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Abstract

Aims The expansion of shrublands is considered as one of the key reasons leading to the increase of carbon den-
sity in terrestrial ecosystems in China. In the present study, our aims were to explore the biomass allocation and
carbon density of Sophora moorcroftiana shrublands in Xizang.

Methods We sampled the biomass of S. moorcroftiana shrubs from 18 sites in the middle reaches of Yarlung
Zangbo River, Xizang. Using concentrations of different organs, we estimated the carbon density of different lay-
ers in S. moorcroftiana shrublands.

Important findings The plant cover rather than biomass volume (the product of cover and height) provided the
best fit for aboveground biomass. The average of the total biomass was 5.71 Mg-hm™, ranging from 2.32 to 8.96
Mg-hm™. The average biomass of shrub layer, the main component of shrub ecosystem, was 4.08 Mg-hm™, ac-
counting for 71% of the total biomass. The belowground biomass of shrub and herb layers was 2.08 and 0.86
Mg-hm™, respectively, which was higher than the corresponding aboveground biomass. The average biomass
carbon density was 2.48 Mg-hm™. Shrub vegetation in the eastern part of the middle reaches has lower carbon
density than that in the western part. The relatively high biomass allocation to roots to increase water and nutrient
undertake as well as physical support for plants is an important strategy of S. moorcroftiana to cope with the arid
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environment on the Qinghai-Xizang Plateau. Moreover, the lower carbon density in the eastern part of the middle
reaches might be due to the dry environment resulted from high temperature and evapotranspiration and enhanced
human activities at low altitudes. The continuous decrease of evapotranspiration under scenarios of future climate
change may lead to increase in carbon density in S. moorcroftiana shrublands.
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Fig. 1 Distribution of sampled sites for Sophora moorcroftiana shrublands.
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Table 1  Allometric functions for the biomass of different organs of Sophora moorcroftiana

A BE AR W el 4 R T AR AR AR
Model Organ Plant height (cm) Crown projection area (cmz) Biomass volume (cm3)
EIEpE WERY EIERE Yo RE BIATE YesE BEL
Regression Coefficient Regression Coefficient Regression Coefficient
equation of deter-  equation of deter-  equation of deter-
mination mination mination
(G9) (R?) (GS)
LR 153 W, = 19.21H - 317.6 056 W, =0.022C - 40.86 0.89 W, =0.0009V + 79.98 0.83
Linear Branch
model - W, =5.41H-91.10 050 W, =0.006C-5.95 0.69 W, =0.0003V + 18.96 0.78
Leaf
piss W, = 23.69H — 389.38 061  W,=0.025C-5.27 0.82  W,=0.0011V + 12547 0.80
Root
b4 W, = 24.63H — 408.70 058  W,=0.028C - 46.81 090  W,=0.0012V +98.94 0.87
Aboveground
AR W, = 45.47H - 728.58 0.60  W;=0.051C —40.63 0.89  W,=0.0022V +224.32 0.86
Total biomass
ot Hoke A 51 W, = 547.73InH — 1519.40 0.44 W, =250InC - 1920.30 055  W,=187.5InV-1775.10 0.56
Logarithm Branch
model s W, = 145.97InH — 401.71 0.35 W, =64.62InC — 490.61 0.41 W, =48.87InV - 457.58 0.43
Leaf
il W, = 457.85InH — 1817.50 0.47 W, =289.76InC - 2214.10 053 W, =220.28InV-2076.30 0.56
Root
i 4 W, = 693.69InH — 1921.10 0.44 W, =314.62InC - 2410.9 055 W, =236.37InV - 2232.7 0.56
Aboveground
BAE W, = 1298InH — 3578.50 0.47  W,=575.63InC — 4378.2 056  W,=435.1InV - 4081.5 0.58
Total biomass
FeHrkam ke W, = 8.3174e"07H 056 W, =32.188¢"5-%C 059 W, =52.298¢%*_% 0.40
Exponential Branch
model - W, = 4.5053¢%% 050 W, =13.075e%-%¢ 055 W, =19.174e%-%" 0.41
Leaf
R W, = 17.132¢%0681 0.65 W, =64.966e-%¢ 056 W, =95.376e*-"% 0.41
Root
i FE4 W, = 13.073¢"07H 056  W,=46.723¢5-"C 0.60 W, =73.903e*-%" 0.42
Aboveground
MAEYE W, = 29.69¢%070H 0.60 W, =109.07¢%-%¢ 058 W= 166.32e%-%" 0.41
Total biomass
EEBER R W, = 0.0183H2%% 063  W,=0.0011C**"® 094 W, =0.0028V°%8 0.92
Power function Branch
model - W = 0.0408H%%° 053 W, =0.003C** 0.86 W, =0.0074V"™* 0.82
Leaf
biis W, = 0.0694H>*13 075  W,=0.0135C*%6 087 W, =0.0237V°"® 0.91
Root
b #R4) W, = 0.0418H>4° 062  W,=0.0027C**" 094 W, =0.007V%® 0.92
Aboveground
SR W, = 0.0979H>%" 069  W;=0.0112C**® 093  W,=0.0241v°% 0.93

Total biomass

C, MEBGLIA; H, MR &L V, BRI Woo Wie W Blag. M R,
C, crown projection area; H, plant height; V, biomass volume. W, W, and W, represent the dry mass of branches, leaves and roots, respectively.

Gr>VTE) -
WP HROR . PERE SR B ) 22 5, I
V0 0 3t DR A MR R R B 2 B B = T AR (p <
0.05, 4), LA ZHE v P 0 22 A 2R 56> V4 5,
HZERAEZ(p > 0.05, #4).
3 e
31 WHEREMANSETRISMMENERN
ek JE TR S TR AR, BT
AR AR, e R O At XA B B R
e pe, R s D B DA DA AR R . M (R 2
AL, BB B ECE N o AT ST R D AR AR

N T T AR EMN, R 5o A W (A
ERED) N T 1.4-6.9 Mg-hm™, “F-43.53 Mg-
hm™, 575 56 5 S 28 G R R T 52 25 B M |
PR (1.4-4.8 Mg-hm™; X E4E%%, 2003; T 5
A 2010), W T T g AL 9E 4 FE M E L
(1.5-2.6 Mg-hm™; 33245, 1991; ZEIi4EL
2006). HujA kK m I HEME R EYENIRIER D,
ASHIT 5t A RD A ETE AR 2R W #E0.8-4.1 Mg-hm™
Z 1A, FHR2.1 Mg-hm™?, E TR E S
HEHEM (1.5 Mg-hm™; ZEB4E2%, 2006)A100 )11 H 44
] v FEANE M RIAL S HE A (1.3-1.8 Mg-hm™; &15
&, 2014), X 5P AEFRAIRAR R4 A DL SO 5
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Table 2 Biomass (mean + SE, Mg-hm™) of the shrub layer of Sophora
moorcroftiana communities
TS b1 a7 R & &it
Plot Aboveground biomass Root Total
No. 53 I /Nt biomass
Branch Leaf Total
1 0.62+0.17 0.17+0.04 0.79 0.84+£0.16 1.63
2 1.07+£0.17 0.32+0.04 1.39 1.28 £0.06 2.67
3 0.62+0.17 0.22+0.03 0.84 1.03£0.07 1.87
4 146+0.18 0.37+0.04 1.84 1.66 +£0.19 3.50
5 0.72+0.09 0.19+0.02 0.90 1.00 +£0.06 1.90
6 1.07+0.04 0.39+0.02 1.46 2.14+0.19 3.60
7 134+£021 0.33+0.04 1.67 1.71+0.30 3.38
8 158+0.28 0.41+0.08 2.00 1.75+0.24 3.74
9 1.63+£0.32 0.41+0.08 2.03 1.92+0.52 3.95
10 159+055 0.40+0.10 1.99 2.17 +£0.66 4.16
11 207+025 0.76 +£0.08 2.83 3.06 +0.47 5.89
12 1.74+0.14 0.48+0.04 222 2.32+0.18 4.55
13 1.30+£0.32 0.35+0.06 1.65 1.78+£0.33 3.43
14 217+0.09 0.64+0.02 2.81 3.21+0.02 6.02
15 292+055 0.67+0.10 3.59 4.12 +0.90 7.71
16 3.16+0.37 0.71+0.05 3.87 3.35+0.38 721
17 1.03+0.13  0.31+0.03 1.34 1.05+0.15 2.39
18 220+0.38 0.57+0.10 2.77 2.98 £ 0.60 5.75
F¥y o 157+0.17  043+0.04 2.00 2.08+0.22 4.08
Mean

F3 WA N TFVE AR 5 SRR A B (G (b 1 22

Table 3 Biomass (mean + SE, Mg-hm™) of the herb layer and litterfall of

Sophora moorcroftiana communities

EF= HARJZE Herb layer TR Gt
Plot No. WL NS N Litterfall ~ Total
Aboveground  Underground  Total
1 0.53+0.36 0.08 +0.02 0.61 0.08+0.07 0.69
2 2.93+0.76 1.16+0.43 409 0.03+0.01 4.12
3 0.62+0.17 0.50+0.18 112 027+0.12 1.39
4 0.25+0.15 0.17+0.12 042 0.11+0.04 053
5 0.40 +£0.05 053+0.20 093 0.20+0.08 1.13
6 1.02+0.91 0.81+0.54 1.83 0.18+0.10 201
7 0.40 + 0.05 0.53+0.20 093 0.10+0.05 1.03
8 0.76 + 0.02 0.98 +0.37 174 0.05+0.01 179
9 211+041 2.81+0.30 492 0.09+0.02 5.01
10 0.27 +0.07 0.13+0.05 0.40 0.05+0.01 0.45
11 0.13 +0.06 0.35+0.13 0.48 0.17+0.07 0.65
12 0.81+0.17 1.07+0.18 1.88 0.02+0.00 1.90
13 0.17 +0.02 0.27 £ 0.02 0.44 0.07+0.02 051
14 0.33+0.11 2.17+0.96 250 015+0.08 2.65
15 0.14 +0.07 0.63 + 036 0.78 0.15+0.03 0.92
16 0.26 +0.10 0.75+0.14 1.01 0.02+0.01 1.03
17 0.25+0.05 0.44 +0.06 0.70 0.07+0.02 0.76
18 0.70+0.22 2.09+0.47 279 0.04+0.01 283
3% Mean 0.67+0.17 0.86+0.18 153 0.10+0.02 1.63
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o
! y=1.1259x-0.1871 o
R*=0.64, p<0.01
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Fig. 2 The relationship between aboveground and belowground biomass of
Sophora moorcroftiana communities.
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Fig. 3 The distribution of carbon density (mean + SE, Mg-hm™) within
Sophora moorcroftiana shrubs.

BIRELMENA K. WAEMNBARIR 2 M, E
PR AL 3 m, MIARAEREH#0.7-1.5 mi L,
WRE K, “F#N1.9 x 2.3 m? (H48KH, 1997; FME,
2010). MIPZERRES B AEM BRI HCRE, WAV E
b 2, AR TR LA 1.05, MAE A
A BRI TRE, 1R SH EAER X RR
HREFIX1.13 (K2), BT RHMXEYICEZ Y E
A3 e 2 TR BOK > FR 5 LA e SR A iR
MIARR, AR 3R e G2 s, X Leps
Tb A FLEE B A AR 5 (1 B ALV E AT 73X
— R B AT R IE R

AT 5T A D AR B TEE MR AT 24 B S R 2.48
Mg-hm™, 5 {1k 5 (2014) 4t %t AHIE 5840 Fh e A Tk
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Table 4 Difference of carbon density (Mg-hm) between east and west regions of Sophora moorcroftiana shrublands in the middle reaches of Yarlung Zangbo

River

X5 SEER i NEF Y N EHAJR R Y] it
Region Mean altitude (m) Coverage of shrub layer (%) Shrub layer Herb layer Litterfall Total
R0 Eastern 3625 23.00° 1.40° 0.62° 0.053* 2.07°
PEE Western 3900 39.88" 2.49° 0.46° 0.039° 2.98°

[ FIA NS T BERORTE0.05 7K ZE 57t i 3 o

Different letters within a column indicate significant difference at the level of & = 0.05.

RS BREEAFRE HOT IR M2 HL B (Mg-hm ™)

Table 5 Comparisons of errors between different methods for the estimation of carbon density (Mg-hm™)

T3 TER 0 B R PR A
Method Carbon density for shrub layer Carbon density for herb layer Carbon density for ~ Total
(33 nt i N i F T IINF litterfall
Branch Leaf Root Total Aboveground Belowground  Total
SElyZ: 0.74 0.19 0.95 1.88 0.25 0.30 0.54 0.047 2.48
Actual measurement
5 7 %00.5 0.79 021 1.04 2.04 0.34 0.43 0.77 0.051 2.85
Conversion factor 0.5
(i%Z Error %) (6.8) (10.5) (9.5) (8.5) (36.0) (43.3) (42.6) (8.5) (14.9)
57 2 %40.45 0.71 0.19 0.93 1.83 0.30 0.39 0.69 0.046 2.57
Conversion factor 0.45
(iRZ Error %) 4.1) (0.0) (2.1) 2.7) (20.0) (30.0) (27.8) (2.1) (3.6)

(10.88 Mg-hm™) J f+f i 5 (2014) fiti 5 fr) U B RE A bk
B 13 (8.53 Mg-hm™), AT 00 )1 H 7o v e jkie
M(3.20 Mg-hm™®), X 50 A4 e A BT Ak A= 155 DL e
V6 15 FE AR R——1E T R A A A, b xt
IR RIN(ER)FE 4 BHIR I a5, DA BRI R
HEAEH, MEREERKR, S EEAES:, §E
KJZ 55 BEE12%-53% 2 [H], “F35130.5%, BH A
F DY I H AN P R R N (22%-85%, i TG A,
2014) . WOAERRHE NAEVE T FEAEDT FUIX 2R 50 5 U 6
AR EZES, KR TR, VNG E LR
JITE, BTG S b X AR B 26 P ) AR (R 4), A
HIFER, FEER, P E RO ZER) LA
FNRT IR 2 54 K WFFLIX AR 0P 354K
FPEERIK200-300 m, A TS EFEL-2 C, TM4E
R K AR BT, SRR X 2% Rk R X,
DR b X80 G LU SRR T R i R 75 #4)
T J T 3R] 28 A A AR RIE 7 X AR 3408 LU 7 76 740 B B 4
1% 5 3 NI% (2013) £l F Penman-Monteith £ 74 15
HEV LRI 7E 28 U 45 R — 3%, RIVE R 28 B 7
AL VT A i 2R V5 2 W X v T PR 1 H R I (B
HWIEE, 2013), AR, ARHH X A iy I ZEHE IR 1
WA T FAFERE, BB 7% X A AL M
MRS FE RGN TR, IR AR AA RS B AR
M55, TEETFRICR, BA TR AR
BENHLEE 2 AL BbAh, BIFFT X A B HLX N 1

WIEE R, NRIES AR EOR, & B
S RT B HAD AE ARE A ) A R BB 35 A AR TT 22
PRAIVE R, X AT R A2 3 35URF 0 [X 4R S0 A 0 25 P 2
RHRE 2 — . FERRAFBHT T, R
Fra R (R 44 ut4s, 2005; Yin et al., 2013), KA Bh
TR A LRE A e RO B 3G 0, X TE AR T
METL K L CREFAy R D45 AR S TR A
B SE.
32 WREEARGEESENRELR

ERIFEP S a0l W 17 S R e ) e s
T (= %, 2006; fFik-K, 2014; Z=W0 55 4%,
2014), BB S T A R DL R $0.58)
0.45. SRMIAFEDIFR . AN Z A0S A7
TEZ 50, HB S &8 IARE50% (R E,
2001), FH-F¥mE LR 02 mil RS Rk
o AW FUEE ST RS E S 2, &EE
AR TR AR R, S5 i R
TS IRAREL, R B LLO.5 A B R A B 45 2R
bl sz B SR i i, el AR =i 29 15%, e A HEOR 2 i
6%-11%, HAJZWE36%—-44% (#5). PL0.4SIEN
e 5 2 B0 AR ik B SR S Bl SR AR (M i
3.6%), FRIL A Z0E R K (0-4%), HEAZ s
(20%-30%)(£5). 2 FRrk, EXIRE FALE P
FECTE VLI A A VR VR B 2 BEI, T L R
0.451E e & R R4
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