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Frost-resistance of subtropical evergreen woody plants: An evaluation based on plant func-
tional traits. XU Yi-lu'”, YANG Xiao-dong'*, XU Yue'?, XIE Yi-ming'>, WANG Liang-yan’,
YAN En-rong'* (' Department of Environment Science, East China Normal University, Shanghai
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Abstract; Evaluating the frost-resistance of evergreen woody plants is of significance in guiding the
species selection in forest management in subtropical region. In this paper, an investigation was
made on the functional traits (including specific leaf area, stem wood density, leaf area, leaf dry
matter content, leaf relative electrical conductance, and twig wood density) of 64 common ever-
green broad-leaved and coniferous woody plant species in the Ningho region of Zhejiang Province,
East China, after a severe snowstorm in early 2008 , aimed to select the evergreen woody plants with
high ability of freeze-tolerance, and to establish a related evaluation system. By using a hierarchy a-
nalysis approach, the weight values of the functional traits of each species were determined, and an
index system for evaluating the plants tolerance ability against freeze and mechanical damage was
established. Based on this system, 23 evergreen plant species with high tolerance ability against
freeze and mechanical damage, such as Cyclobalanopsis gilva, Cyclobalanopsis nubium, Neolitsea
aurata , and Vacciniuim mandarinorum, were selected. In the meantime, on the basis of the orde-
ring with each of the functional traits, the ordering of the tolerance ability of the 64 plant species
against freeze and mechanical damage was made, and a list for the frost-resistance ability of the
subtropical evergreen woody plant species in Ningbo region was constituted.

Key words: evergreen woody plant; plant functional trait; frost-resistance; mechanical damage-re-
sistance ; plant selection; evaluation index system.
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Table 1 Plant species list and frost-resistance ability for 64 subtropical evergreen woody plants in Ningbo region, Zhejiang

Province

EIN YU VKR AE I (E TR/ MR U S VKR AR ) (E
Tree Value of frost- Shrub/small tree Value of frost-

resistance ability

resistance ability

Kh# Castanopsis carlesii

¥ Castanopsis fargesii

W5 kE Castanopsis sclerophylla
FHE Cinnamomum camphora
¥ Cleyera japonica

M2 FF X Cyclobalanopsis gilva
X Cyclobalanopsis glauca

e Cyclobalanopsis myrsinaefolia
zWFF K Cyclobalanopsis nubium
¥ X Cyclobalanopsis stewardiana
A& Daphniphyllum macropodum
g SRR Distylium myricoides
g Elaeocarpus japonicus

FLIE Elaeocarpus decipiens

LI Helicia cochinchinensis
KM Hex latifolia

K75 llex purpurea

Gk Lithocarpus glaber

KA Lithocarpus harlandii
I HR Litsea coreana
HFIARETF Litsea elongata
IR Machilus leptophylla

21 H# Machilus thunbergii
WL AR ZETF Neolitsea aurata
LA AR Osmanthus cooperi
AR Phoebe sheareri

LN Pinus massoniana

KA Schima superba

IR0 Styrax suberiflius

SR LA Symplocos heishanensis
JE R # Ternstroemia gymnanthera

0.37
54
58
37
39
62
54
54
73
54
30
40
33
24
27
48
50
51
60
37
48
44
49
53
56
49
71
66
47
27
26

e

ERIR Camellia fraterna 0.40
WA Camellia oleifera 27
WMik1e Eurya nitida .42
YIRS Eurya loquaiana 45
F&Zi# Eurya muricata 40
41
39
41
40
36
53
42
39
51
47
67
50
42
47
38
32
61
44
33
24
45
35
33
50
26
35
51
46

A Eurya japonica
EILLMHS Eurya rubiginosa
e Gardenia jasminoides
WM Micium lanceolatum
WARATT lex kengii

WA Loropetalum chinensis
LA K Lasianthus lancilimbus
X T Meliosma rigida

¥H§ Myrica rubra

£ Photinia serrulata

11 ¥ % Randia cochinchinensisi
ABEA Raphiolepis indica

T 4RAE Rhododendron ovatum
BRI ZT. Rhododendron simiss
SEEW Symplocos glauca
AEHAA Ormosia henryi
HeM-EHR Photinia glabra

e IR Symplocos lancifolia
Wk 1L Symplocos lancilimba
AW Symplocos laurina
PO LR Symplocos setchuensis
Z WK Symplocos stettaris

AR Symplocos sumuntia

TN Syzygium buxifolium

T E %8 Tricalysia dubia

YR Vaccinium bracteatum

AR Vacciniuim mandarinorum

HIFEH#AF Vaccinium trichocladum
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Table 2 Index system for evaluating frost- and mechanic-

resistance of subtropical evergreen woody plants
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Table 3 Classification of plant functional traits for subtropical evergreen woody species in Ningbo region, Zhejiang Province

ABE SR UL 30 1 BURTE
Type of habitat Mechanical damage-resistance Frost-resistance

P, P, Py P, Ps P P,
LT Peak >0.71 <1464.39 <6.46 >47.6 >0.55 0.5+0.07 >0.73
Y1 PP A 5% Mesophytic area >0.63 <3644.88 <7.34 >44.2 >0.41 0.6+0.11 >0.51
4% Gully >0.52 <7289.76 <12.23 >37.1 >0.32 0.7+0.07 >0.48

P, T A% Stem wood density (g * cm™> ); P, TR Leaf area (mmz) ; Py L AR Specific leaf area (mm2

~mg); P, M T H B 4K Leaf

dry matter content (% ) ; Ps : % & Twig wood density (mg - mm™); Pg:—5 C M H AYAHXTHL S 2 Leaf relative electrical conductance at =5 °C

(%) ; Py A FZJE B Bark thickness (mm). T [H] The same below.
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Table 4 Weight of evaluation indicators of subtropical ev-
ergreen tree species in Ningbo region, Zhejiang Province

Bk FE R BB BE 145

ARz HENZ U EETIN N
Target layer Criteria layer Weight Indicator Weight
(WI,) layer (WP))

%N HUHLBRIAfE 0.50 P, 0.08

Tree Mechanical P, 0.11
damage-resistance P; 0.16

Py 0.33

Ps 0.07

DU 0.50 P 0.0

Forst-resistance P, 0.20

EARVDRA LRGP 0.25 P, 0.05

Shrub/small Mechanical P, 0.07

tree damage-resistance P 0.11

P, 0.21

P 0.04

PLRTE 0.75 P 0.08

Frost resistance P, 0.42
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Table 5 List of 23 frost-resistance subtropical evergreen
woody plants in Ningbo region, Zhejiang Province
A AR P Hep5
Habitat type Life form Species Order
1Ly T FIZ =lFHN 1
Peak Trees OEM 2
AT 3
g 4
KAtk 5
HEA/MFRA WIE 1
Shrub/small tree &M 4 2
BemirhE AR LIS ARG 1
Mesophytic area Trees PoAt M 2
Pt AR 3
Pl 4
HEAR/INFA KR 1
Shrub/small okt 2
tree i 3
ATEAR 4
A1 5
RS FIN SEIEAR 1
Gully Trees Bl 2
HEAR/INFA EPT £
Shrub/small LTI 2
tree ESea ) 3
5iR 4
LA 5

mm® « mg™, T & & 46. 9% , B E 0. 54
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PIFE 4 FIC (4) AEERE 855 % 1 PR
VKURFNBLHLAE P38 BE S . Kb TE A =80%
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