5541 B 1 *E &~ 2 Eild Vol.41,No.1
2021 4F 1 H ACTA ECOLOGICA SINICA Jan. 2021

DOI: 10.5846/stxb201905171016

EATE, SR, (200 P RE R AU R BR. 2RI IR T LU [R) AR 1 SR 0 i R S R G R R AR 2R, 2021 ,41( 1) :135- 148,
HuH, MaHF, Bai HY, Guo Y X, Ren C J, Zhao F Z.The soil microbial respiration rate and its influencing factors in different forest belts of Taibai
Mountain, Qinling Mountains.Acta Ecologica Sinica,2021,41(1) ;135-148.

FIRXBUWABRTLEMEDIFRERKERZMN
E =

WoOF,LEIE LR HAEE ERA, R KK
1 BRVEAS R R G S BRI E VL 710127

2 PUALRZEB T S HBE 2B, i 710127

3 PHALR A a2 E B PEE 710127

4 PEALRAMFIHECR S i 712100

TE N IRTERRAR I 0T 0 X P8 ) S et S LR M AR R A L e IR 1) 4 AR T P A A AR (B0 R PR I 7R AR
ARLLHERR 25 BEHEAR) 1) 0—10 om RJZ T IR G2, 2090048 15,25 35 °C T BEAT 42 i 55 9% 5 90 - 00 g JHC - S P il o R ol A= )
i FIEANERE AR AR . AR 1) AE 120 d 5 20—72 d AR WPt 42 53 3ol 52 B 3 T Bk 345 208 T e i 34 AR
T HAD U T B T 68% 55 90% 5 7 W v Tt 70 66 300 PA) k2 2 S8 5 2) A P 1 DX Sl FE AR R 4 ( Q) B R B2 1 T
o M FEAER 5 3) AESE SR AR b HH B 15 SC I 25 “C R RlvE Wi eI 205 /b | 35°C T e i — B Y BL G  JF H NSN3
LIV L R b BG( B-HAE TG ) R AN T R RN N 5 4) HE R 72 d LU BG CIRTE A A W A
KECTHIAL T A8k , 75 25°C 1 35°C T, i BX ( B-ANEH B ) $2 (LAY Bk O n 0 A= 0 A K SO 9 B 2RI 2 — ., 7E 15°C A
25°CF N JE S SR AT ) P A 3R, € J R IR AN 3R 5 76 35°C R N — EU BRI TSI Y N R . 78 15°C FI35°C T,
TSI AATAE PR AE 25°C ARG IR, P2 R LRI B N RS IR R R AEAE PR ASBIT S48 2R P T4 ) 1
St HE R A DG SEETE T ] S WP Fa s 1 RIS NSRS B4 L SERRAR FRARAE , S vHERR T A BRAR SR AR AR T Y R FA
HEEE LR

SRR : bR MR PR L E OO R s TR R

The soil microbial respiration rate and its influencing factors in different forest

belts of Taibai Mountain, Qinling Mountains

HU Han'*, MA Huanfei'>, BAI Hongying”, GUO Yaoxin’, REN Chengjie*, ZHAO Fazhu'* "

1 Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, Northwest University, Xi'an 710127, China
2 College of Urban and Environmental Sciences, Northwest University, Xi'an 710127, China

3 College of Life Sciences, Northwest University, Xi'an 710127, China

4 College of Agronomy, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: Soil microbial respiration is a major source of CO, efflux to the atmosphere from forest ecosystems and plays a
decisive role in predicting future global climate change. A typical temperate forest ecosystem, the Taibai Mountain contains
a mosaic of stands with various attitudes. The objective of the present study was to investigate the trends and influencing

factors of microbial respiration in temperate forest soils without external carbon input. In the Taibai Mountain, 0—10 c¢m
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topsoil of typical forest belts of different altitudes ( Quercus aliena var. acuteserrata, (). liaotungensis, Betula albosinensis,
and B. albosinensis var. septentrionalis) were sampled and incubated at 15 °C |, 25 °C, and 35 “C. The microbial respiration
rate showed a fluctuating downward trend and a slowly decreasing trend at Days 1—20 and Days 20—72, with a 68% and
90% decrease compared to the initial rate, respectively. Thus, high temperature promoted soil respiration in the short term
whereas it retarded soil respiration in the long term. The temperature sensitivity index ( Q,,) of the soil in the Taibai
Mountain decreased with warming. Microbial biomass increased initially and then decreased during the incubation at 15 °C
and 25 °C, whereas it decreased throughout the incubation at 35 °C. Furthermore, BG (B-1,4-glucosidase) was the most
important extracellular enzyme affecting microbial respiration. After 72 days of incubation, BG failed to provide adequate
carbon for microbial growth and reproduction. At 25 °C and 35 °C, the carbon provided by BX (B-1,4-xylosidase) became
one of the most important carbon sources for microbial growth and reproduction. At 15 °C and 25 C, N was the limiting
factor for soil respiration during the early incubation stage and C was the limiting factor for the later stage; at 35 °C, N was
the limiting factor of soil respiration throughout the incubation. At 15 C and 35 °C, there was no P limitation for soil
respiration; however, P was a limiting factor for soil respiration during the early incubation stage at 25 °C. The results of
this study demonstrated that the key to limiting soil carbon emissions is to retard soil microbial respiration, with extracellular

enzymes significantly influencing soil microbial respiration.
Key Words: soil microbial respiration; forest type; temperature; extracellular enzyme; temperature-controlled incubation
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30%—50% ", {H 2 B M HIAR R 2 S 8O0 Z 6 A VE R ROIES | I LML Py e ko T 3 A R [N
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UK B 1 IR ENERAE , A vfE i TN 4 BR AR R S AR AR fh i SR L F Al
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BP0 s IR R T LA 3 o8 S A B B RS I 1500—2800 m 114 13349 S BRAIE  SX L 5
F BRI 2 [ S R AR R R A AR AR 9 3 IR 1 LA A AN T O A 0 A (B R b
Quercus aliena var. acuteserrata 3L R BRI Quercus liaotungensis \ZLMEMK Betula albo-sinensis . 4+ B2 #¢ Betula albo-
sinensisvar. septen-trionalis ) A 0—10 cm £ 2+ 5 SAEANFIRREET (15,25 .35) Ay AT e R R YR 3 5 s pN I
FIbRIe: (1) B W SR Gl A= Wy P W et )78 (MU B HR % IR 75 (2) IR i WA A AN R IELE T
BEA 5557 I TR 2R A A 3 5 (3) IR TEAEA [I LR Lt Rl A 2y ) S AR P R 1) 9 A
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AR 3771.2 m J@ T 2= XU AR R T, B S8 R A e B 3, AR ERE 13 °C, JEARF
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AEEATE AL 2 mm B R, RIS BRAE AR R AR R ROl R SR E G, FH TG R AR 2 MR E Bl R 7 0L
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Table 1 Soil physical and chemical properties of the sampled soil

S HLRK BAILA

- j - HHs 7‘:‘ A~ > \(A
R M\?ﬁ ZE 21} S R H . RO Total organic ~ Total organic
. Vegetation . . pH Bulk density/ Water .

Altitude/m ) Longitude Latitude ~ Temperature/ °C (o/cm’) tent/ % carbon/ nitrogen/

ypes cm conten 0

w & (&/kg) (&/ke)
1503 BEGARAK  107°41'317E 34°432"N 16.5 5.57 1.113 18.67 42.04 3.53
1915 ITARMBA  107°41739"E 34°3'30"N 15.5 5.69 0.823 32.00 42.63 5.83
2405 FAR S 107°42'21"E  34°2'51"N 13.8 5.48 0.717 38.67 58.11 4.68
2600 R HERK 107°42743"E 34°2'45"N 12.8 6.02 0.753 45.33 59.80 4.59

2.2 HERA YT R A S P R 0

H A RXM-280A 55546 DL 345 A SRR R BE (3R 1) FATRI% 5% 7 d, 4854 13 L1 500 ¢
—y, R MGTRREL 18 {7, 3 72 4y, B T IR, A5 3 4 Y & 60% H Rl HF/K it 430 B T 15,
25.35 °C T 1) RXM-280A A1 7355 , B Mol B4 A 6y, dE I S B (3 HE A ) . i Li-
8100 Al F M EEANAE 8 s5—10 S 3P | F 1—20 d AERME—K, T 20—47 d 5 3 K& 1K, F
47—72 d B 5 KRG 1K,

FE1.d.20 d A1 72 d IR H ECHE 38 0 AF DG IS8 [ T4 b . 380 Rl i X e 105 CF T
FfHE Y A AR S R AT BR R R D Y5 - R R (4 R R s 4 pH (2
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Metrohm702 [ 2 FR B 2 AFE 1:2.5 3. KBTI DA AL AL DN A2 5 >R A T30 5 - e 45 o ol P 405 2
75-K, S0, & ORI it W T 1 12 Ak 03 - S st A= W 2B W i k& Ll (MBC \MBN  MBP ) ; 5% IS FL AR 2 51674
i B-N-2 Bt & 3 i 4 BE B ( B-N-Acetyl-glucosaminidase , EC 3.2.1.52, NAG) | B-#i %5 B8 1 1§ ( B-
glucosidase , EC 3.2.1.21, BG) . B-A W7 fiff ( B-D-xyloside xylohydrolase, EC 3.2.1.37, BX) | £F 4k — ¥ /K fifi fif§
( Cellobiohydrolase ,EC 3.2.1.91, CBH) B2 I W B2 i ( Acid phosphatase, EC 3.1.3.2, ACP) %% % R %4 2L Ik i
(Leucine arylamidase , LAP) f3& P4
2.3 HdEotr

T i 5 M SRR AN [R] 35 SR ] R 1) 22 S M2l ok 3R 3R J7 224087 ( One-way ANOVA) firfe, 7EAN[F]
Tk 1 - SRR 5 G A= ) ek R L A1 il ) AH O P e SR BBOE A LA D7 R AT b, DL B BT g A SPSS v
e,

R T ARTEE PR AR B w7, FeATT LA 5 R Q0 WIME, BRI IRE THE 10 °C  BUEYIIE
W 3R PR R AR L L 51
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0. - [Ch]
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2B, €M C o FIRTE R (T, ) FILEARIR (7)) R ) R AR A

N T AR 8 1 e A YA RIREE S | BEF SR (8] 43, Ay 30 5 DT 3R AHIRCR, FA 1]
AN I3 1 TerN B TerP , BKE M0 E 14 10 A1 Ml 7 14 A0 B A= 90 3 16 2 0 R LA ) B 4 8 4 617 69 37
B>

BG MBC

TerN = ( X )/e"
LAP + NAG MBN
BG  MBC

TerP = (27 x S0 /gt
ACP MBP

K, BG Fon B-HIANE BB IG P, LAP 3R 50 2R 24 JE IR T A% [l 75 12 , NAG 7R B-N- £ Tk 28 L 7 %
T () B VE R | ACP 2 715 TR Pk i R 8t 1) It 15 4, MBC. . MBN \MBP 43 1| 2 R A W ok ik W R Bk o
HIHE . ny2/n In BG X} In (NAG+LAP) A A5 E 3= 4 21 5 4347 ( Standardized major axis, SMA ) Fr 15 i 75 2 ) A%
¥E ,po /R In BG X In ACP (AARAE F= 5l W1 40 BT BT A5 09 5 R AREE . Al =280 1019 43 BT 2 7E Rstudio P52 AL,

3 HRiITIR

3.1 N[ 5 X A e 0T W A R )

W 1 FR AR R R R SR T, - SJE A P R oA i A 5% S [ A 38 o i e | W SR AR B
BE IR R I S, SR PRI 4 ) B R AE DU M TG B M 25 e ZE R R B b e S 2
S (P<0.05) , A YR A E I 35 °C>25 C>15 CRYIE . 18 1—20 d WAJE], 13 Py vp g 5 < 40 T3k
BIRAS FFAEE Bh P M R R 5 AE 20—72 d I A PR s R B A R SR R SR8 N R SRR TR
20 d 5 72 d B BT DGR S AH L T RIAR BT T RE T 68% 5 90% ., Hithi BRAR L AR ARAR LI HEMRTE 46
d I BEAE 15 C 5 25 °C Y MGE R AR S RG24 B MEMORTE 49 d B B 5 ZDREAR S 2 J g
ML 25 °CHFI 35 CF BB PR IR R AH A (IR B TR)E: 53 d, B ARARAE 58 d BFH B, 10 AR BR MR
MIZIMG . WAHFRIEEER , Mt 19 72 d BRI SRR AR H B 35 € >25 C>15 CIIRG ; DARTR M
F,15°CH25 CHY 72 d AP BAUE TG R & 25,35 C LBl E1E 25 (P<0.05) , PFI SRR
35 C>25 C>15 CHIPLL
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FH 2% 2 AT FEAR R VR, 7,00 ( Ty RR 15 €5 25 CHEZE) 5 T,0,,( T, 3R 25 €5 35 Tl
ZEVIAE B E T2 R (P<0.05) , B T,Q,0<T, QIS . Qo TEAH R AR A6 FE vh R [A) gk b 0T o 8 Pk 2=
S0 T,0,, W TFHME R 2.39, 7,0, F{E 2 2.17,

R2 ANMFRERNF L EMEMTREESERE Q,

Table 2 Soil microbial respiratory temperature sensitivity coefficient Q10 of four different vegetation types

bt BLYT AR 1L ARARAR FAR TN 2 B bR
Vegetation Types QVA QW BA BAV

m 2.21 2.34 2.41 2.59

O 1.98 2.14 2.06 2.50

QVA: BLEHREM Quercus aliena var. Acuteserrata; QW : ILZAERMK Q. liaotungensis BA ; ZLHEMK Betula albosinensis; BAV . 2£ B2 HERK B. albosinensis
var. septentrionalis; T\3§ 15 °C5 25 C W2, 1,48 25 C5 35 CHYIR %

3.2 - HEERALE S GRS [R]85 0 R A 22 5

A3 3 ATAL 4 ARG B 382800 15 .25 35°C A& R 72 d 98537, HoA MUBR AR 8 TR0 46 58 LK
T CPYI TR T 8.34% 9.09% (10.50% , Forfr A= je MEAR R B e B b e ZM A Tl s B I/ & i, P
TRET 25.41% 27.24% 33.14% ; W FEA VAT AR AL ; SOSBE 5 AR (E AR LE -3 N T 30.35% ,33.94% |
38.06% .,

x3 TRNE LEEMBRESRFIEHEYL

Table 3 Changes of soil basic indexes in different vegetation types before and after incubation

e ok R 1595 72 d UG After 72 days of incubation
Vegetation types indexes Before incubation 15°C 25%C 35C
BitiBRAR QVA AP SOC/ (g/kg) 42.04 39.08 38.79 37.84
2% TN/ (g/kg) 3.53 2.67 2.56 2.33
4 TP/ (g/kg) 0.41 0.40 0.40 0.38
B AP/ (mg/kg) 750.20 565.12 552.35 539.75
ILZRBRAR QW FHHLiK SOC/ (g/kg) 42.63 38.95 38.69 38.07
2% TN/ (g/kg) 5.83 4.28 4.21 3.97
4T TP/ (g/kg) 0.32 0.31 0.33 0.32
B AP/ (mg/kg) 556.40 439.67 427.16 410.88
LIAEMR BA FHHLK SOC/ (g/kg) 58.11 53.69 53.07 52.75
L5 TN/ (g/kg) 4.68 3.47 3.39 3.10
LW TP/ (g/kg) 0.39 0.39 0.37 0.38
AW AP/ (mg/kg) 296.4 228.9 222.2 215.7
4= B HEMR BAV A B SOC/ (g/kg) 59.80 53.78 53.44 52.60
4% TN/ (g/kg) 4.59 3.45 3.39 3.08
2T TP/ (g/kg) 0.31 0.30 0.30 0.29
HAWE AP/ (mg/kg) 181.3 137.5 134.2 130.2

QVA: BL ik ¥R K Quercus aliena var. Acuteserrata; QW 1L AR #EMK Q. liaotungensis; BA: ZLMEM Betula albosinensis; BAV . 4 J7 Mk

B. albosinensis var. Septentrionalis

Bifi 5 15 7 BT ] A9 38 in , MBC \MBN F1 MBP 7£ 15 C B tH SR #a 35 (Se3 s TR ) , I7E 25 C K, bR 2
B MRS 1 AR MBN, Hp th ) 2 g s 35 76 35 CF , BL A BRMORIL AR BRARI% MBC \MBP F14-
FEMER MBP Ab, HAR RN TR

5 MBC ¥R {EA HL$2,20 d 5 MBC 7£ 15 C 5 25 C FF#4 BT 101.8% .38.9% , i fE 35°C T T %
3.8%;72 d i MBC #£ =R B T ABAL TR FRIRAS IR B B AR 2w 4300 F P34 T K% 47.9% .56.9% 54.4% , 5
MBN WJEA(EAH Fb#52,20 d (1 MBN 7E 15 °C 5 25 °C F3F44 ETF 41.3% 15.9% , 1 7E 35 °C N T 25.9%;
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72 df) MBN 7£ 15 °C 25 C 135 C T, 45 H¥ F R 53.3% .49.6% .57.3% ., 5 MBP ¥IHA{EAH L4 ,20 d 1)
MBP 7£ 15 C 5 25 C TP LF 117.9% .50.1% , i 7E 35 C N 1.6% ;72 d 9 MBP £ 15 °C 25 CHll
35 CF, % HFEY T % 58.4% 54.7% 62.2%, (K 2)

Bl sc [ osc [ ]ssc

200

Bl bRpk ILRARA LLHERR 2= BEHERR
Quercus aliena var. Acuteserrata Q. liaotungensis Betula albosinensis B. albosinensis var. septentrionalis
800 a
=
2
§ ~ 600
&g =
ERos
g g =400 |
HEE
S
o ™~
s
=

0
100 1
75t
50

251

/(mmol g”' h™")

(G
Microbial biomass nitrogen

AR
Microbial biomass phosphorous
/(mmol g™' h™!)

1 20 72 1 20 72
3432 I i) Incubation time/d

B2 AREBEFHERPREKRENLERENERR
Fig.2 Soil microbial biomass carbon and nitrogen in different vegetation types in different incubation stages
QVA: Bk Quercus aliena var. Acuteserrata; QW iL KAERM Q. liaotungensis; BA: 2T MEMK Bewla albosinensis; BAV: 4=z HEAK B.
albosinensis var. Septentrionalis; /RI[a] 7T FRR ARG 3R E] | A — 85 SR8 8 22 573 B3, P<0.05

T A [R5 RS ] RO [RRLRE T, AS [ 08 B A G 1t R B R TR A ka4, 7F 20 d 15,6 FAAIMEETE 15 C
A Ee ST HAS H BRIIR(ETE 1.22—6.99 f5 2 [8] ;76 25 C R, S FEK T 1.26—19.3 £i%5;1 35 CF,
LR CHIR 5 40.49 13, ft /N IR A —23.2% ; Hoh NAG \LAP (ACP B4R FLASBH i 1 72 d 1 6 Fl g 41 it AH
FEE T HAS A IRIER1E , 76 15 °C R4 lPEIIE K T 1.55—6.82 £i%; i 7E 25 °C 5 35 C A, 6 Fi a4 Y 3% s
1E 1.06—6.57 {522 10), {ERAE IR T NAG By iR K, CBH By g /N (E 3) .

3.3 AW S R A X A ) R ) S i)

M 4 v AL 7E 15 CF , MBP XA Yy nF s R 4 25 4156 (P<0.01) , BG XF H B A (P<0.05) , 1F
25 C R, Sk Wy P 2R 1) e KR IR 1~ & MBP ( P<0.01) , Hi & BG(P<0.05) . 7E 35 °C F,BG 5 MBC [
X B A O A A S 355 ( P<0.01) , MBP A77E B 3 AH 2 (P<0.05) . FEBL SRR AL ZRARAR R, BG X}
TR Py W I o A S 25 A OC (P<0.01) , o BX X450 145 AR AR A% T 2 40 W W okt 38 77 7 1 25 AH G (P<0.05)
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Bl BRbk ILZRBRA ZLRERR  BEMERR
Quercus aliena var. Acuteserrata Q. liaotungensis Betula albosinensis ~ B. albosinensis var. septentrionalis
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B3 ATREFHEPTRKENLEREEEEYE

Fig.3 Extracellular enzyme activity in soils from different vegetation types in different incubation stages
QVA: Bih#E M Quercus aliena var. Acuteserrata; QW: 1L R BEHMR Q. liaotungensis; BA: ZLMERK Betula albosinensis; BAV . 4= & HEHK B.
albosinensis var. Septentrionalis; ANAFEER /R AN K ST ], 7] — 15 37 1R 25 5 .35, P<0.05

M ZELLHEMR S 245 R HEAR R | ACP 25X B2 4 IO WG 3 3 %) i — A% i 2 5% 1 [R 7~ ( P<0.01)
FH72 5 .35 6 T, B 1350 Al B ZE K, TerN 76 15°C F1 25°C T AEAESCH IS T R a3 7F 35°C R0
FELE TR H TerP 78 15°C F HIRRE: LIS 7F 25°C T MIUSE LTHE N RS, #F 35C T Hat st
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Table 4 Stepwise regression equation of microbial biomass and extracellular enzyme activity on soil microbial respiration

- PR
'{Iti)/ei(;ture iiﬁiﬁ equation R P<0.01 P<0.05
15 R=-1.472 BG + 37.626 MBP+87.100 0.857 MBP BG
25 R=-3.120 BG + 95.985 MBP+34.602 0.826 MBP BG
35 R=-1.655 BG + 3.400 MBC+651.631 MBP-288.840 0.972 MBC BG MBP
I 75 2
Bt Rk R=-31.406 BG - 11.768 BX + 1362.109 0.504 BG BX
ILARBRR R=-2.164 BG + 1191.957 0.576 BG —
EARLTIN R=-2.919 ACP+1564.668 0.860 ACP —
2 i MR R=-3.863 ACP+1637.262 0.851 ACP —

MBC : #4E ¥ & H% Microbial biomass carbon; MBN: 445 % Microbial biomass nitrogen; MBP: {4 ¥ f % Microbial biomass phosphorous;
BG: B % HETF I B-glucosidase; BX ; B-ABETFEF B-D-xyloside xylohydrolase; NAG: B-N-Z I8 KL 248 B-N-Acetyl-glucosaminidase; LAP ; 2545
PR LKA Leucine arylamidase; CBH: £F4 — /K f# B Cellobiohydrolase; ACP . BRPEWEEZME Acid phosphatase; MBN ,CBH NAG LAP 7E 4 ~#k
A= AR T T8 T8 B AR M (P>0.05)

®5 FRBETHESBEEXRNORELEHIN

Table 5 Standardized major axis analysis of soil enzyme activity relationshipss at different temperatures

R )/ d R/ C i 34 7 5
Incubation time Temperature Standardized major axis equation R P

1 — In BG=-0.6374 In (NAG+LAP) +7.9064 0.2629 0.088

In BG=0.357 In ACP+2.861 0.0981 0.319

20 15 In BG=1.7476 In (NAG+LAP)-5.4003 0.7502 <0.001

In BG=0.592 In ACP+1.9957 0.1223 0.265

25 In BG=0.9944 In (NAG+LAP)-0.3625 0.5620 0.004

In BG=1.1367 In ACP-1.2780 0.4933 0.010

35 In BG=0.6254 In (NAG+LAP)+1.8372 0.3995 0.027

In BG=0.2865 In ACP+4.3036 0.2007 0.144

72 15 In BG=0.9924 In (NAG+LAP) +0.3835 0.7237 <0.001

In BG=0.7309 In ACP+1.7645 0.1853 0.162

25 In BG=0.5159 In (NAG+LAP) +2.5744 0.5615 0.005

In BG=-0.0508 In ACP+5.9390 0.2705 0.083

35 In BG=0.6970 In (NAG+LAP) +1.8041 0.3079 0.061

In BG=0.3716 In ACP+3.4567 0.2194 0.124

BG. B—%%%ﬁﬁ@ B-glucosidase; NAG B—N—ZM%%%%% B-N-Acetyl-glucosaminidase ; LAP . R R IEIKE Leucine arylamidase; ACP .
FRIEBERLEE Acid phosphatase

4 itig
4.1 LIERR RIERAYEIR Y Qe R SR E R 2E

AR S IR, v A A ) N 2 i I R (HR AR s 57 S0 2 T SR WP RS
KRB A (SRR R R R Y S AR R R, (R AR IR SC R, IR B TR
] (a3, 4 Melillo X 52 [ Harward FRARAY + 385050 th BUZESE IR AR AT 6 AR U - 3000 76 J5 4 AR £
HENRFIR A ERGL S i A 3E [ Corvallis JFUAR FRAK B9 52560 v 22 U39 TR — BELAE PR HF HIEIF IR FEARSL g
0 TR R AR G R 1 - T I R AR S ISR TE 50 d 2247 B, AR LG T Melillo FY 5 56 Bisf ) A B K
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FRBE AT, AT AE 3 25 PR AR S A R R R ELICANISRR A AT 00 T 54T Y, BRI ARJCIE T B 4h 5T, 1T ik
SCHGIEAL T B R F P AYRGIR S SRS A R A SMEBR A A U AR T S XA M- R SR (4 15 R M AT
TEMR S [0]) B 2257 . IR U | 4500 RO FE S 57 72 d DURERHBL T B i PR JF sl T
o LA TR PO ARG B 3R R B B ORI LR | X 5 b P Il AR (G A AR AT G, BB nT BE A I PR v it
(oA - SRR A T T 1, I 1 %oF 3 R A G 3R A ST AR A W A R B0, DR ke = S AL e T B
fE AL HERR R BRSNS AR TR 2, R R R LB 5 L AR Bk A &
WILERE AR B 1 T R AR 2 e RO A R /N 7B (N IR 22 45 ), AT BB 2 W R ™ A2 €O, i
R TG PR ANERE IR A HLBRAE 1 IR B BT AR, T AR B sy LA iU 02 1E - S 0l T B
A R T A3, S v 18 S W A R 2L G W T R R AL R 2E 3 AN T SRR T 3 iR 5 7 1) A v i
Bk PR ) L AELAS AR IR 15 7 | AT S Bt o i 2 £ R U Dol 2+ NP I S, T T AN Rl i i 5, - 1
I 538 % T i 2 22 5 (P>0.05) o TR H A 5500 8 040 A0 0, 7 11 SR v B2 19 725 A S - ST I sk %
TEZE (8] E AR ME— R R Z A B N, i AT C 23l R W ER 1R AR RS2 R, T DL L A B
%, SRR RIAT I, EIREE L 72 d MR 25 &L AZE TR B TR TR JURTE
TP BEL 7 2 [ AL, I B0 LRI 20Uk

X6 ARIBRETARMGHARRELEFRAEREAR TerN 0 TerP

Table 6 TerN and TerP for each incubation time of different vegetation types at different temperatures

HiFrmiml/d R/ C BB TLARHRAR LIRER 7 B AERR
Incubation time Temperature QVA QW BA BAV

TerN

1 — 0.0016 0.0021 0.0020 0.0014

20 15 1050.2231 1179.6027 1062.2733 662.0137

25 6.9587 10.7899 8.3748 3.8175

35 0.8026 0.5789 0.8523 0.5778

72 15 7.0915 9.6830 3.9629 5.9121

25 0.2848 0.3063 0.5792 0.1882

35 1.2697 1.4956 1.3346 0.7889
TerP

1 — 2.6163 4.2690 4.9319 9.4333

20 15 4.4649 13.1494 13.5424 14.2875

25 107.3488 381.3664 419.0316 408.4372

35 1.9600 3.0318 3.6541 2.7202

72 15 16.2632 65.8621 29.4785 43.4083

25 0.1280 0.2373 0.4670 0.2485

35 2.0590 4.5087 4.1379 7.3717

QVA: Btk B Quercus aliena var. Acuteserrata; QW: 1L RARHIK Q. liaotungensis; BA: £LHERK Betula albosinensis; BAV: 4 & HEMK B.
albosinensis var. Septentrionalis; TerN 1§ 13544 C N BT R RE ; TerP 48 LIEHEY C:P AT REBIE

B2 X T B T 1) 3 ARSI, Qo Bl R BE 1 T i TR A2 3 55 AR B 5 114 S 6 45 SR A 4
H s WHTEINN , Q  BE IR (O TH & T T i X LRSS o Hh A 5 2 B s X s B R8I R, Q5 T
JE AR TE I s B 2E IR nT R R R R JRVE I A S U E IR I A e, FE
BTN, T,0,05 T,Q,0 P E 52 2.39 A1 2.17 ,FF 4 Raich' ™ E Bk SCHREF A TP HGHE Y P {E (2.40) ,
TE Coucheney EM I Xu 217 45 N\ AE IR 37 RS2 56 28 Y Q]U{Eﬁﬁfilﬂzﬁﬂo {H A FE A Qmﬂﬁgé%ﬁ%
i, AR Zha'* B A0  AEE MR T 0 Qo e T B ARSI . 1 AR R Mg B b, Tl = 3
SERYBIRA A, TIEBUEYI RS UL A T A2, TERE IR R b S AN RRE R R FE IR G I T A HLER A TE
IO T C BB Q, fEHIN , AT, Q o AR E 19 A7 BB 5 1T LA W3 a8 111 3 1
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AR AT AT LA s AR AR G i O B, RO AE AN - S A R A Qo BF, I SR L BT A Ak A TR
FEHATI S
4.2 B R S ARG A SRR ) 5

AHFGE R I, STl A P T 9 728 A6 32 B AR ) e 5 A 8 0 S e TG s A 4 5 B A A AN (] 1Y) 855 SR
] 5 E R EAA 255 . MBC MBN 5 MBP 7£ 15°C 5 25°C B 5 ik Fi bt 90 BRI i 34 ( S 3 S R AR
B0 ) SRR AT BB 1—20 d SRR 3 i 35 4 AT AR K B, R SRR T RBAE 20—72 d Hh R rhgR
A TERREE AW AE , S B Y R R IE T SARIR . Anderson' ™! DA WP 52 e T Be AN Ik A= WD E 75 B T8 1, £
FERIRAARARAR S G E DA . BIPRS00 TARBRRAS ) RA — /N o X I AT DTk, i FR
TR R IALE 35°C 1, MBC \MBN 5 MBP e85 3% 5 rp th 30T Bt 34, vl B2 T A W AN BB N =
TR PRI | K B W AE 55 3R P AR AR 20 d S E 2B W AE T sk A T ARIRVIRZS

AT e R T LAY A 3 AN 43, B i IR A B G AR R 20 R AR BT A R R TR A
(PESE IR ) 3 HLRRRE AR AR 2 o 2 AR A TR 10 21 4 R RN 2 27 45 2 R i AR R L 2 K&
— AR R T B E L TARA R e A BT AAR S I A A5 Z R T A B A 4 A R A B DR
AR E B ATV PE B Ak G W) S A AN T3 Bl T L 3 o i A= W R R 9 DA s i) 1) 02 A AT 2 25 R 41
Y Z R AR T AN BE L0 A R R T AR BV T 00 ik mT il A= 0 R A i U

Wit % 4 v UAE Y, BG J&5 0 + e 5 W25 B B AMAE T ACP 7EZTAEARS 25 Bz MEmR o X o A 4 e
e 535 AH G, T RE Y I DR 2T MEARORD 24 J AR 1 £ 8 2B i /> BG AN CBH 25 7 X - 38 v 21 4 2 11 [
fi#t , CBH T2 FKe 41 4 2K M 2T 4 — 4, BG VEFH T 2. 298 CBH 43 J5 008 ML (IN£F 4t — 8 ) | F Hok
fift IR A T PR (A A AR 2 ) Y L AE 15°C 5 25°C TR, BG Y I P Bt 2 15 % s [ A0 188 o i 48 i, i
MBC B HIE S 78 35°C B, BG HBLIERE S 5 MBC AURFLE RIS IFATT &, S 2 Rty R
WS/ AL, BG BTG AT SRAERE N, U MH T AE 72 d i), B BG 3l £ 4 R BT A5 Bk © 22 0 Al 2
YA BRI . AR TME (T2 R R ) S — Pl A i B B IR, 2l BX 2 547000 FEARF
FEH, BX 75 15°CF HBURFEE I3 U TFE 15°CF B BX 40212 2 T A5 Ak B 28 iR AR G4
A KB T  AE 25°C F1 35°C 78 72 d 5 20 d M HUER, BX BA BB 7R 4L, 5 BH T 7% 25°C fi1 35°C 1,72
d BF 1 BX 227 4 2 A ik © 2 R U E W S BRI . —

Sinsabaugh 5 A ¥4 #2 i Metabolic Theory of Ecology ¥i¢ , ftA= 9 ml LA 1o B i & o0 28 A 15 Ho A= Hil g
F1CUNTC R A HECR ) AR B BRI T 2R, DA I 5 4 (0 LA W i S5 RS YR R AR VE e 0 B A W AR e
A3 TR (SR R 255000 Ak (RERERR ) 0640 0T LR B DT 2 L (Ter) SR 3A | Ter fH AR = Q£ 5 B &
(A RE R HRCR, Ter (EARMMRC RS TR 20 FHACR ™, NAG 5 LAP 25 7 10 N 34, NAG 7E 1
SERUFHA b- 1,445 00 10 %0 WE N SR G W 0y B i bl 25 S 2R, 2600 BG TR 4 = BE M v 9/, i
LAP YEF T2k N A A7 G R A AL S K Z 3 A2 7Y, TerN £ 15°C F1 25°C FARAE AR AL Al W . i e 44
TG TR R THE 15°CH 25°C KSR, A A HZCRE TS LI, BNZESS AT, N 2R
il A Y A KRR AR S WYl LUARY N e C R & 4y, TAE 35°C F, TerN — L7 T+ HAR
FEAE I, I N AR FHRCRAE— B TR, BTk 38— EAR T N BRI, 177 H TerN(20 d)/TerN(1 d)
R T TerN(72 d)/TerN(20 d) , B 1 3 K& 55 Wl 5 3 i N AR 1—20 d BRE L8R, 1Bz
BT BRI 2 NAG 18 N 20k i 2 i 2 — , 76 35°C T E B & MRmmmte™ , AcP 257 £ p
T3, FES 5 TR A S BERR R 0 K 8, A e PR AL nT R A BEIR T TerP BUARTE 15°CF HBLEELL
TR (R AR IE RN, 3 AN BEAY TerP HLHEHEIT, TerP (20 d)/TerP (1 d) F§/NTF TerP (72 d)/
TerP (20 d) , Ui T L5 1) P BAEZ WA SEZ B ACP FT 4, R mT LA i ARAEAE P BRI ; TerP 7E
25°C T B BTG TRER s, BLASIE Rl K, BIAT RIUCAZE R FR 030, P2 BRI 3 64 o A K iy A
R, MR P AT C HRZE 4, HBUZIE vl GEM R JE 25C F AP iR, T 2 mscE £ 1 P ok
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YR HA K B0 s TerP 76 35°C T HIBSE FRESG LTI E T H TerP (72 d) 5 TerP (1 d) MHZEA K, R P
— HAERHIRAE YA K, B 20 d A B8 E A, B IZ IR T RERY IR R ACP 7E 35C T H &%
AR ATETE T RO A A K B AR LRSI P ZEARTFIE R, i T NS 3R MBS R S8 2 IRl R 5L A7
FERRERZE 5, T RE S H BN B 1 A 1o 2 A A v RIS P O () 7 — 2 AR AR T 56 T R RN R R
- HEORIR B RS RIS . R TTRE SR T3 N R SRR T Ak ELEE IR SRR (S R Y
T AR A R T A MRS FE . I BT BAs RIEAREE SN AR R R SE T, R I E R
B R Ta] A HE K | 2 PSS SRAR R T B AN SR AF A 3 39l A e %) 728 e T 3 O o 2 g ) )

5 Zhig

(1) FE TR A e R AR5 35 v o 0 6 0T PN 2 i - S A W P I T A ) 23k % 3 g
PIREI X R A L IR AR 19 AT 5, Qo Rl TR I T v T AR A1

() s FR A HEEA MR A A — B, 15 CHI 25 °C F e e 25 8 35 °C R ik
H— IR, BG R0 - ST A 2 A AN

(3) #5537 72 d LA, Hh BG oy ff bk C N BE T B A P A K EHH T s 6 25°C M 35°C T, i BX JUr o3 i
FA Rl L B A P A K B E SRR 2 —

(4)7E 15CH 25°CF N J& 35 32 A BR il - 00 (9 9 25, € Je BRI 285 76 35°C T, N — EL 2 BR
TR AR

(5)7E 15°C 1 35CF , HIEPFERAEAE P R 78 25°C AR5 SR A1), P IR KR e 0 i X -7 | i e 15 57
JE BIAFELE P RR
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