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Characteristics of carbon storage and sequestration of Robinia pseudoacacia forest

land converted by farmland in the Hilly Loess Plateau Region
SHEN Jiapeng, ZHANG Wenhui *

Key Laboratory of Environment and Ecology of Education Ministry in West China, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: The Grain for Green Project have played an important role in preventing soil erosion and restoring the regional
ecological environment in the hilly Loess Plateau region, meanwhile it is important to research biomass and carbon pool of
forest ecosystems. There is the close relationship between forest biomass and fixed carbon of forest ecosystems. Robinia
pseudoacacia is a typical tree species for the Grain for Green Project in the hilly Loess Plateau region in Gansu Province.
The amount of biomass directly affected the function of fixed carbon of Robinia pseudoacacia plantations ecosystems, so the
plot investigation and biomass measurement were carried out in the Robinia pseudoacacia plantations afforested in three
periods (5 years, 8 years and 11 years) and two slopes( sunny and shady slope). In different plot of Robinia pseudoacacia
plantations, we investigated carbon content, carbon storage and allocation of the different tree organs, shrub layers, grass
layers, litter layers and soil layers, respectively. The results showed that the average carbon content in different organs of
Robinia pseudoacacia ranged from 43.02% to 50.89% and decreased in the order stem>fine—branch>medium—branch>
thick—branch>leaf > stump > large—root > thick—root > small—root > medium—root > bark > fine—root. The average carbon
content ranged from 35.76% to 42.74% , ranged from 35.83% to 43.64% , ranged from 39.55% to 41.77% in shrub, grass
and litter layers, respectively. The average carbon in the soil layer (0—100cm) ranged from 0.22% to 0.99% and increased

with conversion years but gradually decreased with the increase of soil depth.Carbon stocks in the different components of
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the studied forest ecosystems were in an order as: soil>vegetation>litter. Carbon storage on the sunny and shady slope of
5—,8—and 11—vyear plantations followed as: the ecosystem was 52.52 t/hm”, 58.93 t/hm’, 73.72 t/hm’and 49.95 +/
hm*, 61.83 t/hm’, 79.03 t/hm’. And the soil layer (0—100cm depth) was the largest carbon storage compont, which
stored 39.5 t/hm’*, 42.08 t/hm’, 49.68 t/hm’and 35.61 t/hm’, 44.31 t/hm’, 52.64 t/hm’. And the vegetation layer
component stored 12.88 t/hm*, 17.29 t/hm’*, 24.69 t/hm’and 14.72 t/hm’, 18.10 t/hm*, 27.30 t/hm’. And the tree layer
stored 12.56 t/hm”, 16.85 t/hm’, 24.04 t/hm’and 14.34 t/hm’, 17.52 t/hm’, 26.39 t/hm’. Of the tree layer, the stem
was the highest carbon storage organ. The annual net primary productivity of sunny and shady slope were estimated to be 5.
21 t-hm™a™" and 6.57 t-hm ™a™" in the 5 years Robinia pseudoacacia plantation, and annual carbon storage were 2.54 t-
hm™>a™" and 3.10 t-hm™>-a™". Slop aspect and restoration years were the important factors affecting the carbon stock in
Robinia pseudoacacia plantations. It was considered that Robinia pseudoacacia had a good carbon sequestration function,
being able to be an ideal tree species in the hilly Loess Plateau of Gansu Province. And it may contributed to proper
selection of Robinia pseudoacacia forest efficient management of young forest, offering great potential for future carbon

sequestration, especially in the hilly Loess Plateau.

Key Words: hilly Loess Plateau; conversion of cropland to forest; Robinia pseudoacacia plantation; carbon storage;

carbon allocation

IR BRERRRASA AR I 7E AR ) 7 26 3 v DA R
fbit s gpr ARz W IRBE X KRR Co,
MR, B X 1999 418 #F 6 ARk 5 TR
DI IR B IY 78 R 45 T 22 K [ A B V8% 4%, 43
BT BN T AR A5 ) S A M 11 A 3% 25, 2% H T
RS A0 B2 [ A, f 30 07 P i, 2 B X
FLAIR BEE AR BN X TRk - AR BB b, &
TEZEMER, WFFRBEARER A & S0, X 25
BV IR AE SR s b B

H AT IR TARA: 45 R Gekfifi it WX 4
Z2 10 fE A VR AR X BRR A A IX B ) 25 S
K, L 1T 58 3B B S PRGA B T RE LUK AS TR AR Bk 4R
BELFFITAN [7) 35 i) S0 A P 118 e i kA 6T b 20> | T R
WA RE M IAE RPN IR PR MR 5 TR RS
RS M ER R Z —

TR B v A B A B AR o D & X R
BEE MAT 55 £ Z5E AT 2001—2007 4, AL H
i A Fe B X R PH T A 7K BB 5a(2007 AR AK) |
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Table 1 Forest characters of Robinia pseudoacaia plantations in different habietats and restoration years ( Mean +Standard Deviation)
e p T2 ) e TeAR I PA 2
A ik T TR s PR
. Average tree Density/ Canopy density
Items Altitude/m Average DBH/ cm R ) .

Height/m (#k/hm?) Restoration years/slope
5a BHIE 5-year sunny slope 1132.43+9.10 5.12+0.21 5.23+0.24 2947+21 0.62+0.03
5a 3 5-year shady slope 1235.73+20.42 5.33+0.19 6.33+0.54 2898+53 0.65+0.06
8a [Hf 8-year sunny slope 1249.17+16.50 5.48+0.36 8.07+£1.09 2775+75 0.73+0.04
8a [ 8-year shady slope 1174.20+24.29 6.07+0.14 8.16+£0.29 2607+90 0.77+0.05
11a B 11-year sunny slope 1236.10+26.31 7.41+0.17 10.03+0.15 251146 0.81+0.04
11a FA3 11-year shady slope 1235.13+32.68 8.24+1.30 10.59+0.63 2603+23 0.83+0.06

1.2.1  JURRARAEAA R A Py i I

PR EAR LA I WA WA AR R
FH Monsic 432 V#1:  WT 4 8B 1m #F4TIX 53, 43
BN 7 ik B T 5 AR SR 0 AU I RURE A 43
R P FARS o ) e T A AR e LR AR RNy R A
(<l em) A (1—2 em) M (>2 em) ; HE AR R
AR 22 W AR AR 2R 40 40 AR (AR A2 <0.2
em) MR (B 0.2—0.5 em) (AR (F42 0.5—1.0
em) AR (AR 1.0—2.0 em) AR (HR4£>2.0 cm)
FIARME 6 2817, Sl fef 7 o, K T A5 S e o S A
FE A URE (BT AR BEER R 5 em [RI#E) 70 A1 9256 %= F
KM IR T i aE
1.2.2  VEAR KA KAGIE Y EY)

FERFFEHBIT X AL T 10 E 3 5 mx5 m Y
FEJT CS/ ME T N ITAER B 2 B 55 B e B AR
P AEARMEMB L 5 A 1 mx 1 m BEJY,iCREAZL
BE R EREE . MORVERCR A IR HEAR S 2R
FIAR 3 073 i o o, A o b, |- 6 o R T i
TEAFNRLA 3 SVEURE Al e 10 0 >R P 4 3L
R E S AT mx ] m BT B AR DA T N
PR V5 ) A BRI AR, FR i T O BRURE A [T S 30 %,
ARG E T 85 CHbAR T A I 45 F 40 fif
HEEKE,
1.2.3 A SLRAE B fie it i I

W AR R SRIETTARAR S E A
ARG PIRE S BT OB R R 0 A AL
B i,

TER R VX LT AR S A R
R, WY+ 35 1 #% 0—10 em, 10—20 cm, 20—
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difr , FEAH [ ] — 2 0K AR i o 2 LR A, Al
1 SE86 2 AR AT, B i 2ot 0 0 D0 A MILAR 75 £
FFTT(100 em® ) FEEFZHA e 3

JIT A A ) AN AR 38R H oT 4 B AR
LiquiTOC I (FE [ AR ) 23 Hrill & A HLs & i
1.2.4  JUBE T ARG o FAE i [ ik i Y 35

HRPETEA HEAR A A T ) A 1 AT 4 T
(AWt 43 BT LA o3 AS [R5 B B 15 1217 45 21 A
gl ormkfg e . HHEmREEIT RS AT 1
i WAL

T=0.1%x Y C, xB, xD, (1)
X, 7 o8 EHEG PR (1 /hm?) 5 @ h 2L B,
KR E (g /em®) s CoNAF L2 R PRI
Fi (g /kg) 3D AAFEL)ZHEE (em)

AR SR AT 24 A 7 AR S AR 7 A T 4
B0 SRR v 5k 12 Pl 45 2 AT S 38 A W e
A (R 7 B R B AR 3], 45 & S hRfElk, R H
RIS Ao R i S R s AR K TR (3R
2) , HREIERN

lgW =a +b x1g(D°H) (2)
A, WS AR (kg) 5D WS (em) s H N
B (m) sa.b R REL,
1.3 B

A R E 283 Excel 8L FE S, HT SPSS13.0
BAFHEAT Gt 4 B, R FH B IR 3R 7 2243 BT (one-way
ANOVA) | WA £ J7 2 43 BT (two-way ANOVA ) Fl
Duncan K45 LS540 25 5 (P<0.05)
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x2 HBRERXEEYR(W) 5ME(D) WEH)KBEIERAE
Table 2 Organ biomass ( W) allometric equations of diameter at

breast height (D) and height (H) of Robinia pseudoacaia

4oy R o
Component Allometric equation

4T Stem 1gW'=-0.269+0.4061g( D*H) 0.982
P Branch 1gW=-0.187+0.2851g( D*H) 0.838
Bt Leaf 1gW=-1.370+0.4781g( D*H) 0.837
R Root 1gW=-0.637+0.472lg( D*H) 0.889
W 1z Bark 1gW=-1.908+0.6871g( D*H) 0.986

W AEE (kg) 5 D2 (em) s H AR (m)

2 HREHS

2.1 AEIEHFE R4S 20 5
2.1.1  HIMMARTT K25 88 B R S
A 3o e AN AR B A B AR [ 355 1) SRR AR T A 452

B R IC R, PRI MRS &5 B ik
TN BB 5a . 8a Fil 11a 430K 46.24% 46.32% |
46.75% ; B RIBEAR A 38 B e & iR IR . 46.29% |
46.76% .46.93% , AN [l 5 B ik & 5 BB AF7E B &
P TR B R HEBIF A > 4R > A >
FELASE > S ARAE > KR > HUAR > /N > H AR > 35 fz > 41T AR
(#£3),
2.1.2 MR RS2

AR HFAF BRI 1] %5 Al 6 ) | A R R Bl 5
BT E W (R 4)  HAE RS w0 50 AL )
JZ 40.74% ; BLA)Z M 153 AU #53h 40. 05% |
36.93% ; ME AR JZM ROFIRR 53514 41.18% .38.96% Fil
38.64% ., WENJZ Rk & im THEAZ, A0
Ay TR R Ay ATE 2 R R 2 ALk
P R 22 5 (P<0.05) AR S A Y5 42 >
TR b STEARZESTEARMR S FIARMT

Bk w0, A AR B AE BRI 35 1] i MR 45 28 B ik
TR TE 43.02%—50.89% , IR FHFAF BR A3 m] X 1) 4R AR

R3 FAREBHERIUBAINEREHRSE

Table 3 Carbon contents of different organs of Robinia pseudoacaia with different restoration years( % ,Mean +Standard Deviation, n=3)

B 5a B 8a BHE11a

45y S-year restoration 8-year restoration 11-year restoration A

Component WIS Sunny  BI8EShady  PHE Sunmy  BIBE Shady  FBESunny I8 Shady Mean

T Stem 49.41+0.78 48.71+1.23 48.67+1.62 48.74+0.62 50.14+0.83 49.26+0.89 49.15+1.03a
A% Fine-Branch 47.18+1.10 47.42+1.56 47.17+1.75 47.58+1.40 48.87+1.61 48.67+1.57 47.82+1.46b
F14% Medium-Branch 46.82+1.45 46.88+1.74 48.39+1.59 48.80+1.50 48.01+1.10 47.73+2.26 47.77+1.57b
AL Thick-Branch 46.28+1.20 46.47+1.38 47.31£1.01 47.37«£1.57 45.70+£1.26 49.06+1.07 47.03£1.53¢
M- Leaf 46.06+1.16 46.35+1.50 45.13+x1.74 46.68+1.35 46.90+0.97 46.06+2.04 46.20+1.39d
AR Fine-root 45.20+0.77 45.20+0.81 45.05+1.05 45.65+1.19 45.58+0.99 46.31+0.56 45.50+0.89d
/IR Small-root 45.92+0.72 45.63+0.53 45.43+0.35 46.12+0.06 46.30+0.44 45.68+0.60 45.85+0.52d
H1HE Medium-root 44.46+1.56 45.68+1.50 45.92+1.00 45.96+0.80 45.84+1.47 46.07+0.79 45.65+1.18d
KA Large-root 46.11+0.28 45.98+0.93 45.56+0.27 46.05+0.11 45.98+0.09 46.08+0.21 45.96+0.40d
AR Thick-root 45.87+0.08 45.67+0.25 45.77+£0.42 46.16+0.21 45.64+1.15 46.37+0.49 45.91+0.54d
R Stump 45.98+0.16 45.92+1.47 46.10+0.95 46.74+0.30 46.34+0.65 46.10+£1.56 46.20+0.89d
Kz Bark 45.57+0.45 45.62+0.24 45.32+0.61 45.12+0.17 45.79+0.36 45.81+0.34 45.54+0.41d

ARV NG EhE RN A3 B & 1 25 5+ 8.3 (P<0.05)

T2
3R R N R BT R R BRI (4
#4),0—10 em,10—20 ecm + 2R & EH B KT
20—30 ¢m 30—50 cm il 50—100 cm, H. 2% 5 i 3%,
0—10 cm F1 10—20 cm B3 3w & 5 K F 3+
HERR & &, 20—30 em,30—50 cm 1 50—100 cm B
5 =1 07 e S N N T A N B

213

BIRAT BR X - S 5 ek B R R R BN < PH 3 A% )2 £ 4R
B A B AR B AR BRI T S 0, 3 % 9. 989%—
34.23% , H. 0—10 cm 10—20 cm 3 /il )3 55 91 2 ;
B35 2% - SRR AF PRI N , Bk 2 2 30, 34 e
J£4 11.8%—58.90% ,0—10 cm,10—20 cm 34l i
B,
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Table 4 Carbon contents of litter layer herb layer shrub layer and soil layer of Robinia pseudoacaia with different restoration years ( Mean +

Standard Deviation, n=3)

BHF 5a B 8a BHE 11a
JREI oy 5-year restoration 8-year restoration 11-year restoration
Layer Component
FHY% Sunny FAYE Shady FHY% Sunny FAYE Shady FHY% Sunny B3 Shady
it )2 litter/ % 41.77£1.10 41.41£1.02 39.55+1.19 41.15+1.87 39.61+1.09 40.95+0.98
FAR R/ % Hi B> Aboveground  43.64+0.79 40.75+1.48 38.4420.73 39.37+1.38 39.06+1.00 39.04+0.83
Herb Layer HF#B5> Underground  35.8320.88 36.37+0.97 36.02+2.57 38.36+0.61 38.82+1.93 39.21+0.93
TERZ/ % i Leaf 42.7420.91 42.08+0.22 38.08+0.82 42.35+0.63 41.88+0.86 39.98+0.80
Shrub Layer 2% Stem 36.59+0.55 39.18+0.22 41.49%1.39 38.39+1.62 39.08+0.60 39.05+1.50
R Root 35.76+0.63 36.90+1.12 38.53+0.70 41.38+0.96 40.05+0.75 39.19+1.22
TR/ % 0—10cm 0.66+0.01Aa  0.70+0.01Ba  0.88+0.02Aa  0.92+0.01Ba  0.89+0.02Aa  0.99+0.02Ba
Soil Layer 10—20 cm 0.3620.02Ab  0.36+0.01Ab  0.40£0.02Ab  0.53+0.02Bb  0.45+0.01Ab  0.58+0.02Bb
20—30 cm 0.2320.01Ac  0.2420.02Ac  0.26+0.01Ac  0.27#0.01Ac  0.27£0.02Ac  0.29+0.01Bc
30—50 cm 0.22+0.02Ad  0.23+0.02Ad  0.23+0.01Ad  0.24£0.02Ad  0.25+0.02Ad  0.25+0.01Ad
50—100 cm 0.22+0.01Ad  0.22+0.01Ad  0.23+0.01Ad  0.23£0.01Ad  0.24x0.01Ad  0.25+0.01Ad

AIEIRE 3R [l — IR AR BROAS [l 3 1) ] 28 5 (.3, R [/ NG 7 RER R [R]— IR B4R FROR [R1 28 43 ) 22 5+ (. 3% (P<0.05)
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Fig.1 Carbon storage of the main carbon pools in Robinia pseudoacaia with different restoration years

B A I AR 22 AR TR BARTE R — IR AR R R AR & 18] 22 5% 1 3% (P<0.05)

http ; //www.ecologica.cn



10 4

B I E AR HEDS 3 AR 1 AR B TE ) — B B4R PR AN J2 U 8] 22 57 . 3% (P<0.05) ;

B &
Carbon storage/(t/hm?)

B
Carbon storage/(t/hm?)

o
o0

g
=)

<
IS

o
o

(=}

—_ [N
OU‘O;OLA
T

M 45 B 1 el DR B AR R AR i K 70 Bl LA 2751
15
P 7 8
a XX 1la
b
a b b
2 b b c ¢ F_ﬁ ¢ ¢ e d e
c c
de ;4 4d e r_@ dd dd €
Eﬁ F—@ = 40 47K ﬁﬁﬁ . ]
1 11 I 1Y \% VI I I I \Y \% VI
M HIBE Understory plant
WA . B 3 .
A
KX
AL b
Al s :
KX] c cc
W@ s (TR U o 0
i R
} ] L 1
10—20 20—30 30—50 50—100 0—10 10—20 20—30 30—50 50—100

+ )2 Soil layer/cm

B2 REMHKTEEE SR DEREE
Fig.2 Carbon storage of understory plants,litter and soil layers in Robinia pseudoacaia plantations

I A5E759)2 Shrub layer; I . 542 3B

4% Herb layer aboveground ; Ill JEOR 2 R4 Her b layer underground ; IV JEARJZ 0 Shrub layer leaf; V EARJZT Shrub layer stem; VI JEARZE

AR Shrub layer root

223 ANTHMEERSE Bk 5a.8a Fll 11a JIl B AR G 85K fifg 12 20 51 Sk 49. 95,
PR EHE 5a .8a Fl 11a FIMEARAE S RS MkfiE 61,83 /hm 1 79. 03 v/hm?,iB#F 5a 1 8a 43 HiAR &)

B 52.52 .58.93 t/hm’ #1 73.72 t/hm?, B # Sa
Al 8a XLk R A L HEESTEARE >EHAZ>HE Y2
SHEAR)Z, 1BBF 11a 73 BCAS R Ry 582 > TR R )2 >4
HEYESEARZSHEARR, Hd HIER F#ADSANT
MR BB FE 1Y L5153 500 R 75.10% 70 22% F11 65. 84% ,
TEARIZE N 23.92% .28.59% Fl 32. 61% , K ¥ 91 )2 H
0.36% ,0. 44%F1 0. 66% , HLA)Z A 0. 48% 0. 56% Fll
0.57% ,HEAKZ A 0.13% .0. 19% 1 0. 31%, FAYEIR

KR STRARZSHARESHiEWZESHEARR, B8
11 AE 3 BCAs o HIEE S TR AR E Sl W) 2 > HAR =
SHEAR)Z . Hor, H 582 584 N TOPRERR 1Y L 4]
A5k 70.11% ., 70.27% Kl 64.68% , I+ K 2= R
28.71% . 28.34% 1 33.39% , fi ¥ W )2 4 0.42% .
0.45% F1 0.77%, ¥ A& 2= K 0.56% . 0.65% Fl
0. 68% ,HEARJZH 0.20% 0. 29% K1 0. 47% (K 3)

100 .
ié‘ 80 L Fﬁiﬁ :] 5a a a I"‘Eiﬁ a aa
gg/ 60 % ??a 7— 7—
égb 40 Ly b b L bbb §
&3 % TL% W
g 1571 [
il Al s ass
SEN AR SR S il %m@ rLVW :
3‘?7KF' WEWE  HAR HARZE THEZ 3’?7[‘)2 WEWE  HEARR AR Z T2

SRE SR HFLERBHERR T, oA Z AR TEY 2
A2 FIE B 2 A m Y R BN B > R, H 32
it F IR #E Sa Ak <PHIE , IR BF 8a Al 11a Y3 M BHHE

Tree layer Liteer layer Herb layer Shrub layer Soil layer Tree layer Liteer layer Herb layer Shrub layer Soil layer

B3 RIRHEEHREES L
Fig.3  Carbon allocation of different layers in Robinia pseudoacaia plantations
i P E bR 2 AR SR R 78 [F) — 1B BHAR B R RS [ )2 ik i) 22 5 12 3 (P<0.05)
<PH3E , TCTE B 2 P, Al J2= AR e 22
MRAY E LR, HIBBE Sa 8a Al 11a BMLARALHE)Z |
Filiv V2R 2 A0 B i 9 23 I LU B AR — 2

http ; //www.ecologica.cn



2752 VST

% 34 &

FRUA L2 e K A2 IR A 5 W 2 N B
IRBFARE BRI SRR AR SR B it o 1 2 BRBG hia
HIE#F 11a>8a>5a,
2.3 RN TARAE G [ Bl A A A 5

P AN [ 20 A e A 7 B AR I 20 43 1) e 7 1
FREAG AR 1 [ A 1, AN S AR 6 TR, BHIE A

BFI3 (0 4 4 A= 7 0 B e T Bk i 72 1 R R B AR —
VLR B Sa fe i, 09 5.21 t-hm™-a™' (2,54
t-hm >a ' f16.57 t-hm>a™" 3.10 t-hm >a™' , FRITE
BB 5 AR AR [ B B K, 2 e AT PR AR 3 e 1 [
BRAE 1 o PHIBAE 1 A2 7 g < 138, FH 33 4 1 ] e £ <
BRI, 15 B B S SR A Rt T o B ) A i

x5 PEEANBEAIRESERE

Table 5 Annual net carbon sequestration in Robinia pseudoacaia plantations in sunny slope ( Mean +Standard Deviation,n=3)

Bk S5a B 8a BAE11a
S-year restoration 8-year restoration 11-year restoration
41y WEEPS) SRR RS GRREERE R R
Component Annual net Annual net Annual net Annual net Annual net Annual net
productivity/ carbon storage/ productivity/ carbon storage/ productivity/ carbon storage/
(thm2a™!) (thm2a™!) (thm2a™) (thm2a™) (thm2a™!) (thm2al)
TeARJZ Tree layer 5.12+0.48 2.50+0.22 4.37+0.29 2.08+0.14 4.22+0.25 2.03+0.11
FHGTEY Annual litter 0.09+0.02 0.03+0.01 0.08+0.02 0.03+0.01 0.10+0.03 0.04+0.01
A3 Sum 5.21+0.50 2.54£0.22 4.45+0.31 2.12+0.14 4.32+0.28 2.07£0.13
F6 MEABEAINELEBREGE
Table 6 Annual net carbon sequestration in Robinia pseudoacaia plantations in shady slope( Mean +Standard Deviation,n=3)
B 5a BH 8a BB 11a
5-year restoration 8-year restoration 11-year restoration
by ) A [ Bl ) AR [ B i ) AR [ B i
Component Annual net Annual net Annual net Annual net Annual net Annual net
productivity/ carbon storage/ productivity/ carbon storage/ productivity/ carbon storage/
(thm2a™') (thm?2a™') (thm2a™) (thm2a™) (thm2a™) (thm2a')
F*ARJZ Tree layer 6.47+0.39 3.06+0.18 5.15+0.37 2.50+0.16 4.72+0.27 2.26+0.12
FAEEY) Annual litter 0.10+0.02 0.042+0.01 0.07+0.02 0.04+0.01 0.12+0.03 0.06+0.01
41t Sum 6.57+0.41 3.10+0.19 5.23+0.38 2.54+0.17 4.84+0.30 2.31£0.13
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