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( 1. Hubei International Scientific and Technological Cooperation Center of Ecological Conservation and Management in Three Gorges Area,

Yichang 443002, Hubei, China; 2. Hubei Zhengjiang Environmental Science & Technology Co. Lid., Yichang 443002, Hubei, China )

Abstract; Disanthus cercidifolius var. longipes is a rare and endangered plant distributed only in the southeast area of
China. In order to research the allometric relationship of leaf trait, characteristic of leaf resource utilization, and their
changes with ontogenetic development and altitude gradient, we investigated and analyzed allometric relationships among
the lamina mass, lamina area, lamina volume and lamina water content of D. cercidifolius var. longipes plants at different
developmental stages in D. cercidifolius var. longipes communities distributed along altitude gradient in Jiangxi
Province. The results showed that there were significant different allometric relationships among plants at different deve-
lopmental stages. The increasing rate of lamina area was lower than or equal with that of lamina mass in adult trees,
meanwhile the growth rate of lamina area was lower than that of lamina mass in saplings and seedlings; The lamina vo-
lume and lamina mass of adult trees grew at the same rate, but the lamina volume of saplings and seedlings grew faster
than the lamina mass of them; The growth rate of lamina water content was slower than that of lamina mass in adult
trees, meanwhile the growth rate of both characters grew at the same rate in saplings and seedlings. Altitude gradient also
influenced the allometric relationship among leaf traits. The allometric relationships between the lamina volume, lamina
water content and lamina mass differed significantly among altitude gradients. At the low elevation, the lamina volume
and lamina mass grew at the same rate, meanwhile lamina water content grew slower than lamina mass. At the high ele-
vation, the lamina volume grew slower than lamina mass, and the lamina water content and lamina mass grew at the same
rate. These results suggested that the investment strategy of leaf resources of D. cercidifolius var. longipes changed with
the change of ontogenetic development and altitude gradient. The adult trees of D. cercidifolius var. longipes invested more
lamina biomass in the development of light-harvesting area and assimilation structure, meanwhile the saplings and seed-
lings mainly invested lamina biomass in the development of vascular tissue. As the increase of altitude would increase
wind and light intensity, and change physicochemical properties, D. cercidifolius var. longipes plants tends to increase
the lamina volume to capture more resources at the middle and lower altitudes, and tends to strengthen the construction
of machinery and vascular tissue to resist external interference at the higher altitude.

Key words: Disanthus cercidifolius var. longipes,

developmental stage, allometry, resource utilization strategy,

Jiangxi Province
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FAU] AL A L Y AR [] — R PR A Dy 3 AN
[F) PR35 1 7 A= A [A] & B Y A9 45 M (Huey et al.,
2000) , He—PEARA A VR AT Lg% ﬂlﬂUﬁ
M o { AR BE BRI AT #E 4R (Pigliucei, 2001)
A A HR R AR R — R R B AR X A= %?Kﬁ?
T PR AE AH X AR K R 1 B 42 ( Bertalanfy
1999) , 2 iy igt £ T DR 1 — R AR E P, ABL W
) e 1 5 R K il £k 3F b (La Barbera,
1989) . AHWIAS B By S A & HU S UL AT 28 4
A& HAE B X E 0y R A A] ¥ P (McConnaughay &

Coleman, 1999) | M AN [F] A EE T, S 8 A4 K il 26 1Y
K AR FLOE Y 2 R A] 9 (BT EE M A5, 2007)
FEA) B S 3 AR A 5 A W 3 TEE R 0 X 5 R )
FH AR S 0T 24 55 1) TR 253 1 HR A R T o % )
B9 & (Bertalanfy, 1999) , X 48 £k 5 # 24 K 198
KAV BN I G, AAECLEBBEINESR
GLFEN & Z I, ALEpt s 2 7R A
IKFE( West & Brown,2005) . M F 24 P #E 175t
HGEESE, K e AL E Y REAE KA
EERiOE7/)oie S A G S = B7/ PO P 8 8/ S
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AR AR S B e R SRR 9 48 B, B A5 1 09 AR AL
W H M R A K R R A 45 AR Al (] R i 45
2013 ;47 [E—%%,2018) , L, i B PR R K
KRN THY AR EFRGHR S, H
R, 56T PR 7 ol 1] 7K 7 b e 488 DL ( Wiright
et al., 2004 ; FLA K5, 2011) , i F N K B BF 5T
FFARZ UL (Milla & Reich,2007) , #HYIM HIE K
AL AT RE R H R BR K /N AR 1k, 7T REJ2 R 3R 5
B IR Y A8 Ak i Y ( Weiner, 2004 5 2R 2 9 45
2019) , BFFEAIR & & B 3 AR 4 i IR ] A S R
ARKRER L e A KOG R BEAE Y & B 128 1k,
A FEAE D AEAS R A BE 258 B PR ) AR 4 O6 &R
1) 2 S AT Bl T 48 7 AEL ) I R % 0 08 2% R AR Ak 2
EATAE ] SR AR AL, UL AR W R X 9% 5 4% 1R AR
AL 1R 87 ( Lleonart et al., 2000) .

K W W 48 K ( Disanthus cercidifolius  var.
longipes ) J& 4z 2 M Bl ( Hamamelidaceae ) X 1L K J&
( Disanthus ) () —Fp Z £ JE M RER . LA E R
SR F i SR g LR AU T H A K
WRAEA 22 8 - H A A X R BB AR, 1%
JBTEIR R KR AL A R Ge K T AR WA DAL AR
eyl TR Sl P 2 - S VA T
1992) , %W Fp oA XSk /N | AL T 55 40—
AT HLIX BB oA R AR PR R
2013) , KWW AEAFE R 2~6 m,4 A A,
10 A FA)7&EM (B0 ,2015) , B8 AK TR N
600 ~ 1 100 m [ F & @ i AR A0 £ R i TR 22 Ak
(i 3% & 4%, 2013), 1B AR W B AR (B R B,
2010) . H AT, K F KAWL A A= 25 24 J5 i 19 A
5%, FEALEFETE X RFRAE S A i gt 1 2R (K
B 2013 W E AR 2014) FREEAEYIE (N H
A ,2004) 55 AR UL AR BUAE A IR (R) S A
KRB & B A8 5 A BR 55 0 AN ) 17 22 £k Y A
KB5E . AR AE R M AL b 8 T 4 4>
A3 ULV 28 R [0 B 1) AR BURE A B 9% A Sk
FEXTGE VA S BT T X SRR R OR R & F B B
A RUAE A FE AR A 0 7 1T AR o AR i e 5 K
Mg TERZENFHEERER, BE: (1) 5460
AR & B B AR S A I JPiR 5 A K
KAMZES Rz PR e AR & F By B 585

FIIT7 A EE AL 5 (2) 508 3 A T A TR 4 2
APRSCAE A AR B P U 1] S5 3 A Il 2 A9 22 1, 45
PHX R AL RE 75 5% BE A MR B0 n] S 8 i
Wy bkt BEURUAR D0 A2 A By i 7 B A5 5 SR AR A

1 MR 57

1.1 KRR

AW BEBEVL PG A I X LT AV 4 P T
B AR B H s, I 7E o X & T I 44
PR A AR E R 14.2~17 °C MK E A
-10 ~ =6 C,F A 38 ~ 39 C  AFEBIRE RN &t
A 1852.6~1 875 mm, I3 NEIE — BRI
(ZERRAE,2014) o X P A S0 200 A 4 Ay 0 By
B LR AR (i AR, 2016)
1.2 HihiFE

i B A S 3 0l AR S XD L A 0 L AN ()
TRFAR A FE e R 40 1 5 405 4 A5 Ry B AR ) AV U AE AR
HEVE MBEFE RS (6 1) ,2017 4F 8 A 43 5% 45
T (AR SUAG AT HE 1) i Dy e AR 24T T 25 A0
A, TR KA BUE AT V& th 0 0 3 B A KA
It R T 25 T R A R A 9 A B AR B (5
>4 em, W E>3 m) A (B 1~2 m) % 10
PROZIET (AR 0.3~1 m) 15 BR( M B2 55,2004
k4S5 ,2013) o B PUZR P R L YA W] D5 )
FIRE A% LoRERK TR EaE AKRT
M5 10 B (ZIERES F) , B REIERE KN
XAEARM | 275 [, Horb iRy 100 7, 244 100
FLETH 75 Ao BERAE B R AR XU AR I R il
FEPT R R E f ug 4t el B B B4R A, A Il &
W, BEATI A
1.3 It Thee AR HE AR A9 ZE

ABFFE RS T KA AL A I 1 AR AR
T8 DA K 5 K 2 DO AN 8 A g AT 0 e, ot
F TR BT AR ) Y O B il AR B T ((Ackerly et
al., 2002), M AR B 36 T A B 10 25 A W
( Roderick et al., 2000) , M F & 7K & | G245 fz wke i
Fr AR B8 15 BR A2 B ( Roderick et al., 1999) .

B RER M BB T KR 7E S C R4
PR ACE 12 h, B JE PR g4 Tt 3R 2
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Table 1  Environmental condition of plant communities of different sample plots
A B A0
N o Soil physicochemical properties
AR & e %73
Altitude Mo gk A b Altitude ,
deere ’ Location Coordinate (m) ’ ok i 2 W
ceree Water content HH TN TP
(%) (g-kg')  (g-kg")
(5273 I Rk B 113°54'06.79" E 579 24.05 5.12 2.388 7 0.800 1
Low altitude Jinggang Mountains Qilichuan  26°47'09.06" N
rhiE Ik XL A AR AP X 114°11'23.12" E | 851 32.87 5.09 2.782 4 0.829 7
Middle altitude Jinggang Mountains 26°33'06.13" N
Nature Reserve
R PN ZE W 1Ly 116°20'59.27" E, 1102 17.05 4.99 2.5390 0.903 9
Medium-high altitude Fuzhou Junfeng Mountain 27°12'37.71" N
e TR oM ZE 0 1L 116°21'29.54" E, 1281 16.22 5.08 3.380 4 1.327 7
High altitude Fuzhou Junfeng Mountain 27°11'49.98" N

IKGF AEAEIE R 0.01 g 1Y HL 5 RF B FR i 15 B4
MEEE  FAEEE R 0.01 mm AL T iEdhs R, U
A EM K A e HE 3 A S (RS S R K2
0.25 cm) MRS B 3 A 50 F S (EAE N — A
M B #) J& & ( Cornelissen et al., 2003), F Win-
RHIZO 2 & 53 #7 & 4% ( Regent Instruments Inc., Jll
R AR A, RS R AR T 105
CFAT 15 min, F 60 C FHT £/ 72 h, i
3R15 M 1 H ( Pérez-Harguindeguy et al., 2013) ,
Horp  HARBU(LY) = MR (em®) xRS (em)
MR &K (LWC) = (I 7 10 0 52 - 7 )
(g)/M A1 EEE (g) X100% ( Cornelissen et al. ,
2003) .,
1.4 HIES W

Xof 2% T A g A A A R PEIR SR B R P 1
18, ¥ B VEZAR 7 IR (E SR 5 545 0 R
PERE LL 10 S S FE AT % Hic e 4, 17 HC i e 1 28500
TG HAT T, 55 A KT R y = anP i Ny
XTEFIE K logy = loga+Blogy, HH x 55 y FIRA
6] Ry PR AR, B s RER B S i AR K H B, 2
B 5 1.0 A B k22 S i, ity MR Ta] g e S A
KX &, B bR AE £ Bl B IE (Standardized
Major Axis,SMA ) #4731 55 ( Warton et al., 2006) ,
FF R A Pitman (1939) B 5 T E H AR P B S X
), AR A RS 1.0 220 B FE M,

Warton & Weber(2002) $2 H B9 77 7 318 R R 1) 57
e, 2Rk ) g SR 3 ] A (e B R
post hoc Tukey ﬁﬁ?%ﬁ“ﬁiﬁf) o BT IFE R
B (3.4.4) 1 smatr A BEAT, T A 2146 56 1
B EAKFH M «=0.05,

2 EREA

21 HEAREMHFENEKXR

KARBALA [ it 18 B 5 it T EAAE AR LR E B
BHRA B ENMRELR(K2) BARLE
B BB AR I T AR I ) S A R S B g
o B ) AR Ak T A T 2 5, BRI TR 5 T R Y
RERAEA R A W 25 1k 22 5 (P<0.05) (& 1,
2 3) AP RSO T S IR R RS R B
HERFE K 0.43,5 1.0 EF B EF (P<0.01) ,£M
A K O AR IR R I R AR 25 RN
B ERE K 117,15 1.0 TR FHEER (P>
0.05) , FRI Ny 553 A= K C & 5 ) RN 47 1 B B i
AR 5 i T Y R R A A T 4K R)C S 2 M 2
S, Hr g (9 2 6] R 0,99 (95% AR X [A] .
Cl=0.82~1.21) , 4 By IR &R 0.77 (95% &
fFIX ] C1=0.64~0.92) (E 1,5 3) ,¥5 1.0 22
i (P<0.05) RISl AE KGR,

RN K T Wy BERE AN TR) R4 1] A XUAE A
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x2 ARABREREMRKBNEARERMHERBRETH(SMA) QDEFSHTSH
Table 2 Parameters of the Standard Main Axis (SMA) regression for leaf traits of Disanthus cercidifolius

var. longipes plants at different developmental stage and altitudes

o LA-LM LV-LM LWC-LM
i H [E7
[tem Altitude N
#HE Slope R” % Slope R? % Slope R’
LR 1 0.35(0.18,0.71) 0.16 0.64(0.36,1.16) 0.41 0.59(0.35,1.00) 0.54
Adults
2 1.16(0.65,2.07) 0.43 1.65(1.00,2.74) 0.58 1.17(0.67,2.04) 0.49
3 0.51(0.27,0.95) 0.31 0.59(0.40,0.89) 0.74 0.67(0.45,0.99) 0.75
4 0.85(0.65,1.13) 0.88 1.37(0.96,1.95) 0.80 0.71(0.39,1.32) 0.36
QJ]M 1 1.22(0.89,1.66) 0.85 1.82(1.29,2.56) 0.82 1.20(0.76,1.90) 0.67
Saplings
2 0.92(0.69,1.22) 0.87 1.48(1.02,2.16) 0.78 1.29(0.93,1.80) 0.83
3 0.59(0.34,1.02) 0.50 0.82(0.45,1.16) 0.63 0.81(0.56,1.17) 0.79
4 1.50(0.89,2.54) 0.55 2.14(1.28,3.59) 0.56 1.74(1.03,2.96) 0.54
%EE 1 0.62(0.37,0.14) 0.56 0.74(0.41,1.35) 0.39 1.04(0.81,1.34) 0.90
Seedlings
2 0.72(0.47,1.11) 0.70 1.17(0.66,2.08) 0.44 1.34(0.66,2.71) 0.12
3 0.90(0.53,1.51) 0.56 1.47(1.07,2.02) 0.84 1.13(0.62,2.06) 0.39
4 0.81(0.63,1.03) 0.91 0.97(0.77,1.23) 0.91 0.81(0.60,1.09) 0.87
7
éATlK 1 0.76(0.62,0.92) 0.75 1.20(0.99,1.47) 0.73 0.84(0.72,0.99) 0.83
2 0.70(0.60,0.91) 0.84 1.08(0.92,1.28) 0.82 1.18(0.97,1.43) 0.75
3 0.59(0.50,0.69) 0.82 0.73(0.62,0.85) 0.84 0.69(0.59,0.81) 0.83
4 0.65(0.57,0.75) 0.88 0.83(0.74,0.93) 0.90 0.90(0.81,1.01) 0.91

T LR 2. TG 30 PRI 4. SR LA R LML T E; LY. AR LWC. I EKE; R IRE R
B 155 AR 959% 0 B {F X TR, i A 722 & 22 [H] 3 e 4 58 (P<0.05) . R A,
Note: 1. Low altitude; 2. Middle altitude; 3. Medium-high altitude; 4. High altitude; LA. Leaf area; LM. Leaf mass; LV. Leaf vo-

lume; LWC. Leaf water content; R?. Determination coefficient; 95% confidence interval of slopes are shown in the parentheses, signifi-

cant correlation were found between all two variables( P<0.05). The same below.

(SR RO B 3 22 7, BRI Rl 0.66 (95%
BEIXE . CI1=0.61~0.72) , 5 1.0 2% B F (P<
0.05) , RICHFHAKIKLR(EK3),
22 HEBREMHFENEKXR

FARAAEA 1) it AR B T 5 7 AN W] R & By
BRI A B ENMHCKR (K2, BARLE
B B e AR AR I B S R KOG R L Vg
P BE R A AT A AL AR ZUAE A RS B i AR
5t RN W R ) B 2 R
(P<0.05) (& 2,3 3) H AR 19 58 5 500
M5 1.0 TREW2ZF (P>0.05), F I &4
KGR (F2) . SR RLIH By B ik i 5 0 T

RIS IR N JC W 22 5 Hod 4R
LR AL F R 1,67 (95% B A5 X [[]; Cl = 1.46 ~
1.82) , 4y i SL ] BHR A 1,04 (95% B {5 X 1] .
C1=0.86~1.28) (K 2,%£3), 5 1.0 25 B F
(P<0.05) , KIH Jy g KLR,

AR E B B, KA SAE A i R RS
MR A S AR K TR BOE A RV AR R A 2% R
(£ 3), HA R F RS 8
) 5 e 2O R 22 5 (P>0.05) , 2L [R] &5
1.13,5 1.0 T FEHZEZF (P>0.05) , 2 HERK
DEFR 5 TR TR AR v Vi 3R 1 S o A RO W 3 M 2
F(P>0.05) , F:FEAFE KR 0.79, 5 1.0 H B EHMEE
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TE: a. RS b 4B e S, BEML 1. fRIEIR
R 2. Pk REd 3. PR FE 4. iR, TR
Note; a. Adults; b. Saplings; c. Seedlings; Plot 1. Low altitude;

Plot 2. Middle altitude; Plot 3. Medium-high altitude ;

Plot 4. High altitude. The same below.

BT AS[RIEE SRR | 0B 04 e - TG AR
PR E KRR
Fig. 1 Allometric relationships between leaf area and leaf
mass of Disanthus cercidifoliu var. longipes adults, saplings
and seedlings distributed at different altitudes

S (P<0.01) R S AR BER(E 2),
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©
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9 T T T T
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B2 AN TRV TSR AR | 4 A 40y i (AR
HitTE KGR
Fig. 2 Allometric relationships between leaf volunm and
leaf mass of Disanthus cercidifolius var. longipes adults,

saplings and seedlings distributed at different altitudes

BRI B E MK R (R 2), BN ARE
B B 1) S5 S48 BOCLE AN TR AR (B) 34 G . 3 1 22 5% ( P>
0.05) . WA Y SR L3R 0.72 (95% A5 X IH] .
CI=0.56~0.94) , Ry LRI RHR A 1.20(95% EAF
X[H:CI=0.97 ~ 1.48) , 4l i 0y 2L [7] &F K 0.97
(95% B {Z X[ .C1=0.80~1.17) (& 3,3 3) , Hrh
R LR RR S 1.0 2573 B3 (P<0.05) , S 5H
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Table 3 Test for heterogeneity of the slope of leaf trait relationships and the common slope for each developmental stage

1393

LA-LM LV-LM LWC-ILM
A R Rl e
ST S SRR SRR
Grou FX AR [SR= YN FX AR EL b Paa ik EL -
P Common ST . P Common 5L . Common s .
Jope Heterogeneity slope Heterogeneity slope Heterogeneity
siope of slopes o of slopes o of slopes
JA Adults — 0.01 — 0.00 0.72 0.26 0.02
(0.56,0.94)
I Saplings 0.99 0.06 0.01 1.67 0.16 0.01 1.20 0.22 0.10
(0.82,1.21) (1.46,1.82) (0.97,1.48)
DI Seedlings 0.77 0.72 0.00 1.04 0.18 0.03 0.97 0.41 0.26
(0.64,0.92) (0.86,1.28) (0.80,1.17)
4B All 0.66 0.21 0.00 — 0.00 — 0.00
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TE: P RERS 1.0 25,

Note: P. Difference between slope and 1.0.
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) AR T AR R B Al AT A M, DL R B
I Al ¥E A7 KK 38 #& ( Charles-Edwards, 1979;
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ARWFFE AR A i 1 AR T A
R T8 DL R 8 K i 5 T A R A R
BHAEY RRFRBAESKENBEARKER,
TESTE AN A By B, ih T A S R R K
KR HAR/NT 1.0, A 5+ 5 2 5 E K
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SR G, AR R AR RS R T
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W AR T Y S AR KOG R R R I
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Fig. 3 Allometric relationships between leaf water content

and leaf mass of Disanthus cercidifolius var. longipes adults,

saplings and seedlings distributed at different altitudes

BRI WO BREOR B, XK 5375 SR #5 m
(ZEWRLLAE 2013) o i 1 B A 80K 7K o3 i ik 3]
W A DA R B AT O A W R LR 4 A
YRt ek i 2 ny Ay ] TR AR R A
(Poorter & Evans, 1998, Garnier et al., 1999) , i H
Tt R R Ak 4 35 B ek D A5 B TS K (1shida et
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T E A B B TR R B B, A A
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Az R 2 B 722 b U B AR ) X6 B B AR b LA B KRR
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