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2850 m!", J&@ g R OB A, H BEEREL, AR H
MERTECE 2500 h DL |, &RIEVRHEK, FFK
WA RRR L, FYIREE 6°C. MEE/D, BWE
PUETE S A NRIZR 9 A HA), AFREKE 367.5 mm,
SRR AEARE S . SURAL, HIREEK, KEGR
SR, BREZER, KRB, TRE, oK

b, KRR, RS, MARLERZHNE, M
METHiFE, AR KB 5 K XU AR AR 53
AT P TILINAYERGAE . ROREE . FPEAF AT
MARIX, RERSARCZVE T A L HARIX B 10 A4~ WL
B AR ERAE BT AR (3 1),

*1 SIEHAMMERER
Table 1 The basic information of tree species
HUATER T PRpetd: T
ie) A A Y Incombustibility factor Flammability factor
Species code Species Life form

fa Jol Jo2
1 HWFEAZ Picea crassifolia FiA 166.42 90.71 2034
2 TP AR Sabina vulgaris HEAR 164.46 63.44 228
3 WA Elaeagnus angustifolia TEARENTEA 185.29 92.38 19.16
4 WL Armeniaca sibirica HEARBUNFAR 176.38 55.79 18.56
5 KA Amygdalus triloba WERBUNFAR 167.65 96.73 19.48
6 BRI Rosa xanthina WA 176.09 68.39 19.03
7 %17 Syringa oblata WEARBUNFA 170.24 84.8 18.13
8 Ik Hippophaerha mnoides WERBUNFAR 169.1 92.67 20.03
9 ¥1% Caragana korshinskii HEAR 179.46 88.17 17.76
10 VU3HiEHE Atriplex canescens HEAR 183.24 51.51 17.45

1.2 HFmRE (2) My

T 2019 4 8 AT AE SR AE, B — IR BEK
3RZIGHINE KA 14 554, R &
IR G TAAR, RAERE T 1L BAY,
gk FIHAST RS AT, SRAER D T aent
o, I RBRIE RGBSR AR AR A 1T
e, IR DU i B L DR AR A AR A R 2 A
A B IRORE TR DU R A, e 1 AR AR
ZAEAER S L, PO BRI LB, RRHE
£03~25cm, BIAL S m AARBL; W R
I 1.5 m DA AYMIBEE, P70 BUR e R ik
rois, VIR RS AR, A ses =Mt
o SRR RS EE BT 2 000 g.

13 ®WRAE
1.3.1 HSALk I8 ATm &

(1) FAEK

SRHI 105 C+2 C HtHE s, HIEBERS
T8 GB/T 2677.2—2001 3&4RJFREK A3 2 7kl
HE 3, ORI EE RN ELS R T
L RN )N 2 S )

Ry WE AR S 60 BN, SRR R R
ML A 24 R I DT R 2~4 mm /N2 . R
NGB RRT, FRECRRIRE S 1 g OS2
0.000 1 ), HMEMABEHE AL (T3 2 255
KA R A R A\ ) #E TlE . R 3k, B
B HHE I S IE

(3) KRR

B R R PR R RR A 60 H 0, sk o0 RS AN
SEATE BUBRR I 22 . R, B SEE
3, HAHMEYAHEFR T 1 g, disafE
SN RE BORE S . SR DW-2 f IR E AL, SREL
BRI, FERRFUE R BRI 3 AN
an A TR ERE I, 2 3 MRS TR BT 2 4>
LS s UL ERSKIERT, DCAFE S BRI I IR B
TR, IR BRI BB ez, WL
10°C 46 BE B M e i B, B 22 00 BRI T P iR 1Y
RS A Ik .
132 peale EelAE At B E R, R
5 g FEACE KN 100 mm, fLBEA 2 mm x 2 mm
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1.4 EELE
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KoAE X 10 DNSIRAFPY 15 UM Rk
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BRI YE | BRBEE LR A TR, HLIZFRFRI)
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PEAPER LT, SR Pearson 8 EUHURARICT
PEATACEE, SRR S e S NAF A B K A R B o
142 AAFE Kbdt LT K 22160
FRUEMR MR 5, FIHAZ (1) AP
ORI R e 1 7 T AR 256 W5 K PR
W =AU (1)

X, WOREREIRAERE, 2 N N T2 A E
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T R TR 1 i BE EDUL A S AR o Y 17 2k
PEfE, DL, HAPP ARG WAl i RAE ) K1
fAE. MSEPrilERr, T ARG R Tl R
AIA AR YIRS, LSRR IR PR R R 2R 5
PREOL, B E B 0 BRAG P BT 0 B KA R AR
SO o AR R TR AR T 2R 5 (H Y
PIRIHES o O TR AR T A B B B £
FEHE 7 B 5 2R TR VR 00 HE P 07 B A 22
5, RABRERHES 2], A (2) L

Z{H 40
4= 0

A, v, (U ARAET 1 B (L R A 25 A (e
R, x RIS TR R T

EREBLEINS BT, ReALR ok, DLWl mTRNE
R B2 R, U PTRRHE R AL L2 SRR A A
LB, ] — Rl fE PR PR R T B 22 5 B
K, BRI EHER 22 S AT YR A AR B0
FeysR R 2% 221

Z:lzlnznxn 3)
SR ST WA T A R AR AR RE R T
AR ZR SRR I 40 % 22 (5 22 FN5 AR LU AEL S SRS XA
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b KPERERIFE R PE . MEET A SRR 2R A
(EHEF AL TR E 0 HE F — 2, BIAMAREY
FEBLRE LEAE 0, T 24 BT A5 Wb 07 B AR AR IR ERE, A
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n
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Aty n WS SHIEHRFIG R, S AT
2 BREAMN

21 BREEF
PERRLETTATE | T ot R B K REATAE 22
F B B A R et AN [, 3 i R 43
B, 10 DNBFRAATRAL (AL A Rz AR )
(AR A T B K ] LAVA P A B AR A ST i A BT
TET & KMO FIEVRERI ARG S0 1 2R AT T, &
B Z 5000 79.97% (W3 2), Lt 25k
() IE 22 HEHE I, 45 PR 7 1) s (L 1) 1 A 43 Ak
(DR 3), — R F R8T B A R i
() KR LA BRI s REL, TR BT R
T3 BN HEFREAERA A S AR B RR R
T RE, IRRREN BRI T o iras Rt A
T AU bR RS o RBUERE (R 3), DgHTF
TJ7 22 DURRRE (5 28 3 K 07 25 STk R 1 B E IR T A
LA, ST
£,=0.149x,—0.120x,—0.003x3+0.296:x,-+0.32 1 x5+0.33 1 x¢;

S=1- @)

f>=0.264x,+0.555x,+0.447x3+0.006x,—0.064x5—0.08 1 x¢;

®2 HMEEFRIEHERTESHE
Table 2 Variance decomposition following extracting
incombustibility factors

i TTa
ASET MIER  — ammpw REERE
Characteristic . Cumulative
Common factor Variance/% .
roots variance/%
1 3.156 52.598 52.598
2 1.642 27.372 79.97

THUATE RS 5 194528 2L R - 19 s ik R R A,
14 FfHARA S, 15

£, =(52.598f, +27.372£,)/79.97, 15 F|H0 kM A
T f, MG (R3),
2.2 M ERRILE
22.1 BBEEAERT  HEFST, B, R
FIUR B (R IR A s ] AR BE A A 2 > FH R A
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Table 3 Common factors matrix and factor' score for trees incombustibility

2 FEKF Common factor

F- K 7154315 B Factor score

AR
Variable 1 2 1 )
B 2 Branch ignition point 0.979 -0.014 0.331 -0.081
W B2 4% 55 Bark ignition point 0.955 0.013 0. 321 —0.064
P-4 & Leaves ignition point 0.906 0.124 0.296 0.006
W5 7KZ Leaf moisture content 0.556 0.519 0.149 0.264
W Bz % 7K % bark moisture content -0.151 0.925 -0.120 0.555
B 7K % branches moisture content 0.162 0.780 —-0.003 0.447
YIRS S0 h AT AR IR I S R, PRA TR T4 BERTEFEREHRTESR

BRI E TR R 79.739% (£ 4), B AKHT
Wy PR, FEST A FMRPERIE A TR (£ 5),
£=0.273x,+0.367x,+0.356:x;+0.268.x,~0.130.x5—0.080x,
£:=0.015x,+0.139x,+0.224x;+0.673x,+0.287x5+0.301 x¢

Jo1 =(60.102f; + 19.367 £4) /79.739

Table 4 Variance decomposition following extracting
flammability factors

AFEE s mannn FRTTIRZ
AFRT B o RBURE
Common Characteristic . Cumulative
Variance/% .
factor roots variance/%
1 3.606 60.102 60.102
2 1.178 19.637 79.739

RS RIMBREERAL A E R

Table 5 Common factors matrix and extrinsic factor of tree species combustion

A FE[AF Common factor

%R -F134)15 |2 Factor score

£
Variable 1 2 1 )
W 5z #i el 1] Bark burning time 0.934 —0.141 0.367 0.139
W52 1) Branch burning time 0.811 0.026 0.356 0.224
W IH-RAJGEET (] Leaf burning time 0.791 -0.268 -0.273 0.015
W % K 5k Bark burning intensity -0.691 0.665 ~0.130 0.287
Wi K JGeHE S Leaf burning intensity 0.065 0.945 0.268 0.673
W K558 Branch burning intensity ~0.560 0.637 ~0.080 0.301

222 WAEBRBERT ZKNF, KR, B
KRR Bz BB R — DR A R F £, 15
RBEREAE (% 6), MEIRE 033, 035,
0.32, FHRAJFIABHRHT T (£ = 0.33x; +0.35x,+
0.32x; ), 1HEWREENTER T £

R 6 IR TERREE R FAERE

Table 6 Common factors matrix and internal factor of
tree species combustion

A AHET  FHETHEIER
Variable Common factor  Factor score
P 5 #AMH Bark calorific value/ (kJ-g™") 0.380 0.33
- #4E Leaves calorific value/ (kJ-g™) 0.409 0.35
W H #{E Branch calorific value/ (kJ-g™) 0.367 0.32

23 BEHMERSEHANFFEREXE

SRy A A AR B A SO A B b
FERPEHT, X 10 BRI 9 ASEALE B 4845 LA
SR SEBRI E )P b Rl SRR R - f,, R
BERAE P+ ) FUABENTEN T £, 4T Pearson #H
XKarfr (R 7), WTLLEHNERERT £, S
S K BRI SRR R A TR) A7 I 25 ) AU
KKFR (P<0.05), TIRRBERMEE T £, (BABEHR
B, BRBEETE] ) R SARM AR BT (AR A
B R DL N A 2 AR OC M, R
M ZERILEJE T PURMER T
So CROKE, BRA) SR IE FER be N 7E R+
foo & H AR (P<0.05). EEFEENZE,
BUBNER T £, HS58 R S ACR R AL 5 7K % 2 5540
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Table 7 Pearson correlation coefficients between physicochemical propertiesand fire prevention factors for 10 tree species

T H Items LMC LAV LIP BMCl BAV1 BIP1 BMC2 BAV2 BIP2 Joo Joi fa
LMC 1
LAV —0.585 1
LIP 0.535 —0.384 1
BMC1 0.388 0.017 0.034 1
BAV1 —0.693" 0.703"  -0350  —0.105 1
BIP1 0.456 -0.711" 0.786" -0.128  —0.506 1
BMC2 0.227 —0.043 0.174 0.548 0.087 0.226 1
BAV2 —0.568 0.649"  -0479  -0.021 0.496  —0.570 —0.009 1
BIP2 0.450 —0.690° 0.853"  —0.170  —0.487 0.961°" 0221  —0.576 1
s -0.706" 0.935" 0454 -0.038 0.860"  —0.698" 0.009 0.784"  —0.682" 1
Joi -0.388 0.154 -0.298  —0.137  —0.024 0.022 —0.252 0.049  —0.146 0.080 1
£ 0.715" -0.656" 0.888"  0.189  —0.552 0.901" 0.408  —0.600 0.909"  —0.697°  -0.245 1

V. *CEBEERE CUD A 0.05 I, MHEMREEER. o ABEE (U N 0.01 K, MEMEEER: LMC: BIH %5 KZELeaves moisture
content; LAV: FH-#{E Leaves calorific value; LIP: #§TH%4 fiLeaves ignition; BMC1: ## 7% 7K % Bark moisture content; BAV1: 4 7 #{# Bark calorific
value; BIP1: #4 %% fiBark ignition; BMC2: # 4% 7/K % Branch moisture content; BAV2: #§1%#\{ Branch calorific value; BIP2: # £ #A s Branch

ignition.

KIYRR o

SEPrilEe b, O 1A ALY O R i B CHE
br, RIS ] BRI BAL R AR AR IE o AERTIA
MIARSC BT, SRR RAEA T fip FIRE I 5K
TS B AR 5 L B SR i 2 BB R OG R, i
U (9 BRI BERAE N F frps MIHLRRTEIN - £, LA
FORE AR I A0 B AR B BAVEL T A A AR B
TR T fp LABCHE AR A8 I SR I 35 A AR S0
7, AP SE AR TR AR -5 TR 7R S R A
Bk EITUAR, SR ARSI AT R A I A G 5 vk
(%£8),

% 8 Pearson HHX R T HEENREXRE
Table 8 Partial correlation coefficients among redundant
information of Pearson correlation coefficients

5iH BERAR i =0 i AR & AR ZR 2
A Functional Control Partial correlation P
Items . . .
traits variable coefficients
Jo2 LMC BIP1. BIP2 -0.608 0.110
BIP1 LMC. BIP2 —0.194 0.645
BIP2 LMC. BIP1 -0.033 0.938
fa LAV /b2 -0.019 0.961
/o2 LAV -0.311 0.416

VE: LMC: #I5/K % Leaves moisture content; LAV: #H#E Leaves
calorific value; BIP1: # %% fiLeaves ignition; BIP2: Hf 7/ fiBranch
ignition.

M 8 ATLAFE 24 il A S R AR s AR
B RIE B S K R NABE R AL N T fip FHOCHE
H=0.608, ‘i T HALM T, RUIR 5K
MABERIEIN T fioo BO I RE 7R PR Bl AR A I
PEMEAE AR RS, SURTEIN T £, SHARERAEIN
T oo BA BRI RACE, -0.311, FKUIHAL
D AHEL T R R 29 AR B ., AABERAE I 5 £ X
A — AR BRI AR GBI
2.4 RIFEEAERE

ot R, BRI KRR R A5 K
R PE L Wbea B IR BE R ) S5 R R AL ]
HUER, PITEPPO AR 2 v B KV B LR & (BB 7
WZRE A BT KR RERET o TAESE PRIk, AkE
T R ARG P (1) RV S 8 B i R L S W R RS e
MPTKPERE, MAbEIInLr & B URIXM AT
PEREMEZE o X T S WA b BT K AR A B 5 KR
2ANPAESE R, HARBOR, REFR AT AR RE LR .
R, ARG AT EIER (7, £ 8), Mk
I (B MR B JEE P AR Bl ARBEVERE , TR E AT
TRARRIFERBENE . I, XTI T £, KA
FOKRBATIE R BRAELL , B f RAERLE 1 K&
Joo WHERABE N F-2EA T S ARl .

BARARHEAL S, AR ARSI A AL R bR X
M K PERE R R RE , (B HRBE AT A XS
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BT KERE AR o SRR (] HIAA e 56k J5E o) ) ol
B KRG FE R PEREAR IR, KA A BN 0.5, MR

I3 T 285 (E AW Rl BT KA REZE &
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AR AR 9

R9 HAETFHRERBINETFEAEOMFE NSRS S EHEF
Table 9 Species order for fire prevention ability based on each of burning experiment and physicochemical properties
B iﬁiﬁiﬁ%%%fﬁ I@'i%‘fiﬁ‘é%%fﬁ iﬁiﬁiﬁ%ﬂﬂ% é%%ﬁﬁﬂ% EIMIRE P
Sredks Burning valug Comprehensive Yalue Burning Comprehen‘swe Absolute
of fire prevention of fire prevention based-order value sorting differences
1% Syringa oblata 84.8 95.86 6 6 0
WA Sabina vulgaris 63.44 126.98 8 2 6
WM Amygdalus triloba 96.73 123.88 1 3 2
\I#s Armeniaca sibirica 55.79 65.01 9 9 0
42 Picea crassifolia 90.71 127.69 4 1 3
VUIHiEEE Atriplex canescens 51.51 42.77 10 10 0
¥r'%& Caragana korshinskii 88.17 86.31 5 7 2
FRII Rosa xanthina 68.39 82.6 7 8 1
YH Elaeagnus angustifolia 92.38 98.69 3 5 2
YOIk Hippophaerha mnoides 92.67 123.87 2 4 2

AR TR b 1 S0 AN I 25 A (E A P R HE
PAFHEZESE, T s ARRRR ) RN HE A Y 2=
5, @ans (3) Azt (4), 5B MR RIPR
2% 22 (2 M5 BRE HE S, BIAHUEE RS T
64%, ULHAPIRIHEIT BIFEE — e i 25 5%, IR as
BT AP RNE G A2, AR R 22 (57
0~2 Z[a], FLJE P AT g AR g b Al URE A 3
A1 R, BT AR RO L 2E R
3 3t

PR E S 0B R M SPTRA R RS A — e T
R R AR B R . ARG R T R L
() 10 b =2 2 15 MO Fob 204 T B Ak S 0 2 AR b i
5o A DU R FL B K PR B R A AR R L Ll
. EHERZ, BTN iR R 52 E
MUY g SR SELE DA B T B K PR RE— B

AHIGE PR N TE R F fip RIS I35 7K A7 AR
BENTACR, BRI S KRR,
AR . X HEEBEMED R as R —8.
BRBEFRAE A T fiy A5 AT A0 B Ak 5 L B HoAh PR 7
FEAE BRI, RHE - ARZH K IR
POE AT o RGBT, BIRBR SRR B 04
SR OC(E I 5 TR, 435125 -0.194 #1-0.033, i

ANTREI SRR AR SR R, BT AR A5 A
TR RI A IRGEYERE , (ER A BE A 2 R Aol
MABENE, SRBE AN T T &5 W S £ 5 PR B2

XF 10 AR FRALE FE4T B KAEREHEFIF, R
F T 53 0 e TR i FRE T2 B (B AR R By A
REMIPIRMHERP AL, A BPIRIHE (145 SR A AR LLEE
RENT 64%, ULHIAHIESE T A BEAL R AR b
MABEA BT REAS S B R SC PR By KPERE . HUAELAS
SR Kb A A | AR L HIA WS A Tk
FIARAS R SRR (B IR R SEPRATE L,
i BT JCPEREBRB R ITAG A AR S0 63 . AR M3k
AR A ORI AR BT E LA S R Ao ) B £
ASSENEE, e RS . WEJREE L MR
TUERC2T R R B RPAE A5 By — 5 0 Sk
EA T i R R M R PR N TR R, AT
S e AR R A B KPERER N, ARWFFE ol TR A
BRSPS LT PE A48 - 07 T A9, i
LA AL L0 % T BRI B BB kP RE
B B L RGPEGT,  LASHI D DY JR] 0t DX AR By K
PR Bt — i T SE A BRSSO B TSR e

4 Hip
AT RIS R W4T Tk, Hesr 7R
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Fire Performance Evaluation of Ten Main Afforestation Species in
Mountainous Areas Around Xining, Qinghai Province

LI Hai-jia'**, ZHENG Shu-xia"*, SHAN Xiao-xiao'?, MA Yu-lin'?, SONG Zheng'?, REN Fei®

(1. Qinghai Academy of Agriculture and Forestry Sciences, Qinghai University, Xining 810016, Qinghai, China; 2. Qinghai Plateau Key
Laboratory of Tree Genetics and Breeding, Xining 810016, Qinghai, China; 3. State Key Laboratory of
Plateau Ecology and Agriculture, Qinghai University, Xining 810016, Qinghai, China)

Abstract: [Objective] To study the physicochemical properties and combustion characteristics of common tree spe-
cies in Qinghai, and to evaluate the fire resistance of local tree species, so as to provide references for the selection of
fire-resistant tree species in Qinghai. [Method] The fire-resistance indexes of 10 tree species were divided into fire-
resistance factor f, and combustion performance factor f;, (including the extrinsic factor f,; and the intrinsic factor f;,)
by factor analysis. Through Pearson correlation analysis and partial correlation analysis, the relationship between the
9 physicochemical properties of the 10 tree species and the fire prevention factors was obtained. Finally, the fire-res-
istant performance of the 10 tree species was ranked by comprehensive analysis. [Result] (1) There was a signific-
ant negative correlation between f;, and the moisture content of leaves, between the burning point of bark and
branches, and between f;, f,, and the calorific value of leaves. (2) The results of partial correlation analysis showed
that the moisture content of leaves had a significant negative correlation with f;,, and the f;, had a significant negat-
ive correlation with f;. (3) The ranking similarity of fire performance of tree species based on the comprehensive val-
ues of combustion test and fire performance was 64%. [Conclusion] The comprehensive fire-resistance evaluation
model of the 10 tree species is established, and the order of fire-resistance is obtained based on different weight sys-
tems as Atriplex canescens > Armeniaca sibirica > Rosa xanthina> Caragana korshinskii > Syringa oblata Lindl. >
Elaeagnus angustifolia > Hippophaerha mnoides > Amygdalus triloba > Sabina vulgaris > Picea crassifolia. The res-
ults are of practical application and popularization to the fire-resistance of tree species in Xining and its surrounding
areas.

Keywords: physicochemical properties; fire-protection performance; fire-resistant capability; combustibility;

species suitable for mountain area afforestation

(BTG ZRFH)
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