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Abstract: To explore the diversity of soil bacteria and changes in the bacterial community structure of Chinese fir
plantations of different generations and developmental stages, the genetic diversity of soil bacteria was studied using
the 454 sequencing technology. The results showed that the bacterial genetic diversity and community structure of
Chinese fir plantation plots under monoculture planting and rotation planting practices were as follows: the Shannon
diversity indices of first-generation young plantation of Chinese fir plantations (FYC), second-generation young plan-
tation (SYC), and third-generation young plantation (TYC) initially decreased and then increased to 8.45, 8.1, and
8.43, respectively. Due to different management and tending measures, the phyla showing considerable differences in
relative abundance were Cyanobacteria, Nitrospirae, Fibrobacteres, Thermotogae, and Planctomycetes. The bacterial
genetic diversity and community structure of Chinese fir plantations at different developmental stages were as fo-
llows: the bacterial diversity and the number of operational taxonomic units (OTUs) decreased with increasing forest
age; with the increasing forest age of Chinese fir, the bacteria with considerable differences in the relative abundance
were Burkholderiales, Xanthomonadales, Ktedonobacteria, Nitrosomonadales, Anaerolineae, and Holophagae. The
predominant bacteria of the Chinese fir plantations were Acidothermus, Bradyrhizobium, Lactococcus, Planctomy-
ces, Sorangium, and Bryobacter.
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Chinese fir is a major afforestation species in South
China, and its plantation area accounts for 21.35%
of the total plantation area in China. The use of
monoculture planting practices in Chinese fir for
multiple generations has resulted in a decrease in
community structure, single-tree species, site unsuit-
ability to trees, land productivity, and other related
issues. Furthermore, the decline in land productivity
causes a series of changes in soil microbial diversity,
soil physicochemical properties, and undergrowth
vegetation.

Bacteria are an important part of the soil ecosys-
tem (GANSs et al. 2005); they decompose organic
matter to provide nutrients for plants (TIMONEN et
al. 1996; GuaA & LINDSTROM 2009), ensure plant
health (DORAN et al. 1996; SMITH & GOODMAN
1999; YIN et al. 2010), improve soil structure (VAN
DER HEIJDEN et al. 2008; KASCHUK et al. 2011), and
enhance soil fertility (YAo et al. 2000; O'DONNELL et
al. 2001). Soil bacterial diversity is the basis for the
sustainable use of soils (KAscHUK et al. 2011), and
a higher diversity favours stress tolerance (ZHOU et
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al.2002). However, traditional cultivation techniques
can cultivate only 1% of the soil microorganisms
and some bacteria cannot grow in nutritious media,
and thus have limitations (VAN'KOVA et al. 2013).
The development of a large-scale high-throughput
sequencing system based on pyrosequencing pro-
vides technical support to comprehensively assess
soil bacterial diversity and community structure.

High-throughput sequencing is capable of se-
quencing hundreds of thousands to millions of DNA
molecules at a time. The Genome Sequencer FLX
(GS FLX; Roche,Switzerland) sequencing system
has a read length of 400 bp, and the sequencing in-
formation it generates is more accurate and widely
used in the study of genetic diversity and community
of soil microorganisms, including biogeographical
distribution (FIERER & JACKsON 2006), the applica-
tion of different management measures (NACKE et
al.2011), exposure to extreme environments (HoL-
LISTER et al. 2010), and their correlation with various
environmental factors (YU et al. 2012).

In the present study, the structure and diversity
of soil bacterial communities in Chinese fir planta-
tions of different generations and forest ages and
their relationship with environmental factors and
soil productivity were evaluated using the GS FLX
sequencing system.

MATERIAL AND METHODS

Study area overview. The study area is located in
Huangfengqiao National Forest Farm, You County,
Hunan Province, P.R. China. The geographical coor-
dinates are 113°09'E-113°51'E, 26°46'N—-27°26'N. This
area has an elevation of 115-1270 m a.s.l., annual
average temperature of 17.8°C, annual precipitation of
1410.8 mm, frost-free period of 292 days, and belongs
to the subtropical monsoon humid climate zone. The
Huangfengqiao forest farm exhibits zonal distribu-
tion across the east and west and generally depicts a
medium-low mountain landscape, with a slope with
a range of 25-35°. The parent rock is slate shale, fol-
lowed by limestone, and the soil is predominantly
upland red soil that developed from slate shale.

Sample plot settings. The first-, second-, and
third-generation Chinese fir plantations with gener-
ally the same site conditions, stand structure, and
tending and management measures as well as the
first-generation Chinese fir plantations of different
forest ages were selected as sample plots (Table 1).
The species, number of plants, and coverage of the

undergrowth vegetation in each plot were recorded.
Determination of species diversity in communities
was based on important values. There are 113 species
of vascular plants in the Chinese fir plantation, which
belong to 94 genera and 60 families. The dominant
shrubs included Maesa japonica, Pleioblastus amarus,
litsea cubeba, Eurya muricata, Uncaria rhyncho-
phylla, Clerodendrum cyrtophyllum and the herbs
included Dryopteris subchampionii, Woodwardia
japonica, Rubus rosifolius, Lophatherum gracile,
Lamium barbatum, Clerodendrum cyrtophyllum,
Miscanthus floridulus.

Sample collection. Soil samples were collected
in April 2016. In this study, soil cores (8.3 cm in di-
ameter) were sampled with a soil sampler (SAT-002,
Soao, P.R. China) at each corner and in the centre
of each plot within a given area of 20 x30 m, and
soil samples were collected at a depth of 5 cm after
the humus layer was removed. The soil sample was
sieved to remove roots and stones (> 4 mm), mixed
evenly, and stored in dry ice. The samples were then
transported to the laboratory and stored in a freezer
at —80°C. The remaining soil samples were placed in
bags, transported to the laboratory, air-dried, and then
used in the analysis of physicochemical properties.

Sample analysis. Analysis of soil physicochemical
properties: Soil organic matter, total nitrogen (N),

Table 1. Characteristics of sample area

Plot Altitude (m a.s.l.) Slope (°)
FYC1 276 6
FYC2 276 6
FYC3 276 6
FMC1 347 9
FMC2 338 8
FMC3 326 7
FRC1 373 8
FRC2 284 7
FRC3 284 7
SYC1 276 6
SYC2 289 7
SYC3 276 6
TYC1 276 6
TYC2 312 7
TYC3 312 7

FYC - first-generation young plantation; FMC - first-gene-
ration middle-aged plantation; FRC — first-generation mature
plantation; SYC — second-generation young plantation; TYC —

third-generation young plantation
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available N, available phosphorus (P), and available
potassium (K) were determined using the potas-
sium dichromate-external heating method, Kjeldahl
method (automatic analyzer KDY-9830, Hengrui,
P.R. China), alkaline hydrolysis diffusion method,
hydrogen chloride-ammonium fluoride method, and
flame photometry method, respectively. Soil pH was
measured using a pH meter (Mettler Toledo, Swit-
zerland), and soil moisture content was determined
by the drying method (105°C, 8 h).

Analysis of soil enzyme activity. Soil urease ac-
tivity was determined by the method of TABATABALI
and BREMNER (1972), expressed as NH,-N mg/kg/h.
Catalase activity was determined using the permanga-
nometric method (SAMUEL et al. 2015); Sucrase activity
was measured by Hoffmann—Seegerer method (ZHOU
1988). Cellulase activity was measured by the method
described by KANAZAWA and MITASHITA (1986).

Soil bacterial DNA extraction and molecular
identification. Total soil DNA was extracted using
an E.Z.N.A. Soil DNA Extraction Kit (Omega, USA),
and the 16S rDNA fragment of the extracted total soil
DNA was amplified with the forward primer 27F(5'-
AGAGTTTGATCCTGGCTCAG-3') and reverse
primer 533R(5'-TTACCG CGGCTGCTGGCAC-3)).
TransStart FastPfu DNA polymerase (TransGen, P.R.
China) was used in amplification reactions, and each
20-pl reaction system contained 4 pl of 5x FastPfu
Buffer, 2 pl of 2.5 mM of each of the deoxynucleotide
triphosphates (ANTPs), 0.4 pl of the forward primer
(5 uM), 0.4 pl of the reverse primer (5 uM), 0.4 pl
of FastPfu polymerase, and 10 ng of template DNA,
and ddH,O was added to a final volume of 20 pl.
Reaction mixtures were first incubated at 95°C for
2 min. Then 30 cycles were performed as follows:
30 s at 95°C, 30 s at 55°C, and 30 s at 72°C. Reaction
mixtures were then incubated at 72°C for additional
5 min. Each sample consisted of three replicates. The
polymerase chain reaction (PCR) products of each
sample were pooled and recovered using an Axy Prep
DNA Gel Recovery Kit (Axygen, USA). Tris-HCl was
used in elution, and the sample was detected using
2% agarose gel electrophoresis. Quantification was
performed with a QuantiFluor™-ST blue fluorescence
quantification system (Promega, USA), followed by
emulsion PCR. The emulsion PCR-enriched products
were pre-treated according to the sequencing method
described in the XLR70 Kit (Roche, Switzerland),
followed by high-throughput sequencing on a Roche
GS FLX sequencing system (completed by Shanghai
Majorbio Bio-Pharm Technology Co. Ltd.).
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Data processing. Operational taxonomic unit
(OTU) clustering: OTUs, similar to those employed
for certain taxa (lines, genera, species, grouping,
etc.), were used in this study for phylogenetic or
population genetics assessment (CARON et al. 2009).
The resulting sequences were screened for chimeras
using UCHIME and excluded from further analysis
(EDGAR et al. 2011). The remaining sequences were
then analysed by Mothur (ScHLOsS et al. 2009) and
compared with the Bacterial SILVA database (Ver. 106;
http://www.arb-silva.de/documentation/background/
release-106/). A 97% sequence similarity threshold
was used in OTU clustering.

Diversity index analysis. Diversity index analysis
was performed using Mothur. Chao 1 estimator and
abundance-based coverage estimator (ACE) (CHAO
1984; CHAO & LEE 1992) were used to calculate com-
munity abundance indices; Shannon index (HiLL 1973)
and Simpson index (SIMPSON 1949) were employed
to calculate community diversity indices; Pielou index
(L1u et al. 1998) was used as community evenness
index; and coverage (EsTY 1986) was used to indicate
sequencing depth.

Statistical analysis. Rarefaction and taxonomy
analyses were performed using Mothur, and R lan-
guage was utilized in graph plotting. SPSS (Ver. 19.0,
2010) was used for ANOVA and Spearman correlation
analysis of the experimental data, and redundancy
analysis (RDA) was conducted using CANOCO
(Ver. 4.5, 2009).

RESULTS AND DISCUSSION

Soil physicochemical properties and enzymatic
activity. The physicochemical properties and enzy-
matic activity of different plots are shown in Table 2.
Significant differences in various indicators of soil
physicochemical properties were observed between
plots. Because the main soil type in the sample plots
was acidic red soil, its pH levels were low. The second-
generation young Chinese fir plantation showed the
lowest pH (4.29). The first-generation young Chinese
fir plantation exhibited the highest organic matter
content, the highest N content, the highest urease
activity, the highest sucrase activity and cellulase
activity, and their average values were 88.02 g/kg,
3.56 g/kg, 6.67 mg/g, 7.63 mg/g, and 69.96 ug/g,
respectively. The first-generation mature Chinese
fir plantation had the highest available N content,
with an average of 116.38 mg/kg. The first-genera-
tion middle-aged Chinese fir plantation presented
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the highest available K content, with an average of
96.62 mg/kg. The second-generation young Chinese
fir plantation showed the highest available P content,
with an average value of 1.85 mg/kg. In this study, the
organic content, total N, available N, urease, catalase,
sucrase, cellulase activities of the third-generation
Chinese fir plantations were higher than in the second-
generation, which is contrary to previous studies (Wu
etal.2011). This was so because the third-generation
plots were planted with Pinus massoniana before
Chinese fir and Pinus has a strong ability to modify
soil surface properties (JEDDI et al. 2009)

Diversity of undergrowth vegetation. The diver-
sity index and the evenness index of undergrowth
vegetation communities in 15 plots are shown in
Table 3. Significant differences in the undergrowth
vegetation diversity were observed between treat-
ments, and the Shannon diversity index of the first-
generation young Chinese fir plantation reached
1.74. The young Chinese fir plantation exhibited
low canopy density, more species of undergrowth
vegetation, and high biological diversity. The main
species of undergrowth vegetation of the Chinese fir
plantation in Huangfengqiao Forest Farm included
Maesa japonica, Eurya muricata, Macleaya cordata,

Table 3. The vegetation of the analysed soil samples

Plot Shannon Simpson Pielou
FYC1 1.73 + 0.058 0.58 + 0.05% 0.88 + 0.06%
EYC2 1.7 +0.0%g 0.54 + 0.03* 0.87 +0.0%d
FYC3 1.65 + 0.0%f 0.57 +0.0%a 091 +0.02°
FMC1 1.21 +0.08 0.8 +0.03f" 0.68 + 0.04®
FMC2 1.32 +0.02° 0.77 + 0.058 0.65 + 0.04*
FMC3 1.27 + 0.01% 0.77 + 0.02%8 0.68 + 0.01*
FRC1 1.5 + 0.04¢ 0.85 + 0.038" 0.7 £0.04%
FRC2 147 +0.02¢ 0.81 + 0.048" 0.7 £0.04%
FRC3 1.53 + 0,03« 0.78 + 0.038 0.7 £0.04%
SYC1 1.59 + 0.03% 0.71 + 0.03% 0.72 £ 0.0"*b
SYC2 1.5+ 0.03¢ 0.67 + 0.01 0.69 + 0.04*
SYC3 148 + 0.01¢ 0.74 + 0.02¢ 0.73 + 0.04"
TYC1 1.64 + 0.04¢ 0.66 + 0.03 0.83 + 0.02¢
TYC2 1.59 + 0.03% 0.63 + 0.02¢ 0.86 + 0.024
TYC3 1.62 +0.02¢ 0.69 + 0.03% 0.83 + 0.04¢

Data in this table are mean + SD (# = 3); values within the same
column followed by different letters are significantly different
at P<0.05 (ANOVA); FYC — first-generation young plantation;
FMC - first-generation middle-aged plantation; FRC — first-
-generation mature plantation; SYC — second-generation
young plantation; TYC — third-generation young plantation
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Uncaria rhynchophylla, Dryopteris subchampionii
and Woodwardia japonica.

Soil bacterial diversity statistical analysis. Using
the 454 sequencing method, the total of 185 256 se-
quences were generated after optimization, with an
average length of 461 bp. Sequences with fragment
lengths > 400 bp accounted for 76.62% of the total
number of sequences.

The dilution curve showed that the number of
OTUs in each sample increased with sequencing
data. When the sequencing depth was 10 000, the
dilution curve of each sample remained unsaturated,
indicating that new species were continuously being
detected in the sample with increasing sequencing
data (Figure 1). Rarefaction is a technique to assess
species richness from the results of sampling (NEw-
TON 2007). If a rarefaction curve becomes parallel to
the x-axis, we can trust the observed level of richness.
But in our study, the rarefaction curve was steep.
Maybe it was so because we did not have a sufficient
sequencing depth or the taxon was extremely rare or
common (BusH et al. 2004). The analysis of Shannon
diversity index curve depicted saturation, indicating
that the amount of sequencing data obtained in this
study basically reflected the bacterial diversity and
composition of each soil sample (Figure 2, Table 4).

Analysis of bacterial diversity in Chinese fir
plantations. The analysis of soil bacterial commu-
nity diversity in Chinese fir plantations is shown
in Table 3. The third-generation young Chinese fir

OTUs
4000 6000 8000
| |

2000
|

T I T T T T T T
0 2000 4000 6000 8000 10000 12000 14000

No. of reads sampled (label: 0.03)
Figure 1. Rarefaction curves of 16S rRNA

OTU - operational taxonomic unit; for abbreviations expla-
nation see Table 1
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Figure 2. Shannon-Wiener curves of samples

For abbreviations explanation see Table 1

plantations had the highest number of OTUs, with an
average value of 7138, and the first-generation mature
Chinese fir plantations showed the lowest number of
OTUs (5075). The first-generation young Chinese fir
plantations (FYC) with Chao index of 26 247 exhibited
the highest number of bacterial species, whereas that
of the other plantations in descending order was as
follows: third-generation young Chinese fir planta-
tions (TYC) > first-generation middle-aged Chinese

fir plantations (FMC) > second-generation young
Chinese fir plantations (SYC) > first-generation mature
Chinese fir plantations (FRC). In terms of Shannon
index and Simpson index, FYC exhibited the highest
soil bacterial diversity, followed by TYC, and SYC
had the lowest soil bacterial diversity, indicating that
soil bacterial diversity was restored after the rotation
planting of P. massoniana. At different developmental
stages of the first-generation Chinese fir plantation,
Shannon indices of the bacteria gradually decreased
with increasing stand age, whereas Simpson indices
gradually increased with decreasing diversity. With the
growth of Chinese fir, the amount of litter increased,
resulting in an increase in the levels of autotoxic phe-
nolic compounds from Chinese fir, thereby reducing
the abundance, distribution, and diversity of bacteria
in the soil (BLumMm 1998; LIANG et al. 2009).
Analysis of bacterial community characteristics
in Chinese fir plantations. The predominant species
in the soil of Chinese fir plantation included Proteo-
bacteria, Acidobacteria, Chloroflexi and Actinobac-
teria, with relative contents of >5% (Figure 3). The
relative abundances of Nitrospirae and Fibrobacteres
in the first-generation Chinese fir plantation, the
Chinese fir plantation after the rotation planting
of P. massoniana, and the Chinese fir plantation
under monoculture planting practice were high, low
and high, respectively, and those of Thermotogae
and Armatimonadetes in the above three planta-

Table 4. Analysis of the soil bacterial community diversity (3% genetic distance)

Chao

Shannon

Simpson

Plot Reads OTU Ace

FYC1 11073 7152 54652 (52761, 56621)
FYC2 9691 6383 48337 (46541, 50215)
FYC3 10113 6650 50635 (48834, 52513)
FMC1 9262 5800 46312 (44672, 48021)
FMC2 9585 5751 38780 (37331, 40296)
FMC3 9608 5813 39391 (37896, 40955)
FRC1 8989 5175 35968 (34645, 37350)
FRC2 8005 4876 37112 (35627, 38670)
FRC3 9035 5175 37679 (36291, 39130)
SYC1 9947 5670 36897 (35536, 38320)
SYC2 10806 6262 44017 (42478, 45621)
SYC3 10651 5944 37773 (36424, 39181)
TYC1 10856 6935 45096 (43527 ,46733)
TYC2 11541 7319 49150 (47502, 50865)
TYC3 11367 7160 50566 (48885, 52315)

27419 (25727, 29267)
25307 (23622, 27157)
26015 (24327, 27864)
21722 (20250, 23345)
20527 (19167, 22025)
21271 (19846, 22842)
19210 (17822, 20750)
18278 (16931, 19775)
19714 (18270, 21318)
19824 (18513, 21269)
21753 (20396, 23240)
20725 (19381, 22203)
23817 (22418, 25343)
25940 (24423, 27592)
25890 (24338, 27583)

8.49 (8.46, 8.51)
8.4 (8.38, 8.42)
8.46 (8.43, 8.48)
8.28 (8.26, 8.31)
8.19 (8.17, 8.22)
8.22 (8.19, 8.25)
8.06 (8.03, 8.09)
8.04 (8.01, 8.07)
8.01 (7.98, 8.04)
8.06 (8.03, 8.09)
8.15 (8.12, 8.18)
8.09 (8.06, 8.12)
8.42 (8.39, 8.45)
8.46 (8.43, 8.48)
8.42 (8.39, 8.44)

0.0004: (0.0004, 0.0005)
0.0005(0.0004, 0.0006)
0.0004 (0.0003, 0.0004
0.0005 (0.0004, 0.0005
0.0008 (0.0007, 0.0009
0.0007 (0.0006, 0.0008
0.0008 (0.0007, 0.0009
0.0008 (0.0007, 0.0009
0.0012 (0.001, 0.0013)
0.0013 (0.0012, 0.0015)
0.0014: (0.0013, 0.0016)
0.0015 (0.0013, 0.0017)
0.0014 (0.0011, 0.0016)

( )

( )

)
)
)
)
)
)

0.0013 (0.0011, 0.0015
0.0016 (0.0014, 0.0019

FYC - first-generation young plantation; FMC — first-generation middle-aged plantation; FRC — first-generation mature planta-

tion; SYC — second-generation young plantation; TYC — third-generation young plantation; OTU — operational taxonomic unit
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Figure 3. Bacterial composition barplot of the different plots

For abbreviations explanation see Table 1

composition (BUCKLEY et al. 2006). It is difficult to
restore the abundance of Planctomycetes in the soil,

tions were low, high and low, respectively. The rela-
tive abundance of Planctomycetes decreased (FYC
31.10%, SYC 23.96%, and TYC 21.62%). The relative
abundance of Cyanobacteria in the plantation under
rotation-planting practice was significantly lower than
those of the first-generation plantation and second-
generation plantation under monoculture planting

so the relative abundances of Planctomycetes decline.

Effect of environmental factors on the soil bac-
teria of Chinese fir plantations. Based on bacterial
community characteristics, we chose six bacterial
communities (Burkholderiales, Acidothermaceae,
Acidobacteria, Nitrosomonadales, Xanthomonadales
and Rhizobiales) with significant changes in relative
abundance or very important to plants for assessing
the impact of the environment on bacteria (MOULIN
et al. 2001, JIANG et al. 2008 and WARD et al. 2009).
Six soil bacterial communities in the Chinese fir

practice. Therefore, Cyanobacteria, Nitrospirae,
Fibrobacteres, and Thermotogae were more sensitive
to the rotation planting of P. massoniana, whereas
Planctomycetes were more sensitive to monoculture
planting practices. Ammonia or ammonium salt
could be transformed into nitrate by Nitrospirae
in the soil. Nitrate can provide nitrogen for plants, plantation, three bacterial diversity variables and
improve alkaline soil and increase the utilization
of phosphate fertilizer. In our study the increasing
Nitrospirae showed that the soil environment was
improved in the TYC. The ability of cellulolytic bac-
teria to degrade cellulose has been shown (WiLsoN
2008). Because of the large number of Miscanthus
floridulus in the TYC plot, which provided abundant
cellulose, the Fibrobacteres were higher than in SYC.

The relative abundances of Bacteroidetes (FYC
14.27%, FMC 6.34%, and FRC 11.76%) and Cyano-
bacteria (FYC 9.51%, FMC 4.55%, and FRC 8.79%)
initially decreased and then increased, and that of
Nitrospirae initially increased and then decreased
(FYC 3.85%, FMC 9.87%, and FRC 3.91%). With
increasing forest age, the relative abundances of
Planctomycetes and Firmicutes decreased and in-
creased, respectively. Both soil management history
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and compost amendment had significant effects on
the Planctomycetes diversity, and variations in soil
organic matter, Ca?* content, and pH were associated
with variations in the Planctomycetes community

Figure 4. The ordination diagram of redundancy analysis
with predominant soil bacterial communities

For abbreviations explanation see Table 1
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Figure 5. Heatmap of 15 soil samples based on abundance at the genus level; columns represent different samples, and

rows indicate operational taxonomic unit (OTU)
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14 environmental factors were selected for RDA
analysis. The first axis could explain 90.0% of all the
information and the second axis could explain 0.2%.
The soil bacterial diversity and the spatial heteroge-
neity of the main communities were affected by soil
physicochemical properties and undergrowth vegeta-
tion. The bacterial Simpson index was almost at the
origin, indicating that it was influenced by various
environmental factors. The bacterial Shannon index
was significantly affected by pH, the Shannon index of
undergrowth vegetation, and total N. Burkholderiales,
Nitrosomonadales, and Acidothermaceae were con-
siderably affected by soil moisture content, pH, and
undergrowth vegetation. Rhizobiales and Xanthomo-
nadales were more sensitive to environmental factors
and significantly influenced by the Simpson index of
undergrowth vegetation and available N (Figure 4).

Heatmap analysis of soil bacterial communities
of Chinese fir plantations. Fifteen soil samples were
clustered based on OTU abundance similarity at the
genus level, and their clustering results were displayed
using a heat map. FMC and FRC showed the most
similar soil bacterial community structures, whereas
FYC showed a relatively low level of similarity with the
other bacterial communities. The relative abundances
of Micromonospora and Flavobacterium in FYC and
TYC were about 1%, whereas the corresponding rela-
tive abundances in SYC, FRC, and FMC were only
about 0.1%. The relative abundances of Pirellula,
Phaselicystis, Luedemannella, and Gemmata in FRC
were lower than those in the other plots. The relative
abundances of Flexibacter and Haliangium in TYC
were higher than those in the other plots. The relative
abundance of Nitrospira in FMC was higher than that
in the other plots. In terms of bacterial abundance at
the genus level, Acidothermus, Bradyrhizobium, Lac-
tococcus, Planctomyces, Sorangium, and Bryobacter
showed the highest counts (Figure 5).
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