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(4K 1760—2800 m) 2T B 7% 22 1t 1000 m BYHPIRBES 315 | 8 T HEBR IR SS R Al 4 52 0 717 1 - 308 Bk PR A 1t 21 43
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Abstract: Under the background of greater temperature increase in high latitude and high elevation areas, the distribution
ratio of soil organic carbon fractions in the alpine and subalpine forest and its feedback to temperature increase need to be
expounded. On the Tianshan Mountains, there are temperate coniferous forests with Picea Schrenkiana as the monodominant

tree species. Furthermore, on the northern slope of the middle Tianshan Mountains at an elevation range of about 1760—
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2800 m, the zonal and patch distribution of Picea Schrenkiana with an elevation drop of more than 1000 m makes it
convenient to exclude the influence of mingled forest to determine the altitudinal distribution ratio of the soil organic carbon
(SOC) fractions and the response of the distribution difference to climate change. In this study, the sampling plots were set
along the altitudinal gradients, and soils were sampled from different soil layers to determine the altitudinal variation of the
total soil organic carbon pool (Cg,.), active carbon pool (C,), slow carbon pool (C_), passive carbon pool (Cp) , and
microbial biomass carbon (MBC). Besides, the carbon pool activity (A), carbon pool activity index ( Al), carbon pool
index (CPI) and soil organic carbon density ( SOCD) were also determined to explore the altitudinal variation of SOC
fractions on the Tianshan Mountains. The results showed that: (1) As the elevation increased, the ratio of C, in the Picea
Schrenkiana forest soil on the northern slope of the middle Tianshan Mountains grew gradually, while that of C_ and C,
gradually decreased. This indicates a positive feedback of the decomposition and release of soil carbon in the Picea
Schrenkiana forest to the regional climate warming, showing an increasing deviation from the equilibrium state. (2)
Although both MBC and microbial quotient (qMB) of the forest soil showed bimodal curves as the elevation increased, their
peaks were different. The qMB increased significantly at high elevation (2600—2800 m), indicating the stronger soil

microbial activity in the high elevation area of the forest. (3) Cg., C,, C,

s

, and C showed obvious topsoil aggregation and
their value changes showed unimodal curves as the elevation increased. (4) The AI and CPI were the highest in the
elevation range of 2400—2600 m, and the A, CPI, and SOCD were at a low level in the elevation range of 2200—2400 m.
This study provides scientific reference for the further study of the responses of forest soil organic carbon pool on the

Tianshan Mountains to climate warming as well as the management of the soil organic carbon pool in this area.

Key Words: active carbon; slow carbon; passive carbon; soil carbon stable components; carbon pool activity index
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RINARMIE LA W8 242 (Picea Schrenkiana ) 2 B0 B Bl i) L 3t B bk, 7 2 il A 3 rb iy (4R 24
1760—2800 m) 53 ¥ 25 1d 1000 m AR KEB A | m] A HEBRAR 9l S 10 25 53 52 Wi M 7F 7 /K IAGE 22 1k
XF A UBRAS EVELH 70 S A A BRAR S . PRI, AR SO R TRy < (1) T8 A2 ZRR L i e
FRE PR 3 5 R R A A S B S ML 7 (2) 120 S RS A 0 e i 172

1 #MRERE

1.1 BRI HEA

AT T BAKFE T AR A 7S R L 5T ) 4% ( CFERN ) 387 8 K LU A MK AR 25 2R 40 B 5 6 00 I AFF 9 o
(E87°07'—87°28' ,N43°14'—43°26") JF J&& TAE , iz uli i FHrsmdt /8 F IR X S8 RS B8 AT B AR5
5, e i KRR A& R RS IR R 65 om 4 SR ST 3K 5.85%10° Jem®/a, /KT IS AL R IR A €4
ARARA RG22 v 25 BE 7 XU A4, 2R B PG PR AL ok Y3 i A PR D7 P AL A 2 K 1
BELB , K S Bl ST AR 3K B 0 B, T 28 AR I B T (R 1) . IR IX R AT I8 =42 ( Picea Schrenkiana) 4l
MR T3 ) R AT R AR, SR R R A /N BE ((Berberis heteropoda . Berberis nummularia ) . ¥ - ( Cotoneaster
melanocarpus ) ¥ 1% ( Rosa spinosissima) 254 ( Lonicera hispida) 73 #H ( Juniperus pseudosabina ) 55 , R HA
F L E /Y ( Geranium rotundifolium) \%U_IEEI K EL( Alchemilla tianschanica) f-ffi Fr ( Aegopodium Podagraria)
SRR
1.2 FEaRET L

2021 4F 7 A EBCR L Beb B L s R AR (4K 1760—2800 m) ABFFERTE, LA 200 m A —SIEEHOB B
SFAEHEIR 1800—2000 m,2000—2200 m,2200—2400 m,2400—2600 m,2600—2800m #E17RAF , HAE[H] —f
P NEL 3 4~ 20 mx20 m KR A FE /D ARE 100 m DL [RIEZE ISR 1800 m AR M 1 E 3 4> 20 mx
20 m FEHIAE NS IR LB 18 MR,

TERREHL N IR S” BB 7 I T 3 AR AL, #58 0—10 em, 10—20 ¢m,20—40 cm,40—60 cm,
60—100 em X734 )2 , RHFTIEE T JZ O LA+ HER o ; [l Bk PR 445 )2 4% 300g, 3431
RAE 270 A +FE,

K SR T 1] S B AT AL B R P YRR R A R GRS K AR A U A Oy — R T
—4°C Y0, T 2 Tl A W el 5 5 5 50— (0 50 D ol XUAL , R RT3 2 mm 7 G S BILAR, 395 ik, 22
RCVERIR LA K T PR 15

F1 EBRRERIIEHEERER

Table 1 Basic situation of the sample plots along elevation gradients

IERRRE SEE ¥4 dz N AL AEREK B
. . ; P
Elevation Mean height Mean diameter at . Annual average Annual average
) ) . Crown density . .

gradient /m of trees/m breast height/cm temperature/ C precipitation/mm
1800—2000 2.12 7.56 0.50 14.29 437.44
2000—2200 9.96 18.48 0.20—0.90 13.09 443.99
2200—2400 12.31 16.70 0.20—0.80 11.89 453.26
2400—2600 12.33 25.41 0.20—0.70 10.69 460.04
2600—2800 6.36 9.93 0.20—0.70 9.49 477.65

1.3 e bs ik

(1) £HEA YLK (Soil Organic Carbon,SOC) : K H B R E S AL-FM Ak

(2) 3G PERK ( Active carbon pool, C,) &K (Slow carbon pool, C_) 154k ( Passive carbon pool,
C,) e PR P A0 /K fifk- B R B SRR 2 1 00, 0 BRI AR 0.5 2 mm ST L REBILA B0, it 20
mL2.5 mol/L H,S0,,Ff/Kf# 30 min(105 °C ) , 5.0, (EFE L HIiE W TRFIDM . SR N 20 mL £ &5 F/KiE 0k,
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J B OB Y VR PR AR 3 C (0 A 5 9 BR v 25 8 K I VR BRI AE 60 C R AET, i 2 mL
f) 13 mol/L H,S0, , & iRIRFG 7, J5 25 8 77K H,SO, Fi B 1 mol/L, 105 °C/Kfi# 3 h, i e A R R, %
IEWAH T C O s A a2 B FKIE TR B G 78 60 °C R BT BIF S I foff FH o465 R B - TR At 1 - 1 I R
W5E C R 5 C A C AT BRI b TR0 ) (8 FH B AT ML A (S €

(3) A= ¥ =k ( Microbial Biomass Carbon,MBC) : R &5 B 7% -K, S0, i $23% ), BBt e S B
FK(24 h)J5 , HERUE LT AN M K A B R S W i , B — RN 0.5 mol/L K, SO, A i 2 L +
AR HIA DK A 307 Fr 0 E A s i IR AN MBC = AE / k, ,Xrh . AE, g 75 T HEA HLK
H5REZR TR PRRAZE , k,(0.45) AU EYIR IR HE R 5
1.4 B HL S S b
1.4.1 A8FRIHR I

(1) A= 909% ( Microbe quotient, qMB ) J& 3w A: Wy s e o5 T3 DA HLEK A A 43 1L, B

qMB=MBC/SOC (1)

T, qMB A MR, MBC D9 i A= My ik, SOC o e BA Pl

(2) 3R A KL (CPL) AT AR S+ 380k 128 Ty X6} R | 25 B8 Blair 2520 J7k

A=C,/(S0C-C)) (2)
AI=A/A, (3)
CPI=S0C/SOC, (4)

o, A SHERIENEE, C, o BRI SOC R I B MR %, SOC-C A AR TR PERR 1 | AT A B JE 106
SH, A, IS IR CPT RIS R, SOC, NS % + 1L A WL
(3) FHER 2 R BE (SOCD, kg/em?) T2 R

SOCD =), €, D, E(1 -G, x107 (5)
i=1

K, CoNEE i REMENRS B (g/ke) ;DN (2 EIEAE (g/em’ ) s ENE § JZ2EIEEE (em) ;6,05
JZ>2 mm B S8 (%) ;n S 5TE N HIEZE R EE
1.4.2 EEIEAIE

S LB RTH1A 1997—2012 4, 1 F0F58 X 45 13 S B0 AR BRI M , e 640 FH SWAT ERI7E 155
RS T] i el Ry 5 SR a0 (R O W R R DX AR B AR K B | TR B R Ol B /NR TR 4
il (IR 2160 m) |, 38 “ VAR BT R 100 m, SR T % 0.6 °C 7 THA AR 0 AF I B 4icHl
1.4.3 Hdaba

I INESHE 8 Excel 244 SPSS 20.0 2 F#E1 748115047, A Origin2018 R 4.0.2 1E &l ; BT A 86 78 77 25 5%
BrETiEAT I AT AN BR BB E A T4, 2 5 T B AT 5 2557 MERR 00 FN 22 5 i S5 MR A 00 . e
AR ZE J7 22 (one-way ANOVA) H1 A9 Duncan 580 [R]VE R A [R] A )2 F0AR [A] )2 [k 18] 398 45 20 0
AR L L CPT A9 25 5 10 25 1 (P<0.05) s FIXUR 2 75 25 (two-way ANOVA) 119 Duncan JEFR R4 I
T2 LR A AR B LG (CPT 925 5 W 2E M (P<0.05) o AR R AP A RE DGR IR IR e 300 B L
IK ISR XT A R 2 () 5

2 HREHSH

2.1 HHER MR S SR

Rl Bl ZRAR B A B 2H A AR VR L ) o SRR AN BT 1 R WUR R T 22 e T R B 4RO SoC ., |
C,.C Y HA W EFZM (P<0.01) , 2 X5 BT A 19 - 38R 2 4344 #3552 0 ( P<0.001) |, RS + )2 138
HAEHAU C A BEFM(P<0.01),
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Fig.1 Dynamics of soil organic carbon(SOC) ,active carbon (C,) .slow carbon (C,) passive carbon (C,) in forest soils on the northern

slope of the middle Tianshan mountains along the elevation gradients( mean + SE)

EE. 3K , Elevation effect; HE : + 2, Horizon effect; EEXHE : ¥4% 1 +J2 1938 BAEH , Interaction effect of elevation and horizon ; AN [F] K 5 - hER
TR AR 222 5 535 (P<0.05) , ARIRVING 8 5 RN R 7 1 J2 125 53 1 3 ( P<0.05) sns, #0786 BB HER I = | % %,
# % x 4p R0 P<0.05,P<0.01,P<0.001

SOC FrAbF 17.12 —101.97 g/kg Z (], M+ 23 B H I _FRA , R 2600—2800 m Hi45 + )22 57
AN E AN (P<0.05) , HAIGHR YR A 2 VR BE (138 0 8. 2508/ (P<0.05) , Hiff 0—10 em )2 79 SOC F i i 3%
i T 20—40,40—60,60—100 cm 1:J2(P<0.05) . TEA[RIEHRAHF 1 JZH,SOC & &#AUAE 0—10 em 12 W&
BN S BEAR (P<0.05) , HE TR BRI 25240 (P<0.05) , MIFEE R TR, SOC 5 8 14 52 202 i 1
T, 2 2400—2600 m Abik B e KR 5 X2 AR Y 35

C, & 8ALT 2.90—17.62 g/kg Z[A] , N+ Z R AUEIRT , {NAEHEAK 1800—2000 m ,2200—2400 m Y45+
JB2A B EE2E R (P<0.05) , BEE RIS, C, & i R IR BB 2 2400—2600 m Ak ik 2 5 KAA f5 b
ket MWARFENERA R 1)2E B 20—40 em + 24 W AR (P<0.05) , Ay + 2 FE 54K ] ¥R R
B 25 % (P<0.05) .

C. &AL T 3.98—60.20 g/kg 2 [8] , BRAEHIK 2600—2800 m ()45 /2 22 F AR BEINP<0.05) , HAxH
PRIIBE 1 JZ TR EE (3G i 208070 (P<0.05) , BEE IR T+, C 3 i AR S i3 in, 2 2400—2600 m 35
R RAE G BRI, FEAFEREHAH R £ 2 AU 0—10 em + 2 BEF B INE L (P<0.05) , HE L2
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KR A1 (P<0.05)

C, B iAb T 7.69—25.42 o/kg Z 1], AUAEMEIR 2000—2200 m 5 2200—2400 m H iy + 2 A1 F B3 2% 5F
(P<0.05) , HAR MR 22 7 AN 3 (P<0.05) o BEFE ST, C, 5 BB N, 2= 2000—2200 m 4bik
SN KNG SOF WAL AR FEARTFNEAR AR 124 B 0—10 em 12 B 8 5 BEARAF (P<0.05) , 3L
BRI ES(P<0.05),

2.2 HHEEPERRIE 5 B AR A S A

Rl Bl AR 1 = Rk PEAE IR B i 3 BCAE OC A 2 BT, A 2 C(C o R, IR
- HEARA L, FRAK R C B9 20D B 3 T (P<0.05) , & R 22.66% . 16.44% 19.13% . 17.19% .
29.38%,C 5B b i 3 i/, €SB b I 0 & TR (P<0.05) o 7E B.C D .E =+ K L2, C, .C J&+
Herp FEAGRREE U HAE E E PSR 2 9 18.63%—30.34% ,40.71%—61.48% ; H1E B .C.D .E JZ
H, C e R AL S IE e B3 T, CL T B 78 4k, C 3 E L B350 (P<0.05) , & SO 2 J2 22 18], B

\kq
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=
5 100 1 3 . 9 i 1 ) ]
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© N A M S HitekPE C,
Ab :]%%%lﬁﬁiﬁ? Cs
20 7% %/ 20 EHERRPE C.,
(=3 f=1
S g
4 d
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(=]
1800—2000 %4 B /H
2200—2400 \g\% H/ /4
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2 BEHBEERLPRIERR T EGRE=MIRERAS NS EIL TR P EbRER)
Fig.2 Dynanmics in the distribution ratio of three stable components of the forest soil carbon pool on the northern slopes of the middle part
of the Tian Shan along the elevation gradient( mean + SE)
C, : T PERRE (active carbon pool) 5 C, : Z& AL ML (slow carbon pool ) ; C, : 1f§ Pk & ( passive carbon pool ) ; Horizon A: £:J2 A (0—10cm) ;
Horizon B: 1/Z B(10—20cm) ; Horizon C: 1 JZ C(20—40cm) ; Horizon D +JZ D(40—60cm) ; Horizon E: + /2 E(60—100cm ) ; A [F K5 F 4}
FRA G AN R 42 122 5 3 (P<0.05) , RIE/ING F-RES0R A RV A 7 42 1] 22 57 .35 (P<0.05)

http ; //www.ecologica.cn



7396 xR 43 4

TR, C, A He T ARk, C, B W (P<0.05) , C 3B HH N, UM Iy 2500 W1 (36 2) , iakoxt
C, .C, A M E5 M (P<0.01) , £J2XF C,.C AR F N (P<0.001) WK 5 + )2 M58 HAERX C,.C, A &
FHH (P<0.05)

F2 BERNLEXRUFEIE TR T IERE =T A S E LA

Table 2 Effects of elevation and soil layer on the distribution ratio of three stable components of forest soil carbon pool on the northern slope of

the middle Tianshan Mountains

T PR 2 G MR YRR e
Active carbon pool C, Slow carbon pool C_ Passive carbon pool C,
KR TT 22500 AR 0.001** 0.388 0.000 ***
Two-way ANOVA + 2 0.645 0.000 *** 0.000 ***
Mt )7 0.638 0.018* 0.027*

WK  Elevation effect; 1)2 : Horizon effect ; 4K 5 1 /2 92 HAE M ; Interaction effect of elevation and horizon ; & H ¥ {H I AR 7 22109 P {H;
w8 xox x JRIER P<0.05,P<0.01, P<0.001

2.3 HIREBCEYR RS R Y R R O e

Kl BAb S AR b L S A Wyt a R W R AR SR L 20 S LA N IA] 3 s HE 4R MBC . qMB A 1)
WEFL (P<0.01) , JZA0 MBC A9 i34 521 ( P<0.001 ) | i #A 5 + )2 R3¢ H AR HIXS MBC . qMB 170 i
E S
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B3 ERE T EMENEREMEMBNETLCFYE AR ER)
Fig.3 Dynamics of microbial biomass carbon (MBC) and microbe quotient (qMB) along the elevation gradients(mean + SE)
EE . /64K , Elevation effect; HE ; +JZ , Horizon effect; EEXHE : ¥ 4% 1+ )2 (128 HAEH , Interaction effect of elevation and horizon ; AN [ K5 FhE 3R
AR ANTE RS R] )2 ) 22 5 .3 (P<0.05) , AN[R)/ING “FRE 3R RIS [R] )2 8] 22 53 .35 (P<0.05) sns, /R T B E VR =, =
# xx A3IGER P<0.05,P<0.01,P<0.001

MBC I FEIZE 96.26—668.83 mg/g Z[A], £G4k 1) MBC 7tk B + )2 TR BE (0 I TR AS Wi s /> ; 76 1 4k
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Fig.4 Correlations between three stable components of the forest soil carbon pool and climatic elements and carbon pool activity on the
northern slopes of the middle part of the Tian Shan along the elevation gradients

Elevation : 44 ; C, : 1 PEBR % (active carbon pool) ; C, : S MERKIZE (slow carbon pool) ; C,, : TEERKZE ( passive carbon pool) ; AAT: 4F 3]l ( Annual
average temperature) ; AAP ; 4EF#7K & ( Annual average precipitation) ; A ; B %1% JB ( carbon pool activity ) Horizon A ; 3:JZ A(0—10cm) ; Horizon B
+ )2 B(10—20c¢m) ;Horizon C: + /2 C(20—40cm) ; Horizon D ; +JZ D(40—60cm) ; Horizon E ; +JZ E(60—100cm) ; * , # s & % = 5H{0HE
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