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Vertical variation of leaf functional traits in temperate forest canopies in China
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Abstract: Vertical distribution of leaf functional traits is common in natural forest communities. However, how leaf
functional traits vary with the vertical canopy height is still unclear. Here, we selected eight common tree species ( Pinus
koraiensis Sieb. et Zucc, Fraxinus mandschurica Rupr, Juglans mandshurica Maxim, Acer mono Maxim, Quercus mongolica
Fisch.ex Ledeb, Carpinus cordata Bl, Betula platyphylla Suk, and Carpinus cordata Bl) from temperate needle and
broadleaf mixed forests in Northeast China, and measured six conventional leaf functional traits ( specific leaf area (SLA) ,
leaf dry matter content ( LDMC ), leaf nitrogen content ( N), leaf phosphorus content (P), N :P ratio (N :P), and
chlorophyll content (Chl) ) under nine different canopy heights, to explore the variation of leaf traits with vertical canopy
height of the canopy and its underlying mechanisms. Our results showed that: 1) leaf functional traits of the tree species

were significantly different among the different canopy heights; 2) SLA, LDMC, N, P, N:P, and Chl showed different
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trends with increasing vertical canopy height. SLA of broad-leaved species decreased, whereas LDMC of all tree species
increased as the vertical canopy height increased. Moreover, N, P, N :P, and Chl of different tree species varied with
increasing vertical canopy height; 3) there were significant positive correlations between SLA and N, P, N:P, suggesting
that higher SLA with higher N, P, and N :P could optimize leaf photosynthesis in the canopy. This study explored the
vertical variation of leaf functional traits along canopy height in natural forests and expanded the scope of research on
traditional traits. Furthermore, our findings could optimize ecological modeling in the future, to detect canopy height more

effectively through the use of remote sensing or radar.
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Table 1 Main characteristics of the eight selected tree species( mean +SE)

o H@?{ DBH K 52 7o B BN
Tree species Mean dlatmeler o Mean treeheight/m Nlea.n cronn Number of plants
breast height /cm height/m

LTH8 Pinus koraiensis Sieb. Et Zuce. 34.222.6 18.9+1.4 12.1¢1.3 6
JK AN Fraxinus mandschurica Rupr. 29.9+7.9 21.9+1.6 11.6+1.3 7
MMk Juglans mandshurica Maxim. 30.4+2.9 21.2+1.1 11.5+1.8 6
(B R Acer mono Maxim. 33.9+2.9 19.2+1.1 12.4+1.6 6
25 KR Quercus mongolica Fisch.ex Ledeb. 30.322.7 21.3£1.0 12.6£1.5 6
KW Populus ussuriensis 32.2+3.1 22.2+1.4 11.8+1.3 6
FIHE Betula platyphylla Suk. 29.6+2.5 22.6+1.2 13.2+1.7 5
T-&:Afi Carpinus cordata BI. 28.5+2.2 20.1+1.3 12.2+1.1 6
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SIEM3 A, HPREBE S 0.01 mm AU FAR - RO s I JEL B2 IBCHP 208, 3O 5 - i o (OF 2
0.01 g) , F HP Scanjet G3110 341 ( Hewlett-Packard Development Company, PaloAlto, USA) $14# Frf it A 1ai
FX, W FH Image] #k{F ( National Institutes of Health, Bethesda, USA) i1 M AR, HH T K FEFREEYFH 20
5 AR R EE (RS2 0.01 ) ,RJG7E 85°C M HLT 48 h = E, i ilfr T8, RAYLIKE /RN 4
N S R RBP4 P& s, IE T L W3R 2, 3 48 b TR A0

Fem AL (SLA ) = M R AL (m?) / RT3 (kg) (1)
T4 )5 & (LDMC ) = i 7 T8 (mg) /M o if 5 () (2)
N (mg/g)=MF 2R (mg)/ M T (g) (3)

P (mg/g)= M4 (mg) /M TH (g) (4)
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Table 2 The measurement methods for each functional traits in leaves

FEFT Indicators M 5E 75 Measurement methods 5 7= X Denotative meaning
Ho M TR SLA I HP Scanjet G3110 F9# (AR R B, B S By %) 48 35 AR 5 R T AR A R Dl
Specific leaf area JH Tmage] B AFH3 0 IR BRI 4
YR LDMC . ; WA PR 0T WO e T, 2 R AR B - L3
Leaf dry matter content Rt L FRAE A 00 $5 45
MR AESE N A I s 2R L I AU S35 2 A W Y AR AR | 3R 4010 3R B S B
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L A L - o RARG W N PATTTEIN §
l‘iliﬁz;P 4B B ST FE AT H (0 ﬁg&ﬁz RGP AR | F% 50 18 35 K A B
MR ZE & 4 Chl FH Minolta SPADS02 M-4¢ (X B E BRI i IHER R AR MG & 1 0 B2 45 M, wT LR
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SPSS 17.0( SPSS, Chicago, USA) ,fEKIE Sigmaplot 12.0( SystatSoftware , San Jose, USA) b 5e i, &M
K37k ¥R P =0.05,
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Table 3 Effects of tree species and canopy height on leaf functional traits

$547 Indicators LDbMC SLA N p N:P Chl
F P F P F P F p F P F P
FEFf Tree species 2.795 <0.001 22.825 <0.001 38.677 <0.001 12.623 <0.001 6.022 <0.001 4.764 <0.001
= & Height 3.280 0.039  3.764 0.025  2.398 0.315  2.476 0.086 1.162 0.315 0.373 0.689
fﬁjj:ijc-%:steight 0.748 0.724  2.031 0.017  0.720 0.133  2.100 0.013  1.446 0.133  0.923 0.525
x4 FENHHRIEERERRDEEBLHNESR
Table 4 Leaf functional traits of different tree species in different vertical locations
PR Traits Vi e PN ELE AN L7 Tt BiHk AR
O AR T2 16.75£2.40b  80.80+23.83b  11.35+9.24a  76.12+2.48b  4.81+1.35a 7.69+097a  187.63+26.40a 31.78x11.39a
SLA/ cm? 2 2081x341ab 96.0£1040ab  12.90+2.66a  83.17£2.96ab  533+044a  10.11x1.99a  217.35+20.04a 34.27+8.8%
T2 21.95:2.02a 110.4+26.24a 13.79+1.93a  9.31+1.70a  6.69+0.63a  11.61+1.87a 223.39+19.71a 25.32+4.64a
T FJZE 411.79+14.14a 43321£3.07a  418.2+31.70a  440.90£22.67a 451.78+11.72a 434.34+6.71a  482.24+6.54a 496.28+17.74a
LDMC/ (g/kg) 2 405.93+8.09b 419.64+4.20b  41638+9.11a  440.42+12.63a 448.44+5.80a 395.23+10.93b 428.13x12.16b 492.12+11.58a
T2  385.55+7.51c 381.73+4.56c  388.60+4.6la 417.78+13.71a 416.96+18.15a 371.55£5.73b  421.37+13.78b 490.0+14.63a
AEHN/ (mg/g) FJE 21.14£0.89b  2344+045¢  2335:£031la  25.06+0.65a 13.62+0.73a  21.11+0.14b  31.15+0.53b  14.68+0.36b
HIZ  24.20+£1.57ab 26.99+043b  22.81+0.33a  23.06x040b  14.412043a  23.18x0.16b  32.39+0.34ab 14.13£0.27b
T2 2725+122a  29.67£0.59a  22.97+025a  23.39+0.19b  14.55+0.49a  24.87+0.56a  33.23:+042a  15.56+0.20a
e 9= 1.45£0.05b  1.55+0.04b 1.44+0.09a 1.68+0.22a 1.23+0.05b 1.60+0.03b 1.85+0.04a 1.10+0.06b
P/ (mg/g) T2 153:005a  170+004a  140£003a  1.32#003b  1.30£0.02ab  1.71x001b  189+0.03a  1.11x0.04b
TE 1.46+0.03ab  1.76+0.03a 1.48+0.03a 1.44+0.03b  1.37+0.02a 2.04+0.04a 1.92+0.02a 1.31+0.04a
N:P T2 14.51£0.31b  1521+043b  16.57+0.98a  16.21+1.26b  11.45+0.73a  13.19+0.07a 16.94+0.38a  13.79+0.58a
2 16.05£0.93a  16.12+0.34ab  16.46+0.40a  17.62+0.30a  11.50+040a  13.54+0.12a  17.16+0.22a  13.42+0.51a
TZ 18.84+0.89a  16.88+0.37a 15.59+0.24a  16.49+0.20ab 10.82+0.37a  12.20+020b  17.37+0.23a  12.61+0.35a
£ 2 i TJZE 4073:066b  42.61£4.49a  44.17+2.04a  45.00£1.14a  41.14£1.07b  36.21£143a  41.63+3.10a —
(Chl, SPAD) FE 3925:048ab 41.79£1.25a  41.49+0.8lab  43.85£0.72a  46.09+047a  38.03x1.23a  43.76x1.32a —
T2 3801x046a 39.09£1.52a  40.90+0.59b  43.63£0.67a 4521+0.96a  37.18+1.44a  44.69+1.66a —
[ 51 54l LA A [R] 5 B3 ke ) 25 e A (2% (P<0.05)
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Fig.2 Changes in leaf functional traits along the vertical height of forest canopy
Hrp = P<0.05; ** P<0.01
x5 MHpggEREHEEXR
Table 5 The relationship among leaf functional traits in forests
LDMC SLA N P N:P Chl
LDMC 1
SLA -0.155 1
N -0.080 0.662 " 1
P -0.185 0.467 ** 0.782"" 1
N:P 0.089 0.329 " 0.405"" -0.126 1
Chl -0.038 0.259 ¢ 0.089 0.031 -0.044 1

* P<0.05; " P<0.01
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Fig.3 The relationship between specific leaf area and nitrogen (N) and phosphorus (P) content
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