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Abstract

Soil properties are varied under human disturbance and understanding how the soil properties change is vital to
know the potential of soils and their sensitivity to different soil managements. The aim of this study was to
analyze the variation in soil physicochemical characters as influenced by different soil managements (orchards,
crop rotation, and intensive use of fertilizer), in central dry zone in Myanmar. Eight soil properties such as soil
texture, pH, electrical conductivity (EC), organic matter (OM), total nitrogen, available phosphate (Olsen P),
extractable potassium (extractable K), cultivable bacterial counts were analyzed for top soil samples collected
from twenty-one agricultural sites which planted for seven different crops. The results showed that studied soil
properties except from soil texture were significantly different among studied soils (P<0.05), Olsen P were
significantly higher in orchard soils (most intact), than other soil. (OM), (EC), and extractable K were
significantly higher in onion soils (intensive use of fertilizer), Clay percent is significantly and positively
correlated with most of the soil properties except from Olsen P. These results imply that soil properties are varied
based on soil type and land use; therefore, agricultural management is important to maintain and enhance soil
physicochemical properties and sustain ecosystem.

Keywords: Soil Properties, Soil Management, Soil Type, land Use, Central Dry Zone.

INTRODUCTION

Soil physical and chemical properties greatly influence on crop productiont®. Land use and agricultural
management have great impact on soil properties which affect soil quality that led to augmentation or
limitation of crop yield and sustainable agriculturel?. The degradation of soil physicochemical properties
usually evolves from interactions among physical process such as erosion, chemical process such as
nutrient depletion, acidification and biological processes such as organic matter depletion. In the woodland
and grassland areas of Africa, South America, and Asia, shifting of small-scale farmers practicing or semi
shifting cultivation are accountable for loss of soil structure and fertility[],

Myanmar is an agricultural country, agriculture accounted for 38%, of GDP, 70% of the workforce and
generates 25 to 30 percent of total export earnings in 2018 (https://www.fao.org/myanmar/fao-in-
myanmar/), However, Myanmar's agriculture has not performed well during the last 50 years because of
low productivity, instability of yield and unequal distribution of land[®!.

The central dry zone is a relatively low-lying area in the middle of Myanmar and 12 percent of the country's
land area. Approximately 23 percent of the total population of Myanmar live this area; 80 percent of them
are classified as rural population and 60 percent of households survive on agriculturel®l. Central dry zone
is the center of rain-fed, upland cropping in Myanmar and the climate is arid to semi-arid with mean annual
rainfall ranging from around 500 to 1,000 mm per annumtl. In central dry zone, peas and beans such as
green gram, groundnut, pigeon pea, cowpea is commonly grown in sequence with sesame and the coarse
grains, pearl millet, sorghum, sunflower, green beans and maizel®>8l, In addition, palm sugar (jaggery),
cotton and tobacco are important crops in some areas although a few communities grow onions and chilies
on a commercial basis (https://www.lift-fund.org/download/file/fid/836), Moreover, some perennial trees
such as wood apple (Thanaka in Myanmar name), and jambolan (Thapyay in Myanmar name), are also
planted as orchard. Wood apple prefers hot and dry weather that is compatible with central dry zonel®l.
Jambolan, a species from Syzygies genus which prefer to grow under tropical and subtropical climate.
These species can grow in various soil types and geological formations and some of them tolerate saline
soil and are found on deep, rich, well-drained soilsl”). Syzygies genus is from Myrtaceae family which
possesses 1200-1800 species. All Syzygies species are rich medicinal applications; some species of
Syzygies have antibacterial, antioxidant activities!®l. and some has potential as effective anti-diabetic
agent.
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Although bean, pulses, oilseed crops, wood apple and jambolana are
usually grown in central dry zone, approximately 6-7 years ago, most of
the farmers grow onion because of market prices and short cultivation
time (Lynn et al, 2020), For onion cultivation, intensive fertilizers,
pesticides and irrigation system need to apply. Consequently, soil
physicochemical properties are changed, and the lands are seriously
eroded and degraded and it may be needed to reclaim and restore the land
in these areas (https://tech-action.unepdtu.org/wp-
content/uploads/sites/2/2021/04/myanmar-baef-report-adaptation.pdf).

And also, there may be different between the soil properties in mono-
cropping and intercropping of soils. However, the information of that
around Myaing Township in central dry zone of Myanmar is still rare.
Studying soil physicochemical properties in different soils will help to
understand which agricultural system can enhance soil properties and
sustainable agriculture in long term effect. The main objective of this
study was to look into how land use and soil type configures soil

physicochemical properties and bacterial abundance in agricultural soils
with typical farming practices around Myaing Township in central dry
zone of Myanmar.

MATERIALS AND METHODS
Soil sample collection

Twenty-one soil samples which planted with seven major crops in central
dry zone were collected from Myaing Township, Magway Region in low
land plain. Wood_A (soil from wood apple orchard), JB (soil from
jambolana orchard), SS (soil from mono-crop of sesame), GB_SS (soil
from crop rotation of green beans and sesame), CP-SF (soil from crop
rotation of chickpeas and sunflower), ON-CH (soil from crop rotation of
onion and chickpeas), and ON (soil from monocrop of onion), were
collected from three sites for each crop. Full site details, cultivation
history and soil texture were given in Table 1.

Table 1: Information of soil sampling sites and soil texture and soil type of 21 different soils for 7 major crops in central dry zone of Myanmar

Soils Sampling sites Cultivation Clay (%) Silt (%) Sand (%) Soil Type

Wood_A -1 Latitude 21°49'49" N Wood Apple orchard 15.31 17.86 64.09 Sandy
Longitude | 94°50' 40" E loam

Wood_A-2 Latitude 21°50'19" N Wood Apple orchard 0.00 12.59 85.79 Sandy
Longitude 94°51'11"E

Wood_A -3 Latitude 21°50'49" N Wood Apple orchard 2.53 22.78 74.63 Loamy
Longitude | 94951 12" E sand

JBL-1 Latitude 21°51'2"N Jambolan orchard 13.99 13.99 70.24 Sandy
Longitude | 94951 11" E loam

JBL-2 Latitude 21°51'2" N Jambolan orchard 26.11 41.78 31.12 Loam
Longitude 94°51' 10" E

JBL-3 Latitude 21°50'59" N Jambolan orchard 10.26 17.95 74.61 Sandy
Longitude 94°50' 56" E loam

SS-1 Latitude 21°49'53" N Sesame (two times per | 5.05 15.15 79.39 Loamy
Longitude | 94°50' 40" E year) sand

SS-2 Latitude 21°49'47" N Sesame (two times per | 12.79 17.90 66.38 Sandy
Longitude | 94950'41" E year) loam

SS-3 Latitude 21°49'55" N Sesame (two times per | 2.51 12.56 82.09 Loamy
Longitude | 94°50' 54" E year) sand

GB-SS-1 Latitude 21°49'46" N Rotation of green beans | 7.63 12.72 78.16 Loamy
Longitude 94°50' 46" E and sesame sand

GB-SS-2 Latitude 21°49'57" N Rotation of green beans | 2.53 15.15 81.20 Loamy
Longitude | 94950 53" E and sesame sand

GB-SS-3 Latitude 21°49'57" N Rotation of green beans | 15.35 12.79 69.30 Sandy
Longitude 94°51'8"E and sesame loam

CP-SF-1 Latitude 21°50'54" N Rotation of chickpea and | 38.46 22.55 40.52 Clay loam
Longitude | 94951 31" E sunflower

CP-SF-2 Latitude 21°50'50" N Rotation of chickpea and | 59.46 27.03 14.82 Clay
Longitude | 94951' 34" E sunflower

CP-SF-3 Latitude 21°50'52" N Rotation of chickpea and | 57.07 27.17 18.80 Clay
Longitude | 94°51'43"E sunflower

ON-CH -1 Latitude 21°51' 7" N Rotation of onion and | 48.78 35.23 18.91 Clay
Longitude 94°50' 48" E chilli

ON-CH -2 Latitude 21°51' 7" N Rotation of onion and | 47.87 37.23 15.80 Clay
Longitude | 94950 44" E chilli

ON-CH -3 Latitude 21°51'9" N 45.70 37.63 17.81 Clay




Longitude 94°50' 44" E tha_tion of onion and

ON-1 Latitude 21°51'9" N E)hr:::)ln 53.76 24.19 21.52 Clay
Longitude 94°50'49" E

ON-2 Latitude 21°51"13" N Onion 56.15 32.09 9.05 Clay
Longitude 94°50 45" E

ON-3 Latitude 21°51'1" N Onion 10.18 10.18 81.65 Loamy
Longitude | 94951 11" E sand

Samples were collected on July, 2020 when crops were not planted in
soils except for Wood_A and JB which were the soils from perennial tree
orchards. From each site, three replicate of soil samples were collected,
and for each replicate, three soil cores (top 0-10 c¢cm), were collected
randomly using a soil sampler, and then, mixed to obtain one
homogenized replicatel®. The samples were screened through a 2-mm
sieve and any visible debris were eliminated. A portion of each soil
sample was stored at 4°C to analyze bacterial composition. The remaining
soil sample was air dried to measure other soil properties.

Measurement of soil properties

The soil pH was measured using a pH meter (Mettler Toledo,
Switzerland), after shaking a soil: water (1:2 w/v) suspension and
electrical conductivity (EC) of soil was measured after shaking the soil
with distilled water (1:5 w/v) 1. Soil moisture content was determined
after oven-drying at 105 °C to a constant weight. Soil texture (clay, silt,
sand %) was determined with hydrometer*l, Organic matter in soil was
determined with hydrogen peroxide combustion method**12, A
conversion factor of 1.724 was used to convert organic matter to organic
carbon in soil by assuming organic matter contains 58 percent organic
CI31, Total nitrogen (TN) content was determined by Kjeldahl digestion
(UDK149 Automatic Kjeldahl Nitrogen Analyzer, Korea), [*4l. Olsen-P
was extracted from soil using 0.5 M NaHCOs and analyzed [*3 at 830 nm
with a UV-Vis spectrophotometer (UVD2950, USA). For Extractable
potassium, soil was extracted with ammonium acetate and measured with
flame photometer (JEMWAY PFP-7, UK) [6],

Estimation of bacterial abundance in soil

Nutrient medium was used to estimate the total bacterial count in
collected soils. Glucose nitrogen free mineral medium was used to
estimate the count for nitrogen fixing bacterial’”l. For phosphate
solubilizing bacteria, Pikovskaya’s medium was applied™®. For
potassium decomposing bacterial count, K decomposing media was
used[*9. After 24-48 h of incubation at 35°C, discrete colony showing
clear zones were counted as phosphate solubilizing bacteria and
potassium decomposing bacteria. Serial dilution method was used for all
the estimation of bacterial abundance. One gram of soil was added to 9
ml normal saline and shake for 30 min. After that, stand in still for 30 min
to be stable and took 1 ml for serial dilution until 1961, Then, 100 ul from
each dilution was spread on respective media and results were analyzed
after appearing colonies.

Statistical analysis

One way analysis of variance (ANOVA), and comparisons of soil
properties and bacterial abundance were performed using Duncan’s test
(P<0.05), with agricolae R package!?°l. Correlation of soil properties and
bacterial abundance were calculated with corrplot in R and all the figures
were displayed with ggplot2 in R program[?4,

RESULTS

Variation in soil physicochemical properties

The significance of variations in the soil properties (p <0.05), among the
seven different crops across the low land plain are presented in (Fig. 1, 2

and 3), Most soil are sandy, sandy loam and loamy sand apart from CP-
SF, ON-CH, and ON soils which soil textures are clay (Table 1), JBL,

CP-SF, ON-CH, and ON, soils showed the highest pH and soil moisture
content whereas pH in SS soil was significantly lower than other soils and
the lowest soil moisture was found in Wood_A, SS, GB-SS soils. The
highest EC, was appeared in ON-CH and ON soils while Wood_A, SS,
and GB-SS soils showed the lowest value (Fig. 1). Organic matter OM,
in CP-SF soil was significantly higher than other soils while OM content
of GB-SS soil was the lowest. The highest total nitrogen (TN) content is
found in JBL soil whereas GB-SS, soil showed the lowest TN, although
TN contents in all soils were not significantly different except from JBL
and GB-SS soil. The amount of OM, TOC and CN ratio in Wood_A, JBL,
SS and GB-SS soils were not much different (Fig. 2). Similarly, JBL, soil
possess the highest available P while the lowest value was found in CPSF
soil. For extractable K, CP-SF was the highest and SS soil showed the
lowest ranging from 0.017 to 0.62 percent in soil (Fig. 2).
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Fig. 1: pH, EC and soil moisture of 21 different soils for 7 crops. Different small
letters indicate significant difference (p <0.05). Error bars represent standard error
(n=9). Wood_A — soil from wood apple orchard, JBL- soil from jambolan orchard,
SS — soil from sesame farmland, GB_SS — soil from the rotation of green beans
and sesame, CP-SF — soil from the rotation of chickpeas and sunflower, ON_CH
— soil from the rotation of onion and chilli, ON — soil from the onion cropping.
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Fig. 2: Nutrient contents of 21 different soils for 7 crops. Different small letters indicate significant difference (p <0.05). Error bars represent standard error (n=9).
Wood_A - soil from wood apple orchard, JBL- soil from jambolan orchard, SS — soil from sesame farmland, GB-SS — soil from the rotation of green beans and sesame,

CP-SF — soil from the rotation of chickpeas and sunflower, ON-CH — soil from the rotation of onion and chilli, ON — soil from the onion cropping.
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Bacterial abundance

The highest cultivable total bacterial count was found ON-CH soil
whereas the lowest in CP-SF soil. Nitrogen fixing bacteria were found
only in CH and CH-ON soils. Phosphate solubilizing and Potassium
decomposing bacteria were found only in Wood_A, SS and GB-SS soils

(Fig.3).
Correlation between soil physicochemical properties

Soil moisture was significantly and positively correlated with pH, EC and
extractable K (P<0.001), and (R2>0.56), Extractable K was apparently
dominated by pH and EC, (P<0.001), and (R2>0.45), pH and EC were
found significantly and positively related with each other (P<0.001), and
(R2=0.73), (Fig. 4 and Fig. 5), Clay percent and Silt percent were
positively correlated with soil properties whereas sand% showed negative
influence on soil properties (Fig. 4), Although most of soil properties
were positively correlated with clay percent, Olsen P and the abundance
of P-solubilizing bacteria and K- solubilizing bacteria were negatively
correlated with it. Surprisingly, Olsen P and abundance of these two
bacteria were positively correlated with sand percent (Fig. 4).

DISCUSSION

Soil is the basis of sustainable agriculture, and soil fertility is becoming
the major issue at global level because of climate change and
mismanagement of land use which can decrease soil properties by
hanging in the soil biota. Nearly two billion hectares of soils are
considered to be degraded, which are less productive due to deterioration
of essential soil processes!?l. Therefore, observation of soil properties in
different agricultural soils will help to maintain the soil quality of
agricultural lands.

Twenty-one soils which grow seven different crops under conventional
agriculture was studied. The soil properties differed significantly among
different soils (Fig. 1, Fig. 2 and Fig. 3), Since central dry zone has
average annual rainfall levels (960 mm), which are lower than in other
areas of the country??l, Most tested soil are sandy, sandy loam and loamy
sand apart from CP-SF, ON-CH and ON soils. The highest pH and EC in
ON-CH and ON soils described that higher usage of chemical fertilizers
and pesticides rooting for higher pH and EC, (Fig. 1), Irrigation can
increase EC of soil because of evapotranspiration 231, Irrigation in ON-
CH and ON soils might be the answer to the highest EC values in those
soils.

Studies show that ideal EC levels in soil should be in the range of 110-
570 milli Siemens per meter (mS/m), 241, Higher EC values indicate an
excess of nutrients whereas lower EC values indicate low available
nutrients(?3. Therefore, Low EC are often found in low organic matter
containing soils such as sandy soil whereas high EC values are usually
found in soils with high clay content because clay soils have a much better
ability to store and hold onto cations. It was explained that texture,
salinity and moisture are most significantly influence on EC levels
(http://traceandsave.com/what-can-electrical-conductivity-tell-us-about-
our-soil), That finding is in agreement with our results in which clay soils
showed higher EC levels than sandy soils (Fig. 1).

Surprisingly JBL showed the highest pH along with ON soil although
JBL soil was added only a few amounts of chemical fertilizer. It was
found that most soils in Magway region had pH ranging from (6-8.5) [2°]
and that is compatible with our results except from SS soil which pH was
less than 6. Similar to pH, the soil moisture content of JBL, CP-SF, ON-
CH and ON were significantly higher than other soils since pH and soil
moisture content were positively correlated.

The lowest value of EC was found in Wood_A SS and GB-SS soils
because these soils were with less agricultural management practices.
And also, another reason for this result is that these soils are sandy soils
which have poor capacity to store and hold onto cations and lose nutrients
easier than silt and clay soilsl?”). These results described that both land
use and soil type played significant role in variations of pH, EC and soil
moisture content.

CP-SF soils possessed the highest content of OM, TOC and soil moisture
which indicated that clay soil type, crop rotation, water content of soil
had positive effect on the physicochemical properties of soil. It was
observed that crop rotation could increase the input of organic C in the
soil, which led to enhancing soil fertility[>28l, Moreover, it was well
documented that soil organic matter can increase water holding capacity
of soil by increasing the micropores and macropores in the soil either by
gluing soil particles together®l. Not only OM soil moisture significantly
and positively correlated with pH, EC and extractable K. Moreover, pH
and EC were significantly and positively related to each other. Similar to
our results, a significant positive correlation between soil pH and EC was
described in agricultural lands in western Iran(3%,

The lowest amount of OM in GB-SS, soil was the answer for the lowest
amount of TN in that soil since increased OM had a positive effect on soil
TN, Surprisingly, the highest amount of TN and available P were found
in JBL soil although these soils were with less chemicals input and the
soil types were loamy and sandy loam. CP-SF, ON and ON-CH soils
showed higher extractable K amount than other soils because these soils
contained higher clay contents than other soils since clay content was the
major player for variation of soil properties except for nitrogen (Fig. 4).

Olsen P was positively correlated with pH value although other research
reported that low pH can help to occupy higher available PEl, Soils with
less anthropogenic activity showed the highest Olsen P content and more
information was needed to explain about it well. Nitrogen and Olsen P
were positively correlated because phosphorus availability can enhance
nitrogen fixation in which nitrogen fixation process requires large
amounts of adenosine triphosphate (ATP), 31,

The abundance of total bacteria and nitrogen fixing bacteria were
positively correlated with pH, EC, extractable K, soil moisture, clay
percent and silt percent (Fig. 4), since soil chemical properties are good
indicators of the richness of soil fauna and floral®2, Other study reported
that soil properties had positive effect on abundance of total bacteria and
nitrogen fixing bacterial®!. Different bacterial abundance from different
soils was as a result of variation in the soil edaphic factors succeeded by
differences land-usel®?. In contrast to total bacterial count, the abundance
of P solubilizing bacteria and K decomposing bacteria were negatively
correlated with most of the soil properties. More research works with
advanced technology are needed to confirm these results since only plate
count method was used to estimate bacterial abundance. Our results
showed that both soil type and land use had significant effects on
variations of soil physicochemical properties and abundance of total
bacteria and plant growth promoting bacteria although more research
with a wide range of soil samples and more advanced technology are
needed to broaden the knowledge on soil properties in this central
Myanmar area.

CONCLUSION

This study assessed soil properties and abundance of total bacteria, N-
fixing bacteria, P-solubilizing bacteria and K-decomposing bacteria in
twenty-one different soils under seven different crops in semi-arid
environment of Myanmar. All soil samples showed different soil
properties including pH, EC, OM, TOC, TN, Olsen-P and extractable-K
and also different bacterial abundances. Soils with higher input of
chemical fertilizers possessed higher amount of pH, EC, OM, TOC and
extractable K. Moreover, soils with higher clay percent showed higher
values of soil properties and richer in soil nutrients which described clay
percent is the main player in variation of soil nutrients in this region.
Although understanding soil biology and soil health are important for
sustainable agriculture and higher yields which lead to the profit of
farmers, there is very little knowledge in field data relevant to the needs
of their particular regions. This study will fill in these requirements by
analyzing soil physicochemical properties and estimating the plant
growth promoting bacterial abundance in soils under major crops in this
central Myanmar region.
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