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Species diversity and leaf functional traits of shrub layer in Pinus tabuliformis
forest under different fire intensities in Taiyue Mountain,
Shanxi Province of northern China

Feng Haoyu Chen Sifan Suo Aoli Gong Junwei Chen Feng Liu Xiaodong
(Key Laboratory for Forest Resources and Ecosystem Processes, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Forest fire is the important disturbance factor of forest ecosystem. Shrub is an
important part of the forest community. Studying the change of species diversity and leaf functional traits
can provide scientific basis for the recovery of shrub layer plants after fire. [Method] Taking the understory
shrub layer plants of Pinus tabuliformis forest in the fire-burned land of Taiyue Mountain in Shanxi Province
as the research object, for different fire severities (control, mild, moderate, and severe fire), species diversity
investigations and sample collection were performed, and 4 diversity indexes (Shannon index, Simpson
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index, Pielou index, Margalef index) were calculated. Eight functional trait indicators (leaf phosphorus
content, nitrogen-phosphorus ratio, leaf potasslum content, leaf nitrogen content, leaf organic carbon content,
leaf dry matter content, leaf thickness, specific leaf area) of dominant shrub leaves were measured. Using
one-way ANOVA and multiple regression analysis, we analyzed the diversity index and leaf functional trait
values and studied the significance, variation patterns, and variation characteristics of differences between
varied fire severities, and analyzed the correlations between species diversity and leaf functional traits.
[Result] (1) The Pielou index had a maximum value of 0.90 in severe burning, and its magnitude was
severe > moderate > control > mild, while Shannon index, Simpson index and Margalef index all had
maximum values of 1.65, 0.74 and 1.43 during moderate burning, with moderate > severe > control > light.
Four diversity indexes between different fire severities had varied significant differences (P < 0.05). (2) The
coefficient of variation of leaf organic carbon content (5.00%) was the smallest, and the coefficient of
variation of specific leaf area (20.30%) was the largest. (3) Except for leaf potassium content, the other leaf
functional traits were significantly different among varied fire severities. As the fire severities increased, the
overall trend of changes in leaf thickness, leaf phosphorus content, and leaf dry matter content was gradually
increasing. The overall trend of organic carbon content in leaves decreased first and then increased.
(4) There were strong correlations among species diversity, leaf functional traits, species diversity with leaf
functional traits. [Conclusion] Fire severity has a significant impact on plant species diversity and leaf
functional traits in the shrub layer, and has a complex interrelationship between leaf functional traits and

species diversity.

Key words: fire severity; shrub; species diversity; leaf functional trait; correlation analysis
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T g PORE CPHRERE e R o . W0
Fire severity Sample Latitude Longitude Me.an tree Meap scorch Tree mortality/% Crovyn Altitude/m  Slope/(°) Slg]?e
plot height/m height/m density position
1 36°42'42"N  112°20'57"E 7.64 0.76 0.00 0.55 1241 25 = Up
1%/[/\111% 2 36°42'43"N  112°20'55"E 8.74 1.43 8.70 0.60 1239 32 7 Middle
3 36°42'39"N  112°20'59"E 6.62 0.90 0.00 0.55 1258 30 rh Middle
N 1 36°49'49"N  112°16'53"E 9.13 3.11 30.95 0.30 1349 25 rh Middle
I?/:I‘(ﬁerate 2 36°49'49"N  112°16'54"E 8.82 3.74 30.00 0.30 1380 32 I Up
3 36°49'48"N  112°16'53"E 8.15 2.84 31.48 0.35 1384 30 - Up
1 36°42'37"N  112°20'50"E 522 5.22 81.48 0.10 1324 36 +Up
éi;{:;‘;e 2 36°42'37"N  112°20'52"E 5.10 5.10 100.00 0.10 1322 36 1 Middle
3 36°42'38"N  112°20'50"E 4.93 4.90 88.00 0.15 1314 35 1 Middle
g 1 36°41'30"N  112°21'59"E 7.93 0.00 0.00 0.70 1240 30 +Up
Control 2 36°4129"N  112°21'58"E 9.10 0.00 0.00 0.65 1250 30 I Up
3 36°41'29"N  112°22'00"E 9.35 0.00 0.00 0.63 1250 37 I Up

VE: YR A 4L . Note: slope direction is all northeast.
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Tab. 2 Effects of fire severity on species diversity in different shrub layers
KEURE Shannon-Wiener$§4% Simpson?# £ Pielouf %4 Margaleff5 %
Fire severity Shannon-Wiener index Simpson index Pielou index Margalef index
A Mild 0.64 = 0.07¢ 0.40 +0.07b 0.59+0.07b 0.52 +0.05b
*1 & Moderate 1.65+0.13a 0.74 % 0.04a 0.82+0.02a 1.43+0.21a
¥ Severe 1.44 + 0.08ab 0.73+£0.03a 0.90 + 0.05a 1.36 +0.10a
X} #& Control 1.12+0.05b 0.64 + 0.02a 0.81+0.03a 0.74 +£0.01b

1 FFAS R 7 BER R AN [F) K Z B 18] 22 57 2 3% (P < 0.05) . F[A]. Notes: different letters in the same column mean significant differences between

varied fire severities at 0.05 level. The same below.
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Tab. 3 Variation coefficients of leaf functional traits of shrub layer
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content area carbon content content
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A5 RHCV/% 15.00 6.50 20.30 5.00 16.60 15.00 13.60 18.00
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Fig. 1 Leaf functional trait values of shrub layer under different fire severities
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Fig.2 Correlation analysis of leaf functional traits and species diversity
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Tab. 4 Multiple stepwise regression analysis of leaf functional traits and species diversity

2 A 75 hRIE FEL KISt BENE

Stepwise regression equation Determination coefficient (R?) Test statistic (F) Significance (P)
H'=0.086N + 5.7287 — 1.474 0.726 11.903 0.003
D=0.28N+2.355T—0.347 0.805 8.297 0.009
E=2.74T+0.239 0.424 7.367 0.022
Dy =1.6128+0.112B + 7.428M — 6.032 0.868 17.530 <0.001

VNS R TH B S8 &= BABE L M T &% . Notes: N, leaf nitrogen content; 7, leaf thickness; S, leaf phosphorus content; B.

N and P ratio; M, leaf dry matter content.
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