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FRERE BxH
CHAAO KRB, 22 M 7300705 HAVE R AR AL RREBRICHT , 22 M 730070; B2 B 261X 51X 5F
S5 5 TR 1 51 A R 9 U241 7 A B B/ 1 TR A B b K ST 920, > 730000)

i E FHRKRMEZEMYRERANAEYFEE GREMMN AR A H TR T A X.
RAERBEERESRIET (Wt ENES) SMRADNEHEXERK X RORBERTES
FHRE —ANHE ,WBE EARIEN 3/4 EERBEB/EENEHE ELEZTEVAFEUE
LRVRELEDM AL A ET WBE AW T AN Bl HMAEEEKLTENE
AR ERKA, RTrHApEMETAYEG TN DA EHREIE o« £ 097, BF K
T WBE A BB 358 3/4; 2 X B8 VVa X KEAE /b 27| Fy 2.67 F13.83, 3
EERXTERME20M3.0.0HBAEIHHAER S I FER BT XK EHBH LA N 2.64~
3.24 %1 2.86~4.30, & R BT E AT EE L 5 A 1.01~1.29 7 0.94~1.13, # %
ZRUFEE ARFFEEAILZW, A F B F A E A A KW 4 B HE 1.08 it E1E
1.00 X 24580 2.84 Fnp XK E 3% 3.35, W B F KA TH . A LR & A EH KA
#1088 T, RAFHAEy BN ABMELEEMBRAENTEEH A REKEB KT R
WA ERRBEHN T ZE T, (EESLERDRL L, KB AR R B R4 78 M T R#
.

KR DA ER; RAEHER; 2 X EG MREKK R

Effects of age classes on metabolic exponents of Salix psammophila branches. CHEN Guo-
peng'® | ZHAO Wen-zhi'** (' College of Forestry , Gansu Agricultural University , Lanzhou 730070,
China ; *Institute of Forestry Sciences , Bailongjiang Forestry Management Bureau of Gansu Province ,
Lanzhou 730070, China; *Linze Inland River Basin Research Station/Key Laboratory Inland River
Ecohydrology, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese
Academy of Sciences, Lanzhou 730000, China).

Abstract; Metabolisms are fundamental processes of organisms. They are related to carbon and wa-
ter cycling of a plant. The relationship between the metabolic rate and the body size of an organism
has been a hot spot in ecological research. The typical WBE model with 3/4 power has been contro-
versial. This study tested the applicability of WBE model and examined the change of metabolic ex-
ponents with the age class at branch scale in a typical plant, Salix psammophila in the southern
edge of the Mu Us desert. The results showed that the estimated metabolic exponent based on the
leaf biomass and total biomass was 0.97 for all branches of the S. psammophila. This was significant-
ly greater than the constant power of 3/4 proposed by the WBE model. The branching radius expo-
nent and branching length exponent were 2.67 and 3.83, respectively, being significantly greater
than the constant values of 2.0 and 3.0, respectively. The ranges of branching radius exponents and
branching length exponents among the age classes were 2.64-3.24 and 2.86-4.30, respectively.
Meanwhile, the estimated values and calculated values of metabolic exponents ranged from 1.01-
1.29 and 0.94-1.13, respectively. The values of all above were statistically indistinguishable among
the six age classes. The common slopes among the six age classes for estimated values and calculat-
ed values of metabolic exponents, branching radius exponents and branching length exponents were
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1.08, 1.00, 2.84 and 3.35, respectively. These values were significantly greater than the constant

values. The changes of the intercept at the y-axis shifted negatively at the common slope of estimated

metabolic exponents with significant elevation shift between groups, and the higher age class bran-

ches had the greater shift. These indicated that the age classes did not change the metabolic expo-

nents, but changed the metabolic constant significantly. The older branches had lower metabolic ac-

tivity than the younger branches.

Key words: Salix psammophila branch; metabolic exponent; branching exponent; allometry rela-

tionship.

BRI A A 4 B B AR A T Bl A
FEp BRI — R A0 A WAk 2 O AR g
TRIE T HE YA & PG IR G R oK, LA Sk 26 3 R A
APUANIECIE R, I P58 3 A= YA i Ho Al BT A
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TR A I B R AR ST A A Y S 1
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bolleana) /N 4% ( P. simonii) AE#E ( Hedysarum sco-
parium) M4 (H. mongolicum) /N33 )L ( Cara-
gana microphylla) Wl (S. matsudana) VP2 ( Elae-
agnus angustifotia) VY ANZE(Atraphaxis frutescens) %%
FEMEL (Amorpha fruticosa) 55 , K BRI 22 B XAk
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Table 1 Information of the branches of Salix psammophila
ik n BFEA AN LIREEL7/E s YR 2R Y
Branch age Branch basal diameter Branch length Leaf biomass Stem biomass Stem and leaf biomass
(a) (cm) (cm) (g) (g) (g)
1 40 2.4~12.1 45~258 0.3~12.3 1.5~69.6 1.9~95.8
2 78 4.0~11.4 84~262 0.6~15.8 3.7~57.0 5.1~90.3
3 111 4.9~14.4 130~281 1.5~42.5 8.1~117.3 12.7~192.3
4 67 6.0~22.4 72~271 2.7~79.9 13.7~294.2 23.0~486.7
5 32 9.1~26.4 120~305 2.2~111.5 24.7~183.4 48.2~489.1
=6 14 12.2~34.5 172~380 8.6~166.1 57.6~752.0 98.4~1754.9
PSR (6.01£0.32) m® PR RHRAAERECY 4000

(63+7) KL AR FF b 4 A BTRL, 42 e i 7Y A 2 A8
AL E ST RARIEA 53330 I B2 B R AR AR 42 8 A2
HEEAR (D) B (L) WOR 5 THEOR SR AR I JF 6
BAE 700 342 A AR R0 2R 53 0 BE R
MERAERR T 1~8 a, HT 6 a UL EASE R,
B LVATER 1A 08 G A [R] 0 PN A A AR B i
FEEARME R 1.
1.3 Hsibs

RBFEE(B) 5NEKN(M) & B=p - M1
FERRBOCER  TESZPRN F A AR 5 MR
P50 B Ak, 15 B D7 78 . logB = logB+alogM , i
TR ] H Al B B B RER (o) Fy Rl R
(logB) 43| R FRAEACH B S M4 Py K R 1R
IR A E A R S SRR A R/ NVRRIE
A IAR (D) FIEK (L) MAETE R R EOC R, 7
SR AR A 5 A RS T 02 Aox e Ak, 7531
Ji#E : logB=logy+alogD FllogB =logd+blogL. H:H a |
b VBB I R o3 SRR TR RO 43 S FEFR A AR
T =1/ (2a+b) , JHEWAFAEFRAL 53 SORBL (a =
1/2,b = 1/3) B, A4 4 165 2 AR 8 5 o = 3/

PAME A (M) AR R (B) 7 A
ANTRIE VDRI A A ARG F8 BN 53 32 46 B2z 5 of
BER(D) B (L) MAEYR(M,) , ZEEY R (M)
FZENF AR (M) PEAT LL 10 R iR A 0 Bk 4, oy
SCHRBC AR BT s Ak 32 2k 519 77 % ( standar-
dized major axis,SMA) 715, -2k T HE MBS (EH
F 22 Sk HU A K B0 AN [R) 4L 1R] SMA 2R o JE A7 AE
SR YRR R, T 2 R YRR
I, 20k ] Wald i 35 VA 50 53 B 20 [H] & 75 77
TE y FlEEE A SMA R Ty 10 Bk, JF kT 2 &
FeAE (a=0.05) 12020

2 ERESH

2.1 VPHIAA RSy e E

2.1.1 3R E 1/a R EREL S n b AL 32
BhoyHT (R 2) BB, TR R SRR 4
RIE 1/a 2 2.68,95% B AR IX [0 R 2.57 ~2.77, &k
ERTEOISAE 2.0 0 N AT I S 4, 6 ik
G SRR BN 2.64 ~ 3.24 P KT B
1B 2.0 5 X A8k 5 00 S T PR AG 6 % B, 1/ o 1 I 2R G

F2 DHIAERSZFEREHEITE

Table 2 Estimated values of branching radius exponent for branches of Salix psammophila

By R SRS AR R REFIEFE KB Common elevation test
Branch age Exponent Intercept with

(a) common slope 1 2 3 4 5
1 0.82%" 2.95""(2.57, 3.39) -1.81 -

2 0.74* " 279" *(2.48, 3.31) -1.74 ns -

3 0.71%* 2.83" 7 (2.56, 3.32) -1.77 ns ns -

4 079" * 2.64" 7 (2.36, 2.96) -1.84 ns ® ok ® ok -

5 0.67** 3.24% " (2.63, 3.99) -1.86 ns * * ns -
6 0.79** 3.07" *(2.30, 4.09) -2.08 * # ok * ok * % * ok
2B All 0.88** 2.67**(2.57, 2.77)

FA #HR Common slope 2.84" " (2.68, 2.99)

# P<0.05; * * P<0.01; ns: P>0.05. R*FF/R [A1IH & FR A 1 1 , 8 E00 2R 18 50U BIIR (H 00 22 57 o 2 1k, R PE A2 4G 96 91 36 7 1 B0 A i
)22 57 8 Pk The valued indicated significance of regression relationship in R? row, significance between the slope and theoretical values in exponent

row, and significance between the shifted of intercept at the y-axis with the common slope in the common elevation row. | [i] The same below.
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WEZER(P=0.59) , AR 2.84(95%C1=2.68 ~
2.99), 5HUE(H 2.0 25 B3 Wald K531, 7 4t
ARERET B IRH 7r SCEARH B y i 2 5%
(A7 RS 2 T HU A A PR, 6 I8 G N\ A S i A
RO 0 8 KT AL I, 5 I 4 2 i AR
RS KT 2 WG 3 Ik
2. L2 S KIERR S 1/0 T AR SHAK
FER SMA Z3HT (3R 3) R, 8B AA KL 1 43 LK
S%01/b H3.83(95%CI=3.60~4.07) , B KT
WIH 3.0. %W 73 S KBS 5L 1/6 4 2.86~4.30,
HP R 3 AEAA AN (1/6=3.75,95% CI =3.18 ~
3.42) , HARI gy L KRR B S FIG(H 3.0 T 3
25 RFIB LA R 1/ H 3.35,95% BASIX
(] 4 3.08 ~3.36, it R FHIS(H 3.0. 7 A R %
AR Y 2 W R A R L 2 R 17 )
SR ECN .
2.2 UDHIAARAR S £
A 5 2R A R ) SMA 38Tk E 1D
I B AR B A B T 0.97,95% & 15
X[E]4 0.94 ~1.00, 5 3 K THIBME 0.75. 53 A0
A Ja AR B THE Y B3 KT RS (E, HAE N

1.01~1.29; [a] JEPEAG 56 2 B, S [] % g A A A 36 A
B 1.08(95%CI=1.04~1.13) , 1 B FE R THIS(E
0.75. 7R AR BCT , AR £y 2 W3 1) 7 m)
5%, HS U I M R K.

BT SRR B 43 SR FE AR BOH A b
DA A A R AR 1 BR 0.99,959% 15 IX 1] Ky
0.95~1.02, B & K THIS(H 0.75;6 M L5
BT EAE R 0.94~1.13, ¥ B E R THISMH 0.75
(2% 4) A AR S B A4S THE AN SRR A7 2 1 0L
A(E1),R?=0.85, #1% (1.16£0.21) , 5 1.0 Z &
NTES
2.3 AR SRR A COCR

EJURERY/b e /F ORI W PSS
ARYIBE R >0.98, &R At A 525
YA AR K AR E0 0.99, S HIE(E 1.0 27
FH NS PR A S AR KR E0CH 0.98~ 1. 01,
B 2 WA HAR B X A A S BRI E 1.0, H 538
WA 1.0 2548 83 RIS AR ZE A ) 5
HEEYEMNHCERERAEAILGRAE 1.00
(95%CI=0.99~1.01), 5EE(H 1.0 T &£
(P=0.43) TESARIET AR 90 8 52 17 n]

xR3 DUNAERSZTRKERBGITE
Table 3 Estimated values of branching length exponent for branches of Salix psammophila
33t R? EiR AR AR A B HRES K
Branch age Exponent Intercept with Common elevation test
common slope 1 2 3 4 5
1 0.69" " 2.86™(2.36, 3.48) -6.81 -
2 0.51"" 2.92"(2.49, 3.42) -6.83 ns -
3 025" 375" " (3.18, 4.42) -6.74 ns *® -
4 045" " 3.56™(2.96, 4.27) -6.52 * ok # ok * % -
5 0.49* " 3.83™(2.94, 4.99) -6.43 * % # ok ® K ns -
6 0.60" " 4.30™(2.92, 6.34) -6.61 ns * ns ns ns
230 All 0.64" " 3.83" " (3.60, 4.09)

FA £ Common slope 3.35"*(3.08, 3.63)

x4 DUAERKHERGITENITERE

Table 4 Estimated and calculated values of metabolic exponent for branches of Salix psammophila

53k R? A AR AR HUE SRR HHE

Branch age Estimated value Intercept with Common elevation test Calculated value
common slope 1 2 3 4 3

1 0.87" " 1.03%7(0.92, 1.16) -0.82 - 0.97"%(0.84, 1.15)

2 0.84" " 1.0177(0.92, 1.11) -0.86 ns - 0.94*7(0.83, 1.08)

3 0.87"" 1.12* *(1.05, 1.20) -0.91 * * - 1.03**(0.91, 1.16)

4 0.86" " 1.06 " *(0.97, 1.17) -0.97 ok ok ok E ok - 0.96" * (0.84, 1.10)

5 075" " 1.29" 7 (1.07, 1.56) -1.01 * ® ok k% ns - 1.1477(0.91, 1.43)

6 0.80" " 1.18" *(0.89, 1.55) -1.19 ® ok ok ok ok ok ok % * 1.137 *(0.83, 1.55)

286 All 0.92" " 0.97"*(0.95, 1.00) 0.99" " (0.95, 1.02)

FA #HR Common slope 1.08 " *(1.04, 1.13) 1.00" * (0.93, 1.06)
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Table 5 Comparison of the scaling relationships of aboveground biomass versus stem biomass in different branch ages of
Salix psammophila

Eele R’ Bpx EGE e B RS K Common elevation test
Branch age Slope Intercept with

common slope 1 2 3 4 5
1 0.99** 0.99™(0.96, 1.03) 1.00 -
2 0.99** 0.987(0.96, 1.00) 1.00 * ok -
3 0.99"* 1.01™(0.99, 1.02) 0.09 ® ok ® ok -
4 0.99* * 1.00"(0.98, 1.01) 0.08 * * " % . _
5 0.99* * 1.017(0.98, 1.04) 0.08 - o 5 . -
6 0.99** 1.00™(0.97, 1.04) 0.06 * ok L * ok ® %k
22 All 0.99* * 0.99 " (0.98, 0.99)

FA #HR Common slope 1.00™(0.99, 1.01)

141
13} 11 line
3
> 1.2F
3
& E L1F
31 y=1.155x—0.074
1.0F R=0.852
039 10 1.1 12 13 1.4
HEE
Calculated value

1 PR B THE AT A G R
Fig.1 Relationships between estimated and calculated values of

metabolic exponent for branches of Salix psammophila.
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S AEARMEGE BT AR A A A R A,
THE VD WA AR A AR AR 8 5k 0.97 (95% CI =
0.95~1.00) , . F KT HIL(E 0.75, %45 WBE 4
PR e AR 250 5 HE AR VD WA E A A
BN A5 A /N RIS B0 T F 1.0 AL

A WBE A5 {5 15, 4B 1 43 SC R Bpk 5 Al
YIS, S AR 1/a 1/ 43 5 o B S
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1.04~1.13) , RIS AR 516 VO A= B AR K
LR

XFUPHI OGS PR RO R B, 3 4 ISR
SR RO RS, B 5 WS AR P T e ST
Bt WA RGBSR 3 R RPN A T )
iSRRI 2 T AR BRI B R AE 3
0 2t B A A 1L 5 (R A TR I SN AR A LA AR
R KL 1.08 mF, A B R ARt AR, HLIE
Pl B BE R A% % S i K (3% 4) , RWIBEHR
PRI U E BB PR T B 745 K
NIRRT P R R R O ]

XA R % 25 1) 0 SR FEAR B T A B B 3 %
PN, HAWE BN ST R R 176 5 BB {H
3.0 TWFEZES (K 3), MR 7 3R R4
HIFET o SR RO A A AU B 35 R T e (E
(K 4) ,RUIDHI ARy S AR BO A5 £
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B 1/3) , FEAFRERHIA 73 SR FEFR BN 2 kL
FEA I SOR RS B35 R T B H 3.0.3 4%
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