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Evaluation of the Sustainability in Land Use and Soil Management

Practices on Selected Soils by Using Some Physico-Chemical Properties

Thazin Hmwe', Aung Naing Oo”", Soe Soe Thein®, Myint Thuzar®, Kyaw Ngwe’

Abstract

This study was conducted to evaluate the effect of different land use and soil management practices
on selected soil properties and to explore the appropriate soil quality indicator for these practices utilized
in selected areas. Sixteen land use and soil management practices included eight from Aung Ban and
other eight from Hlegu region. Among the land use and soil management practices in Aung Ban Soils,
L2 (Potato-Potato) was found the most soil properties such as soil bulk density, soil porosity and soil pH,
EC, the fastest rate of saturated hydraulic conductivity, the strongest in aggregate stability, C:N and the
higher CEC were in optimum range. Among the land use and soil management practices in Hlegu Soils,
L13 (Flower-Flower) was also found the most soil properties such as soil bulk density, soil porosity and
soil pH, the fastest rate of saturated hydraulic conductivity, higher C:N and CEC were in optimum range.
According to linear equation, determination of saturated hydraulic conductivity was the most appropriate
soil quality indicator in terms of less time consuming, less expensive and easily measurable for both

regions.

Keywords: land use, soil management practices, physico-chemical properties

Introduction

For long-term soil productivity, evaluating the
sustainability in land use and soil management prac-
tices are important. Either negatively or positively,
soil qualities are affected by land use which de-
pends on the soil function what land use focuses on.
So, soil quality indicators are universally used to
evaluate the sustainability in land use and soil man-
agement practices Land use involves the manage-
ment and modification of natural environment such
as payments and semi-natural habitats including
arable fields, pastures, and managed woods Chang-
es in land use and soil management practices affect
most soil morphological, physical, chemical and
biological properties to the extent reflected in agri-
cultural productivity. Soil is the upper part of earth
and natural resource with essential ecological, eco-
nomic and social functions. Soil crusts that are con-

sist of mineral and organic solids, air and water in
pore spaces. It is a major foundation for nearly land
uses and most important component of sustainabil-
ity agricultural of the land environment and forms
the interface between geosphere, atmosphere, hy-
drosphere and biosphere. Therefore, assessment of
soil quality indicators with respect to land use types,
management practices and land slope classes are
useful and primary indicator for sustainable agricul-
tural land (Doran 2002).

Soil quality indicators (SQIs) can express the
capacity of soil to function and it is most commonly
measured in the laboratory by describing soil physi-
cal, chemical and biological properties that are re-
quired to characterize a particular soil functions as
agents for soil functional qualities. But, most of
these are time-consuming, expensive and also re-
quire large numbers of samples to quantify the spa-
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tial and temporal variability of an area. Thus, it is
needed to find out methods that can be cheaply,
rapidly and repetitively applied (Shepherd and
Walsh 2000). The objectives of this study were_to
evaluate the influence of different land use and soil
management practices on some selected soil proper-
ties and to explore the appropriate soil quality indi-
cator for the selected land use and soil management
practices utilized in selected areas.

Materials and Methods

Site description

The study sites were located at Aung Ban, Shan
State and Hlegu, Yangon Region. The lowest daily
minimum temperature recorded during the study
was 12 and 24°C, while the recorded daily maxi-
mum temperature was 31 and 38.5°C in Aung Ban
and Hlegu, respectively. Recorded rainfall was
more than 2000 mm in all locations. These study
sites were purposely selected because they have
different land use and soil management practices.

Soil sampling and analysis

The experiment consisted of sixteen land use
and soil management practices on two study areas
(Aung Ban and Hlegu). Among these practices,
eights from Aung Ban [Natural Forest (L1), Potato -
Potato (L2), Rainfed Rice (L3), Corn-Corn (L4),
Rice-Vegetable (L5), Flower- Flower (L6), Vegeta-
bles using Good Agriculture Practices (L7), and
Vegetable using Chemical Fertilizer (L8)] and oth-
er eights from Hlegu [Plantation Forest (L9), Rain-
fed Rice (L10), Rice-Flower (L11), Watermelon -
Flower (L12), Flower-Flower (L13), Rice-Rice
(L14), Vegetable using OM (L15) and Vegetable
using Chemical Fertilizer (L16)]. Composite soil
samples including disturbed and undisturbed condi-
tions from each practice were collected with four
replications at the depth of 0—15 cm in March, 2015.

The collected soil cores were carefully packed
not to lose soil moisture content. Before analyzing,
all composite soil samples were air-dried at room
temperature, and after that grounded by using mor-
tar and pestle and sieved with 2 mm sieve.

The soil samples were analyzed for soil physi-
cal and chemical properties at the laboratory of the
Department of Soil and Water Science, Yezin Agri-
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cultural University. Soil bulk density (BD) was de-
termined with core method (Blake and Hartge
1986). Soil particle density (PD) was determined by
using the pycnometer method (Blake and Hartge
1986). Total soil porosity (SP) was not measured
directly but was calculated from the BD and PD
(Brady and Weil 1996). Dry sieving method was
used for all land use and soil management practices
to analyze soil aggregate stability (SAS) (White
1993). Cation Exchange Capacity (CEC) was meas-
ured by Bascomd’s method. Soil organic carbon
was determined by the method of Walkley and
Black (1934). The percentage of organic carbon
(Corg) in a soil is multiplied by 1.724 to obtain the
percentage of soil organic matter (SOM). Soil pH
was measured in a 1:5 soil water solution by a pH
meter. Soil electrical conductivity (EC) was meas-
ured with an EC meter (Schott Instruments D-
55122, Mainz, Germany) on the extract of soil with
water (1:5). Total nitrogen (N;) was measure by
Kjeldahl method. Soil total calcium carbonate was
measured by using the method of Bashour and
Sayegh (2007). Measurements of hydraulic conduc-
tivity (HC) of saturated soils were based on the di-
rect application of Darcy’s equation to a saturated
soil column of uniform cross-sectional area. Soil
texture was classified by pipette method (Gee and
Bauder 1986).

Statistical analysis

All collected data were analyzed by using the
statistical software program (SPSS version 17.0).
Oneway ANOVA was constructed for two regions
as RCB with four replications. All means were com-
pared by using LSD at 5% level. To select the best
soil quality indicator as soil properties correlation
and factor analysis were carried out again.

Results and Discussion

Aung Ban Soils

The result of soil properties as affected by dif-
ferent land use and soil management practices in
Aung Ban soils were shown in Table (1). Among all
land use and soil management practices, soils were
sandy in texture, ranging from sandy loam to vari-
ous sand classes. Among them, the maximum sand
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content was observed in L8 and then followed by
L7, L2 and L3. The coarse texture of soil is likely to
be transported of finer particles into deep layer due
to long term cultivation processes. The lower con-
tent of silt and clay could be due to the result of
preferential removal by accelerated water erosion
during the monsoon months. L2 and L4 were rec-
orded the highest HC (K;,) value because of the
higher in HC associated with lower in BD that in-
creases in SP %. L1 gave the lowest HC value be-
cause of higher clay content than sandy soil (Carsel
and Parrish 1988). Under the USDA-NRCS (2016)
guide, the ideal BD for plant growth is between 1.4
and 1.6 g cm™ and BD values >1.69 g cm™ affects
root growth. In this study, L3, L6 and L8 that BD
values greater than 1.69 g cm™ due to continuous
cultivation at the top plow layer. L1 was highest in
SP % and followed by L2, L4 and L7 because they
were rich in organic matter, well aggregated and
more porous which have a low bulk density. The
highest SAS value was observed in L1followed by
L2 and L4 because of high in clay and SOM con-
tent.

Among the different land use and soil manage-
ment practices, L2 was recorded as the highest CEC
(28.8 meq 100g™). This might be due to the highest
amount of SOM content (2.16 %). The higher the
CEC, the more clay or OM present in the soil. In
this study, EC values of all soils were less than 1 dS
m™. It meant that low in EC indicated the low
amount of soluble salts in the soils. L2 (2.16%)
gave the highest SOM content and it could be due to
the farmer’s practices. On the other hand, the lowest
SOM content was observed in L8 (0.47%) because
of the complete removal of crop residues, usage of
only chemical fertilizer and zero rotation in land
management practice. The highest C:N 11:38 was
observed in L2 among all land use and soil manage-
ment practices. According to USDA-NRCS (2016),
maintaining C:N in soils as >10:1 was the best for
microbial decomposition and it upgrades the nutri-
ent availability to plants. A pH range from 5.5 to 7.0
is suitable for most vegetable crops and develop-
ment. In the table, the soil of L5 and L6 were in
strongly acidic condition it could be due to the de-
pletion of basic cations by leaching through the ef-
fect of climate condition in the area by crop remov-
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al. The highest content of total CaCO; was observed
in L8 it could be due to addition of lime by farmer
in this land use.

Selecting the Important Soil Properties (SP)
and the Best Soil Quality Indicator (SQ) by using
Linear Equations was as follows:

SP = 6029 F+ 5149 F+ 1137

According to equation (1), factor-1 contributed
the maximum proportion, factor-2 showed the se-
cond proportion and Factor-3 contributed the lowest
proportion. Therefore, it can be recognized that soil
permeability parameter including minimum data set
of SP, HC and CaCOj; should be considered to ana-
lyze for Aung Ban.

SQ = -0.433 SP + 0.895 HC + 0.103 CaCO;

According to equation (2), determination of
hydraulic conductivity showing the maximum pro-
portion of 0.895 could be the best soil quality indi-
cator to describe the soil permeability condition of
Aung Ban area. Similarly, Navin et al. (2010) dis-
cussed that determination of saturated water flow,
hydraulic conductivity was more appropriate than
the classification of soil texture in regards with soil
hydraulics.

Hlegu Soils

Soil properties as affected by different land use
and soil management practices in Hlegu soils were
shown in Table (2). Soils of all land use and soil
management practices were sandy loam in texture.
L9 (1.6), L13 (1.59) and L15 (1.67) gave the opti-
mum condition for plant growth in terms of soil
bulk density (USDA-NRCS 2016). L10, L11, L15
and L16 were higher in BD and it could be due to
continuous cultivation in the top plow layers and
excessive biomass removal by harvesting. Higher
results of SP were observed in L12 and L13. The
rest of the plots were showed lower in SP as a result
of soil compaction due to a decline of the soil or-
ganic carbon content in the upper soil horizon. The
highest HC values were observed in L9 and L13 it
could be due to higher in SP and lower in BD. The
strongest SAS were observed in L9, L15 and L16
among the selected land use and soil management
practices due to higher in SOM. The higher value of
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CEC (meq 100g™") was observed in L16 and it might
be attributed to higher in organic matter and clay
content. In contract, the lower was in L11 and L14
due to their low in clay content and OM. In the
study, L9 was in acidic condition. This indicates
that soil pH of forest lands are often more acidic
than agricultural soils showing the effect of decom-
position of soil OM and as a consequence, it releas-
ing of organic acids leading to decrease in pH in
forest soils value. EC of all soils affected by all land
use and soil management practices were less than
1dSm™.

Highest SOM content (1.92%) was observed in
L16 because of added organic matter yields creating
a larger return of crop residues to the soil. The high-
er total nitrogen values were observed in L9 and
L16 it could be due to higher in OM content in soil.
The highest content of total CaCOj;(9.43%) In some
climate, soils that had high CaCOj; content >5% in
surface layer are not subjected to wind erosion
(USDA-NRCS 2016).

Selecting the important soil properties and the
best soil quality indicator by using linear equations
was as follows:

SP = 5647 F; + 2835 F;t22.07

According to equation (1), factor-1 showed the
maximum proportion, factor-2 placed at the second
position and factor-3 contributed the lowest propor-
tion. Therefore, it can be recognized that soil per-
meability parameter including minimum data set of
HC, SOM and pH should be considered to analyze
for Hlegu, Yangon region.

SQ = 08960 HC - 031 SOM + 0.322

According to equation (2), determination of
hydraulic conductivity showing the maximum pro-
portion of 0.896 could be the best soil quality indi-
cator to describe the soil permeability condition of
Hlegu area, Yangon region.

Correlation analyses between soil parameters of
Aung Ban soils were shown in Table (3). As corre-
lation analyses are the first step to select the best
soil quality indicator, it is necessary to perform
showing the best correlation with each other. Cation
exchange capacity was positive correlated with soil
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organic matter, total nitrogen, C:N and aggregate
stability. Electrical conductivity was positively cor-
related with soil aggregate stability, clay and nega-
tive correlated with sand content. Saturated hydrau-
lic conductivity was positively correlated with or-
ganic matter. Bulk density was negatively correlated
with total porosity and negatively correlated with
organic matter and total nitrogen. Soil organic mat-
ter was positively correlated with total N, C:N and
aggregate stability. Total nitrogen was positively
correlated with correlated with C:N and aggregate
stability. Sand content was negatively correlated
with silt, clay and aggregate stability. Clay content
was positively correlated with aggregate stability.
Soil pH was positive correlated with total CaCOs.
Then the highest positive correlation (+0.965) was
found between soil organic matter and total nitrogen
and highest negative correlation (-0.928) was found
between bulk density and total porosity respective-
ly.

Correlation between soil parameters of Hlegu
soils were shown in Table (4). Cation exchange
capacity was positive correlated with soil organic
matter, total nitrogen, aggregate stability and clay.
Electrical conductivity was positively correlated
with clay. Saturated hydraulic conductivity was
negatively correlated with bulk density, total CaCO;
and positively correlated with total porosity. Bulk
density was negatively correlated with total porosity
and positively correlated with total CaCO;. Total
porosity was negative correlated with soil pH and
sand. Soil organic matter was positive correlated
with total nitrogen and aggregate stability Total
nitrogen was positive correlated with aggregate sta-
bility. Sand content was negative correlated with silt
and positive correlated with soil pH. Silt content
was negative correlated with soil pH. Then the high-
est positive correlation (+0.955) was found between
soil organic matter Vs total nitrogen and highest
negative correlation (-0.910) was found between
bulk density Vs total porosity.

Conclusion

Among the land use and soil management prac-
tices in Aung Ban Soils, L2 (Potato-Potato) was
found the most soil properties such as soil BD, SP

© 2019 Yezin Agricultural University
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and soil pH, EC, the fastest rate of HC, the strongest
in SAS, C:N and the higher CEC were in optimum
range. Among the land use and soil management
practices in Hlegu Soils, L13 (Flower-Flower) was
also found the most soil properties such as soil BD,
SP and soil pH, the fastest rate of HC, higher C:N
and CEC were in optimum range. According to line-
ar equation, determination of saturated hydraulic
conductivity was the most appropriate soil quality
indicator in terms of less time consuming, less ex-
pensive and easily measurable for both regions.
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