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Effects of root resectioning on soil microbial biomass in six forest types in the

Xiaoxing'an Mountains during freezing-thawing cycles

LIN Youwei, JIN Guangze *
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract: Freeze-thaw cycles are the key drivers of soil carbon cycling in cold zone ecosystems. Recent theoretical and
empirical work suggests that roots enhance the sequestration of soil carbon and the stability of soil microbial biomass. The
rhizosphere—the layer of soil influenced by plant roots—is considerably richer in microbial diversity than the surrounding
bulk soil. However, the effects of roots on microbial ecological processes and the potential mechanisms remain unclear.
Investigating the effects of rhizosphere microbial changes in soils without roots in the northeast forests can therefore provide
scientific support for vegetation restoration and ecological reconstruction in this region. This study focused on the changes in
microbial biomass in forest soils without plant roots in the Xiaoxing’ an Mountains during the freeze-thaw cycle. The
experiment was conducted in six typical forest types: virgin mixed broadleaved-Korean pine ( Pinus koraiensis) forest,
spruce-fir ( Picea koraiensis-Abies nephrolepis) valley forest, secondary birch ( Betula platyphylla) forest, Korean pine
plantation, and Dahurian larch ( Larix gmelinii) plantation. In 2010, we randomly selected three plots (20 m X 30 m)
each of which contained three root-trenched subplots (2 m X 2 m) in each forest type. Soil samples from 0—10 c¢cm and
10—20 cm soil layers were randomly selected weekly in the six forest types from April to May 2013 (the freeze-thaw cycle).
We used trenching methods, randomly set three subplots (2 m X 2 m) without roots inside of each 20 m X 30 m plot.

Furthermore, we randomly set three (2 m X 2 m) control plots; with the root resection plots about 1 m apart. We measured
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the variability of rhizosphere microbial biomass in different soil layers associated with six forest types during the freeze-thaw
cycle. We preformed the fumigation-extraction method to collect samples, and used the Analytic Jena 3000 to analyze soil
microbial carbon and nitrogen contents. We observed significant differences in soil microbial biomass and soil nutrient
stability between the root resection and control plots. The microbial biomass carbon (MBC) of the root resection plots was
significantly different than that of the control plots. However, no significant difference was observed in microbial biomass
nitrogen (MBN) between these two treatments in each forest type (P > 0.05). In the control plots, the MBC was
significantly negatively correlated with soil organic carbon, and total nitrogen (P < 0.05) ; MBC, MBN, and the microbial
carbon and nitrogen ratio ( MBC/MBN ) were all significantly positively related to temperature; and soil water content
between MBC, MBN, and MBC/MBN were not significantly different. In the root removal plots, MBC and soil temperature
had a significant negative correlation, and the influence of soil organic carbon and total nitrogen were not significant (P >
0.05) on MBC, MBN, and MBC/MBN. Our results suggest that forest areas lacking root and soil protection would see
reductions in soil MBC, and the microbial biomass sequestration in these forest soils would be negatively influenced during
the freeze-thaw cycle. The capacity of rhizobacteria to metabolize carbon sources was stronger in communities associated with
roots than without roots. Our results also suggest that rhizobacteria from associated species have distinct carbon metabolism

characteristics.

Key Words: freeze-thaw cycles; microbial biomass carbon; microbial biomass nitrogen; root resection; microbial content

changes; forest soils

TE R LB R M IX (AR 2, 1B S VR Bl UL AT B AR AR B2 ) R Tl e YR A A R AR A DL
Fa), ASBE A B A A 0, IR B R R Ak T BB A AR K TR B B SRR L R
RS  URAER  A-3 5 K i R AN [ A A B B A e 1 - S 2R W ) BOPE AR B AN [, DA T 52 il ol 2 ) A %
AERIRERIRR TS SE M) 0 5 R B S R R] , R A K A MR R R R V5 2R A TR ], St 4
ATHUBR I AR B A AR R 22 51 (EZ U (IR 29C,5 h; R E-4°C 19 h) VRRMIERS , SR A 13
TR 25BN T AR FR AR A 28 0 ) 98 el e U A R

TR RN T I AE AL 2= P 5T | 1] - 3 s A A LT & A AR R], HAE H I A S R G b e A
2500 AR T AR R R U ) 43 A 3k RR A - SRR S A R 2 S LA, IR U [ P M DE T oY 2 4R
T R1E V& P o3 ekt H SRR IR R R SE Y AR AT TIF LR SCTE R AR R AR VE M6 CO, Bl it |
Tl 40 A R - MR TG M B B2, Schaefera %510 %2 B, MR R L BR IG5 80 640 VRIS W (0 3R
W s AR A O g e TR, - SR A e A N Bh A F S R 0 A B B A PR Tl L 0 3 e R 95 0
Clemmensen %" & BUFEAL 7 ZRAR R A BR 75 82 o5 AR K Lb (81230 1o AR R B AT T AR G 9 B AR L TR R A T4 A7, T A5
TTEABRGI RIS AR, T5 0 A SE R PR 2 60 1 S A itk A i /I L AR R LT o R 38X
—458 . 541, Campbell 2GR W], & BB RN TR IR RCH B W B AR I, SR 2 IR0 ik
JIrBR, PRI AAR R (PR T AR FIAR R 0 W) ) e A L R b VR B9 /0 IR ) i 1 R R FH ARS8 7
2 K AR S ALY SN 31 48 PSR 2R JE e FIAR R A I M AR FR L AR TR O MRS S AR AR
B i R, VR R S0 0 4 e, AR AR TE R R P S0 TR) 0T R AR 0 18 55 0 008 B 0 X B A 300 P %) 5 e o8 T 9 AT
JIREE AL, BT, AR 2 AR A R[] — S XA [R) R AL 1 3 Ak Wy 1 ) s e R B SR A B =

IINEAL W TR I HE B AR X 2 — A A T7 A AR AU M X A LA AR AL AR L DX ) TR A B -]
M-2T48 ( Pinus koraiensis) MK | &8 HZLAARES i $EAR G T 1000 R I 20 A PR ARAR (T PRERARAR) | i 2D AR 4R
Jii KRR HT I FAME ( Betula platyphylla ) PR & G N TREMRBILIHA N TARFIDSZTE S (Larix gmelinii) N TAHK
DU AE Hoi PR TR AT 8 - 75 M 25 V2 42 ( Picea koraiensis—Abies nephrolepis ) MR BF GRS G2 TR 7R Bl AIE P4 AN [A) i
BB B AR ) I A ) B s A AR AR SR e R A3 AR R AT 6 Rl L SR W s o T

http ; //www.ecologica.cn



19 ] MICH 55 R R ARAL B /NS 22 6 Bl - S AR 1y B O 52 ) 6161

fift R B B 3112 M DA [RTT0RE [ B ) 2R b AR 2800 b S Bl A Wk 200G o R ) 52 iy B LA LA 2 Pt i
s SRR

1 #MREFE

1.1 ARSI HESNL

AWFFEAE B TR E R A SRR X (47° 07 507 N, 128° 53 20" E) #47, 173 XM TR EITAHH
TP DX, M A /NS 22 04 1k BLAT U4 S DK 2R 0 i - A8 IR L Fe B M 3, AR Ml DX 1 A g 1R KB
PR 2 XM, B 2 B A , WK A/ s B 2 LA 0 1 LAk 25D, 308 0 22 T 5 Bk 2 bkt [ 7L, 417 A 7 7 PR
S4B IR, T, FFSIR-0.3C , F3 5 m R 7.5C  FERANVR-6.6C 4P K i 676
mm , 7% % 7 805 mm, JLFEI 100—125 d, B 130—150 d, EZRIHHZEA N TR FE AL ZR 30 X Ay T
AR B - R TR
1.2 LRSIk

AWFFEEROIT IR 2 km P RE T LEAAMR BEERAR | FIRER AR AR 2422 P8 RS N TRR LTS TR, DU R4S 1l
B FEMOIFFEXS G, BRI LIRAAR AR MR AE AR T 3 (VR 53 312K 460 m,450 m H1370 m) , 2%
TE I Fs N T ARFNZLAA N TARAE TP L35 QR R 400 m A1 380 m) , = B AZ WA T4 s (¥ 4K 350 m) ; 45K
UG AR X 10—15°, MR IR R B P T 0—20 em )21 by Pk - HE AT A 6 2%
AR, FEHAE G AL IR 1 PR,

T 2009 4E 10 A, 7R AREI I BEHLIEEE 3 4> 20 m x30 m 4[] 8 REHE | 7645 [ 5 AL Y BB HLIE 4 4> 2
m x2 m ST HRRE T AT 4 4 2 m x2 m B RBRIRARFET . ZBRAR RAEHCR A28 BIFERE 7 DU JE 42 0.2 m 1)
1 R B I TR RN (=60 em) 35 N XUZ IFLH AR B B AR 7 8 AR 2R, B AT LABHL 1 J&] Bl A 4
RIRA , ARUEE S 3B /K 54 S5 42 B Y G 398 O st T B B3 /IR T P A e T A, L ol D i
M2 SR 2, 7 RS O Hh LR 2R R R N TETE R R A S5 AR AR . T 2013 AR R LR 4
HRAATEE 5 A ARACAR ] 78 SR bR FHTR A BUORE I AT 490 FOR AR SR A B ] [ B — Ji] , R4
5 MR, URRLIEER I IR 2928 8 h, X B -5°C s IR 297 16 h, FIIRE -15°C , TEBA/METT BibL
PEHX 3 N5, B 2 R PR B W02 5 F 8 4 2R AE (0—10 em F1 10—20 em) , 15K 3 A5 [RZ +
SRR S TIR A Bk 72 4y RS . RS S B A RIS P N SE B A E T 4°C IR, T 1AW
SO A I Wi e RIS o TRIEPRE— 3043 A3 i KT T R A B A

FHEE KR (W, ) RH Trime-Pico - 3E/K 4343 HH N AE ; +HEREE (T,) R A L3R B E ek e, HHEs
HLEK (SOC) K FH multi N/C 3000 TOC 43#7% ( Analytic Jena AG, Germany ) M3E ; £3E 4% (TN) K Kjeltec™
2300 FLIGAE E AL (Foss Teactor AB, Sweden ) #4710 % ; 3985 Ak Wy 1 SR FH S5 SE 28 R B 0 R A 7 2 I, S DU
K H multi N/C 3000 43H74% ( Analytic Jena AG, Germany ) #4705 . IR a6k (MBC) A1 38504 Wy =
Z(MBN) 2351 FH R 2oRAg

MBC = Ec/0.45
MBN = En/0.45

K, Ec Al En 5350 0 BEZE A BE 25 - BRI R TRCA MUK , R 2208;0.45 WAL IE REL,
1.3 HdEabr

SR 225001 (ANOVA ) KSR AT | 488 2 Yk R A B[] e HL 22 BAE F 6 MBC A MBN 5211 ( MBC. Al
MBN 42833 3R G IR IEZS 434 ) o R Duncan #5565 L% MBC il MBN ZE AR | 4 358 2 YRR AR H 1)
ZE Y 2 . F Pearson AHOCZEIEH MBC Al MBN 5 +38 &7k &8 TOC TN Z B X%, RSt
AT EE ] SPSS19. 0 ik se i,

http ; //www.ecologica.cn



6162 A E = 36 &

R NKRIR 6 ThARBURE LS AR TG AL

Table 1 General status and species composition of the sampled plots in six forest types in Xiaoxing’an Mountains

R N I b3 " TR MO TR M mEm
T YR b it R MOTEIL oplie MR
Forest t Mai . " Land-use Ao/ Soil Tree destiny/ Average Basal area/

orest pe am species composttion histroy gesa thickness/em  ( Fk/hm? ) DBH/cm ( m?/hm? )

ZTH) Pinus koraiensis 254k Tilia
amurensis AEFSTR Acer
ukurunduense Y312 Abies
nephrolepis | Z4MHT Ulmus
laciniata . T FAME Acer mono |

] I Z0 B K Mixed

Broadleaved-Korean

GV >300 50—70 2511 13.0 33.1

ine forest
pne fores WAHE Betula costata 7K AN
Fraxinus mandshurica 5 FS Pk
Acer tegmentosum
21 [ =42 Picea koraiensis |
s b K2 Abies nephrolepis , [AKE
Bl 2V M 2K Abies nephrolepis . I ¢

Betula plantyphylla AEREBK Acer RV N >300 60—80 1939 14.0 27.3

Spruce-fir vally forest
pruce-hir vally fores ukurunduense £

Pinus koraiensis

2= Prunus padus LA Pinus

. . 1971 4F
AR AR koraiensis . T 1 Acer ;34;
Selection tegmentosum AERS B Acer I >200 50—85 2056 13.2 28.3
. g fRETF,
cutting forest ukurunduense [2N& Tilia W 3000
amurensis H AW Acer mono > ¢
F#E Betula plantyphylla J5 ¥
EIHEV A M Lariof gjwliriii LB =K Picea 1;:253 4
Secondury bireh foregt  Foraiensis T Ulmus CRRE] 58 50—65 1739 11.4 207
ccondary bireh fores laciniata B 757 Alnus sibirica . TSR H
FAi Ulmus japonica
AT
Korean i S 1954 4E 35k 57 60—80 1683 15.1 30.4
) . Betula plantyphylla . T ffiH
pine plantation
Acer mono
RPN T AR JE I HS Larix gmelinii . 7K i #)
Dahurian Fraxinus mandshurica . 51 Tilia 1954 S35 bk 57 65—80 1706 15.1 33.2
larch plantation amurensis , TLfAR Acer mono
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2 #R
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Fig.1 Dynamic changes of soil temperature in sampling site during the freeze-thaw cycle (2013)
I . FEM-£LHABK Mixed broadleaved-Korean pine forest; I ; 2831 252 A2 4K Spruce-fir valley forest; III : XM Selection cutting forest; IV : FAHER A
M Secondary birch forest; V ;. £L#A A\ T4k Korean pine plantation; VI; #&I#4 A Tk Dahurian larch plantation
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Table 2 Soil physicochemical properties in 6 forest types in Xiaoxing’an Mountains during the freeze-thaw cycle

04-26
05-01

05-07 |
05-15 |
05-21

X HE 3 Control FARAEFEFE S Roots removal

T B L 0 o S L HEA %
Forest type and factor  Soil layer/em 01 "N [Total Soil water Soil organic Total Soil water

carbon/ nitrogen/ carbon/ nitrogen/

(&/ke) (&/ke) content/ % (&/ke) (&/ke) content/ %
I LIAR AR Mixed 0—10 121.8+18.5AB 7.0%1.1 96.1+5.0A a  107.5£10.2AB 6.7+1.3 74.1+8.6AB b
Broadleaved-Korean 10—20 86.6+5.3 4.120.7 67.3+6.41 il 110.7£16.6 3.8+0.7 75.8+5.6 1 ii
pine forest 0—20 103.2£8.3 5.120.6 81.724.6 1 109.1x10.1 5.320.9 75.0x4.4 1 11
BB 0—10 162.2+7.6A a 8.9+0.7 74.8+5.1ABa  104.9+7.9ABb  6.120.6 70.2+5.0A a
Spruce-fir vally forest 10—20 98.0+6.1 3.9+0.8 77.9+4.4 | 84.8+8.2 4.6+0.6 76.4+7.0 1 ii

0—20 130.1¢4.7 a 5.9+0.6 76.4+4.3 1 94.9+5.1 b 5.3+0.5 7332491 1

P 0—10 113.0£15.2AB 8.7+0.7 77.2+3.7AB  127.6+9.7 A 6.2+0.7 86.9+6.5A
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Xof B, Control F AL BFEHD Roots removal
MO g DRI BRC e DRARR 2R A
Forest type and factor  Soil layer/em 01l O"ganic Total Soil water Soil organic Total Soil water
carbon/ nitrogen/ carbon/ nitrogen/
(¢/ke) (¢/ke) content/% (¢/ke) (¢/ke) content/%

Selection cutting forest 10—20 104.6£8.3 4.420.6 72.5+6.2 1 ii  118.249.5 5.5+0.7 82.1+3.8 i

0—20 108.7+9.4 5.920.5 74.9+4.6 b 122.9+7.1 5.920.7 84.524.6 a
FIAEU A bR 0—10 105.4+7.6B 9.8+0.9 56.3+5.4B 100.0£11.7AB 5.8+1.1 62.6+3.7B
Secondary birch forest 10—20 125.9+8.7 4.2+0.6 56.4+3.41i1ii  99.0+9.3 4.5+0.7 60.1+4.0 i

0—20 115.7+8.2 5.820.6 56.4+4.4 11 99.5+9.1 5.120.8 61.3x2.311
FAR /"FNIY N 0—10 130.3+16.1AB 6.4+0.6 58.9+5.4B b  104.7+14.7AB 6.3+0.8 78.7+5.1AB a
Korean pine plantation 10—20 129.9+16.0 4.420.9 45.5+3.0iiib  89.8+8.2 4.0£0.8 69.8+4.7 1 iia

0—20 130.1£12.2 4.8+0.6 52.2#3.211b  97.3+10.1 5.2+0.7 743271 lla
PR T 0—10 120.1x13.3AB a  6.8+0.9 84.329.0A 82.426.6B b 5.3%1.0 76.0+4.7AB
Dahurian larch 10—20 126.3£18.2 4.7£1.0 66.2+5.11 ii 103.4£11.5 4.2+0.7 60.2+4.4 ii
plantation 0—20 123.2+12.6 a 5.320.8 75.3+6.2 1 92.9+6.4 b 4.7+0.6 68.1x4.111
F P=0.072 P=0.384 P<0.001 P=0.005 P=0.724 P<0.001
S P=0.229 P=0.019 P<0.001 P=0.479 P<0.001 P=0.062
W P<0.001 P<0.001 P<0.001 P=0.001 P<0.001 P<0.001
SXF P=0.002 P=0.646 P=0.004 P=0.202 P=0.582 P=0.058
SXW P=0.020 P=0.370 P=0.776 P=0.039 P=0.261 P<0.001
FxW P=0.046 P=0.616 P=0.111 P<0.001 P=0.004 P<0.001
WXFXS P=0.020 P=0.475 P=0.290 P=0.001 P=0.256 P<0.001

F. M3, S +)2; W, BUERHE ; ARKE P SCFRER R 0—10 om )2 [ — 2R [RIMRT ) 22 53 B3 | AE/NE B D788 10—20 em
T EF— BRI 2 R 2 RFRIKE Y DF R FR 0—20 em + )2 [F—AbBUR R AROR ) 22 5 8 2%, AR FR/ING S 3C7R:43 51 R R — bR
AN[EAb R ) 25 55 B 3 (N=15,a=0.05)

2.2 UREMEFSIER RIARE 3 A Y ik A Y 25 57

VAR TG 2300 TR T H AR b 0 2 R Ak B8R b %) AR A6 | )22 R BUARE: sf (i) 359 558 55 b 52 o) = R B A 9 i
(MBC) , XFHEFEH 0—20 em )2 & HHZLFAMKEY MBC 545 Hi =2 A2 0K MBC 25 5 1 3 (P<0.05) , X FEAE HiL i
MRIY B R E D A (MBN) (C/N ¥y22 53 B3 1 2 H 25 A B3 (P>0.05) 2 AR HRE b bR 7R X
MBN SZ0 AN S 3 1 )2 %7 MBN A9 5200 5 2 MRS+ 255 C/N 470 3520

V5 R AU 1) 25 MR A I 2 b s/ T R A AR 2+ R (BR S b = R K 0—10 em J2 |, B 0—20
em JZ 1 10—20 em JZ4M) B MBC., 1117 23 HR AL BRXT A 73R B2 4 )2 (Fdl £ AA AR 0—10 em JZF1 0—20 cm J2,
B HLZ B AZHRIK 10—20 em JZHT0—20 em JZRA1) () MBN B4 58355200, 6 R HB /0 bR RN 4 2 ( FARER 24
AT 0—10 em JEFT 0—20 cm JZ , %A A T AR 0—10 em ZH10—20 em ZR4M) ) C/N WA W2 5 m
(%&3),

2.3 UREME IR [RIAR A £ 3 A Y ik J G s A

0—10 em )2, XF BEEE L BT AMRAL ) MBC (9 sh A8 (L SEA LB« W BRI, REIE IR 6 (4 H 22
H) FFU6 T R, BRI RRIE PR 220 o, 2508 3 K 56 5 WRRRIIE PRk B (i (181 2) o S REFE AR 1L, 25
HRALFEFEHD 0—10 em )25 MBC 1 208 B AR XN, 1 AE 10—20 em E2NE SR /NE 2)

L MBC HH Eb, VRl ] AR A0 BERTG FRAE A MBN B s S L e MBI+ 2 2 F A K (B 3,E 4) .
7E 0—10 em + )2 %F FEAEHLAY MBN Z8fL 2 B M7 AL, S5 4 RERRMEER (5 A 7 H ) IELES 2 s, 25AR
ALFRAEHL Y MBN 2h5 ) 2 BRI b BT, 22 05 — B RS )R (B 3) . 5 0—10 em HJ2AH L,
10—20 em +JZ A9 MBN 3 5 K, KB/ ARRIE AL SR 3 U 50 4 YRR B0 #1300 180 4G T [l T T 6 o oA )
YRSEFER (AL 3) .
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Table 3 Soil microbial biomass carbon, nitrogen and carbon/nitrogen ratio in 6 forest types in Xiaoxing’an Mountains during the freeze-

thaw cycle
Xf BEAEHEL Control FARAEFEFEH Roots removal

HORI T 2 ik AREE ey DRECE TEEE e
Forest type and factor Soil lager/cm Mi/ M;\; FEYHRTRA \ i P Mi\f IR

(mgke)  (mgke)  POMEN ) (meke) MBC/MEN
[EIURARA N 0—10 628.4+77.0a  132.0+23.2Aa 15.4+3.4  337.94#20.1ABb  59.4x9.6 b 8.5x1.5
Mixed Broadleaved- 10—20 509.2+56.2a  89.1+15.0 8.842.4  287.9+42.0iib 113.7+30.2 6.2+1.4
Korean pine forest 0—20 568.8+15.7 [ a 110.6219.11 a 7.7+1.71 1312.9£31.111b  86.6+19.9 b 7.3%1.1
A RIS Y N 0—10 483.1£56.6  116.5+14.9AB 4.6£0.5  519.8+64.1A 109.7+23.8 11.5+5.8
Spruce-fir valley 10—20 379.7+#39.2a  107.0216.8a 4.5+0.7  241.0+54.1iib  50.8£10.9 b 7.1=1.4
forest 0—20 431.3¢47.911 111.8+1591a 4.6+0.611 380.4+59.11 I 80.2+¢17.4 b 9.3+3.4
P 0—10 540.9+61.8 83.7+11.1AB 15.7+6.7  359.4+53.0AB  68.2+14.8 6.9+1.0
Selection cutting 10—20 366.1+44.9b  52.0+7.9h 8.7+1.4  510.8453.5ia 137.7+289 a 7.31.9
forest 0—20 453.5£53.4 1 11 67.8+9.51b 12.2+3.4 1 11435.1£53.31  102.9£#21.9 a 7.121.0
PR A bR 0—10 494.3+58.1a  86.9+14.1AB 8.0x1.3a 303.8+38.7Bb  84.9+9.6 4.2+0.7b
Secondary birch 10—20 502.0469.3a  94.6x17.3 8.1+1.8  259.9+36.4iib  95.5+20.3 5.6x1.5
forest 0—20 4982+637Ma  90.8+15.71 I 8.1+1.4 1 1281.9+37.611b  90.2+£29.9 4.9+0.8b
LA N AR 0—10 458.3+67.3a  68.7+8.9B 7.7+1.2  310.1+38.3Bb 81.3+16.7 7.0+1.8
Korean pine 10—20 469.9+58.2a  88.3x18.7 15.3£5.9  281.3x49.0iib  130.7+41.7 5.4+1.2
plantation 0—20 464.1+62.8Mla  78.5£13.8 [ I 11.5+3.1 1 [1295.7+43.71lb  105.9+29.2 6.2+1.4
ALy AN W 0—10 651.6£65.1a  68.2+13.1B 14.1+3.3a 448.3+40.7ABb  106.4+19.1 6.0+1.0b
Dahurian larch 10—20 444.8+56.5a  80.5+12.3 16.7+7.8a  230.1x28.5{ib  73.7£11.2 3.9+0.6b
plantation 0—20 5482+60.8Mla  74.4£12.71 I 15.424.6 I a 339223461l 90.115.2 4.9+0.6b
F P<0.001 P<0.001 P=0.027 P<0.001 P=0.324 P=0.189
S P<0.001 P=0.229 P=0.629 P<0.001 P=0.041 P=0.196
W P<0.001 P<0.001 P=0.013 P<0.001 P<0.001 P=0.001
SxF P<0.001 P<0.001 P=0.419 P<0.001 P<0.001 P=0.702
SXW P<0.001 P<0.001 P=0.378 P<0.001 P<0.001 P=0.328
FxW P<0.001 P<0.001 P=0.002 P<0.001 P<0.001 P=0.025
WxFxS P<0.001 P<0.001 P=0.314 P<0.001 P<0.001 P=0.408

F: A Forest type; S: 1J2 Soil layer; W BUFERTA] Sampling times ; A i) KB ¥ SCFREFRIR 0—10 em 1 )2 [R]— Kb FER [R] RS [A] 22 53 . 3%
ANF/NG B DFRERIR 10—20 eom H2 R — AR 2 S BE, AFKED GFEEERR 0—20 cm )2 F—A PR R AR A 22 5 B2, A
[F) /NG e SO 53 1) e TR — MR BUAS [ A B () 22 57 1 2 (N =15,0=0.05)

2.4 URELPEERI G E S - R T YOG R

VR AT BERE H MBC 5 305 ALK | 42 500 3 0 OC TR W i i S0 RN e i 20 EE 389 5 08 B 3 1E A
X, Tk 5 MBC \MBN il MBC/MBN Z [H] 3¢ R ¥ 0 3 AR AL BRAE M A9 MBC 5 1 13838 5 0 5 35 67 AH
X ,MBC MBN FIl MBC/MBN 5 3847 HLi M2 A Z BRI (P>0.05) (% 3) .,

3 Wit

VAR R B 300 ) ) 2700 25 5 AKE 30 0—20 em J2 3R YRR AR R A KRBT, SR W A S
R 1 R AR B0 () AS TR AR RS P - 964 HILRR A - 3 e A B 22 5 (£ 2) , 5 Brooks 217
Shanley 1 Chalmers' " B FEHIFT ; Bl AR AUIE R AYHRFEE , 13 DK KRR T30 43 5% B8 A0 A kAT B4, A5 PR 1K
HHEA VUM SR S S B AT A EURE RS ) 2 R e AR M - A ML AR S R
MRS KR (K 2) ,iX 5 Fitzhugh %5 7E VRN BB 25 B AR R Al 06 PRl A 6] 3582 b N il
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Fig.2 The change of 6 forest types soil microbial biomass carbon in Xiaoxing’an Mountains during the freeze-thaw cycle (2013)
I . FEM-2LFABK Mixed broadleaved-Korean pine forest; I : 73z ¥& A2 4k Spruce-fir valley forest; Il B:fXAK Selection cutting forest; IV ; FHHEIR
HEMK Secondary birch forest; V ; ZIAA A\ Tk Korean pine plantation; VI; %M #4 A T4k Dahurian larch plantation ; AN /NG F 840 5l s 7 — £+
JEATR AR HRN] 22 5 2.3 (N=15,2=0.05)

REEME S EREEZMNERSRERRE(F2),

VAR RIS A58 T - 496 A 0 B T T () IS, R T B AR Bt IR R A LT (L 1) A T IR IR R
BB 3 AT HP 45RO P - A W R R R B A AR S B W R AR A (1 2, 18] 3) , 5 Henry' " (ST
ZESRAAML, AT HIEUE YRR A & B IS TE 54—1051 mg/kg 5 2.7—494.2 mg/kg Z ] K TR H:
bt X A5 85 1 20 3 B — 114 22 57 1) J PR AT RS2 FR T RO AR [ R OB B (7] 25 5 S 380, ol 1 23 1)
- A W 3 1 SR B iR 25 AR Ak S P R A N T b S A R A3 S O RERE M RN S AR
B PN A e A sh A D 7 TR A AR R B ST A R AR A et 3R 43 R A A AR AR N B
G SR ATIFSE Hh R LIS MRORD e A bR 25 R Ge AR RE 86 (36 2) |, [R] AR 22 R = J st A= 0 =2 1] 4 A
EAER T A W AR R B, I e LA AR R A5 M 2 Y A2 MO AR b DX A
e TR RV , L2 BT 2 I (4 5 i 5 R 2 400 0 it el SRR IR ) IR R Rl B 05 IR 0 + R T
SRR T A M T Bl 1 B P i AR XTI 3 2 S R AR B A S RN A TR - SR [ A F 1Y)
o

YEREREHLA MBC &85 TOC &R B E A G (P<0.01) , 5 TN &/ B EAME(P<0.05) (% 4),
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Fig.3 The change of 6 forest types soil microbial biomass nitrogen in Xiaoxing’an Mountains during the freeze-thaw cycle (2013)

MBC Il MBN 37 S5 B 2000 0 35 (3 4) , 5 HAAH SR 78 45 FARSF 2>, 28 W VR Rl 0 24 39 i) 7 A 9% X M
FRAY I, AT LR 42 ML R R0 SR i R B A 5 T 2 AR M A R TR BRI ] e
T 0—10 cm T2 WA 52 BIAEE K B9S2 I AR BEROR , 2SR N k= AR R 0 -3 IR R, =
FAMAL 0—10 em 1)+ IR W) R A D KT BRE L (35 3) , 5 HAB M SCIR IR 5 A A 20 0 REH
W54 ) A HUBR AN 4 U R - e A 9 e i B2 R 7Y (HAR I 52 v 2 AR A BIRE 1) + e A ) o
AN 32 3 - HER 1 B 5 (K 4) , 5 Li B AR BB S RART A . B IR RGP I ZAR A
FEH PN - R BT 52 B URROAE PR 052 ek SR 2N, HL SRR S0 i R B8 A 2 s - S o BT % 1 X A
A S SR i e AR A B b P SR A i e RN E A ML AN 4 U2 TR) E O AR I SR A
(£4),

IR A Y A L (MBC/MBN ) 76— B2 bR e T 58 h L A0 B 1 e L AR SE ok
HERE LA PRI 19 - SR W) MBC/MBN 771 535 22 53, T 2SR AL I B 1 25 PR R 1 MBC/ MBN 3047 18 38 22 57
(2 3) , RWIFINT FRAEHAR LY, AR A b P A SR P i A D7 SR AE A7 SR A AE 22 5, 5 AR DG 9 45 2R AH
FEERT RSB AR AL PR R A B TR G AR S5 4 S T i A A ROE TR 2 R R R IFGE . Feng 2600
FERFF 82 4 2707 0 i) b R b T B A e At & IRAR R R BR L A i R A s SRR AR AR R
KK ( Cunninghamialanceolata ) MRAR 2 5%F 15504 W & a3 4 B B 8 i A2 VR4 s AELJE 7 3¢ B RN &y 2 ) 1)

http ; //www.ecologica.cn



6168 A E = 36 &

R4 FELEIAEE DR ER BT IEEAEREEX SR

Table 4 Correlation coefficients between soil microbial biomass carbon, nitrogen, soil microbial carbon/nitrogen, and soil physicochemical

properties
Xif B EEH Control FARALBEEEHDL Roots removal
B . ; BAE . ;
T BOS aw kom0 g
Factor . Total Soil water Soil R Total Soil water Soil
organic . organic .
nitrogen content temperature nitrogen content temperature
carbon carbon
i.‘“ iy - E=N
j:%%hﬂlft%iﬁi‘ff: -0.202 " -0.193 " -0.066 0.211*" -0.092 0.134 0.129 -0.249 "
Soil microbial biomass carbon
IR A
Soil microbial biomass 0.041 0.09 -0.020 0.246 " -0.037 0.143 0.114 -0.111
nitrogen
TR A YRR A
Soil microbial biomass 0.07 -0.12 -0.026 0.163 " -0.013 -0.032 -0.063 -0.037
carbon/nitrogen

* P<0.05; * * P<0.01

DIRT ( detritus input and removal treatments ) S , ZBRAR R R T ST R Y i R AR
1l X LELRFTE R 5 Y 22 B0 L 3 G Wy i) sl BB Ak DX SR AR B B M A AR 25 57 . AWESEIE R B2
AL FRRE b A AR 2 ] () MBN G 8 3525 5, T RE 5 B2 AR R A%t £ 48 N o d F A o6 6T
TERRl PR YA 22 00 B 2R A2 AnAeT 5 R T A W A v AR U8 5 I AT SHe 48 7 L FERIL ]
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