2inuAsMaas (INu.) 28:364-380 (2537)

a1 LR ua ML datuaslgifan waatdas
- - | -3 Q. Qs — [-]
Ltazuunuwmﬂuaﬁam‘lamuaadmmaaqmumuwa bbEh

Electrical Conductivity and Sodium, Calcium and Magnesium Contents
in Saturation Extract of Kamphaeng Saen Soil Series

quvis Befannad uay aydas Induw’

Suntaree Yingjajaval and Anuwat Pothinam'

ABSTRACT

Several soil variables are routinely measured in the study of soil salinity. These variables are
then used only for classifying soil as being saline. This study examined various relationships between
all these variables to gain insight into the nature of salts presence in the field. The relationships will be
useful for further study of salt distribution in the area. A grid of 100 x 100 m® was laid out on the
Kamphaeng Saen soil series (Typic Haplusalfs) in the field of 128 hectares in Kasetsart University,
Kamphaeng Saen. Soil samples were taken for a total of 127 points, at the depth of 0 - 5 and 25 —
30 cm during April (summer) and November (end of rainy season) of 1989. Soil analysis included
electrical conductivity of soil saturation extract (ECe), and of soil solution at the soil water ratio of 1:5
(EC1:5), the total concentration of soluble salts: [Na], [Ca] and [Mg] in the soil saturation extract, pH
of soil to water solution of 1:1, and soil water content on mass basis (0 m). Calculated variables were
sum of soluble salt content ([Na+Ca+Mg]) and practical sodium adsorption ratio (SAR = [Na)/
([CarMgD*). '

Salt concentrations and EC values were higher in the upper layer of surface soil. This was
more pronounced in summer. However, salt concentrations became higher in the rainy season,
indicating increasing solubility and movement by water. Basic statistical analysis showed that only pH
and 6  are normally distributed, with the arithmetic means of pH = 6.8 and 6 = 14.21%. All other
variables are log-normally distributed, with the log-means of ECe = 4.08 dS/ n:: [Na] = 7.84, [Ca] =
14.92, [Mg] = 6.80 and [Na+Ca+Mg] = 27.99 mol/m’ and SAR = 2.01 mol™*/m"®. The average ECe
was on the borderline of being saline soil. The log-means have smaller magnitude than the arithmetic
means.

Further analysis of the relationships between all nine variables showed that only 3 relationships
are strongly correlated. These are the relationships between ECe vs. EC1:5; ECe vs. soluble salt
concentrations; and [Ca] vs. [Mg]. The correlation functions for the overall data (508 points) are as
follows: i) ECe = 6.807EC1:5, (r = 0.958); ii) ECe = 0.8916 + 0.0731[Na] + 0.1702[Ca] + 0.0086(Mg),
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(1=0.969) or [Na+Ca+Mg] = 7.116ECe™™", (r=0.957); and iii) [Mg] = 0.3298[Ca]"*™, (r = 0.882).
Two other relationships have moderate r values. These are SAR = 0.9889 + 0.2716ECe, (r = 0.681);
and pH = 6.27 + In([Na]™®[Ca]***[Mg]***), (r = 0.398). The rest have low values of r (r<0.4),
even though some relationships are of statistical significance.

The study leads to the conclusions that for the studied area, ECe can be evaluated from ECl:5;
when ECl1:6 is greater than 0.6 dS/m, the soil is saline. The dominant soluble salt is calcium. Calcium
and magnesium behave similarly in their solubility. [Na] in the range of 3-56 mol/m’ is not related to
[Ca] and [Mg], indicating a different solubility factor. At higher concentration, [Na] is positively
related to [Mg]. When the total soluble salt content is low, Na is more soluble and appears in higher
concentration than Ca and Mg. When the soil has higher water content and/or is at lower pH, the
three salts are in the more soluble forms, which are strongly and positively correlated to each other.
ECe of the soil is controlled predominately by the linear combination of [Na], [Ca] and [Mg]. Of the
three salts, Ca has the most effect on ECe. Because ECe is related to the sum of salt concentrations,
the expression of salts in the form of SARp is not as strongly related to ECe. Only the above 3 highly
correlated relationships are recommended.

Key words : electrical conductivity, soluble salts, sodium adsorption ratio
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Table 1 Basic statistics of the studied variables.
Parameter ECe EC1:6 pH Gm Na Ca Mg NatCa+Mg SARp
ds/m dS/m 1:1 % mol/m’ mol/m® mol/m* mol/m*  mol®®/m!*®
Summer 0-5 cm
Count 127 127 127 127 127 127 127 127 127
Average 6.26 0.70 6.86 1.1 14.76 19.16 12.24 48.16 2.23
Variance 6.6 0.88 0.48 80.5 1989.6 857.5 1079.8 9067.4 8.52
Std.Dev 7.45 0.94 0.69 7.78 44.61 29.28 32.86 96.22 2.92
cv L42 1.36 0.10 0.70 2.33 2.30 2.68 2.08 1.1
Min 0.30 0.08 3.06 1.07 2.82 0.17 0.13 4.17 0.39
Max 46.65 5.26 7.88 38.51 328,27 160.81 101.74 642.88 26.13
Skewness 2.89 2.66 -1.12 0.76 5.70 2.76 4.00 3.91 5.72
Kurtosis 12.74 11.38 438 3.36 36.16 10.89 19.66 18.80 40.20
Summer 26-30 cm
Count 127 127 127 127 127 127 127 127 127
Average 2.99 0.34 6.76 14.28 6.96 .69 4.48 20.18 1.98
Variance 10.7 0.14 0.61 407 38.7 102.6 111.9 762.8 118
Std Dev 3.27 0.87 0.78 7.06 6.81 13.88 10.68 27.62 1.09
cv 1.09 1.08 0.12 0.49 0.97 1.438 2.36 137 0.66
Min 0.20 0.02 3.86 3.49 2.82 0.01 0.02 3.08 0.67
Max 16.76 1.86 7.98 36.77 36.06 91.66 82.85 186.54 6.29
Skewness 2.18 2.16 -0.80 0.39 3.07 3.66 65.98 s.86 2.08
Kurtosis 8.09 8,06 3.28 2.29 14.26 10.77 43.30 21.48 7.91
Rainy 0-6 cm
Count 127 127 127 127 127 127 127 127 127
Average 6.46 0.82 6.86 14.87 18.88 17.61 14.09 49.98 2.39
Variance 96.6 2.48 0.46 49.0 4819.2 923.6 2721.8 20087 14.6
Std.Dev 9.77 1.56 0.67 7.00 69.42 30.39 62.17 141.86 3.82
cv 179 1.81 0.10 0.47 3.78 1.74 3.70 2.83 1.60
Min 0.37 0.08 4.90 348 2.82 118 0.17 4.87 0.72
Max 70.66 12.06 7.87 30.89 693.29 199.67 440.10 1116.83 217.36
Skewness 4.40 5.12 -0.86 1.00 6.99 8.77 6.36 6.00 ' 6.41
Kunosis 26.14 34.27 3.01 4.79 54.69 20.37 46.56 41.86 33.38
Rainy 26-80 cm
Count 127 127 127 127 127 127 127 127 127
Average 3.67 0.46 6.76 16.47 0.81 11.96 6.64 27.41 2.07
Variance 20.8 0.38 0.47 42.6 914.7 200.6 226.2 2692.7 6.33
Std.Dev 4.66 0.62 0.69 6.62 30.24 14.18 16.01 61.89 2.31
cv 1.24 1.34 0.10 0.40 3.08 118 2.66 1.89 112
Min 0.21 0.03 4.80 3.18 2.82 0.01 0.02 3.02 0.68
Max 34.60 4.80 7.67 40.67 320.16 67.93 161.66 514.16 22.99
Skewness 3.44 3.96 ~0.77 0.76 9.16 2.16 9.10 712 6.96
Kurtosis 20.39 24.87 2.79 4.68 93.90 7.72 96.09 66.95 60.48
Global
Count 608 608 608 608 508 508 508 608 608
Average 4.34 0.68 8.80 14.21 12.22 14.58 9.11 35.01 2.7
Variance 46.6 0.99 0.50 64.0 1960.2 566.6 1045.8 8248.3 7.39
Std Dev 6.82 0.99 0.71 7.36 44.16 23.57 32.34 20.82 2.72
cv 1.67 1.7 0.10 0.62 3.61 1.62 3.66 2.58 1.26
Min 0.20 0.02 3.86 1.07 2.82 0.01 0.02 3.02 0.39
Max 70.56 12.06 7.98 40.67 593.29 199.67 440.10 1116.83 27.36
Skewness 4.72 6.12 -0.88 0.54 9.11 3.88 8.22 7.37 6.63

Kurtosis 34.69 67.98 3.37 3.48 98.17 22.68 86.43 70.48 63.01
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Table 2 The median and logarithmic mean of the studied variables, as compared to the
arithmetic mean. The skewness and kurtosis showed that data are closer to log-
normal distribution, except pH and 6_ which are normally distributed.

Parameter LnECe LnEC1:6 LnpH Ln 6 LnNa LnCa LnMg Ln(Na+Ca+Mg) LnSARp

m
dS/m dS/m 1:1 % mol/m® mol/m® mol/m® mol/m*  mol®®/m"®

Summer 0-5 cm

Skewness 0.34 0.22 -1.56 -0.59 2.12 0.14 0.64 0.95 1.59
Kurtosis 2.44 2.36 6.88 2.39 8.19 271 3.25 3.50 8.80
Median 2.64 0.35 6.82 8.07 5.84 8.29 274 18.61 1.72
Log-mean 5.14 0.70 6.86 11.97 9.37 19.52 9.42 37.39 2.05
Arith-mean 5.26 0.70 6.86 11.11 14.75 19.16 12.24 46.15 2.23

Summer 25-30 cm

Skewness 0.19 0.05 -1.19 -0.33 1.45 -0.87 0.04 0.80 0.59
Kurtosis 247 2.56 5.05 1.99 4.23 6.57 3.72 3.15 348
Median 1.86 0.21 6.70 12.43 4.61 4.82 1.63 12.39 1.77
Log-mean 2.99 0.35 6.75 14.46 5.62 11.13 4.24 18.57 1.96
Arith-mean 2.99 0.34 6.75 14.28 5.96 9.69 4.48 20.13 1.98

Rainy 0-5 cm

Skewness 0.65 0.78 -1.06 -0.53 2.20 0.64 0.90 1.24 2.29
Kurtosis 2.83 3.13 3.63 3.23 8.38 249 4.36 4.31 10.54
Median 2.53 0.39 6.82 13.35 5.65 7.44 3.01 17.34 1.72
Log-mean 4.90 0.71 6.85 15.14 9.91 15.96 8.54 35.18 2.08
Arith-mean 5.46 0.82 6.85 14.97 18.38 17.51 14.09 49.98 2.39

Rainy 25-30 cm

Skewness 0.33 0.42 -0.98 -0.84 2.04 -1.02 -0.12 0.83 1.88
Kurtosis 2.46 2.66 3.30 4.34 8.71 8.86 3.50 3.28 9.60
Median 2.18 0.27 6.72 15.11 5.15 6.57 2.03 15.03 1.71
Log-mean 3.60 0.44 6.76 16.64 7.18 13.42 5.70 24.25 1.94
Arith-mean 3.67 0.46 6.76 16.47 9.81 11.96 5.64 27.41 2.07
Global

Skewness 0.45 0.42 -1.21 -1.12 223 -0.26 0.41 1.08 1.76
Kurtosis 2.72 291 4.84 4.39 9.27 5.13 3.85 4.05 9.20
Median 2.29 0.30 6.76 11.94 5.30 6.68 2.30 15.71 1.73
Log-mean 4.08 0.54 6.81 14.84 7.84 14.92 6.80 27.99 2.01

Arith-mean 4.34 0.58 6.80 14.21 12.22 14.58 9.11 35.91 2.17
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Table 3  Relationships between ECe (dS/m) and EC1 : 5(dS/m).

Soil Sampling Relationships daf r

Summer, 0-5 cm ECe = 7.60316EC1:5 126 0.965
Summer, 25-30 cm ECe = 8.56106EC1:5 126 0.961
Rainy, 0-6 cm ECe = 6.21178ECl1:5 126 0.969
Rainy, 26-30 cm ECe = 7.30799EC1:6 126 0.934
Summer ECe = 7.76293EC1:5 253 0.964
Rainy ECe = 6.38807EC1:5 263 0.960
Global ECe = 6.80705EC1:5 507 0.966

Table 4 Relationships between ECe and soluble salt concentrations.

Soil Sampling Relationships af 1

a. ECe(dS/m) as functions of salt concentrations (mol/ms)

Summer, 0-5 cm ECe = 0.94321+0.07264[Na]+0.16982[Ca]-0.00087[Mg] 123 0.961
Summer, 25-30 cm ECe = -0.0367+0.21464[Na}+0.21270[Ca]-0.06985[Mg] 123 0.976
Rainy, 0-5 cm ECe = 1.14383+0.06435[Na}+0.15905[Ca}+0.02461[Mg] 123  0.979
Rainy, 25-30 cm ECe = 0.50343+0.04334[Na]+0.18648[Ca}+0.09041[Mg] 123 0.968
Summer ECe = 0.80119+0.07768[Na]+0.18228[Ca]-0.01311[Mg] 250 0.960
Rainy ECe = 0.93899+0.06805[Na}+0.16815[Ca]+0.01902[Mg] 250 0.976
Global ECe = 0.89164+0.07308[Na]+0.17015[Ca]+0.00862[Mg] 504 0.969

b. Sum of soluble salt concentrations (mol/ma) as functions of ECe(dS/m)

Summer, 0-5 cm [Na+Ca+rMg] = 7.19712ECe’7°10 125 0.957
Summer, 25-30 cm [Na+Ca+Mg] = 7.21708ECe?*74%! 126 0.951
Rainy, 0-5 cm [Na+rCa+Mg] = 6.83784ECe!0%%"3 125 0.971
Rainy, 25-30 cm [Na+Ca+rMg] = 7.26065ECe™%%143 125 0.951
Summer [Na+Ca+Mg] = 7.19012ECe’-24!5% 252  0.955
Rainy [Na+Ca+Mg] = 7.03396ECe’?72%° 252 0.963

Global [Na+Ca+Mg] = 7.11499ECe’*%"11 506 0.957
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EC1:5, dS/m

Electrical conductivity of soil
saturation extract (ECe) is strongly
related to EC of soil solution using

sail water ratio of 1:5 (EC15) Solid line
represents the function ECe = 6.807EC
1:5. A represents soil samples taken
from 0-5 ¢cm depth, [ from 25-30 cm
depth, solid symbols are samples
taken in April and open symbols are
samples taken in November of 1989.

1:1 LNE

10 20 30 40 50 60 70 80

MEASURED ECe, dS/m

Figure 2 Calculated ECe from the

relationships of ECe = a+b[Na]+
c[Ca]+d[Mg], the constants of
which are shown in Table 4a for
each soil depth and time of
sampling. Calculated values showed
good agreement with the measured
ECe. A represents soil samples taken
from 0-5 cm depth, I from 25-30
cm depth, solid symbols are
samples taken in April and open
symbols are samples taken in
November of 1989.
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Figure 3

1000.0

1.0 10.0 100.0
ECe, dS/m

The total concentrations of [Na+Ca+
Mg] is strongly related to the
electrical conductivity of soil
saturation extract. Solid line
represents the function [Na+Ca+Mg]
= 7.11499ECe®**™, A represents soil
samples taken from 0-5 cm depth,

O from 25-30 cm depth, solid
symbols are samples taken in April
and open symbols are samples taken
in November of 1989.

3

100.0 =t

10.0 —

Magnesium concentration, mol/m

0.1

iehii i B

&

A IAEUI

01

Figure 4

1.0 10.0 100.0 1000.0

Calcium concentration, mol/m®

Magnesium and calcium contents in
soil saturation extract are strongly
related. Solid line represents the function
[Mg] = 0.3295[Ca]***.

A represents soil samples taken
from 0-5 cm depth, 0[O from 25-
30 cm depth, solid symbols are
samples taken in April and open
symbols are samples taken in
November of 1989.
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Table 5 Relationships between calcium, magnesium and sodium concentrations.

Soil Sampling Relationships df r

a. Magnesium as functions of calcium concentrations (mol/ms)

Summer, 0-5 cm Mgl = 0.2708Ca %%’ 125 0.913
Summer, 2530 cm  [Mg] = 0.3918Ca%%7° 125 0.849
Rainy, 0-5 cm Mg] = 0.3543Ca! %7 125 0.915
Rainy, 25-30 cm Mg] = 0.2993Ca'01¥7 125 0.848
Summer Mg] = 0.3346Ca’ 900" 252 0.885
Rainy Mg] = 0.3221Ca! ™7 252 0.879
Global Mg] = 0.3295Ca 19240 506 0.882
b. Sodium as functions of magnesium concentrations (mol/m3)

Summer [Na] = 2.1030+0.9867[Mg] 252 0.759
Rainy [Na] = 1.6314+1.2632[Mg] 252 0.908
Global [Na] = 1.4371+1.1835[Mg] 506 0.867
c. Sodium as functions of calcium and magnesium concentrations (mol/m3)

Summer [Na] = 5.6573-0.4430[Ca]+1.3256[Mg] 251 0.783
Rainy [Na] = 3.8542-0.2118[Cal+1.3543[Mg] 251 0.911
Global [Na] = 4.8687-0.3511[Ca]+1.3686[Mg] 505 0.876

Table 6 Relationships between SAR (mol®*¥/m'%) and ECe(dS/m).

Soil Sampling Relationships df T

Summer, 0-5 cm SARp = 0.85218+0.26285ECe 125 0.671
Summer, 25-30 cm SARp = 1.89123+0.03030ECe 125 0.091
Rainy, 0-5 cm SARp = 0.79657+0.29228ECe 125 0.747
Rainy, 25-30 cm SARp = 0.77912+0.35079ECe 125 0.693
Summer SARP = 1.19674+0.22097ECe 252 0.588
Rainy SARp = 0.85491+0.30111ECe 252 0.731

Global , SARp = 0.98891+0.27156ECe 506 0.681
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Table 7 pH is related to a combination of soluble salt concentrations (mol/m?).

Soil Sampling

Relationships

df r

Summer, 0-5 cm  pH =

Summer, 25-30 cm pH =

Rainy, 0-5 cm pH = 6.27+In([Na]
Rainy, 25-30 cm pH =
Summer pH =
Rainy pH = 6.20+In([Na]
Global pH =

6.17+In([Na]> 47 [ca1®>?"°Mg)

6.52+In([Na] 0121 [Ca)* 253 Mg 03428) 123 0.334
0.2399[Ca]0.3217[Mg]—0.4345

6.09-+In([Na]®*"2*[Ca] *456! (Mg ] 04342

)
)
6.38+In([Na]">3%(Ca)* 3765 Mg] *4¥%7) 250 0.460
0.1415[C3]0.3762[M'g]-0.4023)
)

6.27+In([Na]®'22[Ca)*3%%5 [ Mg]

-0.6844, 123 0.627

123 0318
123 0.460

250 0.365

-0.4488 504 0.398

30

15

SARp, mol”/m

CALCULATED pH

ECe, dS/m

Figure 5 Although the practical sodium

adsorption ratio (SARP) is related to
ECe, the use of the function is not
recommended. Solid line represents
the function SAR_ = 0.98891+0.27156
ECe. A represents soil samples taken from
0-5 cm depth, [ from 25-30 cm
depth, solid symbols are samples
taken in April and open symbols are
samples taken in November of 1986.
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a
1:1 LINE
4 5 6 7 8 9
MEASURED pH

Figure 6 Calculated pH from the

relationships of pH = A+In([Na]®
[Caj{Mg]%, the constants of
which are shown in Table 7 for
each soil depth and time of
sampling. Calculated pH is quite
deviated from the measured pH.
A represents soil samples taken from 0-
5 c¢m depth, O from 25-30 cm
depth, solid symbols are samples
taken in April and open symbols
are samples taken in November of
1989.
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