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Abstract

Soil soluble organic matter is an important component in the study of carbon
and nitrogen cycling in terrestrial ecosystems. Soil microorganisms, as soil de-
composers, participate in soil biogeochemical processes and play an important
role in maintaining the balance of soil ecosystems. As a typical subtropical re-
gional unit, Queensland, Australia, is a relatively concentrated distribution
area of forests in Australia. It is very sensitive to climate change and plays an
important role in Australian climate and even global climate change. Its unique
natural environment and ecosystem occupy a special position in the world.
However, the knowledge of available carbon and nitrogen pool and microbial
activity in forest soil is still very limited. Pinus elliottii, Araucaria cunning-
hamiiand Agathis australis are the three most important forest types in south-
ern Queensland, Australia. In our research, the function and structural diver-
sity of soil microbial communities of these three forest types were studied us-
ing biochemical and molecular biological methods, and the effective carbon
and nitrogen pools of soil of different forest types and related microbial pro-
cesses were discussed, which has important theoretical guiding significance
for further research on the structure and function of soil ecosystem. The num-
ber of PLFAs in the soil of P. elliottii was 45, the number of PLFAs in the soil
of Araucaria cunninghamii and Agathis australis was 39 and 35, respectively.
The number and content of PLFAs monomer in P. elliottii were higher than
those in the other two kinds of forest soil.
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1. Introduction

Soil microbial community structure is closely related to the physical and chemical
properties of soil, and the characteristics of soil microbial composition as an eval-
uation of soil quality change has attracted more and more attention [1] [2]. Phos-
pholipids are a class of lipids containing phosphoric acid, which is the basic com-
ponent of the cell membrane ofliving cells with diversity and biological specificity,
and their composition and content are stable and hereditary in the same microor-
ganism [3]-[5]. The phospholipids contained in soil microorganisms are mainly
glycerol phospholipids, which are the main components of the phospholipid bi-
layer on the cell membrane of microorganisms. Phospholipids fatty acid (PLFA)
is the fatty acid product obtained after phospholipids are extracted from methyl-
ated soil. It is gene-specific. Different microorganisms can form different PLFAs
through different biochemical pathways, and some PLFAs always appear in the
same group of microorganisms [3]. It is rarely seen in other types of microbes.
When microorganisms die, fatty acids are rapidly metabolized, so the phospho-
lipids in the soil are mostly in the form of components of living organisms [6]-[8].
The main factors affecting soil microorganisms are soil type, species composition,
soil temperature and humidity, and soil management measures. Based on the
above characteristics of phospholipid fatty acids, PLFA technology has been de-
veloped and widely used in the analysis of complex community structure of soil
microorganisms, which is very suitable for the dynamic monitoring of microbial
communities [9] and the response information of soil microbial communities to
the environment [10]-[12], and the types of pure cultured microorganisms can be
identified by the differences in the composition and content of fatty acids. This
identification technique has become mature [13]-[15], and this method over-
comes the shortcomings of traditional separation culture techniques.

In this paper, soil of different forest types in southeast Queensland, Australia
was taken as the research object. PLFA technology was used to compare the changes
of soil microbial community diversity of different forest types through the com-
position and content of fatty acids, so as to understand the effects of different for-
est types on soil microbial community diversity. It provides a basis for the scien-
tific and rational use of soil to protect microbial diversity, the ecological functions
of microorganisms in forest land and the sustainable development of forestry eco-

system.

2. Materials and Methods
2.1. Site

The test site was founded in 1921, located in the Sunshine Coast of southeast
Queensland, Australia (25°56'49"S, 153°5'27"E) rolling hills and mountains, be-
longing to the subtropical monsoon climate. It is wet and cold in winter and dry
and hot in summer. The average temperature is 12.5°C in July (winter) and 31.2°C
in January (summer). The average annual precipitation is 741 - 2106 mm and the

average precipitation is 1287 mm. The soil is a sandy loam from red soil to yellow
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soil, rich in minerals such as iron and aluminum [16], mainly derived from Mes-
ozoic geological composition [17]. The soil is poor, loose in texture, strong in
acidity, and low in cation exchange. However, the soil has good internal and ex-
ternal ventilation, abundant sunlight, low slope or flat land, and the slope direc-
tion is south slope, which is very suitable for plant growth. The main vegetation
types are P. elliottii, A. cunninghamii and A. australis, Eucalyptus globulus and
Acacia confusa. In this study, P. elliotti, A. cunninghamii and A. australis were
mainly selected as the research objects. The quadrats were all pure forests, and the
experimental area was 1.087, 0.308 and 0.428 hm?, respectively. The canopy was
small, the afforestation density was 140, 120 and 120 trees per hectare, and the tree
height was more than 8 m. The understory vegetation is dominated by herbs such
as Herba verbenae. The soil pH of the forest land of P. elliottii, A. cunninghamii
and A. australis is 4.5, 6.0 and 6.2, respectively, and the soil of various plots is
acidic. The sand content is above 95%, so the soil water retention performance is

poor, and all are below 5%.

2.2. Sampling

The soil collection time was January 2009. Four 10 m x 20 m quadrates were set
up in three different forest types of P. elliottii, A. cunninghamii and A. australis.
In each quadrate, five pieces of soil (0 - 10 cm) were collected in an S-shape with
a soil drill with a diameter of 7.5cm, then mixed, packed into a sealing bag and
put into an incubator with ice cubes. The soil samples were screened 2 mm and
stored in a refrigerator at 4°C for the determination of soil carbon and nitrogen
mineralization, microbial biomass, soil enzyme activity and soil soluble organic
carbon and nitrogen. The other part is air-dried for the determination of soil grain
size, soil total carbon, nitrogen and phosphorus and pH. Soil bulk density was

measured by ring knife method.

2.3. Experimental Methods

The analysis method of phospholipid fatty acids was referred to scholar Wu Yup-
ing [18], and the Total amount of phospholipid fatty acids (Total PLFA) was cal-
culated by internal standard method. The effect between different treatments was
tested for significance by variance. The data used in PCA analysis were the relative
contents of PLFA.

2.4. Data Processing

SPSS 17.0 software was used to conduct one-way ANOVA on the data, LSD
method was used to test the difference significance, Pearson correlation coeffi-
cient was used to evaluate the correlation between different factors, and Origin
7.5 and Sigmaplot 14 software were used for plotting. Canoco 4.5 software was
used to perform redundancy analysis (RDA) on soil biological metabolism in-
dexes and physical and chemical properties, and the significance level was a =
0.05.
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3. Results

3.1. PLFAs Contents of Soil Microorganisms in Different Forest
Types

Phospholipid fatty acids are important components of the cell membrane of living
microorganisms. Different groups of microorganisms can synthesize different
PLFAs through different biochemical pathways. As can be seen from Table 1 and
Figure 1, the number of PLFAs monomers in the soil of P. elliottii forest land is
45, and the number of PLFAs monomers in the forest land of A. cunninghamii
and A. australisland is 39 and 35, respectively. The content of PLFAs in P. elliottii
varied from 0.02 to 1.49 nmol-g™', accounting for 0.23% to 11.6% of the total PLFA
content. The content of PLFAs in A. cunninghamii was 0.02 - 1.41 nmol-g™, ac-
counting for 0.26% - 12.2% of the total PLFA content. The content of PLFA in A.
australis was 0.03 - 0.82 nmol-g™', accounting for 0.43% - 11.8% of the total PLFA
content. According to the above analysis, the number and content of PLFAs mon-
omer in the forest soil of P. elliottii were higher than those of the other two tree

species.

Table 1. The concentration PLFAs (nmol-g™') in different forest-type soil.

NO PLFA
1 14:00
2 i14:0
3 14:0 30OH
4 15:00
5 15:0 30H
6 i15:0
7 al5:0
8 i15:1
9 15:1 wéc
10 15:1 w8c
11 16:00
12 16:0 20H
13 16:0 N alcohol
14 al6:0
15 i16:0
16 10Mel6:0
17 16:1 20H
18 16:1 w5c
19 16:1 w7c
20 16:1 w9c
21 il6:1
22 17:00

P. elliottii boy Total A. cunninghamii A. australis 9%Total
(nmol-g™) PLFA (nmol-g™) #Total PLFA (nmol-g™) PLFA
0.18 £ 0.04 1.4 0.21 £ 0.05 1.82 0.15 = 0.04 2.16
0.03 £ 0.01 0.23 0.08 = 0.01 0.69 0.05 +0.01 0.72
0.08 + 0.03 0.62 ND? ND

0.16 = 0.02 1.24 0.12 £ 0.02 1.04 0.05 = 0.00 0.72
0.26 £ 0.15 2.02 ND ND

0.74 £ 0.29 5.74 0.76 £ 0.13 6.57 0.42 + 0.05 6.06
0.22 + 0.04 1.71 0.41 = 0.06 3.54 0.35+0.07 5.05
0.17 £ 0.16 1.32 0.04 = 0.02 0.35 ND

0.05 = 0.00 0.39 0.04 £ 0.01 0.35 0.06 + 0.01 0.87
0.10 = 0.03 0.78 ND ND

1.49 +0.23 11.6 1.41 £ 0.20 12.2 0.82 + 0.06 11.8
0.05 +0.03 0.39 0.18 £ 0.05 1.56 0.09 +0.02 1.3
0.11 £ 0.02 0.85 0.04 £ 0.01 0.35 ND

0.02 £ 0.01 0.16 0.03 £ 0.01 0.26 0.03 £ 0.01 0.43
1.01 £0.15 7.84 0.75 £ 0.15 6.48 0.32 £ 0.05 4.62
1.09 £ 0.17 8.46 0.77 £ 0.12 6.66 0.38 £ 0.03 5.48
0.34 £ 0.05 2.64 0.02 £ 0.01 0.17 ND

0.08 £ 0.01 0.62 0.18 £ 0.03 1.56 0.12 £ 0.01 1.73
0.53 £ 0.05 4.11 0.63 £ 0.06 5.45 0.32 £ 0.00 4.62
0.05 £ 0.02 0.39 0.06 £ 0.02 0.52 0.06 £ 0.03 0.87
0.14 £ 0.01 1.09 0.14 £ 0.03 1.21 0.07 £ 0.03 1.01
0.07 £ 0.01 0.54 0.06 £ 0.01 0.52 0.04 £ 0.01 0.58
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Continued
23 al7:0 0.19 £ 0.03 1.47 0.28 £ 0.04 2.42 0.17 £ 0.03 2.45
24 cyl7:0 0.13 £ 0.03 1.01 0.25 = 0.04 2.16 0.14 £ 0.01 2.02
25 10Mel7:0 0.16 £ 0.03 1.24 0.14 £ 0.03 1.21 0.05 = 0.01 0.72
26 i17:0 0.17 £ 0.03 1.32 0.26 £ 0.03 2.25 0.12 £ 0.02 1.73
27 17:1 w7c¢ 0.17 £ 0.08 1.32 ND ND
28 17:1 w8c 0.11 £ 0.04 0.85 0.08 £ 0.01 0.69 0.05 = 0.02 0.72
29 al7:1 w9c ND 0.29 £ 0.10 2.51 ND
30 al7:1 0.35+0.13 2.72 ND 0.47 £ 0.27 6.78
31 18:00 0.48 £ 0.06 3.72 0.36 = 0.05 3.11 0.24 £ 0.03 3.46
32 10Me18:0 0.23 £ 0.06 1.78 0.64 = 0.06 5.53 0.27 £ 0.04 3.9
33 18:1 w5c ND 0.26 £ 0.13 2.25 0.19 £ 0.07 2.74
34 18:1 w7c 0.40 £ 0.05 3.1 0.84 £ 0.19 7.26 0.59 £ 0.08 8.51
35 18:1 woc 1.32 £ 0.16 10.2 0.99+£0.11 8.56 0.65 = 0.07 9.38
36 11 Me 18:1 w7c 0.03 £ 0.01 0.23 0.13 £ 0.04 1.12 0.08 £ 0.01 1.15
37 18:2 w6, 9¢ 0.63 £ 0.08 4.89 0.30 £ 0.03 2.59 0.20 = 0.05 2.89
38 18:3 wéc (6, 9, 12) 0.74 £ 0.59 5.74 0.06 = 0.01 0.52 0.12 £ 0.07 1.73
39 cy19:0 1.09 £ 0.21 8.46 1.00 £ 0.19 8.64 0.64 £ 0.10 9.24
40 19:1 woéc 0.19 £ 0.05 1.47 ND ND
41 19:1 wllc ND 0.11 £ 0.06 0.95 ND
42 20:00 0.17 £ 0.04 1.32 0.08 £ 0.01 0.69 0.07 £ 0.01 1.01
43 20:4 w6, 9, 12, 15¢ 0.06 = 0.02 0.47 ND 0.03 £ 0.02 0.43
Total content 12.89 £ 1.94 100 11.57 £ 1.68 100 6.93 £ 0.84 100
Number of individual PLFA 45 39 35

Data: Mean + S.E., °®ND: not detected, ®%total PLFAs: percentage of this over total PLFAs.

4r [ Slash pine
E Hoop pine
@ Kauri pine

Consenntration (nmol g ')

18:00 Emorercd

2 i 5 gl Ml H
0

S © 9 © © =~ Y © T 4 © © o T © 9 Y -~ © o o o o 9 =~ o o9 o o O A o o
s -3 . 9 & o o = X © - B s - - ® PR T Y~ S N S S
So< S ;b omw w0 &8 £ © © © N B o= B oG & N & S BN © F = B = R o=
<+ o~ 1 o= o= = © S = = o~ - e = = = o= — — ) . o -
— - — - [] o — — (=] o ] - ) — — — — — — ] > ) - — © 9] — — — — B2 o2} N ™
> S 2 T T T T 7 2 o 2 T T T T X =
I © ®© S © © © © S ~ S © © © ® « O -
= — e = - = 2 2 2 =2 = & &
z @© -
i} — 9] ©
o = © =
© — % <
1 = o T
- <)
0 N

=

Figure 1. The concentration of individual PLFAs detected in different forest soils. Note: Only those PLFAs detected in different soils
are include.
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3.2. Analysis of Soil Microbial Community Diversity in Different
Forest Types

In the study of soil microbial community structure, PLFAs analysis has received
extensive attention. A principal component analysis was performed for all PLFAs
(the number of PLFAs individuals measured in soil) in three different soil samples
(Figure 2(a) and Figure 2(b)). However, in PCA analysis of all or a total PLFAs
content, there must be no missing data in the data matrix. For the missing data in
this study, we replaced the undetected PLFAs with 0. PCA results of PLFAs in soil
of different forest types showed that, the phospholipid fatty acid profiles charac-
terized by all PLFAs and common PLFAs were very similar (Figure 2(a) and Fig-
ure 2(b)), and the results reflected similar regular changes in PLFAs profiles with
different forest types, that is, the value of the first principal component of P. e/-
liottii was the lowest, that of A. cunninghamii was the middle, and that of A. aus-
tralis was the highest. The degree of variation reflected by the first principal com-
ponent of PLFA spectra of all PLFAs and common PLFAs was 38.99% and 50.95%,

respectively.
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Figure 2. Principal component analysis (PCA) of PLFAs profiles extracted from different soil from. (a)with all the individual PLFAs
or (b)the common PLFAs.

3.3. Relative Content of Biomarkers PLFAs in Soils of Different
Forest Types

Total phospholipid fatty acid (total PLFA) was used to characterize soil microbial
biomass. Here fatty acids 15:0, 17:0, i15:0, i16:0, i17:0, al5:0, A17:0, 16:1w7c,
18:1w7c¢, cyl17:0 and cy19:0 are used to indicate bacterial PLFAs; 18:2 and 18:3
were used to indicate PLFAs; Monounsaturated fatty acids and cyclopropane fatty
acids 16:1w5c, 16:1w7¢, 16:1a9¢, 17:1w8c, 18:1wbc, 18:1a7c¢, 18:1a9¢, cyl7:0,
cy19:0 were used to indicate gram-negative bacteria PLFAs. Branched-chain and

saturated fatty acids i14:0, 115:0, i16:0, i17:0, al5:0, al7:0 were used to indicate
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gram-positive bacteria PLFAs. The following fatty acid ratios were also used in
this study, the ratio of cyclopropane fatty acid to its precursor fatty acid[(cy: pre),
(cy17:0 + cy19:0): (16:1w7 + 18:1w7)]; The ratio of isomeric PLFAs to anti-iso-
meric PLFAs[(I: a), (i15:0 + i17:0): (al5:0 + al7:0)], the ratio of saturated fatty
acids to monounsaturated fatty acids [(sat: mono), (14:0 + 15:0 + 16:0 + 17:0 +
18:0 + 20:0): (now omega 9 ¢ + now omega 7 ¢, ¢ + + now omega 5 now omega 8
¢ + and omega 9 ¢ + and omega 7 ¢, ¢ + + and omega 5 19:1 11 ¢ + omega 9 ¢) all
the sons of omega]. Analysis of the relative content of biomarker PLFAs in differ-
ent forest soils showed that the content of soil in different forest types was not
significant (Table 2). The content of bacterial PLFAs in the three forest soils was,
A. cunninghamii > A. australis > P. elliottii, while the content of fungal PLFAs
was P. elliottii > A. australis > A. cunninghamii. The content of gram-negative
PLFAs was the highest in A. australis soil, followed by A. cunninghamii soil, and
the lowest in P. elliottii soil. There was little difference in the content of gram-
positive bacteria in the soil of P. elliottiiand A. cunninghamii, but it was lower in
the soil of A. australis. Three groups of proportional fatty acids (the ratio of pro-
pane fatty acid to its precursor PLFAs, the ratio of isomeric PLFAs to trans-iso-
meric PLFAs, and the ratio of saturated fatty acid monounsaturated fatty acids)
are commonly used as indicators of environmental stress. The ratio of propane
fatty acids to its precursor PLFAs and the ratio of isomeric PLFAs to trans-iso-
meric PLFAs were A. australis > A. cunninghamii > P. elliottii, while the ratio of

saturated fatty acids to monounsaturated fatty acids had little change.

Table 2. The relative contents of biomarker PLFAs in three forest soil.

biomarker PLFAs P. elliottii (%)  A. cunninghamii (%) A. australis (%)

bacteria 22.84 24.01 2291

fungi 6.625 1.611 2.322
Gram-negative bacteria 17.96 19.22 20.02
Gram-positive bacteria 11.44 114 10.35
Cy:pre 10.44 12.18 12.26

I:a 6.375 7.668 7.688

Sat:mono 24.44 24.15 24.27

Cy:pre, the ratio of cyclopropane PLFAs to their precursors; I:a, the ratio of isomeric to
anti-isomeric PLFAs; Sat:mono, ratio of saturated fatty acids to monounsaturated fatty ac-
ids.

4. Discussion

In the forest ecosystem, a high-quality soil, abundant microbial species, should
have good biological activity and stable microbial population composition. These
microbial species directly participate in the inorganic and humic processes of soil
organic matter. Decompose organic matter, release nutrients, and promote plant

growth. and soil microorganisms are a huge driving force for nutrient sources and

DOI: 10.4236/ajps.2024.1510059

936 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2024.1510059

J.Y.Zhanget al.

sinks in the soil ecosystem, so soil microorganisms play an important role in litter
decomposition and nutrient cycling [19] [20]. When extracting PLFAs from soil,
they are likely to come from soil humus, which is along chain fatty acid containing
ester linkages, not from microbial cells. This led to the extraction of non-living
PLFAs [21]. The PLFAs extraction method adopted in this study can extract
PLFAs from soil to the maximum extent. However, the study results showed that
the number of PLFAs detected in forest soil of A. cunninghamii was lower than
that of the other two tree species (Table 1), possibly because the decomposition
products of forest litter and the low soil water content of A. cunninghamiilimited
the growth and propagation of soil microorganisms. The soil organic matter con-
tent of P. elliottii is higher than that of the other two forest types, and the color of
the soil extract is yellow, indicating that it contains some humus substances. In
addition, soil preservation may also have certain differences in the number of
PLFAs monomers. Since the soil is directly stored in cold storage after collection,
low temperature is likely to have certain effects on cells, such as the rapid degra-
dation of cell membranes after cell death, and the phospholipids contained in
them are also rapidly metabolized. However, this situation does not occur under
extreme environmental conditions. For example, there are more suitable condi-
tions such as water content and temperature [22]. At =70°C, even if cells die, their
tissue components are preserved to a large extent, and the phospholipid content
in this experiment is reduced at 4°C, which is speculated to be due to degradation,
but the objective reason remains to be explored. The difference between this result
and the results of this study may be related to the preservation time and method.
Therefore, in order to obtain comparable PLFAs results in the same set of experi-
ments, it is recommended to analyze the same soil in as short a time as possible to

reduce the error caused by preservation.

5. Conclusion

The number of PLFAs in the soil of P. elliottiiwas 45, the number of PLFAs in the
soil of A. cunninghamii and A. australis forest was 39 and 35, respectively. The
content of PLFAs in the forest land of P. elliottiivaried from 0.02 to 1.49 nmol-g™*,
accounting for 0.23% to 11.6% of the total PLFA content. The content of PLFAs
in A. cunninghamii forest was 0.02 - 1.41 nmol-g™', accounting for 0.26% - 12.2%
of the total PLFA content. The content of PLFA in A. australis forest was 0.03 -
0.82 nmol-g™', accounting for 0.43% - 11.8% of the total PLFA content. According
to the above analysis, the number and content of PLFAs monomer in the forest
soil of P. elliottii were higher than those of the other two tree species. The analysis
of the relative content of biomarkers PLFAs in different forest soils showed that
the content of different forest types was not obvious. The content of bacterial
PLFAs in the three forest soils was A. cunninghamii > A. australis > P. elliottii,
while the content of fungal PLFAs was P. elliottii>A. australis > A. cunninghamii.
The content of gram-negative PLFAs was the highest in A. australis soil, followed

by that in A. cunninghamii soil, and the lowest in P. elliottii soil. There was little
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difference in the content of gram-positive bacteria in the soil of P. elliottiiand fir,

but it was lower in the soil of A. australis.
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