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Abstract: The change characteristics of soil and soil microbial biomass contents of the natural secondary forests could
significantly affect the soil organic carbon (C_,), total nitrogen (N_; ), total phosphorus (P_, ), soil microbial biomass
carbon (C,, ), microbial biomass nitrogen (N, ), microbial biomass phosphorus (P . ) contents, and their stoichiometry.
To gain insights into the change characteristics of soil and soil microbial biomass contents and their stoichiometry along
different successional stages of natural secondary forest, four forest types were selected in Miyaluo forest area of western
Sichuan, China, which compose of three natural secondary forests ( SF60, SF70 and SF80 from clear-logging area during
the 1960s, 1970s and 1980s, respectively) and one Abies faxoniana primary forest ( PF, 160 years old). C N, and

P N,. and P . in 0—20 cm soil were measured. The results showed that contents of C_, and N, , marginally

soil 9 mic Y mic

soil »

wis G, and P_. increased initially but decreased over time late in
N> P.i» C..., N, and P__ in the

N

had no significant changes between SF80 and SF70. The content of P, was significantly higher in SF70 than that in SF80.

significantly decreased, whereas the contents of N_, and P

the course of restorative succession of natural secondary forests. The contents of C

soil 9 soil 2 mic Y

three natural secondary forests were lower than those in the PF, while the contents of C and soil microbial biomass

soil 9 soil

The soil C:N :P stoichiometry ratio was dominated by the synergy effect interaction of N_, and P_, contents. There was no
obvious difference among forests of different successional stages for soil microbial nitrogen carbon quotient (¢MBC) and
phosphorus quotient (¢gMBP) , but did exist for soil microbial nitrogen quotient (¢MBN). gMBN was significantly greater in
SF60 than that in the other two successional stages and PF. C
and N

wp Tatio of the stoichiometric imbalances showed first

lmh

decreased and then increased; C , ratio of the stoichiometric imbalances showed a slightly and

|mb |ml) m\b m|

significantly gradual reduction, respectively. Redundancy analysis showed that soil microbial quotient ( ¢gMB) was

and C . : ratio. N, :P

nnh 1ml) mic ml( imb

ratio revealed 62.6% of the variations in ¢MB, which
and P ).

mic mic

significantly correlated with N,

imb

implied that changes of ¢MB values were effected by the contents of N and their active components (N

soil 9 ~4)|
Furthermore, our results revealed that nitrogen and phosphorus contribution could be an optimal strategy to meet the
microbial stoichiometric demands and enhance nutrient availability for natural secondary forest at the early-successional

stages (<60 a) in high—altitude sub-alpine forest ecosystems.

Key Words: natural secondary forest; soil microbial biomass; stoichiometric ratio; microbial quotient; stoichiometry

imbalance ; natural restorative succession

T B WA R A A R A R rh i oy R 6 AR Y0 R IR R R R
BRI A 0 A W (Soil microbial biomass, SMB ) 742w A% AT Jsz e 3 A AL JR % R | 39835 1 K/
PARAEZS R G e Sk AR R RGP B o AR S W 8 43 A
AR N FEEH T 1 SMB k2B b BRI IR & R 5 R 4 S E B B I R A i G
¥ ARBR A A V5 4 5 A 5 e A5 A W A AR W R AR A O - R R R 25 R S T e kR
ARLOT) B 1 SMB B AR AR A R alOMA 8 I B e e Tk s R s AR T Ak
HAR T Las B AR (a3 (0 =2 D Rl A AL A AR AR ) > 940 Song 454 5T B, HIRRE
PR RR (C ) VRN, ) RV (P ) 7 o B AT ol R 2 320 ¥ 184 o B2 Se T I R i AR Ak i 34 1 €Lt N
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6 NHIHA B R G HIE- R Y S A R B R S AR, C L N R P i B e R N, C e
Nt P U RIS 38 PR (Y B (B AR A A% Ry o P D0 A B R X SMB R HLAb 2= 1B Rk (4538 i U F 32 5 R
AS[R) I FE 0 A S A e 23 AR AR )

SMB fb2E i (C NP ) 8 A AR T DPA0 A DG B A1) AR ke - 3 33 43 R A A
AIRREARSL > R E e - R B A iR A B € N P LR A T AR X R iR Y 4R
C oot N P A8 AR B S5 M PR 32 00k [ B2k W B VR 4 A B A AR IR 32 81 - e 3R A s i, b Bl s T
Coio: NP FHEEC NP IR AR IE S 2R, Ak, 18 C ) Ny, P PRI RCR BT R 1 38 504 W ki
(gMB) FEAE ;gMB 32 364 HLITUE R AT i LA K A= 0 vl R RS 0 A8 55 v 8 i e A 2021 3 e R ) 4=
HEFR Ay PE B AN AL | PR AR B W R R RPN ) B AR IR IR T R B R T AN [ By
BLI) gMB A2 AL B 2s i Jmy 023 (H R AR — B eSS 1 . B, AR R AR AR AR b SMB R HiAk
AR oMB BYZALERE , 2007 3 A C NP 5 gMB BUFBAVE R, 76 25 T 5 G b 290 £ A Ak vt
AR SMB il gMB 1848 ALRFAE , 350X 4R ok k38 AR AR T3 o B

PG 25 110 2K bR X TR T 3 1 AE 25 58 15, 20 40 50—80 4FAR S KRB RAR, G2 AN TR E K&
SRR LB AOS  BEE T 2 P A [ 1 [ B8 N 0 R SR U AR R i 1 AR AR 5 RS SR, AKX SMB 5
FEAEPEARRIARI Y AR RS R A I, LR T 4G S R, SMB. R 3 AR W
XF R A SR PR 25 M g e 1 2 o S BRI DI RE . R PRI X A 1 2 A SR Wit [R] AR [], SMB. A H:
TEPE2E S 0K, Ry T S G b B SR R A AR (TR RO AR AR T8 R R AR v SMB (5% R 3R, DA M 38T E W ik
RIS gMB BYIER AR ERT R AR R S A B Be SMB M oAb 70 i LU C RIFATIR ARG, A
WS RAEK B ARIX. 3 Foh R TR A 3 % B B ) I A AR VY2 42 (Abies faxoniana ) JE IR MR ZE (0—20
em) TRE IS HHEE LR (C,) ER(N,,) B (P,,) A EMAEY A8 (C,, ) A& (N, ) #(P,, )&
1R EIR C NP #l gMB, /AT U BCH 22 5, B7EARSY : (1) AR BrBe SMB LA HAR 273t 5 LL iy A2
FHFAE 5 (2) IRAEARIR ST X SMB S 55200 gMB 5 C:N P A # it i iR G 06 R M gMB Xk A bR 2
BRI, A5 25 SR AT A R S A B A AR ER RS A | IS B T IR 2 IX 8l - 9k U b R Ak 2 11
IRERAE AN,

1 ##FEE

L1 AFFE XA

P LKA 2R DAL 77 9825 JUZR B0, A2 e L -V g L e D i 2 A9 2 i), LA R B e Ll AU, B
T X, AEFERE 6—12 C, 1 HFESIR - 8 °C,7 H R 12.6 °C TR YIZ 200 K, IR &
700—1400 mm ,4FZ8 & 1000—1900 mm, & FHHPHIRKIK 6—7 A il BA R MCA Fa Ao a 5%
S, BRI AR XS TR A DA s 1L - e L R O 3 TR RS2 RS A IRV A2 | 58
WK (Picea purpurea) KK 72 ( P. asperata) , ZLKME ( Betula albo-sinensis) . F M ( B. platyphylla ) M (Acer
spp. ) eI ( Gleditsia sinensis) MW ( Tilia twan) 55 ; FEARJZ A 00545 )1E =5 LUER ( Quercus aquifolioides) [
HAE Mk ( Sorbus koehneana ) | %Y #EHk ( Pruns tatsienensis ) . %5 48 1 % ( Euonymus porphyreus ) . = LI #ll ( Salix
cupularis) JEEMN(S.paraplesia) LR T ( Rubus rubrisetulosus) %6 71 Z3.2& ( Lonicera spp.) . J& % ( Viburnum
spp. ) JEPIHINT ( Fargesia nitida) 55 ; B AL $Fh 32 24 Bk 27 2 ( Polygonum viviparum) | R J7 WL 4F ( Fragaria
orientalis) f& ?%%(Deyeuxia scabrescens) JERITE 3 Deyeuxia levipes) JEn %%(Ligularia przewalskii ) N
H1 (Kobresia spp.) S5 HHY)
1.2 HIERE AR AL

2019 4£ 7 H F A FEKE D ARDXCRERIN JS3K2€ VR0 -\ 538 1 %€ 4% BEST b 2% A U0, 54 20
142 60,70 A1 80 4FA 3 FlioR A 28 F SRR BRI B AR ISR UR A A (i D8 SF60  SE70 AT SF80 ) AT
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RIZIRIEAR (TR PR RIS R 160 45) S — N R A0, AR AR MR L AR DU 22343 (196, DZS3- 1,
) BELA 1 3 4~ 20 mx20 m [A]FH KT 20 m AFRIEREHAE A I00 1 3 AN F A A—ASXF R ISR Al A
WA (R 1), BHERFERT AEC A R AR ERE K e B I IR B 40 4 1> 10 mx 10 m FAE
7 AERFRETT LA ML 5 857 ¥ FIANER AN 14 ( Eijkelkamp, 5 07.53.8C) R4E 0—20 em HUFE)E LK, B
20 NBURE S ) HIEFEAMIR S G e B DU 4 SR — A R A TC R R 48 B T VKA B YA AR 128 (R 5K
E, RERABR SRR R MASEY G 2 mm 0 A RS S 2 03— Oy R AR T R
WA R (C) AN, JBE(P ) f i — I AR HDRINE E3EE PR (C, ) R A (N, Mai
(P Eritds,
F1 FEEHHERE AL E TR R E AL E AT

Table 1 Basal status of experimental plots of natural secondary forests with different restorative stages and Abies faxoniana primary forest in

Miyaluo forest areas

N [ 3 B B R AR R AE AR

Stages of restorative successions of secondary forest

URVLAZ ISR AR

A.faxoniana

DR/ ER 7k

Soil microbial biomass

SF80 SF70 SF60 primary forest( PF)
Mt Age/a 40 50 60 160
R Altitude/m 3387 3312 3080 3189

245 Longitude and latitude

102°40'59.99"E

102°43'4.93"E

102°44'25.80"E

102°43'50.88"E

31°49'17.44"N 31°46'21.45"N 31°43'24.96"N 31°41'26.88"N
W Mean slope/(°) 22 27 24 25
Wi Slope position A g g a3
+3E Soil MGB MGB MGB MGB
goilzgilrii)e;afgiﬁéo cm depth 508 524 542 554
FZEY M Main plant species ié:EE‘GS‘PA /]iAD:SFI;‘PA AF BA SK FN AF TT FN
e Mean DBH/cm 10.83 11.12 14.17 26.70
SEHJH S Mean tree height/m 6.35 7.25 6.83 10.56
B Density (#k/hm?) 2375 1833 1583 1633
HRHA B Canopy density 0.60 0.62 0.68 0.76
WARZ T Coverage of herb/% 65.2 79.3 40.5 43.3

SF80; 20 20 80 AFAR AR A b i) K AR VK A= MK Natural secondary forest from clear-logging area during the 1980s; SF70. 20 40 70 450 BR & 2 3h
By R AR A HR Natural secondary forest from clear-logging area during the 1970s; SF60: 20 22 60 448k 35 1 19 K 4K ¥ 4= Ak Natural secondary
forest from clear-logging area during the 1960s; MGB: L1 /K#5:4 Mountain grey brown soil; DBH: 4% Diameter at breast height; BA: ZLHE Betula
albo-sinensis; SK; BEHEMK Sorbus koehneana; GS: Y3 Gleditsia sinensis; PA; R AK% Picea purpurea; AF; WRITLIAAZ Abies faxoniana; FN :4£Fg
HifT Fargesia nitida; AD: F¥EWR Acer davidii; TT; W Tilia tuan

1.3 Wik

+ 4 pH KR 1:2.5 IRA A pH TR ; B3EA PR (C,, ) P 5 e SR EES R A S A
Py RN, & e AT R — 1 AL 390 3 i — AA3 2R3 sh A BT (7% (Auto Analyzer 3, SEAL, f&[H ) ; 4
(P, S 5E FAR AT L 6k (S UV-2450 R4 6T, HARRHY) |

HERUE Y YRR (C,, ) VAN, ) R (P, ) S e R S AR A 4 B 2 mm i et
+HE2 3 (C, N, FERIIH 7.5 ¢ P R 2.5 @), I BCE T S5 MICE T 0 B 2S Tan  7e 556 ) 7%
24 h JEHCH  HA e ¢ N RO BRI A 1:4 11 0.5 mol/L K, SO, /KW, 5% 30 min J5idJE,
43 3R A TOC-VCPH A AR /3 AT AA3 FELE sl o3 B A7 s T P, DA B3R B 1:20 11
0.5 mol/L fikF2 AN , 723% 30 min, I 20 mL ¥ 1A, N 5 mL iR -4HE6-PUIR & W A7), 2 % 34 mL, H
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By UV-2450 SAMMOCETH L @ME, C,, &= (EZRTIEA Y- R ER LA LK) /0.45 N, & i

=(EER AN A-REZELEAILE)/0.25,P,, & = (EHR TR - R EZKHE) /0.40, 1 0.45.0.25 il
0.40 M REL,

1.4 HdEsrar

HR4E Mooshammer %52 LK JEE RN FAL 96 09 7, 480k 0 B AU E 2 4 A 2 T R R AE
FH B RS, BI04 C oy iN oy WCli Py Ny tPy AT C N Clt P NP s IR WD gMBC
gMBN Fl ¢MBP 2351 (C,,./C.,) % 100% . (N,,./N_, ) x100%H1 (P, /P_,) x100% %/ ; T3k
ASEHE CptNiwy ~Cont Py AN 2Py 278, JHE EE A R 108 I % 5 0 o I, = 36U E 2 KR Atk
K AR .

Ciml):Nimb = [ ( Csoi]+Nsnil )/( Cmic +I\Imiﬁ) } ( 1 )
Cin Piy = [ (C#P i)/ (€ +P ) | (2)
Nimb:Nimb = [ ( Nsoi] +Psoi] )/( Nmic +]‘Dmic ) :I ( 3)

KRN R 22 M At/ B 5 22 57 1 (1SD) K 56 3 Fh vk AR MR LA K AR MRS IR YT A2 R AR Ak 2 18] 9+
BT W) A W AR AR Y L P22 5 (UK P<0.05) , JH Pearson AH5& 120 HTPEMY SMB 75 8 J2 Hifk 24t
LR, PB4 H SPSS 26.0 FA4 e (B E MK 0.05) . Ak, AT Canoco 5.0 #X
XA (gMB) 5 - W A i C N P AR SRR 22 A 56 R AT TUAY 4 M (RDA) ; 2 F H
Sigmaplot 14.0 B8 B ; ] 3 T8 14 7 Y {8 A v A 2%

2 ERESH

21 hERR R B R RO UL RRE
3RAM I € N, PR E I IR T PF(P<0.05) T P, #9739 3 SR T PF (1 1), €, A
N B BB AL R B A B 3 [ R % SF80  SF70 I SF60 4 PF 41 I 21.15% Fl 29.74% ,26.61% Al

% 160 15 ¢ 200
-~ -~ =
= F=4534 P=0 ¢ = F=8331 P=0 c & F=9.46 P=0.005
2 120 2 12 2 16 r
B a a & § a a # £ b
5"3 = —+ P o 1 HE 12 _I_ e be
;s 80 ®E ® 2 a —-—
%'E b HE 6y ) HZ2 08
< = - —_—
%n 40 g 3L :g 04 |
= k=) =
g o 2 2 0
20 200 18
F=101.51 P=0 F=2857 P=0 F=4134 P=0
16 c 160 + 15
—E
= a = a = 12 a a
'Z; 12 b b o 120 _I_ b a:m 0 b
B 8 3 L 3
o S 80 c Z 6
0 0 0
SF80 SF70 SF60  PF SF80 SF70  SF60 PF SF80 SF70 SF60  PF

T Bt Successional stage

Bl1 RARERFREENRRIRIEZEEBHLE C NP FERULZHETURE (n=3)

Fig.1 Change characteristics of C,; .N,; and P ; content and its stoichiometric ratios of topsoil from sub-alpine natural secondary forests

with different stages of restoration and A.faxoniana primary forest (n=3)

SF80; 20 20 80 44Xk Ak b i K AR VK A= MKk Natural secondary forest from clear-logging area during the 1980s; SF70. 20 40 70 4EAR B  3h
BY RAR KA Natural secondary forest from clear-logging area during the 1970s; SF60: 20 40 60 AR BRI 3 (1) KSR UK AE AR Natural secondary
forest from clear-logging area during the 1960s; PF; WRVILIZFZIFIAMR Abies faxoniana primary forest; C_; N ;: TIEBRE L Soil C:N ratio; C_
P_i: TIHEBEBELL Soil C: P ratio; N :P_,: THE%BELL Soil N:P ratio
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23.93% .61.98%F1 71.97% ; P, % it WIBE VR 5 182 i 5 Se 1 s e v ol 25 A8 Ak ka3 Forb SF70 5%, LL PF
5.66% ( P>0.05) ,SF80 Fl1 SF60 Z[H] Y P, & 2= %A B3 (P>0.05),

I C N B R AR AR 52 50K 5 T 0 B AR A 3 (B 1), 7E SF60 Hik 3|5 K (14.40) , Hirfr SF70
5 PF 2R AR E(P>0.05);C P 5 NP B KB RI N SF80>SF70>SF60( P<0.05) , 5 PF A [k, SF80
e T 8.19%FK T 3.88% ; SF70 . SF60 43K T 29.47 1 27.01% .56.83 Fl 68.20% , MIE 1 RI %1, SF80 .,
SF70 .SF60 1 PF H i) 13 C_, :N_ P 28500 1262 11:1 .82:8:1 51:4:1 F1 118:11:1,
2.2 TIEGEY AR KA R

3MUEMLIE C, N, P S BT PR 2)  Hrb € F P 5 e Bl AR T B S i e 28
feitads, Hrp SF60 )2 H1E C, & & Eb SF80 Fl1 SF70 433l R T 47.73% 1 52.51% (P<0.05) , P, & & 53l
FEAIRT 15.48% (P>0.05) 11 38.29% ( P<0.05) 5N, 7 12 il Y A= My 547 R 42t i 23 Dol i 94, SF60 3¢ SF80 Al
SF70 435 F R T 40.81%F11 28.31% .,

3FRAEME C N, BT PF(FR2), FHZEMPrER,C, N, 7F SF80 1 SF70 [ SF70 il SKF60 2 [h] %
SR (P<0.05) , 1fi7E SF80 Fll SF60 7] 22 5 A i 3 (P>0.05) ;C, . : P, 7E SF80 Fl SF70 & SF70 FlI SF60 2 |A]
ZFARRE(P>0.05) ;NP AEARFNRA BB BT o P25 5% (P>0.05) . ILAh, N3 2 it k3,
SF80 .SF70 .SF60 Il PF H | 3/ E A it C N :P . 235108 23:7:1 19:4:1 14:5:1 1 18:7:1,

soil

mic

mic mic

R2 RARERFEEFMEFIRTEZEB®R L EMENEYER ANHIEREUIHE(n=3)
Table 2 The soil microbial biomass carbon, nitrogen and phosphorus content and its stoichiometry of topsoil natural secondary forests with

different stages of restoration and A.faxoniana primary forest in the Miyaluo forest area (n=3)

AN [IREER B BB R AR ALK R IT VA 2 A bk

1}‘&%%%%; ) Stages of restorative successions of secondary forest A.faxoniana
Soil microbial biomass . -
SF80 SF70 SF60 primary forest( PF')

A YRR (C,;,)

o 1001.29+173.07a 1102.14+72.81a 523.38+114.30b 1224.89+342.25a
Microbial biomass carbon/( mg/kg)
WAEMADRER (N,
”_ J JEEL( _m"') 294.64+90.33a 243.28+14.12ab 174.40+16.18b 465.60+80.20¢
Microbial biomass nitrogen/ ( mg/kg)
MEM Y EBE (P,
n, o PR (Puic) 43.27+17.83ab 59.26+3.53ac 36.57+3.08b 68.60+12.97¢
Microbial biomass phosphorus/( mg/kg)
A=W A= ) i Bl R L
C-to-N ratio of microbial biomass(C, :N_ ) 3.52+0.61a 4.53+0.21b 3.00+0.55ac 2.60+0.34¢
P W) R B L
C-to-P ratio of microbial biomass(C, P, ) 24.73+6.19a 18.60+0.44ab 14.23+2.07b 18.83+8.18ab
WAEY Y AR
N-to-P ratio of microbial biomass(N, . P ) 7.16+2.30a 4.11+0.25a 4.77+0.23a 7.10+£2.55a
LY Y R A L
C:N:P ratio of microbial biomass 23:7:1 19:4:1 14:5:1 18:7:1
(Conic*Nunie P i)

ARIRINE R AR 2 1] 25 55 1 3F M (P<0.05)

2.3 HEERHUE YRR P A2 TR AN A AR

2 A[F Y AR ARG 60 4E IR S I B AT gMBC Il gMBP K772k i 2520 ( P>0.05) , {HX} ¢MBN S04
W (P=0.003) , TIEGEDIIG(gMB) Bl AR AR 52 1802 4 BRI N 22 BUAS [ (1) 28 Ak a3 . gMBC R BN Je
Ja B AR 3 (P>0.05) , 3] PF BrBEk B 54K (0.97) ;gMBN F 3 R Sl m THagH: B2 A8 b #a 34 (P<0.01) |
Hirp SF60 2 2 5 T SF80 SF70 il PF, 437 5t 49.5% 94.1% Fl1 34.29% ; gMBP Fifi YR A= i 5 5 340 7 A AP
#(P>0.05) .

DA R AR P 0 CtNGy (Cl Py Noy P BB 22 S (B 2) o €N, R A2 AR
TR AR A S 3 1 S R S TSR i (P =0.002) , 7E SF60 ik 3 5 (25 PF 2548 B3 (P>0.05);C,

imb "

P, AN, P, R R (P=0.175) 5 5 3 A2 W I 3 (P =0.039) , HiHp SF60 Y C,, i Py & KT
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; SF80 1 SF70 (1) C,,,:P,,, FI N, P, 5 PF AL, 22 5 PEA 3% (P>0.05)

lmb

<
- N <
< 20, <10 Z 12,
22 = =0 82 = =0 FE = =0
3 F=136 P=0324 z & F=1128 P=0.003 g F=153 P=0279
S8 15} a S E Sz o9f
wg a a a wg 6 b wﬁ a . a
gg 1o} gi—) ac %5 6}
= 2 = 2 4 =S
= 0.5 §= : Ta 3 :
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Fig.2 Change characteristics of soil microbial biomass and soil microbial stoichiometry imbalance ratios of topsoil from sub-alpine natural
secondary forests with different stages of restoration and A.faxoniana primary forest (n=3)
PF: WRVLYSAZJE IR K Abies faxoniana primary forest; Ciy:Nyy, : 554 W1 AE W0 5Bk AL 2 31 8 AP Microbial biomass C :N stoichiometric
A 0 Wy B AL 2B R B A7 Microbial biomass C :P stoichiometric imbalance; Ny :P,, : WZEYIA: Y18 A Bk AL
SFPHE Rt Microbial biomass N :P stoichiometric imbalance

imbalance; C;,,: P, ¢

2.4 HEEGREBER IR RUE Y E Y AR 2 R A EOC R

Pearson AT (3£ 3) R, C, 5 le W EIEA S (P<0.01) ,C, FHEMN 5P, S EIEM X
(P>0.05);C_ M N_ &H5C. N . P AHEWEFH(P<0.01)8EF(P<0.05) EFH*;C,. N . P &k
VA T 22 ] S A 2 B S A G cm“:N%“E; Coy N F1C TP A 2 A G C P BN iP5 Cy
N F1 G FIN AR B B TEAHDC N 2Py 5 Ct N FT C Py 0 0l 2 A i 2 SR SR IE A OG5 N, P
5 NG P o ) R 2 TR ARG

mic mic

iml

x3 TE-RENEMERTHRELELFTELRZ ANEXREH (n=12)

Table 3 Pearson’s correlation coefficients of soil and microbial biomass C, N, P and their stoichiometric ratios (n=12)

Nooi P Coic Noie P CoirNait CoirPao NoirPan Gl Ny Coic' P e Noie P mic
Coon 0.983 ** 0.194 0.902**  0.878"*  0.627%  -0.799"*  0.852""  0.934*" -0.049 0.478 0.523
Nt 1 0.329 0.907**  0.848"*  0.718** -0.885**  0.769"*  0.892** 0.009 0.385 0.412
P 1 0.323 0.233 0.447 -0.486  -0.332 -0.121 0.139  -0.195 -0.155
Cic 1 0.805**  0.587*  -0.798"*  0.697 " 0.802 ** 0.179 0.528 0.458
Noie 1 0580  -0.575 0.670* 0.745 -0.430 0.340 0.660 *
P 1 -0.759**  0.369 0.548 -0.070  -0.322 -0.194
Ceoit Nei 1 -0.547 -0.728 " -0292  -0.230 -0.092
CooitP ot 1 0.969 ** -0.034 0.569 0.531
Nooir P it 1 0.007 0.499 0.465
Conie N 1 0.251 -0.401
Crnic' P mic 1 0.774*

s il s e S35l R B EA I (P<0.05) AT B HIE (P<0.01) ;Cy: AR Soil organic carbon; N : 4% Total nitrogen; P_;: 4:# Total phosphorus; C,..:
HE W) R B: Microbial biomass carbon N, : BUAEYIAE YA Microbial biomass nitrogen; P,..: B A HHE Microbial biomass phosphorus; C . .xN,;: T IERA
F Soil C:N ratio; C Pz THERRTELL Soil C; P ratiog NP y: THEEELL Soil N :P ratio; C,, N, BEYA YRR L C-to-N ratio of microbial biomass; ;.
s WUEYIAE W ETRBELL C-to-P ratio of microbial biomass; N iP.: WAMAEYEEBE L N-to-P ratio of microbial biomass

mic *

mu
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SMB fbaf it AP 5 - Y AR i SO A A LA S i (R 4) R, C,tNGL, 5 Gyt
P, AHEMEA 3 (P=0.822) ;N, ,: P, 05 N A1 C, 0P, S B IEAHSE(P=0.026) , 1 5 C,, N, &
K (P=0.013) ;C, N, 7315 C N, FC N B3 TEAR G (P =0.020) FIRR 2 2 671 A 5C (P=0.000) 5 C,,,,
PSP AN P B2 (P=0.005) AL EIEAH G (P=0.035) 3N, Py, 20545 N, ATN P i 38 1E A
X (P=0.025 F10.016) 15 P, 1 C_,;:N_, B2 3 E A SR G A2 (P=0.004 #10.003) ,

R4 ITERENENELETERTEES TERENDENELFTEILHBEXE(n=12)

Table 4 Pearson’s correlation coefficient of soil microbial stoichiometric imbalance and microbial biomass stoichiometric ratios (n=12)

Cinp Py Niwb Pty Coi Nooil P Ciec Noic
Cip Ny 0.073 -0.638* -0.377 -0.437 -0.243 -0.560 0.008
Cinty* Pt 1 0.690 * 0.514 0.528 -0.121 0.240 0.457
Niop* P 1 0.574 0.640 " 0.077 0.517 0.249

P CoaiNoa CoiiPoi NP CoiciNoi CoioiPri NP

Ci* Ny -0.265 0.659 " -0.314 -0.404 -0.891 -0.397 0.173
G Pt 0.753** -0.458 0.554 0.610" -0.361 -0.328 -0.098
Niowt P 0.756 ** -0.778** 0.564 0.677" 0.394 -0.070 -0.313

2.5 HHOMAEY S B RUE YA ORI RDA 43 AT

PL gMB iyt AR i, 3 E b eE T i LA i RS R AT OUR T (R 3) B R BR N, Py
B Clp Ny FTCy i Py FUAHSCHANIE A5G, gMBN 5 C N Gyt Ny IEARDE TS €N N Py TR
K3qMBP 5 C_ Py NP i oGP Ny Py IEAHDG 81 3 WA 55— HlRnSE o3 0 kg 1 gMB 224k
() 72.78% 1 24.51% , Ui -3 E WAt HLRBAR Gr b S e gMB 54k, N, i P, X gMB Y 52 55 K, fif
BT gMB ZE4bIY 62.6% , FHk N €, cN, . f#FE T gMB 281K 21.7%

3 iTFig

3.1 WRAMRMRE T IR A e AR T S R
311 IR YA W B R Y S

PR T A2 3 A A 2 T 5 0 38 9 IS A e SRR R 2R | R BT R SO T i
SMB E A A A 28 AR A RHE . ARBIFFE S5 R o, LA R R b Ry 321 SF8O Al SF70 +1% SMB % 1w T4
Rk 3204 SF60, 5O AR —3 "+ C AP B R HET R SF60<SF80<SF70<PF; N, i SF60<
SF70<SF80<PF, H:H SF80 Al SF70 +3% € FI N, SR BB 0 V22 53 ;SF80 (1 P, 7 i 15 SF60 22 5 AN
FXFPARAL A S — SRR A R BT 22 RO BRSO TR R AR A A R B — T g S
SF80 HI SF70 W RIAK - LS AAL) JiC (ZLHE DR HAERK ST ) F1 SF60 (URTLVEAZ55) A1 O, FE & T R R FpAR T
Hb R AT Yo e T R R A3 e | AR TR ) o R 3R 40 T W A R, A
TS 25 LA R R Aol Sy 32 1P S5 R B #5085 1) SMB ; 75— J7 ThI S AR IR VIV A2 AR R, 300 3t B AR Bl X 1 03¢
TR TSR A, I8 1 3 ) S 0 AR e 3R A B SE 4 2 ik R AE H A b AR R BB T4 i AR
PR V5 4 i R A 0 T T R A K IR A R SRR T S AR R BAh,

0.094) , WK IRU A AW R0 L HE N F P S RSN I C, S AR W] BB A AR
PE— D AR A K 3R 43 IR SR BB KT SR W i e A RE 01 5 HEUK, Y A MR (e 7 MR SE AT
P 838 S BObR T M A S A AR A SR ) M A W RIS AT U SF60 19 SMB % AL T A
K (F2) A SRR ORIk T AR T AP B - S5 4, ok o M S8 3R R P 30D i 5 EOH SR R
AW A RRRAR, R, P R R E R R SMB YRR R B T AR B SR v, R
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Fig.3 Redundancy analysis of soil microbial entropy and soil- microbial C :N :P stoichiometry
gMBC ; T Microbial entropy carbon; gMBN: /£ ¥ % Microbial entropy nitrogen; ¢MBP . /L ¥ Microbial entropy phosphorus;
Coio:Noie s THZE A W1 EEBR L C-to-N ratio of microbial biomass; C,.:P ;. : WUZEYIEY RGP LL C-to-P ratio of microbial biomass; NP, :

A= 0 A= ) i B W5 L N-to-P ratio of microbial biomass

VSRR G E TR CE A B RN E R e R RS LR 9K 75 B — 5T

ABFFE R SMB & HH7E PF (935 2 KA, Ul ZEUR VTV A2 I MRV o MR AR 2E K AR i i 7 B
M FATEY) o R LA AR R iy B0, ok e MR T 2 ok IR, A R T e Y A
K, R YR AR5, inFE B F AR R IK S SMB & A8k iU, T 2 — B IRAMESR . MR Hr R,
Co N EEE C M N, & M2 ) AR E e & RS, S e A R —80 7 Uil C, f
N Fr ] BT - SRR K B SR P 4R e € I N Fr i, RLZIRER P 5 PR R AR
B WA MR IR A R P BN € RN B SRR (1) YRAE AR LI 5 SRR [y Bk
FEr , SMB & AL F B2 Z 8 T C, AN, S RAAEIE 5 (2) B3 P SRS RS BRI,
H P 1F T3P AL AR SR R A8 ) % X A R A RO PR T R, SR b K
SEARTFRAR I H TSR U A MR (T HE 1960s WRAEMR) 19+ A R0 A | 5 TR A B Mt i e K309 A 3k
M I
3.1.2 X HEERR AL RS

MR E R B mE 5 C, N, M P, Ak, 6 S 8 L FE b 2F T 2 AR
BT C NPT RBRA t SERE W e R A R T A A S IR L, B C N PR 5, A ML R
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FEAr s | R R R 22 | RO IRER Y ARBFST R, C BETR AR PRI RS 2 S AR A N, By St I D
PR AR AR C N D SR S0 e 14 1) (i AR R 3 (R 1) 53 FiOR R B B B ik Ak, C N, 28
WE R 10.25—14.40 (H{H 12.2) , W1 T Fp I 3G i X OF- 297K 5F (12.1) 18 =R R AT RE S5k A4k C, S Bl
T HERR A BRI AN e N, & e R IR A DG (3R 2) , VR IR AR T8 T UMK 3 25 48 S ) 28 1l el 2 1 HG b 3R
i At T MR 28 B R A e B S TRDR A& AR TR) 0 i 3 i) 20 (A W v A B % A AR Ak, B0 S0 ML
I3 AR A KR AR EE AR, 5 PF AL, SF60 H + 38R i AL VE PR A8, ARl b i fd ¢ N, i
EHE

Coot Py B W HIVE 1 3R LA E R RE ) B BLHR bR, AR /s A4 A 4 el A v 38 35 o i B 45 R L
DAB TR BRI A B ARG AR Y, C P, BUIEARARS , #AG ) T2k 3t e BB o, fR 1 1A 5k
BEARS I , R Z A7 AE P S BREY WA BFFE N Ty, C i P MO A8 5 156 B S AR A T ) 3B A5l 2 A ) P e 30
RS 25 5 B et 5 b Bl S G M O A 8l A A 0L, A AR SR Y P, RV
ABFFEHT, C Py BN 2P FE SF60 IR FIFRARAE (1 1) ,1fif €N, 7E SF60 & i diefi, H. C P, FI NP,
543 C AN IR E TEARSE 5 P AR B3 (3R 3) SRR — D7 T, RO DX A AR A - g
B R HPRBUE T H & R AW (R = MY i Z i e /N o — i, Rl kR
RIS S, C BN A SR AN L RS A KX C A0 N, e RISl ¢ N, B A Ik
(1), 46, SF70 SF80 Al PF (Y C_, P A1 N_, P, 8 T H I 30T 4 -2 7K F- (78 F1 6.4 ) , Tiii SF60 NI
TSRS S AR RAR , L8/ aHral s, C, AN, JE A5 X 45 C P, F
NP BUOCHR R 2R
3.1.3 N IERUE YA Y i A R L A

Coioi NP E A W VR S5 A AR AL A SRR A2 B 9T W, AR AR S A 4 B S ) ol
B DL AR R AR SRR R R R TR, L R M R A IROR R T B fl SMIB i {1
ARE RS S 2 0 T 5 e B A SR A W R A Ak L, AR ST S AR R, R AR MR & T R
Coie: Ny 1 €t P L TP AE B EFER X N PSSR AR A ) 5 MK S E A gt ae M > Bl i A Ak
BIVREZERR , C, N, R B e ok A 2 AR AR A C P R N s P DU S Ay o 7 5 R e 3 4 o A1
B TR R Bl A R AR PR S TS, PR 1) 2 B AR ol L s A ] P o A B A B A A R SR (R 1),
il ARG T Y AR R S I B AT AN S U v R 25 S i R SMB B AR B
TS 2) . AWFFEINA, 13 C N, TE 3—6 Z 0], R W L IR0 (5L %, R Z AR £ #F 5%
XA [R) e R B B R A AR 3 € eN L TE 3.00—4.53 (3916 3.68) 11 PF(2.60) K T 43K A o [ ZRobk 1+ g ~F- 1
JKF-(8.2 Al 8.25) 1180 SRR SY X - HEf A M AN B R 5 N, P G T ER (6.9) SEX KNS i A F
FEXK I ARAR E I E W — o B L2 B TR AR (£ 2) , LA, MM R B, N, P S N A
Coet P W2 8 3 B0 35 IE MR 56, AN ) T3 [ 30 A 9 2538 0T, — 5 R 26 W1 SMB (4 Ak 2T i R iE it A 452 0
AR ; 53— AT BESR YR T N, Bz 21 N BRI, SEMIEIE T N, 0P o BIRARWFSE G R 500 T IR AE AR
XS 4 C NP PR AR (F 2 B BT b 3 PR 380 - S A 2B W i A S A 2E T i I sE LB
Py e — AT C NP5 S WA I W Rl 2 R & G RAETR ABIESR .
3.2 AR TR A R W 5 T

R Y (MB ) S A HL R UL B E B AR AR AR RN R BRE
TS S/, Bt 5 A A TR R () U R SEE 1, g MB. HE B il R A 4501 ) R B2 U T - R 8 5k v (I A
B S SR REIE (AL A K, ISR R 3, B BRI 2 BF | gMBC AR fb B 340 0 3 ) U BHAF 5% X 38l 2R
3 C_ 10 C LA BOR A X R, H S R e MO R R RS B B gMBC AE MR A 0.97%—
1.21% (YN 1.08%) , 5HE X IBAY W &5 1L 25 42 ( Picea morrisonicola ) EHK (0.4%—1.2% ) 1 F13I A 15318
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FRAR(0.7%—1.7%) " ARIT  (BAR T +h FE R AR 24K (1.929% ) ') 5 gMBN 7E SF60 Hh i 25 1o T HoAth 5 By
BEAR A HAR IR N 2.74%—5.31% , i T I = AR (1.4%—2.3%) ' | i 78 SF60 1 (5.31% ) BH i
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Uk Rs A B 2= LU P R . IR AR, qMB Lt € iN_ P FTC NP R B
TR A LS BB ] MB A A i 58 X R AR AR HEE ALK AR L84 , (EAS AT .
3.3 HEE-RUEY) C NP bR O R W A R
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