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FEEE R 000 5 S0 1L -0 5 LU AR W R T A B b A S R G AR D RE R T B BEAE TAE . LAH N B 0 R L -3 1L b X
TLH 7 i FE AL RS ( Rhododendron spp.) HEAR AT G il I AR fEREMRISCH I , A7 5 i R 7 5 45 4% B AR W M 8 AR W 1 5 1R T
R g ALEAE B i e R LA . SRR (1) BRI R 01 28X A B AF 4y 1t BTSRRI 56K, 700 QH)‘J“”FI'?U D
1 D*H 2 B AR AN LR R BRI G 0 RPARXSE T AR R, (2) #EREIL Y 35 Al B R B AR M B R Ay
0.66—0.99 Z 8] FF {37 50 0.92, B 1 Y6 HE S (Rh. oreodoxa ) (R25 | A 4 1 0 b 2 ) B A 00 R 28 1k e B Jf‘fﬂzﬁﬁg(m
maculiferum) BT 1R R 8 B R BN , oA 1 A W e AR R ) R R e B, D R D H 2 B b A= W R R A e FE TN AR+ ) H A
HELALEY (Rh. rufum) BEARAN SEZHFAS (Rh. calophytum) M AEY B RAETIMAS R, (3) IRAWFRIEEIREL D*H A4 &
P4 RS, B3 X P A 2yt A B FORG FE AR GBI AT , X LB AR W i BRI I A0 R BT 7 o v FE AL R T AR A ) SR 1Y) ST
hy e FEH X E A S RGERRIC DI RE T T HR AL T 4%
SRR ARG s S IEER A W R ; TR eR AR

Biomass simulation of seven alpine Rhododendrons species in the south of

Gansu Province
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Abstract: Rhododendron species are broad-leaved evergreen woody shrubs belonging to Ericaceae, and are an important
constituent of alpine and subalpine ecosystems. Rh. species are endemic to Tibetan Plateau and surrounding areas. Unlike
for trees, biomass estimation models are virtually lacking for Rh. species in natural communities. Therefore, accurate
measurement and modeling of biomass for alpine-subalpine Rh. species is a fundamental work for quantifying carbon
functions of terrestrial ecosystems. This study aimed to develop allometric models for the estimation of biomass storage of
seven Rh. species’ in the alpine-subalpine region of southern Gansu Province. Investigated species included Rh. rufum, Rh.
przewalskit, Rh. alophytum, Rh. oreodoxa, Rh. taibaiense, Rh. capitatum and Rh.maculiferum. A total of 312 individuals
were harvested for the measurements of above- and belowground biomass. Commonly used models, such as linear,
logarithmic, power-law and exponential functions were used for estimating biomass, and basal diameter (D) , height (H) ,
canopy (C), crown volume (V) and square of basal diameter X plant height (D*H) from field measurements were used as
independent variables, and leaf biomass, stem biomass, aboveground biomass, root biomass and total biomass were treated

as dependent variables. Among a total number of 700 models tested, significant relationships were detected between biomass
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components and field measurements of predictors for the seven studied woody species (all P<0.01). Using D and D*H as
independent variables and the power function resulted in a relatively narrow distribution and a high median of R* values. The
R’ values of the selected 35 optimal models for individual species from the 700 sets varied between 0.66 and 0.99, with a
median of 0.92.The models for stem biomass, leaf biomass and aboveground biomass of Rh. oreodoxa were linear functions,
for each of these biomass of Rh. maculiferum were exponential functions, while the rest of the biomass models were power
functions. The plant height (H) was the best independent variable for the estimation of stem biomass, leaf biomass and
aboveground biomass of Rh. rufum and leaf biomass of Rh. calophytum. The results also showed that the power function with
D’H as the independent variable was the best model for mixed species, but the predictive power for leaf biomass was
relatively low using the mixed-species’ model. The establishment of seven alpine rhododendron shrub biomass models in
southern Gansu Provide can serve as an important tool for the study of the carbon sink function of shrub ecosystems in alpine

regions. In addition, these models may be applied to Rh. woodland elsewhere in eastern Tibetan Plateau.

Key Words: Rhododendron; alpine shrub; biomass simulation; power function
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¥85 ( Rhododendron spp. ) #EMN™ A T R e St b L Fa] 0 1 v 100 g Ly b DX A W5 A ik b R 8 L e
I TERE AR 2R AL AR S RGP A A AR O, by T A A DX T R 222 G
I PRI BSR4 i A 75 2R GERRIT AN S P T B 402 R A 5 LA H R R I g L 7 e LR R
ARG A IR U A A 5L b EA T AR A A= W DS | SR — VR RS 8 o R ) 4 R ORI 5 50 o
PEAT A W AL, 25 B 2 VT R b i 1 Fe DAY | () BsF 38 Xof Al RS VEE A ()5 SE AR AU A T TR, B 780 = FE L
S AT A s I Bk BB PR 9 S A 25 R G A 55 D BE DA S5 42 AL vt | Ta) 42 A0 AT

1 #EFHEE

L1 AFFE XA

ST b 5 B AE S AR A R R VAR A IR (103°57705"—104°42705" E, 33°14/32"—33°53'52"
N,1173—4536 m) , AbFEZE IS VG 3L S0 L 1L Pk A2 10 bty Ja 78 28 06 3t J5T 4 e 7t pig S Bl v L b, AR IX 2473
W 7K 951.0 mm , 4F-F- )7 K ik 918.8 mm  AHXHZEE N 82.0% , TR 0.52 4T B/ < 4.3 C, &4FICH W 96.7
do FEAEPCA T 5 RN S LR A AR I 1L W B AR AT S LLE N o Be B AL RS (Rh. przewalskii) (B E
KBS (Rh. rufum) SkAEFES (Rh. capitatum) J2 5 LS FE AR BEFP ; 1LLOEFE S (Rh. oreodoxa ) FTRKAE £ B
( Rh. maculiferum) " A T 5 1K, HAE—BEIRYTAZ 42 (Abies faxoniana ) KA TP UM 5T | SE 25 FEHY
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Table 1 The basal information of the samples for seven Rhododendron species

104°20° 104°40'E

E1 REMCEE
Fig.1 Geographical distribution of sampling plots

12 Basal diameter /mm ¥k Plant height /cm e Canopy /| cm?
trf A s v s v Fiifie |
N g F{ENiE| — SRR L — SRR S| o 5 R A
Species sie Re btk 22 cv /% Re btk 22 cv /% Re baitE 22 cv /%
anee ME=S.D. Y anee ME=S.D. ' anee ME=S.D. ’
HEFEHY
Rh. ruf 54 5.45—65.23 25.27+17.65 69.82 23—185 85.19+45.04 52.87 270.83—9154.67 2137.72+2145.54  100.37
. rujum
B F kLS
. 53 2.40—33.23 14.10+7.55 53.53 11—104 51.03+20.84 40.83 43.96—8195.40  1626.44+2305.95 141.78
Rh. przewalskii
2 23 k) BB
KA 39 1.90—32.45 13.19+9.62 72.88 10—211 75.61+61.49 81.33 49.46—6631.68  2063.19+1842.95 89.33
Rh. alophytum
AL RS
29 1.38—43.30  13.15£10.40 79.06 27—250 99.83+63.53 63.63  149.15—68687.50 6125.50+14219.14  232.13
Rh. oreodoxa
PNELE
L 33 5.59—34.26 20.50+8.95 43.66 57—193 117.33+33.89 28.89  428.61—13541.25 4515.32+3960.11 87.70
Rh. taibaiense
S AE kR
KAk Hr% 64 2.36—32.56 13.91£7.40 53.19 13—142 61.42+34.07 55.48 43.96—8013.28  1244.79+1464.20  117.63
Rh. capitatum
FRIEREHG 40 1.23—37.17 9.39+6.28 67.87 12—170 71.47+45.92 64.25 23.55—12434.40 1492.62+2638.63 176.78

Rh.maculiferum

ME . #{f Mean; S.D.:#nifE2% Standard devriation; CV ;255 24X coefficient of variation

2 ERE5HM
21 AWM AR R A

7 FikE BE A A B A W el b AR e RN A AR A 700 2H 5 FR A B B K (P<0.01) |, MBS I ke
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2 AYEERNBETEMREEENRE R
Fig.2 Influence of independent variables and models selection on determination coefficient for the biomass models
D342 Basal diameter; H: # 7 Plant height; C: 5 Canopy; V. ElF AL Crown volume; D> H . 3425 54 R FE L Square of basal diameter x
plant height

2545 R® \Reduced Chi-Sqr Fl RSS #F47 7 #ktAS 3 N8 H M E A BB R AR (R 2) . bk
FERG 25 A i | A i A A SR LA BT — R A pR B, R AR A A A5 A 1 AR A 4 KR
Boh  HA WA A= W R R K R T pR AT D RN D H R e A A B AR B R AR N AR H AV B B kLS
25 M M ER A REAE e K A AL RS A W i AR BN AR B, A RS R AT 0.66—0.99 Z
6], HR Bk 0.92, BB %) L HS AN Sk AR RE RS AR A= W 1) R34 (435124 0.66 F110.69) A1, HAx 45 W FpAS [F] 45
BECH A B 4G R BUYTE 0.80 DAL,

K2 THHBEMENSEMAER

Table 2 The parameters and statistical tests of the optimal biomass models for seven Rhododendron species

PR ARt A7 B S a ZHb *H LS il
YIFh Species Dependent Independent o~ © \ Parameter  Parameter R? Reduced Residual sum
variable variable variable @ variable b Chi-Sqr of squares
HEHRY EXeX7/h H y=ax" 0.032 1.875 0.93 1630.42 84781.97
Rh. rufum REEE 7/ H y=ax’ 0.012 1.730 0.90 71.14 3699.31
A Yy D*H y=ax" 2.382 0.579 0.94 892.07 46387.64
M b AR H y=ax’ 0.042 1.852 0.93 2265.19 117789.93
R R H y=ax" 0.034 1.995 0.94 5277.06 274407.21
B, & L Y D y=ax" 0.669 1.796 0.89 942.09 48046.69
Rh. przewalskii LREEE 7/ Ty D y=ax’ 0.534 1.243 0.79 25.49 1300.18
HRAE )i D*H y=ax" 3.862 0.395 0.66 106.42 5427.60
M AR D y=ax" 0.956 1.725 0.89 1196.43 61017.86
AR D y=ax" 1.650 1.607 0.90 1371.86 69964.83
FAHERY YR D*H y=ax" 2.542 0.541 0.97 65.07 2407.54
Rh. calophytum L RELY/h H y=ax’ 0.339 1.076 0.88 127.75 4726.83
RAEY D*H y=ax" 6.609 0.444 0.94 276.44 10228.40
Mo AR D*H y=ax" 6.982 0.473 0.96 252.35 9336.83
BAEYE D*H y=ax" 13.655 0.459 0.97 607.04 22460.60
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PR AR SRS B ZH a BHb R B2 J5 Hl
YIF Species De[.)endent lndep.endent Best model Par.ameter Par-ameter R? He(%uced Residual sum
variable variable variable @ variable b Chi-Sqr of squares
1R ZAEYR D y=a+bx -22.346 6.627 0.96 209.69 5661.75
Rh. oreodoxa A D y=atby -1.774 1.304 0.86 28.93 781.12
A i D y=ax’ 0.461 1.859 0.96 494.11 13340.95
M AR D y=a+bx -24.121 7.931 0.96 302.60 8170.10
B D y=ax’ 2.324 1.563 0.97 993.60 26827.11
pNELINiL] EVi7/i D*H y=ax 1.635 0.685 0.86 1287.27 39905.45
Rh. taibaiense REEE 7/ D*H y=ax" 0.823 0.639 0.80 248.42 7700.99
WA D*H y=ax" 0.651 0.774 0.93 366.97 11376.02
A D*H y=ax" 2.428 0.673 0.85 2590.84 80315.97
B D*H y=ax" 2.921 0.708 0.89 4651.64 144200.94
SKACKERY E-Ys 755 D y=ax" 0.443 1.876 0.88 697.03 43215.69
Rh. capitatum L REY/h D y=ax" 0.165 1.704 0.85 39.99 2479.30
HA: i H y=ax’ 0.084 1.470 0.69 446.24 27666.59
Hiy LA D y=ax 0.596 1.844 0.89 956.85 59324.95
B R D*H y=ax" 7.606 0.570 0.88 1926.76 119458.83
JRRAEAL Y EGRY)os D y=ae” 8.266 0.115 0.98 214.23 8140.92
Rh. maculiferum A i D y=ae" 1.093 0.142 0.98 18.96 720.30
MRy D y=ae" 3.474 0.130 0.99 38.68 1469.80
Mo bR D y=ae™ 9.241 0.120 0.98 255.01 9690.55
JeVist7/h s D y=ae" 12.701 0.123 0.99 377.82 14357.03

D . %:4% Basal diameter; H: ¥R Plant height; D? H . 548 )7 S5#k 3 B Square of basal diameter x plant height

2.2 RGP EY R

VAT A RS FIR G 5 -1 T AR ) AL S R R 35 e pR AL F AR T34 D H (IR 3) UG R EE ik 3
W2 F 7K (P<0.01) ,R*A T 0.65—0.88 2[R, e Pt AE 4y A% A0 Tl I 5 S0 (L A Sl A A3 A 7E 121 4%
FIPIN (L 3) R g = avp A TR R R o 5 1.0 TR EZER R EYENYoE 250118(0.80) 4F,
HAEY R RPI% R (2 3) o S5 HUMEAR XTI ORISR 25 FEAR S A #E v = 0 I, rf &8 /NS AR
FIRLALER 228K (B 3) o AW FpAE Yy BRI 7 Aokt B i Ay e B 45 A 25 57, AT e ik il 38 25 AL RS il
LA BE 25 AR Wy i R b A e ) A KA T | B 2 A RS 25 A ) A b A= ) i D /M TS5 (181 3)

%3 ETRAUMBREDHTNES SNEHSMER (e =army )

Table 3 The linear relationship between measured value and predicted value based on the optimal fitting models for mixed—species

T 24 a - o ST
Biomass type Parameter variable a Reduced Chi-Sqr Residual sum of squares
ZEHEW)HED Stem biomass 1.000+0.021 0.88 2222.11 691074.69
4= 44 Leaf biomass 1.000+0.028 0.80 270.22 84037.39
HAEW)HE Root biomass 1.000+0.019 0.90 1020.69 317434.52
M A9 Aboveground biomass 1.000+0.019 0.90 3020.34 939325.60
SEW) R Total biomass 1.000+0.015 0.93 4812.27 1496620.00
3 e

3.1 IR
TEAE YR ARG R R AR A B — B A RIS e S SR AR R LR v R R
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Fig.3 The optimal fitting models of the mixed—species’ model

PRI F5 KoK S AR I pR B B AR s/ N A B B e R T 0 R ST b R RO AN
KT SR B AT 5227 (B D) 2t ) A A B b A5 28 B AR i BB 0 S A R s X B pR B
T A 4 st SR 7 R AR B i M 12 F8 R R B0 A i BB A T SRR A1, T LR S 1 NS
PG i Ak T 5 R PR B (AR AR R AR S AR K R ) SRR R MR, RS AU VE 2 5 P A A 1 A
HRYL23 2627290 i H AU A SR R A A 2R BE Tl HAT — a2 AR 2 RS, IR AR oA S A A
AR SR AR BSR4 B R 0 23 S AR TR BRI 3 S KRR B ARSI R 4 B pR R
T HR R EB 7 P FEALRGAR (25 R R A A R S AR Y 700 R X 700 4R RP AT &
PR pRESOR— IR R B IR PG BSCR B (T8 2) 5 D38 J 1) i 0 A P it A R0 DL bR S 2, I A A i i —
K PRECFIHEECR AL (32 1) , TR A Y i A= 1y s AR R0 D) 4350 O e eR B, L2551 5 30 0y 11 kL RS ( Rh. simsit)
VENA — 2 MARLEE L ST T sR BRI A 400 A DL S 0L A48 B0 AR 0 2 T S, TR A ) s A TR A
T AR R AR ST R PR, I T PR AL R B 2 R SR 9T B L o 25 S RIS 52 00 B4 43 #T
32 [HASEMERE

ZIREEARMNAEND  FT IR AMRIEAS 43 SR SRR 0L, 76 A W i BRI O TR AR bR
IR SRS E AR TE R AZE R W DR R | e AR T R R E AR T ko
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AEDISF I PG 2E 1 14 FhiE A A Wi i bt & B, 45 854 ( Potentilla glabra) | RETEM )L ( Caragana jubata)
) T A5 e L e W v R A , AR 22 LU R AR BRI  Wh T B 251 i H s iR X 6 Fofr /b o 98 A 1 T 0 i
Jr#gE Y NI A AR R S AN [ G A 2 R SO, PR SRR AR AR 1 A 1) A K T A A AR 0 T
MAEYERBREZH DR SRV MRS RIEEE S 24k F A8 5 2 04 b S e tb A A= ) 1 A2
SN DPH fE— e R AR T A AR I A, DRI A A R AR A AR R Y A F
R G| R 2 i ] — R b B s FORG B T3 2228 AN SRS N S PR A X E | 6 AT RE R AR A Y 55
M E AT D*H e SR IER 1 5 U iR Sl (AR i 028 5710 27 Ketterings 45 3845 RV E A RR
e A B 5 Ry B, 5 | AR v P RE RS N R AR B PR . BRI 7R SR A DR e B 5 AR 2 (A ) 348
FIEMR S A S EAREY AR S EBRL SHEATESAEEYIXRER, UL D 3 D*H R {7228 A 1
F2 T HOR B i %) A B Ak SR B I i e R A e R T RRUEE T 22 43 A T B S T A T OK B ORS B A
fop 31216072027 RIS R 700 4T AR R LA D R DPH A E 7R R AR A (TR 2) ik A B R R e LA
DM D*H R F , AA RS QAR RN H(K 2) , RGBS, DX H(E 3)  WF58 45585 W A 1 A B
(R ELAFRE S BRASIREAR SN, BT RAE BB 7 FhoRL BS AU REAR 32T 394 58, 5050 Bl ) S B AR 2 B A A=
K, FTAR R SEEE R RO Y B vy A 28 DO iR 2

A8 e YRR Pt AT R S MBSO R B ST T, FEASI SR | et i S A G B el i A BROR Bl g B A
e B A BN AR &, B 5 A HS IR S E5 R4 AN B v RE St e AR e A O, 7 R L RS IEAR BR 5 AR T
178 5 2B BT 43.66%—79.06% .28.89%—81.33% Fl 87.70%—232.13% 2 18] (F 1) , 7 e 76 4 F PN 1)
A S B R I B T IEAR IR =, A6 () 28 S 5 B ) 2 0 R (] RF AN D 1 5t S22 T A S AL 28 2 4 ok
S 00 058 25, DA T 1) 3553 AR AUUNE B 5 7T AR 7 AN [ 0 o () 190 28 S5 0 B 1) 25 S A /N R B A i 1) & D 1P
AR T LARSCON BE 2 A Y e R ik A AR
3.3 AWM

FEAE ) A A i i R o | 38 AR AR LR, ) 2 R ST TR A W R A i RO L 15200 TR
W LA AEFE AL B AR 7K T e RE B B AN B 2 PR A P 3200, 5 R 46 T Ik 35 1l 15 Rl AR A 55 &
B, TR A PR A AR 3 FH TR 2 B , (H RS FH T o4 B 4 22 KK A b 5 Ze 7 R 45 S 4
R SR AR 9 BhvE WA AR AE P i ST AR B R G S RS RLEROL TR A R LA, TR YA
AR A ) RS R ST (R SR RIETE A KR B R v AR A AR A R B A AR U2 AR TR A BT A Y 7 Rl R
[7i) e 1) o FE A RSV A P IS A0 ] DU A TR B FEAS &5 28 B AE W i b b AR e LS AR i 1 AR A (8]
3) BRI LR A  RALMELRN SR Y OC R B0 B8 (% 3) |, AR W) O AE4DURE AR PT B 5 L A Tr AR A 1
I REMERAAAE OC R X RINTFAE A G BRI
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