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Characteristics of Carbon Sequestration and Apparent Stability of New

Sequestered Carbon in Forested Torrid Red Soil at Dry-Hot Valley

TANG Guo-yong'**, LI Kun''*, SUN Yong-yu''*, ZHANG Chun-hua'"?

(1. Research Institute of Resource Insects, Chinese Academy of Forestry, Kunming 650224, China; 2. Yuanmou Desertification
Ecosystem Research Station, State Forestry Administration, Kunming 650224, China)

Abstract: Great concerns about potential for carbon (C) sequestration in forested soil and the stability of the sequestered C have been
exerted under the background of global climate change. Organic C density in soil and in soil physical and biochemical fractions at
various stages (1991, 1997, 2003 and 2010) in Acacia auriculiformis stand afforested in 1991 were investigated at Dry-Hot Valley via
density fractionation and acid hydrolysis. The results showed that organic C density at surface (0-15 em) and subsurface (15-30 cm)

soil layers was 1. 40 kg-m >

and 0. 99 kg-m ~* after 19 years of afforestation, respectively. The annual C sequestration rates of surface
and subsurface soil layers were 37.89 g-(m?-a) ™' and 16. 84 g-(m”-a) =" during 1991-2010, respectively, and the sequestration
was accelerating. The ratio of organic C in heavy fraction to in surface soil was 71.44% in 2003, which was significantly higher than
that in 2010 (67.99% ). The recalcitrant carbon index (7. ) in light fraction was significantly higher than that in heavy fraction at
surface or subsurface layers in 2003, but both decreased with aging of plantation, especially I, in light fraction. Approximately 57% -
70% of new sequestered C was protected by physical mechanism and 33-49 percent was biochemical recalcitrant C during the stage
from 12 to 19 years after afforestation. The results reveal that forested torrid red soil at Dry-Hot Valley may have a considerable
capability of C sequestration. The biochemical stability of physically protected C is lower than the unprotected. Both the stability,
however, decreases with the plantation age.

Key words : soil carbon sequestration; density fractionation; acid hydrolysis; organic carbon apparent stability; Dry-Hot Valley; torrid

red soil ; plantation
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Table 1  Basic chemical and physical properties of soil samples

s T HERE >2 mm +HEA TR T HEA LR A A SR
REEE LE /geem ™3 B 54 % £ pH A /gkg ! /g-kg™!
1991 4% R2 1.68 4.70 5.99 2.82+0.202 e 0.22 +0.015 d
T2 1.72 4.68 6.20 2.73+0.116 ¢ 0.21 £0.008 d
1997 4F =z 1.67 4.81 6. 14 3.26 £0.272 d 0.25 +0.020 ¢
T2 1.72 4.74 6.37 2.88+0.142 ¢ 0.22 £0.011 d
2003 4F =2 1.62 4.65 6.25 4.45+0.293 b 0.36 £0.025 b
WERZE 1.69 4.60 6. 40 3.42 +0.154 d 0.27 £0.011 ¢
2010 4F #Z 1.59 4. 66 6.24 6.15 +0.464 a 0.52 £0.037 a
WRZE 1.68 4.63 6.42 4.11 £0.207 ¢ 0.33+£0.015 b

1) [RISHAR R 5B FOR B (H 25 5ok 3k 95% .25 7KF- (ANOVA)

L3 p#rdabn B e Tk
BRESR R, T 1 B 2% MR R AT L A

YIERAR TEE N A o 20 B 25 H . AT
(1991 4F) Flsd MR 5 3 A~ AN 6] B 38 (1997 ,2003 Fi1



2 4 FEIE D45 TR A AR R AT A [T RFAIE B B 11 Bl AR E 1 553

2010 4F) R TFENE T SOC WREE , iEMK 12 a J5
KA - FE (2003 F12010 4F) & T 44938 B 7y 4H
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20 oA HLBRII M4 IR Rovira 2517 B R K v

ARG BRSO T —E R kgh. LA LRI |
Sr AT RN A o (R A R 2 ) S H i ] 4 4
o3 FPA AL e BE P E A R AT LA - NI PRE I 7E
L4 BditHS58r
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Table 2 Calculation formulae of the parameters referred in this study

Fe BH HEY
1 WA (SR LB/ % =60°C FHA (s d) ST E (g)/ HHEFRFEE (g) x 100
2 B (R B S /g kg ™! = (A B (% ) x ZA PR PRIEE (g kg ™)
3 A (SR A LR TR Al % = YL (SR A DL (kg-m =)/ HHEA WL (kg-m =2) x 100
4 A (SR A A He Al % =60°C N (S d [E AL T (o) /B (SR FRAEE (g) x 100
5 YL (R ) 0 [ P i g kg ! = T2 (R ) W LS He (% ) x % L4 TR AT BLBR IR (g kg™ 1)
6 L (AR ) T AR 5L = Fo (SR ) WA PR B (kg-m ~2) /TEZH (SR 4) A LB (kg-m %) x 100

7 (Y ) AR kg m 2

=dx0xcx(1-8)/100,H ,d LR (em) ,0 W EEATE (g-em ™) e Fy 4
(AL A BUB A Bt -k 1) 10 0 >2 mm - HCET BRI B D 4% )

FH—4E 77 22537 ( One-Way ANOVA) H AN [
TEARBTBE AR 1 R TR 25 S 80002 S 0 W34k it
JRTFE A ¢ K25 ( Paired Samples T-Test) b #8452 2H
2 [ P de i B 22 S 0 0 R DL AR AT B AE
SPSS 11. 5 #ff 58 .

2 ER5HMH

2.1 AT PR AR LR

TR KA MRS 1 19 a B (2010 4F)
MRHE P 21+ 3R 2 R R 2 SOC % FE 435 1. 40
kg-m H10.99 kg-m ~*, HLaEARHT AT b (1991 4F)
BT 0.72 kg-m 2F10. 32 kg-m >, Bl 1991 ~2010
AF[A] MR kb 2 22 FNIE 2% )25 A 58 359 [ i 3 3 43 i) Ry
37.89 g-(m’-a) ' f116.84 g-(m>-a) ' (F1).

(2)

A LR B HE kg-m 2

0.6 +

0.4 : : -
1990 1995 2000 2005 2010
HFRBTEE GE)

N TARE & 5, Ak SOC %% 13 52 30 B 8 A
HIER S (E 1), Jr 25 Fr /R BR 1997 4E R 2
B ER)ZE SOC % B 5 i AT 22 5 A8 1 35 40, HiAth
AR B Z (8] SOC %5 i 22 5 3436 3] 1 & /K. 78
TEAREAT 6 a (1991 ~ 1997 4F) ki 2 SOC B
R INT 0.10 kg-m, F ¥ [ ik &y 16. 67
g+(m’-a) ' WA (1997 ~ 2003 4F) £)ZE +
B [E kil 42. 67 g+ (m*-a) ~'; TFEWESR S
H1(2003 ~2010 4F) RIZMK L H 1. 03 kg-m 42
= E] 1.40 kgem ~*, 4 0E I8 35.92% , V- [ ik =
[52.86 g-(m’-a) ~' ] BH 1 @& F & Ak ) 409 A v 34
(& 1(b) ]. bRHLE)ZE SOC % AR #a#i 5 FR 2
Al B LT Ak R TR )2 (A RERZW
35% ~50% ).
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-
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g 25
:
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MR BEE)
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Fig. 1 Soil organic C density and annual C sequestration rates at surface and subsurface soil layers under various stages after afforestation
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S R L BIRAR  B R4 A HLER 73 T L 1]
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3N, R 2241 L) 20 DLBR % B EE A AL

i s E MR 2H A ML B o TG L 9] S 2 4 vy, T A L
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Table 3 Distribution pattern of organic carbon in soil density fractions at surface and subsurface soil layers

RN LR RN R Ll EAL RAAIREE BAAIREE  BRHEHLR ALK
/% /% /kg-m 2 /kgem 2 SrHE L/ % S LA/ %
2003 4F EZE 5 0.60£0.057b 97.72+1.015a 0.28+0.027 b 0.74+0.058 b 26.76 +2.182 b  71.44+1.829 b
WERE 5  0.25%0.015¢ 98.77+1.075a 0.19+0.012d 0.63£0.030 ¢ 23.33+1.131 ¢ 75.80%1.001 a
2010 4F  E2 5 0.78+0.082a 97.58+0.696a 0.42+0.021a 0.95+0.080a 30.16+1.179 a  67.99 £1.276 ¢
W) 5  0.26+0.013¢c 98.18+1.073a 0.24+0.022c¢ 0.74+0.034b 24.17+1.509 ¢ 74.59 +1.121 a

1) Bl 5 A R = bRz, RSVFRA ] T RE SRR B 22 57 R 18 95% W3 K- (ANOVA) , T [H

2.3 SRR Gy v e R R SH [
Tk

2003 4FF1 2010 AR HE e 2 FIE 3% J2 - 59 m [#]
P i 285 R [ M e 8 B (1 1EL) WL R 4. 2010 48
Fe2 - B 41 R T 4 [ P 2 R 4 0o 0. 23
kg-m > H10.50 kg-m >, f 3 = T 2003 4E, 3 0% 43
WK 43. 75% F1 28. 20% ; [a] HA W 2 )2 1 HE R 40 A
i RN R Rl A R SRR TAE () [ IR (N
(20.00% 1 15. 62% ) 25 32 H—2F.

2010 4F R 2 MW R 2 R 1, MH 53 58
54.30 F152. 38, % = T AH N 2 H A 1 fH (53. 07
F149.89) ,¢ fu e b /s Ho 25 AR 95% W EKF-,
MM 2003 M + 2% H I, HY B EmS TEH (%
4).2010 44 25 1, (5 5 E KT 2003 4F,
BIR— - Z N E A 1 (R AN 2 Bl IR
JE RN, AS [R5 MR BEPR 2 4y 1, AH YA — E R
()R R LA, BEARIS A 3, st [F  a 5 38 8
A Bk Z FEBS A R (HT B0 2 AR 2

R4 REMLRE T & A5 P E R 00 E R IE 8

Table 4 Recalcitrant organic C density and recalcitrant C index in soil fractions at surface and subsurface soil layers

I g RAUBEPERE AU ERR RS R AR o ] e e B R R E PR
*ﬁﬂﬂ‘llﬂ i)zlf *#ﬁ . 2 e _2 P -2 bkt 1) okt 1) P4 A >
R /kgem B /kgem % /kgem B BT BAEYERZ L %
2003 4 RE 5 0.16£0.013b 0.39£0.026 b 0.55£0.033 b 57.13 +1.051 al 53.41 +0.841 a2  53.4220.642 a
W RZ 5 0.10£0.005d 0.32£0.026 ¢ 0.43£0.027 d 54.67 +£1.288 bl 51.09 £2.723 ab2  51.48 +2.167 ab
2010 4 RE 5  0.2320.012a 0.50+0.039 a 0.730.043 a 54.30 +1.922 bel 53.07 £0.609 al ~ 52.47 =1.990 a
W) 5  0.1220.011 ¢ 0.3720.021 b 0.49£0.027 ¢ 52.38 +1.698 cl 49.89+0.876 bl ~ 49.88 +1.108 b

1) 20 5 5 2 0t [P R SR o ek S A ) 3 B0 ) 22 7 R R 3] 95 % S35 /K1 (O R i ¢ A6 )

3 g

3.1 ARHbIRLT A+ [EfkEE

TR A S R G (i) AR 19 a 5, Ak
HIMRLT + 222 (0 ~ 15 em) SOC 75 5 Fl1%5 23 51
5.96 g-kg ' 1.40 kg-m 2 (F 1, 1), X 5iZH
X AEMIBFFT A S5 R LRSS ok - e 2 ) )k
21+ 3R)Z (0 ~20 cm) SOC % ¥ (1.58 kg-m 7)) #%
IR 5 S e R R AL B4 Sl DI RS i R
(Savanna) SRR & ARG BB BAR T EERE
SOC % (2.67 kg-m %) "™ F14 FH & H#HZ soC
W (3. 15 kgom ) ") o AR T R 26 B 4 3 [
PO L AR I IX (4,25 kg-m 7)) L8 B IX
(3.04 kg-m?) FJZ SOC B ST PG 254

BRGE wAFERLIG A HE AfE T PE  T
P A AT RESE TR [E SOC Ay — MR FE X, Yu 25
Xof 3 ] DX Sl e 2 B85 A AR O R A T 5 s A5 21 25 0
ghEIR

- 48 ik 3 R ARl AR A R g B L By
B MR A O XA 520 Y Huang 2517
SYHT T HRE KRBT 20 a & EHBFZ SOC fiff i A8tk 4
fIE, & BUIIE] 1. 18 x 10° km® A H SOC #8017 311. 3
~401.1 Tg, RiA¢ B + 8-V 4 [E e i 29 0y 13.2 ~
17.0 g+ (m*-a) ~'. kS = &2 BF 545 ) 1981 ~
2000 4P (7] H [ 32 2 i A= 2 R G IV L 7E 41,2
~70.8 Tg-a™' [ 5 BF- ¥ B Ak 5 KBCH 6 ~ 10
g+ (m’-a) "], SEE PR bR R Mo 3 MRS 20 a
P 3T $4) [ B B 40 g+ (m®+a) 71,50 a N 4
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S FE B R 32 g+ (m®ea) T ARAFSE R
MBS 19 a WERZE BHOF X RiGHE R K 37. 89
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