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BEIENIETERLEMMBR G LI EF R EZE T L E ., [FEIUFERERKG D RN A I MAE N HF % 2T
LR A EAFEHE, T 20155 10 A A HRAFERGTERMAIAMBRITS ERFLETERBED R E R LIERT
L EEETMHE, (FRIFREZEMAIHRREETEAMA DB ESHEENLEZE LA AEVERE, LN
HEO0~10cm £ EHEH,E>10~20 cm + B H K, £>20~30 cm £ B F & B B R T F A2 E b, Z KRR G LE
AEFHMAENRERBERABT T AR R LERBEFLERTRER AR T FEXL LW ZRA . AABEFEM3 X
EMENREERTEANZRAAATFEL(Hp<0.05);ARIEMAIMNALERGTERAMEDREGRT LY
BTERTF HELENE REEERFEXAZEAH AR HANE AR EM KU EN S LEHER T FEXL LY
EHAXZ(P<0.0D, [FRIEREGTLZREMKRRTLEMAD B EMBESE. —_AMARTLEMRELEZE Y
Wk R AT — R AR

KPR IRAER ;AN BER EALA

RESHEES.Q48.127 2 XHRFRAERRD : A XEHE.1672-6693(2017)03-0114-07

T AR R [ N AMAH AR TE T 2 RN TR Bh A 7 ) R Ry R A Y TR AN (Pinus massoniana)
B R A AR IR AR AR SO O T E R R M R R R AR AR R A T R
R R - S Gl A4 25 A B 7 3 AR e v A 2 A ART Ay 52 Wi 2 R - SR NE ) A8 A 1 i PR A LR TR) 8 8 28 iy T R A B
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T i DY AE AR AR BILTR L A BIF 52 4 S 17 A T X AR b 320 R PR R A — L AR B A N TARAE S B 58 0 & F 5T
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X R R A — 3 R — R RS TR AHIEE R O Y — L AR R A AR bl kS R AL
MR HL B B A F B8 (Castanea sequinii ) /N F B Jlt (Lyonia ovalifolia war. elliptica) 8k 1= % ( Dicranopteris
linearis) \FAKE (Quercus fabri) %5 N AHQE S5 AL, TR A WA A & I 0 B4, + B A0 1 ot i 0 o &5
F— AR LR RN 1.28 g+ em L BMALBRE N 53.5% . pH N 4. 33 HHLR &R .20 . 20 & 825k
19.90,1.06,0.42,2. 07 g » kg ' WA 20 A AL W L RC8H (9 35 B0 590 71, 63,46.52,67. 80 mg « kg ' s — UMK
FIEATE R 19 g cm L BFLBEE N 60. 1%, pH Fy 4. 23, AL .5 &8 2810 & &5 5008 49. 98,2. 37,
0.49.1.74 g« kg ' B A A SOHE HRACER Y i 4000 1310 13,37, 26,185. 10 mg -+ kg ', SEERAREE AR AL
&1,

x1 BMERER

Tab. 1 The basic situation of the plots

R BRI R HEEA W B /m MRS /a B B PR /em EEE/m B/ (B hm )
1 b wE kPl 1 250 18 ARmM F 12 13.2 1933
2 b W kPl 1330 18 Z&® T 15.9 16. 3 1550

L3 THERESHWT

2015 4F 10 H ZE BT A9 5 AR —ACA —ARHR 3 9 43 5L B 3 4 600 m” BIFRMERE ML . 7 B A bR ifEAE M N B R
R, S a3kt G LA AE P 1) AT AR LA R B 5 K B WA A AR I SR AR BT IR B (RO 5 FE AR BR (NR)
T, HAR BN R BRARHERR TR URTE R N T R AR T IR R A K iz L L2 L LI10 em S
B )25 0~10 cm, >>10~20 cm, >20~30 cm % 3 2, [ L F 20 BI7E 42 U S ARSI AR 4% 21 40 48 354
JNC B R AR AR A RO SR B IE R BCAE AR PR K B AR AR 2 mm AN B £ R AR PR £
et B — R R AR TIR A R A TC R4S T UK & P I BRI S AT
1.4 Mo

- SR B IR A WD A SR RS MR R B AR 4T 20 B R R A AR B P R R R 5 R T 8 R R T e
R 1S8R (pH R 7. 2~7. 4>, DL 3 00 31 4% R 41 00 1) 400 A1 5 JL DA 35 SR 5 T - I 20 3l 5 o 2k
HARBAE kS IOCHk17] .

- S I 2 B AR50 &0 T Solarbio 28\ L IR il (S-UE) 2k HI &€ M % tb (035, & H B 50 LA = 4=
1 pg NH,-NSE SR 1 ANEEG T3 807 22 AL B (S-PPO) K FHAR A = e (i &8 H 4 50 HRE P =4 1 mg B (0%
BFFEE XN 1 AEEE 7 507 5 TR MBI (S-ACP) R R FR 28 4 L (7%, L 37 “C R &5 £ AF 4 H B 1 pmol
M 267K 5 i S AL SO (S-CAT ) R H H O, Fefa i, 55 H A58 HFEME AL 1 pmol H, O, FfifE X 1 AN Sy st
1.5 #iE A I8

SCU KR Y SRR KR . R SPSS 21.0 X & 48 bR HEAT GE 40T A ) 2 2 1) B W B
FIEG G PE 22 % H ANOVA-LSD 2 5 W, [F— + 2 A [FARBR Z 0] 5 7 — 1 )2 AR BR 5 4 #R B ] i3 A P %
It FVG G PR 22 5 c-test K09, 2% THUAE bR Z (8] A9 AH G P SR T Person 43 #HT. 4 p<<0. 05 BF . e it 45 R BA g it

2 BERESMH

2.1 — ZROEMMRIEEERFELIETIEAREDBEREESH

M 2 R, — AR BSR4 3 R IERMAYEE R AW R R L A WKL, KRR R_R S
JEAR BR A8 b 3 28 0] K5 SR AR W A A 2 R B AR b — 30, RV B R R R R s, FL 3 AN 2 R A
KB 2= R BA G X (p<<0. 05) 5[l — + BT, S b e ot g b — Ak . B EmE 34
+ 2, AR PR A S AT SR A0 B e — AR AR 4 i 85, 43%0,55. 77 %, 33. 12 % 5 BI85 IR LR B — AR A
35 EFF 109, 75%,53. 60 % 534, 93 % ; 0] K SR HE H— AR B B TE 94, 2296,49. 33%,142. 36 % 5 — . A%
ARTE] R — 2R PR T By R A B 22 5 HA Gt 8 L (p<<0.05) . [, A LT 3 441 )2d, AR
FE AR B - 9 AT B 3% 40 L — AR Ak 2 B B TF 62.45%0,53. 46 %, 57. 51 % 5 Al 85 3% i 2k @ L — 10K 2 B T
64.33%,39.49% ,54.97% , v] K % L b — K43 5 1 FE 60.85%0567. 18%, 84, 13 % 5 Bk — . — AX Ak 1]
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=>20~30 cm 2 JZ A AT RE SR RO TOGE T A R SO 22 S Ah L FER WEARUMR ) 45 )2 AR AR B aT B SR A W B

ERABRIT¥E
BHEITHE L (p<<0.05),

B (p<0..05) 5 [A] —ARB F] — 2 B9 MR P 4 308 vT 3% 57 B A W0 i 2 i AR AR B L 8, B H

2 —. _REEXHKIEREVEE
Tab. 2 Quantities of microorganism in soil of the 1st and the 2nd generation of P. massoniana

HREMAE MER/AERE 1 EWE/em MEH /(10 - g D) REEEGR/(10°A g D) HEACA g D
0~10 268. 2846. 67D 76. 02745, 98eC 48.1845. 02eD

3oy >10~20 172.7745.50dC 50. 87+3. 18cB 20. 18 +4. 55¢B

>20~30 90. 8143. 06bA 36. 8945. 06bA 5.67+2.53aA

! 0~10 235.1144. 18eD 63. 7645.67dC 38.1743.27dD
e bR >10~20 150. 704£5. 92¢C 42.58+4.52bB 12.52+2.51bB

>20~30 69. 85+5. 72aA 27.864-2. 42aA 2.02741. 40aA

0~10 497. 48+8. 91{E 159. 46+7. 48eD 93.5746. 04eE

HFR >10~20 269.12+4. 68dD 78.13+4. 60cC 30. 13+4. 68cC

>20~30 120. 89+2. 85bB 49. 7845, 69aB 13.7542. 96bB

’ 0~10 381. 94+6. 09eE 104. 78 6. 76dD 61.40+5. 16dE
e B >10~20 231. 26+5. 90¢D 59. 4045. 13bC 20. 94+ 2. 23bC

>20~30 110. 02+3. 68aB 43.1742.79aB 3.714+2.13aA

i::

ARG 52 B R R4 H6 b ] 22 5 B g it 2% 2 X

GiitepaE L (p<<0.05),

2.2 — ZROEMMKRIREIERF L EMHEFHE
EEH T

2.2.1 = =R L EAMARARIR LB E M & H 5
AAFAE K1 AT LUE Y, — AR AR AR B
S-UE,S-PPO,S-ACP Ll J& S-CAT By 7% 1 bt +
J2 TR 252 366 ik A AR AR A R — )2 AR PR+
Filg v AR e, AR & T AU, fER BT
3AEEH, ZAUMAR PR S-UE 6 ¥ tb— 0 hk 4y
9 b FF5.59%,17. 38% ,21. 94 % , Bi & 18] T4 it 2%
B 25 UMM R S-PPO ¥ # t— 1R Ak
I3 BT 31.68%,44. 24 %, 28. T4 % s —ACHRAR B
S-ACP i P 1 — Ak 5351 8. 54%.9.10%
9. 11% s —AUMARBR S-CAT §H M8 — 18k b T i
FE B KL 209 BT 46.19%,127. 71 % 1 66. 63 % 5
R 3 A Y I R B AR PR ] 22 R AE p<<0.01 K
FHRA G X

2.2.2 = ARG EANAARAEARTR LI BEE K E A
SA AR B2 BoR— A0 TR R AR R AR PR
S-UE.S-PPO.S-ACP I K& S-CAT i ¥t bt +
J2 B B AR, e — AR 3 A RS-
UE,S-CAT I A% S-PPO 1HPEfY 22 5 B A 48 it
FE X (p<<0.05), wH LM T 3 NMEEH,
ARG AR AR PR 13 S-UE 36 ¥ e — Ak 43 51 1 T+

(p<<0.05) s AR R E 7= 832 7n A AR bR (BEAR BRO #5958 #5 11 A A

T120 ¢ oA oAUk
" 00 | o v S N Pt v
‘Tuo o 16 B
‘uo 80 ED 12 b **C
3
— 60} E’ c
s S
ﬁ 40 | = \
g 20 + =
REI) w0
0~10  >10~20 >20~30 0~10 >10~20 >20~30
+)E/em +E/em
a S-UE{GH b S-PPOTEHE
7160 o~
o r ;ﬁ;ﬂ( o O —fUhk
c 140 | R &AM
IbD 120 |°D35 -
=100 | =307,
g g§25 | *s
3 80r 320 | B
E 6.0 [ Els I **C
g 40T W10 | b b
S 20f S st
< 0.0 9 9 L L ;
s 00 70710 >10~20 >20~30 & 0~10 =>10~20 =20~30
+Rlem +BE/em
¢ S-ACPH#: d S-CATIEH

eV NCIVNERYNCE S5 3 3 E TN (v N (v N s =1 1 €12 = R
TERE L (p<<0.05) 5 % %, x I FIRARBRIEI 22 [ 7E p<<0. 01, p<<0. 05 K
BA G5 L ons RaRPRE 27 LG8 3G TR,

Bl — ZKREEXMHKRIRLTEREEEES HHLE
Fig. 1

enzyme activity in rhizosphere soil of the 1st and

Vertical distribution characteristics of

the 2nd generation of P. massoniana forests
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8.94%,6.25%,6.00% . (H A X H 4l 2 R EA

SRR WRE AR LT 3 A BB, =it B o, ofw S o- m
PRARAR PR - S -PPO IE #E e — Mo B A W' L -
40.97%,49.67%,37.96% ; S-ACP & 7% b — 1% ;22|A§ b B m 512
B4R 5 EFF 8. 90% ,7. 15% F1 10. 70% .S-CAT i % a0 r@ - ]
PEE THROR B W — AU AR B T S 20y r—§ £
76.06%,103. 75 Y% H168. 09% ;3 FHEG G MEAEMN IR 7 0 Cosio Sioe20 =203 0 0~10  >10~20 >20~30
] 22 5 HAT ge ik 2 8 L (p<<0. 05)., +R/em +Rem
2.2.3 IR LR LB IEREFRLN F  ~ ’ SfUEEﬁnéfw ’ SiPPOﬁfgﬁm
LR R KA EE S UE.S PPO, S| = o =ith gor 00k
S-ACP.S-CAT i HE# 7 T AR IRER, 3 nf/,  “120f % & 30}
HRBR 5 A B 1] 0~ 10 em bRt —. —ftAk 5 ool ol
S-CAT,—ft S-PPO fl S-ACP DA% >>10~20 cm & 60f 25t C
LR AR S-PPO MRS E X E 5 Sol £
M 22 5% (p<<0.01), 00520 Si0m20 20230 E 0 =10 >10~20 >20~30
2.3 TEMEESE LT EMEYHENMEXSN +B/em - +Blem
Wb 4 ik S A 3 - 9 e ) R S ¢ SACPHE d S CATH
PR o B, A5 R R, — L AR E A AR 42 B2 — ZKROEMMHIERFTEBETEEESHHE
ME. B HE. L E eSS 4 S-UE, S-PPO, Fig. 2 Vertical distribution characteristics of enzyme activity in
S-ACPLL K S-CAT {f ¥ P Z 8] 2 Gt i 22 5 X non-rhizosphere soil of the 1st and the 2nd generation of
T IEA G2 (p<<0. 01) , B+ HE AT Bs F5 (B9 P. massoniana forests
B B PR (R ).
%3 — “REFRSERFRLBBERERMEST F 1 FERDEMWTEEEES T S EWH0E X
Tab. 3 Variance analysis of enzyme activity between Tab. 4 Correlation coefficients between quantities of
rhizosphere and nonrhizosphere soil of soil microorganism and soil enzyme activity of
the 1st and the 2nd generation P. massoniana with different generations
J;_Jirj E?EJA S-UE S-PPO S-ACP S-CAT ;.iz ﬁifziﬁ ig S-UE S-PPO S-ACP S-CAT
0—10 1 0.023% 0.004"" 0.000"" 0.001"" ‘éﬂﬂ?@;ﬁ% 1. 000
2 0.500 0.012° 0.076 0.005"" ﬁi:il%‘!'ﬁﬁi 0. ?22 (1) 222 oo
>10~20 bl 002:: 0085 0659 ,‘Eﬁii 8 ;82“ o: 818" o: 897 1.000
2 0-0770.00377 0.095 0. 160 S-PPO 0.953"" 0.928"" 0.917"" 0.865"" 1.000
~oggg L 0183 0.058 0.341 0.031° S-ACP  0.779%* 0.778"° 0.686°° 0.622°° 0.859°" 1.000
2 0.102 0.294 0.354 0.040° S-CAT 0.957"" 0.939"" 0.956"° 0.871"" 0.961°" 0.770"" 1.000
e, x 2 RIFIRLE p<<0.01, p<<0.05 KF e ox % FIRTE p<C0. 01 KD FAHSE M B Giit a8 L,

oo b 225 B gt 28 X
3 G 5iTie

— AR 2 AR E R AAAK AR Bl S A AR B o S8 T 8 37 Bl 2B W M A B O )R 0 A R
2L BRIUNTE 0~10 em 2 i fi &, AR5 Bl G )2 TR B 1 D 28 0ol 3% 5 4% 045 N B F 98 U B AR — B,
S AR T2 UR T W 03 ik R 2B AR AR 20 A ) R T, 3 V= S b FLA AR B 22 B AT B T R A W A A
TR T Ml 75 1 T R TR K A WL D B A AR W A R R 3 Sl B R ot A W R A
Tl 15 PE A AH X TR . ABESE R, B AR RS T IR AR B il 2 AR AR B s ] — o J= b S I 0 1 A AT B R AR W
PR I AR T AR R 0~ 10 em o J2 38 73 T 30 Tl R A A 0 A 8 g 0 4 R T B 3R
ol A 0y e R o s B T TR ) S S TR R M S SIS B L U T I R R T R R b - I



118 FERFEAFFMCEARFER  http://www.cqnuj.cn %34 %

TAEE . 31X AT BB S Pk % AR 0 R i = 4 2 o LR L BRRE DA S LT o s A R . 5 — MO L, AR
B A E R T RS, IR LR R AL & R b TR S U] T RN % R R A b o R - 4
1) 0 BEPE SO 7 2 ARG %) TR B = 98 109 3 A5 L 38 7K R R 7 A5 3 2l 35 5 T L 32 R AR T P R L b T 1 A 4 R R
TR R 2 LY A T S AR AR AR I R A A R W R R R R R R AR - S M
MRTEE H IGO0 TS R A HLR & 2 EA DG, ARG AR S-CAT 3 BTN B & L1 S-CAT i ¥
FAE L HOE AR B RN DL A R g e 5 R B REM B AR SRR E A8, — . 2R
[E) AR PR 58 S-UE 3G oI i 22 5 X 50 fifl = X A S 4% 138 S-UE WA RG22 B X E R 450
AN—F B A XA FE P AR I AR R A A A, AR AR AR A 8 L — bR, R BT AR A A
KB KL T RERE & QS A I A K, B AR 3% 43 75 SRS W 38 o DTG o bR i e = 498 v iy R0, i - 48 1 1R
A5 S-UE IR IEA . MeAh A ST v [A]— 1R 5 B A AR AE [R] — 48 )2 R = 3 mT 355 5% 3 A W B30 i+
TG P 35 AR B B G AR AR B IR S AT 2 AR AR B A O 48— B, 31X RT BB AR PR R B oA
YRR 53 WA 0 1) 5 i s B - F T AR AT I AR AR A R W AR K BB IR R R £ L 5 R AR PR A M g B . i ik
) 53 D it 1 A5 A A0 AR B P A/ 1 TG T R A — o 22 S R AR PR IR B A TR AP RS .

— R L B L S-UE,S-PPO.S-ACP,S-CAT & M5 Al 55 32 40 5 L4k 1 B0 45 3 RIS dioe:
P Z (8] 23R IEA O KR R X 5 2o 45 R0 — 80, Ul 5 B AR M S F b, R R W) S 4 S A BLAE
P A 3R 7 1) b 5 B A AL A B Tl R ] s i T 3% R AR bk R A ) B B R R HE AT
PRI,

TR G o AR BRI T B AR s AR RS AR b EROR B A R TR SR 0 A K R R S
P B LT L SR 5 ) AR RO B TR G 4 A B T B R A ML TR G i A Ak s S-UEL S-ACP I 1
LT A B L AL s S-PPO R S-CAT I PR3 5 23 I 49 i - 3 rh A3 #E 9 5t s —AUAR S-CAT 1
KAEEE T 3858 7 S AR 8 9 HEPL ™ — R ILAR 2T S B IR AL B b 7 558 | [R] s il AR B 36
Bihb T8 RS A T8 5 SRR R AT b B Y B IR . B iR T S R AR BR 4
SR A B0 R R M L H AR PR - TR )2 R By L R T — AU bR - IR A
MG AR TS EM AR, WX — A B MR R A 3 5 b A, X R B B A N TR 3 1 R s 3
AR AR R N TR 27845 B PR A i 2 B 55 W 4L T Ry W ) T
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Vertical Distribution Characteristics of Microorganism Quantity and Enzyme Activity in

Soil of First- and Second-generation of Pinus massoniana Forest

WEI Wei'*?, DING Guijie'"?, CHEN Wei'"?, ZHOU Lan'"*, WANG Huangyu'"*
(1. College of Forestry, Guizhou University, Guiyang 5500253
2. Institute for Forest Resources and Environment of Guizhou, Guiyang 550025, China)

Abstract: [Purposes It aims to reveal the change of rhizosphere soil environmental in vertical direction of successive planting Pinus
massoniana. [ Methods ]In October 2015, microorganism quantity and enzyme activities in vertical direction of rhizosphere and non-
rhizosphere soil from first- and second-generation of P. massoniana forests were studied by the pairing plot method. [ Findings ] The
microorganism quantity and enzyme activities in rhizosphere soil had significant difference among different layers both in first- and
second-generation stands, all show the highest in 0~10 cm soil layer, in >>10~20 cm soil layer is low, lowest in =>20~30 cm soil
layer. Comparing two generations of same soil layer, the microorganism quantity and enzyme activity of the second generation were
higher than that of the first generation, with significant differences besides soil urease. The microorganism quantity and enzyme
activities in rhizosphere with same soil layer of first and second generation were higher than that of the non rhizosphere, along with
the soil layer deepen, between rhizosphere and non rhizosphere did not present a clear correlation. Four kinds of soil enzymes had a
significant correlation with three types of microorganisms. [ Conclusions] The results indicated that after successive planting, the
microorganism quantity and enzyme activities in rhizosphere soil of P. massoniana had been increased, and the performance of soil
properties on soil vertical direction of the second generation was better than the first generation.

Keywords: Pinus massoniana ; successive rotation; microorganism; enzyme activity; vertical distribution
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