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Allometric Relationship between Tree Height and Diameter
of Larch Forests in China
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Abstract 184 plots from larch (Larix Mill.) forests across China were sampled to characterize the height-
diameter relationships and investigate the effects of structure and climate on them based on the power function H =
aDP. The results showed that the height-diameter relationship differed greatly among species: b-value of Larix
gmelinii (0.65+0.11) and L. olgensis (0.68+0.10) were significantly higher than L. mastersiana (0.51+0.17) and L.
potaninii (0.54+0.15) (F=2.34, P=0.026). These differences were significantly influenced by mean annual
temperature, but no statistic relationships were detected between stem density, total basal area and mean annual
prepetition against b-value. These results indicated that as mean annual temperature increased, a higher proportion
of biomass was allocated into diameter growth than height growth (R*=0.09, P<0.001).
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7). A& A (L. principis-rupprechtii) (45 M FE
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7). BrEvE AL (L. sibirica) (14 MFE) . KA
12 (L.chinensis) (22 ™#E77) . P4 £ 42 (L. griffi-
thiana) (4 MEH) . WIZ A2 (L. mastersiana) (18 4>
FEJ7)FIZLAZ (L. potaninii) (14 REDT) (B 1 FIZE 1),
A H LT AZ AR 4 N EE DT (800 m?) , AEAL I A Ak 2
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RUITTERE s Z24FF- 171 B2 (mean annual tempera-
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HEAT BN 27 2553 AT, A g AR AN [m] P A AR ] 1)
Z 5o R — M4 M (general linear models,
GLM)#R VIR o % B . S v B AR, AR 3R
ERFK S b EMASCCHR . BT SRS Ltk
%l (generalized linear mixed model, GLMM), LI#k43
WEE L S T AR L AR R S e T, DARE
J7 B FAE R BENLE -, BT B X b A5
Wi, SEiH43 M {1 SPSS 11.0(2001, SPSS Inc., USA),
Matlab R2015a (The MathWork Inc., Natick, MA,
USA)FI R 3.0.3 A4 (http://www.R-project.org/).
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Fig. 1 Location of study sites
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Table 1 Location and structural characteristics of the 184 larch forest plots

i) Moy TEMZ TR, RNRETERY

LY ZHIE/(°N 2% /(°E TR /m " -
( ) ~T. ( ) ﬁ% (** - hm 2) cm m (mz. hm_z)
PLAETEHL
t-cg H? = 48.05~52.86 121.51~129.23 279~1114 54 1576.2+£727.7 14.245.5 13.243.6 27.65+7.13
Larix gmelinii
FE N
HER ﬂVA 42.06~42.41 127.96~128.43 652~1851 13 1314.1£646.7 19.2+£8.0 14.245.5 46.16x15.77
L. olgensis
fedbigntin
L. principis- 39.61~41.33 114.75~117.51 948~2650 45 1396.5+699.6 17.94+3.8 11.1£2.6 30.90+8.02
TUPRreOntl
¥ L SR [T \
fﬁffi;n 43.31~48.68 86.79~93.68 1460~2680 14 1100.0+£352.0 22.8+5.0 16.0+4.0 32.56+5.57
j(E.éI*Z. 33.92~33.99 107.76~107.79 3100~3300 22 1034.8+478.2 18.742.4 8.2+1.1 32.77+16.82
L. chinensis
s ks
Em’l_b_ 29.29 95.35 3250~3750 4 1212.5+455.2 18.3+£12.6 9.1+4.1 20.44+8.71
L. griffithiana
(YIEaw 7
. 29.38~31.88 101.55~102.98 2730~4002 18 1417.6+755.1 24.6£9.8 12.2+3.9 27.96+16.51
L. mastersiana
AR
LIT)/Otani i 27.11~32.77 100.22~103.92 2790~3868 14 1373.8+£847.7 25.2+15.2 12.34£3.8 26.80+17.74

UL Moy B . PR MR | ST R AR AR e v T AR 14 O S S (B R v 25 (SD)
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N 2 AT LUE Y, 184 A7 A AR A B 1Y
-2 M R S AR TE R 2 R (GR 2)0 T
BE, WA BT 25 i 72 3 Bl 6.3~53.4
cm. ¥ MAR A R AE HIAE = B RS L AL
TR, W/IME HBAE PO LT A2 K . Z0 A2 AR 7 2
RAE 8 P AR K (25.2415.2 em), H I H Y
JI £ 2 #K (24.5+9.8 cm) 1 5 55 9% A8 AR (22.7+5.0
cm), V- 34 M A i /DN B At 4L Vg AR (14.245.5 em),
HApy 4 Mg mERN AR, FHMHETE 17.5~19.5
em Z [0 o B KB HEE, # LT AR
Y fe K ) 42 B f 5 (59.4+17.2 em), P4 i 40 42 bk
(29.9+20 cm) A Ak, Hi4xy 6 Fh i A iG55 K i 42 7
BIMETE 32.5~45.0 cm Z (8], M BIMRAK K R s vk
WRARAR . DUJIZTAZAR . KA, LR, %%
A /N Sl [ A /Y N

T W R BRI v A A YE L 5.2~26.7 m.
Horr, BrE v A BRI F- AR i A {E f e (16.044.0
m), 6T AN PR (14.245.5 m) B 2% 22 9% i B Ak
(13.2+3.6 m)IRZ, KHLFZHFR(8.2+1.1 m)FFH L1

MR O.144.1 m)R Ak, HAWFAEZA K, i
JEIEA R e KA R Ya R 8.0~38.0 mo Fe KA i Al
R v N SUAE L, R BRI i AA AR (30.8+
6.9 m)fx e, HHETE I ARK(24.445.2 m) R4 TR T
FAM(24.0+3.9 m)IRZ, KHLZLFZM(13.4£2.4 m)Fl
VUL AZMR(15.345. 7 m)R Ik, HARBA TR EEF
22 EMMREEYNEE-RESXER

WE 2 Bros, ¥ ks e AR A i M A2 - s OC &R
P B R BT I R IR BOE R (RP >0.6, P<0.001), Ak
PRVLCA X AR, i T AR 2 1 I 42—
PR H=2.8D" (R*=0.21, P<0.001). Hf A [a] k4 Fi
M, HJed PR (b [E) R, 7 0.70; E4E
TE AN FUBT SR I SR Z, 108 0.67, & T VU R AL
F2(0.49)FIL142(0.52); KELAZ . WL FINSETE
AR b BT W2 25 5%, 4300 0.60, 0.61 F1 0.61,

F T bR BIORE 8 BE A8 A i b A AR AN [ 95 I R
O3 B T A A 1R D 2R, T DA A A R 43 S A 4L 4
T E A BE 7 (n=184) 75 I HA B 42 15 B 35 114 7 bR B G
Fo SR EoR, Hod 182 ANEE DT By I AL i A2 A
E R E RO R . R E T a R R
B, 846 7% AL (0.68+0.10)F1 2% 22 7% #4065+
0.11)1Y b {H 3 & T HARRFD, Mty s, 1Y

R2 EMBRMEAEETHEENSHE
Table 2 DBH and height characteristics of eight larch species in China

FRpRIm FEIT L SEH MR /em F AR Mt /em SEHII B /m I KB /m
. 14.245.5 38.3+11.7 13.243.6 24.0+3.9
P - AU VNN 54
6.5~43.4 15.4~66.8 7.2~26.7 15.8~34.0
19.2+8.0 59.4x17.2 14.245.5 30.846.9
HEAETE T FARR 13
12.1~37.7 33.1~91.5 6.8~26.4 14.0~38.0
17.843.8 32.5+8.9 11.0£2.6 16.2+3.4
ALV RARR 45
10.3~26.9 16.9~75.8 5.2~175 9.5~25.4
) 22.7£5.0 44.9+11.7 16.0£4.0 244452
SHREVE I FARR 14
12.6~28.9 27.1~68.8 9.9~24.8 17.7~31.7
) 18.6£2.4 42.4%12.1 8.2+1.1 13.4£2.4
FNEEAR N 22
15.4~24.7 27.9~80.0 6.5~10.8 9.1~18.0
18.3£12.6 29.9£20.0 9.14.1 15.3+5.7
VLT AR 4
6.3~33.9 10.8~54.1 5.6~14.4 8.0~22.0
24.5£9.8 43.3+15.7 12.243.9 16.9+3.4
DU LT AZ AR 18
11.5~43.8 22.2~72.6 7.1~19.7 11.8~23.0
25.2+15.2 42.1421.7 12.243.8 17.9+4.1
EAW 27 (N 14
7.9~53.4 23.7~89.8 6.2~21.6 13.2~28.8

B B A R {E bR 22 (SD), Fe/IME~R K fE .
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Fig. 2 Allometric relationship between diameter and height for larch forests in China

JIELAZ MELAZ ) b(EBAK, 40 5 R 0.56+0.23 .
0.51+0.17 F1 0.54+0.15, 4% 3 g ntFafy b EHC
WX HImIEFA A 0.61£0.15, KHLZEN
0.60+0.17 , PHILLAZ N 0.64+0.26 (F=2.34, P=0.026,
W2 3).
2.3 IMBEREFIEMARE- RS X RN
24 B L RN R AR SR
BE L ARREK RS M AR e R AR b (E R
MXRE R BN, b [ES5FHEE B 7
XX FA(R=0.09, P<0.001), HAAIREEH TSGR
7 A M AR R R 0GR b (B S H) R S (P>
0.05) (& 3). FEIEATE MR A WAL BT Z 0, Jext
BB N F 217 H2 IR #% (Pearson) & 20 HF, &5 %
AR 49 7 B 5 AR R K A B 2 AR DG (r=0.51, P<0.001),
HHAMKEF IR ERRGR 5), BONBRKEAKEF, L

MO L MR AR L AR O [ E I,
YRR DT M BEHLIN T, Sr IR A LR XT b
TG

LNEIR GBI AT R o, R S e
e O 2R =2 M) 5 2 A SR O 56 &R (P<0.001), 1 H:
b R 3 X A e ) R S A TG B3 R R (3R 6)
afe R S R B b H SRR A W3 1 i ok
KA, UHITERETE X IR, AR 2 B AR, b {E i
e, X2 A AR TR R AR, MRS
T2 e (AN ZR A 3 DX 2% 22 5 WA A B AR T AR )
AR IR B R, b (EDRAR, AR TE 22 04 A= W T M
AR, BARTE 2508 Tt (EL 10 P g 3t Xy 1|
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Table 3 Comparison of the DBH-height-relationship among
forests dominated by eight larch species in China

TSR a b FEA
PLLETETRA 2.71(1.24)° 0.65(0.11)* 54
HAETE TR 2.26(0.80) ™ 0.68(0.10)* 13
Ayt 2.96(2.20)" 0.56(0.23)° 45
BT A 2.64(1.32)™ 0.61(0.15)™ 13
KELK 1.59(0.80)" 0.60(0.17)™® 22
PURLIAZ 1.64(0.90) ™ 0.64(0.26)™ 4
(il[Eaw 2.93(1.88)* 0.51(0.17)° 18
Eaw 2.56(1.42)™ 0.54(0.15)° 13
T LATAR a Bl b oK 22 5 B M (P<0.05), 55 WELTF s
A 22 (SD).
x4 AEFBEEFIEHREE-HESXRDENERE

Table 4 Effects of environmental factors on the b-value in
Equation of logH=a+blogD for larch forests in

3 Tt

FT A 8 AR b v XL b 7 A ) F 5 2
TREAS 1) o A e G 2R 32 B B ) Wl e, B A
ARG W30 P 3 R, T 22 9 AR i O TR 0 I T
A, BT R, (HE B0 X 75 it A ARk A T
BT, FLJRAE I R B B IR 43 - G
F 5 H AR RURR], 242 35 mHAA RIS BE (M 12
DBH FIR = H (1 HE) 5 el a0 i 56 20,
BT BE R AR, 262 7% A Y il A2 ) v O
5 HAM BRI R, AE IR E 250 2422 I AL
(R B4R ) 1 G R 7 A o R, HLAR R TR ARG, WY
RIS T4 . Huang 252050 KBl /R4 #5
A (49—60°N) 3= SRR T 1 W 42 540 1o 19 56 &R
H=aD® 5 4l &, Hh i Edm b 450
0.80, TMAMFFH Y b {EH K 0.54~0.68 (% 3). Huang
SRR S XA 26 i N AN Y b 35 v T AR SO
FENT 4, RIWFSE X HmIEYS, HMARIER S, X

China FEABFFEAE R
T R P FR A BIF R, JK o3 S 2 R e i A R OC R
P AT <0.001 0.961 Bl E K o SR, T 22 0 AR W e B R A3 TS TR
B .~ [10,13] S = av B
PO oo roso B KO, RSO REKRE b (TR, T
. T A58 % 4 X R BE 19 R TR] . Callaway %517
AEHIREE 0.090 <0.001 o
. R ECT I AV B A BEAR, PR AE BT K oy A P 22
T no wE S, LKA IS B R, REATE A
12
[ ]
o0 &
081 *® " y oé LY ®
o3 80 e b
< o.%ofo“ Qe ¢ °
041 o (O °
2¢§1° .
0
0 1000 2000 3000 0 30 60 90 120
PRG35 BE /(B hm 2) v T TR/ (- hm2)
12
[ [ ]
08
- .
0.4 y
0 R*=0.09, P<0.001, n=182
-10 -5 0 5 10 0 300 600 900 1200 1500
SRR/ C fEREK F/mm
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Fig. 3 Relationship between environmental factors and b-value for larch forests in China
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Table 5 Pearson correlations among structural measurements
and environmental factors for larch forests in China

WEEH Y MM SesWimE AR AEROKE
oy 1.00 0.09 —0.08 —0.13
SIS 0.09 1.00 0.08 0
AESIRIE -0.08 0.08 1.00 0.51
AR -0.13 0 0.51"" 1.00

#: * 0.01<P<0.05; ** 0.001<P<0.01; *** P<0.001,

*6 ZNRERFLZUERSEUSTER
Table 6 Summary of generalized linear mixed model
for effects of environmental factors and struc-
tural measurements for larch forests in China

W1 f&iHE  DF T P e
R 0.607782 178 6.52 <0.001 ok
RO -0.000006 178 —0.29  0.770
J s W TET AR 0.000347 178 035 0.720
ARH -0.013421 178 —3.80 <0.001 ok

1 * 0.01<P<0.05; ** 0.001<P<0.01; *** P<0.001,

WERIRM T AR, UHRIEK iz . Martinez
USRI S b A THEVEE (Y PRTE SE HERT, TK A3 IR IR
12 DX Hls A A K R o AR AR TR
SRELL BB AR BTSSR, B AR TR BB M X K

1.2

O3 R AR B i o AR A BRI P 7, (R AL 8t X
e b DA TE 22 5, LR DX K 53 25 A RN A 7 AR
TR S, ACSE T bR A AR R R O AR A2 AR H i
F8 2 T A5 T 52 4T [ K A B2 WA /), e i U 32 47
R K e R R o ASBIF S v BT BB AR AR IE S 23 A1
TACSE R BT /R ZE LA R AL de, & AR AR 7K 3
FAFRIRT RAF, XA 5 R A AR

BORARSCHIFERYIE 8 Mg, H 204 i [
ez, (EUR MR R ALY 0 RS B A, &
BT T IV IR AR M, HL OB, A=
BB B —, B EERAE, IR W 50 vh BR AR 3
i JEE A, LA PR35 [N 7 R BEAT R i A B G 2™
ENTE S

4 ZHig

ASCHIBTFELE R 1) [ v A& A R B
Mz 18], BoAe—R AR SE R RO JE—2 HIREZR
AL HBIX B 2422 75 I A MRRT B A8 75 AR AR B AR SE A K
F A (b fH) 25 R T 3 I VP g 3t XA T 20 A2 AR
LMK, RIEWAE S T MR, FEMAESE
TORUE: 2) ko3 B AN s e AR A A AT A
REMEREVE AR AR RD Z ) b (E A 2S A28 5% 3) v it
AR L DXCAR R0 B 119 22 5 AT B S BN [A) i A
b A2 1o 56 RAFAE 22 5 A BN . R TR

(a) DLy A (b) FEALIE M2 (o) b2 (d) FrmgE -
[ ] o o 0‘ [ ]
0.8 0. <. * ® * o ) * :.
g * Cen Cave ® e o ‘o e
< o ° .» Iy .. . : ° % e .. - . ® o
0.4 . Ses g o« ®
o ° @ ;
> ¢
R*=0.09, P=0.031, n=154
75 3 0 a4 2 0 3 8 4 0 4 4 2 0 2
FEIR B/ C FIWEE/C SFEBRBE/C SEBRBE/C
1.2
(e) KA ® Zﬁﬁﬁfﬁ (e) )4z (h) 4042
s
08 e . ° ; %o ¢ . .o .
© L4 ' b 3 i [y o *
e °° o o o0y * . . °
0.4 | . o . .
° o * b
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Fig. 4 Relationship between mean annual temperature and b-value for larch forests in China
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