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Functional trait-based evaluation of plant fireproofing capability for subtropical

evergreen broad-deaved woody plants
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Abstract: Functional trait-based approach is convenient for evaluating plant fireprofing capability and is also vital for
selecting fireprofing plant speices. In the present study five plant functional traits including specific leaf area ( SLA) leaf
dry matter content ( LDMC) current year leaf water content ( CYLWC) branch dry matter content ( BDMC) and bark
thickness ( BT) and seven indices of fireproofing capability in fresh leaf materials were measured for 29 evergreen broad—
leaved plants in Ningbo. Seven indices of fireproofing capability were grouped into two factors involving burning resistence
(f.) (including burning resistence factor f, and burning velocity factor f,) and combustibility ( f;) and then related to
each of five plant functional traits. Finally the fireproofing capability was assessed. The results showed: 1) burning

resistence factor f, was significantly correlated with SLA and BT burning velocity factor f, was significantly correlated with
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BDMC BT and CYLWC burning resistence factor f, was significantly correlated with SLA  and combustibility factor f, was
significantly correlated with LDMC SLA and CYLWC. 2) SLA and LDMC were effective indices indicating f, and f, as
functional traits being simplified by partial correlation. 3) Similarity index was 0.8 for plants” fireprofing rank between trait\
based and burning experiment \ based assessments. In conclusion easily measurable plant functional traits are useful

approach to surrogate and to assess plant fireprofing and combustibility.

Key Words: plant functional trait; fireprofing capability; burning resistence; combustibility; evergreen plants
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Table 1 Species list and fire prevention ability for evergreen woody plant in the experiment

Species L ) ) Incombustibility factor Flammability factor

Species Family Life form .

code S J2 Ja Sy
1 Hlicium lanceolatum 182.20 171.75 178.06 8.40
2 Ilex latifolia 69.75 179.12 113.04 31.59
3 Ilex hinensis 131.35 199.74 158.42 8.73
4 Rhododendron ovatum 187.33 115.51 158.90 9.10
5 Loropetalum chinense 230.53 116.08 185.22 12.16
6 Distylium racemosum 310.56 235.45 280.83 8.95
7 Cyclobalanopsis gilva 97.46 173.95 127.74 13.98
8 Castanopsis sclerophylla 81.19 183.35 121.63 13.85
9 Cyclobalanopsis glauca 197.10 106.49 161.23 11.41
10 Cyclobalanopsis gracilis 84.00 187.44 124.95 18.05
11 Lithocarpus glaber 129.62 193.77 155.02 15.54
12 Gardenia jasminoides 83.64 172.70 118.89 8.44
13 Photinia glabra 94.04 203.13 137.22 17.33
14 Photinia serrulata 135.44 191.52 157.64 8.28
15 Raphiolepis indica 127.93 150.67 136.93 23.29
16 Eurya muricata 132.81 143.03 136.86 19.27
17 Schima superba 107.19 187.53 138.99 19.89
18 Eurya loquaiana 362.65 191.39 294.86 6.01
19 Camellia oleifera 73.27 170.66 111.82 13.29
20 Symplocos stellaris 135.00 150.78 141.24 10.11
21 Symplocos sumuntia 187.46 115.09 158.81 9.05
22 Symplocos setchuensis 111.45 207.13 149.33 14.45
23 Syzygium buxifolium 151.72 148.30 150.36 13.11
24 Myrica rubra 171.67 154.38 164.82 9.29
25 Machilus thunbergii 68.38 195.42 118.67 20.68
26 MaChilus leptophylla 143.73 218.54 173.35 10.63
27 Cinnamomum camphora 137.52 221.37 170.72 7.14
28 Cinnamomum chekiangense 127.59 218.50 163.58 15.04
29 Phoebe shearert 135.22 195.66 159.14 11.53
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Table 2 Variance decomposition following extracting incombustibility factors

Common factor Characteristic roots Variance Cumulative variance
1 1.54 51.41 51.42
2 1.01 33.69 85.11
3
Table 3 Common factors matrix and factor” score for plants incombustibility
Common factor Factor score
Varible
1 2 1 2
Fire induction time 0.89 -0.04 0.56 -0.01
Peak heat releasing rate time 0.86 -0.15 0.60 0.12
Combustion time -0.10 0.99 0.11 1.01
. . 4 1
f, 86.73.
( 4 /f,=0.28x,+0.26x,+0.28x,+0.25x,

( Do

4
Table 4 Common factors matrix and factor” score for plants flammability

Varible Common factor Factor score

Heat release rate 0.98 0.28

Effective heat of combustion 0.97 0.26

Total heat release 0.89 0.28

Peak heat release rate 0.88 0.25

2.2
29 5

i~ ) £, f, Pearson
(93 /i . £ .
( P<0.1) . i £
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Table 5 Pearson correlation coefficients between functional traits and fire prevention factors for 29 species
i ) Ja 1y LDMC SLA BDMC BT CYLWC

f 1
S -0.12 1
fa 0.95%** 0.21 1
S —0.54*** 0.02 —0.52%* 1
LDMC -0.11 -0.13 -0.15 0.49 7 1
SLA 0.30" 0.01 0.30" -0.58*** -0.56*** 1
BDMC 0.07 0.32" -0.04 0.16 0.63 % -0.45** 1
BT -0.23" 0.28" -0.14 0.12 -0.15 0.13 -0.15 1
CYLWC -0.08 -0.29" 0.02 -0.29" -0.58" 0.40" -0.66*** 0.7% 1

* % % P<0.01 * % P<0.05 * P<0.1; SLA:

content CYLWC:

BT:

Specific leaf area

Current year leaf water content BDMC:

6 Pearson

Bark thickness LDMC: Leaf dry matter

Branch dry matter content

Table 6 Partial correlation coefficients among redundant information of Pearson correlation coefficients

Functional traits Control variable Partial correlation coefficients P
f SLA BT 0.34 0.07
BT SLA -0.29 0.14
b BDMC BT.CYLWC -0.30 0.14
BT BDMC.CYLWC 0.33 0.11
CYLWC BDMC.BT -0.14 0.52
Sy LDMC SLA.CYLWC 0.33 0.10
SLA LDMC.CYLWC -0.32 0.12
CYLWC LDMC.SLA 0.24 0.24
SLA: Specific leaf area; BT: Bark thickness; LDMC: Leaf dry matter content; CYLWC:
Current year leaf water content; BDMC: Branch dry matter content
6 /i 0.34
-0.29,
s 0.33, fi
0.33 o Pearson /i
fa 0 S
Pearson o
/i o fa S
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Table 7 Species order for fire prevention ability based on each of burning experiment and functional traits

. . Burning value Triats value Burning Functional traits .
Species code Species . . . . Absolute differences
of fire prevention of fire prevention based-order based-order
1 0.37 0.37 4 6 2
2 1.00 1.00 29 29 0
3 0.43 0.79 9 26 17
4 0.43 0.55 11 13 2
5 0.42 0.52 7 9 2
6 0.10 0.78 2 25 23
7 0.61 0.53 20 11 9
8 0.63 0.74 21 21 0
9 0.47 0.68 12 18 6
10 0.70 0.53 26 12 14
11 0.57 0.78 19 24 5
12 0.53 0.25 15 3 12
13 0.65 0.77 23 23 0
14 0.42 0.45 5 7 2
15 0.77 0.82 28 28 0
16 0.69 0.68 24 17 7
17 0.70 0.70 25 19 6
18 0.00 0.28 1 4 3
19 0.64 0.68 22 16 6
20 0.50 0.66 14 15 1
21 0.43 0.47 10 8 2
22 0.56 0.71 18 20 2
23 0.53 0.80 16 27 11
24 0.42 0.53 6 10 4
25 0.77 0.65 27 14 13
26 0.42 0.06 8 1 7
27 0.36 0.37 3 5 2
28 0.54 0.74 17 22 5
29 0.48 0.20 13 2 11
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