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Abstract

The stoichiometric imbalance between microbes and their resources determines the element limi-
tation of microbes, which will change their carbon and nutrient utilization efficiency, and ultimately
affect the biogeochemical cycle driven by microbes. A series of global changes caused by human
activities, such as climate warming, elevated atmospheric CO; concentration, and nitrogen deposi-
tion, will significantly alter the availability of nutrients in the environment, which will lead to
changes in the stoichiometric imbalance between microorganisms and their resources, and ulti-
mately affect microbial metabolism and nutrient cycling processes. As the most stable carbon pool
in terrestrial ecosystems, the high-latitude boreal forests are highly sensitive to climate change,
and changes in their carbon stocks will change the global carbon budget. In this paper, we re-
viewed the response mechanism and research progress of soil microorganisms in boreal forests to
resource changes under the background of global change, combining with the adaptation strate-
gies of microorganisms in response to stoichiometric imbalance in previous studies, with a view to
further understanding the role of microbial decomposing in regulating nutrient cycling in terre-
strial ecosystems.
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675 FRARME A M A= 5 RGU AR e IR, HLBifig Rk (272 + 23) Pg B[], 4T KA ki
1 50% [2]. #RT, (EARMEARMIIE ST, ST RS KRR EMIGE R 2ERERE, X6
TFRARM AR B PE R AR NAE K L3R ThRER AL [3], M FEES RGThRE K AERA . LR
ERNERREYIWER EIEA N B E S 5%, BA ZREESThREZ M, ERED M. HIEENLUR
(A 39 [ 7 L B 3% 0 16 A S ok Pt 31 i B RV I [4] [5]e L3 KR I LB A E etk ik
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Z(N)FIBE(P)ITEIA[ 7] PRI, BF 70 - S A A Pon B B I A8 R TR A WL R TR A B AR 1S 55 N A4 th
BRAL S B R 8],

WA S HI R M 2 B R R BT R G — N EEER[7]. XGRS AR

FPEMITTAL[O], AT DUE R A Ak e e 5 AR SR IR R R [10]. ARSI R g
(Ecological Stoichiometry Theory, EST){EN—NEER LM 12 N T NI R E R ARG UE
EIRENA . REIAAYEA B FI0] [11]. Hedr, A EAZR IR NARS) RIS A it E
RO . RS “Shelford i 52 3”7 vl %N, REANAIREEAMIARAL, FHE S B & — A FURIBHLH],
BV 9 5 5 IR S = LU ORI — AR X R E A R, XA AR RSB 8 SO “INARES” [12].
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H P TRRE A NUR, BHEAG AT AR S BRI [16], (BRI AL TR —FE, HHURK C:NP £
FAES RG R P AAEE BEZR[17]. CAHPTTRY, B C:N 850 10 FRIFEIR, #Ew A
Vi C:N AN 1.3 f5[17]. [RIk, 33 Mp0n 20Nt i 2 A8k 5 350 W VAL v e 1 O

T N7 o) T 25 R AT PR R ML A O i 4B [8] [15] [18], ATPAMAE ALLRIUAS R E 5| —, Mk
Witk 2E R A A, BRRE YT DL AR CINGP ELB 3B T R AR AE S+ [9] [19]; 2B,
VIR AEAG T B R, S e i g3 A O B IR B T B AR, M A 2 A e o A 2
HEFRTRIMEM20] [21] [22]; 2=, WAEDGHEFHBEGRE, MAEYRBURY S, @iy
FHMABFRMLE TR I 2 Koo ([15] [23]: 50U, @Ik B AMERIEI R BT, oA Both R BOH
X R R A FE FE 2 g N [24] A UL EVURRHLE] SR HR H, (RAEFL I R AR X o7 sk AR B2 75 gk —
VAL BRI, ARSCHEIGECL EDYMTAEYIE NLE, £ H AT T7 AR LI R Y N S B AP A
W 2RI S e o T AT A RTINS, DR R T DR AR 2
2. WEIHEBTEMHMRHR

WA AR CINGP XA 2 T B AN )37 32 ZEA WA T HLE], ROl S B fE o R (AEN
FRAR) B I U BV S5 1 RN A ) A T B [FD AR R IE B T B AP [15] . R DA BB ik
T 7R YR C:IN:P BUA TE S R BE R HE(60:7:1) [25] LA 2 4 3RYE FEl 2B C:NP o 42:6:1 [17], fH
AT RSN S — BRI —— CERKERER” JONEYREL SR AT C:NP EEIE N A K
RN [12]. WAEKEREWRE S SHIZHRA RNA 1357, S8 NP H19/N26]. Zhou Z5[27]
HEA AT R BT HLIIORT A B0 A C:IN (IR RE 5 S 25 A AR AR — B, 3 b A T K %
B SR, WMAEYSRIVHIENREZ . FFE Xu ZE[17)0F 7B 0E 158 C:IN SR A & 2 [/ i) IEA
R, RPN R IR LA R I sm B A . BRIk, AR E CINGP X BEJR CINP A2 fk
Mo, BPAENERAS, FTREA B TR Mieve @ A o R A . A LG IR AR AR AR AR, O
ZWTCUCNTAE DAY & CINIP BT B M2 B TR WOV 544 172840 3 B [5] [8] [15] [24]- Zhou 55 (5]
BB G TSR], MEEB RN, IR LR RN [, TR 4E B E PR SE n. axX
DRE I B EH T IR R, AR RETE R T X ) k NSRS, RTRER B T VA4
AP RS R RS AR FEEE Y= T AT IR R . SR, 5 S0 PR AR A 1 AT R
JRRE IR K IAT[L5], BRI T AR Ak 25 vt ml S PR B 75 33— 2B It 7

BT — T AL 7 FRAR KRG AN R K R B B iR 70 R B, RS 3 CN RAEBZ N, MAemAE
Y CN IRFEA[28], EZBEH TG, TIEMED SR ILAEYE CN. Mk, HIEHA
Y1 C:P A NP AR AR, X ATRE S BEURRES BA G, IR IEE AT E[19], 2 Rl
T 31 40 0l i A7 T3k 31 R AR TR R 1) 10%~2006 [29], AT 9 24 (K S i A= W A W B 1K) CiNGP o AR T
SRR, T3 EYE CN 5 E R R 2 815 A R I BERIAE 9¢[28]. Ak, Xk
TR B DRE I ORI, RS SR IEMAE R (MBN) I 0, 52 MBC:MBN & #F#{%[30] [31],
AR CIN IR 5 40 B A B B PR b A AR TR [30] . RUETUAEMIR RAR BE EAFE MRS, i
WAEYEYE C:NP LRI A M, EREMARAESRERM L HAFEEENER, H CNP
(7R A R 15 R e IO T Ak D U (S5 49) 6 Rr gk — B I

3. HBREER ‘MRS NHRNMRER

WAEFR o 3R 5 H B Z R A2 TR A P 380 C AR (NPYIEFA R A= g, it 1M 3:88 C:37 4y
(N/PYRETBEL 2 R A A8 Ak, SR M FR i 9 & 3R 50 1) 77 43 16 P4 22 16 (Consumer-Driven Nutrient Recycling
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Theory, CNR) [10] . ZEGSA= PRI T2 rr, S AR 40 P2 1 PR R 2 1 1 385 DR 30 (1) 93 23 I 20 B PR A% OB B [10]
XA ST S AN, - S3 A 2 ie dod 8 8 0 3R P A3 DA i g £ 43 il 4 R L N AR S [24] [32]
[33]. THIR-S T A Z A AN1- 1 S B 1 AR P 75 23 BRI [24] . J0 3R {8 L 2 (Threshold Elemental Ratio,
TER)E X T A48 RGN Z 773 (N/P)BR i) 1) 58 51 (C) PRl A5 A8 [34] [35], BN N5 9 3 IR S (77 /-5 20
FHYIMK(CNR) . TER iAW IR AL 2t B IR 245 5 7E—#2[10] [36] [37], #EME &AL
SR RICR R BRI KRR, BE T A R S AN 25 T B2 TR 58 R [38]. L KISR UL,
TER J& —Fofvfif 53 FH A8 0000 Sl A= P A 5 2l e ) T A

3.1 WMEMRRSMNEAI R

TR AE VDR VE G 53 WA 43 il S A LA ) B Al SR LB R TR A 5 [39] [40] o 3X 6 it A1 I 2 ik
YA PR BR[41], DR ARG = BE WV T35 03 75 SR 04845 [42] [43] [44]. ARG AT
SR A B AN A AU R G (A2 B [22] [45] %45 133 Co N AT P35 i A S 7K At L 9] 5% 2R
FRON “AEBMLAT R, FEARE: B-1,4-1 4 WEH ¥ (B-1,4-glucosidase, BG); B-1,4- £ FE 6 b e b 1 g
(B-N-acetyl glucosaminidase, NAG), =& & L Ik (Leucine aminopeptidase, LAP); LA K i P4 /sl 14 ik 12 it
(Acid/Alkaline phosphatase, AP). T4 Bkt [ ) 2diE 2o, A 40 220 2 2 BIRIF 20, H CINGP
P Bl 1:1:1 [42]. (EMAMEE AL BAEA RS RGREAA/E T E B, X582 2SS, M
PR A DA e NFETE B B 52 [43] [46] [47] [48]. ST H X AR LE , 7E A% R il B #ifi Hb [X, BG:AP F1 NAG:AP
AR FEAIK[8] [43], KU, AEEM R R R T 7200 BREI AR 40 [49]. IR BCERR A,
A WIS B AL A AL PR YR B B A PE R A C-1 N-FI P-3REXE, 78 38 55 20 B ) B 4 A4 TR s W37 20 1)
RO A A Y& CiNGP [32] [33] [50] [61]. {HEER)A: ™ 7 ZEae &M AR BN, Pk R 1l 4
B 2% BRI IX PR 15 A 2 AR [18] [52] 0 W FU I, SRR EI SR AE T, 38 B A Y 23w 1 T A A RT
REA R TAE I AE R AT IS e 0s, DOARGA & FEEMBN, R IXIE 2: 38 ot & MR HI[52] .

677 AR R G IR IR G 1 2 A 10 v, AT BR ] 7 ZU(N) IR IS, 2E— 22 R 1 A A AR
AR [53] [54]. T AEIEE & R A B A R R A T3k & [52], DAL 40 B S RS PE R R 22 52
B o I BRI [55] . (HAER M, FETEWI R A, b5 RGE 0 LT s ) i (1) =)
I, B TR AT M (0BG 0 AT Rl e a7 A AR A ) A K B BT R A R PR ) IR ) A 1 [56] -
XFACTT R KB BRI TR B, FOAMEE VRS B =5 B AR — B, TS MRV KR L3R
FE Tt R A YE S I PR A — L [57]. MbAh, TEIL T M FIR A T R R, 88 CL N.
P JEFIAH K B HEAEAN [R50 P 1) LA AR 72 e, X AT BRI 7 AR AR B3R (1 77 A Rk 7 A s i [58]
T8 I A 5 AN R AR A AT REX PO AL 7 AR AR TR RIS R A B . AR RILA & B A R
WA P mT e eI R A L2 A P AP g [38] DRIk, 76 5 S PR 1) P A 7 b w3 e A= 4 e e 3 g
AL 2T B SR B AL S R R LA B E

32. WAEYTRFIAHENEE

TCEMITI GRS B B BOR AT, A0 RN BE ELA A R A A R B B S B R A s
TEY 2l RN E YR O R 7 e 0T SRR LA T [15], RICEY 2 RSO ST, JE L fR B 4
£ H S LSRR R T R, RO IS Rk Mo . BRI HI 245 (Carbon Use Efficiency, CUE)
5E SUASTBL S A B P R e T I USCRR (¥ LA [59] [60], A B 70 R I AEUCAH UL I S s g in 1 S AP )
CUE, XRPRNMAM T EEZ 1) C TR EMENAR, AR T 3RIUA[61] [62] [63]. Lb4h, £ C
ERARE AR, WAEYET C AREEEH TAMERMRR, MRS MR AR, IR R
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ik CUE [64] [65]. JC# BIME LL(TER) 2 73 il B C BRI [m) 752 43 BR A& R I SR 28 5T C:X (C:N, C:P)LLAE[7].
BT A AR YR 9% 2 T SR AT TR R AR, Rk TER KMt it B2 S50 R R R B R fE—
o MZEMREYEAE C FRHIE N &, B C:N /N TERC:N i, CUE ik 3| KAE I HEBE &
RER(NUE) /N 522 A G A2 2] N BRI T C 1 &I, NUE #:fE CUE 1T B 14 in[24] [60] -
1 CUE #y ] LA i LI U M A K AR e Bk, 1T CUE (980N T B R R A 388 s it 17 (14 B
fiK[59], IR CUE THONAPIHbERG AR ST E A [24]. TEARRARAE =T, Wik T 8edm
CUE ALt oe, wlREA Bh T B ARIL 7 AR ARG BRAG A . an, JbJ7 ARpol s RBUAZPR S, KR DT%
G0 AT R ff T -85 oy IR, 8 PR AR MR CIN B AR CUE, R RE A ALK C %%
A A TS Ik [ 47 [59] o AH ELRTRE, UM AR IR 230 A6 77 AR AR AR s B )RR, DU 7T 58 B,
AR AT BE 2@ G A i 1t A S P ISOE ZE FRAIC CUE [66], [RIRN C a2k nl fig 3 3504 =00 L i) 3
I, A A A AR e R RI I S67], X AT DU N I AE S R AR R [68], (H A HI IR A Ok TT R
SRR - R B [59] . /iR CUE MR 4k T Rt 2y ke (R 42 1) ) 158, CUE 190 1 [ B £ 388 o A= 7= g )
PEYRIE I 0> A/ C B AE[69]. 5 — 77T, TER W] RERRI A P R4 2 AH A % Ak 3 28 A () k45
FEREA FiANF[24], CUE fI3 N 298/ TERc Al TERc.p, $2 B iZE M0 WL B Ik A 5010 21k
X AT e i gl A D BRI R AR P, [ I B A CIN B INTAE FR 43 BRI B IG CUE [59]. Al
I, [FEIR A TC R . ARV DL R T R BRE AR AT SR A T, RERE TEAF VTR Ak
THEAPATSCER, Y CUE 78 4k B 0 i ER AL A4 1 A TR 238

4. W DR E RIS HIND R

TR AL AT R AR AT, SRR 2 Bl SR A ) 1] 5 DA B ST T 2 A e R R IE A 388 e )
(RN EAT R[50 T [ SR04 B A o 20 R RV 1 — /N BT 20 [70], [ 00 AR T Rl A A e i e <
(711, DRl X A 2 - AP e 7 o 1] S804 11 R 138 RAIESE[15] o A, B2 FCRR CLARIE B AT A
P E SRR IR ISR AR R2 , 3 MM 5 R 2 1] (AL 2T AP [72] . HER
B, HEBXAEYER, mTRE R IR SRS 40 A Z R 5E 5. AU IR )
REFEA ELAE RN S8BT BEvEACE ERSE N, @ik s C:IN LM BRI S 2R S, X —HL
A A M RE 8 T AR SRS AR R (8] (0 EOK R A, T JE 75 AR A T R [73] BRI, A 0 B RS
TR BT AR Bl B v X (A 2 - B 2 PRI 7T

5 RE

JEAE R GEIRARAL R T AL S, (H— R B A BRSO A K HL BRI Y LR B ]
PN R E IR IE R 5 (8] 5, A EA T AR S B FR 2 IR AL, X
R A A e 3 R 20 B R AR B A DRV R e ) XA R R P BB ARk ok . R BAE IR AN [
HLEIFI 24T, AR FCAEAS RIS ) A0 2 o) ROSE B s kR SR Rt — 200t i . i B N A R
FEFR A M TISE M T RE. LT AR A RGP A T RERIBR, AT BRI S BRERAE A LA
FAEZIX I AR AR AR 2 18] A S A P OROBUEO  . DIEWFFER T, L SMBE A 2 E WV X A
SEE AP [ R AT B T TR BRAE ], SR A RE MR AR v E AR R R S e
[74]. B2z, EEWFFA AT B AT R AP IS RS A B 3R TEE 4 1 B A BRAR
AT 5 BT BRAR B IR 5 2 A PSR X 12 X SR BR A A (KD

SE 0k
[1]1 B, RS LT HRMAET RGBSR R ST 73R L], AL bRk K354, 2016, 38(4): 1-20.
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