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Abstract: Plantations are believed to be a mitigating measure against the predicted rising CO,levels. As important carbon
sinks, Robinia pseudoacacia plantations have been planted extensively on the Loess Plateau owing to the ability of this

species to adapt to different soil and climatic conditions and its tolerance to drought and erosion. However, little is known
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regarding the efficiency of R. pseudoacacia regarding biomass allocation, ecosystem carbon density partitioning, and factors
influencing these aspects, especially in different planted regions. Thus, the objective of the present study was to investigate
the ecosystem carbon density of R. pseudoacacia plantations and evaluate their relationship with different influencing factors
in diverse planted regions. In the present study, a set of 14 sample plots were established in 4 major planted areas of R.
pseudoacacia plantations ( Baiyin, Pingliang, Yan'an, and Qingyang) in the middle and western Loess Plateau, China.
Field investigations and laboratory analyses were undertaken to quantify the ecosystem carbon density and analyze. its
influencing factors. The main results are that the average biomass in the plantation ecosystems of five different agesgroups
was 34.13—133.08 t/hm’ and the average carbon concentration of the vegetation pool was 221.93—454.67 g/kg. The
average biomass in different components was significantly different among the four distribution regions, as were the average
carbon concentrations of arbor layer, shrub layer, and herb layer. The carbon concentrations in the differént components
were in the order of; arbor layer (435.94 g/kg) > shrub layer (365.19 g/kg) > herb layer (310.53 g/kg)=> litter layer
(264.08 g/kg). The average carbon density of the studied ecosystems was 106.86 t/hm”. The proportion.of soil layer carbon
density was 64.09% , and soil layer carbon density was the major constituent of the carbon'density of the ecosystem. The
carbon density of the vegetation layer was 38.68 t/hm’. The carbon density of the arbor layer-was 33.88 t/hm’, which
accounted for 87.58% of the vegetation layer carbon density. The carbon density of the shrub layer, herb layer, and litter
layer were 0.77 t/hm”, 0.77 t/hm’, and 3.26 t/hm’, respectively, which accounted for 1:.98% , 2.00% , and 8.43% of the
vegetation layer, respectively. Soil organic carbon density and ecosystem“earbon density were all significantly different
among the four regions. Correlation analysis indicated that ecosystem carbon density was positively correlated with stand age
and precipitation. In contrast, its relationships with forest stand density, slope gradient, elevation, and annually mean
temperature were not statistically significant. Principal component analysis indicated that stand age and precipitation were
the first principal component affecting ecosystem carbon density; elevation and annually mean temperature were the second
principal component; and the slope gradient was the third principal component. These variables accounted for 91.07% of the
variance of ecosystem carbon density. The effect of different factors on ecosystem carbon density was discrepant. Stand age
and precipitation were the primary factors affécting ecosystem carbon density. The differences in forest ecosystem carbon
density were due to the combined effects.of climate, topography, forest stand factors, and management. Therefore, these
influencing factors need to be considéredswhen using forest-investigated data to estimate forest ecosystem carbon stock,

especially at larger scales.

Key Words: middle and western Loess Plateau; Robinia pseudoacacia plantations; carbon density; biomass
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1.1 AFFEIXHESL

ST XA T H R AR H s B i )12 RBH T I 7 B v P bR R BTG 4 2 22 7 20 % LL bR 4
AR, I B T H R TPl (36°—37°157 N,104°13'—105°15" E) |, J& ity T 5 55015, M4k 1300—
3017 m,5E¥3E 9°C Z247 , AERFK i 228.7 mm,, 3@ B FH 48 AREB (34°59'—35°18" N, 107°38'—107°58’
E) ,JE BB IR T 55000, 1K 950—1225 m, 4EHiR 10.6°C 4R /K H 584.1 mm, WS A3z kb 5 + w5 Jrlrp
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516 mm, AR DX PR HL DL IR Tl SR AR, MO A R B A AR A , B KB ET 5 ( Carex lanceolata) \H
B ( Elymus dahuricus) | —#8 K £5%6 (Aster ageratoides ) J” #$F 5 5. ( Vicia lilacina) W% ( Duchesnea indica) .
BRFTE (Artemisia sacrorum) 55 .
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B R AR AR IR A5 B B A W S A B AR 2 RO TR BARR A i AR IR R BT A TR SRR A
R FORIFFEH T A S A W (kg) JFe 0 A T AVE Y (vhm?) |

W, =0.0302 (DH) **™* W, = 0.004 (D*H) "**
W, =0.006 (D*H) **” W, =0.0119 (D*H) **"
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R1 EMERER
Table 1 Basic information of sample plots

L 7R M W MOEE
Latitude/  Longitude/ Elevation/  Slope/ Density/

WIFRIXEL Al
Study area  Age/a

ERRR ARk PR SRR e
AMT/C MAP/mm DBH/cm  Height/m Soil type

(*) () m (°)  (#/hm?)
HAR 14 38.1 104.7 1477 5 2400 9.43 228.7 6.6+3.3 4.42+1.21 R E=
14 38.1 104.7 1489 9 3333 9.43 228.7 7.2+3.6  5.47£2.42. JKig+
T 1 25 35.4 107.5 1089 0 1560 10.55 523 8.0+2.3 _8:45+3/36 | 4t
25 35.4 107.5 1082 0 1100 10.55 523 7316 7.54+1.53  #EH+
25 35.4 107.5 1073 0 1600 10.55 523 7.4%1.9 8.98+1.74 4t
R ) 50 35.4 107.5 1254 0 1490 10.55 523 10.9+4.6 19:80+3.89 i+
50 35.4 107.5 1256 0 1650 10.55 523 11.0+4:6~, 9.81+3.82  #4i+
50 35.4 107.5 1256 0 1600 10.55 523 105+4.2/.10.13+2.34  #4+
2 36 36.7 109.8 1327 24.5 3375 10.34 516 9.9+3.1 7.80+2.30  #4+
36 36.7 109.5 1324 13.5 3263 10.34 516 9.2+4.6 7.67+3.30  #4t
36 36.6 109.6 1302 26 1900 10.34 516 9.4x4.5 7.71x235  #4+
PRKA 40 35.4 108.5 1642 8 450 9.21 609.7  19.0+7.2 15.51+3.98 &+
40 35.4 108.5 1623 10 650 9.21 609.7  15.8+5.2 14.52+2.87  #4i+
40 35.4 108.5 1613 12 710 9.21 609.7  14.6+4.8 14.11+3.47  #4+

- SR A SR S TR AR VR AR Y 4 R I, KR 100 em,, I TE 4% 0—10 ¢m, 10—20 c¢m,20—30
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FIH Excel 2010 F1 SPSS 18.0 #4758 115041, R EAIEIZR J5 22537 (one-way ANOVA) Flfie/ N 35 22
Bk (LSD) #4722 57 B EPERL S, SR Pearson 1EEAT A SCME S0 BT, X0 52 Ml A= 285 R G 2% B 19 IR 647 2 iy
G0 BRI A T A 2%

2 HREHS

2.1 AR THAES RE A Y

B 5 B PG R AR TR AR MR AR 34.13—133.08 t/hm® Z 1], 4 A X A4 Wy i 22 (A2 78 35 25
(P<0.05) (£ 2), X A BE T 45 Mo IR AR - R AEFE 22 5. TR RZ AW iy F 4, o SV i 1)
69.32%—85.60% , AN [F] X TR AR JZ A= W s R BLA - A4 (109.14 v/hm? ) >PRFA(103.01 t/hm?) >F-#5% 2(92.25 v/
hm?*) >33 1(31.65 t/hm*) >FH4R (26.72 t/hm*) , FHAR A 1 BERB TS A )2 AR ) i 0 2 IR HL Al A M, X m]
AES5IX 2 AMFEHL B RIBE N TARZ R4 Ao O¢ . FEMFIE IX N JA 00 1 P30 2 JEZERE R A R R
By R BT 2 FEH R R XS AR 2 K Y5 W 2 AR Wi 2 () 25 57 1 35 (P<0.05)

R2 BMRRBHBAINRESEZZEEWE/(Vhn?)

Table 2 Biomass of Robinia pseudoacacia plantation ecosystem in each study area

W X3 AR AR FHAJR Y= KAt
Study area Arbor layer Shrub layer Herb layer Litter layer Total
FAR 26.72+0.62b — 530+2.11a 2.11+0.90c 34.13+2.40b
Tl 31.65+10.62b 3.43+0.02b 0.74+0.40¢ 7.65+3.21be 43.46+10.96b
Tt 2 92.25+2.63a 19.58+3.68a 0.39+0.11¢ 20.86+5.50a 133.08+8.71a
JE 2 109.14+33.00a 5.06+0.30b 2.23+1.06b 11.08+1.06b 127.50+32.55a
KM 103.01+6.46a — 4.29+0.64ab 13.76+2.18b 121.06+3.69a

[FIFUAN RN SB35 AN [R5 DX 3] 22 57 8.3 (= 0.05)

2.2 AN[E] DRI TARAE 25 R G54 o3 ik 7

B i b P SRR TR ARES R G Ly (BTS2 RO ) PR 5 A 4 S XK (HEAR Ry 2 A4S X 480 [H]
25 W35 (P<0.05) (£ 3) . T ARZF 0 R/ R . 4E % (454.67 ¢/kg) > 4R (434.89 ¢/kg) >R FH
(430.53 g/kg) >T-iit 2(430.06 g/kg) >t 1(429.56 ¢/kg) . HEARJZ V4405 & 5 LIVt 1 REMER S, -3 0
434.42 o/kg, VIR 2 FEHL Y 1.47 %5, AT IXBURA 2 AL 38 90 )27 B0k & 12 40 A S5 L4300 o 259.89—
339.06 g/kgfl 221.93--315.81 g/kg. HAJE AT 2T 40k & 0 B RAB 43 500 ) IR AE S8 22 F b (339.06 ¢/
kg) FERPHFEHL (315.81 g/kg) o B BRI AZ P 2400k & 5 THE V)2 AV 027 290k 5 1 eIk, X
A REAE: R TR 23 7 Wtk A i ok A RS

®3 BHARREREAIRFHREE/ (2/ks)

Table 3 Average carbon contents in Robinia pseudoacacia plantation in each study area

F5 X3, T2 THEARZ v K2
Study area Arbor layer Shrub layer Hetb layer Litter layer
148 434.89+0.09h — 259.896.70b 261.06+6.88a
R 429.5620.10¢ 434.42+3.64a 301.52+9.83ah 273.37+48.70a
Ty 2 430.06+2.89¢ 296.03+69.43b 325.64+20.93a 221.9361.31a
JETE 454.67+0.06a 365.12+9.69ab 339.06+56.09a 248.23+64.89a
P 430.53+0.18¢ — 326.55+10.21a 315.81£72.59a
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Fig.1 Carbon density in different components of Robinia pseudoacacia plantation ecosystem in each study area
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Fig.2 The relationship between ecosystem carbon density and stand age, stand density, AMT, MAP
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Table 4 Eigenvalues and contribution rates of the impact factors affecting carbon density in Robinia pseudoacacia plantation

S F Impact factor FE M4 1 Component 1 FEALST 2 Component 2 F 4 3 Component 3
i Age 0.721 0.383 0.36

WK Elevation -0.47 0.858 —

& Slope -0.419 0.295 0.808
MR35 B Density -0.592 -0.57 0.48

YR AMT 0.59 -0.76 0.263
AE[RIK A MAP 0.787 0.46 0.252
B Eigenvalue 2.233 2.085 1.146
BiHk# Variance contribution rate/% 37.224 34.744 19.102
ZRBTHL R Cumulative contribution rate/% 37.224 71.967 91.069

3 FrErig

3.1 BN TS RG2S =

WFFE 45 SR B, B A 5 T v PG 0 SR A N T e 2 7 20k 7 1S 221.93—454.67 ¢/ kg, A 1 3R R I
A JER S R T 2 A TE 20 AR, X AT RE A TR A A I A B RS . v AR
FH 500 g/kg 5% 450 o/ kg VE AR AL i 5 HLRR A o 22 IA) A B B R 00T e — R AR A b X
FE o N TARTRAZ I8 7 ik (435.94 ¢/ kg ) fIE T 1% DORT ARARAHK &5 fik (441.74 g/kg) ) FIIAA IR &5 1k
(503.80 g/kg) ", 3 Uk W2 b X SfIRRN TAR 4 B W A7 B D 28055 1A DX R N T AMRTR A J2 S 24k 5 v T
P B XA i (373.50 g/kg) Y AEAEMIE T TR [ R AT FR MO AR A B A A (531,33
g/kg) P Xy I TSR R B BE AN, 55— TR [R) X IRER BT T AR 4% 32 B A K Ak 1R A7
TE2ESE, DI, 7E AN TR] A b DXORIR B 28 A0 T R (40 75 2 A BE M8 U/ DMk 5158 22 , S TS A b ol 5 A o
3.2 BN TR REA ARG

WIS RE I, T K25 1 882 AR N TR AR 25 2R G0 25 5 19 248, 20 0 o5 2B 25 &R Gk 2 B 1)
20.01%—40.90% 1 54.83%—74.93% , AWF5E XN TMAR YL Z 0% B SR II(E Hy 38.68 1/hm? , BEAIR T2
25 2 A T AU M XATL WS B (42.82 t/hm? ) LA K 7 2 2524 A 38 10 8 ) 2R RORE 1 B0k 28 JE (41.00 v/
hm?) |, {H 2 205 A T HE PR ARARSS B - 24 (86.00 t/hm?) "2 ; e 2% B - 4494H H 68.49 t/hm? | LA T [
RRMR A SRR B P-4 7K - (193.55 v/hm®) 0 R B A 39 m % HE SF 24K SF (189.00 t/hm?) P - HERR %
JE 29 AR RR 2 1) 2.02 A7, BB A BRARAR A b 2 B S R AR 2 B 0 LU (330 (k2.2 %) P
A PGSR AR B2 | IR R T 2 B KO X T — AR X IR TR
PIRRHE TR 14—50-a , PR AT UK A7 1 F A/, 5045 2 A0 Rl JE 3 /0N 5 53— T s J v VS b X A
KD H A, )8 M E K b SR, AR R A K T I 2 7 5 (R /K S 3l R 37 b
T2

B S PSSR N TP 25 2R G B MRS B I i, 5 i A 56 T A v DO M A 4 R
MIEAE AT TE 45 L I Pregizer %52 S6TF 2 BR AR5 MRS BORF 78 45 52— 20, Ui I 3% 1 i R P e Sl i L T
MR BATS EAT — 2 1 s 1, MR 200 % e TP i Ak b dse /N (25a,17.04 vhm? ), R SR (504,
44.35 t/hm”) | 17 T 2PRE B B KB (36a,58.82 t/hm?*) | 3X AT B J2 f T 78 1% X 38, Hl# A K 32 27K 4 BR A
B 38 AL TR ARG SE B < /N BRGE 7 5 12 B % 138 Bt AR I A B84 0 T 384 ( A 14 B9 48.39 t/hm?
] 50 a [ 91.57 /hm*) , 5 Foote %> 3T - R fith 1t 5 MR 5 22 A I 9 245 SR — 350, 2 W 7 M A ik 81 i 2
PRI AR, 3 TR e R EAEAE 3 A2 25 R GO JE AR S i 3, PRI, 32 b DXORI AR T AR I 22
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BB RN X Al AR TR TR IR AR IR B £, LR R DR 1 [ Bk R g 22 B

RV

LG
3.3 BN TMRARZS 2R Gt % 5 e [

TR B RGN EE N T2 (4% I 2R, HAS T A — B 5 A5 A5 R G T, W BN SR BE I 1 1 40 A
AL IR 25 R SR BE 3 LA ) ASBIFE 25 SR IR M TR A 25 R ek i S5 AR Pk 1 1
5 FIEME(P<0.01,P<0.05) ([ 2) 5 Li & Vg RFse 45 51— 280, #F 98 KA TR A T 1450
a Z 8] FEPEAL T A K0T, BEAKIE G N, - SRR 2 R R AR 3R A 2 2R 0 T AP 348 T AR T 348 AR o
R P S RN TRAEAS [ AR B B S8 A AR R [ 008 0, A28 R Guhik % 1 55 W /K i 22 B e AL OG
F R ARHRSE IX I A A K R Y L 200—610 mm , FEAS N BET AR Y LE K & B AR B, T AR K R 1%
X i f = B B PR 7

He 25 B Gk o B AR 43 1 (AE AL A AR 3 (181 2) , T RES2: IR g B ST BEAS B /1N, i ek 58 4 % WL
J52 e S ik 2 Bt A0 R AR A R R T PR T AR 9 A DX 3 /0N L o A S TR T 5 X L
IR LRI T AR 25 R G003 B i B 1 (181 2) , A AT BB R0 PR ) 4 TR S 0 1 28 R Gk %
JE T DA AN LA S B A 52 e R Tk %

AR P A URR S BE AR S T SR 7 X RRAE B 14 R B e e AR A 1 1 ek A ) SR
I R 3 A X 3K A IR o ) o B A B S 2 4 A2 6 R TR RS W AR AR AR GRS IF 9 DX 3P, A
TS R Gehi % S I I Q4R W) T 5 A G &R X T BEA R ) 1l B DR . — I 9 X3 A 7
P (1073—1642 m) 35 BE AL IS 5 55— T 1 1Tl e HL i WA BRL 7 ) A I 25 7 e IR AV L 20
Ay AR | AT R R B R R R VM A SR SR R E N, B AN, I T AR
B REAMESE 32 FEHEYE 2, 10 HIE R - X 2 052 i AR X 488N

R TR DX S8 AR PR A A5 2R i 2 1 14 2 S R B K A SRR TR S5 Mo 48 MRS SbR 43 R 7 A B TR 33
FEEMIE L2 A E IR ZE S . TR AE DA TR RUBE PR AR 25 R Guhik % BE I B 98 sk, I 2555 % TE M IE. 3R
DT AR DT LA AR B D R 4
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