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WF 5T DI A T P4 AR R T v RO B 2 F 5T B
FA? ARl S 36 O AR B R 7 L J R AT ZR KU,
X AAEREZHAWDHB EEZRMEZT FET
S, A R R D AR SRR L AR R K &
1 200~1 500 mm, ¥ 21. 5~22.2°C,=>10C
HE s FRIE 6 000 ~7 600°C, 4E 4 H MR I %% 3k
1419 b, FEM AN B, - AN
il 2T B SRR P A g O BRI 2 R R R AR {E
JUF35 SR TCAF , CB N TARE A Rl N AR B8 i AR
1.2 FEHIEER

W FEAE MLV B2 S R AN Al AR L B R F X 2T 4 S IR TR
THh, DRI ZR 1958 4EXF 36 hm” HHE 4 111
M JS 32 3 AR 1983 4R 25 5 ARy IR A8 B L K 36
hm’ T A SR () — 2 (18 hm®) F R 21 4 . JE 1
B [ SR IR A AR, 2017 A, 7E B3R T R A 4l AR AN IR
TR HIEE 5 A 20 m X 20 m MIREHL, A R BK
SRR A AL LR 1.

R1 FREKSEBFEMBER

Table 1 Overviews of the plots in different stand types
TR T R A .
; p T g Ry : g 725 ,
e Bl 2 S g f2 q:ﬂjﬂ’[,aj Stand density NatuFal regenerating 157 1 A @}}i B i
Average DBH Average height - individuals § Altitude °
Stand type Plot No. (Individual * e Basal area Slope (°)
(cm) (m [ (Individual * p = (m)
hm °) hm ? (m” * hm °)
m )
afipk 1 39.3 24. 4 375 1700 48.2 540 27
Pure plantation

2 39.1 29.0 350 2225 44.1 571 25

3 45.7 24.9 375 2400 64. 8 552 24

4 36.1 21.2 400 900 37.8 551 25

5 44.7 25.4 350 950 55.9 548 30

MEA N 1 37.9/18.0 32.4/24.7 350/575 325 56. 6 640 30

Mixed plantation

2 37.9/18.0 32.0/15.9 275/350 650 41.4 455 27

3 38.0/19.5 31.5/22.8 325/575 325 57.4 464 30

4 42.0/19.0 25.1/20.2 325/625 125 65.1 465 20

5 47.1/20.0 29.2/18.4 325/475 75 61.9 457 32

TE AR SCHR™ /7RI RE S T RS /7 B D 4L

Note: Date before mixed plantation "/" comes from P.massoniana ,date after "/" comes from C. hystrix
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W/VOFESr IR 2], 7 RSB W T 5 I B W
pH it (Starter2100, Ohaus, USA) | € + 3 pH {&;
4 BE K 4> & & (Soil moisture content, SMC) % H &
I 5 + 3% 4 & (Total nitrogen, TN) & 1 % H
YESLR BN 43 M AL CAA3, Bran Luebbe 22 &) %5 -
4% (Total phosphorus, TP) & & 2% FH &0 &tk 4 55
Y -50 86 PL H 0 5E 5 3 2 8 (Total potassium,
TK) 75 1 R & A B 080 - KO ' BE T 5 +
T 20 ( Available potassium, AK) & & & R #%
R - IO 6 BE TE R GE 5 1 3 BB (Available
phosphorus, AP) 7% & F AR ¥ $& - 41 86 Pt bb €2 7% )
E ;s T A LT (Soil organic matter, SOM) & &% H
R IR PR A AL - A0 B I s A I A ) 2R ) e i
(Microbial biomass carbon, MBC) ., % (Microbial bi-
omass nitrogen, MBN) il & >R H G20 {5 52 7% 3= 42 7 5 ik
B 10 g 8+, 1 2 mol « L' KCl i WRBUS T4 A
g % 2 3 81 53 H7 1 (SEAL AA3, Norderstedt, Ger-
many) M E + S S A S A S ES . HEA K
Z (Available nitrogen, AN) & NES A HSA S
A,

%M Frostegard %57 1997 2 5 PLFAs &% &
Rt U Y R VR A5 0. B s D R Fh 2R
nmol « g ' T EFR/R EMIGNI R ER T 19 : 0
B PR 9 R B2 R 35T, A WF 5T b AR 90 9 A1 s 7 R
(PLFAs) B A XF 3 53 B2 48 5 A= 9 Bl 28 00 O 20 T 2L
W L H (Actinomycetes, Act) AR AR B 5 (Ar-
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B2 G P M B (Gram-positive bacteria, GP) Fl &5 2%
& B4 B (Gram-negative bacteria, GN)P"*%

3 3 5 AR O D 2 G AR AR T L T AR
PER) oK fif W28 (B-1. 4 % M WG A0 N- 2 Tk-B- &
T 2 W T R DR T Ll R D 1) R MR TN R A
YIoihe . i AL PG I £ (Phenol oxidase, PHE) i
M AL (Peroxidase, PER) 5k HI 42 € £ B i (L-DO-

PA) R AT I, B-1., A0 5 W7 M (B-1. 4
glucosidase, BG) Fll N-Z. ik -B- 2 2 4 44 4+ 8 (N-ac-
etyl-B-glucosaminidase, NAG) {if 14 & F X filf 3£ 7% &
Pk o 2 5 ] 20 W O I R AT s L IR g (U
rease, URE) {ifi P4 5% I U0 R §4 -4 B 4 1L €8 125 00 7
PR PR B TR 1§ ( Acid phosphatase , ACP) i 4 Fi) F X -fif§
5 TP Tl 75 YR SIS
1.4 HEZITHH

Yifh £ & B 48 50 (Richness, R) : &4~ + 3 FE 5
Rl £ i PLFAs bric Fig.

T4 4N (Shannon-Wiener) 550 (H) 7,

HZ*EP,lnP[,
i=1

K P, AREH A4 PLFA SR MXT EE s B A
f) PLFAs Fric f4.
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D=1— > P,

Kb P, RES i 4> PLFA fRIC W AXTFEE s M
) PLFAs pRic F 4L,

Pielou ¥ 5] B AL .

J=H/InS,

. H H 2/ Shannon-Wiener 8 %0, S H 21 PLFAs
PrRic AL,

SRR ¢ A5 0 WAR A3 b R TR VL AN L
WSS PLFAs St i fr 2 R R, K85
TR E KVl P=0.05; k1] Pearson #1C 53 #r i 17
A WU S S T 1 R A g B A B R A
IR Br s T A B Ge 1 3 Bt AEIEIFE R 3.5.1 581

2 ER55MW
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XF W R bk 4> - HE PLFAs & &8 K T 0. 01
nmol « g ' WFRICF ISR AT G0, AR B 27
Fi PLEAs tRic (€ 2), K 2 AT LUE L BRE 2 K
FAPER SR 16 = 0 20H 1 2% [ P & Y 16 ¢
lw9c 4h, HiAy 25 Ff PLFAs bric & &34 b aitk i T
RAHH, ¢ IR, BRE2RHERTS R
cyl9 : Ow8c 1 16 : 0 20H I 2= [CPHMEH H 10 al6 ¢
0 116 ¢ 1w9c, KL R BTL A AT 10Mel9 ¢ 0 22 55 A
W& (P=>0.05)4h, Hi 4y PLFAs Y17 16 i 3% sl it &8
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Table 2 Soil microbe PLFAs markers in the pure and uneven-aged mixed plantations

PLFAs & &
PLFAs content (nmol + g~ ')
PLFAs Rid PLFAs 27 - F . P
PLFAs markers PLFAs groups bk ‘{]%[;)ijék
Pure plantations plantations

cyl9 @ Ow8c GN 7.0540.67 6.68+1.01 2.721 0.690 0.509
il5: 0 GP 5.0840.48 3.74=£0.40 0.038 4.755 0.001
10Mel6 : 0 Act 4.10+0. 33 3.15+0.21 1.001 5.434 0.001
18 + 1w9c Fungi 3.8440.43 2.71£0.53 0.143 3.673 0. 006
il6 : 0 GP 3.25740. 40 2.11£0. 32 0.001 4.928 0.001
18+ lw7c GN 1.92+0.18 1.3240.19 0. 000 5.122 0.001
18 * 2w6,9¢ Fungi 1.4240.25 0.9640. 24 0.001 2.977 0.018
ald: 0 GP 1.15+0. 10 0.8540.07 1.021 5.303 0.001
16 : lw7c GN 1.0440. 10 0.82+0.08 0.191 3. 907 0. 004
il7: 0 GP 1.04+0.06 0.7040.05 0.146 9.764 0. 000
16 ¢ 1wbe AMF 0.8540.12 0.6040.07 1. 060 4. 088 0.003
16 :+ 1 20H GN 0.8240.16 0.5340.06 2.178 3.826 0. 005
al7: 0 GP 0.7340.07 0.5940.07 0. 469 3.179 0.013
cyl7 : 0 GN 0.6240.06 0.4640. 04 1.173 4.710 0.002
10Mel7 : 0 Act 0.52740.09 0.32£0.04 1. 400 4.191 0. 003
15: 0 30H GN 0.4640.05 0.3740.04 1. 642 3.195 0.013
10Mel8 : 0 Act 0.4340.05 0.3440.05 0.078 2.776 0.024
10Mel9 : 0 Act 0.2940.17 0.1740. 16 0.108 1.171 0.275
17 + 1w8c GN 0.2640.01 0.1840.03 3.424 4.655 0.002
11Mel8 ¢ lw7c Act 0.1540.02 0.1140.02 0. 006 2.438 0. 041
il4:0 GP 0.1440.01 0.0840.01 1. 394 7.985 0. 000
il5+ 1 GP 0.0940.01 0.05+0.01 0.311 7.349 0. 000
al9: 0 GP 0.0840.06 0.0140.03 1.599 2.648 0.029
16 : 0 20H GN 0.0740.02 0.0840.01 0.331 —0.968 0.361
i19: 0 GP 0.03740.01 0.01+0.02 28.543 3.033 0. 030
al6 : 0 GP 0.0140.02 0.01£0.02 0. 005 0.027 0.979
16 : 1w9c GP 0.00=40. 00 0.0640.08 27.963 —1.559 0.158

HGN FR B 2L R BAME B , GP 2R 2% [P PR B, Act ROR LR B , Fungi 3878 B, AMF &8 ARG AR B3
Note:GN indicates Gram-negative bacteria, GP indicates Gram-positive bacteria, Act indicates Actinomycetes, Fungi indicates Fungi, AMF indicates

Arbuscular mycorrhizal fungi

WF o2 45 S WoR . 5y 8 W 4l bk 1+ 18 5L PLFAs 24 R R AR LB A [CPHE B PLFAs i 8 % & T 5%
(35.45£2.13) nmol + g ', M B EF & T HEIECH BRSSP <001, 22 LM B & T 50 1R
(27.0242.41) nmol » g "(P<C0.01) (¥ 1a), HF— AP <C0.05) (A 1b~h),

BT 2RI T R A SlbK A A A L TR LR T A
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JHPLFAs 41 B PLFAs FLH#PLFAs T 4 R L
Total PLFAs Bacteria PLFAs Fungus PLFAs Ratio of fungus to bacteria PLFAs

~ @@ ¢ *ok ®) *k T ok @d ® ns
036 — 244 * 0-247
. 5
E i 204 ? 4 0.20
2 284 °
< [ | [ 0.18
— 18 34
& 244 ) )

PP MP PP MP PP MP PP MP
o J - °
‘w6~0 () *% 0.9 f) *k 131® * 12 {® *ok
2. 5.51 ﬁ —
g 0.8 12 4 _ 114
g 5.0 ° ° 10
- 0.7 114
245 91
&

0.6 104 i
T T 0.5+ T T 9 T T 7 T T
PP MP PP MP PP MP PP MP
Ji £k FiPLFAs JAKS B AR B B PLFAs 522 [ 1 B PLFASs #4522 [P 1 BPLFAs

Actinomycetes PLFAs

Arbuscular mycorrhizal fungi PLFAs

Gram-negative bacteria PLFAs Gram-positive bacteria PLFAs

ns, * Al x x 0PI FIR AR BF B F (P <0, 05) Fifk 8% (P<<0.01);PP. D B Iy 4l bk, MP . 53 1% 1R 58 &

ns, * , ¥ % indicates non-significant,significant (P<C0. 05)and extremely significant (P<C0. 01) difference between the two

plantations,respectively; PP:pure plantation of P. massoniana » MP:mixed plantation
B1 SlibloR S I8 TR S ORI LR GUE M 2R E R PLEAs & 1

Fig. 1 PLFAs contents of different soil microbe groups in the pure and uneven-aged mixed plantations

2.2 TEMAYEESHEN

B2 on R RS Al Ak - HE R W R 1Y
PLFAs ZHMEY & TR IR TR A, ¢ Kes g LW,
BB Pl bRORT S i TR 28 R - B8 PLFAs 5 B Ay
SIBEFRRE B AN 2 (P =>0. 05) , 1M 7 4 B 44 5 %% .
Simpson $& £ 22 F 1k 3] i 3 /K (P <C0.05)
2.3 TEEREEM

L AN Sl bR el i o S TR AC RS, 1 31, 4-7)
2 WE Y T N- T - 3~ 0 ik ) 2 0 g L 19 AL il L it
S AW T T 14 5 A [ R B A B AIG, o N- & -
B- 2 ik A OB T L M A Ak B S M BRI 2 0 ok
11.99% .18. 03 % , 5 Sy AN Sl AR AH LL , 22 5 43 il 3k i
B B EKTGR D . FIRIEC GRS & R M
T4 2 T R IO il 0% L (ELRT R S AR 22 RN B (P>
0.05), J5 4 22 5 ikt B 3 /K F- (P<<0. 01),
2.4 TEMRK

A JE 2 MRSy HIEVERURAE, R AT, S
FEAS SRR B 3 AR TR SRS L A PLBT (SOMD
U AR CAKD & & M b 2 B AR, B IE 4 3 ok
30.09%6.29.95% s + A BE (AP) T WAL T
12.65% HZF AR E., SRR 55 KE
(SWO) 2R (TN 7 & ) 8 & & T 5 B A gl bk, 3
WE 5 M 42, 96% .94, 92% s T HER AW A W& A
(MBN) & & W &% 3% & T 5 2 f 4 bk, 3 06 8
28.17% . ULAL, 5 R AN SRR L L 57 8 TR S A
T3 pH EH .28 (TK) A A AN MAEDEY

BEWMBO & E.BHERARE, HEMAEYEY
R A (MBC « MBN) iy 5 B Fr 4l bk 5 F S5 i R 22
L2 ARRE B EKFEP>>0.05),

25_(3) ns (b) *
% 2.5
20 =
. v P -
= 2 B o 2.0
5 151 e |
H-.2 5215
) ; ,_E‘ga
S <107 % £ 1.01
— ¥
~ 1 £
s 205
w
01 0.0
PP MP PP MP
1.00{© * 0.84@ ns
s
=
| L=
w5075 g 06
£E =
& £ 0.50- 8504
Qa 5 5
=l ER
5% =
& 0.251 2 20.21
]
=9
0.00- 0.0
PP MP PP MP

ns. * Fl x * S HIRIRN B E B F (P <<0. 05) Mk &%
(P<C0.01) ; PP By BN Sk, MP: 5 8 TR 52 bR

ns. ¥ , ¥ * indicates non-significant, significant (P <<
0. 05)and extremely significant (P <C0. 01)difference between
the two plantations, respectively; PP: pure plantation of P.
massoniana » MP:mixed plantation

P2 SRS % IR ST Ak LR AR ) PLEAs Z2 R R4 2K
Fig. 2 Soil microbe PLFAs diversity indices in the pure

and uneven-aged mixed plantations
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Table 3 Soil enzyme activities in the pure plantation of P. massoniana and uneven-aged mixed plantation

_ _ P N'ZM'B'%—‘%% 4 7 \ S e

T B-1, 4] % M 1 L i 1P Tl 2 Wy A AL Bl o ALY JhK i
v il bl BG (nmol * NAF(" (nmol » ACP (nmol » PHE (pmol + PER (pmol « URE (mg N «

ariables gfl .hfl) g’l oh’l) g*l 'hfl) gfl .hfl) gfl .hfl) gfl -hfl)
29=X VNIV AN
Eg;‘i glfa“ta‘ 37.304+1.45 36.57+2.10 106.37+6. 71 11.6141.22 13.4241.72 7.8340. 64
P. massoniana
EA'N N
Mixed planta- 35.94=+1.50 32.19+1.54 110.36=+5.53 9.5240. 67 12.08+1. 44 9.07+0.32
tions
F 0.109 0.117 0.071 0. 830 0.234 1. 555
t 1.453 3.759 —1.024 3.350 1.338 —3.852
P 0.184 0. 006 0. 336 0.010 0.218 0.005

R4 DEMRMANIRER WY RRE

Table 4 Soil properties in the pure plantation of P. massoniana and uneven-aged mixed plantations

e AT TR T S A T
ths HUR BRSNS SN Y | 2k e whE  mhm  EDE
A pH val-  KiE o i ek BieR WeR a8 E b i et LR g
Variables ue SMC SOM TN(g+ TP (g+ TK(g+. AN AP AK MBC MEN AL
%) (g- ke kg™ kgD (mg - (mg - (mg - (mg (mg MBC
kg D) kg D) kg 1) kg 1) ke D) ke D) MBN
 FE s 4
Pure planta- 4. 04 £ 20. 43+ 82. 92+ 1. 45 = 0. 27 + 3. 51 + 61. 69+ 11. 18 + 51. 46 + 351.714+  33.34+ 10. 45 +

tions 0.12 1.75 10. 13 0.31 0.07 0:21 4.67 3.35 7.77 99. 30 3.62 1.99
P.massoniana

ﬁicezk lanta- 4. 12 £ 29. 21+ 54,32+ 2. 82 £ 0. 27 £ 3. 59 + 69. 07 £ 9. 77 £ 32,37+ 353.34+£ 42.73+% 8. 51 £
tions plantd 0.10 3.73 4.78 0.69 0.04 0.14 6.97 2.69 4. 80 79.95 5.37 2.90

F 0.004 4.685 0.887 1.387 2.610 3.491 0.226 0.686 0. 496 0.067 0.941 0. 180

t —1.122 —4.765 5.708 —4.060 —0.183 —0.672 —1.968 0.737 4.673 —0.029 —3.243 1.238
P 0.294 0.001 0. 000 0.004 0.859 0.521 0.085 0.482 0.002 0.978 0.012 0.251

2.5 TEMAYEHELMESLIEBEEMIEER  HCEBR R B AW BN S 1 NAG
EskisP S R EIEA G, AR E LIRS

Hi 36 5 AT, TIEANEMOAE W B S T IEREIR . PHE MOCHES B8 8l B E KV, AR LEMAED
BRI K RAF ., AR EBEMA YRR KBS £ SOMIAK 2l B FIEHKEXER, 5
¥ 5 BG,.NAG, PHE, PER £ iF #1 ¢, 5 ACP Al AP ESRIEFM KR, M5 pH H.SMC, TN, TP,
URE 2 fitH, Ho, HHEFE 2 CHAEEYS BG 1Y TK.AN.MBC.MBN 2K A&,
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RS5 TEMEMBEEONTEBRBIES LEERNBXSN

Table 5 Correlation analysis among soil microbial community structure,enzyme activities and soil properties

5 # PLFAs 2&1@ PLEAs E?ig;im Act AMF GN GP
Variables Total PLFAs PLFAs PLFA; PLFAs PLFAs PLFAs PLFAs
BG 0.508 0. 497 0.564 0. 370 0.599 0.695" 0.313
NAG 0.904"" 0.900" " 0.812" " 0.892" " 0.799" " 0.841" " 0.849" "
ACP —0.161 —0.170 —0.126 —0.166 —0.025 —0.198 —0.135
PHE 0.675" 0.679" 0. 481 0.803" " 0. 587 0.541 0.704"
PER 0. 484 0. 505 0.423 0. 420 0.377 0.615 0. 380
URE —0.684" —0.703" —0.493 —0.769" " —0.496 —0.551 —0.734"
pH —0.184 —0.185 —0. 142 —0.173 —0. 346 —0.197 —0.157
SMC —0.807" " —0.812" " —0.705" —0.813" " —0.608 —0.643" —0.844" "
SOM 0.820" " 0.807" " 0.814" " 0.719" 0.860" " 0.705" 0.793""
TN —0.647" —0.659" —0.551 —0.640" —0.506 —0.530 —0.679"
TP —0.078 —0.091 —0.036 —0.132 0. 250 —0.096 —0.078
TK —0.103 —0.121 —0.040 —0.115 —0.031 —0.022 —0.175
AN —0.391 —0.372 —0.226 —0.583 —0. 490 —0.205 —0. 447
AP 0.324 0. 320 0. 209 0.431 0.323 0.158 0. 396
AK 0.772"" 0.764" 0.649 " 0.820" " 0.754" 0.657" 0.760"
MBC —0.218 —0.215 —0.417 0. 080 —0. 300 —0.414 —0. 060
MBN —0.825"" —0.819"" —0.741" —0.831"" —0.702" —0.626 —0.866" "
MBC : MBN 0.283 0.283 0.070 0.531 0.133 0. 009 0. 439

Heox FARBFE (P <<0.05), % x RAMEBEP <<0.0D

Note: * indicates significant (P <Z0. 05), * * indicates extremely significant (P <0.01)
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Effects of Uneven-aged Pinus massoniana X Castanopsis hystrix
Mixed Plantations on Structural and Functions of Soil Microbial
Community

WEN Yuanguang'*,LI Haiyan' ,ZHOU Xiaoguo' ,ZHU Hongguang'*,LI Yunchou',
CAI Daoxiong””’,JIA Hongyan®®, HUANG Xueman'’,YOU Yeming'*

(1. Guangxi Key Laboratory of Forest Ecology and Conservation. Forestry College, Guangxi University, Nanning. Guangxi,
530004 ,China; 2. Guangxi Youyiguang Forest Ecosystem Research Station, Pingxiang, Guangxi, 532600, China; 3. Experimental
Center of Tropical Forestry,Chinese Academy of Forestry,Pingxiang,Guangxi,532600,China)

Abstract: The objective of this study was to analyze the long-term ecological effects of the conversation of
pure Pinus massoniana plantations to P. massoniana and Castanopsis hystrix uneven aged mixed plantations
on soil microbial community structure and function and provide theoretical basis for the accurate improve-
ment of the quality of P.massoniana plantation. Based on the 60-year-old pure P. massoniana forest and P.
massoniana and C. hystrix uneven aged mixed plantations, the differences of soil microbial community struc-
ture and function between pure and uneven-aged forests and the correlation between soil microbial groups and
soil enzyme activities and soil properties were compared. Our results showed that there were 27 kinds of la-
beled PLFAs in the two plantations with more than 0. 01 nmol « g ', among which, the content of 25 PL-
FAs markers was higher in pure plantations than that in mixed plantations. The PLFAs of soil microbial
community, bacteria, fungi, actinomycetes, arbuscular mycorrhizal fungi, Gram - positive bacteria and
Gram-negative bacteria in pure plantations were significantly higher than that in the mixed plantations. The
PLFAs diversity of the soil microbial communities in pure P. massoniana plantations was higher than that of
the mixed plantations. Among them, the difference of soil PLFAs richness and evenness index was not sig-
nificant, while the Shannon Wiener index and Simpson index were significantly different. After the conver-
sion of P.massoniana plantations to uneven aged mixed plantations, soil -1, 4-glucosidase, N-acetyl-8-glu-
cosaminidase, phenol oxidase and peroxidase showed different degrees of decrease, while soil acid phospha-
tase and urease activity increased. Correlation analysis showed that soil microbial community was positively
correlated with f-1,4-glucosidase, N-acetyl-B-glucosaminidase, phenol oxidase, peroxidase, negatively corre-
lated with acid phosphatase and urease, positively correlated with soil organic matter, available potassium,
and negatively correlated with soil water content, microbial biomass nitrogen. The long-term ecological
effects of P.massoniana and C. hystrix uneven aged mixed plantations on soil microbial community structure
and function were not obvious. The simple structure of uneven aged mixed plantations , less species diversi-
ty, low soil organic matter, and high soil water content in the rainy season are the main reasons for its soil
microbial community diversity and soil enzyme activity being lower than pure forest.

Key words: Pinus massoniana » Castanopsis hystrix , uneven aged mixed plantations, soil microbial commu-

nity, soil enzyme activity
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