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Abstract

Aims As vascular plants evolve from ferns to gymnosperms and angiosperms, their physiological structures and
functions are assumed more adaptable to arid environment. Whether the three plant groups from early to late
evolved lineages have improved their water transport and use efficiency has been studied on the basis of the mor-
phological structure of leaf veins and stomata.Moreover, the water transportation rate was directly measured in the
angiosperms. Therefore, we measured structural and functional traits related to water relations in all three plant
groups simultaneously, to test the hypothesis on the evolutionary process of plant hydraulics.

Methods We selected three species in each group grown in South China Botanical Garden, Guangzhou, China,
including ferns (Dicranopteris pedata, Cyclosorus parasiticus and Blechnum orientale), gymnosperms (Podo-
carpus macrophyllus, Podocarpus nagi and Taxodium distichum) and angiosperms (Manglietia fordiana var. hai-
nanensis, Sindora tonkinensis and Bauhinia purpurea).

Important findings Sapwood and leaf specific hydraulic conductivities (K5 and K, respectively), and leaf con-
ductance (Ke.f) significantly increased from ferns, gymnosperms to angiosperms. However, no significant trends
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were found in transpiration rate (£) and intrinsic water use efficiency. Meanwhile, neither the size and density of
stomata nor wood density showed significant difference among three plant groups. The hydraulic functional traits
(Ks, K and Kiea) had significantly positive correlations with each other, but had no relationships with the two
measured structural traits. Phylogenetic independent contrasts analyses showed that the coordination between Kg
and Kj.f, and between Kg and E were independent of the phylogeny. Based on the nine vascular species, this study
demonstrated that water transport related traits are improved as vascular plants evolved, and the co-evolution be-
tween water transport and transpiration traits were identified. For further study, it is necessary to consolidate our
data with investigations of more detailed water-transport structures in more species from different evolutionary
lineages.

Key words functional traits; adaptation; water transport; phylogenetic independent contrast; correlated evolution
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Tablel Summary of the nine species from three evolutionary lineages in this study

Y il 1] i
Species Abbreviation Family
BRIAEY) Ferns TSFH Dicranopteris pedata Dp H 5%l Gleicheniaceae
BT Cyclosorus parasiticus Cp 4R Thelypteridaceae
YR Blechnum orientale Bo S LA Blechnaceae
HTHEY Gymnosperms WM FA Podocarpus macrophyllus Pm B kAR Podocarpaceae
Y14 Podocarpus nagi Pn B FARE Podocarpaceae
YEPIK2 Taxodium distichum Td A2F} Taxodiaceae
#FHEY Angiosperms HFIAYE Manglietia fordiana var. hainanensis Mh A2%FL Magnoliaceae
RutimAE Sindora tonkinensis St 7%} Fabaceae
£8EH Bauhinia purpurea Bp EF} Fabaceae
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Fig. 1 Comparison of sapwood-specific hydraulic conductiv-
ity (Ks), leaf-specific hydraulic conductivity (K) and leaf hy-
draulic conductance (Kl.,r) among the nine species from three
evolutionary lineages (mean + SE, n = 3-5). Letters on top of
each bar in the right column are HSD multiple comparison
results, the phylogenetic tree of the nine species is drawn at the
bottom. See species abbrivations in Table 1. Fern, ferns; Gym,
gynosperms; Ang, angiosperms.
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Fig. 2 Comparison of leaf transpiration rate (£) and intrinsic
water use efficiency (WUE;) among the nine species from three
evolutionary lineages (mean + SE, n = 3-5). Notes are the same
with Fig. 1.
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Fig. 3 Comparison of stomatal area index (SPI) and wood
density (WD) among the nine species from three evolutionary
lineages (mean + SE, n = 3-5). Notes are the same with Fig. 1.
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Fig. 4 Correlations between sapwood-specific hydraulic conductivity (Ks) and leaf hydraulic conductance (Ke,¢)(A, B), and leaf
transpiration rate (E£)(C, D) among the nine species from three evolutionary lineages. A, C, traditional cross-species correlations; B, D,
correlations among phylogenetically independent contrasts. In A and C, data are mean + SE (n = 3-5), Pearson correlation coeffi-

cients (r) and p values are reported.
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YotA A S 285 1 FH B 38 B2 (Sack et al., 2003). 2%
WEFCHIOMAEYD, AN EIE A ) B K SPIoE R R I
R A S, X IEAREE TR I .
BTN RIEE R, i SN AL AR
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