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Leaf Fluctuating Asymmetry in Response to
Air Pollution and Indicator Function
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Abstract: The fluctuating asymmetry (FA) of biological development stability has a close relationship with
environmental conditions, The Ligustrum lucidum and L. quihoui were selected as experimental materi-
als, which are commonly urban greening tree species in Xi”an. The mature leaves of these plants were
sampled from 9 air environmental monitoring sites. The leaf half-perimeter, half-width, and half-area were
measured and the each FA was calculated, which the vein is symmetry axis. The response characteristics
of 2 kinds leaf FA to envrionmental air condition were researched, and the potential of leaf FA as an air
quality indicator was explored. The values of fluctuating asymmetry of perimeter, width, and area (abbre-
viated as FAP, FAW and FAA, respectively) were 0. 051, 0. 063 and 0. 082 for L. lucidum, respectively.
The FAP, FAW and FAA of L. quihoui were 0. 043, 0. 082 and 0. 102, respectively. The each FA showed
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significant differences between different plant species sampling sites and enviromental sites. There were

close relationship between the FAP and air SO, concentrations for each plant species. The leaf FA has high

sensitivity to different environmental conditions, and it has the potential as a biological monitoring indica-

tor. However, the choice of suitable species for monitoring, leal characteristic indexes, the number of

samples, FA and characteristics of pollutants relations should further research.

Key words:leaf blade; fluctuating asymmetry; development stability; air pollution; environmental quality
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he digits in map are sampling site numbers,and 1—9 stand for

High Voltage Switchgear Factory, Xingqing Residential Area,
angzhi City or Textile City, Xiaozhai, Xi'an Stadium, Western
High-Tech Zone, Xi’an Economic Development Zone,
Qujiang Park, and Guangyuntan, respectively

Fig. 1 Map showing the sampling sites, Xi’an,

Shaanxi, China
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Table 1 The normality test of half-perimeter, half-width and half-area for Ligustrum lucidum
Ait. and Ligustrum quihoui Carr.
KitZvi L. lucidum /INWLepi L. quihoui
Parameter K 2 98 i 2 AR RSERS 98 IR
Half-perimeter Half-width Half-area Half-perimeter Half-width Half-area
AR EEA Number 393 393 393 401 401 401
IEZ5 314 Normal Av. 0.002 0.029 —0.054 —0.029 —0.008 —0.051
IEZHR#E2 Normal SD 0. 622 0.162 1.211 0.253 0.117 0.363
K-S 0. 586 0. 740 0.766 0. 998 1.1012 0. 874
Asymp. Sig. 0. 882 0. 644 0. 600 0.272 0.257 0.429
R2 BERXREATEEEVREANE
Table 2 Monthly average concentration of air pollutants in different sampling sites
25 Yk BE A ¥ {A Monthly average concentration of air pollutants/(pug * m™*)
RAE AL 0s
Sampling site S0, NO, cO bV 8 hTH PM.; 5 PMy,
1 hour average 8 hour average
1 30.21b 71. 26¢ 43.07bc 30.87b 40. 00ab 127.30b 123.82b
2 43.91a 83. 64a 53.27a 37.44a 44. 83a 127. 64b 118. 19b
3 22.97c 62.02c 47. 28b 21.39¢ 29. 19bc 117.61b 113. 89be
4 31.11b 61.63c 50. 16a 32.89b 40. 76ab 117.32b 125. 10be
5 34.24b 74.41b 48.27b 33.90b 41. 35ab 101. 38¢ 105. 60c¢
6 30. 96b 64.44c 48.16b 34. 86b 41. 24ab 139. 00a 148. 45a
7 35.28b 78. 64ab 48.13b 33.32b 40. 06ab 115. 25b 122.56b
8 32.49b 58.05¢ 43. 87bc 29. 48bc 34.98b 129. 60b 127. 33b
9 36.19b 62.42¢ 42.29¢ 26.50¢ 33.22b 115.59b 120. 58b
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Table 3 The FA value of half-perimeter, half-width and half-area about L. lucidum and L. quihoui

for different sampling sites

TR KA vl L. lucidum N BT L. quihoui
Sampling site FAP FAW FAA FAP FAW FAA
1 0.04740.039b  0.09440.063a  0.10040.058b  0.03740.026c  0.109-0.088a 0.122+0.107a
2 0.071+0.032a  0.048+0.031lc  0.07840.05lc  0.062£0.040a  0.068=+0.042¢ 0.088+0.081c
3 0.033740.030c  0.059-0.037b  0.05840.050d  0.035-40.024c  0.064740. 050c 0.106-0. 055ab
4 0.036+0.033¢c  0.03640.024d  0.075+0.052¢  0.035+0.031c  0.07740.072b 0.080=40. 065¢
5 0.05240.037b  0.049740.044c  0.06620.049¢c  0.067=40.05la  0.0930.068a 0.118+0.073a
6 0.067+0.05%  0.060%+0.036b 0.10940.071b  0.03940.023¢c  0.096=0. 060a 0.10340. 065b
7 0.0694-0.038a 0.0764-0.062ab  0.14040.086a  0.0394-0.025¢  0.09640. 064a 0.10520. 065b
8 0.0504-0.035b  0.0634-0.045b  0.0674-0.047c 0.0424-0.036bc 0. 0814-0.069ab 0.0930. 068bc
9 0.06740.063a  0.0860.078a  0.046%0.031d  0.05020.048b  0.05220. 040d 0.10040. 070b
S Average 0. 051 0. 063 0.082 0.043 0.082 0.102

T :FAPFAW Fl FAA 73 5 27 i J < 58 B2 A B FA

Note: The FAP, FAW and FAA is leaf fluctuating asymmetry of half-perimeter, half-width and half-area, respectively
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Table 4 The correlation analysis between FA value and air environmental quality
B i o, O o O Lh PHIKE O BhEBEE Ly
Species Index “ e O3 1 hour average O3 8 hour average 29 10
FAP 0.765" 0.534 0.124 0.54 0.442 0.227 0.279
Iﬁ?fﬁﬁi FAW —0.08 —0.007 —0.782" —0.328 —0.3 0.14 0.105
_. lucidum
FAA 0.084 0. 46 0.203 0.499 0.498 0.284 0.441
FAP 0.690" 0.548 0. 305 0.423 0.399 —0.407 —0.517
I/J\“fi.(ﬁi' FAW —0. 141 0.275 —0. 046 0. 457 0.503 0.166 0.275
L. quihoui
FAA —0. 305 0. 206 —0.45 —0.177 —0.096 —0.237 —0.23
Kpzm kT HE, FURAR o et B Sl i B 4 28 5 7T R A7 7 TR A%
5 WoB INE o BAE K2 T AN 2 T BRI FAA B
> ()
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