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Thailand is agriculture-based country, primarily in the Northeast of Thailand (NE). Major 

cultivar plants in Thailand are rice (>50%), followed by assorted vegetables and fruits (e.g. tea, 

corn and banana) (NESDB, 2005). 

NE encompasses one-third of the country’s land (168,854 km2), and contains a majority 

of population. The NE population nominates in agriculture for living. In contrast to other regions 

of Thailand, the NE soil is rather inferior for cultivation (Fukai, Sittisuang and Chanphengsay, 

1998). The soil is of fine-grained sand texture. The NE geography has limited to water access 

and the annual rainfall is unpredictable. Examples include a long drought season and then a 

flood. Irrigation relieves the problem but leaving the soil salinity problem. Besides, many 

cultivar lands come from deforestation. Together, the crop yields per area are poor, and promote 

farmers to use industrial agriculture (IA), which further accelerates the soil quality problems 

(Fedra, Winkelbauer and Pantulu, 1991; NESDB, 2005). 

A modern era of industrialization arises a conventional farming, also known as industrial 

agriculture (IA). IA refers to farming system that utilizes chemical fertilizer, pesticide, herbicide 

and other synthetically inorganic inputs, as well as genetic modified organism, concentrated 

animal feeding, and extensive irrigation or tillage. This allows a large sum of food production 

on less land and with less human labor (Seufert, Ramankutty, and Foley, 2012). However, many 

activities of this non-naturally high resource and energy intense IA affect environmental health, 

such as chemical leaching, land degradation and loss in biodiversity resources. Researches 

comparing between IA and organic agriculture (OA), a contrast method to IA, also reported 

generally more species diversity and abundance in OA than IA (Bengtsson, Ahnström, and 

Weibull, 2005). In addition, the chemical inputs, e.g. pesticide, pose harm to human health. 

Nonetheless, with the instant great yield, IA remains commonly used by Thai farmers, and 

poor soil quality problems occur increasingly (Fukai, Sittisuang and Chanphengsay, 1998).

Introduction 

. .

in the Upper Northeast of Thailand
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Organic agriculture and importance 
of soil microbiome

OA, also known as sustainable farming, prohibits 
those chemical and artificial inputs, and genetic 
modified organisms, albeit the use of agricultural 
machines is still allowed for energy and human labor 
efficient (Hole et al., 2005; Paull, 2011). For instances, 
OA utilizes animal and plant product fertilizers, hand 
weeding and biological pest control, in replace of 
chemical fertilizer, herbicide and pesticide. OA also 
uses polyculture (or companion planting), and crop 
rotation to increase soil diversity. The goal of OA is 
to maintain the healthiness of nature, including, but 
not limited to, soil, water, animals and humans. The 
OA processes rely on ecological biodiversity and 
metabolic food networks that suit local geography 
(Rigby and Cáceres, 2001). Office of Agricultural 
Economics of Thailand reported the OA farms in 
Thailand comprise of rice (approximately 68%), 
vegetables (12%), fruits (8%), tea (8%), and herbs and 
others, and the OA produces can generally have the 
accepted higher market price than the non-OA 
produces due to their merit in green agriculture.    

Microorganisms serve the major beginning and 
end (recycling) steps in almost every food network 
routes. Recently, researches attempt to increase 
arable yield through the role of prokaryotic and 
eukaryotic (mainly fungi, nematodes and annelids) 
microbiome. When farmers grow and harvest crops, 
some nutrients were removed from the soil. 
Continuingly, the land suffers nutrient depletion and 
become non-arable soil. To replenish nutrients in 
soil, maintenance of suitable microbial diversity 
balance, including prokaryotic bacteria and archaea, 
and eukaryotic fungi, protists and small animals  
i.e. nematodes, serve primary roles in nutrient cycles. 
Fertile (arable) soil microbiome is an ultimate goal of 
OA, hopefully to provide sustainably cultivar land 
with fertile microbial abundance and metabolic food 
networks. Studies demonstrated agrotechniques 
affected soil microbial diversity, and suggested long-term 

IA change soil microbial structures likely in a way to 
decrease species abundance and activities compared 
with OA (Bossio et al., 1998; Letourneau and 
Goldstein, 2001; Berkelmans et al., 2003). OA soils 
also showed decreasing plant pathogens through 
the arm of beneficial soil flora (Griffiths et al., 1994). 
Whilst individual microbe application showed 
inconsistent results, the databases of diverse soil 
microbiome suggestive to core microbiome 
applications have resolved various agriculture plant 
and soil dilemma, i.e. salt-tolerant plant and 
improved soil health (Vandenkoornhuyse et al., 2015; 
Qin et al., 2016; Schmidt, Bowles and Gaudin, 2016). 
However, soil microbiome vary across geographic 
regions and crop types (Bulgarelli et al., 2012; 
Lakshmanan, 2015; Agler et al., 2016).

Therefore, the database and knowledge of soil 
microbiome in cultivar farms in Thailand is priceless. 
In Thailand, the agriculture soil microbiome database 
is still a tip of an iceberg since the next generation 
sequencing is a recent advance technique. Several 
essential studies thereby rely on bacterial culture, 
individual clone sequencing and non-high throughput 
sequencing (i.e. community profiles separation by 
automated ribosomal intergenic spacer analysis and 
terminal restriction fragment analysis) (Chawanakul 
et al., 2009; Doi and Ranamukhaarachchi, 2009; 
Sooksa-Nguan et al., 2010; Chaiyasen et al., 2014; 
Chunjaturas et al., 2014; Siripattanakul-Ratpukdi et al., 
2015); hence, the true microbiota remains to  
fulfill the missing puzzles. 

Study objectives 
To support the understanding and sustainable 

management of the NE soil, we obtained a complete 
database of soil prokaryotic (bacteria and archaea) 
and eukaryotic (fungi, protists, plants and animals) 
microbiome in an upper NE named Sakon Nakhon 
province using metagenomics combined with 16S 
and 18S rRNA genes next generation sequencing. The 
correlations between microbial metabolic networks 
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and microbiota were also analyzed to retrieve 
putative links of key metabolic pathways and 
microbes that may be lost or overgrowth by IA.  
As the agrotechnical soil microbiome database in 
Thailand remains limited, the present study 
represents an initial database of the NE (Sakon Nakhon 
province), and this article includes a part of  
our results on prokaryotic and eukaryotic diversity 
(excluded soil characteristics correlation, and 
metabolic potential correlation analysis). Sakon Naknon 
is one of the 19 provinces in NE, with 0.3 m. ha  
rice cultivar area in 2005. This considers moderately 
high compared to other provinces in the NE.

Methods
Four different agriculture sites in Sakon Nakhon 

province were selected to cover the soil agricultural 
diversity in the NE: (1) OA rice farm with polyculture 
and crop rotation in Kusuman District (site 1); (2) OA 
plus IA rice farm (near salt pan) with crop rotation  
in Wanorn Niwat District (site 2); (3) salt pan in  
Wanorn Niwat District (site 3); and (4) IA rice farm with 
crop rotation in Phanna Nikhom District (site 4). 
Samples were collected on 21-22 June 2014. Of each site, 
10 independently soil sampling collections of 2 depths 
(~1-5 cm represent ‘surface’ microbiota and ~20-30 cm 
belowground represent ‘ root’ associated  
microbiota) of 15 g each 1 m apart were collected 
in sterile containers. The surface and root microbiota 
are abbreviated ‘s’ and ‘b’, respectively. With four 
total sites, soils1 represents surface at site 1, soilb1 
represents root at site 1, soils2 represents surface at 
site 2, and so on.  

Metagenomic extraction for prokaryotes and 
eukaryotes were performed on freshly collected soil 
samples using Power Soil DNA Isolation Kit (MoBio, 
Carlsbad, CA, USA), and determined quality and 
concentration via agarose gel electrophoresis and 
nanodrop spectrophotometry. The l ibrary 
constructions were performed using universal 16S 
rRNA gene (for prokaryotes) and 18S rRNA gene 

(eukaryotes) primers with appended 5’ Illumina 
adapter and 3’ Golay barcode, following Caparaso 
et al. (2012). Each amplicon library was size-purified 
using GenepHlowTM Gel Extraction Kit (Geneaid 
Biotech Ltd., New Taipei City, Taiwan) and quantified 
with Picogreen (Invitrogen, Eugene, Oregon, USA), 
and a minimum of independent triplicates were 
performed and equally pooled to minimize stochastic 
PCR bias. Sequencing was performed by MiSeq300 
platform (Illumina, San Diego, CA, USA) at 
Chulalongkorn Medical Research Center, along with 
appropriate sequencing primers and index sequence 
(Caporaso et al., 2012). For bioinformatic analyses, 
Mothur’s standard operating procedures (Schloss  
et al., 2009) were followed unless noted. Pearson 
product-moment correlation coefficient was used to 
evaluate an association between community 
structures and soil characteristics. For representative 
species of the community structures, Spearman’s 
correlation was performed.

Diversity of bacteria and archaea 
populations

Among groups, the bacteria of Proteobacteria 
phylum was dominated (avg. 31.43%), followed by 
Acidobacteria, Verrucomicrobia, Actinobacteria and 
Chloroflexi. For archaea, phyla Crenauchaeota, 
Euryarchaeota and Parvarchaeota were found. 
According to statistic computation, independent 
replicate sequencing results were merged (data not 
shown). Surface- and root-associated microbiota 
showed relatively close community structures  
(Yue & Clayton theta similarity coefficient, p-value 
0.780; Jaccard similarity coeffecient, p-value 0.824), 
while of different agriculture sites showed disparate 
structures. While the soil microbiota between (1) and 
(4) should be of relative due to the land characteristics 
(data not shown: geography, temperature, pH and 
texture identity of soil) and crop plantation, the soil 
microbiota of (1) and (2) were most related. Examples 
of dominated species in (1) are several members in 
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phylum Acidiobacteria (e.g. iii1-15 and Ellin6513), 
unclassified in family Thermogemmatisporaceae 
(phylum Chloroflexi ) ,  Gemm-1 in phylum 
Gemmatimonadetes, 0319-6A21 in phylum 
Nitrospirae, Rhodoplanes and unclassified genus  
in order Rhizobiales (phylum Proteobacteria), 
unclassified in order Myxococcales (phylum 

Proteobacteria), and DA101 in class Spartobacteria 
(phylum Verrucomicrobia) (Figure 1). This despites 
the fact that site 2 is a neighbor to site 3, a salt pan, 
and hence share soil characteristics to site 3. The 
separate cluster of site 4 potentially highlights OA 
apart from IA factors, give more extensive chemical 
inputs in site 4 (synthetic fertilizer, pesticide and 

Figure 1 Percent composition of prokaryotic genera, along with the dendrogram clustering on the left (branch in different 
color denotes different soil groups). Of each group, relative percent abundance was shown bases on a color chart  

on the top left. To fit a limited space, genus with less than 1% relative abundance was omitted.

Source: Somboonna (2015)

Figure 2 NMDS showing prokaryotic communities relatedness, and representative genera calculated by Spearman’s correlation

Source: Somboonna (2015)
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herbicide) than in site 2, which only experienced 
synthetic fertilizer. On the other hand, the uniqueness 
of site 3 highlighted the specific structure of the salt 
farm characteristics and hence soil microbial structure, 
as demonstrated by the more common archaea  
(e.g. family Halobacteriaceae and Halorhabdus in 

phylum Euryarchaeota), bacterial members of phyla 
Bacteroidetes, Firmicutes and Spirochaetes. Soil of 
site 3 also denoted none to minute presence of 
Acidobacter ia ,  Act inobacter ia ,  Nitrospirae, 
Proteobacteria (the common phylum for soils of site 1 
and 2, and fewer in 4), and Verrucomicrobia (Figure 1). 

Figure 3 Percent composition of eukaryotic genera, along with the dendrogram clustering on the left. Of each group, 
relative percent abundance was shown based on a color chart on the top left. To fit a limited space, genus with less than 1% 

relative abundance was omitted.

Source: Somboonna (2015)

Figure 4 NMDS showing eukaryotic communities relatedness, and representative genera  
calculated by Spearman’s correlation

Source: Somboonna (2015)
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Prokaryotic community structures were plotted 
onto a non-metric multidimensional scale (NMDS) 
that showed IA may affect the soil characteristic in 
a way to separate microbiota site 4 from the others 
(data not shown). Figure 2 demonstrated many 
bacterial flora (e.g. Ellin6513, Rhizobiales, iii1-15 and 
DA101) that were statistically suggested to drive the 
OA soil of site 1 characteristics, diverged from site 44, 
given the vector length indicates the strength of  
the association and the vector direction indicates 
the direction of the effect. For the salt pan soil 
microbiota, family Halobacteriaceae (including genus 
Halorhabdus) in phylum Euryarchaeota were 
representative. These microbiota results allow 
prediction of microbial metabolic networks, and 
analysis for key metabolic pathways and associated 
microbes to OA (data not shown). This opens a 
venue for IA minimal core microbiome remediation, 
attempt to convert soil to once an OA soil microbial 
resources.

Diversity of microbial eukaryote 
populations

Figure 3 demonstrated deta i l  genera  
composition of microbial eukaryotes among sites, 
with independent replicate sequencing results (not 
shown) were merged. The community structures of 
soils of site 2 were clustered, embraced by soils1 
and soilb4, and soils4, and then soilb1, in orderly. 
This pinpoints a partial community relationship of 
site 4 to 1 and 2, alternatively the closer between 
site 4 and 1 for the soil eukaryotic compared with 
prokaryotic microbiome. 

The dissimilarity indices by the Jaccard (jclass) 
and Yue & Clayton theta (thetaYC) showed a minor 
closer of site 1 to 2 than 4 (jclass: soilb1 and  
soilb2 = 0.510, soils1 and soils2 = 0.503, soilb1 and 
soilb4 = 0.552, soils1 and soils4 = 0.548; thetaYC: 
soilb1 and soilb2 = 0.735, soils1 and soils2 = 0.218, 
soilb1 and soilb4 = 0.639, soils1 and soils4 = 0.448), 
consistent with the community structure plots in 
NMDS in Figure 4. Note the dissimilarity index ranges 

from 0.000 to 1 and the closer to 0.000 infers the 
closer community similarity. Possibly, the eukaryotic 
profiles include organisms of the greater size than 
bacteria, hence more resistant to chemical inputs in 
site 4. This reflects the complex of nature microbiota. 
Signature microbes to site 1 was animal Ascaridida 
(phylum Nematoda) and fungi Agaricomycetes 
(phylum Basidiomycota) (Figure 4), and moderate 
abundance of plant Poaceae (phylum Streptophyta) 
(Figure 3). Similar to prokaryotes, the eukaryotic 
community structures of site 3 remain distinct, with 
relatively low frequency of annelids (earthworms), 
arthropods and fungi Basidiomycota, but abundance 
in Bacillariophyta (phylum) plants (Figure 3). Annelids, 
nematodes and fungi (e.g. Basidiomycota and 
Ascomycota) that were more common in crop farms 
(soil of site 1, 2 and 4) (Figure 3) function significant 
regulators for soil organic nutrient dynamics, including 
tillage, fertilization, and soil texture (Fonte, Winsome, 
and Six, 2009). Soil organic matters is crucial to 
metabolic food networks in soil ecosystem (Lal, 2004; 
Fonte, Winsome, and Six, 2009).

Conclusion
Today, people and government are aware of 

sustainable environments as well as microbial 
resources, the fundamentals to the diverse metabolic 
food networks. The market and agrotechnique for 
organic crops arise. This study represents the first to 
uncover the agrotechnique-associated microbiota, 
both prokaryotes and eukaryotes, in the NE of 
Thailand. The data are useful to academic and public 
interests, support elucidation of the core microbiome 
to convert soil health to crop yield in an environmental 
safe manner.  
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