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ABSTRACT

In the published Jiterature of Soil aciences a number of madig.
cations of the Lizpon equation have been proposed from time to
time. These modificationg have been examined jn detail and put in
the right perspective. The assumptions in this tquation and their
limitations are discusaed,

INTRODUCTION

In considering the physical properties of soils 2nd the mineral nutritiap of
plants growing on Soils, the saturation of exchenge sites by various ions and
the relations between exchangeable ions and their toncenirations in soil solutign
are of great importance. The equetions for relating the distribution of adsorheg
tons to selution jong may be classified into several categories, They includa the
kinetic and statistical approaches, mass actinp equations, Donanan distribotion,
double-layer thaory and the application of thermodynamics.

The soil ikt depends an the nature of exchangeable cations also, Ingn
ideal soil, 659 of the exchange sites should be occupied by caleium, 1% by
magnesiym, 3% by potassium and 20% by hydragen {Toth, 1964, Calcium
*aturated soils are flocoylated and permeabls to water, while sodigm Baturated
soiln are generaily deflacculated, dispersed and impermeable to gund quality
water. Some other physical properties of 5ol like sweiling and Plasticity apd
the chemics! Propertisg {jke availability of £ and other nutrients gre effected
ndversely by the excess of exchangeable sodigem, The excess of sodiuminirriga-
tion watery may adversely affect goii propertiss and thys decrease sofl
praductivity,

It is for thie reason that &N at'emipt is being made hete ta review ang consoli-
date differeat modifications of the Gapon equation since 1933 to-date so that it can
be used with more confidence and _ccuracy for the classifieation of salt-cficered



moils and sodic waters, These modifications also help in predicting the efects
of irrigation watera on soils more accurately and thus mey be helpfulin their
svaiuation ler agricultural purposes.

DEVELOPMENT OF THE EQUATION

Gapon (1933} published his equation in Russia and it czme to the koow-
ledge of American workens in 1934, Gapos equation is for non-symmetric
systern, For CafNa exchanpe pystem he wrote the equation ;

-+
cajx + Na® = NaX + jca’t N

where, X stands for 1he soil exchange complex. Gapon poioted cut Lhat on the
suil exchange complex, Ca behaves as does Wa when expressed on equivalent
basis, This leads to the ¢quation :

-
Cax + Na® = NaX + iCa (2)

lo this equation the concentrations of eachangeable cations are expressed in
milliequivalents (me) per nait weight of doil e.g., me/l00g or me/g and those of
calions in the e¢quilibrium solution in millimoles per liter (mmolesfl).  Far
working out the Gapon exchange cocficient it {s written as :

(NaX) cath? = KC
(CaXx) (ha®y M
The U. S, Salinity Laboratory Staff (1954) introduced two terms !

MNaX
ESR = = (4
CaX
4
Na
SAR = - (5
Ca
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where, ESR is the exchangeable sodium ratio and SAR. is the sodium adsorption
ratic. ‘The U, 5. Salinity Laboratory Staff (1954} modified the Gapen cquation
to include Mz with Ca. This ieads to the expressions :

NaX Na¥

ESR = = ()
CaX + MgX CEC-NaX

+
Ha (7

G T

where,all concentrations are expressed as me per unit weight of soilif tite coneen-
teations of solution cations ars expressed in mmeles/l, However,

SAR =

Ka+

Q”wf
2

if the concentrations of solution cotions are expressed in mefl. The units of
¥

SAR in both the cases come ool to be (mmoles/l), while ESR is umit]ess,
Substituting ESE. and SAR into equaiion 3 in becomes :

SAR = i(8)

1 = KG
ESR x iR M
where, KG iz the Gapon exchange coeflicient. According to Bohn er ol (1979),
the valves of K vary from 0.010 to 0015 (liters/mmole] for most arid zone

[
soils depending upon the surface charge deosity of the clay mintrals and organic
matter content. Sioce the units of cation exchange capacity ere wme/l00 g and
those of surface area are ¢m?/100g, therefore, the unit of surface charge densiry
comes out as mejem?.  In other words, the surface charge density is the CECy
unit area.  As the surface charge density increases, the polyvalent cations are

preferably adsorbed and the wales of KG degreases and vice versa. Bower

{1959} found that for a Na-Ca-Mg-K system, the equilibrivm Eetween Na and
2:8



Ca + Mg is larpely independent of K (potassium}. From now on, for simpli-
city, K will be wsed in plaes of K. Simplifying the equation No, 9, we get
O

KSAR — ESR (10)

For & Ca/Na system, the exchangeable sodiem fraction (ESF) in equal o :

NaX
NaX Nax CaX
ESR = ™= = _— {[”
CEC CaX + NaX {aXx NaX
" e —
CaXx CaXx
NaXx
since ESR = ———— and ESR = K3AR, therefars
CaX
ESS KSAR
ESF = =
1 +ESR I+ KSAR and {12)
100 KSAR
ESP = 100 ESF = —_— (13)
1+ KSAR

The ¢exchangezbles sadium precentage (ESP} is a measure of sodium saturation
of the soil exchunge comlex. On page 26 of Handbook 60, the U, §. Salinity

Labaratory Staff (1954) have written Lthe equation :

100(-0.0126 + 0.01475 S5AR) (14)

ESP = ‘
1 + (-0 0126 4 0.01475 SAR)

For many arid zone soils of Western Siates the U5, Salinity Laboratory
gtaff found that

ESR — .0.0126 + 0.01475 SAR (18)

where 0.014735 is the value of Gapon exchangs coefficient and -0.0126 is the value
al Y intercept. Hawaver, Franklin and Schmehl (1972) worked out the following
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regression equation fur Pakistan soils ¢

ESE = D.0083 + 0.0124 SAR (1E}

The intercept in this linear regression equation is alightly highet for the Punjab
scils than for the LIS, soils but the slope is lower. The lower slops of equation
16 indicates less sodium hazard from a given water for the Punjab soils in which
hydrous mica {illite} and chlorite clay minerals daminate, Either the équation :

ESR 2= 1.%4 4 0.903 SAR (Franklin and Schmehl, 1973} (17}

ar

100 {00063 + 0.0124 SAR}
FSP — o (18)
1 + (0.0083 + 0.0124 SAR}

should give impruved estimates of ESR for Pakisian soils, The SAR is usefui
fot predicting 1he expected exchangeable cation slatus or expected ESP of a
given soil in equilibrium with a given irrigziion water. Hence, the SAR it one
of the parausters used for classification of irrigation waters and for evaluating
the sodium status of soils, Some avihers (Bohn e af,, 1979} prefer the use of
SAR over ESP,

Lt is implicitly given in the Gapon equations that SAR depends upon the
concentralion of salts in the irrigation water o seil solution, I the concentra-
tion of s2lis in solutién increases 4 Limes, without any change in tha relative ratio
of Ma: (Ca + Mg), ihe SAR is doubled, Conversely, if the salt concentration
is decreased by a lactor of 4 by dilution, the SAR of 1he diluted water will be
equal te hall of that of the original water.  This is calied the *valence dilution’
principle (EBaton and Sckeloff, 1935).  This principle of decrease ia SAR with
dilution has besn made use by Reeve and Bower {19601, Reeve snd Doering
(1466 and Muhammed «f af. {1909} for reclaiming slowly permeable and fine-
1extured sodic soils by high-salt water dilution method, [n addition to chemi-
cally reclaiming the soil, the vse of high-salt waters alse helps in maintaiging or
increasing th2 soil hydraulic conductivity.  For predictive purposes, the ESR is
given by the equation :
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ESR = K SAR {19}
885

where, SARss is the SAR of the soil solution, [tis assumed that SAR of Lhe
sgil snlutiun(EAREs]is not the same 28 that of the irrigation water. SAR of

the soil solulion is mostly higher than that of the applied irrigation water due 1o
its concentration through water absorption by plants, evaporatien from ecil
surface and disselution of salia from seil particles. The concentration of soil
solution is generally 2 to [0 times greater than that of irrigatiou water. Under
very adverse conditions, concentration of woil solution may be even 50-100 LimeE
greater than that of the irrigalion water. When increase in the conceniration of
irrigation water, as a result of evapotranspiration and dissolution, is taken into
cansideration, the equation becomes |

ESR = K S&Riw JE (20
where, C is ta equal to concentration factor and 5""Ri is the SAR of irriga-
W
tinn water. The SAR of drainage water (SAR) is approximated by the cquations
dw
SA.Rdw - SARHB - Emiw v (21

After the irrigation water enters the soil, its concentration increaces due
tn evapotranspiration and the salts of fow snlubility get precipitated: The galt
to precipitate first is CaCO,.  Dther salts Jike CaSD, and magnesium silicate alsa
precipitate if the concentratinng of these salis in soil salutien exceed their solubi-
lity product constants {U. 8. Salinity Letocatery Siail. 1954; Eaton & al., 1968},
Th's precipitatjon will decrease the soil salinity but concurrently increase the
proportion of eodium in the soil sclution and thos vpaet the dynamic equilibriom
between the cations in selution and thoss adrerbed by (he soil exchange complex.
Under such conditions, & part of the originally adsorked calcium and magne-
sium is replaced by sodium. The repetition of this process results in the
formation of saline-sodic sails from saline soils, Therefoue, il can be said that
in arid regions such as Pakistan, saline soils provide the parent material for the

development af sodic soils,
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The Langlier incex as modified by Bower (1961) i3 uselul for knowing
the expzcted precipitation of CaCQ; from irrigalion waters.

Precipitation Index = pHB - pHc 22

whers, pHBis the measured pH of saburated soil paste. It is generally equal to
2.4 for calcareons snils. pi%i! the calculated pH of the irrigation water in equi-

librium with CaC0,. A positive value of index indicates tendency of CaCO; to
precipitate from irrigation water sfter its application to seoil, while & negative
value of index indicates tendency for CaCO, to be dissolved from soil,. While

takiag care of concentration and precipitation lactors,the followiog equation is
ohlained {Bower &f af., 1968} :

- N, / - 23
SJLFLRBst SAR iw c + Sﬂiw C (PHS PH{:}

Takinpg pH of saturated paste of a calcareous soil as § 4, the equation becomes

SAR = SAR, . fC +saR _ fC (8.4 -pH) 24

SAR_ = 5aR, fC Il + (8.4 - pH )] 25

The concentration of the soil solution will depend on the leaching
feaction (LF). 17 4nly 109 of the irrigation water moves downwerd through the
soil beyond thz root zone, then LF = 0.1 and the concentration fuctor = 1u.
The above equation (No. 25} may also be written as :

f r

- 1 26

[f the relationship between SAR and ESP is as.umed to be one 1o ope (1his
is approximalely applicable up ta E3P value ol 5¢) then

{1
ESP = SAR, [-—= [1+ (B.4 - pHc)l 27
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The precipitation index is useful for classification of irrigation water and for
predictiog the expected SAR resulting from the use of a perticular irrigation
water, 1t will be clesr from the following example of analysis of watee from
tubewell in Squars No. 21, University of Agriculture, Faisalabad {Tablel}. It
was obierved that alter 4.5 ircigations with this water, the soil particles were
dispersed because of increased exchangeable sodium und as a result of ihin the
growth of citrus plants was adverzely affected. Becauvse of sodicity hazard the
tubewell was dismantlad. However, the analysis of 1his tubewe!l water does not

indicate it to be s bad.

Table 1. Tha sodivm hozard (SAR) of nibewell frrigation water or tndicated from
its analysis and after applying the approach of Bower et al. (1969)

Milliequivalents per liter

BC x 10¢ Ca + Mg Na (by diff.} CCy HCO; RSC SAR pH
- ¢

water nnalysis

1200 319 ; B.8} 0.809 7431 4B 7 T.2
After 4 times copcepiration

4800 12.76 35.24 2,36 29.72 — 14 —
After precipitation of CaCQ,

— =

ipiteree

*SAR calculated by using cquation 25 and C = 4,
For estimating the sodicity hazard of irrigation waters in terms of the SAR of the
surface soil {SARsu}, Oster and Rhoades (1977) used the following equaticn:

SAR =SAR ! 4+ 84.pH a8
Fu iw c

Tho SAR is aoumerically equal to SAR ol irrigation water, Rhoapes
] tdi

(1968) applied the mineral weathering correction for estimating the sodicity

bazard of irrigation waters at the lower boundary of the root zene (SAR,) which

leads to the eguation |
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Y(1 + 2 LF)

fT

where, *Y" is the empirice]l mintral weathering parameter. Tha values of
Y{l + 2 LF)

fr

0.2, 0.1 and 0.4, respectively where, Y and LF tské on values beiween zero
and one. These two equations are recommended for assessing the sodicily
hazard of irrigation waters, because soil permeability and crop toxicity are dis-
tinctly sedicm related hazards. Wiih the use of these (wo equations, wecan
estimate the minimom {surface), maximum (bottom) and average profile SAR or
ESP values resulting from Lhe steady-siate use of waters for irrigation,

SAR

1= SAR Il + (8.4 ~pH}] 29

are 2.06, 1.36, 1.03 &nd 0.83 at leaching fractions af 0.1,

The equation (29) along with three other equatians was used for caleula-
ting the expected SAR {Table 2) at the boltam of the rout zone (EﬁRdw Y after

growing (hree crops of sorghom, maize and serghum. The S.&Rdw vajges

determined from the analysis of drainage water at steady srate (Mukammed and
Rauf, 1982) are also given in Table 2, while other 3 equations are given at the
bottom of Table 2. Equation M) gave the lowest, while eguatien 3! gave the
highest values of SAR Equation 32 gave slighty lower values than those of
equation 31, while equation 2% which took iate consideration the dissolution of
g3lt3 from soil minerals (Rhoades, 1968) and precipiraticn of salis f[rom irrigation
water after applicativn to soil {Bower, 1961}, gave Sﬁﬂ.dwvalues almost equal

10 the observed ones. This ¢leacly indicates that modification of the Gapon
¢quation by various workers, lzading to eqvation 29, is quile suitable for predic-
ting the effects of a given water on the exchangezble sodium status of local
soils, The values calculated by equation 29 gave a very high correlation
coefigient {t = 0,979, P — (.01} with obscrved values, The regression equation
is:
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Y = 1.93 ¢+ 1.0M4X
where, ¥ is the predicted SAR  and X is the caiculated SAR  with equation

dw dw
29, There is almost 1:1 relationship between cbrerved arnd caleulated values «F
SAR . From thisit iy very clear that SAR  can be predicted very acenra-
dw dw

tely by the equatien of Rhcades {I19¢8), which takes ipto consideration the
dissobution of easily soluble minerals in soils developed under arid and semi-arid

clittate.

Table 2. Observed and calenfated steadv-ifnte SAR values of drainoge walers ar o
Sfunetion of LF

Weter Obser-  Calculated by equatiors  Obrer-  Calculated by equaticn

No, ved 29 ah al 32 ved 25 K1} k1| 12
...... LF = 0.051 ...... sl B S VI 1 B

W, 58.1 6.2 443 R32 795 40.3 3B.1 3.2 5.6 58.7
W, 593 26 443 BLEZ BA2 45.1 3199 31,7 614 624G
Wy 0.0 68,0 7.8 1000 930 49,0 462 47,7 7L.0 6R.4
W, 0.9 Tr4 0 66.9 110.2 103.4 3.7 50,5 47.0 77.6 80.6
Ave, 4.6 64.4 5BE 954 E9.% 47,2 41,7 323 678 671
v LF = 0,075 .. o LE —=0.141 ...

W, £0.9 51.2 376 E6.2 B4.7 40.0 9.8 274 o628 59,2
W hE.7 58.9  36.2 5.8 749.2 18,5 39.8 264 6256 565
Wo 722 T0.0 5485 1055 1066 156 48,7 399 770 723
Wy 9.0 741 551 111.7 1043 56,7 L6 40,2 Bl.s TH
Ave, a7, 7 650 45,9 973 9317 44,7 419 335 7.0 666
.... LF = 0,099 ...... e LE =028 .,

W, 604 554 32,7 BSS B4 43,2 /RO 238 620 e0.)
Wy 3.6 554 318 B4.B 8514 4.0 377 231 61.¢ 578
Wi, 71.8 69,9 474 107.1 1DA.5 46.8 47.6 344 717 TR0

Wi, 79.9 7286 48.0 111.2 1107 45 8 4.4 348 307 752
Ave, 68,7 3.4 40.0 97,2 D53 43.0 43.2  19.0 0.5 063
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SAR 1 = SAR

dy = {w (30}
H LF
1
Sﬁ.RdH -\/_LF‘ - SARiw [1 + (B.O - PHC}] (I
- - L
SAR{]W IF Eﬂkiw {1+ (8.0 - pHc]] where LF = 1w (3:
cldw
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