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Abstract; Stand structure changes with forest age caused the variation of soil microenvironment, which can directly or
indirectly affect soil microbial biomass carbon and nitrogen, and soil enzyme activities. To better understand the change
characteristics of soil microbial biomass contents and enzyme activities along an age sequence of spruce plantations, this
study was conducted to evaluate the theoretical basis for restoration and effective management of subalpine plantations. In

this study, Picea asperata plantations of various ages (25, 40, 50, and 60 years old) were selected in Miyaluo forest area
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of western Sichuan, China. The soil organic carbon (SOC), total nitrogen ( TN), total phosphorus (TP ), available
nitrogen ( AN) and pH, microbial biomass carbon (MBC) , microbial biomass nitrogen ( MBN) , dissolved organic carbon
(DOC), dissolved organic nitrogen ( DON) and light fraction organic carbon ( LFOC), soil enzyme activity index
( B-glucosidase, BG; Cellulose hydrolysis, CBH; B-N-acetylglucosaminidase, NAG; Phenol oxidase, PHO and
Peroxidase, PEO) in 0-20 c¢m soil was measured , respectively. The results showed that the MBC and MBN increased up to
40 years, and then decreased with the increase of age. There was a similar trend in changes of the activities of BG, NAG
and PHO, while BG and NAG were highest at 50 years, and PHO was highest at 40 years. PEO activity of 50 years was
significantly lower than other plantations. The activity of CBH increased with the increasing age of Picea asperata plantation
stands. Redundancy analysis (RDA) indicated that AN, pH and DOC were main influence factors of soil enzyme activities
in the top —layer soil, accounted for 65.4% , 9.7% and 7.6% of total variation of soil enzyme activities, respectively.
Overall, our results suggested that the growth of Picea asperata had a significant effect on soil microbial biomass and enzyme
activities. The soil fertility in 60 years of Picea asperata plantation was the lowest in all Picea asperata plantations.
Therefore, we can increase carbon and nitrogen elements ( especially nitrogen) devotion to improve soil quality and enzyme

activities in Picea asperata plantations nearly 60 years.

Key Words: forest age; subalpine of western Sichuan; Picea asperata plantation; soil microbial biomass; soil

enzyme activities
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LR PRS2 S 0, IR TR DX I RN LR R AR AR RS B Oy R TR i
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28 50 AFARLLK , PG 5 L J5UR I AT i AR R HUBERAR, 2 1998 AR RENAT, BB MR IR A T HR 7] £
FTR (R JE0 5 P PR R IR TR A bR N TS AS TR MR B i 53 A7 O ZR MRS SR 2 . 42 ((Picea asperata ) fE
] P 1S 0 P4 I g L el DX T o A o 22— i R G 1l IR 7 g D 7 g S A 2 22 7 T o T 2 A
Hlo SEAESgE R IX I A A2 N T AR 3224 e 3R s 251 | 3 mig ey 1o ML o> 0 - S A P
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TR S Gl A= W A e P T 1 B S ey DR R DL AR, AN SR 25 TR AR A ] 19 5 3% , B 1| VG
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AN TR AR B 17 3 b SR S L SRR E BT R A B SC R B AR R s )P I g LR 2 A2 N AR
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1 HARRMRAERARTE

L1 AR5 XA

WFFE XL T U )1 BT U] PRSP AR X (31°24'—31°55" N, 102°35'—103°4" E) , 4R B 2l 2850—
4200 m,, HAJE TS )R LA M AR, R 2 KU S AR 2 W, A RIER T, 1 A PR
IR—8%C ,7 AR 12.6°C , AR F B IR 6—12°C, = 10°C FUAEFH IR 1200—1400°C , 4E % /K £ 600—1100
mm , 78 & 5 1000—1900 mm, FRAR-HIESAY 20y 1l M A ) i+ BB 20N THUA BCa T E = a8 455k
UMY, + 20, AR A7 BT R M 28 7 K I B R XS ] AT AR R AR 328 b 28 5 T o o3 2
SEE S A RWKE B BB RA A2 K TR h A B, FEEY M HAL 242 (Picea asperata) ,HRT
BRI i AL W (Acer laxiflorum ) | = B4t ( Berberis sargentiana) | Ji ) 3% 7% ( Rosa sweginzowii ) | B H 1€ #k
(Sorbus koehneana) &5 1M ( Salix paragplesia) 55 ,
1.2 HEMBBCE S BRERAE

2019 4F 7 H T, 42 et et 08 A0 AR SEE AR LR B, £ K IE 2 AR IX L L 25,40 ,50a 1 60a FHLAL 25 42
(Picea asperata) N THR( WL 1) , BAPARHIBENLAT I 3 1> 20 mx20 m BYARIAEREHE , SEATREACKIN | I-10 55 H 34
AR TR ERE AR BE SR R . SRS X RESR HERE AR IR IR 438 4 4 10 mx 10 m BYFETS >R “ g
FE 5 0B RUREERE (020 em) TIEFES SRAEHT/ING BR 2SR AT Y, AN 854 125 ( Eijkelkamp , 15
07.53.5C) #EATHURE DRI AR 8RR G 3 5) 4= U 7306 40 U 1 kg ARG BB 4%, 8T 4°C IR IRAR 12 ] 52
Bz, 37 B2 BRENAE P R AR BRAE R B R R RE SRR 2 0y, 1 O SRR T T I0 A I W A W e ik ORI
W 1O BSRAT, 455 1.,0.25 mm B, FHFI0 5 3 BRAb I

F1 HEEREZAIREBERER

Table 1 Basic characteristics of different sites in Picea asperata plantations

wE Homg R

W omE s mEowmo owE o omt mEw ok PVER e e
Stand age/a  Altitude/m Longitude Latitude Aspect Slope/(°)  Position JEJE/em . o ) height Height/m
density (#%/hm?) .
diameter/ cm
25 3267 102°69'37" 31°79'76" NE 34 L3 0.6 0.82 2125 11.58 3.36
40 3272 102°69'43" 31°79'85" NE 34 BT 1.83 0.75 1300 16.92 8.45
50 3011 102°70"44" 31°79'36" NE 34 20 2.20 0.72 1475 18.56 10.10
60 3160 102°70'6" 31°78"70" B 10 / 1.17 0.75 1350 21.65 11.49

1.3 HEaatr
1.3.1  H3EFACHE AL o A
T ALK (SOC) A4 E(TN) 73 51l 2R FH H 3% B o A A A In i | 2 — 4 Ak 700 3 e dnk 8l o3 A S0 0 7
S (TP) SR AR LL 3L R UV-2450 28503 G R THIN A2 5 B 20 (AN) SR R 2 10 2 5 + 348 pH {H
3§22 B PB-10 A pH I , K TARFRUBT R LR 2,501 5 2R FHAE A E 38 i 5 K3
THEATEHEATHLE (DOC) AT HEAT HLAL(DON) , FHZEIB/K LUK £ He Oy 501 B4R, IR AR 30 min, Ji
0.45 wmIEBAMYE , FH H A H TOC-VCPH/CPN A {2 3€ ' DOC & &, L AM e (5 UV-
2450) W 5E AT S (DTN) |, FH AA3-3 223 301 43 A 5 AT P JTE AL AL ( DIN) |, Al H 22 {6 7% DON =DTN -
DIN FHE LA BLEE (LFOC) SR FBEHIE 3% I ECT D 1.7 g/ o OBMEAIE WL 3R35 1 h R B0, IR
IR FERATFH 0.45 um P 4ESERE I FEH 0.01 mol/L CaCl, FIZEIE /K huE whisk , T (60°C) FRit 53 0.15 mm
%, 55 FH S HE TOC-SSM-5000A i 43 A {3 <2
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132 HIERUEYIAEY R (MBC) EYR A (MBN) ¥ E

A AE Y RER (MBC) R Y AE Y AU (MBN) SR S 5 B2 78-K, SO, FLE IR L e AR 2 13 7.5 ¢
(3t 2 mm G (0 6F A S IR T SO ROJC T B L2 TR g b (E RS RS T N 25 24 h JE U
A AR 1:4 1 0.5 mol/L K,SO,7K¥EW , %% 30 min, & 38J5 ,MBC A TOC-VCPH A3 HLEk 53 B
G2 , MBN I AA3 -2 sh /Al e > AR .

IR A Yk = (2R A PR - AR AR A LK ) /0.45 (1)
TIEHEY YRR = (ER IR A -RERZ A ILA) /0.25 (2)

1.3.3 LIRS R E

b ST P (4 52 2 BB Chen 2600 A0 Li 455V (052 7 vk . A AR IR FHOOG ek i e BU L ¢ 3
fif 32 fNZ&IH/K 125 mL, 2% 2 h(25°C 180 r/min) &, W B 1 mL HIE M, INA 2 EIE Y (DTEE MUB)
0.25 mL,25°C FROERFE 4 h, FAIA 50 pL #JE N 0.5 mol/L (1) NaOH ¥, KW 2 1k )5 FH 22 D RE B bR iX
(M200PRO, Fiit Tecan ) il FL7E 56 B 5 ik 80 A0 10y Tl R 22 19y 4R A R FH R EDG e 28 i v, e BB 50 H A XLT
+H#£0.20 g, 2 BIINA R AR (120 mL AT 100 wL 2824 =W 20 wl AL SR PRI 257,30°C 1E R
RigE 1 h SR BUE BB 50 mL BERRZE M 430 mL ZEE 50 wL BERRZE MR RN 430 WL 28k PRIGE0K,
25°C E L FE 30 min, HEEFRY (M200, it Tecan ) IRE ; 47 4k Z K MR 3, 5- A SK IR b ikl 7
FREL 10 g +3 A 1.5 mL B2 3850 J5 08 15 min, FEIIA 5 mL JEE20 80N 1% 0958 W 27 4 R 1R M
5 mL pH=5.5 MYEERRER 22 Wi, T 37°C THIRAR P 8537 72 h J5 B 1 mL S35 H-UV2450-28 4 66 EE
WIZE . 5 Fp 1Y 2 PR 465 FINRE WL 2,

R2 TEBHNERES EREY

Table 2 The abbreviations, function and substrate of soil enzyme

ity @y Trfie |27

Enzyme Abbreviation ~ Function Substrate

B-HIZWE T B-glucosidase BG 531 5y W Ak 4-MUB-B-D-H &G 11
Y Z KAt Cellulose hydrolysis CBH 5311tk i Wik ke B B LT 2 A

B-N-Z B LA AT # B-N-acetylglucosaminidase NAG I 4-MUB-B-D-Z Bk 4 24
Z W A LR Phenol oxidase PHO M AE R A gt AR =Ty

i E ALY Peroxidase PEO 3 R e S 1 S VIO s W e

1.4 Hdukbs

R H PR 7 227 (One-way ANOVA) Flldse /N i 25 P 22 5 15 (LSD) 6 56 AN [R) MRS N T AR 4= 358 BRAR A 5
TR Y A Y A TS TR S EYE 22 R («=0.05) ;R H] Pearson AHICHE TS 3 5 A RS M 2 AH
) A HER T (B AR AESCRF ) 5 F Canoco Software 4.5 #0441 3BT M A5 HE 5L 1 28 A S M 0 £ 3%
FHATTCAR 53 M7 (Redundancy Analysis, RDA) ARFEZM0 T IE AT HEASAL I £ R . Frf Bl R ] SPSS
22.0 A HATGE 5307, H SigmaPlot12.0 FAFHI &, S B B8 5 0 1 B A5 2% .

2 FHRE5S

2.1 AFEIMRE A 7 A2 A TR A AL P R A s

A N T bR L35 pH S0 N 5.30—6.02 , B R i BRI I 5L 53 38 a3 ( P<0.05) ;40 4E A A T4k
) WC S 2 1 T L AARUS B B e N T B MRS 15, %622 388 SOC TN \LFOC | AN Fl1 DOC 2 #5634 hinJ= B
AR LS (3% 3) , Hor 50 4R A N TR & i fierms . BEAE PRI AIG I, DON 2 51 fe pdl i) A8 s 35 (H R
RFNBEKT-(P>0.05) . HHE C/N FEARIEHE NG B2 T BRI S, 60 424 N TARE C/N BELT 25 4F4E
40 FFHENTAR(P<0.05) . FJZ I TP & RAEARFIMES N TR Z 022 57 8 2 RILH 60a>25a>50a>40a,
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£3 TRKRERZZA TR TEELER

Table 3 Soil physicochemical properties of Picea asperata plantations with different ages (n=3)

FRIE Stand age 25a 40a 50a 60a
g

pH 5.46+0.06b 5.30+0.15b 6.02+0.11a 5.95+0.15a
FIRFEWC
KR 38.09+0.68b 69.95+3.52a 46.46+5.58b 44.91+11.89b
Water content/ %

i SOC
ilﬁ%ﬁ?mﬁ?)'% 46.64+4.33b 80.44+0.56a 82.53+17.97a 55.62+1.75b
Soil organic carbon/(g/kg)
4R TN

4.45+0. .61+0.24, 22+1.79: .64+0.24

Total nitrogen/ ( &/kg) 5+0.35b 7.61+0.24a 8.22+1.79a 5.64+0.24b
2H TP
2 1.22+0.07ab 1.07+0.06¢ 1.10+0.06bc 1.3420.11a

Total phosphorus/ (g/kg)
BRALL C/N

. . 10.48+0.39a 10.57+0.39a 10.04+0.09ab 9.87+0.23b

Ratio of carbon and nitrogen
Pl

Mmﬁ ANA 163.33+£20.24¢ 238.70+17.20b 289.10+20.44a 209.53+36.38bc
Available nitrogen/ ( mg/kg)

2] w LFOC
’E? ﬂﬁjfﬂ{.ﬁ)z . 6.04+0.69b 16.06+2.90ab 31.82+20.73a 9.74+2.26b
Light fraction organic carbon/ ( g/kg)
n] s D

J.{ﬁ ﬁﬁ*ﬂ‘ﬁf}% oc 37.82+7.51c 51.07+2.63b 65.76+3.00a 35.56+6.50c

Dissolved organic carbon/( mg/kg)
EIReeY % DON
TR LA 31.36+1.89a 44.35+4.63a 38.07+3.77a 35.49+14.01a

Dissolved organic nitrogen/ ( mg/kg)
RN R R RIS LR 2542 A T AR 225 8.5 (P<0.05)

2.2 AREMIEHA: =42 N TR A Ak Wy i He A

K1 B, AN EMIES AL 2 A2 N TR 2 14 MBC A1 MBN [ AR b R AR L ( P<0.05) , Hirfr 40 474
AT AR MBC Al MBN 5 & iz 5 (1408.50 mg/kg Fll 437.94 mg/kg) , # kL 25 .50 ,60 4E4= 4351 = 64.09% FlI
52.92% 26.97%%1 34.71% .54.91% 1 70.19% , H = ARHE T 5371 1 40a>50a>60a>25a Fl 40a>50a>25a>60a.
MBC/MBN Bifikii 5 5 25 38 a5 (& 1), B 60 4F A5 N T 53 51 L 25,4050 4F-4E 5 50.35% ,31.73% Fil
26.06% .
2.3 AFIBRIEHAL 2 A2 N TR SRS 1 1) LA

K2 s, NTAREZE 3 BG 1 MEFIN N 50a(30.65 nmol g™ h™') >60a(22.71 nmol g™' h™") >40a(21.74
nmol g™ h™')>25a(5.28 nmol g™' h™") , Hih 40 4E/E 1 60 4R 11 BG 1122 %A 2 (P>0.05) ; CBH JFK 1E B
MR S 38 A, 60 A 3 = T LA 3 RIS B BL I N T AR (P<0.01) , it 50a F1 40a ,40a il 25a Z 1] 22
SRR (P>0.05) ;NAG THPEZSLa3 5 BG AL, 50 4E4: N TR E 135 NAG 1M J1%¢ 25a H1 60a (1)
T 77.03%H139.98% ; PHO 1 M EH Jy 40a>50a>25a>60a;50 4E/E 1 PEO T4 i 25 T HA = FhARIE By B Y
ANTHM(P<0.05) , 43 b 25 .40 F1 60 4FH:AK 77.94% 63.88% 1 68.52% .,
2.4  TIERGTEPEAR LR RDA 43Hr

L5 B - SRS PR Sy e i AR i, PEECS LIRS PR WA OGO R B R AR R R AR g JT 4
B AN [EIARIE A BRAE 5T HEAT U4 AT, AR A IR o) 3l 16 AR AL 1) B T, 25 R, AN [RIAR I N TR 1
TR AT A RIS (I 3) , U BHMRIE X N MR - R PR i s e 28 . INIRT 3 ml o 5 — il AN 5 — il 3
[ ff e T Sl 15 MR AR 57 1K) 86.86% , AN . pH Fl DOC 43 Hifie e T+ 3RS AR 511 65.4% (P=0.002) \9.7%
(P=0.026) F17.6% (P=0.04) , EAT &5 L T FEHGE AR 500 W MR 1. AN 5 NAG BG W i 35 1EAH
F(P<0.01), 5 PEO W17 M1 % (P<0.05) ;pH 5 PEO 53 71 4H¢ ( P<0.05) ; DOC 5 NAG .BG .PHO i 3 1E
HHE, 5 PEO I Z TAHE (P<0.05) sNAG 5 BG #h ik 3 IEAHE (P<0.01) 55 PHO 13 IEAHIC (P<0.05) ,PEO
5 NAG 1 BG i 3 A AHIC (P<0.05)
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Fig.1 The variation trend of soil microbial biomass contents and microbial C: N ratio in Picea asperata plantations with different ages
(n=3)
RN FREFIRA RIS ALR = 42 N TARIE] 22 53 .35 (P<0.05)

3 it

3.1 AS[ERRES A TR - g AP ARk

RIS BRI & R B B R R M E R R G R B HIAE A RS X N TR e B B A 25 W 252, 138 pH
SR 0w AR IS ) o R RIS YR AR YA OG . AR B A A = A2 N TR i A K
KR, 5 pH B E RN, F IR AT BR 0T A RS IR B A RS IR IEE Y S MR S A2
N TR C/N BEARESE M) | 302 T - 35A AU 2 R 0 A a3 B AR — 30, (H - HEA BLak 19 AR 1 3
hirE T e m A b, 13 C N RV ARG HEHRECE, FHYAERKREET SR REEE
YER . A58 &3 SOC TN AN \DOC Fll LFOC 555753 75 5 J4) MR I 522 S 388 i ik 9 28 T 34, T 3 bR (40—
50a) IAEI K, SEAFRGER - . ATHAESRGA TR Y8 THE A S EKHE, N+
PR 1 350 T 3 R 3R A e R B A KO s N AR 38 B s, 25 4008 R R B K L IF 38 R
1, T L (RIHFERHL I 5 0 Rk 415 B B AR PR 3855 55 B RIR , Sl PRORT bR N TR A 4
i VEFRCE R R RN, HEeu S R E I — S B LR T RS ) Y e
BT 0.8—1.0 g/kg BF, H3EH BB ALY AT 245 50 o )17 30 55 1L R TR MRS LR 5 2 N Tk 4
W&o 1.07—1.34 ¢/ke, I HEEMIBAIG N V BB HARE  40—50 474 B 25K T 25 4FA4E 1 60 AEAE A
TR, AT REZ R 40—50 a AL A2 40 AU AE K B B, S B0 AN 388 28 1 Wl it K T - S ek nd
JiniE

http ; //www.ecologica.cn



5638 £ A ¥ W 41 %
40
s a
B T
g o b b
(=]
£t
@y 20 |
w2
7
Q O
2 10|
A C
LT
25 40 50 60
10 r;14
~ a e a
o0 o 212 T
o8 T 23 b
2w @ =10 T
CE ﬁﬂg
gz © =3 8 ¢
2 b =2
$2’ bc £
o
%2 -‘v@g 6
T 4 c 8
&S ® 2
%2 s 4
g = d
B 2 N B
© z
0 A
25 40 50 60 25 40 50 60
50 50
T 2
Fon a
" 40 b T b ~ 40 T a a
0% T T o T T
T an 0T
S E 3 & T30
23 2= b
I 2 ;I
S 33
=5 20 EE20
£ 10 =10
0 0
25 40 50 60 25 40 50 60

Mg Stand age/a

2 FEHEHEKRTEZATHE L EEE S

Fig.2 The variation trend of soil enzyme activities in Picea asperata plantations with different ages (n=3)

3.2 AN[FEIARES A TR 3R A4k

BEM K B IO & A Ak (A5 A W A e %o AR A P BURR PR B 2 2 AT SR 4 AR
7N, 7¢)2 T HE MBC Il MBN & 122 0543 51147 505.73—1408.50 mg/kg . 130.54—437.94 mg/ kg, 5B 45 %%
DX 38 [ VB ) Bk BV AZ AR ST 25 SRR, 8 T35 BRSO SHZ X3k = 2 N TR ILUZ B e 45 58, R)Z
18 MBC 1 MBN FUbRi& 38 135 52 B0 1 S 05 e 10 i 3 AR (k34 5 Wang 2507 BB 9T 45 9 — 3, (0 5 AR
FE X I RIS (9 .13 31a) HAL =42 ( Picea asperata) N T ARIIBESESE RA Fr 22 5 T RE R th THF9T
TIZEBEAR R, A SN THAEKS] 40—50a BB, 32)2 1 MBC Al MBN 2 /& T 25 4E A2 1 60 4F:
Az AT BB R 40—50 4FAz B BON TARART 22 08 95 ) 15 F3d 2o 94 9% 1 3 34 30075 3R D0 R B4R T340 S i+t
T 25a A1 60a( 3 1), Ho IR N0 B8 B W0 B0l B 0 T e s v, S A0 AT LT 3 | e 1 4
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Fig 3 Redundancy analysis (RDA) depicting the relationship between soil physical-chemical properties and soil enzyme activities in Picea

asperata plantations with different ages (n=12)
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