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Variation and trade-off of twig and leaf traits of different shade tolerance species

in Xiaoxingan Mountains
XIE Shuwen, JIN Guangze, LIU Zhili

Center for Ecological Research, Key Laboratory of Sustainable Forest Ecosystem Management-Ministry of Education, Northeast Asia Biodiversity Research

Center, Northeast Forestry University, Harbin 150040, China

Abstract: The response strategies of twig-leaf traits to resources varied with plant growth. Exploring the variation and
correlation of twig and leaf traits of different functional tree species in different diameter classes is of great significance for
understanding the variation of plant functional traits within species ( diameter class) and between species ( shade tolerant)
and the response strategy of plants to resources. In Liangshui National Nature Reserve of Heilongjiang Province. Small,
medium, and large trees of shade intolerant tree species ( Betula platyphylla and Betula costata) and shade-tolerant tree
species (Ulmus japonica, Tilia amurensis, and Acer mono) were selected. The volume-based leafing intensity, twig cross-
sectional area, twig dry weight, individual leaf area, total leaf area, and total leaf dry weight were measured. One-way

analysis of variance (ANOVA) was used to test whether there were significant differences between different diameter classes
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and different functional types. The method of standardized major axis (SMA) was used to test the effect of diameter class
and functional type on the correlation between twig-leaf traits. Result indicates that; all shade-tolerant species had greater
twig and leaf traits than shade-intolerant species, except for twig dry weight; all shade-tolerant species had the largest twig
cross-sectional area in large trees and the smallest leaf area in middle trees; there were no significant differences in twig dry
weight, total leaf dry weight, and the volume-based leafing intensity among different diameter classes of shade-intolerant
species, while all shade-tolerant species had significant differences. As the diameter of the tree increases, there is a positive
anisotropic growth relationship between twig cross-sectional area and leaf area for different shade-tolerant species, with the
exception of shade-tolerant species, where there is a common slope between twig cross-sectional area and individual leaf
area; the volume-based leafing intensity and individual leaf area for different shade-tolerant species have a common slope of
—=0.51 and -0.47, and the anisotropic growth indices of twig cross-sectional area and total leaf area and total leaf dry weight
for small and middle trees are significantly different from 1, while large trees are not significantly different from 1. The
results showed that different shade-tolerant species and their resource acquisition strategies differ between different diameter
classes, with all shade-tolerant species showing a resource acquisition strategy at the small tree stage and a resource
conservative strategy at the large tree stage. The shade-intolerant species showed a fast growth strategy compared to the
shade-tolerant species, and the difference between shade-intolerant and shade-tolerant species gradually disappeared as the
diameter level increased. The results provide a new perspective on intraspecific and interspecific interactions during forest

succession.

Key Words: shade tolerant; diameter class; variation; trade-off; twig-leaf traits

R D RE PRI e RV AL M S i A g 8 MO ELRERS ELEE S W A ) A B X T4 A EE
o7 SRS AU S M | S A A (A AE R B UG ) ELAS PEAR IR AR LI R A ELAE L, R R Bl i 7 R 5 40
Bro MEROEA PRI T B R, HR /D (AR B ) ARSI A IR B RA — 2 BK 4y
B AU S FERE Iy BN (K B MR I AR ) 58 0 0 25 () J LA RO AR BE 0 8RS 2
AEAINBCRAB P XTSI AE A ISR TR 22— , LA RS (L RS S MR W 9 AR K A A7 SR T 2%
MR A P B A AR ) S SR AP A AR N AR S — MR U, ol W) 28 55 g 0 P 28 55, AT i a0 A 5 K Bl 9 2
S5t L e A S () A5 TR B TR IR S T IS AT A AR TR/ (R ) e e A i PR A
BUfE 5 A FRiEE

b1 52 H RIS AR AN [RT T BT 1R B Ao S 0 5 o ) 2 S 19 2 AR R 2 — o B DGR o R 7 A o
DG SR 53 W 07 SRS A7 2 7, SR A g S i 0 AR R SRR 7 TR () DG S Kl ) O A — il
THORR L R A B IC A RE S TSR R Ay T IS P, LA AR R R DA B AR S I A g
T3 AT B AR o I SR BT AR, A X Ol Y R IO W, 8 L 5 e R AL I A A A K R
At E A BT A TSR ARG R B A A A R AT D R e
{1 7 SR A 22 B 22 K A AR A 202 T R R IR A AR , S [) A R ol it o A e PR ) 2 55 S e 1 A
W S 4 A R A AT T B U3 TE R AL SR 22 LA 5 3R /AR A A LU R B A K sy ot
TR AR A 25 I IR/ VR B4 B ARIBOR I > B WA 10 A K R I A R B 4 TR 1Y A T
AR o5 B B S X AR SRR 3 BB 3 0 414 B8 v 1) R, RS e % /N T JE A R B A9 A ik ol
TR R I A BE VAR B SR w2 72  Me AR A R B — S bR A Al LR AU S W AR T, L
KT HEAGS RE f (/R R S AR ) A ] Tk 5 P AP A5 728 S R A S, A P AR ) o 25 i e il
HEROCR BHTIAFAEGR 2 o RI, 25 iR A R ] P bR A S5 bk W A2 BRIV BT ] i 72 S ok A K
FEBO T AL LA A A v s A2 S AL S s LA T 8,

INLEW S S AR AR A A TR X, A A 25 A A A S ) R 0, T S0 A A A e e v A (D i

http ; //www.ecologica.cn



9316 xR 43 4

BRI PR 08 28 S KR ] A DG O R AR L X R MR B B 2 AR R 2 A EEE L, A
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Table 1 Summary information on DBH for sample trees

R Fh S I FAERT A

Species Parameters Small tree Middle tree Large tree
FHE Betula platyphylla #9742 DBH/cm 5.6+0.3¢ 18.8+1.4b 41.0+2.2a
WHE Betula costata 4% DBH/ cm 4.9+0.9¢ 17.3+0.6b 41.8+1.8a
FAM Ulmus japonica §#% DBH/ cm 4.0+0.7c 17.8+1.7b 42.4+1.6a
LA Tilia amurensis J#§#% DBH/ cm 4.40.6¢ 17.7+1.5h 43.0+2.8a
AR Acer mono #9742 DBH/cm 3.8+0.6¢ 17.2+1.8b 41.3+2.2a

DBH ; }fil %5 4% Diameter at breast heigh; [Rl—#Fh AR [a]/INE 71 2R B 42 28 R W AR R RIAEAE I35 22 57+ (P<0.05)
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Table 2 Effects of functional type and diameter class on twig-leaf shade tolerance.

(E2ON 24 i B 1 (ee) R
Trait Parameter Shade tolerance Diameter class Intercept
BT AR Estimate Std. 0.05 0.00 0.47
Twig cross-sectional area P 0.00 "~ 0.00 *** 0.00***
L g Estimate Std. 0.21 0.00 0.73
Individual leaf area P 0.00 *** 0.13 0.00 ***
AR Estimate Std. 0.24 0.00 1.44
Total leaf area P 0.00"** 0.48 0.00 ***
BEN) i Estimate Std. 0.15 0.00 -0.50
Total leaf dry weight P 0.00 *** 0.00 *** 0.00 ***
et Estimate Std. -0.13 0.00 -0.75
Twig dry weight P 0.00 "~ 0.09 0.00 "~
H i Estimate Std. 0.25 0.00 -1.20
Volume-based leafing intensity P 0.00 *** 0.39 0.00 ***
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Fig.5 Differences in the relationship between twig-leaf traits of different shade tolerance
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