil

texture determined.

3.2.1.2. Apparent specific gravity

The materials and equipments for the procedure consists of

1) Density bottle of SOmlor 100ml capacity with stopper having capillary hole at

its centre.

2) Constant temperature water baths maintained at constant temperature of

27°C

3) Balance sensitive to O.OOlg

4) Vacuum source

5) Wash bottle filled with deaired distilled water

6) Alcohol and

7) Ether.

The density bottle was washed thoroughly with distilled water and

allowed to drain. Then the bottle was rinsed with alcohol. Then the bottle was

turned upside down for a few minutes to permit the ether vapour to come out.

The mass of the empty cleaned bottle (M1)accurate to 0.001 9 with the stopper

was found out. After that about 20g of oven-dried soil sample, cooled in the

dessicatorwas taken and transferred to density bottle. The mass (Mz) of the

bottle and the soil, with the stopper was found out. About 10ml of drained

distilledwater was put in the bottle, so that the soil is fully soaked and left for a

periodof about 2 to 10hrs. Moreamount of,distilled water was added so that the

bottle is about half full and the entrapped air was removed by subjecting the

contents to a partial vacuum. Then the bottle was filled completely and placed

on the stand fitted in the constant temperature of soil and water in the bottle also

reaches 2'7°c.The bottle was taken out and dried from outside and the mass of



the bottle and it5contents (M3)was found out. Then the bottle was emptied and

cleaned thoroughly and filled with distilled water and the mass (Mt) with the

stopper was found out.

The specific gravity of the soil was calculated from the equation,

G= M?-Ml-

(M2-M1)- (M3-~)

3.2.1.3. Field capacity

The procedure for the determination of water content involves in

first saturating the porous plates and then the soil (undisturbed or disturbed) is

placed on this plate(1/3 atmosphere). The soil samples along with the plate(1/3

atmosphere) are transferred to the metallic chambers. The plate outlet tubes

leavingthe diaphragm is connected to the outlets of the chamber. The chamber

is closed with special wrencher to tighten the nuts and both with the required

torque for sealing it. Pressure is applied from the compressor through controls

which helps in maintaining the desired pressure. It should be ensured that there

is no leakage from the chamber. Water starts to flow out from saturated soil

samples through out lets and continue to trickle till equilibrium against the

applied pressure is achieved. After that, soil samples are oven dried to determine

the moisture content, either weight basis (disturbed soil) or volume basis

(undisturbed soil)

3.2.1.4. Permanent wilting point

The sam2 procedure for determining the field capacity is done with 15

atmosphere plate for determining the permanent wilting point. 15 atmosphere

pressure is applied from the compressor for determining the permanent wilting

point. After reaching the equilibrium, moisture content was determined by oven

dryingmethod.



H3.2.1.5. P

The soil pHwas determined by using a glass electrode pH meter. 20g of air

dried soil ( passed through 10mm sieve) is weighed into a SOmlbeaker. 20mlof

distilledwater is added to this and allowed to stand for 30 minutes. The solution

isstirredoccasionally with a glass rod. The electrode of the pH meter is inserted

intothe partly settled suspension and the pH value is noted.

3.2.1.6. Electrical conductivity

The Electrical conductivity of the soil sample was determined by using a

ElectricalConductivity Bridge. 20g of air dried soil ( passed through 10mm

sieve)is weighed into a SOmlbeaker. 20ml of distilled water is added to this and

allowedto stand for 30 minutes. The solution is stirred occasionally with a glass

rod. Then the electrical conductivity is determined by using the electrical

conductivitybridge.

3.3. Calibration of gypsum Block

Th~' dependence of electrical conductivity of a porous solid on the

amount of water forms the basis of this method. The porous gypsum blocks

containingelectrodes inside when embedded in soil, the moisture content of the

porousbody comes in equilibrium with the soil moisture. The electrical resistance

betweenthe two electrodes varies with the moisture of the porous block which is

in equilibrium with soil moisture. The resistance can be measured using a

multlmeter.The soil moisture content was determined by gravimetric method or

the oven drying method.



3.3.1. Oven drying method

This is the most accurate method of determining the moisture content. A

specimen of the soil sample is kept in a clean container and put in a

thermostatically controlled oven with interior of non.corroding material to

maintain the temperature between 105°c to 110°c. For complete drying usually

clayeysoils take about 14 to 16 hours. But usually the sample is kept for about

24 hours in the oven so that complete dyfg is assured. A temperature higher
than no°c may break the crystalline structure of clay particles resulting in the

lossof chemically bound structural water.

Then a clean non-corrodible container is taken and its mass is found with

it's lid, on an electronic balance. A specimen of the moist soil is placed in the

container and the lid is replaced. Then the mass of the container and the

contents are determined. With the lid removed the container is then placed in

the oven for drying. After drying the container is removed from the oven and

allowed lu cool. The lid is then replaced and the mass of the container and the

dry soil is found. The moisture content is then calculated using the following

expression;

w =Mz-M2

M~-Ml

x 100 ( Per cent)

Where Ml = mass of container with lid

Mg= mass of container with lid and wet soil

M~=mass of container with lid and dry soil

This soil moisture content determined by the gravimetric method is used

as the reference in calibrating the gypsum block. Then a container is filled with a

known weight of the soil used for the experiment. The resistance block are

weighed and embedded in the dry soil of container and the lead wires kept
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outside the soil is then saturated overnight the container is kept outside to

exposeall sides for free evaporation. The weight loss due to evaporation and the

resistance are recorded periodically in an interval of 6 hours. This gives a pair of

data for moisture content and electrical resistance for individual blocks to enable

the preparation of moisture-resistance relationship curve. Three gypsum blocks

werecalibrated using the above procedure.

The pair of electrodes were made of 20 mesh stainless steel wire screen

soldered to the copper lead wire. The spacing between the electrodes are 2cm.

The electrode lead are taken out of the soil surface & when required the

multimeteris connected to the electrode leads & the resistance was measured to

knowthe moisture content from the calibration curve.

3.4. Test procedure

The test was conduded to find out the following

~

1. To find out the compairative rise of water using clayey and sandy soil

(VaryingWater table)

2. To find out the variation in rise under varying water table & constant water

table

3. To fiL out the variations of rise in water level with the variation 9f voltage

(usingconstant water table and varying water table.)

3.4.1. Comparative rise of water in clayey and sandy soil

This comparison was mainly intended to find out the texture in which the
(

effect was more pronounced.



3.4.1.1. Sandy soil

The glass cylinder of 20cm sq base and 1m height was filled with sandy

soil upto a height of 8cm. This layer of soil was saturated and kept for 24 hrs.

After this, dry soil was put over it to a height of 30cm. The soil was kept

undisturbed to note the rise of water level. Moisture sensors were placed at 6cm,

9cm and 12 cm respectively.

The rise in the level of water from the saturated soil through the dry soil

layer was noted at every 12 hrs. The moisture sensors also noted the relative

moisture content changes. The moisture value was taken to be the representative

of the layer of soil. The readings were taken until the rise became stable. The

height could be measured using a scale fixed on the side of the glass cylinder.

The transparency of the glass cylinder enabled visibilityof the rise in levels.

The rise was only due to the capillary effect of the soil pores overlaying

the saturated zone.

In the next step, two electrodes, were introduced in the ,soil. The soil was

first saturated upto a depth of 8cm as in the earlier case and an overlying layer,
upto 30cm was filled with dry soil. The soil had the same properties as in the

earlier case.

The anode was placed at a depth of 3cm from the bottom while the

cathode was placed at a height of 20cm from the base. The anode and cathode

were connected to the terminals of a transformer and a DC voltage of 12V was

applied. The rise in the water level was due to the capillary effect & electron-

osmosis in the soil. The readings were taken at an interval of 12hrs till the rise of

water level became stable. The rise was noted by visual observations. The

moisture sensors placed at 6,9 & 12 em gave the variation in moisture content at

various time periods.



3.4.1.2.Clayey soil

The clayey soil which was passed through 10mm seive was used for the

experiment. The steps and apparatus were similar as in the earlier case. The

readings were taken at an interval of 12hrs. This was done to ascertain the

change in effect of the phenomenon in clayey soil when a variable water table

wasgiven.

The experiment was repeated with 36 V and 16 V for the clayey soil.

3.4.2. Effect of Electro-Osmosis when water table is maintained at

constant level

Soil was filled upto a height of 60cm in the glass cylinder. The glass

cylinderwas placed in cylindrical tray of height 8cm and dia 25cm. The tray was

filledwith water.

The cylinder had small perforations 'at its joints. This was done to facilitate

the seepage of water into the cylinder and there by to saturate the soil. The

water in the tray was maintained at full level (8cm) such that the level of

saturation inside the cylinder was also at 8cm. Thus an artificial water table was

maintained in the cylinder upto a height of 8cm.

The sample was kept undisturbed to find the capillary effect on the dry

zone. The level of water in the soil rose due to capillary rise which led to the

decrease in the level in the tray which was compensated by addition of water.

Thus a constant water table was maintained.
(

The water level inside the cylinder was noted at 12hrs interval till the rise

in the water level became constant. The moisture sensors placed at 5, 20, and



30 cm gave the relative change in the moisture content after the passage of

time.

The same procedure was repeated with the introduction of electrodes to

study the effect of electro-osmosis on rise in water table.

The anode was placed in the soil at a depth of 5 cm while the cathode

was placed at 45cm. A constant D.c. supply of 36V was given. Moisture sensors

were placed at 5cm, 20cm and 30cm.

The water table was maintained at 8cm by adding water in the tray

around the cylinder. The rise in water level and readings from the moisture

sensors were taken at an interval of 12 and 24 hrs respectively. The readings

were t(~ken till the rise in water level became constant.

3.4.3. Effect of Change in Voltage

The same apparatus was used for finding the effect of change in the

voltage applied on the phenomenon. The cylinder was refilled to the same
(

specifications as in the earlier case and a voltage of 60V was applied. Readings

were taken at 12hrs interval till the rise of water was constant.

In the next step, a voltage of 80V was applied and the effect was

investigated. Readings were again taken at 12hrs interval till the rise in level was

constant. The moisture sensors gave the relative change in moisture content in

the soil layers. Thus the effect of variation of voltage on electro-osmosis was

investigated. The comparison between rise by constant & varying head was also

investigated by supplying a D.C. voltage of 36V in both cases.



RESULTS AND DISCUSSION

The results ofthe study conducted'on the feasibility of electro osmosis for

irrigation and the factors affecting the phenomena are described in this chapter.

4.1. Soil Analysis

The soil samples were analysed for particle size distribution, apparent

specific gravity, field capacity, permanent wilting point, pH and electrical

conductivity to ascertain their respective values.

The results of the various tests on the samples use for the experiments are

given in table 1. From the results it can be seen that the sample is slightly acidic.

4.2. Calibration of Gypsum Blocks

The gypsum blocks used for determining the moisture content were

calibrated against resistance. The results of the test are shown in appendix I. The

respective calibration curves are shown in figures 1,2 and 3. From the calibration

CUIvesthe moisture content at any given time can be obtained by measuring the

resistance of gypsum blocks.

4.3. Electro Osmosis in Sandy Soils (Varying water table)

The effect of the phenomenon of Electro Osmosis was tested in sandy soil

on appiication of a voltage of 12V. The level of the water at subsequent intervals

of 12hrs is given in Table 2. Figure 4 shows the graphical representation of the

rise in ',,'.'aterlevel. Moisture content determined at 6 ,9 and 12 centimeters depth

are shown in Table 4. The moisture content reading were taken at an interval of

24 hrs.



Table 1. Soil Analysis

L

Property 'Value

pH 5.85

Electricalconductivity 174.1 millimhos/cm

1ield Capacity 15.8%

Permanent wiltingpoint 8.1%



The effect of capillary rise also contributes to the rise in water level. The

capillary effect acting on the soil overlying the saturated soil was also

investigated. Table 2 shows the values of capillary rise of water without

electrodes in the soil at 12hours intervals and figure 5 show~ the graphical

representation of the variations in the water level. Table 4 gives the moisture
,

content at 6,9 and 12 cm during 24 hour interval. The actual rise in the level is

the difference in levels on application of current and without the application,

where in capillary action comes into play. Thus the actual rise in water level due

to electro-osmosis effect is shows in table 2. Figure 6 gives the representation of

the phenomenon. The different in heights of the bars gives the effective rise due

to the phenomenon.
I

t 4.4. Electro Osmosis in Clayey Soils (Varying water table)

The effect of electro osmosis in d~yey soil was also investigated. Table 3

shows the rise in water levelwhen a voltage of 12Vwas applied. Figure 7 gives.
the graphical representation of rise in water level.

Table 5 shows the variation in moisture content at 6,9,12 em by using

moisture sensors. The effective rise was calculated by finding the capillary rise as

in the earliercase. Table 3 gives the values of capillaryrise in the clay soil during

the given period. FIgure 8 gives the rise in water levels due to the capillary action

Table 5 shows the moisture content at various levels The effective rise due to the

phenomenon is represented by figure 9 and table 3. The different in the heights

of bar diagram gives the effective rise. The lighter bars indicate the rise due to

capillaryaction and darker bars indicate the rise on application of the current.

4.4.1. Comparison of rise in water level in Sandy and Clayey

Soils (Varying water table)

After analysing the effect of electro-osmosis in clayey and sandy soils on

application of 12V dc supply current the two effects were compared. It was
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Table 2. Rise in Water level in Sandy Soil(Varying Water Table)

Effective Rise IPercentage Rise

Time (hrs)

Rise in Water Level(em

0.6 15%

Effective Rise Ipercentage Rise

Time (hrs)

Rise in Water Level (em}

0
0

2.5 25%



I'-

SENSOR DEPTH
1 6cm
2 9cm
3 12cm

SENSOR DEPTH
1 6cm
2 9cm
3 12cm

SENSOR DEPTH
1 6cm
2 9cm
3 12cm

.. ... . - 0 0 n . n - . 0 -. . 0 0-- " .., - . ...'" -- _n . - - -

Time (hrs) Moisture Content (%
Withoutelectrode With electrode -12V

Block1 Block 2 Block 3 Block 1 Block 2 Block 3
0 56 13 11 60 12 12

24 56 15 11 60 15 12
48 56 21 12 58 23 13
72 55 25 11 55 24 13
96 55 27 18 50 26 18

120 55 28 19 50 28 19
144 53 28.5 18.5 50 30 22
168 53 28.5 19 51 30 22
192 53 28.5 19 51 31 22

- _m_- -. n-___n-- - - - - -- - -- - -

Time (hrs) Moisture Content (%)
Without electrode With electrode -12V

Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
0 56 13 12 60 12 12

24 56 20.5 12 60 18 13
48 56 22 15 57 21 16
72 56 23 16.5 56.5 21.5 16.5
96 55 25.3 18 55 23 17.5

120 56 25 19 54 26.5 19
144 54 26.2 22 54 28.5 22.5
168 54 28 24 53 32.5 25.5

.192 54 28 26 53 33 26.5

- - - - -- --.", -- _no -- ..,

Tir,le(hrs) I Moisture Content (%
Without electrode With electrode 36V1--.

Block 3 Block 1 Block 2 Block 3Block1 Block 2
0 55 15 14 55 13 13

24 55 16.4 14 55 13.5 14.5
48 54 18 14.5 54.5 16.5 14.5
72 54 22 14.8 54.5 20.5 16.5
96 54 22.5 16.5 53 24.5 19
120 53.5 23 18.5 53.5 26.2 21.5
'44 51.5 24.5 20.7 53 29.7 23.5
168 51.5 26.5 24.3 53 33.5 25.5
192 51.5 27 25.5 53 34.5 28.5
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found that clay soils give a pronounced reflection of the phenomenon, while the

rise in sandy soils was very low figure 10 gives a graphical comparison of the

effect due to the phenomenon on the rise in water level in sandy and day soil.

The rise was 12.5 cms in clayey soil while it was 4.5 em only in sandy soil. Thus

it \vas more visible in fine textured soils. The moisture content increase was also

compcHatively more in clayey soil than sandy soils as shown in table 4 and 5.

4.4.2.

4.4.2.1. -
Effect of Voltage Variation (under varying water table)

36 Volts applied

The voltage supplied was increased using the transformer and the

readings were noted. The variation in 'water level is as given in table 7. The

reading5 were taken at an interval of 12hrs as in the earlier case. Table 6 gives

the charge in moisture content at various levels. The Variations is shown

~ graphically in figure 11.

. The capillaryrise was calculated from readings in table 7 which was used

to find the effective rise as in the earlier case. Figure 12 represents the rise in

water level due to capillary action. Table 8 gives the moisture content values at

6,9 and 12 cm measured by using a resistance sensor.

The net rise due to applications of 36V is as shown in figure 13. The

difference in heights of the bars indicate the net rise at various time periods. The

lighter shade indicates the rise due to capillary effect the darker shade indicates

the rise 0:1applications of current.

4.4.2.2. 60 Volts applied

The voltage applied was further increased to 60 Volts. The change in

water level and subsequent rise in water levels at 12 hrs interval is as shown in

Table 8. Figure 14 gives a graphical representation of the variation in water

levels at an 12hr interval. Table 9 give, the values of moisture content at 6,9



and 12 cm depth during time intervals of 24 hrs. The capillary rise was also

noted at 12 hour interval. Figure 15 gives the graphical representation of the

variation in water level at these intervals. Table 9 gives the moisture content at

depths of 6,9 and 12 cm.

The effective rise due to the effect of electro-osmosis is as shown in figure

16. The lighter columns indicate the rise due to capillary effect and darker one

indicate that with the application of D.c. Voltage. The Comparison of the effect

of the variation of voltage on electro-osmosis and thereby on the rise in water

level was investigated.

Figure 17 indicates the variation in water level on change of applied

voltage. The level of water rise on application of 12,36 & 60V is shown in tables

4,6 and 8 respectively.

It was seen that as the voltage was increased from 12 to 60 V there was a

corresponding rise in the water levels. Thus the rise of water had a positive

relationship with the voltage applied.

The moisture content had a positive relation with the applied voltage. At

a height of 12 cm from the base the average moisture content was 25% by

capillary action. By applying electrical gradient the moisture content was 26.5 %,

28.5 % and 30.5 % respectively.

4.4.3. Rise in water level under constant water table

A continuous constant water table was supplied upto a height of 8 cm and

a DC vo!tage of 36 volt was supplied. The rise of water level at 12 hours interval

is given in table 11. The graphical representation of the increase in water level is

shmvn in figure 18.

L
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The capillary effect on the soil was also studied and its rise is tabulated in

table 11. It is also represented graphically in figure 19.

The net rise due to the phenomenon of electro osmosis is shown in figure

:20. The variation of moisture content with and without application of current is

l.:lbulGtedin table 10.

The rise in water level due to constant water table and varying water table

was also studied. the comparative reading'are shown in table 12. 'It shows and

increase of 47.8 % on maintaining a consta~t water table.

4.4.4. Effect of variation of voltage on rise of water level

(Constant water table)

4.4.4.1 60 Volts applied

The voltage applied was increased to 60 volt and the rise of water level is

tabdated i:1 table 13. The variation is shown graphically in figure 21. The

,.:apillary effect which also leads to rise in water level is tabulated in table 13.

FIgure 22 shows the rise of water due to capillary forces acting on the soil.
,

Table 14 shows the variation of moisture content on application of 60

volts and due to capillary action.

4.4.4.2 80 Volts applied

The voltage was further increased to a maximum of 80 volts and the rise

is tabulated in table 16.

The capillary rise due to the capillary forces is also tabulated in table 16.

Figure 23 shows the rise of water level on application of 80 Volts and figure 24

5hO\',:sthe rise due to the capillary effect. Figure 25 shows the effect of electro

osmosis under 60 volts and figure 26 shows the effect under the application of 80

volts current.
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Effective Rise Ipercentage Rise

3.6 35.20%

~
O~~~
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EffectiveRise Percentage Rise

4 40%

Time (hrs)
Rise in Water Level (em)



SENSOR DEPTH
1 6em
2 gem
3 12cm

SENSOR DEPTH
1 5cm
2 20 em
3 30 em

-

Time (hrs) Moisture Content (%)--
Without electrode With electrode - 60V

Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
0 55 14 12 55 15 14

24 55 15.5 12.5 55.5 15.5 15.6
48 54 16.5 12 55 15.5 17.9
72 54.5 18.2 15.5 54 16.5 20.1
96 54 19.7 16 53.5 18.2 23.3

120 53.5 21.5 18.5 53.5 19.7 26.7
144 52.5 22.3 19.2 53.5 23.5 26.5
168 52.5 25.5 22.5 52.5 27.2 26.5
192 52.5 26.5 25 52.5 29.7 30.5

- - - - - - - - - - - - - - -

Time (hrs) Moisture Content (%)
Without electrode With electrode -36V

Block1 Block 2 Block 3 Block 1 Block 2 Block 3
0 70 13 12 70 13 12

24 69 12 12 69 13 12
48 69 13 12 69 13.5 11
72 68 13.5 11 69 13 11.5
96 70 12.8 11 68.5 13.5 11

120 69 13 11.5 68 14.6 11.5
144 70 13.5 12 68.5 15.5 11.5
168 67 14.2 11.5 68.5 16.2 11.5
192 68 14 11 70 16.2 11.5



Effective Rise Ipercentage Rise

8.8

Table 12. Ch OR' d C tant dV Wat Tabl--- -------- - -___n--_- ---

Tlme(hrs) 0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 DiffinRise IPercentageRise I
Rise -VaryingWater Table 0 4.8 6.5 8.7 9.3 10 10.6 11 11 11 11 11 12 12.5 14 14 6.2 47.8
Rise -canst water table 0 3 5 6 6 7.5 9.2 11 13 15 16 18 20 20.4 20 20
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Table 15 gives the variation of moisture content at 5 , 20, and 30 cm from

the base at 24 hours interval.

The readings indicated a positive relation between the \~oltage applied

and the water rise. Figure 27 gives the caparison in the rise of water levels.

The results from the tests could be summarised as following

1. The phenomenon was more visible in fine texture soil.

2. The rise in water level was more on maintaining a constant water table

than under varying water table.

~ qv. The rise in water level increased with increase in the applied voltage (both

incase of constant water table and varying water table)
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SENSOR DEPTH
1 5cm
2 20 em
3 30 em

~

SENSOR DEPTH
1 5cm
2 20 em
3 30 em

.--.- . .....-.-.-.---...-...... -. ..-. --.. -..--..-. 0 - . . -P-'-

Time (hrs) Moisture Content (%
Without electrode With electrode - 60V

BloCk 1 Block 2 Block 3 Block 1 Block 2 Block 3
0 70 13.5 12 70 13.5 13

24 69 12 12 69 12 13

48 69 13 12 69.5 13 12.5
72 68 13.5 12 69.7 13.5 12.5

96 70 12.8 12 69,5 12.8 12
120 68 13 11 69.5 13.5 12

144 69 13.5 11.5 69.5 14.7 12.5
168 68.5 14.2 12 70 15.7 12

192 67.5 14 11.5 69.5 17.2 11.5

216 68.5 14.2 11.5 69.5 19.1 12

240 69.5 14 11.5 69.5 22.3 12.5
264 70.1 14.2 11.5 69.5 24.7 13.7

288 71.2 14 11.5 69.5 26.5 14.6

312 69.5 13.5 11.5 69.5 29.3 16.5

336 69.5 14.5 11.5 70 32.5 19.3

360 69.5 14 11.5 70 34.3 19.7

384 69.5 14.5 11 69.5 34.3 19.7
408 69.5 14.5 11.5 69.5 34.3 20.1
432 69.5 14.8 11.5 69.5 34.3 20.1

.--.- .-. ...-.---.- -..--..-... - -.., ."'0-"" "_0-' .-_n..

Time (hrs) Moisture Content (%
Without electrode With electrode -80V

Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
0 70 13 12 70 13 12

24 69 13.5 12 69.5 13.5 12
48 69.5 12.5 12.5 69 12.5 12.5
72 69.5 13 12.5 69 13 12.8
96 69.5 13 11.5 69.5 13.2 11.5

120 70 13 12 69.5 13.5 11.5
144 70 13 12 69.5 13.5 12
168 70 13 12.5 69.5 12.8 12
192 70.5 12.5 13 69 13.5 12.5
216 70 12,5 12.5 69.5 14.7 12
240 70 12.5 12 69.5 16.8 12
264 70.5 12.6 12 69.5 20.2 13.7
288 70.5 12.5 12.5 69.5 23.7 14.5
312 70 12.5 12.5 69.5 24.6 15.9
336 70 12.5 11.5 69 26.7 16.6
360 70 13.5 11.5 69.5 33.1 19.7
384 69.5 13.5 11.5 69.5 35.2 22.1
408 69.5 13.5 11.5 69.5 36.5 22.1
432 69.5 13.5 11.5 69.5 36.7 22.3



Time (hrs)

Rise in Water level (em}

312 324
12 12

Time (hrs)
Rise in Water level (em)

0

0

Time (hrs)

Rise in Water level (em)
3~
32f32



0 V
N ~ N

I"-
lO
0>

0
N
~

~ co
lO
~

N
0>

lO
N

Hours

~
N

~
N

co
co
N

N

C;;
~
I")

g
I")

I'

;;t;
I") ~

\

L --

.Fig.24. Rise in clayey soil with constant water table (without electrode)

30

21
'i>

2!!:
1

".

1

."

1 1

0:.:. .:.:. :.:.: :.:.:

:::.: :::::.iiii::
..
QI

1~
.5

11
0::

..,.:.:.:.:i::ill.:.:I:i:

::',

5 [] CapillaryRise

liliiiiRise by 60Velec
0

N lO
I") g ;;t;

co
0
~

N
I")
~

18
0
co

v
0
N

co
N
N

N
II)
N

CD
l"-
N

8
I")

V
N
I") ~ N

l"-
I")

~
I")

~v
Hours

Fig.25. Effect of electro osmosis in clayey soil with constant water table (with electrodes 60V)

12

E 10

"ii
>

8QI
oJ
..
QI

6
05
QI
1/1 4
i:i:

2



2!
1;>

2~-
...
<II

1~
.S
<II

H£
a::

"iiillill Rise by electrode

I 35
I

i 30

..-..,.

~ <D
(')

0
<D

'<t
<0

<0
0

N
(')-

<D
L{)

0
<0

'<t
0
N

<0
N
N

N
L{)
N

<D
l"-
N

8
(')

'<t
N
(') ~ N

I"-
(')

~
(')

~
'<t

Hours

Fig.26. Effect of elctro osmosis in clayey soil by 80V electrode

,-----.-I
I

I 35

5

':I 60V electrode

a~
\
1118OVelectrode;

30

~5
.!::.
1;
>

I ~o
I ~. "'
I $15

I .=
I <\I

iii

210

0
~ <D

(') 55 ~ ~ N
(')

<D
L{)

0
<0 (!;

N

<0
N
N

N
L{)
N

<D
l"-
N ~ '<t

N
(') ~ N

~ ~
(')

0

~
Hours

~-

Fi9..27.Effect of electro osmosis under 60V and 80V



SUMMARY & CONCLUSION

Irrigation is the artificial application of water to soil for the purpose of

crop production. Irrigation water is supplied to supplement the water available

from rainfall and the contribution of soil moisture from ground water, being a

limited resource, it's efficient use in basic to survival of the ever increasing

population of the world. In many areas of the world the amount and tuning of

rainfall are not adequate to meet the moisture requirement of crops and

iaigation is essential to raise crops necessary to meet the needs of food and

fillre.

The concept of sub-surface irrigation has been coming into prominence

due to it's numerous advantages. The phenomenon of Electro-osmosis has been
~

used widely for dewatering of soils. This concept of moisture movement has

been taken into consideration as a new irrigation method. This method intends

to raise the ground water table upto the crop root zone so that enough moisture

is a';ailable for the plant growth. In areas wherever the capillary rise from the

'Nater table is not sufficient to wet the crop root zone, this method has found to

be more effective. It was with this new in mind that a study was conducted to

study the feasibilityof this new method of irrigation. Studies were ~onducted on

:;;I.1dyand clayey soil. The voltage applied was also varied when a constant

valying water table was applied.

The results of the studies showed that the phenomena was more

successfulin soils of fine texture. The rise in water levels and increase in moisture

\Vas more in clay soil than sandy soils.

The effectwas more pronounced when a constant ground water table was

given than when a varying ground water table was given (voltage remaining

same)



The voltage effect in the above phenomena was considered to be

positive. A varying water table and constant water table were supplied and in

both cases the rise in water level and the moisture content in the upper zones

increased with increase in the voltage applied. Based on the results of the

experiments, the followingmain conclusions could be made.

1. It is possible to move water molecules in the solid media from water table to

the place where the cathode is situated. This place could be the root growing

zone at the top soil layer. This process can supply enough moisture for the

plant to continue growing. If the phenomena can be applied to an .actual field

condition, developing a new irrigation method is conceivable

2. The volume of transported moisture from anode (water table) to cathode

(root zone) is directly related to the current voltage and soil texture. By

increasing the current voltage, the volume of moisture rise is increased. The

.phenomena, is more successful in finer soil texture.
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Appendix 1. Gypsum Block Calibration

G bl k librati It 81 k 1

G bl k librati It 81 k2

G bl k lib 81 k3

jYI psum -

Time 0 6 12 18 24 30 36 42

Moisture Conter"(%) 52 49 42 35 31 24 20 19

Resistance( 2) 30 35 40 45 50 60 70 80

-WI sum [ - -- - . - - -. - -..

Time 0 6 12 18 24 30 36 42
Moisture Content(%) 42.2 40.6 35.3 32.3 27.4 21.4 17.7 14.4

Resistance(KQ) 20 25 30 40 50 60 75 80

iYI)sum
Time 0 6 12 18 24 30 36 42

Moisture Content(%) 45.2 41.7 32.3 30 27 16.1 14.5 12.7

Res!stance(Kn) 20 25 30 40 50 60 70 80



APPEND IX I I

Observation of specificgravity test

Massof density bottle, (MILgm
Massof bottle +dry soil (M2),gm
Massof bottle +Soil+ water to fill

the bottle (M3),gm
Massof bottle + water(Mt), gm

G M2-M}

(M2 - MJ)-(MJ - M4)
= = 2.5

= 15.3
= 36.55

= 80.59
= 67.83
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ABSTRACT

Ground water irrigation provides for the maximum control on the supply

of irrigation water to precisely meet the requirements of crops. The better and

optimized use of ground water resources for agriculture, raising of irrigation,

efficienciesand modification of irrigation methods evolves, more investigation on

the subject, particularw evolvin.,gnew tecbniJ]ues ~ JbR,ir p.pe~7"';9r~~

purpose. In the present study the phenomenon of electro-osmosis which is the

transmissionof moisture in soil due to difference .in electric potential from anode

to cathode, has been utilized to raise water in soil for providing sufficient

moisture in a depth where plant roots develop.

The phenomenon of electro osmosis has been used from earlier times to

dewater the soil. The reverse process ie. irrigation has been tried out in this

project work. The results showed that th~ effect was more intensive in fine

texture soil. The supply of a constant water table increased the rise in water level

than when varying water table was maintained. In addition the rise had a

positive correlation with the voltage applied. Thus a new irrigation technique

could be evolved.
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