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Abstract; Timber harvesting is common disturbances of forest ecosystem and different harvest methods have different effects
on forest ecosystem. The unreasonable harvest method will cause soil nutrient loss, reduce soil water holding capacity, and
lead to serious consequences such as soil erosion and forest degradation. The Great Xingan Mountain forest ecosystem has
the largest forest area and the largest forest stock in China. L. gmelinii is the main zonal vegetation in this area. Therefore,

the restoration of L. gmelinii is of great importance to the Great Xingan Mountain forest ecosystem after harvesting. Clear
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cutting and shelter-wood cutting sites in 1987 and 2013 and uncut contrast site in the Great Xingan Mountain, Genghe,
Inner Mongolia were selected as the research area. We sampled the rhizosphere soil of L. gmelinii in sites and analyzed its
physicochemical properties and microbial community characteristics. The results showed that change of physical and
chemical properties and characteristics of microbial community of rhizosphere soil after timber harvesting were different from
that of non-rhizosphere soil, and the physical and chemical properties and microbial community of rhizosphere soil of L.
gmelinii would be affected differently by different harvest methods in different stage of restoration. (1) Fungi in rhizosphere
and non-rhizosphere soil microbial communities were both more susceptible to the effects of soil physical and chemical
properties than bacteria, but the change of single physical and chemical properties could not significantly affect the
rhizosphere and non-rhizosphere soil microbial communities. (2) Compared with the uncut contrast site, in the early stage
of restoration of clear cutting, no significant changes were found in the physical and chemical properties, microbial
community structure and diversity of the rhizosphere soil of L. gmelinii. In the late stage of restoration of clear cutting, the
physical and chemical properties ( total carbon, total nitrogen, available nitrogen and pH) of the rhizosphere soil of L.
gmelinii changed significantly, resulting in a significant decrease in microbial biomass carbon and nitrogen, the content of
phospholipid fatty acid (PLFA) of fungi, a significant increase in bacteria/fungi, and a significant decrease in Simpson
diversity index. (3) For shelter-wood cutting sites, in the early stage of restoration, the contents of total carbon, total
nitrogen, available nitrogen and water content in the rhizosphere of L. gmeliniiwere significantly reduced. The content of
total potassium and available phosphorus were significantly increased, the microbial biomass was significantly lower than
that of the contrast site. At the late stage of restoration, the ratio of carbon to nitrogen and the content of total phosphorus
increased significantly, and the microbial biomass carbon returned to the level before shelter-wood cutting. Shelter-wood
cutting had no significant effect on PLFA content, microbial community structure and diversity of all microbial groups in

rhizosphere soil.

Key Words: harvest methods; rhizosphere soil; physical and chemical properties; microbial community; Larix gmelinii
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1 ARMEHARTE

1.1 AR5 HENL

AWFFET 2018 4E 7 F LA SE AR X N 2013 4E 5 1987 4E 155 1% 5 W He ke b LA K Bk R R H ke
Ho(RFRE ) HUFRARFR 121°30730.10"—121°55'20.86"E, 50°50749.63"—50°54'48.52"N . % X kb FE IR 4 Kbl
PEZE XS, AR K 450—500 mm , 33K 600—1300 m, 4EH IR -5.4°C , AKX P 2 LARE T H AR L A 47
Heoh 3, F B R OA D4 & 0T K (Larix gmelinii) | FME ( Betula platyphylla ) #& ¥ ( Pinus sylvestris var.
mongolica) 5 ,
1.2 #FRITE
1.2.1 FEHhERE

12018 4£ 7 J], MK 2013 4F (WS 5 RIS AT ) (1987 4F (KIS 31 ARARRMKEE 5 ) 10 4 5
AR 1 A B A R A0 RERE |, 3 ROl v 32 R Ry 2422 P W (Larie gmelinii ) R HE ( Betula platyphylla)
WA AR, b A He e 2 B FE AL B 3 4 20 mx20 m BOREDT , B NFEJT ARG 100 m DA | 7E4FHRE
J7 g B AR BRI 4 K BORA [R] 9 2% 22 7% A 3 B, BB 0—10 em PYARPR - HE9FA T R AR | JLR4E 45 iy
FE SREERT L MRS 5220, FEREZ LI HR B, B MR PR I RAE . 7R RERR S ZE V5 TR
4 DI A A I VR RIZ ST A AR PR 1 4

B 13t 2 mm G HCT 4°C VKGR R AR A M SCEe =, BB e A5 3 0 BT 23 R AE T
—4°C F1-20°C UKFE FH T A= Wy st oo U 0 2 LA S i fiG BB DT R ( PLFA ) B4R I, 28 =0y T AE KT, T e
AP B R 5
1.2.2 JETk

PRAEPERT . £33 pH SR HBR BETHREAT I 2, +7K A 1:5, + 358K (TC, Total carbon) | EL%&( ( TN, Total
nitrogen ) K FHIJC R 23 M1 AL %2 (75 [E Elementar 23 7] Vario MAX cube ), &L#§ (TP, Total phosphorus) . &L 47
(TK, Total potassium ) >R FHACH TH #7200 %€ (ICP—OES) , #348% ( AP, Available phosphorus ) SR FAR 2 & 817
WZE . HAUE (AN, Available nitrogen ) R FHBR S HOE M &

1%&93%%i%iﬁé%%@%%ﬁﬁ%fﬁ@%/fﬁ%ﬁ,/%iﬁ%{ﬁﬁﬁﬁ%@ Elementar 23 A Vario TOC 1)\@}“']%“0] o

AR AR TR ( PLFA | Phospholipid fatty acids) (121, (1) R EC B E T E ) R 4 o, I ABEIR 2% vh IR
(0.1 mol/L) F s ((aiikafi) S0, 875 )% 10 min, %% 1—2 h, B0 10 min(2500 rpm/min) ; B E W AIA SR
U5 BERR G2 I IR S) A )2 IR (R ) o WUEE N R AT N IR T, (2) 40 B8 i ERCHE (FH 5 mL {5 iR AT
T, FHED 5 2 RGBS T AR S, I 15 mL PIEREAE A 10 mL B EBE (@S2l ) s it YScsE FHBEAR N,
WA, (3) HERAL A P BE—H 2R (1 1 AR 800 W WO i kT IR BT, A 0.2 mol/ L KOH ( H BEAF
B 1 mLIRAT,37°CIR/KI 15 min IR R ER A 2 mL &5 —EC%E(1:4,v/v) [0.3 mL FEHR (1 mol/
L) .2 mLE4EK IRAT, &0 5 min (2000 rpm/min) 4E B2 IECLEAH, 02 mL S5 —IEC ke (1:4,v/v) &
BRI, B IFPIREE I IE C el , N, T, -20°C AR A7, (4) LI . F 19C b, 38 ik SOAR 35X
53 PLFA FAE LS RIS AR S, B0 nmol/g o
1.3 Hdl kb3

R B A BFIE R TP B IR RS I R ric > R AR B A A WA T A R = G 4 4 T Gram-positive
bacteria,GP (i14:0,i15:0,al15:0,i16:0,i17:0,al7:0, i18;0) & % [CBAME 4 B Gram-negative bacteria, GN
(16:1w7¢,17:0 cyclo w7c, 17:108c, 18:1w7c,18:105¢,19:0 cyclo w7c) iLZ F Actinomycete (16:0 10-
methyl,17:0 10-methyl,18:0 10-methyl) 1% Fungi( 18:2w6c, 18:109¢) 4l # Bacteria(il4:0,i15:0,al5:0,
i16:0,i17:0,a17:0, i18:0,16:1w7c,17:0 cyclo w7c, 17:1w8¢, 18:1w7c,18:1w5¢,19:0 cyclo w7c) M i
TTFRAE,
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K, H B R AEGN Z R PSS | FhBENE IR I R bR IC Y FE BN A 7 R br i 4 e i vh i) L 43
Simpson D=1-X(N/N)? (4)

K, D R AR HEEIR S, N oSS | MR T RRARiC W i & 1, N BRI IR DT R AR iIC I B

FH— 205 UL BERE AR T2 % 5 1) LU AR Sk 43 AT AR PR - S0 A W 9% 245 44 1) 28 Ak, 4 48 TR/ FL 1R ( Bacteria/
Fungi) % [ PHPEAI /55 2 [CRAYE 40 8 (GP/GN) o fAE W 138 50 (Stress level ) FH BALBE A 11 A1 g iy iR
(cyel7: O+eyel9: 0) /FRNEEEIIR (16: 1loTc+18: loTc) HKHE, T T8 E0M w5 M E RS 2 2 5
g LEFR R A

FIFH SPSS 24.0 X242 5 AR PR + R ME BT AR Y Bk A S i PLFA & & A YRR S5 d6 x|
AR R R IR EGIA T AR R 5 22500, 9T LSD ik R R4 2Z (B i 22 5

FIH R 3.5.1 A vif.cca() BB T 22 W i IR 7, B 6 0 2B 2 B LR M A A5 R 7 (7 2208
IR F KT 20) 2, Z G FIH vegan A1HT rda( ) PRELAY X HR PR 38 A0 R DA B 45 2 W S Ak A o LA R 7t
IR SR IEA T U T

Y38 1 Origin 9.1 R 3.5.1 Microsoft Office Visio 5,

2 HRE5HH

2.1 AR F AT H RS2 v AR B A o A 5

WNFE 1 7R, B AR K SR S) , 22 22 7 R AR PR b S T A0t 15 £ Y 3 i TR R M, R B AR o S
TRREMTC W5 22 57 . W AR S IS D), 2422 T AR s b S8 S Bl | 20 T AR R 5 S IR, 3511 T 0 TR
M, SRS 5 AT S OO R M, pHL S T PR M AT A L, 5 R S A T IR, B L
B SR R 22 YA

WA P S A, 422 P AR PR R R A0 BB B AR i DA R KR Y I R T A,
B H O 2 BT ORI AR B W AR R MR i ) AR B AR A AR A
KR AT S0 R TR IR M, SOl B R T S R T X AR
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Table 1 Physical and chemical properties of rhizosphere soil of Larix gmelinii

. SRS BA BB psgall AL HAR P

R FrK i
. (TC) TN TP TK AP AN pH
Sample site SM/ %
/(g/kg) /(g/'kg) /(g/kg) /(gkg)  /(mg/kg)  /(mg'kg)
% A& Control 88.41+1040a  5.03x033a  0.59+0.06b  15.10+0.61b  2.41+0.09b 168.00£19.63a 4.42+0.13bc 0.45+0.03a
2013 4FE5 K Clear cutting  123.40+18.28a  5.74+0.80a  0.76£0.06ab  17.59+1.23ab  3.28+024a  156.33x1345a 4.37+0.09¢ 0.47+0.04a
2013 4Frfk
Rl . 46.18+6.69b  2.30£0.36b  0.69+0.08ab  20.07x1.38a  4.01+0.52a  84.75+13.52b 4.77+0.13ab 0.26+0.03b

Shelter-wood cutting
1987 4%

%7 E&j 46.49+£1426b  2.74+042b  0.61+0.05ab  18.52+1.42ab 3.42+0.2la  78.22+836b  5.03+0.07a 0.31+0.03b
Clear cutting
1987 4Fifiifk

. . 57.86£7.23b  235x024b  0.82+0.10a  19.85£0.77a  4.79+0.51a  80.44+11.49b 4.69+0.03b 0.34+0.02b
Shelter-wood cutting

BUE NI E AR AE TR 22, FRER R R AL H A 2% 55 B 3 (P < 0.05) ; TC. EB% Total carbon; TN: E.%( Total nitrogen; TP &8 Total
phosphorus;'l‘l{;"‘G','\%E}El Total potassium;AP;iE’?‘J’l@'i Available phosphorus; AN LA Available nitrogen SM . % 7K 3 Soil moisture

2.2 [ FAT5 20 2622 T R AR s b S ol A 0y s R B R
LT W RAAR P b R W e 5 B A AN T8 1 Bs . VRS RN, 5 FIOAE MM 22 7 AR s - S ol A= )
TR X MR R 2SS WO MM 2 R I A AR B M ol W e S SR T AR R
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WEREND . VRO IUT, 5 R % 22 T A AR P e SR A W B e 55 0 S0 35 A 7 R M M 22 7 I AR B 1
PRl 5 2 O 5 AR AR IR G W 38 22 57

DL AR G M S NIRRT R o KT R AR T R M M LV I FA AR B
PR YR RS B SRR B W 22 KO ], B R % 2 AN AR P A A i e i R
TR L SO A 7 A MW A2 I 30, 2 22 I A AR s b SR AR e S B S X R ML A B
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_é 1000 |- % g 1(5)2 : §
S SOZ_ § g 52 - Q\\\

AEHL Sample site

El1 XREMHRRERTEMEYS
Fig.1 Biomass of rhizosphere soil microorganisms of Larix gmelinii

FREARRYCFAL PR 22 57 B3 (P < 0.05)

2.3 A[A AT O P42 AR PR 3R ) PLEA 5 5 DL R BRUE Wi P S5 A 52 )

PLLVE M AMRER A W) PLFA & 5 0978 N3k 2 P . B (R b A IR S AT, 222 5 i AR B + 338
22 ICRH BRI AR IR S PLFA &5t S X IR s O B 25 S . AR MK A IS 4, D42
AR BRI FLTE PLFA 5 i B2 A, HoR A& U E IR RE PLRA & 5 S50 IRAE M AT 25 25 57 PR
RS RTINS 5 0, A 2SR PLFA & S5 R FE L RA7 A B 25 5

R2 AREMRRERLIEGENLBERERENRSE

Table 2 Microbial group PLFA contents in rhizosphere soil of Larix gmelinii
W AE AR MR & & Phospholipid fatty acid content/ ( nmol/g)

2013 4F 1987 4F
LIS o -
o Xof g . ik gt it
Microbial group A% B A%
Control . Shelter-wood . Shelter-wood
Clear cutting . Clear cutting .
cutting cutting
> FC BN I
ig&mﬂ_ &/H@ . 13.39+£2.99a 22.40+4.33a 16.67+3.69a 13.63+£2.49a 12.98+1.70a
Gram-positive bacteria
= PEANEE
%4[3%[9% ri(lﬂ[i‘ . 34.96+6.72ab 52.49+10.60a 38.89+8.40ab 27.97+5.77b 30.07+4.26ab
Gram-negative bacteria
H A Fungi 26.71+7.48a 22.98+4.33ab 15.92+2.86ab 12.22+2.11b 14.82+3.06ab
4l TH Bacteria 50.03+9.55ab 74.90+14.75a 55.57+12.04ab 41.60+8.15b 43.05+5.90ab
TR FE Actinomycetes 6.91+1.10a 9.89+1.80a 6.6+1.60a 6.68+1.20a 6.03+0.70a
24 e 1 1 11
i 86.68+18.78a 111.78221.11a 82.54£17.00a 62.2011.30a 66.00£9.77a
Total PLFA

BUE NI bR R 22, T REAR R AR AL B 22 57 B35 (P < 0.05)

DL TE AN T IE R E YRS A5 2 BR . B ARE UK S BT, 22 T AR PR L
PR P2 B2 22 ER B TPE AR  ( GP/GN) LUK R/ L ( Bacteria/ Fungi ) S5 AR AW IEFEHIBAAT & 2257 . &
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FRAE MK 2 I 1, 2425 AR I £ 3 Bacteria/Fungi S 3 25 T A& R AR BEEEM (& 2) o Wi ERE bk & i i
W, 24275 IR FR £ GP/GN Bacteria/Fungi 5 A KA AW AFEAE R E 25

<
g 6_
®mE o7 | N #
$£2 Hifl
R a4l
= on
‘iﬁg = 5
w5 &S b
& 2 B
T3 8 2|
£ 2
§ ol 20134F

AEH Sample site

B2 MREMMRETESRMEYDLHFEHRERTERLE
Fig.2 Ratios of phospholipid fatty acids in different microbial groups in rhizosphere soil of Larix gmelinii

FREA R AL B R 22 57 .25 (P < 0.05)

2.4 AR F AT FRERZE 5 AN AR PR L Sl A W v 2 RE PSR RS TR T 48 B s

DL AR L IR WIS I Z RS S RO AR e gk 3 o, B ALK S ], %2
AN N e R B F U AL R T RS P B B O 3 e | I N B E X W B LR VR RS
JE IR e TR B ARAE N Z RV EAR R e AR 2 RV By S X AR AP A R E S

R3I MNREMHRRELERENENERS SEFEEY

Table 3 Soil microbial stress index and diversity index in rhizosphere soil of Larix gmelinii

2013 4F. 1987 4F-
FEHL o e 1 Wtk Bk Ak
Sample site Control A . Shelter-wood Shelter-wood
Clear cutting . . .

cutting Clear cutting cutting
JE 13854 Stress level 0.47+0.04a 0.49+0.03a 0.48+0.06a 0.42+0.02a 0.43+0.01a
AN Z T L Shannon 2.96+0.05a 2.93+0.09a 3.02+0.06a 2.83+0.18a 3.09+0.03a
FARZHEPEFE AL Simpson 0.93+0.006a 0.92+0.01ab 0.93+0.008a 0.88+0.03b 0.94+0.001a

BUE N FRE AR R 2, T REAR R AR AL B 22 57 B35 (P < 0.05)

2.5 MLAPEMFAMRER LB S R MR B AT T (RDA)

T 2 AR B A DS PR AR PR A R T A A | LD AR B R kAR AR 32
WA T o et e By 2 IR R -, b S BVER O Z B IK KT 20, A RGR Y
Z LM WO L AR . TSR S, S8 pH SK I (SM) BB (TP) B8 (TK) | BUSHE (AP) R
R (AN) 50 B BHIRIE IR (PLFA) F &3 7700 HT

SYRTES AN 3 BTN, PN HE Pl X 2% 28 7 P MR I A R G A S B v A TR TR A G B A Ak B i
3K 33.88% , Horh 55— 55 A o il AR T AR ARG 33.219%F1 0.67%

IS b, 222 5 AR PR 398 pH 5 B PLFA & 35 IEAH S (P<0.05) , S4IE PLFA &5 3 1
K (P<0.05) . HALA(AN) 5HE B PLFA & i B 3 A C (P<0.05) , S4IE PLFA & 8 3F IEA X (P<
0.05) ., F/KE(SM) GBE(TP) A (TK) M (AP) 5S40 B PLFA & 8Bt BA — @ a6, HIE
ANEE(P>0.05) , UL, pH S5HEE (AN) 25 DL 25 AR BR S 0AE e v A0 T8 | B P A X ik
A i E A B EE RN T,
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3 e

FRMORAR B AT Bh %) B bk S RN A T
e, RSN MRS RGN AR SOx B
TR HE L o SR A R R P 2422 3 I B AR B -
S 9 FEALAE B R B IR BRI TINSE | A0 T R[] 3
Ry 2 LML TIN5 M BT 0k 2 2 9 I R AR 93
BRALAE I L R RS O, DRT S R | 20e . :
S I A AR T - 198 15 SRR 4+ 8 A B A LA % B4 T et sy
TP X AR ] 3 1R 2 R B 7 7 22 5 AR ) R0y =xd
DL TEAMR BT B LA TR Bt B3 RELRRENERSNS LRRUIRRI TR ST
SR LD KIIELG HI WX T e s o ) meril o
LETE AR B - 52 e W) E AR ARl 5 JH 522 1 [R) 42 SM ;pﬁﬂ(i Soil moistulze;yTP N Tot:l p:osphoms; TK ; &8 Total
B TUAR PTG SRR U] MRS 13 pH FIEUSUA (AN) 2 potassium; AP: i 4 B Available phosphorus; AN: H 4 &
A5 i AR BR LS DI REE AL RS T, Available nitrogen

AR TR AR R 38, B (RO 2L 229 I HA AR I - 3
A I A R B T o O B E SR B AR R AT S 10 A BRI AR b e B I R B B B pHLL Bk
ERE S R T BB ARSI b i R 04 2 T I R AR B R pH K RE B S
TG AR IR A 3 25 5, BT AR E T 55 MR A BT T AR X T K A7 B L B SR I AR
BREHE pH S K REFIEA R A Bk TR B T3R5 B R 1 ki RARTR 50400, 5 45 52 W L 2 1
AAARBT R TS T BRATC R A A AR I R 2 S AR e B R SR ), 2
PR pH K BRES R RE T BB, BT AR M T R AR BT M TR B
LS P - ) S PR i, LB | R K P RE AL | KRR o S 30 T R R 3
e L B A KR U A pH 1 2 TH S TR | B2 A IR A B W b B U AR, 3
I A4 P R I - 408 B B A T/, 2 A 0 0 T it 5 SR A R BRI 2 A 52 5 R U I 2 2 9
FARBR I M R T ) S R AL S5 R B R B R MR A

VTR 98 | T (R 24229 I HA AR B - B e 55 L B W 0 B S ML, © A R
WA T £ 0% 52 5 1 AR P - A e 3 2 T A AR Y AR TR 5T o £ R 406 S A 30 2422 95 A AR
B SR pH BB A I S A T B Ak 53 U R S AT (Rt 26229 I R AR B 5 AR B e ) B
AT B T ARRE M 7R L R0 5 5 B0 2 T WA AR I 85 K 35 893 (0 T SR AR IR R, 35 T i 2
F A ARG R PO T8 A MR e ELATS 77— S Al W 1 P2 | S 800K 391 4 7K o B
LB WA, L P T (A K RE A R T KTk 3 0 K 2 VA PR — 25 1 1 T
ST AR S T 00 5 0 2 9 A AR - 3 R o 1 1 5 /N T SR A % IR, 7 £ % 2422 75 AR AR B
- R K 000 P U2 0G5 U 00 B S S ik 24 2 R TSR P R R M 7 A
B T ARBR RIS A S, S T A L S A R R Y M R A R R Y R
T B A R B KRR A S R A B B T ORAR T KO
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