+ 1 (Soils), 2020, 52(1): 97-105

DOI: 10.13758/j.cnki.tr.2020.01.014
RIS, WARE, BREE, AF. PTRRIRSON R W Y RS VR SE. 1, 2020, 52(1): 97-105

PrHSR S b L A A A ) B R B A AR

RER, o8, BRE, 28k, 7T, %25
(BRI RO ATER 2 S HOR T RS0 E, bt 100102)

1 E: BERCEYA YRR G R I h IR MRS, PR ATRATR A IR W A g ek S S PERETR A L (TR SR
Hh R AR SRR T o A A AR FRAAAE , AT R SS AR SRR BLIEA T IR, AT IR 3SR B A A v R A e 1) 1 B 41— e B
Fobth o ARSCGE RS AL TR A B R AT RS AR IRAS, IR0 IRAE L (R A e I SRR B T AR E) N 0 ~ 10%. 10% ~
20%. 20% ~30%. 30% ~40%. 40% LA_L AP HRMRSr 38R A 1 i Sl vE T ) o A R . SR R RS S 12
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Study on Soil Microbial Biomass and Enzyme Activities in Mixed Forest of Bamboo and

Broad-leaved Trees

ZHANG Meiman, FAN Shaohui, GUAN Fengying”, YAN Yingjie, YIN Zixu, HUANG Lanying

(International Center for Bamboo and Rattan & Key laboratory of Science and Technology of Bamboo and Rattan, Beijing
100102, China)

Abstract: In this study, the characteristics of soil microbial biomass and enzyme activities of bamboo and broad-leaved forests
with different mixed ratios (0-10%, 10%-20%, 20%-30%, 30%—-40%, and above 40%) were investigated in order to evaluate the
effect of mixed ratio on soil conditions. Three sample plots (20 m x 20 m in size) were set for each ratio, and soils of 8 sampling
points were randomly collected in S-shape within each plot in December 2017. The results showed that the mixed ratio and soil
depth significantly influenced soil microbial biomass nitrogen (SMBN) and enzyme activities, but influenced insignificantly soil
microbial biomass carbon (SMBC). SMBC, SMBN and enzyme activities decreased with the increase of soil depth. SMBC was
the highest (357.67 mg/kg) in the mixed ratio of 30%-40%, SMBN was the highest (127.00 mg/kg) in the mixed ratio of
20%-30%. The activities of soil urease, sucrase and catalase were higher in the mixed ratio of 20%-30%, while were the lowest
in the mixing ratio of 10%-20%. Correlation analysis indicated that the activities of soil urease, sucrase and catalase were
positively correlated with SMB, among of which, the activities of soil catalase and urease had significant positive correlation
between SMBC and SMBN, while the activities of soil sucrase and catalase were significantly correlated with SMBN. SMBC was

significantly positively correlated with pH and total nitrogen. There was a very significant positive correlation between SMBN and
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soil water content and total nitrogen. The activities of soil urease, sucrase and catalase were positively correlated with soil organic

carbon, total nitrogen. In conclusion, the mixed ratio, soil depth could impact on SMBC, SMBN and enzyme activities significantly,

the mix ratio has a certain impact on soil conditions, and the mixed ratio of 20%-30% has the best soil microbial status.

Key words: Bamboo and broad-leaved mixed forest; Mixed ratio; Microbial biomass; Enzyme activity
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1 HREH®

1.1 #HFRKER

AR T T 1 RS 2E AR R XA,
REA AR XL TR B K 2 AR -
BF K= S B)SZHAL, HBEARKR N 117°28'037 ~
117°35"28"E ., 25°50'51" ~ 26°01'20"N, {4 [X J& H Ik
AR, WAk, 203, WK 580 ~ 1.604.8 m,
HAE R AR i R KU AL . AR TSR 15 °C, 4t
RARIREE 11 °C, X Eii e 40 °C; AT HAHXT
MERE 80% LA L, AF-P-XJosEi] 290 d 724 fRIPIX
PR 5 33K 96.8% , MM TEWFIR 800 m LA
T, FEATMAEAT. BT AR R K
(Castanopsiscarlesii) . ¥5# (Castanopsisfargesii) . Uk
& ¥ (Alniphyllumfortunei) . & ¥ (Cinnamomum-
camphora) . W & (Liquidambar formosana) . 1% #f
(Sassafras tzumu) . ¥ K (Phoebe zhennan) . K fif
(Schimasuperba) , /N M Bk (Quercuschenii) . %
(Myricarubra) . TR*(Choerospondias)=s
1.2 FEbEsE

K FHST A AR— B0 73  HEX O AP XA el T
SEARA T A B BEA b TER A A AR IR X N
SEHB AR — BT VR AR, SR T MY R I AR L)
AT X E 5 FNRAS LU AE ML, YR AS LU+ A R i
WY SE MR P55 T AR A A D7 T AR B T o3 LEEA T R )
SR 10%LATF . 10% ~ 20%. 20% ~ 30%. 30% ~
40% . 40% LA L, RN AS ) Ko IERE R AL i3
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Table | Information of research plots

R (%) BREEC) i W Wk RN Cem) MRS (m) BATEEE (B/hm?) BATHL AP E(10° kg/hm?)
0~10 34 FH el 713 10.67 12.40 3206 51.924
10 ~ 20 21 5] T 774 10.71 12.43 4125 69.594
20~ 30 30 8] h 795 11.01 12.68 2 794 45.057
30 ~ 40 29 FH rh 712 10.38 12.17 3006 43.189
40 LI 33 FH o 780.67 10.90 12.58 1769 26.658

B3ANEE, LR/ 20 m x 20 m, H3F 15 N REHE
FEHL ARG .

1.3 MRFE

1.3.1 LIERESIORE 2017 4F 12 A, 15—
ANFEH AR IR S HUBURE I B AIL 8 /1 s UMK ] 39
i, N EEURE0 ~ 10, 10 ~30. 30 ~50 cm), ¥EE—
ASFEHLEY 8 AN IURE S 380 IR AT AR kR Y
TR KRR RE T A B SR A U k35 53k 2
By, 14 BRERGEYSE, RIS EE T 4 °C VKAE
T BRI E s 5 1 O AR S0
=, BTENERLE AR, Pk 2z
M, BREE, i AR O T SRS E
S T R 5

BPFEHLNTE— 0 ~ 60 cm BFIHE, FHFF T4
JZEUFE(0 ~ 10, 10 ~30, 30 ~ 50 cm)H T L3y #idE
T E o
1.3.2 BRSO REREAYR
Wk, Z(SMBC. SMBN)X GG IE7#Z-K,S0, 1Z 4%
DU 2 A S % P« R 9 e o T R R
e - SRR AN L i s B IS PR e R A 3, 5-
THHIEK IR btk 5 ab S I A SR FH e e R B
T ETER IS KRR ML T12:(105 °C AN [a]
HET 24 h); pH RAMR BTN & (Lrf 4 K=
1:2.5); T HEA LR T H 5% 52 40 A0 i 24 4 Ak 12
i TR AR HOTR TN, e s
mk 2,

Fz2 TEEARBUMERE=3)

Table 2 Soil basic physicochemical characters

IRAZ (%) 12 (cm) pH ki (gke)  HHE(g/emd) LB HHlBk(gke) — 2%(mg/g) S (mg/g)

0~10 0~10 4.80+0.04ab 155.8+8.8b 1.18+£0.02 a 55.6+t4.51a 31.6+13.55a 4.77+038a 0.10+£0.01 a
10~30 4.76+0.1a 149.0£30.5bc 1.21£0.07b 5440+2.67b 2529+12.24a 327+049a 0.09 £0.007 a
30~50 4.75+0.06a 141.5+104ab 1.39+£0.06bc 4738+2.18ab 22.2+531a 321£0.19a 0.078 £ 0.003 ab

10~20 0~10 4.83+0.05ab 150.1+11.7b 1.20+0.06a 54.7+227a 22.13+1.0la 3.74£037bc 0.097 +0.006 a
10~30 4.80+0.05a 1333+63c 143+£0.04a 4498+147¢ 15.1+0.44 299+£0.08a 0.096+0011a

30~50 4.69+0.19a 100.5+27.0b 1.60+0.0la 39.68+0.28c 11.56+146a 3.03+0.09a  0.095+0.02 ab

20~ 30 0~10 471+0.03b 233.1£36.5a 092+0.04a 6543+155a 3985+570a 4.53+0.18ab 0.11 £0.015a
10~30 4.67+0.02a 221.5+164ab 125+0.04b 52.68+1.49b 3038+3.6la 339+0.11a 0.114+0.017a

30~50 4.67+0.01a 1794+62a 125+0.04c 52.79+144a 2239+1.07a 2.80+0.1la 0.11+£0.03a

30~40 0~10 4.86+0.04a 1453+£223b 1.20+£0.17a 5457+627a 38.61=12.12a 3.50+0.28c 0.089+0.023 a
10~30 4.85+0.06a 131.7+21.0c 1.57+0.03a 40.77+096c 2557+5.10a 3.12+040a 0.089+0.015a

30 ~50 479+0a 117.8+482ab 1.49+0.11ab 43.87+4.06bc 17.89+4.88a 2.49+043a 0.078 +£0.004 ¢

40 I 0~10 4.72+£0.04b 289.1+£319a 087+0.13a 67.09+4.85a 37.94+10.14a 3.82+0.19abc  0.09 = 0.006 a
10~30 4.69+0.03a 256.7+163a 1.03+003c 61.04£1.19a 2659+475a 3.22+0.35a 0.08 £0.002 a
30~50 4.65+0.01a 1844+67a 132+£001bc 5036+047a 21.13+543a 2.70+0.25a 0.066 £ 0.009 ab

I RPER NS FRARRRE — LEAFRZ LT 25 8% (P<0.05).

1.4 HIEREBSZIHH

Bym b3 5234 B Miscrosoft Excel 2013 #l
SPSS 20.0 ¥4, AT 2 AT AR OGS0y, 2
Heds R LSD 725, | Pearson AHC 5051 AN [H]
T ALK R,

2 HR

2.1 TEMEMEMEERIR L LRI
IR YA Wy 5 Rk (SMBC)TEA R 52 e 2+
B RENE 1A FiR. EARRIRARCHT,
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SMBC &8 /F 224.67 ~ 357.67 mg/kg, HAEREHE 1
JZRhnE, SMBC /) 3 5% [/]— 1 )Z SMBC
HEAT IR R 7 2250 Ir i R 3R W, HAR 28 e =2 ] 1Y) 25 5
AN, RTS8 (& 3), 45R MR
ZZHEXT SMBC AT W52 (P = 0.093), IR EE XS

HA BFEFW(P=0.000), RS L ZHEXT SMBC

fIAE SR AS i 3 (P = 0.843).

22 TEMAEYAYERINRI LR RN
SR Y Wy R (SMBN) & 43 A RRAE 4n 2]

1B iR o SR R 7 2243 Hr 22 (36 3) , TR 2E L X SMBN
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4
00 X A Ag
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0
250 gc { fb
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(B PR B F AR R R F— L EARRZ T 25758 P<0.05 BE KT, /NG FREARFERRF—IRZ AR 2
T 2533 P<0.05 B3 K
1 AEERAZEEMIRZM IR EMENER. REEM0=3)

Fig. 1 Soil microbial biomass C and N contents in bamboo mixed forests with different mixing ratios

A BE (P =0.000), HIEHREXT SMBN A7 3%
PERYRZ M, PRI Z [ L R A R (P =
0.886), TE# TJ2(0 ~ 10 cm)IBAZ K 20% ~ 30% 5
40% LA ) SMBN & i i 2 K F HABRAS Ll T
M H+HEHN 10 ~30 cm B, JRASH N 40% L) EEy
PIRETR SR SMBN & 5 K (107.23 mg/kg), RSN
0 ~ 10% AYPTREIRASHK SMBN &5 f%(77.83 mg/kg)
H AR T HAD 4 AR5 7E 30 ~ 50 em + 24T RATR
ZEHRHT SMBN 5 i 7E AN [RIRAS HL A1 R AR R Ky
40% LA F(100.87 mg/kg)>20% ~ 30%(82.7 mg/kg)>
30% ~ 40%(75.13 mg/kg)>20% ~ 30%(72.77 mg/kg)>
0 ~ 10%(61.97 mg/kg); M THELK KA, L2
SR SMBN 7EZ #4878
2.3 AREIEZEMIAR MR IS R 9 RHE

AR AE LA Il TH A8 AR A 98 I 0% 14 43 A REAE 40
4 Pin. WA R T 20k 3), IR
X - ERREE . R . o A S B R
(P=0.000, P=0.000, P=0.000), +IEZHREXS 3 Ff
Wit A 535 52 (P = 0.000. P=0.002. P=0.000),
=& B IR VE X 3 Ay 0 B g R (P =
0.945. P=0.408. P=0.667).

T HENREAE 5 FhIRAC H AR T YIBE 2 i
TR R, MELZO0~10ecm)iE, H

RSN 10% ~ 20% B TRAGE M: 2508 A 4
FRARST, 0 ~ 10% R IR BEE Vi =, FRCh 40% DAL
7E 10 ~ 30 cm 5 30 ~ 50 cm )27, RFEAT FEIR A AR
T IERREFIE TR RN 0 ~ 10%>40% LA F>20% ~
30%>30% ~ 40%>10% ~ 20%.,

#z3 MIFRZWRZEEM), HERED)M HIBEMEY
EYMEREEEN A EST
Table 3 Results of two-way ANOVA for effects of mixing ratio and
depth on soil microbial biomass and enzyme activity in bamboo and
broad - leaved mixed forest

Tt H HW#E  df MS F P
SMBC M 4 2343256 2.195 0.093
D 2 25549.800  23.935  0.000
MxD 8 538.856 0.505 0.843
SMBN M 4 1 844.990 8.365 0.000
D 2 3206.790  14.540  0.000
MxD 8 97.611 0.443 0.886
JOK g M 4 0.136 8.452 0.000
D 2 0.187 11.651  0.000
MxD 8 0.005 0.332 0.945
TR Tt M 4 832.517 10.695  0.000
D 2 578.197 7.428 0.002
MxD 8 83.443 1.072 0.408
i A b A M 4 1.157 13.400  0.000
D 2 1.301 15.071  0.000
MxD 8 0.063 0.727 0.667
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Table 4 Soil enzyme activities in bamboo and broad-leaved mixed forests with different mixing ratios

RAZH(%)  HJRIRE (em) IR (mg/(g-24h)) IR (mg/(g-24h)) A EEH(0.1 mol/L KMnO,, ml/(20 min-g))
0~10 0~10 0.81+0.13a 21.99+4.03b 1.93+0.15 ab
10 ~ 30 0.68+0.12a 21.85+5.37 ab 1.61+0.07a
30~ 50 0.49+0.04a 21.48 +3.48 ab 1510202
10~20 0~10 0.36+0.06 b 1640 £0.20 b 1.40£0.16 b
10~30 0.26£0.03 b 15.38+4.28 b 0.77+0.13 b
30 ~50 0.17£0.03b 730+ 0.68 b 0.65+0.10 b
20~30 0~10 0.61 +0.06 ab 46.42+4.72a 2.16£0.06 a
10 ~ 30 0.56 % 0.06 a 34.28 +5.50 ab 1.95+0.14 2
30~ 50 0.43 +0.02 ab 19.69 +1.27 ab 1.52+0.152
30 ~ 40 0~10 0.75+0.00 a 2287+5.90b 2.02+0.17a
10~30 0.52+0.01a 2134+731ab 1.59+0.17a
30~ 50 0.40 +0.03 ab 16.62 +6.73 ab 1.18 +0.22 ab
40 KL 0~10 0.67+£0.05a 4378 +£3.59a 1.80 +0.23 ab
10 ~ 30 0.57+0.04 a 38.86+5.88a 1.78+0.15a
30~ 50 0.45+0.04a 2552+8.82a 1.50+£0.28 2

e RPEENG FRARRFRIR R — 228 FIRAS A T AT RR AR L MR 122 5 B35 (P<0.05),

R 4 F i, T REmEmeS M g IR AR
fe—50, BB 2R [ AR B s b . 0 ~ 10 ecm
T2, REREBEE MRS N 20% ~ 30% [T
IR RE, 76 10% ~ 20% F#Hff; 10 ~ 30 cm
HIREMT, 40% LIRSS HUIE B0 AR B 4
20% ~ 30% JRACHLNE AL N SR, 10% ~ 20% Hfi;
30 ~50 cm /25 10 ~ 30 cm b HAME . B E
FEAHTH, 0~10 cm 1JZH, IR R 20% ~ 30%
5 40% Y5 HAD 3 MRS E BEEZER

WER 4 Fios PRI )2 IR 86 S S S 1
FEAG,  [FIHABRGE A2 . RZ 90 ~ 10 em),
20% ~ 30% VRAE LA TR S AR ek S fh S it e
1o, P JE i SR A SRS M R TR SE 3 in e ke
1%, FeA RS 10% ~ 20% BYPTRETRAS A, 10 ~
30 cm 55 30 ~ 50 em 20T, iF AL EEEFEVELE 5 FE
22 AT TR SS AR AR a3 S 2R 23
2.4 FEEBZHEMEAREHIEREDEYE.

TiEEs, TIEEAMRAXRE
241 HEERCEWAEY RS IR OCHE PO
TR AS AT FEIR A2 Pk SMBC .SMBN 5 + 398 fifg 75 1 1
TTERMEM T, G55 2, S5 50 L 1ERS
P£15 SMBC, SMBN 2 IEMSEIE R, Ho b A g
fiti 5 SMBC MFHCHEA R, 5 SMBN 24 3% 1F
AHIE(P<0.01); T3t AL A S SMBC & &P IE
I (P<0.05), 5 SMBN S 4 i 2 IEAH & (P<0.01)
242 HERUEY A Y KO S R S A

Kbk A Y A e S - SRR R 2 R Y
KA HEY) . HEFRTE—E PR 25 1
A AWy R 2R TR 3 A A W e ok
XF SR R RS A= 7 0 B 5 e 12324
Wi Z AT M G SR . R, b T i
B Z B R, R T&EE RIS, SRWTF
RS HEIERE Y

1=—580.864+21.114x,+168.202x,
K. yi: SMBC; x1: 2% x: pHo ®%F pH X
SMBC 19 Ml #H ¢ ¥ & 43 51 A 0.392(P<0.05)
0.374(P<0.05), FHILFIHI, 22 F1 pH X} SMBC 4 Tk
BOR, BG4 pH BYHEHN, SMBC & &AL 3G /0.

y2=17.778+2.210 x,+10.421x,
A yo: SMBN; xi: HHEFIKE, P=0.000; x:
2%, P =0.005, FHEESAKCRALEXT SMBN A
A R B39 R 0.680(P<0.01) . 0.466(P<0.01), AJ %
TS KR AR SMBN TTEkR A, HFEE —%
FHE T SMBN & &t 2 R34 i .

MMM R 5), 5 MRS T
TR AR - SRt | FREWR G o A A S 5 A HLAK
AR ) R A 2 TE A OC(P<0.01); i 54
g [R] 1 AR GR B ik B AR OC 5 T S pEE B TG 5 1 4
PToKE . pH Z MR R, AR, Ik
fifi 5 HIE S K EZ M R IEA R, (HA A
2 RN R . o A A ] ) AR
WEEADG, RS o A A i A S A
IEAE .

http://soils.issas.ac.cn



102 + e %524
400 - 400 400 -
o
350 - [} L " @ () 350 ...: [ 4 .: 350 o® ® ?
() e O hd oo © ‘ ® e ®e “
300 L 300 | e o 300 /.(./5
- E] ® ? % B
520 o0 ® 8¢ < 250 - oo O 2 2501 Po o
%x) .. E L .. [ é e o [ ]
g 200 o 200 S 200 °
é 150 = 150 ¢ > 150f
@ - 100 - 100 |
100 »=73.765x+261.7 »=0.597 2x + 281.05 »=29.949x + 249.64
50 R=0.0973 50 R=10.0276 50+ R*=0.094 8
0 1 ] 0 1 1 ) 0 1 L 1 1 J
0.0 0.5 1.0 0 20 40 60 00 05 10 15 20 25
TR (mg/(g-24h)) TS (mg/(g-24h)) T Ak A
(0.1 mol/L KMnO,,ml/(20min-g))
160 160 - 160
140 ° ° 140 140 | ° °
120 N et 120 120 - o Yoo
. o0 @ e o
80100 | o = 100 2100 2.0
E} ° °e £ 2 °dy %
£ g | o8 80 E s o
> e © .0 ° Z ° Z L] o .2
Z 60 ®, ® Z 60 g 60 b J
- n
TS 40 + _ 40 -
y=47.916x + 69.469 »=1.1043x+64.619 ¥ =23.634x + 54.597
20 R=01821" 20 + R*=0.431 20 - R =02873"
0 1 ] 0 1 1 J 0 1 1 ]
0.0 05 1.0 0 20 40 60 0 IJP{K gz 3
R o PO =R fae Nl
JIRAt (mg/(g-24h)) PR (me/(g24h) (0.1 mol/L. KMnO,,ml/(20min-g))
2 TEMEMSTIEMEDEYS KRS
Fig. 2 Liner regression analysis between enzyme activities and SMBC, SMBN
=5 TEREMSIEBEAOMRZENEXRER
Table 5 Correlation analysis between soil enzyme activities and soil physicochemical characters
JhK iR it A oK pH MLk EA e
o it 1.000
R it 0.501" 1.000
i A AL S 0.760" 0.709" 1.000
FoK 0.036 —0.054 0.014 1.000
pH 0.136 -0.339 0.050 0.210 1.000
H Bk 0.674" 0.691" 0.732" -0.016 ~0.065 1.000
A 0.483™ 0.534™ 0.579™ -0.110 0.065 0.666™ 1.000
£ 0.165 0.299 0.224 -0.086 -0.105 0.317 0.405™ 1.000
e **FRIRAH IR F] P<0.01 EKT,
3 e TR ACHRIA HARAZ e B AN ], MR A B R B8 o 25 AN ] i
)
E Ny .
T3 SRR ) LR ) A 22 5 o ANBFSE R (I8 1),
3 ARBXZUEMBABRZEMRTEREYENEN  HHEMEDAEY R, Z(SMBC. SMBN)EAIRTE

S IRHFE

TR A YA R SRR BT
Xof PRI ) AR AR ABUR , T ATE SRR ] P PR A
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