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Abstract: As one of the important ecological ecotones in alpine regions, the treeline ecotone is a sensitive area in response
to climate change. Soil carbon stock is abundant within the treeline ecotone and its carbon turnover plays an important role
in the global carbon cycle. Exploring soil organic carbon mineralization and its temperature sensitivity in the treeline ecotone
is important for predicting soil carbon cycling processes in alpine regions under the background of climate change. In this
study, we performed an incubation experiment at different temperatures (15°C and 20°C ) for 90 days based on soils from

the treeline ecotone (forest, treeline, shrub) in the Gongga Mountain on southeastern Qinghai-Tibet Plateau. Soil organic
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carbon mineralization rates were measured, cumulative mineralization per unit of soil organic carbon and temperature
sensitivity were calculated. At the same time, we analyzed the relevant factors affecting them. The results showed that the
soil organic carbon mineralization rates were significantly influenced by temperature and vegetation types. Warming
significantly increased soil organic carbon mineralization rates, while the mineralization rates also had significant differences
among vegetation types, the values showed that forest>treeline>shrub. We used the cumulative mineralization per unit of soil
organic carbon to characterize the soil organic carbon stability. After 90 days of incubation, the cumulative mineralization
per unit of soil organic carbon from forest, treeline to shrub was 12.33 mg/¢g, 12.99 mg/g, and 10.53 mg/g at 15°C , while
19.16 mg/g, 21.14 mg/g, and 16.14 mg/g at 20°C , respectively. The values for shrub soils were significantly lower than
forest and treeline soils, indicating that shrub soils had higher stability. The cumulative mineralization per unit of soil
organic carbon was significantly positively correlated with the percentage of particulate organic carbon and negatively
correlated with the percentage of mineral—bound organic carbon, but had no significant correlation with acid hydrolysable
carbon fractions, indicating that the chemical protection formed by the combination of soil organic carbon and minerals
significantly affected the stability of soil organic carbon in the treeline ecotone in the Gongga Mountain. The temperature
sensitivity coefficient Q,, of soil organic carbon mineralization in the treeline ecotone was 2.45+0.25, showing a high
temperature sensitivity. The results of correlation analysis indicated that soil pH and C:N were the main factors to influence
temperature sensitivity, while similar soil pH and C:N within the treeline ecotone might be an important reason for the lack

of significant differences in (), values between different vegetation types.

Key Words: treeline ecotone; soil organic carbon; cumulative mineralization; temperature sensitivity
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Table 1 Basic physico-chemical properties of soils under different vegetation types in the treeline ecotone of Gongga Mountain ( mean=SD)

+IEFEFR Soil index

FEMK Forest

L Treeline

T\ Shrub

pH 4.03+0.22a 4.1120.20a 4.15+0.13a
FHEA LK SOC/ (mg/g) 203.70+47.7a 173.90+36.1ab 124.20+28.9h
4% TN/ (mg/g) 10.20£2.7a 8.50+1.6ab 6.50+1.9b
FHEBR AL soil C:N 20.30+2.8a 20.50+1.2a 19.40+1.6a
A A YRR MBC/ (pe/g) 709.30+125.6a 738.40+118.5a 619.20+104.7a
WY YRR MBN/ (pg/g) 94.50+41.1a 125.90+32.8a 82.20+31.9a
A A YR A L MBC  MBN 8.50+2.7a 6.101.5a 8.60+3.6a
AR HLEK DOC/ (pe/g) 353.10+187.7a 264.50+111.6ab 163.80+88.2b
TEHEBRA S RC/% 69.90+4.0a 66.80+3.9a 66.40+5.5a
TEHERRL 5 1 LCY/ % 11.30+3.4a 9.60+1.5a 12.30£6.6a
TR 53 11 LCIL % 18.8V+2.6b 23.60+3.8a 21.30+3.1ab
TR LK POC/ % 46.20+10.0a 43.04+6.3ab 35.00+7.0b
WG ALK MOC/ % 53.80+10.0b 56.60+6.3ab 65.00+7.0a
bR Sand/ % 31.70+11.6a 37.30+12.4a 34.00+8.7a
WkE Sil/ % 62.60+12.6a 57.20+12.5a 60.50+8.9a
AKL Clay/ % 4.80+1.4a 3.90+1.3a 4.80+1.1a
T SR E ALY Fey/ (mg/g) 17.12£2.89a 16.96+2.73a 15.52+3.08a
59 i BT ALY Fe,/ (mg/g) 4.80+3.23a 4.34+2.89a 3.42+2.98a
SRR EALY AL/ (mg/g) 2.82+1.68a 2.29+0.90a 1.85+1.25a
KA BHREMND) Fe,/ (mg/g) 3.54£2.50a 3.75+2.61a 2.37+2.18a
HATHEY AL/ (mg/g) 2.86x1.65a 2.90x1.82a 1.79+1.18a

[Rl—AT WA NG 8 R R BE A 2 (A1 B 35 22 5% (P<0.05) ; SOC; Soil organic carbon; DOC: Dissolved organic carbon; TN: Total
nitrogen ; MBC; Microbial biomass carbon; MBN ; Microbial biomass nitrogen; RC: recalcitrant carbon; LCI; Labile carbon fraction I; LCII; Labile carbon
fraction II; POC; Particulate organic carbon; MOC: Mineral-bound organic carbon; Sand: Sand particles; Silt; Silt particles; Clay: Clay particles; Fe,:

content of free iron oxides; Fe, Al,: content of poorly crystallized iron and aluminum oxides; Fe, (Al : content of complexed iron and aluminum oxides

2.2 WL SOC 7 LRI
221 WS IEN SOC Wik R A1k

PRI SOC 5 fb 3k 3832 R M Y | 5 55 WL 3 AR 5% S ) (1] 7 8 25 52 e ( P<0.0011 ), [] Fsf 8L PRI 3% R £
P A HAEH (P<0.05) B =R BT E s HEAEH (B 1) . BRRFZE SOC 5 1k 8% 1 25 5
A (P<0.05) , H SOC & k3 2 bl i 55 1) FH55 341 (P<0.001) o 15°C E5 35 1), SOC 4 fb o 3R B 45 FE i)
] A SE R G212 B 5 20°C 1537 T, SOC 7 ks 28 S A3 L Ay Bl 55 S s [ A 15 i S 90508 Bt BDFERG 3756 5 Rk
S5 E, B S TR R AT RAIRS,

-4 R b i S R IS % IR LR R 35 B [ ) S R IR (P<0.001 ), []RE XK 2 [R) 7 7t 35
LHAERI(P<0.001) (=R EAEARE (B 2) o FRARFIR 2 138 BB fh it 2 & T\ L0
(P<0.05) , H 2R (b B R R B9 TH i S (P<0.001) , 280t 90 d B35 3%, 15°C F 2R fk 7 7R
R BT RIHE TN 2.55 mg/g.2.29 mg/g F1 1.33 mg/g,20°C F B f i IARAR B8 P 21 A3 51
3.99 mg/g.3.74 mg/g.2.07 mg/g,

[ T3 B SOC R b & ARAE SOC M EWfb2¢fae e, 547 SOC B b i 32 B 35 TR fn ks
FRIS ] () 2 2 500 ( P<0.001) , REHBIS UL IR R i 25 (P>0.05) | (ERE 2 RURFIRE FEIRHE] 1% 95 95 22 [ 771 .
FAZ AR (P<0.05) , =R G B2 EAER (K 2) . FERFR0I, R R 2E R 6] 547 SOC B 1L
O 25 5 (P>0.05) | (HERRE S R ) B K | 22 T4 K, B35 5% 90 d B L3 f SOC R b i i 3
TR T ARAMFIR Lk 1458 (P<0.05)
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Fig.1 The dynamics of SOC mineralization rates for soils from the alpine treeline ecotones
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Fig.2 The dynamics of cumulative SOC mineralization and cumulative mineralization per unit of SOC for soils from the alpine

treeline ecotones
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SOC Jfige xot Y B T 2 A 7 38 5 Qo 28 , AR g8 i o = FhOR TR 0 5 S T Al B H 31 0,
o Qo oun MERFR AL 2 FE I\ 433 S48 23 51K 2.42+0.27 2.6420.14 F1 2.37+0.23, 815 A0 AH S5 5 Y
SOC firds B A5 Y Qo MAARAR 0 B9 A P 4{E 530y 2.59+0.35 ,2.80+0.20 F1 2.55+0.36, 1M i 12
IR AL k AR Qo AR B LB HE N - BEF- B(E IR F] T 3.60+0.72,3.82+0.20 F1 3.84+0.72
(E3), =MitE Ik R AR Q22 R A BE (P>0.05) .
2.3 RigEad iR DOC i MBC Y784k

ALK IR ISR DOC 51052 FE 3 28 RIS 357 i [) ) (8 255 0 ( P<0.001) |, TRLEE B SEIRAS 128 ( P>0.05)
[y £ R R M T R E 2 BEAEH (K 4) o BRARFIRZE 148 DOC & i 1o 3 = FVE A+ 18 (P<0.01)

MBC. &5 5 52 R i 28 TS R 6] ) 58 35 5200 ( P<0.01) | TR AU S2 R AS 1835 (P>0.05) |, [7] I RE b 25 8 Al
B FRmT ) TC A2 HAEH (P>0.05) ,{H 53553 0 B 2 M A AE W A8 BHAEH (P<0.01, 181 4) , PIAEEFRIRE T, &
8 MBC % BRI Bl R o] 38 i 2 B0 35 05 v/ a3, HERAERE 3% 10 d BFiK 2] MBC & & Wi R ME,
FRAFIA LR 13 MBC & 2 B 2 = THEM 13 (P<0.05) ,
2.4 SEMRAE A SOC R PRI B U 1) P 2R

ANFREE T 847 SOC R fLEYE POC Fi & i 3 IEMSE LR (P<0.01) , 5 MOC & & A7 7 &1
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Fig.3 Differences in Q,, values among vegetation types for soils from the alpine treeline ecotone under the three calculation methods
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Fig.4 The dynamics of dissolved organic carbon and microbial biomass carbon during incubation for soils from the alpine treeline ecotone

AR (P<0.01) 1115 pH A BB AL 5 Ky R RE B i A& T BB Ak & i T il 3 A DG R R
(%£2), [, 15°CF 8N SOC BT ES C:N [ERIEMHIEKEER, M 20°C T H47 SOC EFw fk i | 570
BB R IEAHE LR,

SRR TR Qo fHYS 14 pH (HAE B I IEA KR (P<0.05) , M5 - MR i Ak 415 7 &2
ARCPEFR BRI oy AR S S e W E A OER . A, 0,0 T CoN (HAFETE i3 7R G (P<0.01)

F2 BAuTEFNH®RERYTHLES LEEHETFE A Spearman 18X %27

Table 2 Spearman correlation between cumulative mineralization per unit of SOC and soil physico-chemical properties

75 Variable Crin-15 Crin-20 A5 4 Variable Cin-15 Cin-20
4R AL Soil C:N 0.469 * 0.359 kL Silt -0.201 -0.325
pH -0.103 0.070 HAL Clay -0.155 -0.189
TEMERRYL 5 RC 0.243 0.183 BB Fe, 0.295 0.352
TPERRZE S T LCT -0.011 -0.032 55 ALY Fe, 0.225 0.352
TEMERRZL AT 1T LCIT -0.115 -0.113 55 RIS EAL Y AL 0.326 0.437**
UKL HLER POC 0.623*** 0.568** || HEBBELY Fe, 0.245 0.362
WSS &AL MOC -0.623 *** -0.568 "% || HEBMALD AL, 0.377 0.481*
HE Sand 0.300 0.402 **

* P<0.05, % P<0.01, % P<0.001;C,;, 5s:15°C F HA +HEH PR R L& Cumulative mineralization per unit SOC at 15 °C ;€\, 00
20°C T 5437 38 HLak 2R fb i Cumulative mineralization per unit SOC at 20 °C
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3.1 W IENT SOC kY ERIE AR 1k

SOC WA b Z B EE Y K43P T fepg I8 AE R R AR, Y K o B H AR 52 Hoph R
i, 280 T R IR R SOC 7 ALl Rtk iy ) 5T 45 R 5 LA IT 45 S — 0, bl 5 T = AS AR
T SOC A fh 3 2 S S48, 32 DR Ay i 88 %) P i T e 8 S8l 2 4 e R R 1, 1T I SoC
FI Ak, ASTERE 3 T BT R B R TR A CE b 22 5 15 SOC B bl R iU K 22 5,
TE DT LA JEHT | MR BIFEAEEHE SOC | DOC 455 i 1t o 35 1 T P 3 | X 38 B AR AR 1 18 vl - fh e T
WEZ TR, R FHRME ST AR e L BT e S5 K, M H 38w fhdn 2 m
PR AEATS 2 FERRAR 3580 fh s I

SOC Wik % 5145 DOC F1 MBC 7 &t (s A AR fb kB — 35, i — 25 BB vl 9 fL i U5 A MBC J2& 52 1
WALHPR I EZR R AW IR TS5 WK SOC ksl RS 5 RINFIE(H , X 7] fE 2
TFEB AR T AN BEB R A i DR AE L =BT B o A, AT 3 K SOC i 4k, Haddix S5 W5 4FE- V-2
BEAE BEXT 6 AR FFHy i DXAS [B) = Mo FH & ) 12 Fp 88017 2 MBS 3R SO RS HY i 263005 )5 T A - 3R
TR BERT [RIHERS 107 T B, G SR A o 1 SRR TR MATTIA R o il R Y AR AL R R ) i R o
HAS ARSI, 7685 3% 5 B Bt 980 A= W0 R R S & o 7= AL B 4, T e 4b & WA 1R 2 B R i H
HE ARG i 3 AL BATTAOBI T 25 SR R R 2 W i 25 15 2 ) ) B K | R T 5 43 4 DOC 7% i
A YIEFE , I LA %) 75 SRR, BRI AR Fr i T WA i T R, (545 )5 H 3 A R S BRI B
BTV,
3.2 W IENT SOC FaseE i M R m [ 28

SOC Fat i M S B SOC 7 338 ity B4 B [B) < A A R b, 368 8 AR UE 114 SOC 7F 3 v i) e g | - 3493 o
] A ) B SOC BRIk, W SOC M Wy ~f R E MEB S . AHIFSE HRE A SOC i a E
PR = T AR, AR Fapy K IABLR . SOC & i A A B8 B[R] i 2 0 L i &R 2 R e, H R B Au 45 .
1) Pr3tecE , B HLTTE o PR IR B R R SSBUUE Y 0 . B FARSEIR R 3% £ 3650 T 2 mm i, R 3EHT 2R
IRBEREIR  BORE IE R E /R . 2) A fbdee , B A PUBT B AT 3 i 0 2B 0 Ak 22 o 7Rk X A RE
P W S5 AT HLIR R AT A AT O, A IR A e 4 A v B e s+ 336 MLBR B PR RO 11 ) AR ge vh
iE SOC H BrHisrffae J1 MmR g s e 435 SOC et R B E R (K 3) , Ui SOC A BHisrfthe 19
ZHIARREM R AL I SOC FE 25, 3) fhfaoe , B LB & 58 L0 Yyl &R S ( Lk aR A
YR 3) e RAN-T P E S LA G o, iYE SOC 2 HR 5 e W&, vl SOC 432k POC Fi
MOC, POC J&: Atk - HEm Py i A b i A Il ) e 1 b Jal s R A e, il MOC J2: 5 - 3w W Al 45
A B SR TR A WL, A R R Y AR s B SOC B L POC% 2 B i 3 IE
THRKIER, F MOC% 52 B E AR O ZR , VA SOC B9 6™ 1 4& 3V FH 52 ) 57 WL 1L A% 4 2 7 SOC s e 1
S gs RARRL, FATE KRB SOC Fase M SHbkr & & 52 B35 UG, X S5 a0t R i BN, JL-FANais B ey, X
SOC W2~ E 554 O . IRk & k=, SOC AR Mk g5, DAFEMR ST & B0 Sk R A e W ml L) Wi
BtA BT, ERYE - HEh X SOC ARG VER ™" (AR H R A & 5 SOC R v 0 3%
FIIEA S IE R (32 3) , 3X AT B A4 4 ad Iy DX sl kAR R 3G A BE IR A K

25 LTiR , SOC a Py R4V 2 5 i sr i LA e i Ay SOC fue P2 S iy E ML, i TR -1
POC & i 3 & THE 3 A /K SOC R M i IR FHE 38 Ak, AP R B4 C:N 554
SOC R fbar 5 8 F 1IEAK , iX 5 Heuck Fl Spohn T YR A AR AR BT ) 25 AR A CAFER C:N R,
A A TGRS Y I DLARAS R, NI RE MERE fA DL iR E R 4, R Im A LR, e
Y32 AR RR R AT ek ) R RECA RCRUR , AR A B 55 0 1] i B A S, e 25 i soc iy ar
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3 TEFVBRTAUERESRERYS H1EEN %R ER Spearman HX %

Table 3 Spearman correlation between temperature sensitivity of SOC mineralization and soil physico-chemical properties

AR i Variable Q10-cum Qro-« Qo Ag t8 Variable Q10-cum Q1o-x Q1o
FIERRALL soil C:N -0.214  -0.522*" -0.343 WWE A DL MOC -0.086 0.129 -0.100
pH 0.478*  0.552** 0.577** || BRARNESEEL CAL 0.252 0.151 0.176
THEHBRA S RC 0.118  -0.076 0.132 AL Sand 0.297 0.220 0.245
WG R4 43 1 LCI -0.217  -0.119 -0.216 ML Silt -0.286  -0.289 -0.262
IR 4L 4 11 LC 0.011 0.073 -0.034 AL Clay -0.104  -0.073 -0.004
kLA HLRR POC 0.086  -0.129 0.100

# P<0.05, # % P<0.01, %% P<0.001; CAL B S MEFEEL carbon effectiveness index

3.3 WU SOC Bk Ay TR AU E S S PR R

SOC il L 4 A H = 28 CO, 2 R B A B KA B Z FE . BRSBTS = T, 8 P 2
L, AR R B 2 34, X SARAE AT BT SR SOC WAk ke AR Ak B4 i Ry = L Bk T
BURPER RN Liu 2550 (RF R, R [ A 25 R G0 22 1N R R AR A B R K225, 0 THAYZE 1k
TR 1.16 3319, F¥E N 1.63, H P w5 A (4 Q, ek 2.01, [AIFE, Hamdi 458 A" X S BRI 4 1 45
T SRR SCRE AT 45 B 40 HT , FERHIRLRE R4 7 03—k DL RO B 3 st () AR BESE Y J5, 2B Qo fHoN 2.04+1.09
ARWFFRLGT I Qo N 2.45+0.25 , FEI M A 0 140 10 B8 SO | DR G e BRI 4 55 N IR 5 32 B SR A8 b
FRIREI

WFFE i T =R R AT Qo 18, 45 5 B SOC 1 i 1 SR 7 B 28 5 8 4 AN [ e b 24 750 ) G
B 255 DAMERIFSE R, SOC ML 43k i 1 A0 - MBI 500 B DA A 2 52 i iR 38 gl 11 2 2 P 32 (RUAR A
FEHRFRAE SOC HUAM ik RE 77 AR M 6 MERR 443 RN 3 A - 39 m5AT 3050 ) 2R BCHE A [V R i 2K R R 2 G (3% 22 7
(1), ARIRFEHbE AL R) 1 5845 BRI PE T = B — B0k, AT RE 2 30 Qo PR St Y P9 TG b 35 A8 Ak i 22
PR, AT U DL Ly R L AR R Ak Y R R S A (4 AR AR IR A B SOC Ak X TR 1 7

AHSE T2 SRR 4 pH (5 Q2 B F MR, X5 Mg R —807 ™ £ pH A
JERI IR PR AR 2 REE R BB R R D FERRERME T, LI E R AN L2 B pH B934
MK B FAE WA 5 R S ) 5 Bl BT T o0 B BB R B A, - X R AR A T A
JE, DR I pH B L VY R MR S5 AR R Q.

e o et — R BE (CQTT) 1082 B A A AV I st 1) M AR A L 15 400 2 i 3 b R T i B 0 A 66 I 1) 0 i 36 B A
JEEP2 20 TR C N A B A A T AT MERE R LT, T B0R C:N B RIS IA TR
(4 Qo fE0 SRIMAHESE & B C:N 5 Q[ R AR, Xl e SUE Y B R HIA 56, % C:N
(IR, A A K A A R R85 %2 . H1 Miichaelis—Menten J7 2 ] 41, 7E3L T A 52 IR OSSR, V. 4R
T K, R BRI R, DA Qo BT & o

4 Zit

2 TR R AR 2R R PR R ST LR 2 B SOC B4k, FHIEINH SOC &4k , KAl 7E g 1L vy Zied
P SRR AR, T RRARAIR 2 8 n] A YA 2 v T RE A LM | (R A ARARRIR £ 0 A o A W 3 g
TR, SOC WH Py RA 11 AR 5 D ST LR Zead P17 SOC AR E M 25 57 14 T B2 IN, [R] I A - S AR X T
RRMOMIAR L - e B AR A 1, A7 R T R BT [T 77, ey LU A 81 9 SOC ™ 1 A i JEE St
RFERES, T pH (EM C:N 5 Q, AL H YIRS RACTH I — L A5G WUE Y VS 45 1 1 22 53 FBE I M ]
FHOE, PRI LI . BRI, m IRt P SOC B AL Rk, H. QM EGE , 2 BRAZ DR S5 08 T i ik
BNAEZB,
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