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Ionic Composition as a Basis for Assessing the Suitability
of Ground Waters for Irrigation

by
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Introduction: When successful sea-water farming is bemg reported, 1

old concept 6f rating the irrigation waters on the basis of total salt: concentra-
tions and pH values needs a revision. Salinisation and alkalisation problems
are mainly concerned with the total salt conceniration and the sodium ion
concentration, The alkali hazard and salinity hazard of irrigation water
indicated by S.A.R. limits and E. C. limits prescribed by U, S.D. A, (1954)
have been criticised by Hiemann (1958) and Kanwar (1961). Venkatachalam
(1958) pointed out that the irfigation waters have to be studied in conjunction
with the soil irrigated. It is observed that rather than the mere concentration
of individual jons, the balanced ionic environment plays a vital role in
soil-plant relationship, Hence, it is essential to revise the code of classifying
irrigation waters, so as to have an cfficient utilisation.

In the present study; the ionic composition of water along with the
irrigated soil is considered for the irrigation waters used in the farms of the
Agricultural College, Coimbatore in order 1o find the suitability of old
classifications and also the nature and effect of these waters uscd in the farms.

Experimental ; Thirteen water samples fr-::m open weiis and borewells
of the farms of the Agricultural College, Coimbatore and .one’ sample of
Siruvani water were collected and analysed for the following :

1,2,3and 4, Assistants in Chemistry,*Agrl, College and Rescéarch Institute, Coimbatore.
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Sodium and potassium .+ Flame photometry method
Calcium and - magnesium «« Versenate method
Carbonate, bicarbonate

and chloride v Titrimetry method
Sulphate . Turbidimetry method

(Chesmin and Yien, 1951)

Boron «, Method by Jackson (1962).
Electrical conductivity . Using Elico conductivity meter
pH ... Using glass electrodes

The analytical values are tabulated in Table 1. The soil samples were
collected from the fields where the irrigation waters have been used, The soils
were analysed for E.C, pH, exchangeable cations and exchangeable sodium
percentage by usual methods. The classifications based upon Wilcox (1948),
U.8.D. A, (1954) and Eaton (1950) along with the analysis of the soil and
the general performance of the crops in these fields are tabulated in Table 2.

Results and Discussion:  Activities of the ions are preferred in the places
of molar and equivalent concentrations in an atmosphere of polyvalent ions.
Hence the activity terms were used to have a realistic picture of the chemical
potential. The activities are given by the product of the concentrations of the
ions in millimoles/litre and their activity coefficients, The activity coefficients
were calculated using the Debye-Huckel equation,

where [; = activity coefficient of the ion “i", Zi=valency of the ion, #=ionic
strength, A and B are constants depending upon the solvent and temperature
and a, the mean ionic diameter. The ionic strength is given by the equation
by Lewis and Randall.

F=1C; Z¢
where C; = concentration of ion in moles/litre and Z; = valency of the ion,

Electrical conductivity: 1t has been recognised that the total salt
concentration in a solution is directly related to the conductance (Krishna-
moorthy, 1965 and Sree Ramulu, 1962). Though the relationship between
total salt concentration cither in ppm or in milliequivalents and the electrical
conductivity has been cstablished, the ratio between these two terms varies
depending upon the nature of the jons present. It is because the number
of ions available for carrying the current is less than would be expected from
the swichiomeiric concentration. The variation of conductance with the type
of ions is due t0 the asymmetry effect of the ionic atmosphere and the electro-
phoretic cffeet. The thickness of the ion-atmosphere is given by the equation
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DT 1000 Ky}
”F(::Ci Z 4w£ﬁm)

where 1/); is a measure of the thickness of ion atmosphere, D, K, 3, N are
constants, T temperature in absolute units and C; and Z; are as given above,
It can be seen that the thickness of ion atmosphere is dependent upon the
product term of concentration and the square of the valence in a particular
solvent and temperature. So, the conductance of an irrigation water may be
related to the ionic strength at lower concentrations. At higher concentra-
tions, modified form of Onsager conductance equation is not sirictly obeyed.
Hence, even at lower concentrations, the conductance value may not pive the
“jonic effcct” due to a particular ionic composition, but only can reflect the
ionic strength.” The correlation is worked out between the conductance values
(in millimhos/cm) and the ionic strength (meles/iitre). It is highly significant
at 1% level and the correlation coefficient is 0.98. The regression equation is

Y =53.86 X4+0.26
(Y =Conductance, X =jonic strength)

The relation between conductance and total activities of the ions is.not
significant, showing that the conductance values cannot be relied upon for
understanding the chemical potential. It is inferred that the electrical
conductivity is only a measure of intensity of the clectrical field due to
the ions in solution, '

In the present study, according to Wilcox method of classification based
upon the E. C. values, six waters are unsuitable -and two waters are doubtful,
According to U.S.D. A, classification on salinity hazard standards, nine waters
are injurious and four waters are to be used with special management practices.
Siruvani water alone escapes the limit of danger. But all waters have been
successfully used in the College Farms and ‘the performances of the different
crops are uniformly good, The salinity conditions of the soils irrigated are
low, 1t may be safely concluded that the limits of the indices for salinity
needs a thorough revision. Kelly (1963) concluded that the expression total
salinity of an irrigation water did not afford a significant criterian. It may
also be pointed out that the ‘“balanced ionic environment™ suggesled by
Hiemann (1958) should be given more thought of,

Carbonates: High concentration of carbonates and bicarbonates are
thought to be harmful and Eaton classified the irrigation waters on the basis of
Residual Sodium Carbonate given by (CO;~~ +HCO,~) - Mg+ +4CatH) all
represented in m.eqflitre. The negative values are good and the positive
values above 2.0 is deemed to be unfit, As per this classification three waters
are unfit with reference to carbonates. But that these waters have produced
good crops, show that this method also cannol be relied upon solely,



lonic Composition as a Basis for Assessing 689

Activity sodium adsorption ratio: The activity sodium adsorption ratio
is calculated using the formula

[Na]

~ [Ca]+[Mg]
where [Na] [Ca] and [Mg] represent the activities of the respective ions in
moles/litre. The concentration SAR values. generally used, are also calculated
and according to U.S.D.A. classification based on alkali hazard, four waters
are of medium hazard and others of no hazard. Sodium Adsorption Ratio
gives an idea of the amount of sodium adsorbable by soil. This was developed
on the basis of the relation between Exchangeable Sodium Percentage of soil
(E.S.P.) equilibration with the irrigation water and the sodium adsorption
ratio of the latter. Eventhough the relationship is universal, the regression
equation obtained are different for different clay minerals (Pratt ef al. 1964).
In the present investigation the correlation of this relationship is 0.88 (signi-
ficant at 19, Jlevel) and the regression equation is Y=0.66 x—0.16 (where
Y=E.S.P. of soil irrigated ; x=2SAR of water) and this is different from that of
Y =0,015-0.013

obtained by United States Salinity Laboratory Staff (1954). This clearly
indicates that the Sodium Adsorption Ratio limits have to be revised on the
basis of the soil type. Venkatachalam (1958) and Ranganathan (1968) have
found that a constant factor for each soil determines the maximum sorbable
-sodium by a soil. Hence Sodium Adsorption Ratio values of waters have to
be critically viewed in conjunction with the soil irrigated with.

AGAR =

Boron concentration: From the Jimits prescribed by Scofieid (1936)
it may be seen that all the waters studied have very low concentration of
boron, being far from danger.

Concentration of other jons: The concentration of ions in most of the
waters studied is normally high. But from the fact that the crops are grown
well by utilising these waters, it may be inferred that balanced ionic concen-
tration plays a vital role in the osmotic relationships of soil and plant,

Irrigated soil; Though we cannot expect a complete equilibrium attained
by the soils irrigated with these waters, the analysis of these soils indicate less
salinisation effect than predicted by the conventional classification methods.
All the soils have low E.C. values. The agronomic and management practices
adopted in the farms are normal, High values of exchangeable Ca<4Mg of the
soils enable them to adsorb less sodium.

Summary and Conclusion: Thirtcen irrigation waters used in the Agri-
cultural College farms and one sample of Siruvani water were completely
analysed for all the common jons, E.C. and pH. The classifications based
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~upon Wilcox, U.S.D.A. and Eaton were worked out to sce their effectivencss
in adjudicating the irrigability of ground waters. By comparing with the crop
performance and the effect upon the irrigated soils, these methods have been
observed to be far from satisfactory. It is also discussed that the conductance
values cannot be relied upon for understanding the ionic composition and the
limits of Sodium’Adsorption Ratio values have to be revised on the basis of
the soil type. A satisfactory method of classification can be emlvcd'unly
after a thorough probe into the concept of balanced ionic environment,
alkalisation co-cfficicnt of soil and toxic concentration of ions, Further it may
be concluded, that the ionic composition of water alonc cannot form a basis
for evaluating its quality. The soil also is 1o be considercd along with,
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