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Abstract

Aims  As an important potential carbon sink, shrubland ecosystem plays a vital role in global carbon balance
and climate regulation. Our objectives were to derive appropriate regression models for shrub biomass estimation,
and to reveal the biomass allocation pattern and carbon density in Rhododendron simsii shrubland.

Methods We conducted investigations in 27 plots, and developed biomass regression models for shrub species to
estimate shrub biomass. The biomass of herb and litterfall were obtained through harvesting. Plant samples were
collected from each plot to measure carbon content in different organs.

Important findings The results showed that the power and linear models were the most appropriate equation
forms. The D and D?H (where D was the basal diameter (cm) and H was the shrub height (m)) were good predic-
tors for organ biomass and total biomass of shrubs. All of the biomass models reached extremely significant level,
and could be used to estimate shrub biomass with high accuracy. It was more difficult to predict leaf and annual
branch biomass than stem biomass, because leaf and annual branch were susceptible to herbivores and inter-plant
competition. The mean biomass of the shrub layer was 20.78 Mg-hm™, in which Rhododendron simsii and Sym-
plocos paniculata biomass accounted for 93.63%. Influenced by both environment and species characteristics, the
biomass of the shrub layer organs was in the order of stem > root > leaf > annual branch. The root:shoot ratio of
the shrub layer was 0.32, which was less than other shrubs in subtropical regions. The relative higher aboveground
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biomass allocation reflected the adaptation of plants to the warm and humid environment for more photosynthesis.
The mean total community biomass was 26.26 Mg-hm™, in which shrub layer, herb layer and litter layer ac-
counted for 79.14%, 7.62% and 13.25%, respectively. Litter biomass was relatively high, which suggested that
this community had high nutrient return. There were significant correlations among aboveground biomass,
belowground biomass and total biomass of shrub layer and herb layer. The mean biomass carbon density of the
community was 11.70 Mg-hm™ and the carbon content ratio was 44.55%. The carbon density was usually ob-
tained using the conversion coefficient of 0.5 in previous studies, which could overestimate carbon density by
12.22%.

Key words regression model; root/shoot ratio; nutrient return; aboveground biomass; belowground biomass;
carbon content ratio
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Table 1 Regression models for biomass of shrub species in Rhododendron shrubland

Wyl Y EES S FEAHL a b R b Ffi
Species Organ Variable  Equation Number of samples Standard error F value
FLAY R Root x=D y=ax 40 0.0102 24285 0.714 0.3479 94.85™"
Rhododendron 2% Stem x=D y=ax’ 45 0.0357 23320 0.928 0.189 6 550.97""
simsii it Leaf x=D y=ax’ 43 0.0037 21225 0714 0.3932 102.48™"
L4EK; Annual branch  x=D y=ax’ 45 0.0004 29750 0.608 0.695 6 66.57""
#h F Aboveground x=D y=ax’ 45 0.0402 23108 0.926 0.1903 537.30""
& Total x=D y=ax’ 43 0.0546 22272 0.895 0.2215 348.07"
SFiE) H Root x=D y=ax 30 0.0195 24618 0912 0.267 2 290.07"
Symplocos 2% Stem x=DH y=ax 30 0.0230 09810  0.949 02131 518,53
paniculata it Leaf x=D y=ax’ 29 0.0045 24061 0.880 0.316 2 197.48™"
MeEdy Annual branch  x=D*H y=a+hx 27 0.0006 0.0041 0.799 0.008 0 99.38™"
#h F Aboveground x=D*H y=aX 30 0.0294 09626  0.948 0.210 0 514517
& Total x=D*H y=aX 30 0.0491 09413 0.943 0.2155 466.99"
TR IR A H Root x=D*H y=aX 32 0.0162 08424 0.776 0.663 9 103.73™
Mixed deciduous 2% Stem Xx=D’H y=a+hx 32 0.0244 00274 0.945 0.116 0 495.86™"
species it Leaf x=DH y=ax 29 0.0054 08155 0.866 0.497 2 174317
B4R Annual branch  x=D°H  y=axX’ 13 0.0049 06812 0.801 0.6458 44,38
#h F Aboveground x=D’H y=a+hx 31 0.0112 0.0320 0.981 0.077 4 1530.32"
& Total x=D*H y=aX 30 0.0573 0.8859  0.947 0.3037 502.33""
HERIR A H Root x=D*H y=aX’ 159 0.0557 06446 0.684 0.6736 339.36""
Mixed evergreen 2% Stem x=DH y=ax 158 0.0402 09417 0.902 0.4339 1432.91™"
species M Leaf x=DH y=ax 165 0.0190 06113  0.695 0.618 0 370.74™"
MeEfy Annual branch  x=D*H y=a+hx 155 0.0006 00160 0.751 0.0127 46053
#h F Aboveground x=D*H y=aX 158 0.0681 0.8548 0.908 0.3810 153139
& Total x=D*H y=aX 160 0.1171 08105 0.893 0.3912 1312.23"™

*** <0001 D, 3% H, ¥k
D, basal diameter; H, shrub height.
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Fig. 1 The biomass allocation pattern of the shrub layer in
Rhododendron shrubland (mean + SE).
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Table 2 Individual density and biomass allocation of shrub layer in different species
YyFh RFEAME Individuals Y& Biomass
Species I A Z LB LR A H
Density (No.-hm™) Ratio of the shrub layer (%)  Biomass (kg-hm™) Ratio of the shrub layer (%)
¥LH% Rhododendron simsii 84 074 87.54 15 988.05 79.61
F1f8 Symplocos paniculata 6711 6.99 2816.53 14.02
Rt HAZ L4 Spiraea japonica var. acuminata 1556 1.62 101.83 0.51
P9)1147 Ilex szechwanensis 1452 151 210.97 1.05
B A% Viburnum foetidum var. rectangulatum 548 0.57 37.04 0.18
F424%% Eurya muricata 430 0.45 83.18 0.41
[A4EZ53k Hydrangea paniculata 370 0.39 315.98 157
B A Stranvaesia davidiana var. undulata 237 0.25 41.76 0.21
7KE % Weigela japonica var. sinica 207 0.22 46.94 0.23
R faALHS Rhododendron latoucheae 148 0.15 239.75 1.19
JEm Pk Cerasus dielsiana 104 0.11 124.24 0.62
F[E 45k Hydrangea chinensis 44 0.05 19.27 0.10
VYHFE Dendrobenthamia japonica var. chinensis 44 0.05 8.90 0.04
FRAEMK Sorbus folgneri 30 0.03 11.34 0.06
¥k Callicarpa bodinieri var. bodinieri 30 0.03 6.79 0.03
#7F Elaeagnus pungens 15 0.02 18.66 0.09
=57 Lindera obtusiloba 15 0.02 7.69 0.04
/INHFE Quercus chenii 15 0.02 2.90 0.01
KM%t Rhamnus crenata 15 0.02 1.13 0.01
_ 3 Mo s 25 EARBMERREM L. MTEPEMHEXXR
E il I F2TAFETT M HEAR 2 I AR 2 b F AP
o Mo AR AN AR BB AT AR SR M, 45 R A I3
-S| k. LG, BAEREAR M A S
2 T A R A 2 LA 1 B 2 5 MO AR 5%
= F(p <0.001), it RHRWTHIILFI0912. HEWIHEA
B g . EREARZEY RN E BN 5 R B AR
E 4 2008019 ol SE W3 RO AU, XA OGOk R e Tl S A e b
8 . . AR SR R A RS AR
HEA S5 BRI 26 MESEMEVERBENMGE
Shrub layer Herb layer Litter layer
B Layer HRAE R [ MR % 3 B (2 R AR 5 B, T
B2 RROHE RS A AR M P e TES A SRR R I B (3) . BT
X7 () W DNV T 3 SR P R B O (11,70 0.74)
Fig. 2 The community biomass allocation pattern of

Rhododendron shrubland in different layers (mean + SE).
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Fig. 3 The relationship between above- and belowground
biomass of the shrub layer and the herb layer in Rhododendron
shrubland.
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V2 R TR AR (Aradjo et al., 1999; Montes et al.,
2000) . A58 H AT A I AR K T FR AL B T A R 2 K
F(p < 0.001), A4 Ak I f R FE BE T3 R
90.3%. HHULT] AN, VEARAY) & W] DUl I A K FEHE
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AN Gy HARZ2 80K, MRG0 9) N2 (5 AR H nHr
(1738 5 (B el 55, 2007; VE 4 A%, 2011). (H2 M
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LSS I BORE R SRS, T B K R
Hiy 3R RS2 R BT R, DA AR R AR KOl R e KAk
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Table 3 Estimation of biomass carbon density of Rhododendron shrubland (Mg-hm™) (mean + SE)

FERJZBR B Shrub layer carbon density BEAEE  IEYER E R
— Ty Ny Herb layer Litter layer carbon  Total carbon
fiB BRI WRREE  MERIREIE aon de):lsity de)r:sity density
Root carbon ~ Stem carbon  Leaf carbon  Annual branch
density density density carbon density
b b33 T R 6.38 £0.50 0.62 +0.05 0.30+0.05 0.35+0.03 7.65+0.57
Aboveground carbon density
Hi R E o TR % B 2.18+0.19 0.31+0.03 2.48+0.18
Belowground carbon density
SRR 9.48+0.77 0.66 +0.06 1.56+0.11 11.70 £ 0.74

Total carbon density
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I, 20 TR B 22 Hh o) T B 2R R S By,
1M 247K 5 A543 52 B PRI, )2 5 2 (10 IR
Sy BCEIHR 2 1 (Bloom et al., 1985). FEASHT 7T X 45
VEAR JZ WA e L2032, /N7 v i v 7 b X AT
Y HE 2 HOAR e E (0.66, mi354%, 2014)F1 =R 1L
Hi DXL B E N B AR e EE (0.47-0.63, ZE = e A&
1, 2015), RIAHE 50N X HEA JZ YIS FE 2 (1R
BRI G AR, AR T IRIOK
SRFEIR R BRI IE SR KA R FEOZX
B e LA i B R K . DMERIWF R,
bb 25 il 25 4F 7 2 SR04 B K R BT 225 R
B, (REIE IS A R TRAEDEMR, 1M
IR =R A R T 22094 K (Mokany et al., 2006;
McCarthy & Enquist, 2007). # & (IR et LA 1541 Y
VE KGR ) 56 5 T SRR, AT T G A T X
IEEMIE N SRR, HIEPIIN. PEFRY
SERmEEKES, 2017), YA RIS 5
ANy ST, ARG 7 2R A 80%, T VE M
W44 55 B (5K Wz %%, 2013), MMAEKTE®, X
T 5E -5 A DX HE M LU B AR

UbAbh, AW i) o FoAR JRAEAR R FR B RO H ik
T WFh 1258 (Poorter et al., 2012). 7EAHALKI RIS
R, ARYIF AV E S AR A R, Rk T
EAK KGR &R ae (R B AP
S I S 3 UK (Weiner, 2004) . AHIT 75 X Sk EE A
JZ AR 58 BB 550N TSI A7 1 [X 3 AR et L )
18 (0.53, 255Kk, 2015), Horhr, ALRS AR E L
oN0.28, B EE FRELAOAR et b oN0.67 . B AT THE A 3R
NI F AR S FORS R S T 3 AR A
F: AR TIRARMER R, IR R KL, JiT R
i, ORISR IE NS FEASAR REE, AW
TN | N R S S s 15 0 L
s ], AL RS FE AT 70 I B 5% 1 T~ B
TR TS T
33 HETEMBEEMERHEBEXRSE

AR TR DX I P R R VR M DA & I RE AR 5 A
B G IE RS EN, KR EMER
(26.26 = 1.63) Mg-hm™, T4 [EENEY T
ft(21.76 Mg-hm™, H4xU6%5, 2006) K14 BRIEE M AE
Wr&-F218(21.00 Mg-hm™, Woodwell et al., 1978),
53 E A X A ) & T 3 1H (2573
Mg-hm™, 25533, 2015)4H 24 . 3 PR N AHIE 72 [X 45k

JORRIR BT X3, KGR T A,
T 5 4> 1644 (2006) AlTWoodwell (1978)45 i1 111 A £
F6 7 AR T A0 J7 FE A T 5l XA 1y 8 b X (1) 98 AT
V&, TR RIFR A S5 I IR, AR R i
AR 00, AT 75 B AR 2k AL A HE A (1 2E
PrE((5.13 + 1.36) Mg-hm™?, @154, 2014)( A
HIF 5 X SR RS E N AE W) 5 11119.54% . b4k, ASHFFE
R FE RSV A ) B v T R T AT A X
H K (Loropetalum chinense) # M . 2k 17 (Myrsine
africana) £ M\ fil & 3% (Coriaria nepalensis)# M &5 it
TUVE TR (B4 2%, 1997; F 35, 2009) 415
OEATEAR L S A, AL AR = EA
ENRAL Z [t S A7 R 5

VEE D THEVR R ) REAEAN R 2 K T8 1 43 e 52 B VR
RV R RS R ISR B e . £ O I
N E IR O, AP R IR AT
2RI NHERZ>FARZ>FEY)Z(E32, 2009). {H
AW TE P ETE 5 2 A R ) A B R IR EAR >
FEDESEARE . AR —4 R R FEEEW
ANTTTH, — R AR E WA B BOR, (H43 4k
TR, SEEARA KM, —RHTEARZE
kR 2, AR S BIEARZ BEYREN
95% LA b, KRG TE 1= A AL AR AR A JRVE R A
Ve . R RAES REY AR RGE RSN
—ANEELIAAT(Spain, 1984), VA BRI S HES
IR VA B 2 7 GREIGHI4F, 2009). K EITETEY)
I AARNTH o iR I, 1S AHI 7T X I
B WE LA AR TR, ] CABR Ry T3 97
A, INRAE S RGP RAEER .
34 HESEMBEEMEREE

AARIE T AN [FI DA A [R]85 B 40 ) EORE I 5
BR, S REIR, ASFEYFRE PR AS [ g R
Mot R S EEAAEER, AEHRRIEHEEAT
50%, IX L {3 #k (2009) X 2 U 1 X 22 o JBE AR Fih 2%
WE TR E SR8 AW 7 ALY
VE NTEVR ST 35 5 TR 26 N 44.55%, BEVR B AR W ks
J¥9(11.70 + 0.74) Mg-hm ™, iX Lt i <3645 (2006)
SRR T T A HE AR W 1 T 35 Bk B (40 15.62
Mg-hm ). 7 LAEE I 7e b, Bl B K 2 fj o
b i A A e DA 4 RAU05R KA, HI& A AT
PRI, A X PR R A T, A e
bR E R R CAAIRIR (AL RS HE M NI, 2
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