A& 2017, 41 (1): 115-125 doi: 10.17521/cjpe.2016.0131
Chinese Journal of Plant Ecology http://www.plant-ecology.com

LA A ZF 14T E IUERE SR RE = 7
BAFE FHED HLUY

e [ R BT TP S B A X A SRR =, db R 100093; 2 FE R B K%, JERT 100049

W E EKEWESIR A EEAR RN EE %, R EE %38 5 R 09 3B 2 G B8 B PS5 1) 8 AR,
TR LT R X 14R0 IHEAR RS2 (R 2R, b ERS AR, DIEERE. WE. EEpmE, @7 S8,
M F R a BB R R, IR T SR E YRS SR R L 25 L SR L) A bt N AR R (R L)
MR FR. ERFW: VD)SETES, TREONLEN: R B0 X EEAE Y B NSR BT . QKRR S H S AR
) . e TR £ 0 2 7 B R SR T AR B SE B A D R E A o R R AR 1P O 5 2 v B T AR ) AR ) B R R LT
FHoAh AT 2 18] (R EA R R e I AR AR A U AE ) B SR T . (3) LAFMEEAR K- F3AR 7 L 20.61, MHJsiLk0.17, 257 Eh0.48,
FRTE E60.35; hAb, e HIEAF BRI b R 2 KT RIEA RS, 22 AR ECRIAR IR HE B 3 /N T A A REA R
XBEIR K, MR Pl MG AR

SIRER: BKIF, HkEz, $loxg (2017). (LG 28 L 14%0 3 WIEAE Y AR J AR )i/ T, AR A 244, 41, 115-125. doi: 10.17521/cjpe.2016.0131

Biomass estimation models and allocation patterns of 14 shrub species in Mountain Luya,
Shanxi, China

LUO Yong-Kai*?, FANG Jing-Yun?, and HU Hui-Feng**

IState Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China; and 2University of
Chinese Academy of Sciences, Beijing 100049, China

Abstract

Aims Shrub species have evolved specific strategies to regulate biomass allocation among various organs or
between above- and belowground biomass and shrub biomass model is an important approach to estimate biomass
allocation among different shrub species. This study was designed to establish the optimal estimation models for
each organ (leaf, stem, and root), aboveground and total biomass of 14 common shrub species in Mountain Luya,
Shanxi Province, China. Furthermore, we explored biomass allocation characteristics of these shrub species by using
the index of leaf biomass fraction (leaf to total biomass), stem biomass fraction (stem to total biomass), root biomass
fraction (root to total biomass), and root/shoot ratio (R/S) (belowground to aboveground biomass).

Methods We used plant height, basal diameter, canopy diameter and their combination as variables to establish
the optimal biomass estimation models for each shrub species. In addition, we used the ratios of leaf, stem, root to
total biomass, and belowground to aboveground biomass to explore the difference of biomass allocation patterns
of 14 shrub species.

Important findings Most of biomass estimation models could be well expressed by the exponential and linear
functions. Biomass for shorter shrub species with more stems could be better estimated by canopy area; biomass
for taller shrub species with less stems could be better estimated by the sum of the square of total base diameter
multiply stem height; and biomass for the rest shrub species could be better estimated by canopy volume. The av-
eraged value for these shrub species was 0.61, 0.17, 0.48, and 0.35 for R/S, leaf biomass fraction, stem biomass
fraction, and root biomass fraction, respectively. Except for leaf biomass fraction, R/S, stem biomass fraction, and
root biomass fraction for shrubs with thorn was significantly greater than that for shrubs without thorn.
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EVERER RGN FEHB S, K
A2 RGN e R BRI B 78 45 W T2 i R ke 2 58 24
(Bloom et al., 1985; XK &, 2009) . A AE it 1
ARG M EBERAEES, DUBGR DU
PRI S HFAEAE S BREE L) 2 040, B AR EF
KA B RE PSS A A A B ARRIER, i H
& bl Hu AR 25 R GV G P A BE B B 1) B LA RS
Y (A44SR, 2003). HEARAEYEAEAEARREEFIE
BRGH R EEIRbR, EAUEEAR SRR
SEHRE RO R, T EL R T RE AR ZS R Gen
IREEIIE R o N R T ST REAR LR R — T,
EIXFP 73 HE 2R 7, WA TERCOR . @ @ kY
RNV AR TE A5 38 bR 22 18] 1) 9K 28 R A U EE AR (1) A2
5, SRPUEH G AR R k. KT
KRAYERR FHAMnWhittaker (1982)%F 7 M ()74
AR R EA LT, Salis%E(2006) 4 I 7 #
PR EEAH AR R, N LT
2 R AT PSR 85 (1982) X/ i 4 XS L (Caragana
microphylla) %5 /b £ 1 E A (1) 3 b A= 4 & S o
R, 25, RTHEAREY) R (AT 5T
S IR AREE, 2002; 5KiGIESE, 2005; 495 4%,
2006; J7 k5 =4, 2006; R4S, 2006, 2007; #Aih
&, 2010). I EEL MR B B LR AE Y BT REA
PONFEAR A& E S ML 7w &8, wi Bl A
T A ST E A AR R 1 A B (G X, 2006)

A TG R A A A AR B O R ) B R A
(Enquist & Niklas, 2002), = ZZfE i £4 Fe i
B MK FEThRERL R, R AE
AR5 A KR 7 R AR A KRS )
F B (FEMR G, 2007; ZEfB4%, 2012; Pooter
etal., 2012).

HEr < FAEYESENF R ZEDTIRA, i
HREREY RS R E D . B (2012) %45
Bl HE R A AT, 0 R AR
(2006) ¥ i+ izt )11 VB = Ll Bk (Quercus - aquifolioides) i
M FAEY R TR AE . LT TR, BEABTAL
P BATEAT R AR NIENITEHE, #E
RAEES BRI ARIR SRR SRS
e, 2010). DAk, BA AP B im0 1 AR A7 3R
W, T A A T IR IEE B — P S HRFAE
T AR AR BT IR BT H 5 o) 5 A ) E A 2 []
EVESEE R A Z R, wREARRS SR T AEY
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B FC SRS OB I H AT W

Rz ESE S BN 7 A R A e TR VA S
PIXAEPREFEE, HRIE L RIL$58.8%, #
ARFEEZ, HRT HHEARLEY RGN Y&
Gy EC 7 T R ST AT T8 . AR PPAG OR3P X A 1
ARMBEE, R XN ENES R G A& R4k
VAR AR, AT FUIE I 2 OR 7 X N 1450 L
BEAKEESR T 54EME, #5377 Ry X N14FF
HAHEAR BB EEAG AR, BRAh, X IX L
AR5 4 B ) 10 A 0 B P AR s i 5 A i
AR Z AR B R Bo 22 A AT TR . IR IT
— 7 AR DAL SRR AR R SR 1 e
RIS, 55— A BT g B xhEAR A By
LRSSEIIIN AR

1 #RA7EE

11 fARXER

PP 2R E R B AR XA Tl i B 2
ik Abos, Haba i, TgE. m KBRS
111.83°-112.09° E, 38.59°-38.75° N, [X N fxmifFik
NAUEFEE2 787 m, EAKIEFIRL 346 m, P
SR4-7 °C, FFF/KES00-600 mm, JEFFH#H90-120
Ko X LHEN ML, XBARTLE LKA
MR KA L, AR R . BERER & AT
fey, A S L BT, A L R L LR
it AR A e PR B
BA TR EE AP, L7 B TR SO R AR
N N A 7 N 1 vy G =S R
BFmppRs g LU AN LAY o P A Ll R R T
AR, R AR L, DO AR JyvE
FEI AT o IR IE, LRI X N DL I HE B TE
T 5 H Vi (Hippophae rhamnoides) ¥ M . 11 71 3
(Rosa davurica) i M\ . 452k % (Spiraea spp.)#E M. &
¥ F (Ostryopsis davidiana) # M . Z i 3% %
(Viburnum mongolicum) # M . 4 4% & 4 (Lonicera
chrysantha)#E M . 42 75 1 (Potentilla glabra) i M1 5
i #a XY )L (Caragana jubata) i M (5K 4> T, 1989).
12 #mRERZE

Ji A RE SR A T 20144E7 H, B ZF L H
SRR X N 14F7H WIEARAE B FERT B, BV
=Z4 4% (Spiraea trilobata). 1 FEZELE%(S. pu-
bescens). £ #I| ¥ (Rosa xanthina) . J£#: T #%(Corylus
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heterophylla). &2 4. Flh¥E. BHHFELL
(Lonicera tangutica) & % 7-(Rubus idaeus) 2 &2 .
LU ER . o) SR 45 1 (Ribes burejense) & §7 8749 L,
LATPEAR BURE R T R Y B HE NI VR o 1AM
ARRFEP B R A4S B 1. MacDicken (1997)"iA
RN T DX 3 AR ) B 3 1Y) B ST R B 30-100 R FE A,
RGN EL IR 2 3 A i) TE, 30MRFEA 2 i
BIE) o BRIULIRATEREFPREAR 73 A B 4R v () [X 5
MNEI R A SORRFEA . oA AR XS LA G A=
K, MEEM =AM Eor Rk, LA
IR, O e e (s R B A B /N BLAR
(PSS Fikk v, H AR IIREAR A bR . g DL
JAFHRBEAR M P 20 B 4R H DURAS R 1R S
B, ST EEHERERIZH, WERRRS
MFTIATE R KRR, 22, =807, T
R ] SIS AR 65 CH A A BT B E R &,
DUAFAR LT BT o AT S 30000 S X B A )
A LB SR
1.3 BUBRLESR

FHSPSS 20.0% AT A= B (G o IR HX
MR D). HREH). &R C) EIEmAA =
n(CI2)%) TEIEAFR(V = A x H). BIER T 555
PFUDAH) N &, X &2 1 B RS AE Y kAT
BRI S o BRSRH DUT A28 7

WIPHFZF ) 14 R WWREARE Y BRI By 117
W =a + bInX 2)
W = ax® (©)

HAh W IR TN AR & (A S h R & 2R E), XER
WELEIRE. EESE), av bRRMESEH. 1)
Pk RBUR?) Al VHE AR HE R 22 (SEE) LA R T
Tt 1% 22 (MPE) H K /IS K [l YA e 56 (2 25 7K ~F- (p ) >k
PR AT (AR 25 (B4 HE A A =7 1E, 2011). MR HY
UG BE T AR V) B B E A Y
R AR A EW . EEYEW.
WAV EWg. H EAEY)EW AL A E W .

Ay LN SE PR AR EL AR AR B (M AR
M EAYE). MR (AR RIS AEYR). 22
JiT B (R AE P S AR )RR ot L (IR A e A
Vi) o Jr A AR HEE A R 75 e K 14T HE AR AT 43
XK, KMEIBELAS B, XA [R] o 2 R A T
o bt 2557 EEATRR o bR FH S R 3R 05 22 0 M
PO 22 5, P 1 i Ab B A 73 A /£ Excel 2010
FISPSS 20.0H 5E il »

2 HR

21 EYERBMINE

SRS, AL T 1AFEARS N AR E L Mo B
MAEYER R ENGHI(ER2). BREA TN
A= P e B A, LA EA I B A AR ) E A A 85

W = a + bX (1)  EREEAE R EIREA(A) TEIEER (V).
RL FFLIAMERAEEAREER
Table 1 The basic information of 14 shrub species in Mountain Luya
b BN aris R & )& Fe il
Species Longitude (E) Latitude (N) Elevation (m)  Family Genus Thorn
¥bik Hippophae rhamnoides 112.01° 38.68° 1499.8 BT F} Elaeagnaceae VWisJ& Hippophae 5& Yes
=ZE4% Spiraea trilobata 111.99° 38.69° 1535.6 ARl Rosaceae 28 %j)J® Spiraea % No
P Rosa xanthina 111.99° 38.69° 1535.6 WAl Rosaceae #7J8 Rosa 52 Yes
JEHRT Ostryopsis davidiana 111.99° 38.69° 1535.6 HMEARL Betulaceae &R T )& Ostryopsis % No
1% Corylus heterophylla 111.99° 38.69° 1535.6 HMEARL Betulaceae )& Corylus % No
T HS526%) Spiraea pubescens 111.98° 38.72° 1659.9 iRl Rosaceae Z545%4)% Spiraea % No
41684 Lonicera chrysantha 111.92° 38.65° 1778.4 AA&EL Caprifoliaceae 24 )% Lonicera % No
3% Viburnum mongolicum 111.92° 38.65° 1780.0 AARL Caprifoliaceae JEkJE Viburnum 7 No
JE R4 Lonicera tangutica 111.92° 38.65° 1780.0 AARL Caprifoliaceae A& Lonicera 7 No
K %F Rubus idaeus 111.92° 38.65° 1780.0 Al Rosaceae =T )% Rubus & Yes
41FEHE Potentilla glabra 111.96° 38.72° 18122 WAL Rosaceae ZB3% ) Potentilla 7 No
L EL Rosa davurica 111.95° 38.71° 1874.3 Tkl Rosaceae ) Rosa & Yes
FI A EET Ribes burejense 111.95° 38.71° 1891.1 JRHERl Saxifragaceae  ZEETJ& Ribes & Yes
PLHTHENG )L, Caragana jubata 111.86° 38.73° 2602.2 T# Leguminosae #1 JLJE Caragana . Yes

@ MacDicken KG (1997). A guide to monitoring carbon storage in forestry and agroforestry projects. Forest Carbon Monitoring Program, Winrock Interna-

tional Institute for Agricultural Development.
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%2 147FEF¥‘%7KE\C|_;4%E(WTOIN)\ ﬂﬁ '—ft#%i(WAboveground)\ *E/—tfmi(WRool)\ gdﬁ#@i(wsrem)\ ”fi%i(WLeaf)ﬂ"JBT"(&THQT%?E(“ = 30)
Table 2 The best estimation models for total biomass (Wroar), aboveground biomass (Waboveground), root biomass (Wroor) , stem biomass (Wsem), and leaf bio-
mass (Wyear) of 14 shrub species (n = 30)

Y4 BT TR Z4ja ZHb FEITIRE  STHERRERE R? p
Species Best model Best variable Parameter Parameter ~ Mean prediction Standard error of
variablea variableb  error (MPE) (%) estimate (SEE)
ik Wrow =aD@H + b DZH 00020 5234 15.48 94.78 091 <0.001
Hippophae rhamnoides yy,  —aD?H+b  DZH 00020 4077 17.42 85.18 090 <0.001
Weoor= aDZH + b DeH 00004 1158 1224 15.12 093  <0.001
Wsiem= aD2H + b DZH 00010  30.06 18.10 69.05 089 <0.001
Wier = aD2H + b DZH 00004 1071 17.27 18.55 0.88 <0.001
=GR Wrota = aV? Y 0.0490 0.66 0.40 0.83 0.45 <0.001
Spiraea trilobata Wiaboveground = @V v 0.0220 0.69 0.64 0.85 046 <0.001
Waoot = aV0 v 0.0300 0.60 117 0.86 039 <0.001
Wem = aVP v 0.0120 0.72 0.95 0.96 042 <0.001
Wiear = aVP v 0.0050 0.70 257 0.85 046  <0.001
BB Wrog = aV® \Y 0.0050 0.88 0.07 0.34 0.90 <0.001
Rosa xanthina Wiabovegroung = aVP v 0.0030 0.88 011 0.32 093  <0.001
Waoot = @V v 0.0050 0.77 0.29 0.50 0.80 <0.001
Wen= aVP v 0.0020 0.89 0.16 0.35 092 <0.001
Wieqt = aV0 v 0.0010 0.86 0.40 0.33 092 <0.001
BAET Wi =aV +b v 0.0010 9.28 13.66 29.28 090 <0.001
Ostryopsis davidiana @ @ i=aV+b v 0.000 8 6.25 12.87 19.43 091  <0.001
Waoot = aV + b v 0.000 2 3.03 16.66 10.56 0.86 <0.001
Wsem=aV + b v 0.000 6 2.93 16.70 17.86 087 <0.001
Wir=aV+b v 0.000 2 3.32 9.14 403 094 <0.001
# Wrow = a(D2H) DZH 0.1450 0.64 0.10 0.32 0.86 <0.001
Corylus heterophylla g = 2V v 0.000 1 115 0.17 0.34 0.85  <0.001
Waoot = a(D2H) DZH 0.0320 0.68 0.30 0.34 0.86 <0.001
Wsem = a(D2H) ® DZH 0.0310 0.71 0.28 0.40 082 <0.001
Wiegt = @V v 0.000 9 0.90 0.48 0.30 081 <0.001
EAH Wi =aV +b v 00010  18.90 13.81 38.03 089 <0.001
Spiraea pubescens Waboveground = AV + b v 0.0020 8.02 12.84 2211 091 <0.001
Weoor = aVP v 0.0200 0.74 0.44 0.45 078  <0.001
Wsen=aV + b v 0.0020 6.18 12.95 20.92 092 <0.001
Wieqt = a(DH) DZH 0.0110 0.53 433 0.46 071  <0.001
SlEEL Wro = a(D2H) ® DZH 0.3650 0.56 0.08 0.42 082 <0.001
Lonicerachrysantha @ wne=a(DZH)®  DZH 02330 053 0.16 0.40 083 <0.001
Waoor= aD2H + b DZH 00005  43.22 25.05 67.14 076  <0.001
Wsiem = a(DZH)P? DeH 01360 0.56 0.20 0.41 083 <0.001
Wiear = aD2H + b DZH 0.0001 9.08 18.23 8.19 078  <0.001
e Ea s Wro = aVP v 0.006 0 0.88 0.12 0.32 092  <0.001
Viburnum mongolicum = AV v 0.0030 0.90 021 0.34 092  <0.001
Woot = aV0 v 0.0020 0.84 0.70 0.66 072 <0.001
Wen= aVP v 0.0010 0.91 0.34 0.47 091 <0.001
Wiear = aVP v 0.0003 0.89 1.94 0.50 085 <0.001
R A Wrow = a(D2H) DZH 0.2000 0.54 0.30 0.34 0.80 <0.001
Lonicera tangutica Wanovegroma s = aVP v 0.0070 0.80 0.49 0.33 084 <0.001
Waoo= aDZH + b DZH 0.000 4 6.2 11.48 5.13 073  <0.001
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=2 (8) Table 2 (continued)
Wk 4 Rt A ZHa ZHb TR E  fhiHE R E R p
Species Best model Best variable Parameter Parameter ~ Mean prediction Standard error of
variablea variableb error (MPE) (%) estimate (SEE)
T e Wstem = a(D2H) D¢H 0.0630 0.59 0.74 0.41 0.77 <0.001
Lonicera tangutica Wiear = aVP v 0.0050 0.68 2.30 0.29 081 <0.001
HRT Wrom =aV +b v 0.000 6 12.52 10.18 6.76 0.84 <0.001
Rubus idaeus Wasoveground = @V + b v 0.000 4 10.71 10.63 559 080 <0.001
Wroot=aV + b v 0.000 0 1.81 13.92 1.92 0.83 <0.001
Weem=aV + b Y% 0.000 2 459 14.17 3.43 0.73 <0.001
Wit = alnV + b v 14.166 0 -69.23 11.41 3.24 0.77 <0.001
M Wrow =aA + b A 0.1310 -6.74 19.50 4211 0.82 <0.001
Potentilla glabra Wabovegroung = 8A + b A 0.0770 281 19.75 25.62 081 <0.001
Waoot = 3A + b A 0.0540 -3.93 22.54 19.43 0.78 <0.001
Weem=aA + b A 0.068 0 -3.26 20.73 23.16 0.80 <0.001
Wiear=aA + b A 0.0100 0.44 20.89 3.76 0.74 <0.001
Nk Wrow = a(D2H) D2H 0.0610 0.69 0.11 0.29 0.88 <0.001
Rosa davurica Waboveground = &(D2H)®  D2H 0.0420 0.67 0.22 0.35 0.83 <0.001
Whoot = a(D2H) ® D¢H 0.0230 0.70 0.37 0.40 0.80 <0.001
Wsterm = a(D2H) ? D¢H 0.0250 0.70 0.27 0.36 0.84 <0.001
Wiear = aA+D A 0.0200 -0.87 7.35 1.94 095 <0.001
IR T Wroa = aV? \Y 05500 0.41 0.36 0.43 0.64 <0.001
Ribes burejense Waboveground = 8V + b v 0.000 4 12.39 16.40 12.07 0.66 <0.001
Weoot = AP A 0.9380 0.46 1.39 0.64 047 <0.001
Weem=aV + b v 0.000 2 9.22 15.79 9.06 0.70  <0.001
Wi ear = aVP Y% 0.016 0 0.55 3.89 0.63 0.60 <0.001
L, Wrow =aA + b A 0.268 0 -10.27 12.92 48.69 093 <0.001
Caragana jubata Waboveground = 8A + b A 0.159 0 -3.65 1651 38.04 088 <0.001
Waoot = 3A + b A 0.1100 -6.63 11.13 16.30 0.95 <0.001
Wetem= @A + b A 0.1200 -2.83 16.74 29.02 0.88 <0.001
Wiear=aA + b A 0.0400 -0.82 21.53 12.27 0.81 <0.001

A, FEIRTIR, A=n(Cl2)2(cm?); V, FEIEARR, V = A x H (cm3); D2H, SMIERET 77 58 = 3f, DH = Dyx Dy x H (mm2) x cm). afilbjEZ4L.
A, canopy area, A = (C/2)? (cm?); V, canopy volume, V = A x H (cm®); D#H, the sum of the square of total base diameter multiply stem heigh, Di?H = Dy x D; x

H ((mm?) x cm). a and b are parameter variables.

BB 50w AR (DAH) fe A W& 5 R I Bt
AR & . BT AR AP G T R AR B A
T A 2UR (p < 0.001; MPE < 25.1%), Jf HEx=
LR R T, HRL1L2MERNEY &
PG T FERPHAEQ. T LA Lo MR () i 1% 25 R
Wl AL AP AR T FE LR LB, H,
R AR A A ) KRR A T R R N A A
D#H, MM TETHAG LA YR 5 FE AR
BHNA, HALFEY E TR RAETNAZERXEZ N
Vo BEILDAEF S AP 5], %o 3Fh TR AR & |
PR 7 R A R 60 32 B A A i RE AT R OR
22 E£YIEHE

3Gt T F I LAFPEAR IR e L. i b
255 LU AR S L R A RHAE G L SME AN A2 %0)

AR S, 7 28 (1405 DL E R 1R -F SR e B Dy
0.61 (0.31-1.05), “F¥Jt )i bt 50.17 (0.05-0.44), V-
¥IZE R L v0.48 (0.36-0.57), “F- ¥ # Lk v 0.35
(0.20-0.48) . Hrp, XAREELT F, el &
(1.05)7F, HARLIIFPFEA R IIMRGE LLH /N T-1. 1k
Ah, PS5y R I AR R B b ) 22 e, BT G
KK E 2T (0.44) & H v 5 bb 5 /N 6 -+ 45 26 %%
(0.05) ¥4 81 ~F-34 25 J5ft Lb (1R 18] 22 S de /S, 1l
PIRR 0T Lt B A ) 22 e s o

MR EAR R 57 ), FRAT TR LARPRE AR 43 gty ]
(6F) 5 A R (B HEARM IS . IR ZRTT Z 1R
B, A RIEA AR L 255 BRI 5 LG B 3 K
T RIEEARMIARE L . 220 EERIAR SR L, g FE
EE DU 3 /N T B A 1 P 5T L (112) o
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Bl FEFlieMER S A ERAGE, A R B, S5H3%%. C, WIRKET. D, Wk. E, BET. F REHE)L.
Fig. 1 The best biomass estimation model of six shrub species in Mountain Luya. A, Rosa davurica. B, Viburnum mongolicum. C,
Ribes burejense. D, Hippophae rhamnoides. E, Ostryopsis davidiana. F, Caragana jubata.

oTr a O A #] Without thom
T b m P H| With thorn
06
05 2 b
g 04 f a
<
4 b
W03t
=
a
02 r
b
o1 f ﬂ
0
R/S LMF SMF RMF

B2 w5 R 2 A BT (LMF). 255 LG (SMF)
FRJT LL(RMF) R 56 LE (R/S) 1 LU (P 3 fE bR R 22) . FH
PRI 375 %53 Hr (Tukey post hoc) i 36 A [ S 2 R 2 5% i
FHMEZE R (p < 0.05) AN F 7 BRI .

Fig. 2 Comparisons of leaf biomass fraction (LMF), stem
biomass fraction (SMF), root biomass fraction (RMF), root/shoot
ratio (R/S) between shrubs with and without thorn (mean + SE).
Differences between each group were tested using a one-way
ANOVA with a Tukey post hoc test of significance; significance
different at p < 0.05 was indicated by different letters.
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Table 3 The descriptive statistics of root/shoot ratio (R/S), leaf biomass fraction (LMF), stem biomass fraction (SMF), and root biomass fraction (RMF) of 14

shrub species

Yrh Rt RIS HE . LMF 2L SMF Rk RMF

Species WHE PfEE  pffE vaE CPEfEE PoE el PSfEE P e PEEE Pl
Range trfEfRZ=  Median Range  Fn#EfwZ Median Range FrdfEfm=  Median Range FrdfEfRZ  Median

Mean + SD Mean = SD Mean = SD Mean = SD

Vbl 0.06-0.59 0.31+0.14 029 0.07-0.30 0.20+0.06 020 0.39-0.79 057+0.11 054 0.06-0.37 0.23+0.08 0.22

Hippophae

rhamnoides

=GR 0.32-1.24 057+0.21 051 0.04-0.33 0.17+0.09 015 0.25-0.67 048+0.12 048 0.24-055 0.35+0.07 0.34

Spiraea

trilobata

v e 0.19-2.00 055+0.34 045 0.09-0.29 0.19+0.05 018 0.24-0.67 048+0.09 047 0.16-0.67 033+0.11 031

Rosa xanthina

T 0.16-0.97 042+0.15 040 0.09-045 0.24+0.08 023 0.35-058 047+0.06 0.48 0.14-0.49 0.29+0.07 0.29

Ostryopsis

davidiana

% 0.28-1.24 0.53+0.22 047 0.10-0.34 0.24+0.07 023 0.26-056 043+0.07 042 0.22-055 0.34+0.08 0.32

Corylus

heterophylla

TS 0.45-1.42 0.72+0.27 0.63 0.01-0.10 0.05+0.03 0.05 0.37-0.67 054+0.08 057 0.31-0.59 0.41+0.08 0.39

Spiraea

pubescens

LA 0.24-2.42 1.05+0.54 098 0.05-0.26 0.10+0.04 0.10 0.20-0.72 042+0.13 039 0.19-0.71 048+0.13 049

Lonicera

chrysantha

EE3 0.16-2.06 0.67+045 054 0.04-0.23 0.10+0.04 010 0.28-0.76 053+0.11 054 0.14-067 0.37+0.13 0.35

Viburnum

mongolicum

JE A A 0.12-1.84 0.67+0.38 054 0.06-0.24 0.13+0.04 012 0.28-0.65 050+0.10 052 0.11-065 0.37+0.12 0.35

Lonicera

tangutica

25T 0.11-0.54 0.26+0.10 023 0.26-0.67 044+0.10 043 0.17-061 0.36+0.12 035 0.10-0.35 0.20+0.06 0.19

Rubus idaeus

R M 0.29-2.54 0.76+0.46 064 0.04-0.21 0.11+0.05 0.09 0.25-0.67 049+0.11 051 0.22-0.72 0.41+0.12 0.39

Potentilla

glabra

LI 0.36-1.29 0.71+0.24 067 0.04-0.19 0.11+0.04 010 0.37-0.62 049+0.07 048 0.26-056 0.40+0.08 0.40

Rosa davurica

RIS EET 0.27-1.89 0.69+044 052 0.02-0.35 0.13+0.07 0.11 0.24-0.67 049+0.12 052 0.21-065 0.38+0.13 0.34

Ribes

burejense

VAR )L 0.16-1.54 0.60+0.30 058 0.08-0.34 0.18+0.07 0.17 0.26-0.68 047+0.09 046 0.14-061 0.36+0.10 0.37

Caragana

jubata

AR Total 0.61+0.38 0.17+0.11 0.48+0.11 0.35+0.12

W B RIEL SRR NDAH, K 32 £YIESNE

AR A B SL B 23 B U (CF X v A B
999 cmAN3.5); TMiHMERNREMEEZELZH
V. B ERIHI4E(2006) AT 5T 2 W ek i FH e B R SR AR e
RS R A5 B4 A (Loropetalum  chinense) 3 E 4=
Wi, AR AEAREL T A AT A B R T T
BRHE. HEPRERKE, FARFIR S AT T 7 i
SRR R R ZR N TG T R R (14
&, Uk, fERIAEDE L E X AR AR R A
HAR B (MHSE, 2010) . AHTF 7T AR o M7 BT faHAS:
RUSE) T AEIIE 7T X PN A A TR 2 () At b,
ARFPR T FEAR I A Y6 LAAM B X 38 LA R 757
I IIE .

Y ENERKE GRS, FK. B
77 100 55 25 ot Ty e T A B B 5 95 4R 48 A7 AE A 6 4 I
o AEYIA0AT I & AR T BE TR R K 2 BT, BOAE
WILE A K R Ak A BR () B2 R A BB AR . 25
25 2% B SO T RE A A A SRS (7K K B, 2010) .
TELMEXT AE PR BRI 7, B 2 AR Hr A X 7
ARPIFEIBEFC, RHREARFR T 5L 42> (Pooter et al.,
2012). AHFFEH, P9I LAFEAR R S AR
TR T 148, HARBEARMAR G LR /N1, R
FIUERE ZRO6E Y iR s, X5
Hilbert 1 Canadell (1995) 8 7t 45 R AE, FHARZ I
Hiy HH g X 10 i SRIEE AR (1) T SR L 9 2.06. Itk
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Ab, P LAFREE AR 1P 35 5T L 9 0.17, 25 EL
°40.48, #B K T-HilbertAlCanadell (1995)f) Hi#EA )
P4 R HE(0.07) A ) 25 i bR (0.31), FWIRE A
T 2 (V& 5 ) B E AR P AE B 40 TC b T SR AN
]

R A ATE 5 PR (A ELAE FH O o i k4L
TE R — Fh AR RRAE, 2B 0 LRI I — Fh S ME
R HEYRRA R ESIRE . IR DR
BERD AL RS T AE (BTG ATKHE, 2009). T AT Z
KT EIREXM N HEAMEE S B, R
TREFFF IR I TR A FFAE (2 138, 2000), 1 B A1 HlVE AR
WAEE T R FAAF. ERNTRE R 14FER
b, A EREEAT I, AT L P LR WA Y
L IR — AP ERERAE . DR, FRATIH A 2
AR 2% W AN ) 23 RSSO A 7 TR R AR A
HRIEEARE AR EAR . HHF L. 25
AR L) AAE R 3 22 5, JUHLR M BILL, AR
BENTATHREAR, X0 H8 2 H HEAXT T 528
BRIE R —FP R B X B 5 Pooter%s (2012) 1 5t &
At 5 7K 3 ) P 26 ) 384 M 5 LR 7 PR 1) 465 SR AR
—.
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