5538 B 16 W] S &~ £ Eild Vol.38,No.16
2018 4F- 8 A ACTA ECOLOGICA SINICA Aug.,2018

DOI: 10.5846/stxb201707131275
W SR, BT BRI, W, SRAEI, . SRR AR L TR B A MU [ MR AL B A R . AR 24, 2018,38(16)

Lei L, Xiao W F, Zeng L. X, Huang Z L, Gao S K, Zhang W C, Wang S.Soil microbial community structure of Pinus massoniana forest under various forest

management practices.Acta Ecologica Sinica,2018,38(16) .

O R h LR A R % S XT A B = Ak A 2E B Fie he

FOFVEIA G RER BN, KRR A
L E ORI B B A SR S I ST BT B MO R B A SR T 080 %, Jb AT 100091

2 B HUMOL KA T SO B R B R0 B BT 210037

3 AR AR R MO K R AR 2ERE TN 510642

4 WAL RRIAELEA JLE kM, HE 443604

FHE LU S AR SR it (% R B RAR 1 (15%) L RA% 2(70% ) J5 AN RIS 33] (AR 3RS 2 4 H 2013 46 12 H s a038)5 15 A,
2014 4 12 H ) SR IX A IR MO IIFIE X 52, SR FIBR I AR I o0 A o H: A o A it B I 5 A A T
[l E A5 T AN ) b B 4 S FRAL M AL, 45 SR 1) AR 1 4R BR MR AR LA 1, BRE R AR 1 FRAR 2 U MBS 4525
FEAE Y B DL R A B S 00 BEMT L35 S B A R 8 T 7 Ak B ) 301 O JC I R A8 1k 5 2) F2 40 40 M 6 BT (PCA) R [RI AL 2
St A S A0 301 R o B RV 8 0 7 S R L, TR AR TS 1 AR BREEACRAR 1 ORAK 2 AT BT 454 3 X
Xt R, B A WUV S REEAR DG Y 2 > F2 A 43 3 30l ik A AR 52 AR 1K (1 50.40% F1 26.70% 53) 2013 4F EL & £E W50 (20 1
w9c) 5 TR 1A AR OG  IAE 2014 475 F a4y 1 A0 A DG A AE AR e 28 S 22 [RIIME A A (16 LwTe) 34) TUREE 47
Prai], EHORREE T RIR R LU | EEERUE Y (BUEY R (MBC) /£ 3 HLER (SOC) ) J2 52 Wi AN [] Ik B 3 AR W A v 251
1) S B - (P<0.05)

SKBRIA  Sh AN E M s U i R T S5 R BE R

Soil microbial community structure of Pinus massoniana forest under various

forest management practices
LEI Lei"*, XIAO Wenfa' *, ZENG Lixiong" >, HUANG Zhilin" >, GAO Shangkun'’, ZHANG Weicheng' >,
WANG Song*

1 Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, State Forestry Administration Key Laboratory of Forest
Ecology and Environment, Beijing 100091, China

2 Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, China

3 South China Agricultural University, College of Forestry and Landscape Architecture, Guangzhou 510642, China

4 Jiulingtou National forestry of Zigui County in Hubei Province, Yichang 443604, China

Abstract: Soil microorganisms can make up more than 95% of the total soil biomass, and plays important role in
decomposition of carbon sources and organic matter. Forest management practices ( e.g., harvesting, burning, and
thinning) influence the composition of the soil microbial community by affecting habitat and substrate for soil
microorganisms directly and indirectly, and hence affect soil carbon process. Quantifying the responses of the soil microbial
community to forest management is vital to accurately evaluate forest carbon balance and to reveal the underlying

mechanisms of soil carbon process change. Thus, an aerially seeded Pinus massoniana forest was chosen in the Three Gorges

EETH . T RPN 55 MBI G T AR L 45 2% % 10 ( CAFYBB2016SY015, CAFYBB2016SY013)
rfE B #9:2017-07-13; [ 4 H ki B 28 :2018-00- 00
# WIRAER Corresponding author. E-mail ; zlxcaf@ 163.com

http ://www.ecologica.cn



2 S % 38 &

reservoir area to evaluate the effects on soil microbial community owing to different forest management practices (i.e.,
control ; shrub-removal ; harvesting all shrubs and removing all harvest residues. Harvest strategy 1: 15% harvest intensity
and removing main harvest residues without leaves and small branches; Harvest strategy 2: 70% harvest intensity and the
same harvest residue management as that in harvest 1). All experimental treatments were located in similar habitats and
consisted of three 20 m X 20 m plots. The treatments were conducted in October 2013, and soil samples were collected in
December 2013 (2 months post treatments) and December 2014 (12 months post treatments) to analyze soil microbial
community by using phospholipid fatty acid ( PLFA) methods, and analyze soil chemical properties. The results showed that
the total microbial biomass and biomass of all microbial species (except arbuscular mycorrhizal fungi) in shrub-removal,
harvest strategy 1 and harvest strategy 2 were lower than those of the control in December 2014. However, there was no
consistent rule observed in December 2013. Principal component analysis indicated that all treatments showed no significant
change in soil microbial community structure in December 2013 ; the 2 principal component factors related to microbial
community diversity explained 60.90% and 17.40% of the variation respectively. Shrub-removal, harvest strategy 1 and
harvest strategy 2 did significantly affect soil microbial community structure in December 2014, and the 2 principal
component factors related to microbial community diversity explained 50.40% and 26.70% of the variation respectively. In
2013, 5 PLFAs (Mel 16:0, 16: 1w5c, 16:1w7c, all7:0 and 20: 1w9¢c) played a major role in the first principal
component, and 7 PLFAs (Mell6;0, 16:1w5c, 14:0, 16:0, cyl7:0, 16:1w7c, i14.0) played a major role in the first
principal component in 2014. The fungi (20: 1w9¢) PLFAs played the most significant role in the first principal component
in 2013 and was replaced by gram negative bacteria (16;1w7c) PLFAs in 2014. Soil moisture, ratio of soil temperature and
soil moisture, and soil microbial quotient (ratio of soil microbial biomass carbon and soil organic carbon) were significant
factors regulating soil microbial community structure at different treatment times ( P<0.05), as revealed by redundancy

analysis (RDA).

Key Words: Pinus massoniana forest; forest managements; microbial biomass; microbial community structure;

environmental factors
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Table 1 PLFA markers for taxonomic microbial groups

PLFA #5iC

A 2EB T ic
LSS axonomic group Specific PLFA markers

14:0,15:0,16:0,17:0,16:120H,i14:0,i15:0, al5:0,i16:0,i17:0,al7:0, 16:

4P Bacteri
HEs Bacteria 1w7c,eyl7:0,18:1w7t,cy19:0,16: 1w9c, 17 1w8cl 4 17-18)

HCZE T Actinomycetes Mel6:0, Mel7:0, Mel8;0%]
AR E T Arbuscular mycorrhizal fungi 16:1w5c¢

22 [GBHE R Gram-positive bacteria i14.0, i15:0, i16:0, i17:0, al5.0, al7:0
B2 [CBATETE Gram-negative bacteria 16:1w7c, cyl7:0, 18:1w7t, cy19;0"
EH Fungi 18:1 w9¢;20:1 w9¢;18:2 wb,9¢

2 WRFGE
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Table 2 Effects of treatment, treatment year and their interactions on soil microbial biomass

Ab3 T = b BRI (] 2 HAEH

75 Variables Treatment Treatment year Interactions
F P F P F P

& PLFAs Total PLFAs 0.388 0.763 45.234 <0.001 0.948 0.441
T4 PLFAs Actinomycetes PLFAs 2.703 0.080 11.547 0.004 2.032 0.150
MM EE PLFAs Arbuscular mycorrhizal fungi PLFAs 0.300 0.825 3.249 0.090 0.063 0.979
HE FCPAME AN PLFAs Gram-positive bacteria PLFAs 1.838 0.181 3.904 0.066 1.425 0.272
HE BTN PLFAs Gram-negative bacteria PLFAs 0.667 0.585 3.906 0.066 1.410 0.276
Y PLFAs Bacteria PLFAs 0.932 0.448 3.531 0.079 1.478 0.258
F B PLFAs Fungi PLFAs 0.121 0.947 5.634 0.030 0.306 0.821

3.2 R HERUE YR S5 RN TR SR AR AL 3L A i

- G TR WA B 107 TR AR X T BE R VP N T TR S5 A AR A I B AR A, XA [ Ak BN A 3L B
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TR YIRS SR BB 25 AR AR Z RARALBE(H1 A H2) Z [ A Uik 2 S A B E (F 2)

3 % 3 B DR - B er A B T AT (R 3) ,2013 4E 5 PCL SR AR IR PLREA AEWImic R B4 S
P, 2014 4F PC1 &M SC A4 9 PLEA A WpRic 2RI 2 7 Fp, 0PRSS 1 4R, B (20 1w9c) X PC1 Y51
HRVE FHRAR, 4B (14:0,16:0,¢y17:0,i14:0) XF PC1 B 5TmkAE K, 2013 4F BB AEIFRIC (201 w9e) 5
PC1 M A5G, MTTE 2014 425 PC1 AR ZEAH C I A 0hn e 9728 S 5 2= [GBA MR AR TR (162 1w7c) . AN[R]Ab 3
BFE], % PC2 2 0 A A4 PLEA A WAmic 2 BU3S A 4 B BT PC2 ALk 5 VE AT, HOEPRicY)
FE PR b PSS [A] T T el AR (8 3) o AR Ty OO0 4k B R4 24 [ PH A 200 T 5 i) S 35, b FHESF () 6] 2 > PGB
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Fig.1 Response for soil microbial PLFAs of top soil to different treatments
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Fig.2 Principal Component Analysis (PCA) of soil microbial PLFAs relative abundance under different treatments
(2 3) AL FERS ], RS T80 PCL B 2 AHOC I RUZE D) PLFA AR bR ic 28 50 12 91 i 25 601
MIEIZ I HHERIEE b MBC/SOC S H BB FEMCKR(E4),
x3 ERSHEEF

Table 3 Loading factors of principal components

2013 2014
e o i EH 1 L2 LA 1 LA 2
Taxonomicgroup arkers PCl PC2 PCl1 PC2
(60.9%) (17.4%) (50.4%) (26.7%)
TR R Mel17:0 -0.21 0.64* 0.09 0.36
Actinomycetes Mel16:0 0.54" -0.03 0.49* 0.36
j\%ﬁf‘uﬁi%n?corrhizal fangi 16: lwsc 0.60°" -0.33 0.63° -0.70
il 14.0 -0.12 0.63* 0.64" 0.26
Bacteria 16:0 -0.48 0.16 0.67" 0.14
17:0 -0.19 -0.14 0.46 0.48*
16:1 20H 0.47 0.46 -0.57 0.76
16:1 w9c -0.36 0.84*" -0.61 0.13
17:1 w8c -0.38 0.15 0.46 0.62*
B2 [P 2R cyl7:0 0.40 -0.37 0.63* 0.57"
Gram-negative bacteria 16:1 wic 0.51°* -0.15 0.76 ** 0.27
B2 [CPH M2 e il4; 0 0.37 0.19 0.55" 0.24
Gram-positive bacteria il15:0 0.26 0.69 " 0.41 0.25
all5:0 0.48 0.35 0.44 0.30
i16:0 0.03 0.68* -0.01 0.26
i17:0 0.41 0.05 0.39 0.14
all7:0 0.62* -0.26 0.40 0.23
ELT 18:1 w9c -0.98 0.00 -0.90 -0.42
Fungi 20:1 w9c 0.93* 0.18 -0.09 -0.16
18:2 w6,9c -0.97 0.03 0.31 0.46

=LAy RIERARTE 0.05 F10.01 KR B A
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Table 4 Effects of treatment, treatment year and their interactions on soil microbial community structure

Ak 77 2 KEFRI [R] ZHAEH
ARt Variables Treatment Treatment year Interactions
F P F P F P
B O e
B‘I’}“WW?#E . . 18.672 <0.001 2.724 0.118 3.464 0.041
The proportion ofactinomycetes PLFAs
PR AR B AR T B
BRI TEI+E THE . . 0.662 0.587 0.057 0.815 0.180 0.908
The proportion of arbuscular mycorrhizal fungi PLFAs
ez y é T %
EE;EE[SH@. A T+E . 6.761 0.004 6.065 0.026 0.799 0.512
The proportion of gram-positive bacteria PLFAs
o [ W A T
* ‘[Ugﬁ”i MR AR 5 . . 0.881 0.472 1.674 0.214 1.356 0.292
The proportion of gram-negative bacteria PLFAs
A AT 2 The proportion of total bacteria PLFAs 2.638 0.085 10.242 0.006 1.322 0.302
FLF AR E B The proportion of fungi PLFAs 2.286 0.118 0.030 0.865 0.408 0.750
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Fig.3 Response of soil physicochemical properties to different treatments
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Table 5 Effects of treatment, treatment year and their interactions on soil physicochemical properties

. b3 )5 pissdi i SEHAEH
TN Treatment Treatment year Interactions
Soil physicochemical properties
F P F 14 F P
pH 1.51 0.250 0.55 0.468 0.89 0.466
BEAA NHS-N /(mg/kg) 4.33 0.020 486.09 <0.001 1.76 0.196
B NO3-N /(mg/kg) 10.08 0.001 2.34 0.146 1.63 0.222
A7 1 Total nitrogen / (g/kg) 1.23 0.330 3.42 0.083 0.75 0.540
H LK Organic carbon /(g/kg) 1.03 0.406 0.00 0.946 1.00 0.418
ik A Lt Organic carbon to nitrogen ratio 3.68 0.034 13.07 0.002 8.84 0.001
W JE Temperature / (°C) 3.00 0.062 962.63 <0.001 16.78 <0.001
HEBE Moisture / (%) 17.60 <0.001 47.80 <0.001 1.58 0.232
HRIZ R X Temperature to moisture ratio 21.53 <0.001 222.30 <0.001 10.92 <0.001
1%&53%%@%/’%@[,@% Microbial biomass carbon to organic 0.83 0.498 2713 <0.001 1,070 0.389
carbon ratio
1.2 1.0
. 20134¢ 20144F
I ; 16:1 20H
. w i15:0 17:1 w8c¢
16:1 w9c MBC/SOC cyl7:0
I r 190 Mell6:0
all5:0 1140
—~ —~ 14:
X SoilC/N X ,00
3 20:1 w a 16:1 w9c l6:lwTe
= 18:1 w9c 17:1 w8c e 8
= 16:0. ~ 16:00
~ = £ Mell6:0 ~
g 18:2 w6,9¢ ‘ 16:1w7c 4
S all7:0 &
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o - W o SO
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