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Abstract
Changing land use systems impact on local edaphic factors and microbial abundance and diversity, however, the information 
on it in central Myanmar’s soils is still lacking. Therefore, soils with four different land uses were analyzed; WAP (soil from 
perennial tree orchard), PNON (soil from crop rotation of peanut and onion), SESA (soil from mono-crop of sesame) and 
CHON (soil from mono-crop of onion for 3 years consecutively). Soil organic carbon (SOC), total nitrogen (TN), dissolved 
organic carbon (DOC), ammonium nitrogen (NH4

+-N) and pH showed the highest in PNON soil, which suggested crop rota-
tion with high fertilizer input and irrigation had positive effect on the edaphic factors of soil. CHON soil showed the lowest 
in most soil properties and microbial abundance as a result of intensive use of fertilizer and irrigation, no crop rotation and 
no input of manures. Microbial community composition showed differences among tested soils and relative abundance of 
Chloroflexi was the highest in CHON soil whereas that of Basidiomycota was the highest in WAP soil. The abundances of 
bacteria and fungi were significantly affected by Olsen P, whereas the abundances of archaea were influenced by SOC. Our 
results suggested crop rotation and manure fertilization (PNON soil) enhanced soil properties and microbial abundance 
although long-time onion mono-crop (CHON soil) reduced soil fertility. This study can provide information to improve soil 
quality and sustainability of agro-ecosystems using appropriate agricultural management.
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Introduction

Soil is a complex system and soil quality is a comprehen-
sive concept that embraces biological, chemical and physical 
properties that sustain environmental quality (Wang et al. 
2019; Kong et al. 2019) and soil microorganisms’ abundance 
and community, and crop productivity (Sial et al. 2019; van 

Groenigen et al. 2010). The improvement in soil organic 
matter (SOM) significantly increase crop productivity (Ben-
nett et al. 2010; Akhtar et al. 2020). SOM can enhance the 
biological diversity of soil; facilitate nutrient cycles, and 
increase plant nutrient availability and soil buffering capac-
ity (Wright et al. 2015). Mismanagements in agriculture lead 
to depletion of SOM and its associated consequences, such 
as reduced fertility and water maintenance, soil compac-
tion and erosion, increased pest and disease prevalence and 
intensity (Abawi and Widmer 2000). These problems have 
become important in developing countries.

The soil microbial biomass, which is up to 1 to 5% of 
SOM content, is critical to the maintenance of soil func-
tion in agricultural soils, because microbes participate in 
important biological processes which have direct effects on 
soil fertility and maintenance of soil ecosystem diversity 
and sustainability (Liu et al. 2008). Bacteria are the most 
abundant and diverse group of soil microorganisms and play 
multiple important key roles in soil (Yang et al. 2019), as 
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well as, fungi and archaea play important roles in soil nutri-
ent cycling.

Myanmar is an agricultural country and 12.6 million hec-
tares of land are using for agriculture. The agricultural sector 
accounts for 37.8% of the country’s GDP and employs 70% 
of its labor force according to the United Nations Food and 
Agriculture Organization (https​://front​iermy​anmar​.net/en/
myanm​ar-agric​ultur​e-101). Most of the agricultural soils in 
the low land plain central area of Myanmar are semi-arid 
soils because of high temperature and low rainfall. Beans, 
pulses, sesame (Sesamum indicum), sunflower and ground-
nuts or peanut (Arachis hypogaea L.) are widely grown as 
climate-resilient crops in the central dry zone, because they 
are moderately resistant to drought. About 16% of the cul-
tivated area (3 million ha) is occupied by oilseed crops and 
they are the third most important crop group in Myanmar 
agriculture after cereals and pulses (Tun Shwe and Kyu 
2017).

Thanaka or Wood apple with scientific name of Hespere-
thusa crenulata Roem (Sapindales: Rutaceae), syn. Naringi 
crenulata and Limonia acidissima L. is a common tropical 
plant species in the Indian subcontinent and Southeast Asia 
(Wangthong et al. 2010). In Myanmar, the yellowish-white 
paste made from Thanaka tree’s bark is commonly used as 
traditional skin care for over 1000 years (Kyaw et al. 2018). 
That skin care is called "Thanaka" in Myanmar Language. 
And, that Thanaka or wood apple tree prefers hot and dry 
weather, hence, generally grows in the central dry zone of 
Myanmar.

Onion (Allium cepa L.) is important crops for domestic 
consumption because most traditional dishes in Myanmar 
used onion as spices. Onion crop is intensively managed, 
frequently with short rotations, heavy fertilizer applications, 
and regular and intensive use of insecticides and fungicides 
(Wright et al. 2015). Continuous mono-crop cultivation with 
intensive fertilizer and insecticide usages for long-time may 
result in decreased soil fertility and steady reductions in crop 
productivity (Hungria et al. 2009). Therefore, sustainable 
crop and soil management are important to ensure long-
term viability and profitability in the agricultural industry of 
Myanmar. Crop rotation is used to minimize the problems of 
continuous mono-cropping (Li et al. 2017) because the plant 
residues from crop rotation are beneficial for improving soil 
fertility. Land-use management, one of the most prominent 
aspects of anthropogenic perturbation in terrestrial ecosys-
tems, has exerted substantial impacts on soil biogeochemical 
cycling and indigenous microorganisms (Shen et al. 2013).

Most agricultural lands in Myanmar are endangered 
because of intensified agriculture and poor management 
which can reduce soil fertility. Improper land use and mis-
guided land management can lead to unproductive farming, 
and environmental pollution (https​://ifdc.org/wp-conte​nt/uploa​
ds/2018/11/A-Soil-Ferti​lity-and-Ferti​lizer​-Manag​ement​-Strat​

egy-for-Myanm​ar-11-16-2018). Some previous studies already 
reported influence of land use on the microbial abundance 
and diversity in different soils (Lynn et al. 2017; Keshri et al. 
2013); however, there is no information on the effect of land 
use and soil types on microbial abundance and diversity in arid 
or semi-arid arable lands in central Myanmar.

Although bean, pulses and oilseed crops are major 
crops in this area, recently, most of the farmers grow onion 
because of short cultivation time and higher income. For 
onion cultivation, intensive fertilizers and irrigation system 
need to apply and changing land use systems will affect on 
local edaphic factors, microbial abundance and diversity 
too. However, the information of that in central dry zone 
of Myanmar is still lacking. Therefore, studying the effect 
of land use on soil physicochemical properties and cor-
relation of soil properties with microbial abundance will 
provide useful information to improve soil fertility, which 
will lead to enhancing crop production and farmers’ profit. 
To our knowledge, this is the first research for agricultural 
soils from Myaing Township, Magway Region, Myanmar. 
The main objective of this study was to look into how land 
use configures soil physicochemical properties, microbial 
abundance and community composition in arable soils from 
the central dry zone in Myanmar. Agricultural soils with 
different irrigation systems and fertilization managements, 
which cultivated major crops in that area, were selected to 
study. Four soils were collected; WAP is soil from wood 
apple (Thanaka) orchard, PNON is soil from the farmland 
with crop rotation of peanut and onion, SESA is soil from 
the farmland with sesame, and CHON is soil from the onion 
cultivation (mono-cropping).

We hypothesize that (i) differences in soil physicochemi-
cal properties derived from changes in land use under differ-
ent fertilizer managements and different irrigation systems 
influence soil microbial abundance and diversity and, (ii) 
intensive agricultural practices in onion mono-crop enhance 
deterioration in soil fertility and microbial abundance and 
diversity, however, crop rotation and manure addition will 
mitigate these deterioration. Soil edaphic factors, microbial 
abundance (bacteria, archaea and fungi), and their correla-
tion to each other were determined and statistical analyses 
were performed to identify the key factors affecting micro-
bial abundances and diversity in these four different agricul-
tural lands. Microbial community compositions were also 
analyzed by high throughput sequencing.

Materials and methods

Study area

The study areas were located at Myaing Towship, Magway 
Region in a great low land plain of central Myanmar. Full 
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site details, cultivation history and soil texture were given 
in Table 1. The annual precipitation is 606.3 mm, the aver-
age high annual temperature is 33.7 °C, and the average 
low annual temperature is 20.1 °C in 2010. During March 
and April, the mean maximum temperature of about 100 °F 
(37.8 °C) was found in central Myanmar area (Aung et al. 
2017). Due to the high temperature and low rainfall, the 
central area of Myanmar is dry and most of the farmlands 
in this area are dry and usually grow beans and oil crops. 
Mostly, farmers from this area rely on rainfall to grow crops; 
however, irrigation systems are used to grow onion.

Sample collection

Four soils were collected from this area, WAP (soil from 
perennial tree orchard under rainfed with a few amount of 
fertilizer input 5 years ago), PNON (soil from crop rotation 
of peanut and onion with intensive irrigation and fertilizer 
input), SESA (soil from mono-crop of sesame under rainfed 
with medium fertilization) and CHON (soil from mono-crop 
of onion for 3 years consecutively with intensive irriga-
tion and fertilizer input, chickpeas were planted in this soil 
3 years ago). For WAP soil, water and fertilizer applied only 
when planting started. For PNON and CHON, six times of 
irrigation and two times of fertilizers (45 days after sowing 
and 70 days after sowing) were added for one crop of onion 
although only one time of fertilizer addition at the time of 
sowing for peanut and chickpea cultivation. Fertilizer usages 
were shown in supplementary Table 1.

Samples were collected on May, 2018 when crops were 
not planted in soils except for WAP which is the soil from 
perennial tree orchard. From each soil, three replicate sam-
ples were collected, and for each replicate, five soil cores 
(top 0–10 cm) were collected randomly using a soil sampler, 
and then, mixing and homogenizing to obtain one replicate. 
The samples were then sieved through a 2-mm screen and 
any visible roots or other debris were removed. A portion 
of each soil sample was stored at 4 °C to analyze some of 
the soil physicochemical parameters such as SOC, TN, total 

phosphate (TP), dissolved organic carbon (DOC), microbial 
biomass carbon (MBC), Olsen P and pH. And then, part of 
each soil sample was stored at − 20 °C for DNA extraction. 
The remaining soil sample was air dried before measuring 
other soil properties.

Soil physicochemical measurements

DOC was extracted with 0.5 M K2SO4 and measured using 
a TOC analyzer (TOC-VWP; Shimadzu, Kyoto, Japan). 
MBC was determined using the chloroform-fumigation-
extraction method (Joergensen et al. 2011). Soil NH4

+-N and 
NO3

−-N were extracted using 0.5 M KCl and quantified by 
a continuous-flow auto-analyzer (Fiastar 5000; Foss Teca-
tor AB, Höganäs, Sweden); Olsen-P was extracted using 
0.5 M NaHCO3 and analyzed for P colorimetrically using 
the ammonium para-molybdate reagent (Olsen and Som-
mers 1982) at 830 nm on a spectrophotometer. The soil pH 
was measured using a pH meter after shaking a soil:water 
(1:2.5 w/v) suspension comprising 10 g of air-dried soil and 
25 mL of water. SOC and TN contents were measured by 
dry combustion using an elemental analyser (Vario MAX 
C/N, Elementar, Germany). Soil texture (clay, silt, sand %) 
was determined using a laser particle analyzer (Mastersizer 
2000, UK).

DNA extraction and quantitative qPCR

Soil microbial DNA was extracted from 0.5 g of each sample 
using the Power Soil® DNA Isolation Kit (MoBio, Califor-
nia, USA), following the manufacturer’s protocol. The quan-
tity and quality of the extracted DNA were checked using 
the NanoDrop spectrophotometer (ND-1000; NanoDrop 
Technologies, Wilmington, DE, USA), and then examined 
on a 1% (w/v) agarose gel. The extracted DNA was stored 
at − 20 °C for further analysis.

Quantitative polymerase chain reaction (qPCR) was 
performed to determine the bacteria 16S rRNA gene cop-
ies, archaea and fungi. Bacterial 16S rRNA was amplified 

Table 1   Information of soil sampling sites and soil texture with standard error of four different soils (n = 3)

In PNON, crop rotation is conventional rotation, common local commercial practice

Soils Sampling sites Cultivation history Clay (%) Silt (%) Sand (%) Soil texture

WAP Latitude 21º 50′ 43" N Wood Apple orchard (5 years old) 13.58 ± 0.5 70.60 ± 1.7 9.13 ± 1.4 Silt loam
Longitude 94º 50′ 53" E

PNON Latitude 21º 50′ 51"N Rotation of Peanut and onion 13.18 ± 0.5 71.28 ± 2.8 10.56 ± 1.4 Silt loam
Longitude 94º 50′ 19" E

SESA Latitude 21º 50′ 44" N Sesame 10.56 ± 0.5 68.38 ± 2.5 14.35 ± 1.1 Silt loam
Longitude 94º 50′ 28" E

CHON Latitude 21º 51′ 8" N Onion (Chickpea was cultivated 3 years ago) 19.09 ± 0.2 77.29 ± 0.2 2.23 ± 0.2 Silt loam
Longitude 94º 50′ 48" E
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using the universal primer pair 1396F/1492R (Suzuki et al. 
2000). Primers for archaea were U519F and U806R (She-
hab et al. 2013) and primers for fungi were nu-ssu-0817 
and nu-ssu-1196 (Borneman and Hartin 2000). The PCR 
mixture (10 μL) contained 5 μL of 2 × SYBR Premix Ex 
Taq (Takara, Japan), 0.15 μL of each primer, 1 μL of DNA 
(5 ng μL−1), and 3.7 μL of sterile ddH2O. The qPCR was 
performed in triplicate using the Roche LightCycler® 480 
real-time PCR system (Roche, Switzerland) with the follow-
ing cycling conditions: for bacteria 16S rRNA gene, 95 °C 
for 1 min, followed by 40 cycles at 95 °C for 5 s and 60 °C 
for 30 s; for archaea, 95 °C for 1 min, followed by 40 cycles 
at 95 °C for 10 s, 54 °C for 30 s and 72 °C for 30 s; and for 
fungi 95 °C for 1 min, followed by 40 cycles at 95 °C for 
10 s, 56 °C for 20 s and 72 °C for 30 s. Series of tenfold 
dilutions of plasmids that contained cloned genes of bacte-
rial 16S rRNA, archaeal 16S rRNA and fungi 18S rRNA 
were run in parallel with the template DNA to prepare the 
respective standard curves for quantification. At the end of 
each qPCR run, melting curve analysis was performed to 
check the specificity of the amplification. The qPCR results 
were used when the amplification efficiency ranged from 90 
to 110%, with R2 > 0.98.

High throughput sequencing of 16 s rRNA and ITS 
region and sequence analysis

16 s rRNA genes for bacteria from four soil samples were 
amplified with the primers 341F and 806R (Yuan et al. 2018) 
labeled with unique barcodes at the 5′ end and 3′ end. The 
PCR conditions were as follows: 95 °C for 3 min, followed 
by 30 cycles at 95 °C for 15 s, 55 °C for 30 s, and 72 °C for 
30 s, and a final extension at 72 °C for 10 min. The ITS1-
5F part was amplified using the primer pair as described in 
Duan et al. (2019). Sequencing was performed on the Illu-
mina HiSeq 2000 platform by Novogene Co., Ltd. (Beijing, 
China). The sequences were processed using the QIIME 1.9 
pipeline (Caporaso et al. 2010). The overlapping paired-
end reads were assembled and the primer sequences were 
removed. The split-sequence libraries were then screened, 
and all sequences with a quality score of less than 30 were 
discarded. The chimeras were removed using usearch61 
chimera check. After quality filtering, 79,455 sequences 
for bacterial 16S and 75,531 sequences for fungi ITS were 
obtained, the correct sequences were processed by the uclust 
method in QIIME. The sequences with 97% similarity were 
assigned to the same operational taxonomic unit (OTU) 
(Edgar 2018). After removing singleton OTUs, 5107 OTUs 
were obtained in total for 16S bacterial rRNA and 965 OTUs 
for fungi ITS. All representative OTUs were taxonomically 
classified using RDP for 16S and unite fungi database for 
ITS. Alpha diversity was assessed by calculating Shannon 
index (Shannon 1997) in QIIME. The DNA sequences have 

been deposited in the National Center for Biotechnology 
Information Bioproject database under the Bioproject acces-
sion number SRA accession: PRJNA600083.

Statistical analysis

One way analysis of variance (ANOVA) and comparisons 
of significant differences of soil properties and microbial 
abundance was performed using Duncan’s test (P < 0.05) 
with agricolae R package (De Mendiburu 2014). Correla-
tion of soil properties and microbial abundance were con-
ducted with corrplot in R. Figures except Venn’s diagram 
were illustrated with ggplot2 in R. The contributions of soil 
type and land use on microbial abundance and community 
were evaluated with the variance partitioning analysis by the 
CANOCO 5.0 for window (Microcomputer Power, USA).

Results

Soil physicochemical properties

SOC and TN of PNON were the highest whereas CHON 
showed the lowest for both and SESA also showed the low-
est in TN (Fig. 1). SESA possessed the higher TP and Olsen 
P than other soils while PNON showed the lowest TP and 
CHON showed the lowest Olsen P (Fig. 2). DOC, MBC 
and NH4

+-N were significantly higher in PNON soil than 
other soils followed by WAP soils. There were no signifi-
cant differences in the NO3

−-N contents in all soils. The soil 
pH values were significantly different in all soils (P < 0.05), 
PNON was the highest followed by CHON, WAP and SESA, 
respectively (Fig. 2). According to clay, silt and sand %, all 
four soils were silt loam soils. 

Correlation between soil physicochemical 
properties

DOC was significantly and positively correlated with TN, 
NH4

+-N, pH (P < 0.001), SOC (P < 0.05) and negatively cor-
related with TP and Olsen P (Fig. 3). SOC was significantly 
and positively correlated with TN, NH4

+-N (P < 0.05). MBC 
was apparently dominated by TN and pH (P < 0.05). pH was 
negatively related to TP and Olsen P (P < 0.01). Clay (%) 
and silt (%) were significantly and positively related to C:N 
ratio.

Microbial abundance and correlation with soil 
physicochemical parameters

The number of bacterial 16S rRNA gene copies outnum-
bered the archaeal 16S rRNA gene copies by one to two 
orders of magnitude in all soils (Fig. 4). SESA soil showed 
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the highest abundance in bacteria although archaeal abun-
dance was the highest in PNON soil. CHON soil showed 
the lowest in all bacterial, archaeal and fungal abundance. 
The ratio of archaea to bacteria was the largest in PNON. 
For fungal abundance, SESA showed the highest followed 
by WAP, PNON and CHON, respectively.

The abundance of bacteria was significantly influenced 
by Olsen-P (P < 0.01) and TP (P < 0.05) (Fig. 5), however, 
archaeal abundance was significantly correlated to SOC 
(P < 0.001) and NH4

+-N content (P < 0.05). Moreover, Olsen 
P content significantly controlled abundance of fungi. On 
the other side, the ratio of archaea to bacteria was associated 
with so many soil parameters, SOC and NH4

+-N (P < 0.001), 
DOC and TN (P < 0.01) and, MBC and pH (P < 0.05).

Microbial community in four different soils

Phyla Actinobacteria, Proteobacteria, Acidobacteria, and 
Chloroflexi were the most abundant in all soils (Fig. 6a). 
WAP soil showed the highest in relative abundance of Pro-
teobacteria (29.2%) only. Relative abundance of Actinobac-
teria showed the highest in SESA soil (36.9%) followed by 
WAP (35.4%), CHON (33.7%) and PNON (27.87%), respec-
tively. SESA soil possessed the highest relative abundance in 
Firmicutes and Verrucomicrobia while PNON soil described 
the highest relative abundance in Planctomycetes and Nitro-
spirae. CHON soil showed the highest abundance in Chlor-
oflexi, Acidobacteria, Bacteroidetes and Armatimonadetes 
(Fig.  6a). Although Actinobacteria and Proteobacteria 
showed the highest abundance in all soils, the highest abun-
dance phylum in soils were different from each other.

For fungi, Ascomycota was the most abundant phyla in 
all soils followed by Basidiomycota, Zygomycota, Glomero-
mycota and Chytridiomycota (Fig. 6b). Significant differ-
ences in fungal composition were observed between soils. 
High relative abundances of Basidiomycota were observed 
in WAP and CHON soils, while Ascomycota was the richest 
in PNON soils (95.5%). Higher abundance of Zygomycota 
was also found in CHON soil only. For class level of fugal 
abundance, Dothediomycetes were the richest in PNON soil 
(38%) although higher abundance of Sordariomycetes were 
found in CHON soil (39.6%) (Fig. 6c).

Influence of soil type and land use on microbial 
abundance and community

Variance partitioning (partial redundancy analysis RDA) 
showed that soil type (clay, silt, sand %) explained 28.7% 
on microbial abundance, while land use explained 19.5% of 
abundance. The RDA also found strong interactions between 
soil type and land use (51.8%). Soil type, land use and both 
of them had significantly dominated microbial abundance 
(P < 0.001) with Monte Carlo permutation test (P < 0.001).

For microbial community composition, variance parti-
tioning described that soil type explained 12.8% on micro-
bial abundance, while land use explained 27.4%. Similar to 
effect on microbial abundance, the RDA also found strong 
interactions between soil type and land use (59.7%). Soil 
type, land use and both of them had significantly dominated 

Fig. 1   Basic soil properties of four different soils. Different small 
letters indicate significant difference (P < 0.05). Error bars represent 
standard error (n = 3). WAP–soil from wood apple orchard, PNON–
soil from the rotation of peanut and onion, SESA–soil from sesame 
farmland, CHON–soil from the onion cropping
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on microbial community composition with Monte Carlo per-
mutation test (P < 0.001).

Discussion

Effect of land use on soil physical and chemical 
properties

We analyzed soils under four different land use systems. 
All soils are from conventional agriculture. The soil proper-
ties differed significantly among different land use systems 
(Fig. 1, Fig. 2 and supplementary Fig. S1). Several soil prop-
erties such as SOC, TN, DOC, MBC and pH showed the 

highest in PNON, which suggested that crop rotation with 
high fertilizer input and irrigation had positive effect on the 
physicochemical properties of soil. It was reported that crop 
rotation could increase the input of organic C in the soil, 
which led to enhancing soil fertility (Li et al. 2017). Nitro-
gen linked with SOM was not readily mineralized, hence, 
comparatively high total N content in soil was the result of 
high SOM (Kumar et al. 2019). Manure (cow dung) addition 
into PNON is also one of the reasons for high SOC content.

Soil pH was significantly higher in PNON, and this was 
compatible with other studies which described soil with 
crop rotation possessed higher pH than mono-cropping 
soil (Li et al. 2017). TP and Olsen P content showed the 
highest in SESA soil which suggested low pH can help to 

Fig. 2   Physicochemical properties of four different soils. Differ-
ent small letters indicate significant difference (P < 0.05). Error bars 
represent standard error (n = 3). WAP–soil from wood apple orchard, 

PNON–soil from the rotation of peanut and onion, SESA–soil from 
sesame farmland, CHON–soil from the onion cropping
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occupy higher available P. In accordance with our result, it 
was indicated that higher pH of soil reduced the bioavail-
ability of P to plants and microbes (Kumar et al. 2019). 
Previous studies outlined that pH is directly or indirectly 
related to soil moisture, salinity, nutrient availability and 
many soil characteristics (Luneberg et al. 2018; Lynn et al. 
2017).

The significantly lower amounts of SOC, TN and Olsen 
P in the continual onion rotation were correlated with less 
SOM. This was in agreement with the previous report in 
which a positive effect of increased OM on soil TN (Wright 
et al. 2015). The lower amounts of soil nutrients in the soil 
following the 3-year onion monoculture was probably due to 
less plant residues being produced and incorporated into the 
soil from onion crops (Wright et al. 2015). It was reported 
that MBC was strongly associated with organic C and total 
N (Yao et al. 2000). In the present trial, this was also the 
case; MBC was strongly correlated with SOC, TN and pH. 
DOC was the lowest in SESA, lower fertilizer input than 
CHON and PNON and higher tillage than WAP might be 
the answer for that. DOC was positively associated with pH 

and ammonia content and WAP soil occupied the lowest pH 
(Figs. 2, 3).

Effect of land use on microbial abundance 
and community

Soil microorganisms are critical to the soil ecosystem 
because of their significant role in regulating soil nutrients 
and changes in their abundance caused by different land uses 
impact changes in soil quality (Konopka 2009). The present 
analyses indicated that the microbial abundances in the four 
land uses were significantly different (Fig. 4).

Relative abundance of Actinobacteria were higher in all 
tested soils than other bacterial phyla since Actinobacteria 
are adapted to extreme conditions such as high tempera-
ture and high salt concentration because they have spores 
which can germinate in very low available water (Moham-
madipanah and Wink 2015). Other researchers also found 
that Actinobacteria were significantly more abundant in the 
micro-aggregates of upland soil (Li et al. 2020b) and oli-
gotrophic Actinobacteria prefer nutrient-poor environments 

Fig. 3   Correlation (Pearson) between soil physiochemical properties of 4 different soils, C_N–the ratio of carbon to nitrogen. ***Correlation is 
significant at < 0.001 level, **Correlation is significant at < 0.01 level, *Correlation is significant at < 0.05 level
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(Zhong et al. 2020). And also, Actinobacteria have benefi-
cial association with plants and also they are important in 
turnover of SOM because they can decompose polymers (Li 
and Wu 2018).

Chloroflexi and Acidobacteria were significantly higher in 
CHON soil while Proteobacteria and Actinobacteria showed 
higher abundance in WAP and SESA soils. In accordance 
with our result, (Mueller et al. 2015) found that Acidobac-
teria and Chloroflexi showed significant positive responses 
to N addition while Actinobacteria and Proteobacteria, 
showed negative responses to high level of N input in arid 
soil. CHON soil showed the lowest SOC and lowest abun-
dance of Proteobacteria. This finding matched with Jenkins 
et al. (2010) who described Proteobacteria as fast-growing 
copiotrophs which are augmented in C-rich environments.

Ascomycota and Basidiomycota, the major fungal groups 
in all tested soils (Fig. 6b), are saprotrophic fungi which have 
mutual relationship with plants by providing carbon-based 
resources and nutrients (Vanegas et al. 2019). Therefore, that 
finding is reasonable with agricultural soils. It was found 
that spores of Basidiomycota and Ascomycota can survive 

under high temperature and low moisture (Li et al. 2020a). 
Other study reported that Ascomycota were commonly found 
to be the dominant root-colonizing fungal group in semi-arid 
grasslands (Porras-Alfaro et al. 2011) and also found in most 
soils (Bononi et al. 2020). Although the alpha diversity of 
bacteria in CHON soils showed the lowest, fungal diversity 
in CHON was the highest in all tested soils which described 
fertilizer addition had opposite effect on bacterial and fungal 
diversity (Supplementary Fig. S2). This finding is partially 
against our second hypothesis.

Relationships between soil edaphic factors 
and microbial abundance

Pearson correlation of soil edaphic factors and microbial 
abundance explained well influence of soil properties on 
the differences in the abundances of bacterial, archaeal and 
fungal in four different soils. It was described that changes in 
land use from natural dry land to agricultural land increased 
total organic matter and Olsen-P content (Luneberg et al. 
2018). Those changes affected on the abundance and 

Fig. 4   Abundance of bacteria, Archaea, Fungi and the ratio of 
Archaea to bacteria in four different soils. Different small letters indi-
cate significant difference (P < 0.05). Error bars represent standard 

error (n = 3). WAP–soil from wood apple orchard, PNON–soil from 
the rotation of peanut and onion, SESA–soil from sesame farmland, 
CHON–soil from the onion mono-cropping
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diversity of effective bacteria with soil fertility and plant 
growth promoting activities. Adding fertilizer can stimulate 
root growth and root exudation leading to higher organic C 
inputs to soil. Increased SOC can improve soil fertility, soil 
nutrient and soil microbial abundance (Li et al. 2017).

Our study showed Olsen P strongly influenced on bac-
terial and fungal abundance (Fig. 5), probably because, 
microorganisms require P for nucleic acids (DNA and RNA 
with phosphate backbone), cell membrane synthesis (phos-
pholipid fatty acid) and energy metabolism (Adenosine 
Tri Phosphate-ATP) (Richardson et al. 2009; Villanueva 

et al. 2020). The higher amount of Olsen P can enhance the 
growth of microorganisms, since they can directly use this 
form of P (Wu et al. 2017). Intensive use of fertilizer and 
irrigation, no crop rotation and no input of manures dramati-
cally decreased soil properties and microbial abundance in 
CHON soil. When poor agricultural practices are applied, 
such as intensive use of fertilizers and pesticides and mono-
crop for longer periods, it will lead to loss of microbial 
abundance and diversity which can cause a reduction in 
ecosystem flexibility (Lupatini et al. 2013; Figuerola et al. 
2015). On the other hand, PNON soil also planted onion 

Fig. 5   Correlation analysis of soil physicochemical parameters on microbial abundance in four different semi-arid soils. ***Correlation is sig-
nificant at < 0.001 level, **Correlation is significant at < 0.01 level, *Correlation is significant at < 0.05 level
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Fig. 6   Relative abundance of 
different bacterial phylogenetic 
groups (a), fungal group in phy-
lum level (b) and fungal group 
in class level (c) from four 
different soils. WAP–soil from 
wood apple orchard, PNON–
soil from the rotation of peanut 
and onion, SESA–soil from 
sesame farmland, CHON–soil 
from the onion mono-cropping
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with intensive agrochemical usages; soil physicochemical 
properties and archaeal abundance are still higher than other 
soils because of crop rotation and manure addition.

Approximately 0.5–3.8% of the prokaryotes living in 
moderate aerobic soils are archaea (Ruppel et al. 2007; 
Belmok et al. 2019), although some studies showed only 
low ratios or no archaea in some natural soils (Roesch et al. 
2007). However, knowledge about the functions of the soil 
archaea is still scanty. Until now, the recognizable functions 
of soil archaeal are the nitrification and the methanogen-
esis (Timonen and Bomberg 2009). The role of archaea in 
ammonia oxidizing of soil ecosystems might be more impor-
tant than bacteria, because AmoA genes in archaea estimated 
to be 3000 fold more abundant than bacterial AmoA genes 
in soils (Leininger et al. 2006; Zhao et al. 2020). It was 
already revealed soil pH affect archaeal abundance and 
diversity (Timonen and Bomberg 2009). The abundance of 
bacteria and ammonia oxidizers was also affected by the land 
use types (Sheng et al. 2013), and low nutrient fertilization 
in sandy soil decreased the proportion of archaea (Ruppel 
et al. 2007). It is similar to our result, CHON with low soil 
quality showed the lowest archaeal abundance. Our study 
showed abundance of archaea was significantly regulated 
by SOC and NH4

+-N. In contrast to this, DOC and nitrate 
concentrations closely related to the abundance of AOA and 
AOB bearing archaea in soil (Meyer et al. 2014).

Fungi play fundamentally important and diverse roles in 
terrestrial ecosystems, being involved in many of the key 
processes, such as mycorrhizal symbionts of plants and 
the main agents for the decomposition of organic material 
(Anderson et al. 2003). The abundance of fungi and Olsen 
P and TP content were strongly related suggesting that fungi 
produced acid and enzymes to solubilize P for plant, and 
also lower pH in SESA proved that assumption. Interest-
ingly, in contrast to our result, other study reported that the 
abundance of AM fungi was negatively correlated with soil 
P content (Koorem et al. 2014). They assumed that different 
fungi released different organic acids causing reduction of 
pH, and the negative correlation between fungal biomass 
and soil pH may be due to the affinity of the fungi towards 
acidity (Yadav and Tarafdar 2003; Neina 2019). Sufficient 
organic matter, medium tillage and low pH supply the best 
condition for highest fungal abundance in SESA soil. Greater 
fungal abundance associated with higher organic matter soils 
(Vukicevich et al. 2019), in contrary, another study revealed 
that fungal abundance decreased with increasing SOC and 
soil available N (Hu et al. 2013).

MBC in WAP soil was the second highest (75.19 mg kg−1 
soil) describing that no tillage can enhance microbial growth 
than mono-cropped soils (SESA and CHON). Fungal abun-
dance showed the highest in WAP soil proving that fungal 
abundance significantly contributed to microbial biomass. 
WAP soil has been free from physical disturbance for 5 years 

and this can explain the reason for higher fungal abundance 
because filamentous fungi are more sensitive to physical 
disturbance than bacteria or archaea (Kumar and Ghoshal 
2017). Physical disturbance, mainly tillage, destroyed fungal 
mycelium networks although bacteria tended to be dominant 
in soils subjected to intensive tillage and chemical fertilizer 
application (Garcia-Orenes et al. 2016). Fungal hyphae can 
produce organic binding agents and entangle soil particles 
and, in turn enhancing soil aggregation and providing physi-
cal protection of SOM (Tisdall et al. 1997). Moreover, fun-
gal residues were degraded slower than bacterial residues, 
therefore, fungal and bacterial biomass ratio can be used as 
an indicator of sustainable agro-ecosystems with potential 
for soil C storage (van Groenigen et al. 2010).

Influence of soil type and land use on microbial 
abundance and diversity

According to partial RDA analysis, soil type (clay, silt, 
sand percent) can explain 28.7% and land use (soil physical 
properties) can explain 19.5% on microbial abundance in 
four different agricultural soils. Moreover, these two factors 
can explain together for 51.8% for abundance (Fig. 7a) and 
59.7% for community composition (Fig. 7b). These find-
ing support our hypothesis by showing differences in soil 
physicochemical properties derived from changes in land use 
under different fertilizer managements and irrigation sys-
tems influence the soil microbial abundance and diversity. 
Mono cropping of onion can significantly decrease the soil 
physical and chemical properties (Supplementary Figure 1). 
PNON soil possessed the higher soil quality and microbial 
abundance than CHON soil even if onion were grown with 
intensive agricultural management. Therefore, it proved that 
the crop rotation and manure addition can mitigate the dete-
rioration of soil fertility and it supports our second hypoth-
esis. More researches are needed to give useful information 
for technical sector to create better agricultural practices.

Conclusions

Physicochemical properties and microbial abundance of 
soils with four different land use systems were investi-
gated. The soil properties diverged significantly among 
different land use systems. SOC, TN, DOC, MBC, NH4

+-N 
and pH showed the highest in PNON soil with crop rota-
tion with high fertilizer input and irrigation. However, 
TP and Olsen P, fungal abundance were the highest in 
lowest pH soil, SESA stating the role of fungi in P solu-
bilization in soil. Olsen P plays a major role in bacterial 
and fungal abundance while SOC and NH4

+-N matter for 
archaeal abundance. From our result, we can conclude that 
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intensive use of fertilizer and irrigation, no crop rotation 
and no input of manures dramatically decreased soil prop-
erties and microbial abundance in mono-crop onion soil. 
Chloroflexi and Acidobacteria were significantly higher 
in CHON soil while Proteobacteria and Actinobacteria 
showed higher abundance in WAP and SESA soils. Rela-
tive abundance of Ascomycota was the highest in all soils 
followed by Basidiomycota. This research has broadened 
our understanding of the effects of land use on edaphic 
factors and microbial abundance of semi-arid arable soils 
and will help the farmers from central Myanmar to main-
tain and enhance soil fertility and crop yields leading to 
sustainable agriculture.

Supplementary Information  The online version contains supplemen-
tary material available at https​://doi.org/10.1007/s1320​5-021-02705​-y.
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