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Analysis of flammability of common tree species in Wuhan City

Abstract: The physical and chemical properties of four common tree species, Pinus massoniana Lamb.,
Quercus variabilis Blume, Camellia oleifera Abel., and Lindera glauca ( Siebold & Zucc. ) Blume, in Wuhan City
were studied. Cluster analysis and principal component analysis were used to divide the litter into three grades :
refractory, flammable and flammable. The results showed that oil tea and twigs had low calorific value, high ignition
point, long ignition time and low lignin content, showing strong fire resistance. At the same time, the fire resistance
of the tree species mixed with oil tea and twigs was improved. The burning point of the branch is high, the ignition
time is long, and the flammability is weak, but the fallen leaves are the opposite. It can be seen that the fallen leaves
of the pepper are flammable and the twigs are fire-resistant ; p.massoniana leaf litter branches have high calorific
value, low ignition point, fast ignition time, high lignin and cellulose content, and strong flammability. Tree species
mixed with P.massoniana branches and leaves have a flammable trend. The litter leaves of Camellia oleifera are
flame retardant and can be used as forest fire prevention tree species The mixed forest composed of Pinus
massoniana has a high fire risk and should be supervised. This study can provide reference for the selection of fire-
resistant tree species and the construction of fire-resistant forest belts in Wuhan..
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PRI K RE 7SS R T SR PE(FEH, et al. 2019), Dy RRVEGE 248 B AR ) s AR E RE )
BN — P A S AR AR, SR I AET WS o AR T IR R R B g T B A TR
A L i AR 28OS AN AN R AL A A i B R 8 0 2 ] R PR AR LA

PAVEY IR AT 2 W B AL 7y, R VF 2 MR AE S R G rh KAT A Kl % . K%
KOt TR A R )= AT A o SR, AR R, AU, T B ECRVE R EOR R A
FEo AE—SEFRMERI T, ankie pAR, 0 Bl i v o 0 M 3 A Y 2 ) LA BB 23 (= BN, et al. 2024).
Ry Bk (EAR<6 =KD MR BB G 72— -8 & Y2, IR 2K Sl ) — ke X 3 K kAT H ot
WRER Ko I AR B VE IRURL I KN« TR BEZ2 AR K . O 17893 T MRt 8 v M TR 1RO
Wi, AL EERE I T, T BB EH EAR G, BRUOARM A RS AAFAEA RIAR A B i BR &40 -

H AT SRRV R bR B B P& KR, KRR SR, d4ERSE. R0 S8, Mm%
ARFR, WHEAR. WA R, LTI AR, B A BRI AR ST . A
FEOR AR FIRGEIEAR(F)dh, et al. 2024) . SGHIXS A FER R 5 AL CA — W IT, WS4 8 S0t 5 5 Bl K
MR SKFR S K& AVE. REIIBETECZ RS, et al. 2024); B ARSI —4EAN =4 Gy IATEVE fr 4
BT R Fr B AR BT TT (B, et al. 2024); ERAS AR LAl M R B G AONBE IR, i
MrE B BE WA K SRR TP KM, Rk SO R BB KRR, ok, #
HFEFL T AR K ERE (B 154, et al. 2024). SR, TSR & S WATE AUAH AT FEAI R b o Al
B, RTRVEROT R R G ) By BRTERTE 7T 75 Ik .
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1.1 MEPRIR

2024 £ 3 H, RN L X7 L RE D EFs (Pinus massoniana Lamb.) . #F7#% (Quercus var
iabilis Blume,) . 7% (Camellia oleifera Abel.) Flili%A# (Lindera glauca (Siebold & Zucc.) Blume) 4
AR AR TE Y B E RN L 0 mx1 0 mbRiEHL, SRR 5 MRdE. B MR
BENLIZE 4 > 1 mx<1 m/NEEJT, XTI, MR RHBR R A D T 1 kg HIJE & P07 HF1 /N
(B2 0.8cmbUR) ArEIsSkin=s, MEERRFER R NS, 7£ 85 CMtA M REES, —FH
AR, I 80 Hif, il pGAE s A, — B TP & KRS .

1. 2 $3R % BN E

1.2.1 F#H4KFEG N E

WREMR M BT S P T R EE, FMREEH I MO g, JRRHERAEKT, HEBEMR
R ORI I AR OK Y, FMRIE 24 h ST CE THERER RS GREE 25°C, B3
0%) , BEF/NIT LT — IR R, RSP K RIS R R IR ) ZE /N T 1%, AN
UGS P TE I R K 23 Er B Ak BEALRAS il sk Ib I (OFE S BT ML MM B 4 0k, AR
(D tHESPESKE (W) .

W= (M, —M,) /M, x100% (D

s W ORFAFIIRE it~ 57K 28 MO TR PR AR DIAE i R B & ML R AR AE it K 2 T AR S T
af5ip-:

1.2.2 ¥ & Ao & BK B 1) 89 M) 52

KT G HORE S 7 EEE, 3 80 Hi. HUR/AWES IS MRES 1.2 g, {8 ZY6069 s i Wl 2 4%
(ZY6069, #IEEMIEASHFARAFD XGRS EATIE, BABHTAIEE 5 s IR BRI BE %A i
FIRA R, I FA R fOBR AR RIS 18] g BR8], BN R i L E 4 IR

1.2.3 #AF 69 ] 2

BT SRS RIS, 1 80 Hif. MR/ Wt BB G FEs: 1.2 g, (&S ERER M (ZDH
W-9000F, #9EEMIEAE T AHRARD X HAE BN e, MR EZNE 4 XK.

202



S5 T B ARl AR 2R S14 BB K 24

1. 3 LM RNE

1.3.1 &4

UAIT B J B A DU AE i XO gy RERE ai JBON R Hh IR0 A DUAE e ATHESR R B BT X1e SER A
IR E T HP BRSNS R N AR SE R AL, SR SRR IRAGHE i B3 IR 2 T S 3R 650°CHF
g4 he BUHERE T TR, ARG DR S i E X2, BMEmEENE 4 Ik, 1%
A (2 HEKY&E:

A= (X,—X1)/Xyx 100% (2)

s A ARRIRE S 7y & 5 XO VRIS BT & XL OIS Are s A s i & X2
D5 5 5 st AN 0 1 S T

132 AR & H4%4

W78 73 WH IS I AR AR b CO g TRONH A I, [V 2 NN 80 mL CTAB &7 (CTAB ¥ :
Tt ke = AR L E: (Hexadecyl trimethyl ammonium Bromide) 20 g. 54 mL i ( 0 =1.84 g+ m-
3). BUMIEFEEE T 1 L 28180k o B3RS A CTAB W& IRV 2 B TN AT SR H A 169°C ¥
A1 h, HEZREBEEE N R E0 AR (G3 UM%, 50 mL) . FIPIEE % S Akt bl B2
PSRRI B, R AR DS SHBCEAE AR A 170°CHET 1 h, A0S IE s o8 U S ARE i 1
BN CL. MM 72%H) H2S04 A 58 4 IR WM )5 BORE,  FROCH] IR 72 22 g s s - AEpAs b 17
OCHT 1 h, AHFICIFREIR AL RN C2. ek 2 FE & RS IR SN 5 3R 4 550°C
g2 h BAEE, BT PAH G ORGSR S EN C3. MMM ER 4k, AR
() HHEFERPARR RS R AN (O IHEERT AR E:

X= (C,—C) /Cyx 100% (3)

Y= (Ci—C,) /Cyx100% 4)

A XOAFFRE ORI & & Y NI A4 R 8. CL N 1 BT fE b O SHFIAE S 1Y)
JiE; C2 A 2 YT GRS AR s & C3 JAER 3 IR T 5 bl I SF AR i ) Joid ==

1.4 BRIGMHITER

BT R B A BRI A R, R BKER . K. R, ARgER. B A6 Fh
PR AR JyRBPE 4R PR, {6 Excel 2019 X JFUAEHE #EAT AL . KA IBM SPSS 20.0 #4725 2%
S3HT, KH Duncan % # HWEEE 7 7, R E R 0 HiE xR etk dh 47 HE 7 il 58 28 7 ol R v 25
BRI NTTIE. BAHR. TR 3 AN, DUE TR AR AR et 34T 0 RAEAY . 7E Origin 2
022 TR FBLERI 36 AR DA 43 BT 3 17 8% 2 ATE 48 A [R] FRIAE DG PE

2 GR550H

2.2 YRR M BN E

2.2.1 48 F) B AR Ao 1 B AEAR AR AT A K & gl 2

&) — W R PSR T S K R E R R E (P<0.05), JLETE 4.00% ~ 59.00%2 18] (B 1a). L]
WAV P o KR . KR AR VRS SR IEARUR. BRI R S K R R
5, JGHILE 10.00% ~ 28.00% 18] L RAATE - S 7K 2R E A, 5 FAMR B vE AL P & K 2%
SR F (P<0.05).

AR TEYIR A P& KR ER EE (P<0.05) (BHMIEAHEMILNE 2), EHTE 4.00% ~
55.00%2 18 (K 10). REZJE, AR LM IR & P S KR Rm . AR S iR AP
Mo K RAL, 5HARR R VR P kR 2 R RE (P<0.05).
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Fig. 1 The equilibrium moisture content of the same number of litter branches and leaves and the mixed litter branc

hes and leaves of different tree species.
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Fig. 2 The ignition point and ignition time of the same tree species litter and the mixed litter of different tree speci
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Fig. 3 Calorific value of mixture of litter branches and leaves of the same tree species and litter branches and leave
s of different tree species
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Fig. 5 Lignin of litter leaves of the same tree species and mixed litter leaves of different tree species
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2.3.4 A8 F) AR Fu 1 B AAP AL IR A 09 5 MRS ATAR Kk o

TEMEN 7 A G Esead, PEEKESHE. K& E. KARSEMFHERSRIEMEL, 5
PR s R R BRI TR SR O (I 7)o FAE R CAth ) A PR 3B PR AR BB AR G, S8R SR 3 A ¢ (P<20.
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Fig. 7 Correlation analysis of flammability index of mixed branches and leaves of the same tree species and differen
t tree species
HEEMC: PHEKRE; CV: l; 1P BRGs T )UBIIR; LC: ARBEREE; COAYERGE; AC: KA EE. * P05, **P<0.01, ***
P<0.001.

Note: EMC: Equilibrium moisture content; CV: Caloric value; IP: Ignition point; IT: Ignition to time; LC: Lignin content; CC: cellulose conte
nt AC: Ash content. * P<0.05, **P<0.01, ***P<0.001.

2. 4 HEEM MR ER MR IR E ER S 7
XTE WP S kA . BB B RURRTRL. K S s, KRRSE. 4558 71020
PRI 3 AN FE A 73708 FL F2 M1 F3, 3 AN FRr 07 Z MB350 7108 39.018%. 20.490%F11 14.55
0% ARAEEAHERE (GR 1D SHEEIH 3 N TS 7 DGR NE LR, SR
Y ;=-0.022X 1-0.461X 2+0.518X 34+0.467X 4-0.402X 5+0.359X 6-0.097X 7
Y 2=0.655X 1-0.218X 240.060X 3-0.038X 4-0.137X 5-0.253X 6+0.660X 7
Y 3=-0.080X 140.038X 240.379X 3+0.500X 440.540X 5-0.553X 6-0.013X 7
Y=0.390Y 14+0.205Y 2+0.146Y 3
A X1, X2, X3, X4, X5, X6, X7 7 alRER-PAT S /KR BB AR RUBRRTE . Ko &
KARGE. FHERGTE 7 MabsE G E83E 5 AREME, Y. Y2, Y3 05 8RS F1. F2 f1 F3
B9, Y REREERD 155
IS E R AT 26 PR SR AW FHETE R G R SR AR (R 2), AT SIS G
s, ULEH RSN G AR RGE . 7E 26 PR AR SRS S RIS, TRE I A I L AR . i R RR
MM . DR AA R IS 5 BRI e h . VAR . AR SR B IR A e, B IR, TR
Fart SRR G R E SR 13 i Ak, S MR SS
R 1 MHEIRF R A AR ER TR SRR & SR R 4R

Table 1 The flammability component matrix of litter leaves of the same tree species and the mixed flammabilit
y component matrix of litter leaves of different tree species

=
H~
ih]

Ei=L7 A 1 s 2 B3

Index Component 1 Component 2 Component 3
S 1#E& K&K Equilibrium moisture content -0. 037 0.784 ~0. 081
#d Caloric value 0. 762 -0. 261 0.038
JAR. Ignition point 0.856 0.072 0.383
SRR Ignition to time 0.772 0. 046 0.505
JX4>&E Ash content -0. 665 ~0. 164 0.545
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ARRZE Lignin 0.594 -0. 303 -0. 558
4R Cellulose -0. 160 0.791 -0.013

R 2 FFRFREER RN AN ARE SR E SRR/ 5 M SR
Table 2 Analysis of comprehensive score and flaimmability grade of litter branches and leaves of the same tree
species and litter branches and leaves of different tree species.

R SRR E /D SZAHF SR ER
Flammability of com  comprehensive so
Species and Mixture Species Flammability level
prehensive score rting
Leaf Pinus massoniana -1.91 26 1
Leaf Lindera glauca -0.97 24 I
Leaf Quercus variabilis -0.36 20 I
Leaf Camellia oleifera 0.66 6 I
Twig Pinus massoniana -1.03 25 1
Twig Lindera glauca 0.89 4 I
Twig Quercus variabilis 0.23 11 I
Twig Camellia oleifera 0.44 7 il
Leaf Pinus massoniana + Leaf Quercus variabilis -0.86 23 I
Leaf Pinus massoniana + Leaf Camellia oleifera 0.25 10 I
Leaf Pinus massoniana + Leaf Lindera glauca -0.63 22 I
Leaf Quercus variabilis + Leaf Camellia oleifera 0.21 12 I
Leaf Quercus variabilis + Leaf Lindera glauca -0.2 16 I
Leaf Camellia oleifera + Leaf Lindera glauca -0.31 18 I
Leaf Pinus massoniana + Twig Quercus variabilis -0.01 14 I
Leaf Pinus massoniana + Twig Camellia oleifera 0.34 8 I
Leaf Pinus massoniana + Twig Lindera glauca -0.36 21 I
Leaf Quercus variabilis + Twig Camellia oleifera 0.95 2 il
Leaf Quercus variabilis + Twig Lindera glauca 0.29 9 I
Leaf Camellia oleifera + Twig Lindera glauca 128 1 I
Twig Pinus massoniana + Leaf Quercus variabilis 0 13 I
Twig Pinus massoniana + Leaf Camellia oleifera 0.89 5 I
Twig Pinus massoniana + Leaf Lindera glauca -0.15 15 I
Twig Quercus variabilis + Leaf Camellia oleifera 0.93 3 I
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Twig Quercus variabilis + Leaf Lindera glauca -0.2 17 I
Twig Camellia oleifera + Leaf Lindera glauca -0.35 19 I
2.5 BRI

I AR GEIRING 26 T [RIAR e I VA I RN [R) B Ao v i IR 5 1) S0 R 72 9 otk (D T
(D MERR (MDD =A%, SR SRME SR (D, S0tkEsE; SRR ERE R SRR
A BARE . S REFABOLSIARH « A Be AR LA L A R AR L ARSI« il 2 AR L il 2Rl
L2097 RN ) = 7 U2 5 N D et v =952 v N A 0 TP @ | DRI (A A 05 N
BRI B AR ARG . SRR . SRR SRR R . AR BRI L
WURE L B BRI 2R o S SRS ISR L EAAE . AR ERECERR (D, ZRATERES.

Euclidean distance
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Fig.8 Cluster analysis of mixed flammability of litter branches and leaves of the same tree species and litter branche
s and leaves of different tree species

2 &t

FRPR I B 2 e — e e M2 T R IR 2 51 R a3 K, SIS B KB B 8 A 25 b 20 8 R K
T3 T 36 i K 0 2 S R B R (B, et al. 2017). fEMLE FTRAYIIOAL D 4, B B B0
(BRI 2012) 0 ASHT FE3E 3 X DT I 3 AR 35 LR 8 9 5 S R 20 T, 00 2 9% A o 53 M e e
KGR AT 25 VA, RIS IR T R SR E AR IR ThJR AT Ty RERARE B M R et
IR BB ARIH I 2. KR AR R 2. D RRMARIZE . TR MR T R 2
P AR LD SR B B BRI 2SS BB 2 L AL LM . R MR S RS . R
I FE T A T 95 O il 75 32 LR 37 bRt e e R 1 2%

VYA B A I VR 5 A O EE AR (B4, et al. 2024). ST A KR BB IR ) 5k
PR ¢ 1 S GE TR FE OB B, et al. 2017) P&k MR, JEVEMTERREE /K 25 25 RIS, R 2R S
NIRBEIRAS , BT . ZEABFTE R MR ETE T8 5K EZ R BE (P<0.05), I
VRSP A KRR, T RAAIVE T AT S K R BRI, R o T D RE PR N 8 A R 1 2 S5
3 PR Rl 9 I Sk K BRI B AR IR SCHE, et al. 2014). IMEAEKEGE FAT B0, HUEME, B
IR R, SRR 2K, et al)o MRAURFIWTI R S IATE ) B B4 AE (X, et al. 2023). 7%
IR RGBS . SRR (DD, B IRMEAR SR . AR 5. 4145 2R ANMBE () £ B RS, BT AT R
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o R M SRR VE I S R SR 515 0 R Iy R R VE B M BT R ) S AT

B 7 D02 PR P B VE BTSN, BRI EE RO S R R B R bR, ORI R OCE
TR AR IR R AR SR T )R S5 (E R and K8 2023). BbAk, SEHLZRAFRIMR 5 R F7E— E 72
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