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ABSTRACT

A better understanding of some physico-chemical characteristics of saline
soils, developed in playa margins, may be important to improve the study of soil
salinity in playas using remotely sensed data. In this study, some important
aspects of soil salinity in the Ardakan and Abarkooh playa margins in the
central part of Iranian deserts were investigated. For this study, 115 soil profiles
were excavated and soil samples from different intervals/horizons were
analyzed for some physico-chemical properties. It was also attempted to study
the accumulation of soluble salts in the soil profile, and relationship between
some soil salinity parameters such as electrical conductivity (EC), soluble
chloride (Cl) and sodium ions (Na+) with soil depth. The results obtained from
the relationship between soil salinity parameters showed that the estimation of
soluble C1 and Na* from EC(1:5) and electrical conductivity of soil paste (ECp)

of surface samples has the advantage of saving time when high accuracy is not
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intended. The result also showed that EC and soluble C1" and Na' decreases

rapidly at about 20 cm and that below this depth, soil salinity decreases
gradually. Based on the results obtained, we generally concluded that the
relationship between soil salinity parameters might be useful to design a

sampling plan more efficiently.

. Key words: Playa margin, Salt accumulation, Soil salinity, Soil variability,

Soluble chloride, Soluble sodium.
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Characterization of some soil salinity parameters in the Playa Margin'
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INTRODUCTION

Playa can be defined as the lowest areas within enclosed desert drainage
basins with almost horizontal, mostly vegetation-free and fine-grained sediments
(4). Many investigations have shown that the playas in Iran can be valuable as
sources of some non-metallic compounds such as chloride, sulphate, nitrate, and
borate. All of the 60 Iranian playas with different surface characteristics exist in
areas where. the annual evaporation is considerably greater than annual
precipitation. Estimated land area affected by salinity varies between 16 to 23
Mha .(8, 9). Electrical conductivity and concentration of the chloride anion (CI')
are two important criteria in the evaluation of soil salinity. Because the
laboratory analysis of soluble ClI° and Na  is more expensive and time
consuming than that of EC, the relationship between EC and CI" and Na" may
have a practical value for salinity estimation. Alavi Panah (2) studied some
physico-chemical properties of the soils in the Abarkooh playa margin, and
found a very strong relationship between the ECe and soluble C1™ data. He also
showed that the soluble salts that accumulate in soil surfaces in the Ardakan

playa margin are mainly composed of Cl anion and Na cation. Because CI" and
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Na® are predominant, the dominant soluble salts are sodium chloride (NaCl).
Sodium sulphate is of second any importance followed by magnesium and
calcium chloride. Cooke et al. (4) stated that, because of the high solubility,
.NaCl is taken further down slope, and it characterizes the soil nearest to a
playa, while the other salts are deposited at higher altitudes. There is no
conversion factor that can be used to compare EC at different soil water ratios.
The solubility of salts may vary with increasing dilution. However, the
relationship between ECp, EC (1:5) and ECe is useful to estimate ECe as a

conventional method of soil salinity measurement from EC (1:5) and ECp.

MATERIALS AND METHODS

In this study, the areas of the Chah Afzal and Abarkooh in the playa
margins in the Yazd province were selected to characterize soil salinity
parameters. We attempted to study some important aspects of the soil salinity in
the Iranian playa margins such as accumulation of soluble salts at the surface,
soil variability, relationship between some soil salinity parameters and soil
salinity type. In this study, the main attention was focused on the Chah Afzal
area located between latitudes, 32° 5' and 32° 34' N and longitudes, 53° 45' and
54° 14' E. This area is situated in the Ardakan-Yazd watershed in the north of
Yazd city and in the south of Ardakan playa (Fig. 1). The Ardakan playa with
the area of 1250 km? comprises 525 km? salt crust. It has been estimated that
about 20% of the total amount of run off water of the Ardakan Yazd watershed
reaches the Ardakan playa (11). In order to study some soil salinity
characteristics of the playa margins, once a sampling strategy was chosen (1),
115 soil profiles (55 soil profiles in the Chah Afzal area, 30 in the Ardakan area
near the Chah Afzal and 30 in the Abarkooh area) were dug and about one
kilogram soil samples were taken from different intervals to maximum depth of
165 c¢cm. The sample sites are mainly selected according to the photomorphic
units (PMU) (5) delineated on the Landsat TM false color composite (FCC) at a

scale of 1:100,000. All the samples were crushed, air-dried, passed through a
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2.0 mm sieve thoroughly mixed and then analyzed. The following attempts were
made: '
1) The EC (1:5) of 302 soil samples (55 soil profiles) from different soil
depths were plotted vs. soil depth and the best model was fitted for the
relationships between EC (1:5), soluble Cl” and Na* with soil depth.
2) The soil salinity parameters (EC, CI', Na’ )asa single dependent variable
and soil depth as an independent variable were used to study the equations

from the fitted models that might be useful to roughly estimate the EC, CI

and Na' in study area.

Fig. 1. Location of the study area.
RESULTS AND DISCUSSION

Relationships between Soil Depth and Electrical Conductivity, Soluble Chloride
and Sodium lIons
The obtained equations from the fitted models of the soil salinity parameters

and depth of soil are shown in Table 1. These models are useful in estimating
roughly the EC (1:5), C1” and Na" from soil depth in the Ardakan playa margin.
The trend of the three curves are comparable to each other (Fig. 2), because of a
very high correlation between EC, Na' and CI'. The correlation coefficients

between EC with C1" and Na are-0.972 and 0.969, respectively.
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Table 1. The equations for estimating EC, Na' and CI" from soil depth in

summer.

Equations R* -
EC 1:5 =23587 (Depth) O 0.740
Na* = 53323 (Depth) *** 0.718
CI' =328.60 Depth)*** 0.717
Depth = cm, Na* = meq. 1", CI'=meq. 1"
EC 1:5 (d5/m)
.o ¥ = 235,87 K -Swr
5 g
i -

R = 0.7174
v = 302
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Fig. 2. Relationship between soil depth and: (a) electrical conductivity, (b)

soluble chloride, and (c) soluble sodium.
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These three models show a very rapid decreasing rate at topsoil (<50 cm depth)
which can be due to a great accumulation of salts in the top horizon, and then
the curve decreases very gradually with increasing depth. From the above results
we may conclude that in the bare land of the marginal part of the Ardakan

playa, salt distribution is mainly a function of soil depth.

Relationship between Electrical Conductivity and Soluble Chloride and

Sodium Ions
The results of the fitted models (polynomial) between the soluble C1” and
Na' (as dependent variables) and EC (as independent variable) are shown in Fig.
4. Fig. 2 shows that the relationships are not completely linear. Tanji and
Biggar (9) stated that the relationship between EC and ion concentration is not
completely linear, because the amount of salts is directly related to the total
charge - and ion mobility, and as the concentration increases, there is a
concomitant decrease in both these parameters due to relaxation and formation
of ion pairs. More ion pairs are formed with ca®*', Mg?" and SO4* than with
Na' and HCO,; (3). The relationship between Cl” and EC (1:5) at the soil
profiles in the Chah Afzal area suggests that 99.1% of the variation in soluble
Cl” may be explained by EC (1:5), but relationship between Cl” with EC (1:5) at
the soil surface in the Chah Afzal area shows that 98% of the variation in
soluble CI” may be described by EC (1:5). The result shows that 98.2% of the
variation in the ECe in the soil profile in the Abarkooh area can be explained
by ECe. A careful examination of Fig. 3 or the related equation (Table 2)
indicates some differences between the Fig. 3 and related equations of the Chah
Afzal area.
It means that the coefficient of X* and X in the equations of the Chah Afzal
and Abarkooh areas are not completely comparable. The reason may be
attributed to a) difference in the method of soil salinity measurement, and b)

low salinity values in the Abarkooh area which could not be found in the Chah
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Table 2. The equations for estimating soil salinity parameters by ECe.

Name of the Codeof  Soil depth Equations R
area Equation

Chah Afal  a  Soilprofile  CI = 0217 (EC 150+ 5.516 (EC 15) 0.991

¢ Soilsuface CI = 0213 (EC15P+5778 (EC1:5)  0.980

Abarkooh e  Soilprofile  CI = 0.085(ECey*+ 6.531 (ECe) 0.982

Chah Afzal b Soilprofile  Na' = 0.206 (EC 1:57 +8.937 (EC 1:5) 0.985

d  Soilsuface  Na'= 0.195(EC 1.5} +9.661 (EC 1:5) 0.963

EC=dSm’,Na'=me.I' ,Cl'=me. 1"
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Fig. 3. Relationship between electrical conductivity and: (a) soluble chloride of
the soil profile depth, (b) soluble sodium of the soil profile depth, (c).
soluble chloride at surface horizon, (d) soluble sodium at surface
horizon, and (e) soluble chloride at the soil profile in the Abarkooh.
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Afzal area. From this result we may conclude that the equation "e" is preferred
to be applied in places where none to very severe saline soil occurs and equation
"¢" is preferred in places where soil surfaces are under high salinity conditions.
This equation is in agreement with those obtained by Haj Rasuliha (7). He found
a strong correlation coefficient (0.93) between chloride and ECe for 640 soil

samples collected from different regions of Iran.

Measurement of Soil Salinity

Fig. 4 indicates the relationship between the ECe, EC(1:5) and ECp for 69
soil salinity samples with ECe lower than 200 dSm™ A relatively high
correlation of 0.776 and 0.789 was found between ECe with EC(1 :5) and ECp
respectively. Therefore, the application of these models largely depends on how
close (accurate) an approximation is needed. The obtained equations for
estimating the ECe by EC (1:5) and ECp are indicated in Table 3. It is
important to note that some soil properties such as soil texture and the presence
of gypsum at top layer are different from those of subsurface soil. Due to high
solubility of NaCl, usually it reaches the soil surface and is succeeded down by
CaS0, and CaCOj; (4, 6). It should be noted that the relationship between ECe,
ECp and EC (1:5) of top layer have more practical value in the study of soil
salinity when a high accuracy is not eéxpected. The strongest relationship (R?) in
Table 3 was found between ECe and EC (1:5) of the top layer ( less than 165
cm) ([Eq.3]). Fig. 4 shows the relationshi’p between ECe with EC (1:5) and ECp
at the top layer (20 cm). These figures shows that the soil salinity values at the
points of M, N and P are far from the fitted line. The comparison between the
equations obtained for soil surface and subsurface samples shows that they yield
different results (Table 3). For example, as Table 3 shows the conversion factor
of 2.76 for soil depth less than 165 cm (Eq. [2]) is less than the conversion
factor 3.09 for top layer (Eq. [4]).

The reason may be attributed to the total quantify of dissolved salts
(concentration) and type of ions present. Based on the obtained results we may

generally conclude that ECe may be estimated by EC (1:5) and ECp. However,
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the obtained relationships may be useful as a guide in the study of soil salinity
in the playa margin. In order to obtain a more reliable estimation of ECe by EC
(1:5) and ECp more soil salinity data of specific soil types (for example, soils

with sandy surface texture, or soils with high gypsum content) may be useful.

Table 3. Equations for estimating ECe by EC (1:5) and ECp.

Soil depth No. Equations R’
Soil depth 1 ECe=6.92 EC (1:5)' 0.776
less than 20 cm 2 ECe =2.76 ECp 0.789
Top layer 3 ECe=8.79 EC (1:5) 0.955
less than 165 cm 4 ECe =3.09 ECp 0.821
No. = Number of equation.
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Fig. 4. Relatioxiship between electrical conductivity of the soil extract (including
surtace and subsurface horizons) with (a) electrical conductivity of soil
water: ratio (EC 1:5), and (b) soil saturation paste.
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" CONCLUSION

The obtained results confirm that salinity at the top layer is highly different
from the salinity of the subsoil. The upward movement of the soluble salts can
be mainly responsible for accumulation of salt in the top surface in the bare soil
of the Chah Afzal area. Based on the obtained results we may conclude that salt
distribution in the soil profiles are usually due to circumstances of a long arid
history and strong salt enrichment in the bare land in the Ardakan playa
margin. A very close relationship between EC and soluble Na™ and Cl- in the
study area suggests that soil salinity map can be a good indicator of soluble Na*
and CI. Electrical conductivity and concentration of Cl” and Na* are important
criteria in the soil salinity. From the obtained results we may generally conclude
that the estimation of ECe by EC (1:5) and ECp at the soil surface has the
advantage of saving time. We may suggest that for estimating ECe by EC (1:5)
and ECp with a higher accuracy, a more detailed research is needed. Thercfore
the application of these models largely depends on how accurate an
approximation is needed. The results confirm that salinity at the top layer (<20
cm) iS h}ghly different from the salinity of the subsoil (>20 cm). The upward
movement of the soluble salt is mainly responsible for accumulation of salt in

the top surface in the bare soil in the studied playa margin.
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