5540 B 4 W) S &~ £ Eild Vol.40,No.4
2020 4F 2 A ACTA ECOLOGICA SINICA Feb.,2020

DOI: 10.5846/stxb201811262573
TS BRI 4T, B S, AR A AL T 0 B TS AR P SR ] - S R W R U RO 2 452441, 2020,40(4) £ 1376- 1382.

Yu W W, Chen Y Y, Yang N, Cui B W, Wang X K.Effects of pavements on soil microbial biomass carbon and nitrogen in non-rhizosphere and rhizosphere
of Pinus tabulaeformis and Fraxinus chinensis.Acta Ecologica Sinica,2020,40(4) :1376-1382.

FEE 40 3t 3R X i A2 0 B BE A TS JEAR Bl R AR Bl £ R4
==X R:0k-A 0

TARAED 2 R T A 2R
1 PR B A S IR BRI AL TS KR S E R E S0, bt 100085

2 hEREBE R, dEat 100049

3 AtE T A REMR G, LT 100085

FE AL FE IR T IL & R EERRE, 0 T IR AR (L 26 T  HER S 10251k, DA AU Bt SRS SR AU AR I AR 0 11 8 Rk b ), 14
BB KR (PP) BRI (IPP) 1 SRR (Cir) 3 AS7K - 1 b 2 2570 | 45531 0 4 1t 5 ok R AR [ A AR Bl 4 39 1o
YRk (MBC) (& (MBN) fURZIR , £5 5380, SXHE(Cie) M EL , PP A IPP (B 35 WA T SRR A 1 A JEAR Rl £ 4 MBC \MBN |
MBC/OC ( A= Wy st/ A HLEK ) Al MBN/TN (2B #y i A/ 2 A (P<0.05) , I 1 2 B AR T J A 4% T AR [ 1 4% MBN/TN ( P<
0.05) ;PP B &AL T H IR F MR H +4% MBN MBC/0OC MBN/TN FIHAAR 4Rl + 58 MBC(P<0.05) , b £351HEnY + 5%
MBC MBN #7254k 5 + 340k 2R A WLk ZE 1L B35 1IE A1 56 (P<0.05) , MBN A8k 5 &k B 5 18 3% (A 56 (P<0.05) , 7]
WL, WAL AR F S E WA AR K, I HL AR ARAR Bl 30 b R B N B S, X RIS R B IR ] BE it — 5% R 3k T SR b Y 37 4%
PRI W ARA SSRGS TRk,

KR AR UEY R MR RS SEARE AR IS SR
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Abstract: The objective of this study is to evaluate effects of urban pavements on soil microbial biomass in different trees.
In-situ simulation test was arranged in the suburb of Changping District, Beijing, China. Pine ( Pinus tabulaeformis) and
ash ( Fraxinus chinensis) were planted at the 1.0 m X 1.0 m density in three different treatment plots: pervious brick
pavement ( PP ) with a permeability coefficient of more than 0.4 mm/s, impervious brick pavement (IPP) with a
permeability coefficient near zero, and non-pavement for control ( Ctr). Topsoil (0—20 cm depth) which includes
rthizosphere (tree pool) and non-rhizosphere (0.7 m away from trunk ) were analyzed by the chloroform fumigation and
extraction methods for soil microbial biomass carbon and nitrogen. The results showed the following: compared to Cir, the
soil microbial biomass carbon ( MBC), microbial biomass nitrogen ( MBN), MBC/OC (organic carbon) and MBN/TN

(total nitrogen) in non-rhizosphere of pine and ash and MBN/TN in rhizosphere of pine were significantly decreased by PP
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and IPP treatments. The MBN, MBC/0OC, and MBN/TN in rhizosphere of ash and MBC in rhizosphere of pine were
reduced by PP treatment. The soil MBC and MBN which were changed by pavements were positively correlated to soil total
carbon (TC), TN and OC, and the soil MBN was negatively correlated to soil moisture. In general, pavements adversely
affect the soil microorganisms, especially in non-rhizosphere , which may further affect the nutrient cycle, tree habitat, and

ecosystem service of urban green space at a large scale.

Key Words: pavement; MBC; MBN; non-rhizosphere ; rhizosphere; Pinus tabulaeformis; Fraxinus chinensis
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FAEPL S TP S Y I SEMAN R, © A BIFSE 34 A B A b X A A A A AR AR ] - S G2k W i Ao, B
A XA [a] B Aol = AR L R AR BT 4 48§ 2E P 5 Bk L &L (MBC, Microbial Biomass Carbon; MBN, Microbial
Biomass Nitrogen ) 540l (AT IR 55/ WLAGE o ARAR RS2 AR ] - S8 038 A 0 0T Bl A e 30 i 7 19) 22 S DT AN T A8, 3K
e 5 At 9 X6 ST A SR b TS S AR S M RS T

AP FE SR ALALALN K FIAS 175 K bR B R A b 3%, JF B8 A SR MR % IR R 5 AR B 1% 1) o e it it g
THAA (Pinus tabulaeformis) A% M FE - 885 ( Fraxinus chinensis ) ARAPAERR B (FE A+ 0.7 m &£ 4) FIAR R
(20 x20 em BN ) 0—20 em 3R)ZE 1 >R 507 B 252421570 Hr 58 MBC \MBN 483 A [] 2 LA £ 1,
T T ST W) i 1) 5 W) B AN [ AR Ao = AL R AR ] L S0 Wy (g e 1, S 4 TP Sl T et 2 25 R e R R A
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1 HESF®

1.1 I Hb L

TR b B AEAC BT 2 S X Tyl 14 S Sk AR 745 Bk (40°12'N, 116°08'E) |, Ja I8 AT A Bfi 4 20 XU e,
P43, AR K i 550.3 mm, 2 H TR B 6—8 A4y, AEHAR 12.1 °C, H3ERAU L | i e
B, WEALHLFR T 2012 4F 4 H AR, iR A AT T AR B A WL i 16.4 ¢/kg, A 0.9 g/kg, B
s 38.1 mg/kg, HALEN 102.1 mg/kg, +3 pH {H M 8.3,
1.2 kit

HYHL T 2012 4F 4 F 12 HAeB, BB IR 7K i R TN 17 7K 36 =03, DL A SR 3R AR S %t R 2
BRI 0.4 mm/s BB K LT A ik e BB LTy O AN IZE 7K Ak St T i TR A A AN 325 7K L 3%
RANEIE 3 ANEE 53 BIFME AR S R R R RAR 23 B, 53 5 4T AT RIARIEY O 1 m, LR
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AR FE A 20 emx20 em WTTERYT, iR5 0T AL IR/ R 20 emx 10 emx6 em (K xFExim) o HEiiH
FAFI I 1 AR, T 2012 4 4 H 16 HES 4.
1.3 HEALRAE 5 E

T 2015 4£9 H 9 HHEAE 2.5 em AU H45REE 0—20 em +2HYHIERES: . BAYDNXFRZ7 I HEHLR I 5
SURFEN 7 B B AT 0.7 m 2247 10 R AEVE N AEAR B 4, U b 3 1) AR VE M AR BB £, B AL b 2 T /% | B
56t JE Bk S, AN K AL B K Je 2 B 4k . AR ST I SC R S0 2 mm B U350 A, — il rE 4
CVKAH Tk  ZRME , 55— 0 KT H T e MR i i 2
1.4 Wik

h, 53— AR HEZE; 4 100 mL 0.5 mol/L 1Y K, SO, W #< B, 7E#% K 1 723% 30 min, | Whatman JE40T I8 ; 18
FHEA WL (R 20 HHL ( Elementar, Liqui TOC II, Germany) Jll5E "',
TIEHAY A YRR (C) FIA(N) T
C=C,—C,/K (1)
N=N,-N,,/K (2)
o, C A N5 2% SR R AR R S R, G I N 20 01 R T 28 - R AR R B P AL & i K
Ry FEZR PRI e 4 Z A HUE 045,
T HEBAL R AN E S 0L R AR A Ak | A EUNAT HLER F G R A A0 e P, 3 pH
(LK 12 5) F pH FHIE 2
1.5 Hdliiba
i JH SPSS 22.0 X EHRHATEE A0 HT o A [l Ak Ak 35 0] -+ SFE 0 E W B 1 25 55K FH One-Way ANOVA i
A7 5 ZE MRS HIT , AR AR FELFIAR 6] =2 [) SR FH AR RO X AR AR -2 { d 3 22 R A 50 . Origin Pro 2016 il &,

2 HRE5HH

2.1 T AR RN AN [ AR A - A AR 5 e

T Ak e X AN [ B Al LI B R A R TR AR R (R 1) . 5 Cue AHEL, TPP 7 3473 R AR FE FAR ]
4 E K AR 1% (P<0.05) ,f# AR Bl 4= 75 K i B 3 BRAIR 27% (P<0.05) . 5 PP FH L, IPP i
FATEAR BBl T35 2 A& C/N 4359 B35 T 18% 27% F i EFEAR 16% (P<0.05) , ffiH il 145 57k & i %
FEA 11% ( P<0.05) 5 fef {1 AR [l 4 398 5 7K B 14k 2 ) Sk 35 A 339% RIS 12% ( P<0.05)
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Table 1 Physical and chemical characterization of soils in different pavements

Tf el i & Qb Frk it/ % 4R/ (g/kg) 2R/ (gkg) AP/ (g/kg) N
Tree species Location Treatments Moisture Total carbon Total nitrogen Organic carbon
LN JEAR AR Cir 14.67+0.882a 15.99+0.915ab  0.900+0.087ab 8.407+0.398a 9.44+0.743ab
&K PP 13.67£0.333ab  14.057+0.367b  0.760+0.040b 7.447+0.568a 9.77+0.407a
ARiBK PP 13.00+0.577h 16.530+0.436a  0.963+0.042a 7.853+0.288a 8.217+0.626b
H A SR ML Cr 15.00+0a 16.173£0.678a  0.957+0.058a 8.803+0.347a 9.223+0.3a
&K PP 15.000.577a 15.473+1.007a  0.927+0.103a 8.343+0.702a 9.07£0.272a
KRB K PP 13.33+0.333b 17.537+0.847a  1.087+0.026a 8.463+0.350a 7.787+0.295a
BL JEALFE H#k 3 Cir 11.27+0.433a 15.797£0.298a  0.943+0.035a 8.513+1.212a 8.513+1.212a
&K PP 13.71£1.401a 15.047+0.032a  0.857+0.012a 8.220+0.113a 8.22+0.113a
ANiBIK PP 11.53+1.318a 15.993+0.912a  0.923+0.112a 8.113+0.775a 8.113£0.775a
R 2R Cur 13.92+0.351a 16.627+0.148ab  1.000+0.015a 9.237+0.943a 9.237+0.943a
&K PP 15.2+0.84a 15.497+0.288b  0.953+0.037a 9.877+0.463a 9.877+0.463a
RiBEK 1PP 10.23+0.472b 17.320+0.282a  1.033+0.043a 10.27+0.711a 10.27+0.711a

[RI AN 6] 7B 2w Ab 2R ) 25 57 i 25 ( P<0.05)
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2.2 B i X AN [ AR o A 4k 14 5 )

148 MBC ZEA RIS AN [R)7 B A7 AF 1035 25 e AR R Ak 33 DA KA o R 7 5 19 28 BAE 6 + 1 MBC
P B ERW(E 1), 5 Cu A, PP A1 IPP fEAAIEAR £ MBC 43 i 3 FEAIK 74% M1 83% (P<0.05) ,
65 1 B AR ] 198 MBC 43 90 5. 35 PR AR 729% 1 69% ( P<0.05) ; PP i (4 i AL [ 14 MBC 1 3 P& A% 52% ( P<
0.05) . AR FAH L, AAIEARL FEl 13 MBC 7£ PP #1 IPP T 43 9| B35 W& A% 75% F1 87% ( P<0.05) 5 [ 1 43¢
MBC 7€ IPP T B E MK 76% (P<0.05) . A UL, i fb 1 e FEAAE AR Rl 1= 4% MBC.,

2.3 TEAb SRS [R5 )

445 MBN FEA RIS Flr A [R5 B 34 477 08 25 25 S5, 07 8 R A B DA R A7 8 R o 114 28 TELAE FH X6 4 4% MBN
oA 25 Rl b B R 8 = B AS EAE I R e A E R (F 1), 5 Ce M,
PP 1 IPP {iJhAAIEAR [ 143 MBN 4351 5 MK 67% F1 80% ( P<0.05) , fdi {1 4R il -3 MBN 43 51] il 35 %
I 64% 1 64% ( P<0.05) ; i JlIFAHR [ 38 MBN 4331 i 25 F#AIX 84% 1 37% (P<0.05) , 5 PP ML, PP iyl
FAMR ] £ 3 MBN I 35 755 43% (P<0.05) , i (1 85 AR ] 438 MBN I 25 F+ 55 38% ( P<0.05) . SR AL,
THFAFT A B IE AR Rl -4 MBN 76 1PP 4351 {8 S5 B#AIK 74% F1 78% (P<0.05)
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Fig.1 Allocation of soil microbial carbon and nitrogen
N-R: JEHRE non-rhizosphere ; R : #R [l rhizosphere ; Ctr: F #8313 control ; PP . 5 /KB AL #1 # pervious pavement ; IPP ; /R i% /K i fb th & impervious
pavement ; T : AL FE treatments ; L. 1% B location; S:FFf tree species; * : # <0.05, * * <0.01;ns: AN E3 no significant difference; FH/NG R}
PRI 22 5, RS T REORIER BRI E 225 (P<0.05) ;F: FH%R{E

2.4 fAb NS TR PR R S A AL FUAE (MBC/OC) FIE My 5 4 A LA ( MBN/TN) (1 540

145 MBC/OC (154 Wy s filk /A HLA ) F1 MBN/TN (f A6 4 B/ AR ) B - HE AR Woxt 33 2 B9 A1 %
Tk 2~ AN R R Fh 18 MBC/OC 1 MBN/TN fA7E2E R (3R 2) o SRRIZERUAE(E R 5, 55 Co AHLL, Vil
FATI B EAR [l 14 MBC/OC 5 MBN/TN 7E PP il IPP T ¥ i ZF#K ( P<0.05) , IR Bl + 33 MBN/TN 7E
PP F1IPP ¥ WL EFRAK (P<0.05) , AR Fl £ MBC/OC 5 MBN/TN 7E PP R &K (P<0.05) , #iAR
Bl A AL B i 5, S MR R A E, WA IR MRl MBC/OC 7E PP Hil IPP R 2 1 3 %4 ( P<0.05) , MBN/TN 7E
IPP B A% (P<0.05) 5 (SRR [ 18 MBC/OC Hil MBN/TN 7E IPP T 1 i B AL ( P<0.05) .
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Table 2 Effect of pavements and tree species on no-rhizosphere and rhizosphere soil ratio of MBC/OC, MBN/TN
TRy F b E MBC/0C
Tree species Treatments JEAR Bl Non-rhizosphere ML Rhizosphere JEARE Non-rhizosphere HL [ Rhizosphere
HA B Cur 1.923+0.413aA 1.847+0.094aA 2.697+0.406aA 3.160+0.1aA
#EIK PP 0.610+0.315bB 2.047+0.157aA 1.087£0.567bA 0.527+0.087cA
Rk PP 0.350+0.061bB 2.553+0.384aA 0.510+0.030bB 1.753£0.127bA
EL A Cur 3.070£0.270aA 3.733+0.132aA 4.253+0.360aA 4.817+0.342aA
Bk PP 0.870+0.104bA 1.650£0.261bA 1.707+0.320bA 2.630+0.946bA
KK 1PP 1.020+0.290bB 3.187+0.208aA 1.677+0.574bB 6.283+0.669aA

[FIFA R /NG b 2o il A A B ) 22 57 8 35, TR AT AN TR RS B 37 A AR AR [T 1] 22 57 fi 2% (P<0.05)

2.5 flkdram A4S LT 2 R A 5E R

IR R RS B A OC AT (3R 3) . HIERUEY RS Ak B IR A OG (P<
0.05) , 5% A VRN 2 IEME(P<0.01) , HIERAY RS 2K 2A 5 E IEAHX(P<0.05),5
A HLBIAR 35 EAHDC (P<0.01) , 58 /K& B35 A (P<0.05)  Hor, HIERUZE Yy i ikl T3 A M A
W 3 IEAH G (P<0.01) , HIEMAE Y ik R S 3R AL ME B A A SC PR Ay, I b 26 3R Y
T R BB AE Ay S5 1 4 48 i i AR AL I R s

R3 BMERTIHEMEMER E5 THEEBEAEREXSN

Table 3 Correlations between physicco-chemical properties and MBC, MBN under pavements

paig =1 A e L n f= n

e pH ok o B LK N MBN
Variables Moisture Total carbon Total nitrogen Organic carbon

MBC 0.028 -0.175 0.386 " 0.445"* 0.572"" 0.185 0.865"*

MBN 0.055 -0.357" 0.363 " 0.360 " 0.603 "~ 0.215 1

N=36, * *<0.01, *<0.05

3 Tt

AT e SRR AL 236 T P A Rl AR B 336004 ) MBC Fll MBN 24 5 B & AIK ( P<0.05) (& 1), LIfEX:
TR Ak 2 X - R A R A 5T 24 R A AR L 3, Piotrowska FI Charzynski' ™ 38 13 BF 4N S B SRAE 1 7 7
WFFE 22385 7K FIAS 175 7K R A b R X =S98 0 A 40 1) 52 i), 255 3% 3 T 70 e 218 781 (%) it £ b 26 357 [ {1 1= 1€ MBC | MBN;
Wei 25122 5 1 P37 WLt 2 BRAS 325 K Ak 3l 22 [5G £ 3% MBC \MBN, 3 5 A8 95— 2, — 71, A i 4
hy e YR AL Y A GE R R AL BT R VE P A I i A4 5 MBC MBN & RS 2P 5
— T, B AL b A 22 T T R R S I, AR A b R i e S T B R R R Rk
PO I AR - R E S AR ST Al R BN R SR A R A b 2 T - SRR A bR A AN [ R Y el AR
(# 1), 14 MBC MBN 5 -3EFI b MR SC R BT (3 3) , FRALHIR A el AR [ 2kt & 51 A2 138 MBC \MBN [
A, FLUR A A bl e S B 9 o AR, ATt R AR AR B C N SR UL WA T IR AE i AR
Ko ARBFFEHBAHFLE PP AT IPP FARAR Bl +3% MBC/OC (349 bt/ A HLAK ) F1 MBN/TN ({45
A/ 2R ¥ B EEL (K 2) ,MBC/OC MBN/TN #i & XY™ % - He i A9 2L oA 15 R 38 3L, %
FUABRR o, 4S8 i, #OF] T R e g p A R ERR AR E i i 9 A H - SR W & B MBC/
OC .MBN/TN AL 345 H1 MBC \MBN —Z, A 3050 5¢ T AR AR [ - U M o8 5 ZAHAE . o] UL, A Ak b
FKFEERRE LR R,

ARG S PRAN [ RS b 5 6T 79 A o i ] - S 2k s s i SRR AN W] (8 1,36 2) o 5 Cu AL,
AR Bl + 3% MBN Fll MBN/TN ¥} Ce>PP>IPP (P<0.05) , [ H3 [#l + 3% MBC .MBC/0OC F1 MBN/TN
HEH N Cir, IPP>PP(P<0.05) ,MBN F ¥} IPP>PP ( P<0.05), —J5 I, Aifb i 2 5 & + 37 R H T+
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B EYN AR S SRR T R IR R AR 2 Pk i 3 R ACAR R A J 2 B, A% o AR
Aot WA RO A L —EBRE LRt IR Y A K I it — s AR
AR, A TR MBI 00, Viswanatha'® B 5% & B0 175 7K RN 325 7K B Ak 3t ¢ 1 8 Rl 4 498 — S PRk HE il 3k i
A A BE XA ey, R WA Tt v 2B P A SR B, BT DA G 6 A Ak b 3R T HR Rl 1+ 38 MBC \MBN Jf-i%
A SE LRI R PR A H (0 Viswanatha ® BBIFFT & B05 /K 00 b 26 R AR ]+ 098 SO LU B K 85, OF
AR IZ K AL b R AR ] A ) A0 A R X — A RIS 5 o — T, Ak s 41 AN ], £ 6
AWyt PRI B AN [R] | a7k AL B R oK i %, #0023 BifiK 43 |, Morgenroth 1 Visser "' BIF 5% % B /K
i A 3R EAEY A KA T AN B KA AL, AR5 S BRI AN AR BBl - S8 i A ) e AE i K BB AL b 3R R & TR B K A ik
MR, 528 ARG TR LSRR YR O T B 3 E Y MBC/OC  MBN/TN (AR ) 197224k
FAFH MBC MBN JF AN 5E 4 —80, X 5k BI4E 5 BRFSSARSE . ml UL, (o W it o S g 4 i | ™

AN FE e IR AL 3R T AR ] I i A i 2 T AR A AS RIS B e AR AR 25 5, — T, bR
T AL R 3 5 Kk 0 BHLE R 3 R D S BCEAR B - e A W AR IR B S R A
A kb AR AR FEl bR 5 1 458 0 1 | BHPIAS AL I it AR Bl 4 (A5 A RAR [ 1385 0 AN 2 YR A1 TR+
AR AR, TTAR BRI b 398 AT B AL b R 0 BELF , AN — 2 AR T O HE AR iR REAR A — T 1)
ARGy Bt SRR T N2 B0 B =, I DA AL b 3 AR [ 3% MBC \MBN 25 TAEMR I £ 5 59—,
T fh 3% i S SR F AR R AR AR 2R 2 RAEFEM b, T BOERR FAR R 0800, W3 AR Bl 4 4R 5 43
WA 2 e T MR IR 5 FLUK, AR 8 4 S T S B R R I R AR, Polyakova il Billor ™ 5 & BEAS [F)
REFD IV IS [, U8 35 P R 8 S B0 5 - A i B AN T 43 I AN TR AR 3R 43 I A ] A %o A [
SRV AL 3 (R A7 A 25 57 ARBIRGY A B AA AR ] R G A 40 MBN 76 3B /K BEAL R 3 TANIE K, (AR
Fil - S04 ) MBN 2325 /K A Ak 3R IR TN 7K, 2 AN (] e e A (] 1 S8 Tl A 0 X6 AN [) SIS 7R £ il = 14 e
WAFAEZESE IR, AN [v) SRR Ak b 305 R 3 J2 - S B S [] 1 i bR A [ B o, 2 3 - 39 3 R 7k
g3 i, R K A3 AR 2 52 e IR RE IR AR K

A R 7R, 138 MBC \MBN 5 3840k 42 & A HLEK 235 15 A, MBC Al MBN 22 [H] 402 1 3 1F
X, RUIAMFEH 3% MBC \MBN 5 T3E5% 00 SR %I, Al LIAE b R 38 Bit 19 s B, i — 2P B0k A A
FIRFFEEE R ARBFSE T 44 MBC 587K R A A K, MBN 5 & 7K & 7A 56, Ui + 3% MBC \MBN 5 + 1
FROT IR RAFAE 225 BRI Y L 18 MBN 22 Sk B Tk, AHIFSE & B+ 3% MBC \MBN 5 +
HE pH H- A M, X 5 Srivastava RIRFsE—3 B Xu AN N+ 35 pH (B 53T 4 354 Ak 0% DA %
If HJZ -3 E M A AR i SR 3 [R5, W RE T A9 v 38 pH (B34 PR Sk , B WA — 2 Y FEl N pH BT
AN—E T I E WAL IR B N T, AT & B MBC \MBN 5 +3E C/N I35 #1617 ik &7
AR C/N J&520 148 MBC \MBN ZR{b 1% B 2R 22—, AT 68 th AN [ 2 B £ 1b 2 LA K A [R A% A T ATl
Pl 1 55 52 2% 2R A S il S 3

4 #Hig

B AL B R A S BRAMIR , PR 0 i, e 0 R A W A X L S W 9 A R B R
W], {1 AR FELRIAR P 398 Gl A4 0 X s e 3t 282 Py Wi IO A7 6 2 5 R L L B A 0 32 B BN R DA 7N — 255 AN )
PRI LR 0T A e 2 B i SO A A — S B 2 5
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