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Abstract: The Loess Plateau covers 640000 square kilometers in Northwest China, and much of the Plateau’s terrain is
hilly. Though the Plateau was a cradle of early civilization, its primary vegetation has been severely degraded in modern
times. In response, beginning in the 1970s, several National Ecology Restoration Projects have focused on restoring the
region’s ecological health. Among them are the Three-North Shelterbelt Project, the Grain for Green Project, and the

Natural Forest Protection Project. These projects have played an important role in soil and water conservation, in some
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cases, reversing ecological destruction. In the future, these and other projects will play an important role in the carbon
cycle. In this paper, we assessed the carbon storage and carbon sequestration potential of Chinese pine ( Pinus tabulaeformis
Carr. ) and Black locust ( Robinia pseudoacacia L. ) planted forest on the hilly Loess Plateau. For our study, we
established 28 plots and collected 516 soil samples to measure biomass carbon density of trees, shrubs, and herbaceous
plants, as well as carbon storage in litter and soil. The plots contained 6 types of Chinese pine forests planted between the
1940s and 1990s, 4 types of black locust forests planted between the 1950s and the 2000s, and 4 farmland plots, which
served for comparison. The results showed that, following the afforestation, carbon storage increased gradually in
vegetation, leaf litter, and soil for Chinese pine and black locust ecosystems, in the absence of human disturbance. The
carbon storage was 70.76, 143.43, 167.30 and 271.23—332.26 Mg/hm’ for the 19-, 27-, 36- and 86-year-old Chinese
pine ecosystems, and 80. 37, 94. 08 and 140. 77 Mg/hm’ for the 8-, 17- and 39-year-old black locust ecosystems,
respectively. Compared with the forest that in the absence of human disturbance, the 45- and 52-year-old Chinese pine
ecosystems , which are recovering from thinning, had carbon storage of 136. 42 and 168. 56 Mg/hm’, pose significant
decline of vegetation carbon storage and the soil organic carbon storage keep stable or even increased, and the 71-year-old
Chinese pine ecosystem and the 56-year-old black locust ecosystem, which had suffered significant timber poaching, had
carbon storage of 118. 87 and 76.99 Mg/hm’, pose significant decline both of vegetation carbon and soil organic carbon.
We take the carbon stock of cropland as the baseline, and take the forest plantation ecosystem, which in the absence of
human disturbance, as the potential carbon storage. The carbon sequestration potential is 211. 61—272. 64 Mg/hm’ for
planting Chinese pine on farmland in 86 years, and 81.15 Mg/hm’ for planting black locust in 39 years. Thus, planting
Chinese pine and black locust, and weaken the human disturbance could both increase ecosystem carbon sequestration.

With such an approach, the Loess Plateau will act as a significant carbon sink in the coming decades.

Key Words: hilly Loess Plateau; ecosystem carbon stock; carbon sequestration potential; Chinese pine ( Pinus

tabulaeformis Carr. ) ; Black locust ( Robinia pseudoacacia .. )

B e B XA D AR SO R L, AR 2N BR A 22Uk 52 3™ B SCPR B8 A B K et | s 1™
BRI IX . AEA X ) A SRR AR B, R 7E 20 tHaD 70 SRR AE 4G T2t HE H i« =Jb7 Bidrak T
2590 ARARRFF IR R FEEAR TR FR SRR I TR AEAS B KA 401, 76 23R AR 2 [R]85 | ke
MR AERIEAT 21 4 b KA AR R 1K B0 FEEh R 24, Bk D RE -t 46 5 DAY B
Mo HEARBE TR R SE [ B B 1T LATE A 2 I 18] P [Ttk , FEETBRSE T 08 0 22, AT 2 05 2 JEAT VP Al 8 AR [ i
W1, e TR AR A 25 PR TR 0A 200 JE A T L5 71T H R XoF AR ARBI Al 1 R 2 7 ) BT 84 2 | X i AR 4
IR AL/ hE T

FRARTE BV 72 P8 FRARAE A TP 25 (R AR T WA 15 50 7T B B A ik it 5 B S ey it =2 2512
FRARFE BV 7R FI 00 2 2% i AT 8 PR (BLRR ) Bt o BRAMOR AR 2 BT Bl it | DX S 7 35 i g 3k
RUVAERRER T T A= 25 FR G vk A 1 B b I S A 0 R ST A (A ) 1R s e AR )
R BRI T R ST s TR R

FIH ( Robinia pseudoacacia L. ) T 20 42 60 A UG FF-4f iR 25 4 5 I Ee 52 1 A% X 1 2 B 1 popy i, I
H 20 X TR R R K (A i ) o THHA ( Pinus tabulaeformis Carr. ) S TR R B R 5 i AR
o7 PR A e SR R S R — A R R B i R DGR AR AR TR R RO R
Xof 3R A RE Ao 14 £ 285 2R 0 itk fi- B IIER AN 461 Btk v ) OIF S, A1 B T s e B AR AR TR [ B AP

AR SO A Fe b DX AR ) Ak B A RSt L, P 2 (B AR I TR R s i A v | S 8 b B XA 40 4F
LA A R E AR N TARBI A 1 0 I 18 17 91 a0 AR DXl ik A e R v 2 285 3R e ik ik 1 AR 2
FERIRLAR , R PPAl B P b DGR BFR AR TR 9 [ e D e B HE R 22K 95 .

http ; //www. ecologica. cn



15 18] XA Ao b B X WA 2R B R b A 25 2R G e i £ 1 8 B 4279

1 ##EFAZE
1.1 EPAMREA b SOREE (S 8

BN TAESF 2007 47 8 H A1 2010 4 8 H 7E1L PG4 MPEFT A 3E1T, FEdbsr 7 WLIE 1, #E L BLIR (S
BIWEL,
1.1.1  EFAh A S A

B R T RE IR IR X, RO £ % X O MR A B SRR g Y AR R R R
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Table 1 Information of sample plots in the hilly Loess Plateau

iNits HiFEN ZHEE ER Werz FEITRL AT

F():f%ype Cinthuﬁy Stand age Latitude Longitude Altitude Aj}irit Slope Plot Human
/a /(°) /(°) /m /(%) number disturbance
FlikAY N Ay 71 36.08 111.06 1456 E 27 1 ALk
THFAMK 1 52 37.32 111.22 1219 N 27 1 )%,
AR HHE 45 36.11 110. 81 1351 NW15° 30 3 i) £ 3 %%
THFABR R 36 36.19 110. 60 1490 ws23° 9 3 —
THFARR i 27 36.26 110.86 1205 NW20° 32 3 —
THFABR GE= 19 36.27 110.76 1122 WN30° 29 3 —
TR WIE 56 37.01 109.36 1185 EN25° 33 1 TR A,
I RREAR K 39 35.13 107. 83 1040 EN30° 12 3 LA X
FIREAK o 17 36.28 110.74 1144 SW25° 23 3 —
IR W 8 36.27 110.76 1094 SE34° 22 3 —
A W 36.27 110.77 940 — 0 1 —
P et LI 36.97 109.29 1074 — 0 1 —
pedit| A5 36.74 109.25 1258 E 15 1 —
AR H K 35.13 107. 68 980 — 0 1 —

“ 7l 2007 SEEPSM I AERE A

1.2.2  FeRJZAE A& n e 7 ik

TS FURIAR b AR D T . RIRETT NI MR >4 em PYTR R IEATREACKS Rl FH M 48 RO AR A
B BAE i FH RO G ( Leica Disto DS, Heerbrugg , Switzerland , 2009 ) I % £ RRA A =5, A SRR 43 3
B MELLI 22 Fi A R AR R, DU A8 ) o P8 A3 TR AR AR 8, P T ST A s - MR DG 3R I R R T B AR AR
ARBYEBE o FRARA W B 5 T AR A R D7 AR A SR v 25 7 TR I 08 1 % 5 AR A0 ) 3 S 3 T Rl A
AEDURACR G L AR AR A= W AR X AR RO R 200 (3R 2) IR TR A4S B B A A W B AN R AR )

R2 BRMRAREREEMESEE(D) WS (H)WEMEKSE

Table 2 Organ biomass allometric equations with variances of diameter at breast height (D) and height ( H) of Chinese pine and black locust

T el wE A K AR 2 E= BTN
Tree species Organ Biomass allometric equation Reference
THIFA W+ B=0.02059%x( D*H) %% 0.99 [25]
LV ips3 B=0.00169x( D*H) ! 12 0.97 [25]
THA i B=0.00486x( D*H) " %12 0.90 [25]
RiE/N iy B=0.00602x( D>H) " 8+ 0.97 [25]
THIFA PR B=0.0086x(D*H)% % 0.96 [25]
R W B=0.02583x( D*H) " 9545 0.98 [26]
A ips3 B=0.00464x(D)?32137 0.95 [26]
AR e B=0.02340x(D) 927 0.96 [26]
LA s B=0.00763x( D>H) "% 0.91 [26]
AR PR B=0.01779%( D)2 6480 0.88 [26]

1.2.3  FEAR FAHE A=Wy M v 4 i

FEAHD 1A D, E AR T AR AR R /N IR V& AR 20 1) SR P B s 17 SR ik 724
FEXE AR

1) SEHEARAREIR A O, SR B AU B ks R AR i 24 R e IR P oG R O A, 2T
TR REAR R
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THER GRS R E SR AR
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#HT, CSP ( Carbon Sequestration Potential ) A A= 2% & 4t [# #% 7 /7 Mg/hm’; CSr ( Carbon Stock of referred
Ecosystem ) "5 % Fi i K (TR At B Mg/ hm” | 245 B AH G 2R AR AR At 0 18 2000 A0 A0 A2 25 R Ge i, Hpifif i AR
FHE R G ZS R CCC( Carbon Carrying Capacity ) ' 5 CS( Carbon Stock ) ] HAAE 4 25 B (B A Mg/ hm?

M T2 % M 27 1 e it i Xk LA 3RAS A SRR 2 75 M S R 1 4% A i e (L AEL B L R T | b e
) YR BB KAE . TR, F5e R Ao 45 20 Bt P - BRI 7 91) v 0 e RSl - 22 R (D e A ik 2 + S R A %
W 2+ Fe R MR ) | LA B Bl i - bRy H 286 K 28 I (ELAVE R 225 (LI 43 A7 DX TA]
2 #R
2.1 HEwEmA R

PR At B A AE T AR EARNFCA Y R T it i (% 3) o AR B ft i A A WOR B R R A i
B XL (85. 17% —100% ) , HEARFNE A B At fE 5 /0 , IMAAARR BAE Py AR /D AR 0—0. 11 Mg/hm®,
IRRAR T BEA ) R i LU IR MR 22,2 0. 12—0. 67 Mg/hm’®

A [T A8 Aol 18 e it e T, A ) 38 AT B PR TR P > SRIAVRL , 58 B AN ()R ol %) A sk i1 e 38 S48 A7 7F —
PS5 W36 AEA I MAE BB iRl 67. 47 Mg/hm? | Tl 39 4EAE (U RIBEAR A 49. 51 Mg/hm?,

A [ A8 AR i e - B s ARATE R 9 AR AL R ok A R A | 52 RSB 1S I AR a5 1 19 .27 .36,
45 52 71 AEAE AR IR BB A 2590 R 11,97 159. 90 67. 47 43. 86 .47.50 .26. 50 Mg/hm”;8 .17 .39 56 4F
A= R RRMR A A B Bl it 1 3310 25. 08 35,68 49,51 ,11.97 Mg/hm’

£3 TRESRERBERREE
Table 3 Vegetation carbon stock in different types of ecosystem

Tr A it

V7 %11 e C stock in arbor /( Mg/hm2 ) . (%ﬁﬁf}%ﬁﬁi EZI—(@%%E i /‘ﬁﬁiﬁ;}%ﬁﬁi '
Forest type Stand o et o o e C stock in S?mb C stock in gzrass C stock in vegzctatmn
age /a Total Stem Branch Leaf Root /(Mg/hm®) /(Mg/hm) /(Mg/hm®)
THFAPR 71 26.50 15.79 3.46 2.18 5.09 — — 26.50
THAARR 52 47.50 28.71 6.14 3.94 8.71 — — 47.50
HE/NN 45 43.44 25.60 5.06 3.79 8.99 0.34 0.08 43.86
AR 36 67.45 39.19 7.59 6.03 14.64 0.01 0.01 67.47
THFAPR 27 58.23 31.00 5.78 5.13 13.11 1.67 0.00 59.90
THAARR 19 10.23 5.70 1.05 0.97 2.51 1.63 0.11 11.97
JAREAR 56 11.37 9.06 2.04 0.26 2.47 1.31 0.67 13.35
JRLAR 39 49.01 30.24 7.27 1.32 10.19 0.21 0.29 49.51
SRR AR 17 35.45 21.80 5.29 0.93 7.43 0.11 0.12 35.68
AR 8 23.52 13.19 3.49 0.92 5.91 1.35 0.21 25.08

2.2 JAEYImARE

AN [ AR ol %) ] F e it >R (38 4)  TARS PRI Vs Wi i et D 300 v T SRR, AR 2 it 08 ¥ 0 ok
FEERAE 2. 07—5. 47 Mg/hm* 22 [6], B 40 7% P i 76 2. 75—15. 91 Mg/hm? 22 [1] 5 1M SRR AR 4 2R 20 I 7%
Yrtwefiti e 7E 1.38—2. 14 Mg/hm* Z[] , & 73 -8 7% Wi i i #E 2. 59—6. 72 Mg/hm* Z [H]

) — A8 o ] 75 A e - B MRS 1) AR AR 3SR T | FEACR e N 2 J5 a5 B R RS . YA Bk B AR
PATER , SR A 5 A0 kit e RAE S AL R A 2 71 309% 22 A7 (A0 27 .36 .45 AF AR AR AR ) | i Sl B A 8 9% 00 sk i
KM R R B A ) 15% 2245 (U0 17 39 AFEAYHIARAR) |
2.3 tiEmfGE

AN [ AR ol 14 S AT BLAB it e T, AR AH ST 118 A BRCRIRI AR AR 1) - AT LA it et AFE . 40 36 4 A 7
FAMKFN 39 4F A5 JIBRAK A 3G HLERGE S5 518 79. 86 .82. 04 Mg/hm®, 19 4FAz IAAAKFN 17 4F£E L AR S35
7 53.97 53.99 Mg/hm’*,

AT A8 Ao 14 = HE AT L0 fi e B s AT PR P AR (L R 3R T T A PRI AR AR 1) - 3B i ot 2 R 11—
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B 1R] YRR AIG , L AR TR H 5 22 5 BEARES S I3 0, 5 J5 PR s A ER T R, G 52 4 25 T WA A - e e it
HIAF 108. 58 Mg/hm® ;39 4F Az HlMLAK 1 R it f ik 21 82. 04 Mg/hm | fif 71 4FA= AR AR 56 4F A= JIREAK £
SRR S SIFAR R 79. 89 58, 65 Mg/hm”,

JEHAEAR G A2 45 AFATMAMARZE DT T 3 IR, FCAB Wit it F AR T 36 AR Az AR AR, {E L + 384 Lo i
K 36 AR ISR AN, 1EIT3E 2 (4 (8] R R AR 1 R BBt i, (H - IR it i HOOR P LA GRSFAR E H
FREEHG N 100 71 AEAAhAABPRAN 56 A AR RIBRARI PR ik BE AR A, - S3a HLa A ot HE B S T BRI
2.4 BB RGRME R

AN RIS ol 14 £ 25 R Gt it B, ARUAAF T (0 VT PAMRCRA B RR 1) B it 2 AHL T, ELYMAAARIR 55 . 36 4F2E
THAAMRFN 39 A7 A M AMARAE 2 R Geicfifi 1273 135 2] 167. 30 Mg/hm® 1 140. 77 Mg/hm*

AH AR b 114 £ 25 2R Gt it B R A5, TRHAR AR R ) ARG 1 ik A Sk I 2 Pl 345 o 359 222 B 5 18 n = B AR 7
19 27 36 45 A IMIAMRA IS R GoikAE RS 70. 76 143,43 167.30,136.42 Mg/hm*,8 17 .39 .56 4EA4:
FREARA: 25 R Geiietiti 43 51 h 80. 37 94.08 .140.77 76.99 Mg/hm’

2.5 AEBRGERE T

DAA HH AR 38 R Gt it B i BB (WA E) | FRIRh o3 Ny T AR S R GU kit &R P 41 (R 4) | DUEDS
R E I I KA e 2 A S % R T MRS RGBS T (£ 5) o vl 78 Y sS4
YU, 7 8 - Pl IX R I AA K, 86a P AYAEZS 22 G0 IR T 114 211, 61 Mg/hm® (545 -+ HERR iff o 76 ARl
9 36—86a WHEAEL AL, W) 86 4 A= IHMAMMRA: 25 RV AEfAifi 2 7] 3% 332.26 Mg/hm® , A= 25 R G [ i
W10 272,64 Mg/hm®) ; P HIBEAK 39a UG AEZS R SE BRI J1 0 81. 15 Mg/hm®

F4 TRESRFEIFZFYN L ERMEE

Table 4 Carbon stock in litter and soil for different ecosystem types

PR Wi fit it ARG
R e i i C stock in litter /( Mg/hm?) AT B Ecosystem carbon stock /( Mg/hm?)
B RGHEA NS C stock in Frym oy Soil organic
Ecosystem type Stand age /a vegetation ’ carbon stock SEME kR
/(Mg/hm?) thtle. . Most' ' /(Mg/hm?) mean D
decomposition decomposition
THIFAMR 71 28.20 — — 79.89 — —
THFAAR 52 50.55 — — 108.58 — —
HFAMR 45 43.86 3.82 8.66 80.08 136.42 4.57
THAAAR 36 67.47 5.47 14.50 79.86 167.30 9.65
THIFAAR 27 59.9 3.56 15.91 64.06 143.43 28.61
THFAAR 19 11.97 2.07 2.75 53.97 70.76 16.08
GEREN 56 13.35 1.38 3.61 58.65 76.99 —
LN 39 49.51 2.14 6.72 82.40 140.77 25.34
R AR 17 35.68 1.82 2.59 53.99 94.08 2.29
HRLAR 8 25.08 1.56 3.87 49.86 80.37 18.78
A H — — — — 59.62 59.62 17.16

x5 HIEBRESREASBENRABREEMERNESREEREN
Table 5 The potential carbon stock of ecosystem and its component and the ecosystem carbon sequestration potential of the afforestation for

different forest types on the hilly Loess Plateau

migEA TRt it I NOEES
VA A 2 Rkt SN Potential carbon stock /( Mg/hm?) RE RS
Original Original ecosystem Reference . . o ez Ecosystem carbon
vegetation type carbon stock vegetation *E%)ﬁ Aﬁ/ﬁ% ii% ARG sequestration potential
/(Mg/hm?) Vegetation Litter Soil Ecosystem /(Mg/hm?)
A 59.62 86 E/EIMAAM 142,68 [ 19.97 108. 58 271.23 211.61
e 59.62 39 AEARIBRAR  49.51 8.86 82.4 140.77 81.15
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NS 2R T v T o LR THA ORISR AR 35 LA 4 i R AE A LT X A7 10 sk oy 32, L
fii i 73k 162. 65 .58.37 Mg/hm?, i A= 2% RGE[E B i 1Y) 77 % F1 72 % |, i - 330 P28 R 0] v 4 ok J28. [ ke vk 0 2
4> 239% F128%
2.6 CRANAEZS R G0 R ) 7

FXF T BB S RS, 32 RS M AR 25 R Ge i fi 1 Y98 TR AR (L 2) |, 8 [l (o A L i Aox
BDRGA AR ER AR ] E A R A R RAIR , 1 L3R fift 2 o] A4ERR RS HE 2 i . sz [l fese
Wi f) 45 AR 1 52 AR A TSR, A Bk i B EE 36 AR IhAR AR 5IMIK 23. 61 .19. 97 Mg/hm? , T - 5 fif 12
Lt 36 AFAETHAA MR 5 0. 22 28,72 Mg/hm?® 1T LAR T A {FL A A ke J22 B S 1 &g v L - 3 e e th, R 1
PP B BRI, WAz FLAR A E A 71 A A S AA ARAR X T 36 AR AR 0 iR bR, AR Bk e £ £ B AR
40. 97 Mg/hm® , 171} 3Rt B AR 3Z [RARGE I 52 4R Az AR ARREAR T 28. 69 Mg/hm? ; #HXTF 39 4FAE il 4
MR, ZBLERIE AR (56 A7 A= AR AR ) AE 9k A - i 1 53 BIREAIR T 36. 16 .23.75 Mg/hm’

Pinus Robinia
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Fig. 2 Carbon sequestration potential of the afforest, and the relationship of harvest and ecosystem carbon stock of Pinus and Robinia
forests on the hilly Loess Plateau
a N EIAR A MRAF B i - AR I 8 b S SR AR (IR AL £5) 92 A AR AR Dl i - bR 122 5 o S R BEIM A bR - SRR BE AR
SRARNEREN 5 d RS A PE AR Y SRR A AR, S DARIE I HARAR, SE O BRI A RIREAR, ARIC T RACER TR i AR bR
ERAMA T, o, BIR B AR, A 52 A T =M ik 5 e A aL o £&

3 FitHitie
3.1 R KM A RS R

HEART RS R GERAA T3t A5 L B P BB A 1 M (19 28 A6 5 A A R R 7 25 SRAR L A ik
i ik 5 B AFHE N, 17 L SR P 1 B SE RIS S g a3, AR AN TR BT, 36 AR AR il FA AR 39
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AR AR AR 25 2R 5 AT i B 43 1R 167. 30 ,140. 77 Mg/hm? ; AHXF T4 FH B Al 5, FL i & 43 48 fm 1
107. 68 Mg/hm*F181. 15 Mg/hm® ; B4t fith & v LA P o0 32, 4300 K 67. 47 49. 51 Mg/hm® s LR Ok + 15
A B, 553G 20. 24 22,78 Mg/hm? ; P75 Wit e o 53 53 0 T 19. 97 Mg/hm’ il 8. 86 Mg/hm’,

TS AR A 25 R GERk it A 7 45 SR -5 0 o J X LA 52 v [RD PR (8—35 ) 45 SRAHE 7 | i fIE
FIKAF FAFAF A K 1 1L M DX (33 4F AR P A I 33 4F AR £ A RO % 1 43 ) R 187. 26 ,178. 58 Mg/
hm?) " M FE R, 36 AT A AP [ 5 3R R 1. 89 Mg / (hm™a) W5 T 47 AR AAAE 4 2 [
BRI 1.43 Mg /(hm™a) 39 A A R AR A A4 [ 5 3R R 1. 26 Mg / (hm™a) |, WEAR T B8 L1 AR M 1
S [ A
3.2 HBRRACEARAELRMEAR) T AT BE A 42 = 8+ Fr b X A= 28 R G0 [ AR

KA T BRI AR, AN 3 YK 45 AEA TS MAE T T 52519 36 AFA MR AE S R G fifi it
F#AI% 30. 88 Mg/hm* ;71 4FA IMAAPRAE Bl e it 1t 22 /D481 40. 95 Mg/hm®, I ELAK I ERASSCHE A P 1432 Hh A= 2
RS0, TRV 2 X U8 7 0 B TG, v b 3 I A SR VR, 348 - SR 0 P R A O AL AR M ™
56 A JIMEARAI X T 25 1Y 39 AR A JIRE AR (1 4 25 R Gohkfits 2 K 60. 08 Mg/hm® . IR, 76 3% [ Tk
FE A% KRBT bR T8 Z A0, B Rzt B A N TSR B, 48 5 24 25 R G0 RS L ROR
Bi§t: David Brill W @5 SCHZE AR CE A ZHEW MDA R B KL T/EAN
OB SR AR B AEHS B, B S AR BRI T AR B X 2 R AR XIJRDE RS B, RO
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