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Abstract. For the purpose of investigating the characteristic and material composition of saline soil in
western Jilin, China the saline soil distribution area of Da’an in west Jilin Province was sampled during a
site investigation, after which the fundamental properties of the soil were investigated in the laboratory.
The soluble salt ranged from 0.28% to 0.60%, decreasing with depth from 0 to 40 cm blow the surface.
Conversely, the moisture content increased with increasing depth, but showed little change beneath 40
cm. An indoor freeze-thaw simulation test revealed that the moisture migrated under the temperature
gradient, while the salinity migrated upwards under the combined action of the temperature gradient and
concentration gradient, with the optimum degree of compaction for salinity migration being 90%.
Following freezing, the inside structure became looser, and this phenomenon was more obvious when the
temperature was lower. The research provided the basis for prevention of the secondary salinization and
frost heaving the disease of saline soil in western Jilin province.
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Introduction

Saline soil is a kind of special soil whose salt content is more than 0.3% (Chai, 1983).
Saline soil is widely distributed on the Earth’s surface, resulting in expansion, dissolution
or corrosion characteristics that can cause serious damage to agricultural and architectural
environment (Wang et al., 2011; Hejazi et al., 2017). Some damage to roads in saline soil
areas are related to the particular characteristics of saline soil. The formation of saline soil
occurs in response to evaporation caused by underground water migration and the hot-dry
climate (Kovda, 1958; Blaser and Schere, 1973; Kovda and Szabolcs, 1979). Upward
migration of salinity with water migration is the main form of salinity accumulation in
soil (Lv et al., 1999). Moreover, changes in temperature affect the migration of salinity in
saline soil (Bear and Gilma, 1995), with saline soil being distributed in cold regions,
especially those subjected to seasonal freezing, showing salt expansion damage due to
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variations in water, salinity, temperature and stress (Deng and Zhou, 2009; Zhang et al.
2010). Because salt in the soil has a different impact on the freezing point (Ma et al.,
2016; Bing et al., 2016), the experiment of salt centent and freeze-thaw characteristic is
necessary.

Western Jilin Province is a typical seasonal frozen soil distribution area of northeast
China that has large amounts of saline soil. This region has severe cold winters and
torrid summers, with low annual precipitation. The rainy season is from June to August,
while spring and autumn are dry and windy. Due to the strong evaporation effect of the
earth’s surface, salinity in soil easily gathers on the surface and forms saline soil (Zhang,
2010; Hashemi, 2017). Furthermore, water migration during the freezing process in
winter brings salinity to the freezing front, and salinity again accumulates during spring
due to surface evaporation, aggravating the degree of soil salinity. Soil salinization not
only brings serious harm to agricultural production, but also leads to damage to
engineering projects such as frost heave and differential settlement of highways.
Therefore, it is essential to investigate the characteristics of saline soil in western Jilin
(Radan et al., 2017).

In this study, soil samples were collected from Da’an in Jilin Province and subjected
to a series of laboratory and freeze—thaw simulation tests to investigate their properties.
Scanning electron microscopy (SEM) was also used to examine the microstructure of
the different samples to evaluate the effects of the freezing process.

Materials and Methods
Soil materials

Soil samples were collected from the Da’an area of Jilin Province during spring. A
total of six samples were collected, one each from depths of 20cm, 30cm, 40cm, 50cm,
70cm and 100cm. Soil samples were digged from the nature soil layers below the ground.
The surface of the field was dry and gray-white because of the massive crystals of soluble
salt, while the underground soils were wet and black-brown or gray.

Soils were analyzed (Wang et al., 2013; Talitha et al., 2013) for particle composition,
moisture content and salinity content (Table 1).

Table 1. Basic characteristics of soil samples

Depth of Particles mass fraction /% Moisture |Liquid limit Plastic Soluble
Sar;m: / De/n5|t3y/ Sand Silt Clay content/ moisture Il_mlt Ip salt

ples glcm 2. 0.075- % content/% moisture content
cm 0.075mm | 0.005mm | <099 content/% 1%
20 1.69 9.6 59.2 31.2 1251 32.00 21.40 10.60 0.6
30 1.79 5.5 52.8 41.7 19.79 35.10 20.00 15.10 | 0.55
40 1.66 9.5 53.6 36.9 20.68 36.00 22.10 13.90 | 0.49
50 1.79 4.6 50.6 44.8 20.55 35.80 20.40 1540 | 0.35
70 181 4.1 52.0 43.9 20.77 34.50 21.60 1290 | 0.28
100 1.82 4.6 52.7 42.7 18.14 34.10 21.00 13.10 | 0.29
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Additionally, the mineral composition of samples from 20 cm and 100 cm were analyzed
by X-ray diffraction (XRD) (Table 2). The results revealed that the clay content of the soil
samples ranged from 31.2% to 44.8%. The natural moisture content of samples collected
from 0 to 40 cm increased with depth, but little change in moisture was observed below
40 cm. The soluble salt content decreased with increasing depth. Based on a 0.3% soluble
salt content indicating saline soils, the soil was saline soil at above 50 cm in the research
area. The soil was primary mineral based, and included quartz, alkali-feldspar and
plagioclase (Vazdani et al., 2017).

Table 2. Mineral composition of soil samples

Depth of soil Percentage composition of minerals /%

samples/cm fs Q PI Cc /s K | Am
20 20 39 21 6 6 4 4
100 11 41 21 11 7 4 4 1

fs: alkali feldspar, Q: quartz, PI: plagioclase, Cc: calcite, I/S: illite-smectite mixed layer, K: kaolinite,
I: illite, Am: hornblende

Methods

A temperature-controlled capillary water tester was designed for this study to
simulate freeze-thaw conditions in the field. The equipment was composed of three
temperature-controlled, compartments that could be controlled separately. Each
compartment had a capacity of 50cm of soil, and there was a hole between the adjacent
compartments so the soil samples could be compacted into a tube stand in the device
that ran through the three compartments. The photo and diagram of the tester are shown
in Fig. 1. and Fig. 2.

Figure 1. Temperature-controlled capillary water tester
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Figure 2. Diagram of the temperature-controlled capillary water tester

After field monitoring of the winter ground temperature in western Jilin, the
temperature of the three compartments was set as —5°C, —10°C, and —15°C. Soil
collected from 20 to 30 cm was selected for the freeze—thaw simulation test. Briefly, the
initial moisture content was adjusted to 18% to simulate the native state, after which the
soil was compacted into three 180 cm tubes with a compaction degree of 85%, 90% and
95%. The bottom 30 cm of the tubes were then placed in a water channel under room
temperature.

During the first 2 days, the temperature was gradually reduced in the compartments
until the pretest temperature was reached. The soil beneath the compartments was
constantly maintained at an indoor temperature (approximately 18°C). Normally winter
lasts 4 months in study area, and the soil is frozen for 3 months in nature. Therefore, the
freezing process lasted for 3 months, after which the soil was immediately sampled
before thawing. Soil samples were collected from the tubes in 10 cm intervals, after
which the moisture content was immediately measured. In addition, other soil samples
were collected from each room and analyzed for salt content and microstructure.

Results and Discussion
Change in moisture after freezing

The moisture contents at different heights after freezing are shown in Fig. 3. There
was little change in moisture observed with increasing height for all compactions,
indicating little variation in the initial moisture content. However, the moisture contents
increased slightly near the temperature dividing line (Xiao et al., 2017). As a result, a
portion of the observed water migration was in response to the temperature gradient.
This was mainly due to the temperature gradient causing film water to migrate in the
soil, while capillary water did not migrate. Due to the temperature gradient, the original
soil water potential balance was broken at a different position, resulting in migration of
the water from unfrozen soil into frozen soil. This led to a redistribution of the moisture
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distribution. In this experiment, the moisture contents of unfrozen soil were lower than
the initial content at 150 cm, but the moisture contents of frozen soil were higher than
the initial content, and the water migrated slightly at that position. Moreover, different
degrees of water migration were observed at 50 cm and 100 cm due to the temperature
gradient. However, the film water of soil in the same temperature-controlled
compartment did not migrate because the temperatures were the same.
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Figure 3. Relationship between moisture content and height

Change in salinity after freezing

The soluble salt contents of soil samples after freezing were tested by an oven drying
method, and the variations in soluble salt contents with depth are shown in Fig. 4. The
variations in salt content were similar between soil samples at compaction degrees of
85% and 90%, with an increase occurring from 50 to 150 cm, but little change from 10
to 50 cm. The variation in salt content at 90% compaction differed, showing an
increase, followed by a decrease and then another increase with depth. At this level of
compaction, the changes in salt content occurred around 50 cm and 100 cm, while the
salinity migrated between 50 cm and 100 cm. These findings indicate that the degree of
soil compaction influenced the migration of salt with water, with the salt carried by
water in the soil migrating effectively under high compaction, but being restricted above
a threshold. In this study, 90% was found to be the optimum degree of compaction.
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Figure 4. Relation curves of soluble salt content and height after freezing

The soluble salt content in the native state is shown in Fig. 5. The salt content
obviously increased with depth, especially at 20-50 cm. The salt migration trend was
similar to that of the laboratory test, but more obvious. This is because salt migrates into
soil via the surface over a long period when soil is in its native state.
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Figure 5. Relation curves of soluble salt content and height at native state
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Changes in microstructure after freezing

SEM was used to investigate the soil microstructure before and after freezing.
During the test, liquid nitrogen was used to freeze the soil samples quickly to ensure
that the water did not turn into amorphous ice and break the original microstructure. The
ice in the soil was then sublimated in a low temperature vacuum apparatus and pumped
out with a vacuum pump to ensure that the pores in the soil did not become deformed.
Fig. 6 shows the SEM images of soil samples with an 85%, 90% and 95% compaction
degree at different freezing temperatures, as well as the soil sample with a 95%
compaction degree and normal temperature.

e. 90% compaction degree, -10°C f. 90% compaction degree, -15°C

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(1):511-520.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1601_511520
© 2018, ALOKI Kft., Budapest, Hungary



Bao et al.: Characteristics and laboratory freeze—thaw test of saline soil in west Jilin, China
-518 -

i. 95% compaction degree, -15°C j.95% compaction degree,
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Figure 6. SEM micrograph of soil samples indifferent freezing temperatures

As shown in Fig. 6., soil particles had a flocculence granular structure, with clay
minerals primarily composed of illite and an illite-smectite mixed layer. In addition,
there was a high volume of xenomorphic minerals with a poor degree of crystallinity.
As a result, the clay contents and xenomorphic analysis indicate different regulation of
the mineral contents (Table 1 and Table 2). The structures are primarily formed via
cementation inosculation, the structure is loose and cracked, and salinity crystals are
present in the soil pores.

Comparison of the SEM images at different temperatures revealed that changes in
temperature not only affect the size of soil structural units and pores, but also influence
the arrangement of soil structural units and pores (Zhang et al. 2017). Lower freezing
temperatures are associated with looser soil structural units, while higher pore volume is
associated with more obvious formation of seepage channels. This phenomenon is due
to lowering of the freezing temperature (Wan et al, 2013; Yang et al., 2017), which
results in water in the soil continually turning to ice, after which the ice crystals break
the original structure and enlarge the pore volume. Moreover, the unfrozen water
content decreases, and saline ions increase in solution. When the solution concentration
exceeds the solubility of sodium bicarbonate, sodium bicarbonate crystal precipitates.
As the temperature decreases, ice and salt crystals increase continually, causing the soil
particles to be stretched and squeezed. This causes the distance between soil particles to
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increase and pore volumes to expand, leading to the soil structure becoming looser,
large particles breaking into small particles, and the large soil particle content
decreasing.

Comparison of the SEM images at different compaction degrees reveals that the
particle content decreased most obviously at 90% compaction as the temperature
decreased. As the compaction degree increased, the deformation of soil particles and
pores were depressed to a certain extent. Additionally, increasing ice crystals and salt
crystals can enlarge the pore diameters when the soil sample is loose; however, if the
soil sample becomes excessively loose, the increasing ice crystals and salt crystals
primarily fill the original pores. As the SEM results show, the deformation of the soil
was greater at 90% compaction.

Conclusion

Investigation of saline soils by an indoor freezing—thaw simulation test revealed the
following:

1. The soil in the research area is low liquid-limit clay. The moisture content of this
soil decreases with increasing depth due to evaporation in shallow earth, but
does not change greatly deeper down. Soil more than 50 cm underground is
saline, which can cause damage to industry and agriculture.

2. The moisture and salt all shows migration during freezing progress. The water
content only increased slightly with depth near the temperature dividing line.
This phenomenon was caused by film water migration, not capillary movement
of water. The salinity migrates upward with film water under the combined
action of the temperature gradient and concentration gradient. This is one of the
main reasons for the high soil salinity in western Jilin.

3. Salt migration is more obvious when the degree of compaction is larger;
however, if soil is compacted too much, it will cause the soil particles to be too
close together, limiting the migration of water and salt. The optimum degree of
compaction for salt migration was 90% in the research area.

4. Due to the limitations of experiment, this paper only discussed the soil collected
in spring, the following research will take more experiments of summer and
autumn soil and investigate more characteristic of saline soil in western Jilin.
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