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Abstract: [ Objective ] Soil microbes, as an active component of the soil, play an essential role in the forest ecosystem. It is,
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therefore, of great significance to study characteristics of the soil microbial community structures in plantations different in
evolution process to evaluation of dynamics of soil quality and maintenance of soil microecological balance in the plantations.

[ Method ] In this paper, evolution of the soil microbial community structure and soil metabolic function diversity with age (13 a,
25 a, 38 a and 58 a) of Pinus massoniana plantations in subtropical China was explored using the phospholipid fatty acid (PLFA)
method and BIOLOG technique. [ Result ] Results show that bacteria were the dominant soil microbe, fungi and actinomyces
followed in dominance, and protozoa did in the end in the soils of the plantations regardless of age; in terms of soil microbial total
PLFAs, fungal population and fungal/bacteria, the plantation 13 a in age ranked first and that 38 a in age in the end, while in terms
of soil biomass of bacteria, gram-positive bacteria (G"), gram-negative bacteria (G*) and actinomyces, the plantation 25 a in age
ranked first. Hierarchical clustering and principal component analysis (PCA) revealed that stand age did affect soil microbial
community structure significantly, and as a result, soil microbial community structure in the plantations 13 a and 25 a old differed
sharply from those in the plantations 38 a and 58 a old. Redundancy analysis (RDA) of soil PLFAs and soil nutrients shows that
soil organic carbon, total nitrogen and pH were the main factors affecting soil microbial community structure. In the light of
average well color development (AWCD) and microbial functional diversity indexes of the soil (Shannon indexes., Simpson
indexes and Mclntosh indexes) the plantations displayed an order of 25 a > 13 a> 58 a >38 a; the plantations also varied sharply
in utilization of carbon sources. Amino acids, carboxylic acids and amines were the main carbon sources in all the soils, and the
plantation 25 a old was the highest in utilization rate of these carbon sources. [ Conclusion] Both the PLFA and BIOLOG
demonstrate that when the plantations of Pinus massoniana grow over 25 years, their soil microbial community structures lower
in stability and their metabolic function does in activity, too significantly, which in turn exacerbates microecological imbalance in
the soils of Pinus massoniana plantations.

Key words: Pinus massoniana plantation; Phospholipid fatty acid(PLFA); BIOLOG; Soil microbial community
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1.1 HREXHER

5% DX Ar T 53 M A8 MOl B 2 B 55 56 bR 35 1
( 106°44'20"E, 26°29'35"N ), J& T #L B f) i 7 #4
Z A, AEHRIR 152°C, FHEREARR
19.3 °C, ®WARAIE 12°C, FEHRFEWE 1199 mm,
AEBFXREE 77%, AEXH MEFE 1 412 h, JCFE
1278 d, T HESEARUN R BUR MRS 1, A BT
SRz
1.2 RWIEITRIERRE

SR Hzs [T [R] 5 i, 487 b 25— 30y
AFEIMEE (132, 25a, 38a Fl 58a) SEM AT H
YERWFFRXT S, 2 BIEERRT 2004 4F | 1992 4F . 1979
AR 1959 4F (FEARMEIILE 1), M HEEAR LI
2% F (Rubus pirifolius ) FEH] ( Mallotus

japonicus ) & h E 5 W AK LI ( Pteridium
aquilinum ). [F % ( Imperata cylindrica ) Fl1" 3
( Dicranopteris dichotoma ) 553 . T 2017 4 8 A
FE 4 DRI I BEPLIEE 3 1> 20 m=20 m AR IFEAE |,
FEHL PN R A2 5 em H 455 RIS A Al AL IE it 2
T 0~10 cm L HERES, AW 1A 2AE, MR
UK G ARAF I A 0] S 3 T AETE S N BRI
YW ARIFL 2 mm Fif5, &&500 =10, —h
4CUKFDRAE, AT RAEYEY R .. ZE M
BIOLOG M1 , — 1/} -80°C vk A 1% 47 FH T PLFA 4347,
— M E AN T AR AR E .
1.3 SWFAE

- HEEA R < SR 0 B ST AG O  AT AE
+HEEKE (Moisture ) R HMEF LI E ; pH R
RALEIE 3 A LR (SOC) SR H 8 PR 4
feiiig ; 2% (TN) RAPUCE ZEE ; %A
RORIUHE By 5 L ETED A 5 A AR IO — iR L
ORI E

R1 TEKEDEMATHRERER
Table 1 General information of the studied Pinus massoniana plantations different in stand ages
Gt %73 B RGP A Ptz
H AL AR Wil W
Stand ages Elevation Density Mean tree Diameter at
Geographic coordinate Aspect Slope/°
/a /m / (ind-hm™?) height /m  breast height/cm
13 1262 106°44'6"E, 26°3129"N NE 10 1226 8.1 12.1
25 1196 106°44'11"E, 26°32"27"N SE 15 925 14.6 19.7
38 1244 106°44'30"E, 26°33'5"N SE 22 614 20.2 314
58 1249 106°43'44"E, 26°32'57"N SW 18 575 21.5 353

TR A R . R SRR ARy
DA E o S A W R S 0 B 2R -2 e o AT
B, AR A Y R AR B D -l = Lk

WEAEIE W72 ( PLFA ): PLFA il & % & 1F Y
Bligh Al Dyer"J i . BRI 4 T 8 g HET 4 A Bt
+RE, INABERRZE K 30 mL, WIEE : S5 (2:1)
105 mL RS IR 2 h 5, 43 Bn A {5 36 mL Al
JCWEIK 36 mL, #EOGERSE 18~24 ho A HUAHLLIE.
Wwan, FIHBEAZEIRE A, it SPE BAHZE UMV

( Bond Elute, 500 mg/3 mL ) #EfTRE MR/ 25, AR
kGG, AR - B (12 1) 1TmL, 37C
J#A 15 min #E47TH AR AR (T JUBRIR R )
0.5 mL, I AHI%-Fi% ( Gas Chromatography-
Mass Spectrometry, GC-MS) 4r#7. ] MIDI &%t
Al GC-FID, J= 218 105 R Y I 41 4 A a2 A 247 1
MIDI Sherlock {4 ¥ % 5 R GE5¢ 10 AR S45 SOk
IR BRI DR W RRAR IS, XA IRl E ) B i i iR
iR AT FRie (W3R 2 ),
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Table 2 PLFA biomarkers characteristic of soil microbial groups

[EGRYES BEIR IR TR AR iC Y 27 3CHk
Microbial group PLFA biomarker Reference
e el

il4: 0; il5: 0; al5: 0; il6: 0; i17: 0; al7: 0; il8: O [21]
Gram-positive bacteria
L 1)
16: lw7c; 17: 1lw8c; cyl7: 0; 18: lw7c; cyl9: 0 [22]
Gram-negative bacteria
HEH Fungi 18: 1w9c; 18: 2w6e; 18: 3wbe; 16: loSc [21-23]
IR AR
16: 1w5c [22]
Arbuscular mycorrhizal fungi
JLZH Actinomycete 10Mel6: 0; 10Mel7: 0; 10Mel8: 0 [21]

JE 4= 5% Protozoa 20 : 4w6e; 20 1w9c

(21]

BIOLOG: FREUHIY T 10 g T 1t £ 4,
AT A BEEROK, Pk 30 min J5F 4°CF#L
10 min, $RJ5WEL 1 mL JF3F 9 mL Jo s A= 3 ER K
t, BRAE I Z AW AR 150 pL SR IUK, A
BN SRE—fLd, B 1R, B3 IRER .
SRJGTE 20°C PR 3%, 4 24 h 1€ BIOLOG BAU{:
B 590 nm P EPOLEEE, ELLHIF 192 he
1.4 HiELE

- AR AR AT M AL T 2 AR A R
( Average well color development, AWCD ) fiit, it
BAKXWT

AWCD= ) (C,-R)/n

L, C N FLIE 590 nm FRYRIGIE; RN
ECO M X HEfL A% (., n & Biolog-ECO -
Wry e IEECH , 8k 315 C-R<0 1L, i M 0,
A 50K H Biolog-ECO #F- AR B3 3% 96 h L%
BRI AU E W R VR S A A D Be 2 FE M HR 5 (
RZFEMEIRE. 8 ARE S HREOR Mclntosh ¥
SIBEFRE ).
TRIGE H= —Z(PiX(lnPi)
TR D=1-).(P)?

Mclntosh 541 U=/> (C, =R

X, P=(C,-R/Y.(C, =B, Fri i FLAAIXIIL

A 5 A RO AR X IO ARSI L8

K] SPSS21.0 GEit#k A, i id B K 3R J5 22 70 Hr
( One-way ANOVA, n =3, P<0.05) MZELERK
B9 A AR IS Bl A= M) A= Wy s il AL . Bk PR . L
AW PLFA & . Biolog ik IEA HISRIFN L2 HE P45
B 25 5 1 E M (P<0.05); SEATHUEMIREVE 2R
oAl E . R Canocod.S BAA#EAT L4343
#r ( Principal component analysis, PCA ) FIJUA4)
#r ( Redundancy analysis, RDA ).

2 45 R

2.1 AEREE N Tk I 4FAE

MRS B T A Ak R (P<0.05)
(R 3). WMAEYAEY R 13 a~38 a BT,
13 a F1 25 a 73355 38 a F 58 a Z[A/A B HEF
(P<0.001); fHZEWE W AAE 25 a BWHABE K, 38
at/y, HH 2524055 13 a, 38 a1 58 a Z[H[A
W ZE T (P<0.001), +3E pH Fifi 5 AIE A3 in s L
FHE TR, 1625 a BHABIR K. HHES K &R MK
W 3G I, IF H 13 a 43055 252,38 a
158 a Z 04 B EER (P<0.01 ), AL NT
MRy A B2 B S S N, fe s Y ERAE 13 a,
35 38 a fil 58 a =5 B #E (P<0.01). &K . B
BEAMEAS AR & BRI 25 a. 13 a. 58 a.
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Table 3 Soil biological and physicochemical properties of the Pinus massoniana plantation relative to stand ages

i
A EY R AR
Stand TKE
ik MBC % MBN pH
ages Moisture/%
/ (mgkg') /(mgkg!')

/a

Bk £ A TEROYA)
A
SOC TN NH,"-N NO; -N
C/N
/ (g'kg™) /(gkg') /(mgkg')/ (mgkg")

13 334.2422.5a
25 326.0+20.1ac 116.8£9.9a
38 217.5£17.0b

58 238.1+£28.0b

73.22+£7.79b  4.80+0.08b 22.36+1.19a 21.22+1.83a

5.15+0.03a 19.54+1.26b 18.51+1.96b

32.23£1.91c  4.53£0.10c 18.82+1.61bc 15.81+0.37b

35.50+£5.08c  4.49+£0.07c 16.59+0.93¢ 16.00+0.68b

0.85+0.03abc  3.09+0.16b 1.69+0.40b 24.73+1.76ac

1.00+0.14a 4.51+0.04a 2.98+0.10a 18.65+2.61b
0.65+0.11b 1.88+0.16d 2.41+0.15a 24.97+4.19a
0.77+0.10b 2.3140.37¢c  2.61+£0.47a  20.82+1.92ab

T BUE M « bR 22 (n=3), FEERRCEAL H R 22 573 % (P < 0.05 ), F[F Note: Values shown are means and standard

deviation ( n=3) . Different letters indicate significant differences between stands different in age ( P < 0.05) . The same below

38a. T O/N FemfEHBIAE 38 a, F/IMEN 25 a,
IFHMEZEZRBE (P<0.01),
2.2 AEMEEIT TIEMAEY PLFAs 2 EM0T

AN [FUMRIS + 3G MRV 2 M. PLFAs % it HL
AU 2ESR (P<0.05), 34 21 F PLFAs #{ric 2
ANFEE AR R 4). B HERUEY) B PLFAs & & .
B PLFAs #t ., JR/Esh%) PLFAs = F1 E B /40 L
BEE N THAKEH V7 2Zfbfash, mAMEHH
MAE 13 a, /MEHBIAE 3R a, HMEZHZERD
F (P<0.01); Hirp cyl19: 0 7E& R4 tp & YR,
3514 6.20 £0.40 nmol-g ', 4.63 +1.58 nmol-g ',
3.43 £0.79 nmol-g' Ml 4.2+0.17 nmol-g'; 18 :
3wéc, 18 : 0, 20: 1w9c. 17 : lw8c Fl i14 : 0 7£
JIT A MRS AR AR . GT/GTHUEAE AR Kad i rp
PUNF 1, RN SR L G AR £
G . G . AMF L F R IITE 25 a fk
W, 538a, 58a 2R EHE (P<0.01), il4:
0. al5:0, al7:0, 16 : 1lw7c, cyl7:0, 18:1
w7c. 16 1 1 w5c, 10Mel6 : 0, 10Mel8 : 0 #i 20 :
1w9c Fe KMEHI N 25 a, HPBx 10Mel8: 0 4F, H
R¥)538a, 58a A REZER (P<0.05),
23 TEREMBEEREHRES LIEFSEXE

5T PLFAs JZIRERE IR BoR, ARG
T A R R A 25 S W S, BR 38 a-1 Ah, HoAth
MU 3 DNEE I REA &, Hr, 13af125a,
38 a 1 58 a FEE AL (& 1a),

07 W72 0 e 2 158 1 97 N [ N e e £ G X7
Bk s 25 (K 1b), PC1 Al PC2 LB T

IR A YRR S BT 86.2%, HApE—E
MR T MRS 73.9%, G T R ER T
SR 12.3%, XFAF N RES MR R AR AR &
13 a.25a 7355 38 a fl 58 a fE PC1 1 PC2 |- &
SES, JFHAE PCL I PC2 EArES AR, UiARIE
X I W RIS A B K s 38 a Fl 58 a AHER
G, ULBHBEE SR AR R

X A W R PLFASs HEATBR Bt g
434 ( Detrended correspondence analysis, DCA ),
5 B Bl BR B e KAE R 0.159, 35 WA e 33 £ 1 A
(RDA) #4740 tb3iE & I 2 AT, G4HTE |
P . ERE N G B R IE AT 7E 25 a, FLHR/
IR GTE 13 a, Z458 5% 4 45 R H5 .
SR AR . AR MY AR A
pH FIEARYS G . . R . G 4wl
EY) B PLFAs & i BE IEAHCC R HEEK
HYHERMEREFMXKER; ON 5HEMAEYE
# (GT/GBRAM) BIFAMEKLR,
24 TEMAEVIINGESHFMN

AWCD {8 (CE¥HRALEI A A ) il 3R
A YIRETE 0 ARG M, R - S A ke B — R YRR
HRe ) —EEAE bR, B 3 I, #£ 192 h 1%
FRWTE Y, AWCD B Fif & B[R] I g K, 3R
IR A= 0 6 T A i 8 1 R P B ) B IR HE B . AE BT SR
24 h INIAEYIE MR BA ., 24 h DUS A YIS
PEZ WG, 120 h~168 h BN ek, 168 h 5
AWCD (I TV %% . AFARES HIERHEY)
FEE T IR A AR ) dr iR B 554K R 25 a. 13 a,
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Table 4 Groups and contents of PLFAs in the Pinus massoniana plantation relative to stand ages

Belg NS AR PLFAs {51 PLFAs content/ (nmol-g™)

PLFA biomarker 13a 25a 38a 58 a

2 G AH1E G bacteria

il4:0 0.16+0.01b 0.65+0.25a 0.12+0.04b 0.1140.26b
il5:0 3.93+0.57a 3.28+0.24ab 2.59+0.39b 2.874+0.17b
al5:0 1.3£0.12b 2.15+0.8a 1+0.24b 1.39+0.06b
il6 : 0 2.14+0.17a 1.6+0.49b 1.21+0.18¢ 1.43+0.24bc
il7:0 1.25+0.08a 1.14+0.32ac 0.69+0.15b 0.72+0.06b
al7:0 0.8340.08ab 1.1940.37a 0.53£0.12b 0.59+0.03b
il8:0 0.19+0.02a 0.18+0.04ab 0.11£0.02b 0.124+0.01b
) 9.81£1.03ac 10.24+1.30a 6.26+1.11b 6.93+0.44b
H22 KA G bacteria
16 : lo7c 1.53£0.14b 2.04+0.6a 0.93£0.22¢ 1.04+0.06¢
17 : 1w8c 0.2840.04a 0.24+0.07ab 0.15+0.03¢c 0.17+0.03bc
cyl7: 0 0.79+0.12ab 1.05+0.33a 0.49+0.12b 0.5140.04b
18 : lo7c 2.474+0.13b 4.49+1.46a 2.36+0.38b 2.2140.09b
cyl9: 0 6.20+0.69a 4.63+0.46b 3.1£0.26¢ 3.940.1bc
z 11.27+1.10ac 12.46+1.23a 7.02+1.54b 7.83+0.35b
4R S i Total bacteria T 21.07+2.13ac 22.66+2.53a 13.284+2.92b 14.76+0.94ab
H. I Fungi
18 : lo9c 5.61£0.1a 3.98+1.35b 2.21+0.5¢ 2.67+0.2bc
18 : 2wébe 4.33+0.47a 2.40+0.44b 1.34+0.27c 2.02+0.33bc
18 : 3wbc 0.224+0.02a 0.2+0.05ac 0.1£0.02b 0.1540.02b
16 1 1 w5c ( MR B MR 20 i
Arbuscular mycorrhizal 1.11£0.08ac 1.49+0.44a 0.54+0.15b 0.65+0.04b
fungi )
) 11.27+0.66a 8.07+2.03b 4.18+0.89¢ 5.49+0.6bc

JUZETH Actinobacteria

10Mel6 : 0 3.51£0.3b 4.18+0.21a 2.16+0.46¢ 2.29+0.18¢
10Mel7 : 0 0.56+0.03a 0.24+0.07¢ 0.28+0.04bc 0.35+0.05b
10Mel8 : 0 0.94+0.12ab 1.1120.29a 0.7140.12b 0.85+0.06ab

b 5+0.25ac 5.53+1.65a 3.15+0.62b 3.4840.29b

J5 £ 2 Protozoa

20 : 4wée 0.46+0.02a 0.40+0.14ab 0.29+0.05b 0.33+0.02ab

20 ¢ 1w9c 0.18+0.02ac 0.22+0.04a 0.120.02b 0.08+0.02b

b 0.64+0.02a 0.63 +0.10ab 0.38 £ 0.04b 0.41£0.01b

B ARITRL B8 Total 37.99+3a 36.89+4.01ac 21.004:4.49b 24.14+1.62b

PLFA

FHE/BA T G/G 0.87+0.01ab 0.82+0.02b 0.89+0.03a 0.88+0.05a
KR/ F/B 0.53+0.03a 0.36+0.02bc 0.32+0.01¢ 0.37+0.03b
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Hierarchical clustering tree (a) and principal components analysis (b) of composition of the phospholipid fatty acid in the soil of Pinus

massoniana plantation relative to stand ages
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Fig. 2 Redundancy analysis (RDA) of relationships among soil microorganism groups and soil nutrients
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Fig. 3 Dynamics of AWCD of the soil microbial community in soil
samples of the plantation with incubation time relative to stand ages
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Table 5 Carbon source utilization by soil microbes relative to stand ages

Nt ARG EES B EEERY/ES [lieS JHe2k
Stand ages/a Carbohydrate Carboxylic acids Amino acids Polymer Phenols Amines
13 0.22+0.22b 0.3+0.35b 0.414+0.37b 0.37£0.17bc 0.95+0.51b 0.15+0.09b
25 0.594+0.29a 1.074£0.27a 1.14£0.12a 0.85+0.06a 2.05+0.41a 0.99+0.1a
38 0.04+0.01b 0.16+0.1b 0.51+0.35ab 0.20+0.1¢ 0.54+0.45b 0.2+0.16b
58 0.05+0.28b 0.19£0.17b 0.34+0.41b 0.57+0.18b 0.57+0.43b 0.14+0.12b
R 6 TENETIRHEDREETBE SR
Table 6 Functional diversity indexes of the soil microbial community relative to stand ages
i FAHEEL FERRAE R Mclntosh #5451

Stand ages/a

Shannon index Simpson index Mclntosh index

13 2.54+0.28ab 0.89+0.02a 3.60+1.42b
25 3.03+0.12a 0.94+0.01a 7.78+1.09a
38 2.26+0.44b 0.79+0.05a 2.05+0.19b
58 2.3540.26b 0.84+0.04a 2.86+1.34b
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