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Variance analysis of soil carbon sequestration under three typical forest lands
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Abstract: Quantifying soil carbon sequestration may be an important consideration under large scale afforestation because it
has been counted in global carbon budgets according to the Kyoto Protocol. The conversion of cropland to forest as part of a
huge ecological afforestation engineering scheme has played a very important role in reversing ecological destruction in the
Loess Plateau and strongly affects the carbon cycle. This research was conducted to determine the changes in total soil
organic carbon and its labile fraction in soil to 100 cm under three typical forested lands. These typical forest lands are
Caragana, Buckthorn, and Robinia, which have been converted from farmland between 10 and 40 years ago in a Loess Hilly
Area. The results showed that, compared with sloped farmland, the concentration of total organic carbon and labile organic
carbon in soil at 100 ¢cm was not higher in Caragana forest land 10 years after conversion from farmland. The carbon pool
was significantly increased in Buckthorn and Robinia after the same period. Compared with 10 years since farmland

conversion, the total organic carbon and labile carbon was further increased in all forest lands after 20 to 40 years of
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conversion from farmland. This increase followed the order Robinia > Buckthorn > Caragana, and the highest increase in
total organic carbon reached 90.92, 27.87, and 14. 89 Mg/hm’, and for labile organic carbon was 30.28, 10.51, and
9.67 Mg/hm’ respectively. The changes in soil organic carbon in different soil layers were also significantly different with
time since farmland conversion. The soil organic carbon and its labile fraction was increased mainly in the 0—40 cm soil
layer 10 years after farmland conversion in all forest lands. The soil organic carbon pools in the 40—100 cm layer were
increased significantly 20 years after farmland conversion. As a result, all soil layers showed a contribution to soil organic
carbon increase with long term conversion of cropland to forest. Forty years after farmland conversion 35.4% , 27.9% , and
27.1% of the increased total organic carbon and 20.2% , 45.1% , and 23. 1% of the increased labile organic carbon in the
soil to 100 cm was sequestrated in the 0—20 cm layer under Caragana, Buckthorn, Robinia forest land respectively. By
contrast, the proportion of soil organic carbon sequestration showed inconsistent changes among the forest lands in the 20—
100 cm soil layer, with an average of 17.4% of the increased total organic carbon and 17. 6% of the increased labile
organic carbon sequestrated in each 20 cm layer. Additionally, in comparison with sloped farmland, the ratio of labile
organic carbon to total organic carbon was significantly different in each soil layer of all forest lands 40 years after farmland
conversion. This was especially so in the 60—100 c¢m soil layer where the ratio was increased by 146.7% , 76.9% , and
126. 1% in Caragana, Buckthorn, and Robinia forest lands, respectively. The ratio in the 100 c¢m soil layer also increased
by 63.7% , 34.0% , and 47.0% in Caragana, Buckthorn, and Robinia, respectively, which indicated the activation of
soil carbon pools had been enhanced, and the quality of soil was improved indirectly. Consequently, conversion of cropland
to forest could sequestrate carbon in soil and Robinia is the better forest land to improve the soil organic carbon pool. Soil
carbon sequestration following the afforestation of former arable land would be a powerful carbon sink for anthropogenic CO,

production in the Loess Plateau in the future.

Key Words: Loess Hilly Area; conversion of cropland to forest;soil organic carbon; oxidizable labile organic carbon;

carbon sequestration
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TR fob T B b 5 7 R bR ) R D P AR AR R SR R S R S 1 20 14D 60 .70 ARAR AR R
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H SRR B Al
1.2 FEHBEHCR R AR

FET A BHAGH: 2010 4F 9 H TR IX £ R BHA AR 2 10a 20a 40a #H7 2% ( Caragana korshinskii )
C0Coo +Cyo ; VI ( Hippophae rhamnoides) H,, . H,, H, ; BB (R. pesudoacacia) R, R, R, 3£ 3 FliR #F Lk
HFEHD, I DA S b (SF) S0 B RE Ml S R34 S B A b RS RE T iR 7% —9% |, A L H T B A R
TEWLFR 1, FFA M RE 3 A ST M AR A — BN E G AT R A . E R AP, 3 20 mx20 m
PRl RAEIX, RAEIT SRR 2= M R R V5 4, #e IR S AUk 12 45, B 0—20 ,20—40 . 40—60 .60—80 .80—100 cm 3t
5 EME LFEAEYE R T 4, DA R B B bR 1 58 | B 2 BORE 5 E AR S SR VR R B R0 44
(RIS A2 R TR R FH A D0 4% + 2% 5, DI HR A AR A . HIEAE S AR X T R DHEE & 0. 25 mm
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R1 BRI
Table 1 Description of the sampling plots

el sk s oy VR e

Site Slope position Aspect Slope Altitude OB/ ) Mainly vegetation types of herb
SF B S 23 1167 — Fidk

Cio ZEY SW20° 33 1154 3000 PR Rt 0

Hy, Zeyrh b S 24 1175 3300 R Kt

Ry R SE10° 21 1179 2100 G SN IVIES Ci i
Cap ZEY S 22 1145 2400 BRFFE KT R

Hy b B3 SW32° 24 1157 2800 AT KR

Ryo BRI SE 34 1158 1800 R KA

Cao Zeyrh b S 25 1169 2300 BT Kt R

Hyo 24 13 SW15° 29 1148 2600 HIRT Kt

Ry ZEY SW18° 30 1149 1600 FURIZE 28 B

1.3 F5bRilE

3R ALK (TOC ) SR FH 3 4% R n A 0 7 10 5 H8 908 PR LA 1 0 7 R FH KMInO, &A™ | RIAR
BUEA 15 mg BAA PR LFET 50 mL 045, LA 333mmol/L KMnO, 25 mL, #&3% 1 h, 5.0 5 min (5575 2
000 r/min) , B IS 2 B 17K H% 1:250 Faké, SR 5 4 M0 BETE 565 nm L6 MR KMnO, ik B2 178 fhoR i
BERL TS PEA ML & i (AL R 1 mmol/T KMnO, JHFE 9 meC) . ARG PEA MLEK R B A HLER 516 PEA HL
Wz 2,
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b TN 5 j 2 EHEE DRI B E (Mg/hm®) 58, 0, ¢; d; 5301058 j )2 £ H1>2 mm BRARBUE(% )+
B (g/em’ ) A HURFII &3 (g/kg) \HIZERE (em) , 0—100 em 2 HUAR 2 B2 ] Sk 45 2 + 584 Pk
WHEZ A, IRFFL MM 0—100 em ¥ 438 BN HLIRAEAS [F] 1 J2 09 43 e e fild2e DL 2200
(Cay = Cip) p; X 4,

n

z (C4Oj - CI()j)pj X dj
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DL b S ae 45 R Ge it 5 0 MR F Excel 1 SPSS16. 0 Hk 4 E4T, A [ALE BFb vkt & + )2 oA ALk 35
S3HC LU I A BB 7 A BB L B8 4 25 S B 2SR R B LA TR S AT (P< 0.05)
2 ZERE5H1
2.1 HEEECA PR AR

2 BN ARFEEMAAS 42 TOC BEIRBRE PR AE K 35 52 0 2 a3 (8 4 J2 (8] 1 iR e A8 BH SR [R) . A
FEsBE A 2 R 4% YD ORI AR HE 0—20 em )2+ TOC B8 FE RN e WA ., 7638 Bk 10a B BI43 536 hn 1
0.2.1.0.0.9 1%, #EHF 20a BN Jg A G R HF 40a Bk BB KA, B IR0 555 1.0 2.3 4. 8 £75;20—40
em T JEFERPF 10a B U7 SR SBAE RN TOC %5 B, 2 J5iB#F 20a L 4755 VDRI HL TOC 3447225
I, FRER] 40a 3 i K 2 By, S0 2000 0.6 1.6 4. 4 5;40—100 cm #% 1 JZ TOC %5 BE 3 AR W B &
W%, IRBE 10a IS [FE MM TOC % B YA B3, R B 20a SV BORURI AR TOC A T4 &35 4
i, FER B 40a BEAF S VDB HIBEARHE 40—100 cm £5 1+ )2 TOC 25 BEF-3 30 i #3817 0.5 .1.0 £ 3.0 f%,

R% = x 100

F2 AEBHEHIE T EIFINREE
Table 2 Density of soil TOC in different forest lands converted from slope farmland /( Mg/hm? )

B F 4R Soil depth/cm

Sites 0—20 20—40 40—60 60—80 80—100
SF 6.39a 5.32a 5.32a 4.95a 4.58a
Cio 7.22b 6.00ab 5.52ab 5.47a 4.67a
Hy, 13.08d 8.57¢ 6.10ab 3.85a 5.19a
Ry 12.31d 6.80b 6.06ab 5.01a 4.46a
Cao 9.9%¢ 6.06b 4.87a 5.90a 5.20a
H,, 16. 54e 7.97¢ 6.32b 8.11b 4.48a
Ry 30.33g 10.71d 10. 54¢ 10.21c 9.42¢
Cyo 12.49d 8.41c 7.28b 7.90b 7.69b
Hy, 20. 85f 13.74e 12.51d 11.08e 6.49b
Ry 36.95h 28.94f 19.09¢ 19.72f 20.87d

[EISI /NG FREFRIRTE P<0. 05 /KT A R A e FARFAR IR T A DB T 22 57 3%

KIHBHFA AT AR £ )2 TOC %5 5 1) i 3 e (75 8K 100 em ¥R 3 TOC %5 B bifi 1R B4 BR 1 2% 2
Fro GnE 1 R AR E Rk IR BHARK 10a BV ERFRIARARHE 100 em TR )2 TOC %5 B RVIF 4 W23 hin , ifi
Fr 4 hiHh TOC B EEIA ARG B2 F . SBHHAM 10a HH L B HF 20a BF 3 Bkl TOC %5 B 4548 W2 14
FRBE 40a 0] fie g, EL IR R AR S V> 47 2%, 43035 5] 90. 92 .27. 87 (14. 89 Mg/hm® , 156 BH R AA Hh + 3 A
Xof [ B 55 B0

http ; //www. ecologica. cn



2
He

6400 H Eire 324

2.2 HHEEEA LR AR

KHERPFAAR T LOC 25 FEEAEA RO I + )2 F (£ 3) . & L2 Lk, 75 2L 0—
20 cm )2 1 LOC % LG 0 iR BF 10a By 5% VD AR AR b A 43 1138 0 7 0.4 0. 8 1.2 £%, 31iR
B 40a BFIIR 5355 1.3 .3.0.4.5 fF, 20—40 em T J2ZFr ML LOC %5 5 23R Bk 40a B A HE 3 #F b 0l 3%
BN 1.3 A% Y BORURIB AR LOC %25 BE A IR #F 10—40a HUFFZERIN, M08 43 5109 0. 6—2.0 A1 0. 4—7.2 £,
40—100 em +Jz LOC HEHAMELE . B BE 10a B, SURBEAK L 40—60 cm F180—100 em )2 LOC #4351
HETI0. 4 F5A1 0.5 4% ;1B Bk 20a B, RIRIAMALE] LOC % AR 1k 1 B2 5, A7 40 R V0 i i) T 8 25 184 i 60—
100 em )2 LOC 55, FIAE I 40—100 cm 4%+ )2 LOC %Y A B &N, BBE 40a BF, Fr 46 DM IR
Mt 40—100 em #% 1)Z LOC %5 B34 1 238 I, H 3G iR bl 1 2 RS K, 43k 8 1. 2—3. 4 £% 1. 3—2. 0 1
K4.2—11.4 1%,

x3 AREBHEHKGTEFEFNHREE
Table 3 Density of soil LOC in different forest lands converted from slope farmland/( Mg/hm? )

b T HEPRIE Soil depth /cm
Sites 0—20 20—40 40—60 60—80 80—100
SF 2.09a 1.16a 1.13a 0.75a 0.59a
Cp 2.88h 1.03a 0.82a 0.68a 0.34b
Hy, 3.66¢ 1.89bc 1.25a 0.78a 0.56a
Ry 4.61d 1.60b 1.62b 0.63a 0.88¢
Cy 3.58¢ 1.13a 1.37ab 0.86a 0.83¢
H,, 5.09d 2.17¢ 1.25ab 1.29b 1.20c¢
Ry 6.32e 3.20d 2.07¢ 1.78b 1.63d
Cyo 4.83d 2.72d 2.49¢ 2.75¢ 2.62e
Hy 8.39f 3.47d 2.62¢ 2.39d 1.78f
Ry 11.58g 9.48e 5.83d 5.42¢ 7.31g

PR AR ESRHE 10a B 100 em FE 248 MH LOC 25 BEAURT 4K S B ik 8] g 3 22 55 (HEE BF
20—40a [ 3 FpiA bt LOC % 35 FARBE 10a B#RAG T & 38, 1 L3 i 28 90 R AR > V0 > #7 2%, 433k
#]9.28—30.28 Mg/hm”.5.28—10.51 Mg/hm* . 2.04—9. 67 Mg/hm*, ¥ K B HHiApk F Ef% B & 12 T+
SR PETEYEAL BB T R RN SR AE R R A VE

160 50 -
O ¥4 g
E3 vk 40
120 | HIBR

30

Density of labile organic carbon

A UK JE/ (Mg/hm?)

AR B
Density of total organic carbon/(Mg/hm?)

0

IR PRAE R

Age of conversion of cropland to forest/a

0 10 20 40

1 FREZEM# 100 cm R T EANBRMEEGIREE
Fig.1 Density of TOC and LOC in 100cm soil layer under different forest lands converted from slope farmland
AR FHEFRIRTE P<0. 05 /KT AR E M K HR AR IR T A HUaR R 2 28 5 3%

2.3 HIEEE KA AT RRIE B R AR
IBBFIEIK 40a J5 , 250 RHIAN [F] L JZ0T - 3em 81 BB AR BT (B 2) o 0—20 em RJZ X B A
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20.3% 4.7%—23.9% 14.3% —24.4% . X LOC (TP EMHAE 0—20 em 322+ FRFLLOC 19 L7 32 =5
FAUZ L3, BRLBIIRE] 45. 1% A7 ARURIMEAR R 2 £ 3 B LOC HLfil 4351 20. 2% F123. 1% , 3 AEB
m T HTARZ L, [FIAE, 78 20—100 em Bl 2T, #7545 V00 RIRE AR HE 25 + )2 B LOC 1Y L A1) = ik 2=
S —HORE, 5P 20.0% (13.7% (19. 2% , Ut IRBF AR JZ 58 b LOC 453 3 n i A
FURAEH]

[J 0—20cm 20—40cm 40—60cm [ 60—80cm & 80—100cm

100 100

o
(=}
T
o0
(=}

D
(=}

AU L L)
£

TOC of distribution ratio/ %

TE AT AL 23 i b 51
LOC of distribution ratio/%

(=]
(=]

0
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2 BHHEH 40a FEMMEENENHRERRLEFHSH

Fig.2 Distribution of sequestrated organic carbon in different forest land soil layer after 40 years conversion of farmland to forest

IR BLAK LS A HLEREY L (LOC/TOC) W7 — & FE b S i+ e BILa 1) Jo & FAS S A
BRI+ S LR 5 5 Ak | A % 300 5 e T v o 9% ER A9/ U BILRR SRR E , R S Bk A W T R
FRUE R 3 R IRBEA A 40a 5, BRSSP EAHE 0—20 em + )2 LOC/TOC K435 %] 38. 7% F140. 2%
1M 20—100 em £ T Z X HIRAL , HAEASET 3453908 33.8% F123.8% . FIFEAKHE 100 em TR 44+
JZ LOC/TOC HBIFRIEABENT , 3 31. 4% , SR LA, & B AR AR A 0—60 em T 1354~ 51 + 2 /Y
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