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Micromorphological characteristic of salt affected soils

1. Optical Properties

Salt affected soils from each location have different micromorphological
properties. The full micromorphological descriptions of salt affected soils are given in
Appendix B. Figures 49-53 show the micromorphological features of surface soils
whereas micromorphological features of subsoils are given in Figures 54-58.
Micromorphological characteristics will be described separately for representative

locations and for surface soils and subsoils.

1.1 Micromorphological Features of Surface Soils

Micromorphological examination of soils in the study found differences in
size of materials between each location and between surface soils and subsoils.
Consequently the microstructure of these soils differs. Surface soils mostly have more
coarse sized materials than subsoils except for the depositional layers that are present in
some pedons. The microstructure of coarse textured salt affected soils is compact grain,
bridged grain and intergrain channel structure for location 1 (Figure 49). For location 3
common microstructure is vughy, compact grain and single grain (Figure 51) whereas
compact grain and pellicular grain structure are common for location 5 (Figure 53).
These microstructures are normally found in sandy soils. Fine texture salt affected soil
shows common channel structure and moderate subangular blocky structure at location 2
(Figure 50) whereas weak to strong developed angular and subangular blocky structures
are common at location 4 (Figure 52). Pores are mainly simple packing voids, vughs and

channels for locations 1, 2, 3 and 5 and planar voids for location 4.

Quartz and runiquartz grains are common as skeleton materials and are
present in different sizes and amounts reflecting the diversity of parent materials. Quartz
grains at location 3 are smaller in sizes than that at the other locations. The coarse/fine
ratio with a lower size limit at 10 um is the same for locations 1, 3 and 5 (coarse faction is

more than 60%). Locations 2 and 4 have a fine fraction greater than 60 percent. Quartz
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grain shapes are subangular to subrounded with various sizes. Zircon crystals occur at all
locations. The fine fraction consists of variously colored clay to fine silt materials with a
dotted appearance. Organic pigments are common in surface soils materials. The clay
and silt materials mixed with organic pigment are present only in Pedons 3 and 11 at
location 1 and location 3 (Figures 49c and 51a) which is probably due to this area has

received organic matter as a soil amendment.

Impure halite occurs in voids as a common crystalline pedofeature for
locations 1, 2, 4 and 5 (Figure 49, 50, 52 and 53), and the amount of halite varies
considerately within a pedon. The impure halite is distinct in pedons that have a salt crust
or salt patch. The crystalline halite is not present at location 3 which has relatively low
EC values and no evidence of salt observed in the field. Calcite is present only in Pedon
1 (Figure 49a). Amorphous pedofeatures consisting of manganiferrous impregnative
s-matrix are present at location 1 (Figure 49d) and manganiferrous impregnative nodules
are present at locations 2 and 3 (Figures 50a, e and 51b-e). A texture pedofeatures
consisting of clay mixed with manganiferrous mottle is present in location 2 (Figure 50d)

and loose continuous excrement infilling is present in location 4 (Figure 52).
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a) Pedon 1 (Apng) : 0-12 cm b) Pedon 2 (Apng) : 0-20 cm

¢) Pedon 3 (Apg) :

. -t ]
Vg

Figure 49 Micromorphological features of the surface soils for salt affected soils at

location 1.

1 carbonate materials

2 quartz/ runi-quartz grains

3 clay bridged or surrounded quartz grains/ variously colored clay to fine
silt materials

4 manganiferrous impregnative s-matrix

5 impure halite in voids/ coated on wall of voids

7 clay and silt materials mixed with organic pigment

V void
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a) Pedon 6 (Apngl) : 0-10 cm b) Pedon 7 (Apgl) : 0-18 cm

Figure 50 Micromorphological features of the surface soils of salt affected soils at

location 2.

1 plant tissue residue; 2 quartz/ runi-quartz grains
3 variously colored clay to fine silt materials

4 manganiferrous impregnative s-nodules

5 impure halite in voids/ coated on wall of voids
6 clay mixed with manganiferrous mottle

V void
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a) Pedon 11 (Apg) : 0- 15;'23 cm b) Pedon 12 (Apg) : 0-19/20 cm

Figure 51 Micromorphological features of the surface soils of salt affected soils at

location 3.

1 organic pigment/ highly decomposed plant tissue residue
2 quartz/ runi-quartz grains

3 variously colored clay to fine silt materials

4 ferruginous or manganiferrous impregnative nodules

7 clay and silt materials mixed with organic pigment

V void
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¢) Pedon 21 (Ang) : 0-18 cm f) Pedon 22 (Ang) : 0-21 cm

Figure 52 Micromorphological features of the surface soils of salt affected soils at

location 4.

1 plant tissue residue;

2 quartz/ runi-quartz grains

4 clay hypo-coating

8 loose continuous excremental infilling (clay and fine silt materials)

V void
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a) Pedon 23 (Apng) 0- 11 cm b) Pedon 24 (Apng) 0 12 cm

Figure 53 Micromorphological features of the surface soils of salt affected soils at

location 5.

2 quartz/ runi-quartz grains

3 variously colored clay to fine silt materials

4 clay coated on void

5 impure halite in voids/ coated on wall of voids

V void
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1.2 Micromorphological Features of Subsoils

The micromorphological features of subsoil horizons are shown in
Figures 54-58. The bridged grain structure is a common microstructure for location 1.
Location 2 soils contain channels and has a subangular blocky structure, soils at
location 3 have a channel structure, and weak to strong developed angular and
subangular blocky structures are common in location 4 whereas compact grain
structure and bridged grain structure are common in location 5. The minerals in the
coarse fraction are the same as in the surface soils, but the amount decreases in the
subsoils particularly for location 3, reflecting the less sandy textured. The fine
fraction of the soils has various colors with the clay to fine silt size materials having a

dotted and speckled appearance.

Impure halite in voids is a common crystalline pedofeature for locations
1,2, 4 and 5 (Figures 54, 55, 57 and 58). In addition, the prismatic gypsum cluster is
present as crystalline pedofeatures in location 2 (Figure 55). The amorphous
pedofeatures are manganiferrous impregnated nodules and impregnative s-matrix
which are present at all locations (Figures 54-58). The manganiferrous impregnated
nodules (Figures 55, 57 and 58) are present at locations 2, 4 and 5 whereas
manganiferrous impregnated s-matrix is present at all locations (Figures 54-58). A
common textural pedofeature consists of clay or clay mixed with iron oxide which
coats and infills voids (Figures 54-58). All subsoils have clay coatings on the walls of
voids and on quartz and bridged grains. This is the characteristic of an argillic
horizon where illuvial clay has been introduced. Sand grain shapes vary from
subangular to subrounded indicating a mixture of long and short distance water
transported materials which is consistent with the diverse provenance of these soils.
Runi-quartz grains may also be an indicator of water transported materials (Buol, et
al., 2003). Concretions and nodules of iron-manganese oxides occur in the soils. The
former may indicate the occurrence of wetting and drying cycles with associated
oxidation-reduction (James and Bartlett, 2000) whereas concretions indicate

transporte materials and nodules are formed in situ (Stolt, et al., 1994).
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a) Pedon 1 (2Btng6) 140 170 cm b) Pedon 2 (Btcng) : 130-142 cm
¥ K . -

Figure 54 Micromorphological features of subsoils for salt affected soils at

location 1.

2 quartz/ runi-quartz grains

3 clay bridged or surrounded quartz grains/ variously colored clay to fine
silt materials

4 manganiferrous impregnative s-matrix

5 impure halite in voids/ coated on wall of voids

6 clay hypo-coating

7 clay infilling

V void



a) Pedon 6 (Btng3) 48—70 cm b) Pedon 7 (Btng4) 100 124 cm

Micromorphological features of subsoils for salt affected soils at

location 2.

1 manganiferrous impregnative nodules

2 quartz/ runi-quartz grains

3 variously colored clay to fine silt materials matrix
4 manganiferrous impregnative s-matrix

5 impure halite in voids/ coated on wall of voids

7 clay infilling

8 gypsum

V void

146
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a) Pedon 11 (Bth) 65- 88 cm

b) Pedon 12 (Btg2) : 87-111/114 cm

Figure 56 Micromorphological features of subsoils for salt affected soils at

location 3.

2 quartz/ runi-quartz grains

3 variously colored clay to fine silt materials matrix
4 manganiferrous impregnative s-matrix

7 clay infilling; 9 silt infilling

V void
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a) Pednn 17 (Btngl) 36—60 cm b) P_ednn 18 (Btng3) : 64-94 cm

Figure 57 Micromorphological features of subsoils for salt affected soils at

location 4.

1 manganiferrous impregnative nodules

2 quartz/ runi-quartz grains

3 variously colored clay to fine silt materials matrix

4 manganiferrous impregnative s-matrix

5 impure halite in voids/ coated on wall of voids

6 clay hypo-coating

10 loose continuous excremental infilling (clay and fine silt size)
11 clay quasi-coating on void

V void
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a) Pedon 23 (Btng3) : 95-110 cm b) Pedon 24 (Btng5) : 100-128 ¢cm
ST R el ", TR B (&) . b _ ';/3\..‘,#"

PRI BT | S5

f) Pedon 28 (Btn
c;:"{!:" _ - z

Figure 58 Micromorphological features of subsoils for salt affected soils at

location 5.

1 manganiferrous impregnative nodules;

2 quartz/ runi-quartz grains

3 variously colored clay to fine silt materials matrix;

4 manganiferrous impregnative s-matrix;

5 impure halite in voids/ mixed with clay and silt materials

V void
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Micromorphological characteristics of these soils indicate the influence of
salt, especially in locations 1, 2, 4 and 5. Figure 59 show the accumulation of salt
(halite and gypsum) in these soils under high magnification. The accumulation of salt
present at different horizons and depth is related to the conditions that control vertical
salt movement in soils profile. The micromorphological features of an associated
substratum horizon are give in Figure 60. This horizon has a high salt content
especially the weathered substratum rock. Under weathering salt (calcite and halite)
will be leached from the rock matrix as in Figure 60. The substratum rock contain
high amounts of salt and is associated with the saline rocks appearing on the geologic
map of this area (Figure 1). The depth of substratum rock is one factor controlling the

occurence and distribution of salt affected soil.
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— .
P6_Apng : 0-10 cm (20X) s

P8_Btng2 : 8

Figure 59 Micromorphological features of salt (halite and gypsum) accumulation in

salt affected soils.
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Pedon 25 (2BCrngl) : 92-120 cm
:_-*-- ‘1.' 2 .' - : w -

Figure 60 Micromorphological features in substratum of salt affected soils at

location 5.
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2. Spatial Distribution of Elements in Soil Materials

The SEM images (Figures 61, 62 and 65-67) and element maps show that the
major element in the soils is Si with much of it present as quartz and a lesser amount
present in clay together with Al. Fe is a relatively minor element being present partly
in local concentrations as mottles, concretions or nodules. Ca is a minor element in
most of the Apng horizon of Pedon 1 but is locally concentrated in areas of calcite as
were described for the optical micrographs. The element maps of Na and Cl clearly
show the widespread distribution of halite in Pedons 1 (Figure 61), 6 (Figure 62), 22
(Figure 66) and 23 (Figure 67). The Na map of some horizons at location 3 shows Na
accumulations but Cl is not present. The EC values are low whereas ESP and
exchangeable Na are high (Appendix C, Table C2). The amount of Al increases in B
horizons and is present as the fine fraction including clay coating, clay infilling and
clay matrix. The S map shows the presence of accumulation only in the fine textured
salt affected soils (locations 2 and 4). The high S zones in the S map were identified
as BaSO4 under SEM_EDS analysis (Figure 63b). BaSO4has accumulated as a group

of crystals at location 2.

Figure 63a is a SEM micrograph of a feature in the thin section of the Apng
horizon of pedon 1 showing halite and calcite crystals. The EDS spectra indicate that
the crystals are halite, calcium chloride and calcite. Sulfur mapping clearly indicates
areas of prismatic gypsum but some sulfur is contained in crystals of barite (BaSO4)
(Figure 63b). Sylvite (KCIl) is also common within voids. Calcium as calcite is a
common salt accumulation mineral in these soils and is present in various forms
including concretion ball with quartz (Figure 64a) and acuumulations in the

substratum and weathered substratum rock (Figure 64b, c).
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The normalized element composition of the soil matrix of representative
materials is depicted in a triangle graphs for SiO,: Al,Os: Fe;O5 in Figures 61, 62 and
65-68. The data point for the matrix of soil from location 1 are mostly displaced from
the ‘kaolin line’ (Figures 61 and 68a) towards the SiO, apex, indicating that a
relatively Si-rich clay mineral is present in the matrix. XRD analysis indicates the
presence (15-40 %) of the relatively (to kaolin) Si-rich clay minerals illite and
smectite in the soils which may have crystallized within the soil (Table 5). For soil
samples P1_2Btng6 the analyses of the highly iron rich matrix conform to the kaolin
line and it is interpreted that this material was introduced into the profile as a
transported ferruginous concretion. The high iron matrix and the Fe mapping are
consistent with the presence of manganiferrous impregnative s-matrix or nodules that
were observed in the field (Appendix A) and under optical analysis of thin section

samples (Appendix B and Figures 49 and 54).

The data points for the matrix of soils from location 2 are mostly located off
the kaolin line (Figures 62 and 68b) towards the SiO, apex due to the presence of Si-
rich clay. XRD analysis indicates a moderate percentage of smectite and
interstratified 1.0 nm and 1.4 nm minerals in soils but the amount of these minerals in
clay fraction is mostly less than 20 % (Table 5) indicating that fine quartz or
amorphous silica be present. The displacement of data points near the Fe,O3 apex
from the average matrix line to coincide with the kaolin line in P6_Apng samples
(Figure 68b) may represent inherited oxide impregnated iron rich kaolinitic nodules.
For other soils (eg. P8 2Btng4) the position of analytical points on the average matrix
Al,O3/810; line indicates that induration of the matrix by iron oxide has formed
nodules in situ. The high iron matrix and the Fe mapping are consistent with the
presence of manganiferrous impregnative s-matrix or nodules that were observed in
the field (Appendix A) and under optical analysis of thin section samples (Appendix
B and Figures 50 and 55).
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Figure 61 Normalized composition triangular graphs for soil matrix (SiO;: AlyOs:
Fe,0;, Si0;: Al,O3: Na,O+ CaO+ MgO), Optical image, Backscattered
electron micrograph and EDS element (Al, Si, Fe, Ca, Na, Mg, Cl, S) maps
for the Apng horizon of Pedon 1, location 1.
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Figure 62 Normalized composition triangular graphs (SiO;: Al,O3: Fe,Os, SiOj:

AlLOs: Na,O+ CaO+ MgO), Optical image, Backscattered electron
micrograph and EDS element (Al, Si, Fe, Ca, Na, Mg, Cl, S) maps for the

Btng3 horizon of soil in Pedon 6, location 2.
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Figure 63 Secondary electron image of a thin section and EDS spectra showing (a)
halite, calcium chloride and calcite accumulations in the Apng horizon of

Pedon 1, location 1: (b) barite accumulation in Btng3 horizon of Pedon 6,

location 2.
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a) Salt concretiun ball

¢) Substratum rock
Ca mapping w0

HgS

JNH . l"~1_T|

0 2 4 B

Figure 64 Ca mapping and EDS spectra showing of calcium accumulations as
CaCOg; a) in salt concretion ball (lower part in pedon 1 at location 1), b) in

weathered substratum and c) in subsratum rock (lower part at location 5).
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Figure 65 Normalized composition triangular graphs (SiO;: Al,O3: Fe,Os, SiO;:

AlLOs3: Na,O+ CaO+ MgO), Optical image, Backscattered electron
micrograph and EDS element (Al, Si, Fe, Ca, Na, Mg, Cl, S) maps for the

Apng horizon of soil in Pedon 11, location 3.
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Figure 66 Normalized composition triangular graphs (SiO;: Al,O3: Fe;Os, SiO;:

AlLOs: Na,O+ CaO+ MgO), Optical image, Backscattered electron
micrograph and EDS element (Al, Si, Fe, Ca, Na, Mg, Cl, S) maps for the

Btng?2 horizon of soil in Pedon 22, location 4.
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Figure 67 Normalized composition triangular graphs (SiO;: Al,O;: Fe;Os, SiOs:
AlLOs: Na,O+ CaO+ MgO), Optical image, Backscattered electron
micrograph and EDS element (Al, Si, Fe, Ca, Na, Mg, Cl, S) maps for the

Apng horizon of soil in Pedon 23, location 5.
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Figure 68 Normalized (SiO,, Al,Os3, Fe;,O) composition triangular graphs of soil

matrix from each location, the average matrix line corresponds to the

average SiO;:AlL,O ratio for the lower Fe,Os3 concentration analyzed point.
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The normalized element composition of the matrix of pedon 11 (Apng
horizon) shows data points that are also located away from the kaolin line (Figure 65)
on the average matrix line indicating a relatively Si-rich clay mineral is present in the
matrix. However XRD analysis does not indicate high presenceage of a Si-rich clay
mineral (illite, smectite, interstratified 1.0 nm and 1.4 nm minerals) at this location
(Table 5), so the small quartz crystals or amorphous SiO, may be present within the
matrix. The displacement of some data points on the kaolin line towards Fe,O3 apex
may be due partly to Fe substituting for Al in kaolin as commonly occurs in tropical
soils (Hart et al., 2002). For the subsoil horizon at location 3 the XRD analysis
indicates the dominance of kaolin but some data points for the soil matrix are
displaced from the kaolin line (Figure 68c) towards a higher percentage of Si. This
may indicate the presence of very fine-grained quartz in the matrix, which is
consistent with the particle size analyses of the soil that indicate that much (up to
45%) silt is present. The high iron matrix and the Fe mapping of surface and subsoils
horizons are consistent with the present of manganiferrous impregnative s-matrix or
nodules that was observal in the field (Appendix A) and under optical analysis of thin

section samples (Appendix B and Figures 51 and 56).

The data points for the matrix of soils from location 4 are mostly located off
the kaolin line (Figures 66 and 68d) towards the SiO, apex indicate the presence of a
Si-rich clay mineral. XRD result indicate a moderate percentage amount of 2:1 clay
mineral in the soil (Table 5) as it is present as one of dominant minerals in clay
fraction (mixed of kaolin, smectite and quartz) (Table 5). For the other horizon at
location 4 (Figure 68d) the XRD analysis indicates mixed clay minerals dominanted
by kaolin, smectite and quartz. The data points for the soil matrix are displaced from
the kaolin line (Figure 68d) towards a higher percentage of Si. This may indicate the
presence of very fine-grained quartz in the matrix that relate to the higher percent
quartz in clay fraction of this location. The displacement of data points on the kaolin
line towards Fe,Os; apex (Figure 68d) is consistent with Fe mapping (Figure 66),
although field morphology and micromorphology indicated that vary small amounts



164

of manganiferrous impregnative s-matrix or nodules were present at this location

(Appendix B and Figures 52 and 57).

The data points for the matrix of soil from location 5 are mostly displaced
from the ‘kaolin line’ (Figures 67 and 68e) towards the SiO; apex, indicating that the
matrix mostly is quartz that is consistent with the high amount of sand in this soil
(Appendix C, Table C1 and Figure 11e). The high SiO; in this location is coincident
with the total SiO, analyzed by total analysis (XRF) (Appendix C, Table C10) and
mineralogy of the soil is dominanted by guartz (Table 5). For soil samples
P28 Btngl analyses of the highly iron rich matrix conform to the kaolin line and it is
interpreted as this material having been introduced into the profile as a transported
ferruginous concretion. The high iron matrix and the Fe mapping of surface and
subsoil horizons are consistent with the presence of manganiferrous impregnative s-
matrix or nodules that were observed in the field (Appendix A) and under optical

analysis of thin section samples (Appendix B and Figures 53 and 58).

The normalized element composition of the matrix in the triangle graph
between SiO;: Al,Os3: Na,O+CaO+MgO (Figures 59, 60 and 63-65) indicates that the
combined salts of Na, Ca and Mg have mostly indurated the soil matrix as most points
fall on the matrix line. The combined salts of Na, Ca and Mg indurating the soil
matrix is clearly observed for the Apng horizon of pedon 23 at location 5 (Figure 67)
and is consistent with optical observations of halite accumulated in this soil (Figure

58).
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3. Synthesis

Soil microstructures are different due to the differences in their texture. The
compact grain and bridged grain structures are common in sandy-textured soils
whereas channel and subangular blocky structures are common in the clayey textured
soils. Quartz and runi-quartz grains are common as skeleton materials, but are present

in different sizes and amounts.

Optical micromorphology and SEM/EDS analysis results clearly show the
accumulation of salt in some profiles. Halite occurs in voids in soils at locations 1, 2,
4 and 5 and is abundant in Pedons 1, 2, 6 and 23 where salt crusts exist. Calcium as
calcite was present in one profile (P1_Apng) in location 1 in a salt concretion ball that
found in the lower part of pedon 1 (= 200 cm depth) in which common salt
accumulation minerals in the BC and C horizon of location 5 and present in
substratum and weathered substratum rock. Gypsum (CaSO4.2H,0), barite (BaSQO4)
and sylvite (KCl) are present in some of the soils. The preservation of kaolin matrix
in indurated nodules with more siliceous clay minerals (smectite, illite) in surrounding
matrix may simply reflect the diverse provenance of these soil materials. The
smectite and illite may have been derived from the local rocks or have crystallized
within the profile which has experienced resilication due to the import and abundance
of dissolved silica. Combined salts of Na, Ca and Mg have indurated the soil matrix

of some horizons.

Micromorphologically, the clearest evidence of salt effect in these soils are the
impure halite and the halite coatings in voids. Other indicative evidences are the
manganiferrous impregnative nodules induced by the relatively high pH of the soils
(Stiles et al., 2001; Buol et al., 2003) as the combined effect of halite and calcite. The
high salt effect also induces the conditions found in the SEM/EDS analysis. These
micromorphological analysis results on salt effect and the data on minerals in clay
fraction along with the lowland condition where soils have extended period of water

stagnancy and low leaching under tropical savanna climate the accumulation of silica
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can induce the crystallization of some smectite from kaolinite in the soils. The
condition is interpreted as an evidence of resilication that started with salinization of
the soils creating a high pH condition for silica dissolution (Jenny, 1980; Buol et al.,
2003). The low leaching environment promotes the accumulation of dissolved silica
leading to the addition of silica into the kaolinite forming smectite structure (Tan,
1982). The forming of illite cannot be clearly explained but the presence of sylvite in
the soils also suggest the possibility. Nevertheless, this resilication process, as
indicated by the analytical data is generally limited and occurring only in the highly
salt affected soils with very poorly drained situation. Wherever leaching is effective

the crystallization of smectite from kaolinite is not possible.
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1. Soil classification

Based on Soil Taxonomy (Soil Survey Staff, 2006), all soils have clay
accumulations in the subsoil justifying an argillic horizon and they have base
saturation of more than 35%, so they are Alfisols. They have developed under aquic
condition, so their suborder is Aqualf. Most soils have sodium accumulations in the
subsoils that can be justified as a natric horizon, so their great group is Natraqualf.
Pedons 9 and 13 do not either have natric horizon or other salt affected properties in
subsoils, so they are Endoaqualfs. All of the soils in locations 1, 2, 3 and 5 are in
Typic subgroup. The soil in location 4 showed cracks within 125 cm that are 5 mm or
more wide and slickensides in a layer thicker more 15 ¢cm and mixed mineralogy, so
they belong to the Vertic subgroup. Details of family name include particle-size
classes, mineralogy classes, cation-exchange activity classes and soil temperature

classes of the these soils are shown as follows;

Location 1: Coarse textured salt affected soils (Phera Yun, Khon Kaen)

Pedon 1 : Typic Natraqualf; coarse-loamy, mixed, semiactive, isohyperthemic
Pedon 2 : Typic Natraqualf; coarse-loamy, mixed, semiactive isohyperthemic
Pedon 3 : Typic Natraqualf; coarse-loamy, mixed, semiactive, isohyperthemic
Pedon 4 : Typic Natraqualf; coarse-loamy, mixed, semiactive, isohyperthemic

Pedon 5 : Typic Natraqualf; coarse-loamy, mixed, semiactive, isohyperthemic

Location 2: Fine textured salt affected soils (Phimai, Nakhon Ratchasima)
Pedon 6 : TypicNatraqualf; fine, kaolinitic, isohyperthemic

Pedon 7 : Typic Natraqualf; very fine, kaolinitic, isohyperthemic

Pedon 8 : Typic Natraqualf; fine, kaolinitic, isohyperthemic

Pedon 9 : Typic Endoaqualf; fine, kaolinitic, isohyperthemic

Pedon 10 : Typic Natraqualf; fine, kaolinitic, isohyperthemic
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Location 3: medium textured salt affected soils (Suwanaphume, Roi Et)
Pedon 11 : Typic Natraqualf; fine, kaolinitic, isohyperthemic

Pedon 12 : Typic Natraqualf; fine, kaolinitic, isohyperthemic

Pedon 13 : Typic Endoaqualf; fine, kaolinitic, isohyperthemic

Pedon 14 : Typic Natraqualf; fine-loamy, mixed, active, isohyperthemic
Pedon 15 : Typic Natraqualf; fine, kaolinitic, isohyperthemic

Pedon 16 : Typic Natraqualf; fine-loamy, mixed, semiactive, isohyperthemic

Location 4: Fine textured salt affected soils (Ban Phai, Khon Kaen)

Pedon 17 : Vertic Natraqualfs; fine-loamy, mixed, semiactive, isohyperthemic
Pedon 18 : Vertic Natraqualfs; fine-loamy, mixed, semiactive, isohyperthemic
Pedon 19 : Vertic Natraqualfs; fine-loamy, mixed, semiactive, isohyperthemic
Pedon 20 : Vertic Natraqualfs; fine-loamy, mixed, semiactive, isohyperthemic
Pedon 21 : Vertic Natraqualfs; fine-loamy, mixed, semiactive, isohyperthemic

Pedon 22 : Vertic Natraqualfs; fine-loamy, mixed, semiactive, isohyperthemic

Location 5: Coarse textured salt affected soils (Bau Yai, Nakhon
Ratchasima)

Pedon 23 : Typic Natraqualf; sandy, silicious, subactive, isohyperthemic

Pedon 24 : Typic Natraqualf; coarse-loamy, mixed, semiactive,
isohyperthemic

Pedon 25 : Typic Natraqualf; coarse-loamy, mixed, semiactive,
isohyperthemic

Pedon 26 : Typic Natraqualf; coarse-loamy, mixed, semiactive,
isohyperthemic

Pedon 27 : Typic Natraqualf; coarse-loamy, mixed, semiactive,
isohyperthemic

Pedon 28 : Typic Natraqualf; coarse-loamy, mixed, semiactive,

isohyperthemic



169

2. Salt Affected Soils Classification

The salt affected soils classification based on the values of EC, SAR or ESP
(U.S. Salinity Laboratory Staff, 1954; Brady and Weil, 2002) allows the soils to be
classified into four groups (Table 7): Pedons 1-8, 10, and 17-28 are saline sodic soils,
pedon 9 is saline soil, pedons 11-12 and 14-16 are sodic soils and pedon 13 is a
normal soil. It should be noted that the soils in location 4 (pedons 17-22) have very
low pH values indicating acid conditions, so the soils at this location are proposed to

be called acid saline sodic soils.

Table 7  Classification of salt affected soils based on index salt effect parameters in

this study.

Pedon/ location Salt affected soil group
Location 1

Pedons 1-5 Saline sodic soils
Location 2

Pedons 6-8 Saline sodic soils

Pedon 9 Saline soils

Pedon 10 Saline sodic soils
Location 3

Pedons 11-12 Sodic soils

Pedon 13 Normal soil

Pedon 14-16 Sodic soils
Location 4

Pedon 17-22 Saline sodic soils (acid saline sodic soils)
Location 5

Pedons 23-28 Saline sodic soils
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CONCLUSION

Result of this study of variability of natural soil systems as affected by salinity
lavels in Thailand reveal several interesting points relating to influence of salt and soil
texture. Salt affected soils have various parent materials and are developed under
various physiographic conditions. The landforms are flat to gently undulating, having
1-2 % slope. The surface salt crust or salt patch or bare soil present in the most highly
salt affected soils, often with some halophytic plants. These characteristics are
environmental indicators of salt affected soils that can be observed in the field. All of
salt affected soils are deep. The salt affected soils show relatively high to high
degrees of development with the presence of an argillic horizon in all pedons and a
sodium accumulation horizon (natric horizon) in some frofiles. The natric (n) horizon
is coincident with the SAR and/or ESP values. Depositional layers and weathered
rock are present in some profiles. Soil matrix color is variable and clayey soils have
darker colors. Soil texture varies from loamy sand to clay indicating that salt affected
soils can occur for any type of soil texture. The moderate subangular blocky and
angular blocky structures are common, however some horizons have massive,
granular, prismatic and columnar structures. Prismatic and columnar structures are
present only at location 3 where soils have high pH, low EC and high extractable

bases especially sodium.

Generally, salt affected soils have poor physical properties including high bulk
density and low hydraulic conductivity. Medium to very high bulk density and very
slow to moderate rapid hydraulic conductivity are present in these salt affected soils.
The bulk density value of salt affected soil shows a positive relationship with
exchangeable sodium in some locations indicating that salt may have induced the
variation in their physical properties. When salt affected the soil the bulk density can
be high to very high and the hydraulic conductivity can be slow to very slow in almost
any soil texture group. It can be conclude that salt can induce the soil to have poor
physical properties but there is not a simple relationship because soils are complex

natural systems.
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Salt affected soils vary greatly in chemical properties and relationships of
chemical properties are diverse. Salt affected soils have the range of reaction from
extremely acid to strongly alkaline. The low pH (acid condition) indicates that some
salt affected soils in Thailand develop under acid conditions. These soils have very
low to medium organic matter. The surface soils has high organic matter and the
values decrease with depth. The OM concentration clearly correlates with total
nitrogen. Large variations of available phosphorus and available potassium occur
ranging from very low to very high. Their very high values in some of the lower
horizon in location 5 are due to the influence of parent rock containing high
phosphorus and potassium. Available potassium that varies with location and depth
probably attributed their low physiographic positions on landscape and poor leaching
conditions. The high available potassium at locations 4 and 5 is coincident with the
presence of a high potassium interlayer clay mineral (illite). Salt affected soils have
high exchangeable bases. Ca and Na are major exchangeable bases in these soils
whereas Mg and K are minor. Some lower horizons at location 5 (BC and C
horizons) have very high exchangeable bases influenced by parent materials that
contain high amounts of bases particulaly Ca as revealed by total analysis (XRF) and
the presence of calcite in the whole soils. The extractable acidity of salt affected soils
is very low to very high whereas CEC is very low to very high. The very large
variation of CEC reflects soil texture and also the types of clay mineral. Most of
these soils have BS of more than 35 percent and often about 100 percent. The very
high BS of salt affected soils is influenced by the high concentrations of soluble salt

in the soil.

The EC value has a very large variation between locations and also in each
pedon in the location. Most of salt affected soils (locations 1, 2, 4 and 5) have EC
values of more than 4 dS m™'in some part of the soil profile. The variation with depth
of EC reflects soil texture which controls soluble salt movement in soil profiles. The
affect of parent rock (containing rock salt) and the high bulk density affect saline
water movement. Location 3 has very low EC value, less than 4 dS m’! (0.2-3.6
dS m™) and tends to increase with depth. The low EC and the increasing of EC with

depth may be due to the soils experience of salt leaching (desalinization). SAR values
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of salt affected soils are variable. Pedons 1, 2, 23 and 25 have high SAR of more than
13 whareas other pedons have the SAR values less than 13. Most of these soils have
ESP values of more than 15 percent in some parts of soil profiles are classified as
natric (n) horizons. Salt affected soils have higher amounts of soluble salt than do
normal soils. Sodium (Na) is the major soluble salt in these soils with some soluble

calcium (Ca) whereas soluble magnesium (Mg) and potassium (K) are minor.

Total chemical compositions of the whole soil in salt affected soils are
consistent with their mineralogical compositions. Total silica and alumina content
have a large range. SiO, in these soils is high for every type of texture indicating that
all major minerals contain SiO,. Al,O; content tends to increase with depth together
with the amount of clay minerals. The amount of total Fe,O; in salt affected soils also
have a large range. The high concentration of Fe;O3 in some of these soils is related
to the acuumulation of iron oxide concretions, nodules and red mottles. The TiO,
content in salt affected soils is low. CaO is present as a major constituent whereas
K;O, MgO and Na,O are mostly minor. Very high CaO, KO and MgO
concentrations in some C and BC horizons coincide with high values of exchangeable
Ca and Mg which are related to parent rocks that contain high amounts of Ca, Mg and
K. In very hightly salt affected soils the Na,O concentration is coincident with the
high soluble Na particularly in the surface horizon. The distributions of Mn in these
soils are very variable and tend to be associated with the nodules, concretions and
mottles. The concentration of S in these soils is highly variable. High S is present in
fine texture soils, particularly in location 4 as it is related to the acid condition. The
concentrations of Cl in these soils are higher than in normal Thai soils. The amount
of Cl varies between locations and pedons. Very high CI concentrations in surface
soils indicate the presence of a salt crust or salt patch and are associated with high EC,

Na, ESP and SAR.

The geochemistry of the salt affected soils reveals that their chemical
composition is highly diverse at each location due to the large variations in texture
arising from the presence of depositional layers. High EC values and Cl

concentrations exist in many samples due to the influence of salt bearing country
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rocks. The soils have a wide range of chemical properties, with five main elemental
affinity groups being recognized. = Minerals in salt affected soils consist
predominantly of quartz and clay minerals kaolin, smectite, illite and vermiculite
occurring in various proportions. Halite occurred in the surface horizon due to the
high salt accumulation. Halite and calcite occurred in BC and C horizons are
consistent with the geologic condition that contains rock salt deposits. The clay
fraction consists predominantly of kaolin and smectite and trace of illite and
interstratified minerals. The mineralogy of the silt fraction is dominated by quartz
with trace of feldspar in some pedons. The smectite of these soils is mostly beidellite.
Montmorillonite is present with beidellite in some samples. Montmorillonite tends to
be associated acid conditions. Kaolin morphology includes annhedral, subhedral and
euhedral faces of platy crystals. Low EC values are associated with a higher
percentage of euhedral faces. The median size of crystal tends to be smaller than
those of kaolin crystals in other Thai soils and is also smaller than platy kaolin
particles in other soils from tropical and Mediterranean climates. There is no
relationship between the number of euhedral face and kaolin crystal size. There are
no relationships of kaolin properties (mean size by TEM, CSD001 and number of
euhedral face) with measuring parameter of salinity (EC, SAR, ESP and pH).

Soil microstructures vary due to differences in texture. Compact grain and
bridged grain structures are common in sandy-textured salt affected soils whereas
channel and subangular blocky structures are common in clayey salt affected soils.
Quartz and runi-quartz grains are common as skeleton materials, but are present in
different sizes and amounts. Optical micromorphology and SEM/EDS analysis
clearly show the accumulation of salt in some profiles. Halite occurs in voids in soils
at locations 1, 2, 4 and 5 where salt crusts or salt patch exist. Calcium as calcite is
present in salt concretion balls and salt accumulation minerals in substratum and
weathered substratum rock. Gypsum (CaSO4.2H,0), barite (BaSO4) and sylvite
(KCl) are present in some of the salt affected soils. The preservation of kaolin matrix
in indurated nodules with more siliceous clay minerals (smectite, illite) in surrounding

matrix may simply reflect the diverse provenance of these soil materials. The
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smectite and illite may have crystallized within the profile which may have
experienced resilication due to the import and abundance of dissolved silica and other

ions. Salts of Na, Ca and Mg have indurated the soil matrix in some horizons.

All salt affected soils can classified as Alfisols that have clay accumulations in
the subsoil justifying an argillic horizon and they have base saturation of more than 35
percent. They have developed under aquic condition, so their suborder is Aqualf.
Most soils have sodium accumulations in the subsoils justified as natric horizon, so
their great groups is Natraqualfs. Based on the values of EC, SAR or ESP the soils
can be classified into four groups: Saline sodic soils (pedons 1-8, 10, and 17-28),
saline soil (pedon 9) is, sodic soils (pedons 11-12 and 14-16) and pedon 13 is a
normal soil. To be noted that the soil in pedons 17-22 have very low pH value
indicating acid condition, so the soils in this location are proposed to be in a group

called acid saline sodic soils.
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