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Effects of fire intensity on surface fuel of Pinus tabuliformis in
Taiyue Mountain, Shanxi Province
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Abstract: [Objective] The characteristics of surface fuel load and its relationship with post-fire envi-
ronmental factors in Pinus tabuli formis under different fire intensities were analyzed and the species diver-

sity characteristics of understory herb and shrub layers were studied to provide basis for effective manage-
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ment of surface fuel in P. tabuli formis and early regeneration of understory vegetation in burned areas.
[Method] Three plots of 20 mX20 m were set up according to different fire intensities (light fire, moderate
fire and severe fire) in the burned area of natural P. tabuli formis in Taiyue Mountain, Shanxi using un-
burned area as control. Stand factors including percentage of unburned trees,average blackened height,av-
erage breast diameter and stand density and topographic factors including slope aspect, slope and altitude
were determined. Five subplots of 2 mX2 m and 1 mX1 m were set up in each plot. Dead combustible load
indexes of undecomposed fallen leaves, semi-decomposed fallen leaves,1 h lag dead branch and 10 h lag
dead branch and living combustible load indexes of shrubs and herbs were investigated. Species number,
plant number,coverage, density and frequency of shrub and herb layers were measured,and the species di-
versity index was calculated. Multiple comparison (LLSD) method was used to analyze the surface fuel load
and species diversity of understory herb and shrub layers in sites with different intensities. The redundancy
analysis (RDA) was used to explore the effects of stand factors and topographic factors on the loading of
surface fuel. [Result] O Different fire intensities had significant effects on the total surface fuel load of P.
tabuli formis (P<Z0.05). The combustible material loads of undecomposed fallen leaves (P<C0. 05), semi-
decomposed fallen leaves (P<C0.05),1 h lag dead branch (P<C0.05) and 10 h lag dead branch (P>0. 05)
showed a downward trend with the increase of fire intensity, while the combustible material load of herbs
(P<C0.05) and bushes (P<C0. 05) showed a trend of decreasing first and then increasing. @ Redundancy a-
nalysis (RDA) showed that the combustible material load of semi-decomposed fallen leaves was positively
correlated with the percentage of unburned trees, and negatively correlated with the average blackened
height. The 1 h lag dead branch load and herbal fuel load of P. tabuliformis were negatively correlated
with the average breast diameter. The combustible material load of undecomposed fallen leaves was posi-
tively correlated with slope and that of bushes was positively correlated with altitude. @ The influence of
different fire intensities on Shannon-Wiener index and Pielou evenness index of herb layer of P. rabulifor-
mis was significant (P<C0. 05), while there was no significant difference on Richness index (P>0. 05),
with the highest indexes in light fire sites. The influence of different fire intensities on Shannon-Wiener in-
dex,Pielou evenness index and Richness index of shrub layer of P. tabuli formis was all significant (P<C
0. 05),with the highest values in moderate fire sites. [Conclusion] Moderate and severe fire effectively re-
duced the surface fuel load of P. tabuliformis. Forest stand and topographic factors had effects on the
loading of surface fuel under different fire intensities. Light fire promoted species diversity in herb layer and
moderate fire promoted species diversity in shrub layer. Therefore, reasonable management of surface fuel
under different fire intensities can reduce the risk of forest fire and promote the initial recovery of understo-
ry vegetation in burned areas.

Key words: fire intensity; Pinus tabuli formis ;surface fuel;fuel load;species diversity
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Table 1 Basic survey of sample plots of Pinus tabuli formis natural forest with different fire intensities
N S L o { ° -, %/ i A R i = BEm/ Y =/
I RwE m/m e/ RO g ey BV em BB R BRI 6 /m
7 . : Slope . Average Canopy Average  Percentage of  Average
Fire intensity Plot No. Altitude Slope Stand .
aspect densit breast density tree unburned blackened
ensity diameter height trees height
1 1213 30 330 1 766.67 10. 54 0. 60 7.06 100. 00 0. 00
omildt
I 2 1189 29 29 1 822.22 14. 95 0. 65 7.62 100. 00 0. 00
Unburned
3 1183 21 26 1 400. 00 13.47 0.55 6.63 100. 00 0. 00
4 1195 32 16 1511.11 13.53 0. 60 7.87 97.06 1. 04
2 pE
e 5 1189 35 12 2000.00  12.43 0.75 7.74 90. 00 1.70
Light fire
6 1183 29 304 1 366.67 14.71 0. 45 7.59 94. 74 0. 85
7 1 382 23 42 1 050. 00 17.45 0. 30 9.47 61.54 5.52
T . 8 1365 20 85 1 250.00 14. 60 0.45 10. 93 64. 00 5.76
Moderate fire
9 1371 22 35 1 150. 00 16.03 0.35 10. 20 68. 00 5.64
10 1282 20 25 950. 00 8. 89 0. 20 6.62 2.38 6.62
W X 11 1273 23 74 700. 00 11.05 0.15 7.05 0.00 7.05
Severe fire
12 1267 21 60 825.00 9.97 0.20 6.83 0. 00 6.83
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F5. Herbal; F6. Bushes; F7. Surface total combustibles. Fig. 2 is the same.

Different lowercase letters indicate significant differences among different fire intensities (P<C0. 05)
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Comparison of various surface fuel loadings of Pinus tabuli formis natural forest under different fire intensities
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Fig. 2 Redundancy analysis (RDA) ordination diagram of surface fuel loadings and environmental

factors in Pinus tabuli formis natural forests with different fire intensities
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Table 2 Species number of understory vegetation of Pinus tabuli formis natural forests under different fire intensities

N Xt AR BRI P RE RS

Forest layer Unburned Light fire Moderate fire Severe fire
AR JZ Herbal layer 18 21 17 19
#E K2 Bushy layer 4 4 7 4

H T k2R K e 8 R AR SRR R B W)
Pl ZREPEHEAT 30T o B T 2R RE L A5 R
3 s, WK 3 ATHL, SRS TR B X B Shan-
non-Wiener 850 B B F 5 W (P <C0. 05) , H A Xt
HEAE 3 L v B2 R Al 5 B B R R A i 22 T
HHEA B %5 (P<0.05); Pielou ¥4 B 5 $ ¢
AR K Be o FERE M 2 ()t B — o 22 5, o R
K5O BRORT R B OB AR L 2 8] A R

(P<<0.05);  FE & EF84 5 Shannon-Wiener $5 £ Y
S AY B [F] 136 9 8 B e > kB > th
JE KR B2 M 3 2 () T 3 25 5 (P=>0. 05),
AN TR KA 5 FE X6 #E K )2 Shannon-Wiener $5 ¥t B
A —E S Hrporb B ok ORR 50 IR R R ok R R
KRR 2 18] ) B A i 2% 22 5 (P <C0. 05) ; Pielou
WA R EAe h B KB AR KA IR H SR
KA Z 8] HAT W2 22 57 (P<<0. 05) 5 & JE 957
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Table 3 Species diversity of understory vegetation of Pinus tabuli formis natural forests under different fire intensities

E KBS IR Shannon-Wiener 4§ Piclou ¥4 B 7 %k F R

Forest layer Fire intensity Shannon-Wiener index Pielou evenness index Richness index
*f B8 Unburned 2.76+0.05 b 1.114+0.02 b 11.0040.72 a

FAR 2 B JoBE Light fire 3.1940.10 a 1.25£0.05 a 13.0040.58 a
Herbal layer Wi B¢ Moderate fire 2.7440.14 b 1.114+0.02 b 10.6740.88 a
H ¥ KBS Severe fire 3.13+0.03 a 1.174+0.02 ab 12.67+0.93 a

%8 Unburned 1.6740.12 b 1.3340.21 ab 3.6740.33 b

WA B KB Light fire 1.3840.44 b 1.0540.29 b 3.6740.33 b
Bushy layer T Jo b Moderate fire 3.5540.02 a 1.90£0.04 a 6.3340.33 a
H I kB Severe fire 1.89+0.18 b 1.36+0. 13 ab 4,0040.00 b

TE « [ 5B 5 s A [ /NG 5 8 37 [] — b2 A [7] OB iR B ) 22 57 . 35 (P<C0. 05)

Note: Different lowercase letters indicate significant differences among different fire intensities in same forest layer (P<Z0. 05 ).
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