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Relationships between lamina size, vein density and vein cell wall dry mass per unit vein
length of broad-leaved woody speciesin Tiantong M ountain, southeastern China

XIONG Ying-Jie', YU Guo', WEI Kai-Lu, PENG Juan, GENG Hong-Ru, YANG Dong-Mei, and PENG Guo-Quan"
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Abstract

Aims Leaf size is a key determinant of plant ecological strategy, and leaf vein is the main support and transport
structure in leaf, which has an important role in the growth and development of leaf. The purpose of this study
was to explore the evolutionary mechanism of leaf size by analyzing the relationships among lamina size, vein
density as well as vein cell wall construction cost.

Methods In this study, 38 broad-leaved woody species were selected from Tiantong Mountain, southeastern
China. The leaf size was characterized by lamina area, lamina dry mass and lamina perimeter. The standardized
major axis estimation (SMA) and phylogenetically independent contrasts (PIC) methods were used to analyze the
relationships between lamina size and major vein density, minor vein density, total vein density, as well as the cell
wall construction cost per unit length of each order vein.

Important findings Our results demonstrated that: (1) Lamina size was significantly and negatively correlated
with major vein density, but not with minor vein density and total vein density, indicating that the small leaves are
generally with higher major vein density than those of large leaves, by contrast, the density of minor veins were
independent of the final leaf size as was the total vein density; (2) There was a significantly positive correlation
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between lamina size and the cell wall mass per unit length of major vein, while there were no significant correlations
between lamina size and the cell wall mass per unit length of minor vein and total vein, indicating that the biomass
investment in cell wall per unit length of major veins would increase significantly with the increase of lamina size,
while the biomass investment in cell wall per unit length of minor vein was independent of lamina size; (3) There
was an allometric relationship with the slope significantly greater than —1 between the major vein density and their
cell wall mass per unit length, and there was no significant correlation between the minor vein density and their cell
wall mass per unit length, indicating that the major vein density would decrease significantly with the increase of the
construction cost of the major vein. This is a trade-off allometric relationship, while the minor vein density was not
affected by their construction cost. These results indicated that the high density of major veins in small leaves is not
only the result of leaf shape regulation during leaf development, but also the result of a cost-benefit trade-off of vein
cell wall construction. The results of this study have unique and key implications for understanding the global plant
biogeographical trends of leaf size and the adaptation strategies of plants to the environment.

Key words leaf size; vein density; vein cell wall dry mass; allometry growth; broad-leaved woody plant
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Fig. 1 Phylogeny tree of 38 broad-leaved woody species in Tiantong National Forest Park.
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Fig. 2 Relationships between lamina area and lamina dry
mass (A), lamina area and lamina perimeter (B) of 38
broad-leaved woody species in Tiantong National Forest Park.
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Tablel Summary of standardized major axis estimation regression parameters for the scaling relationships between lamina size and vein architecture of 38

broad-leaved woody species in Tiantong National Forest Park

AR (yhe-xi)

Index (y axis-X axis)

Coefficient of determination (%)

A AR T i Lamina area-lamina dry mass

it B IR0 J 4 Lamina area-lamina perimeter
Tk - H 1A Major vein density-lamina area
FJk# - K Major vein density-lamina perimeter
F k& FE - AT i Major vein density-lamina dry mass
2 Ik - Jok B K FEE O A4 B U5

Major vein density-cell wall dry mass per unit length of major vein
SRR EAR K PR A 0 L T - TR

Cell wall dry mass per unit length of major vein-lamina area
TR A ) AR B T T R - A

Cell wall dry mass per unit length of major vein-lamina perimeter
F AL AR EE T T - T R

Cell wall dry mass per unit length of major vein-lamina dry mass

hRE R FHE(95% EAE X 1)) P
Slope (95% confidence interval)
0.081 1.102 (0.953, 1.274) <0.001
0.897 2.029 (1.821, 2.260) <0.001
0.893 -0.503 (-0.562, -0.451) <0.001
0.705 -1.021 (-1.226,-0.851) <0.001
0.712 —0.555 (-0.664, —0.463) <0.001
0.615 -0.699 (-0.861, —0.567) <0.001
0.554 0.721 (0.576, 0.901) <0.001
0.445 1.462 (1.142, 1.872) <0.001
0.412 0.794 (0.614, 1.026) <0.001
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Table2 Results of phylogenetic independent contrasts and ordinary regression analyses of lamina size and vein architecture of 38 broad-leaved woody species

in Tiantong National Forest Park

TR (yih-x) FREs PE REL
Index (y axis-X axis) Slope Coefficient of
determination (R?)

it T AR-# TP Lamina area-lamina dry mass 1.164 0.952

I F T AR K Lamina area-lamina perimeter 2.046 0.989
Rk EE - BT AL Major vein density-lamina area -0.440 0.985

F k% - F K Major vein density-lamina perimeter —0.898 0.971
Tk E - T & Major vein density-lamina dry mass -0.508 0.924
ik - 3 Bk B K 4T B BE T B Major vein density-Cell wall dry mass per unit length of major vein -0.817 0.923
ik A B A AN B BE BT - TR Cell wall dry mass per unit length of major vein-lamina area 0.493 0.897
Ik B K E 4T i BE T - R K Cell wall dry mass per unit length of major vein-lamina perimeter 1.010 0.889
Ik B K FE 4T i BE T - TR Cell wall dry mass per unit length of major vein-lamina dry mass 0.562 0.819

B )56 R I IE R 235 K F(p < 0.001)
All scaling relationships were significant (p <0.001).
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Fig. 3 Relationships between the major vein density and lamina area (A), lamina dry mass (B), and lamina perimeter (C) of 38

broad-leaved woody species in Tiantong National Forest Park.
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Fig. 4 Relationships between the cell wall dry mass per unit length of major vein and lamina area (A), lamina dry mass (B), and
lamina perimeter (C) of 38 broad-leaved woody species in Tiantong National Forest Park.
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Fig. 5 Relationship between the major vein density and cell
wall dry mass per unit length of major vein of 38 broad-leaved
woody species in Tiantong National Forest Park.
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Co et al., 2009; Scoffoni et al., 2011)—F. 5 —i%
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K R A A B AR R AT DASRAS BE A U & [l 4k, i A
T 2 I BEAE R it 5 BTSN W7 T2 O R 4 ik, AT
A FIT AR IR AN B Fh & AN [ (R PR 55

W KNS B G Ik 25 B2 2 TR)AS [R] B AR 40 0K &R,
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ARG KA K 7 A 3 B B, B ik
XTI S A2 R A B A R (McKown
etal., 2010), Jfr DA=E Rk 3 SO I F HA B3 B
S4 (Choat et al., 2005), X i = BkAE RIS H E KK
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Supplement I Lamina size and vein architecture traits (mean *=SE) of 38 broad-leaved woody species in Tiantong National

Forest Park
Yfip IV € TR EEK MRATRE SMBERE R Sk ES CEPAS;-3
Species Latin name ILA (cm?) ILP (cm) ILM(g) TVD(mem?) MVD  MVD(cmem?)  ZiffuiET 5 &
(cm em?) WMPMVL (ug em™)
HiAR Quercus serrata 19.88 +1.66 2451120 0.26 +0.02 96.80+1.87 3.15+0.16 93.48 +1.76 126.51 +6.13
fEA Sassafras tzumu 106.01 +16.43 56.78 £6.05 0.56 +£0.08 91.24+293  1.28 +0.06 90.81 +2.88 311.68 +£14.18
AR Quercus acutissima 84.46 +£6.67 4991+148 0.68=+0.05 101.51+141 1.52=0.07 100.1 +1.38 296.09 +10.10
B kA Acer pubinerve 46.29 £6.16 5197 444  0.29+0.04 103.46 £4.95 246=+0.10 101.19+4.94 118.66 +5.87
ey Litsea cubeba 14.03 +0.64 20.19+1.24 0.08+0.01 79.51 +6.92  3.36 +0.03 76.02 +6.94 86.19 +0.71
K E B A Acer acutum var. tientungense 39.00 +1.10 4597 £151 0.21 +£0.01 100.33 +2.44  2.49 +0.06 98.03 +2.46 119.29 +2.50
N llex micrococca 4757 £3.88 327105 0.33+0.03 8044+106 1.68=+0.06 78.67 =1.03 196.86 +7.59
sy Emmenopterys henryi 179.47 +£29.00 57.08 £3.81 127 +0.21 5292094 0.77 £0.03 52.06 +£0.95 617.87 £34.15
= Magnolia denudata 96.05 +14.98 43.17£3.05 042+0.07 36.21+2.04 1.26%0.08 35.00 +=2.08 227.83 £16.35
A Vernicia fordii 196 £32.54 56.07 £4.91 1.64 £0.27 90.71 +6.96  1.02 £0.09 89.84 +6.99 229.22 +17.36
AR Hovenia acerba 74.99 +11.17 38.22+3.08 1.24+0.18 83.83*255 1.60=+0.15 82.58 +2.63 129.90 +11.96
#nr sl Symplocos anomala 14.99 +1.26 1897 +0.93 0.16+0.01 67.00*1.65 2.66 +0.08 58.41 +1.72 110.42 £2.79
Ft Elaeocarpus decipiens 22.29 +2.56 23.17+115 0.22+0.03 80.85+1.08 2.35=+0.13 78.36 +1.17 164.14 +9.49
KA Osmanthus fragrans 25.59 +2.23 2404112 0.27 £0.02 7821244  2.10=+0.09 76.11 +2.44 100.13 +8.57
byl Lithocarpus harlandii 39.33 £3.14 2998 +1.33 0.61+0.05 76.56+1.94 2.33+0.10 74.49 +£1.93 189.99 +8.55
TR Magnolia grandiflora 109.65 +15.02 46.43+£3.19 1.28+0.17 60.80=*1.61 1.29=+0.10 59.37 +1.61 287.60 +42.87
A H Photinia glabra 10.83 +1.66 1568 +£1.09 0.16 +0.02 91.41+0.87 3.99 +0.29 87.49 +0.97 75.31 £5.28
faii Machilus thunbergii 30.45 +2.46 27.01+1.40 0.36 £0.03 78.01+4.30 2.56+0.13 75.5 +4.33 238.11 *11.2
ik Daphniphyllum macropodum 22.36 +1.65 21.26 +£0.97  0.24 £0.02 56.26 +1.26  2.56 +0.10 53.72 £1.21 142.70 +6.06
24 Castanopsis fargesii 29.55 +0.40 28.01 +£0.64  0.31 +£0.01 102.27 £2.60 2.67 *=0.05 99.60 +2.62 170.74 £2.77
PIRE il Diospyros morrisiana 21.05+1.90 20.80 £0.55 0.26 +£0.02 8347 %548 2.13+0.15 81.41 +5.58 72.80 +£4.92
FPATES Symplocos stellaris 28.17 £3.57 2782228 0.39+0.05 6595+2.09 253+0.20 26.30 £2.27 60.64 +9.39
KA Schima superba 31.12 £3.25 2559+1.72 040+0.04 71.38+7.10 2.34=+0.06 68.81 +7.10 164.46 +4.31
KAk Castanopsis carlesii 7.69 £1.00 1477 101 0.11+0.01 116.15#235 475035 11159 %+2.35 92.16 +6.35
H X KR Cyclobalanopsis glauca 18.99 +1.45 21.41+1.02 0.27+£0.02 114.88+3.69 3.30+0.12 111.56 +3.67 48.68 £3.31
17 Camellia japonica 2473 £1.34 21.96 +£0.60  0.34 +0.02 51.9+114 1.94+0.10 50.10 +£1.14  237.46 £10.47
B Symplocos sumuntia 39.88 +3.84 33.49+0.94 0.34+0.03 6047+149 2.01+0.13 58.41+1.39  136.92 +8.61
T H AR Viburnum odoratissimum 4732 +£2.01 33.08 +1.14 0.58 £0.02 40.10 +0.57  1.69 +0.03 38.45 +0.56 174.30 +£3.24
R Castanopsis sclerophylla 30.63 +£1.58 29.04 £1.21 040+0.02 92.76 +£1.45 2.47+0.08 90.64 £1.45  172.62 +5.85
W& Michelia maudiae 74.02 £7.06 4137 £3.78 0.64 £0.06 28.84+1.04 1.30+0.07 27.54 £0.99 567.61 +£25.70
75 X Cyclobalanopsis gracilis 14.65 +1.32 19.66 +£1.36  0.18 £0.02 101.81 £2.73  3.21 +0.15 98.57 +2.60 77.38 £6.59
N X Cyclobalanopsis myrsinifolia ~ 16.32 +2.17 2252 +124 0.13+0.02 91.77+2.82 3.12+0.21 88.82 +£2.93 160.50 +25.38
g Myrica rubra 20.76 x£2.32 2351 +143 0.21+£0.02 55.61+0.94 2.41+0.12 53.20 +0.94 121.38 +11.44
=17 X Cyclobalanopsis sessilifolia  10.74 +£1.30 157 +099 0.19+0.02 94.16+230 4.18+0.15 89.95 +2.27 69.17 £4.53
WA Phoebe chekiangensis 41.49 £2.42 36.5+0.95 0.33+0.02 12254+138 2.10+0.09 120.44 +1.38 150.01 +6.49
I Cinnamomum camphora 26.64 +4.42 2327 +182 0.26+0.04 85414290 2.31+0.15 83.09 +2.86 203.62 +15.08
FE A Acer cinnamomifolium 12.32 +0.93 18.19 +0.91  0.10 £0.01 68.8 +1.06 2.94+0.06 65.81 +1.02 113.42 +£2.32
K% Manglietia fordiana 68.28 +6.15 41.02+295 0.70+0.06 71.06+1.85 1.54+0.08 69.53 +1.80 281.77 £14.85

ILA, individual lamina area; ILM, individual lamina mass; ILP, individual lamina perimeter; M,VD, major vein density; M;VD, minor vein density; TVD, total
vein density; WMPMVL, cell wall dry mass per unit length of major vein.





