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Study on resistance characteristics to heavy metal accumulation of Pinus bungeana Zucc. needles from different
atmospheric environments

ZU Li-hong, WANG Xin, WANG Run—xi, WU Hong—rui, HUANG Ya-ping, SHI Fu—chen”

(College of Life Sciences, Nankai University, Tianjin 300071, China )

Abstract: The purpose of this study was to determine the contents of Cu, Mn, Zn, and Cd in current-year(C ), 2—year old(C+1 ), and 3-year
0ld(C+2) needles of Pinus bungeana Zucc. from urban, suburban, and rural areas. Analysis also concerned resistance indices including su—
peroxide dismutase(SOD ) activity and the malondialdehyde( MDA ), soluble protein, soluble sugar, and free proline contents in needles. Re—
sults showed that the urban area had the highest accumulation of Cu, Mn, Zn, and Cd in needles of the same age from different sites. Accu—
mulation of Cu, Mn, and Cd increased with age for needles from the rural area whereas that of Zn decreased with needle age for all three
sites. Meanwhile, two—way analysis of variance( ANOVA ) was used to evaluate the interactions between sampling site and plant species and
showed that the sampling site played a greater role than needle age for Cu, Zn, and Cd, whereas for Mn, the effect of needle age was greater
than that of the sampling site. MDA, soluble protein, soluble sugar, and free proline contents in the needles were elevated because of in—
creasing heavy metal accumulation. SOD activity decreased with age and was the lowest in the rural area. Correlation analysis showed that
the Cu, Mn, Zn, and Cd contents had a significant or extremely significant positive correlation with the soluble protein, soluble sugar, and

free proline contents in the needles. In conclusion, the 3—year old needles of P. bungeana are considered suitable biomonitors for heavy met—
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al pollution in the environment. The soluble protein, soluble sugar, and free proline contents in the needles seem to be good indications for

the oxidative stress caused by heavy metals and may be involved in an adaptation mechanism to external stress.

Keywords: Pinus bungeana Zucc.; heavy metals; needle age; resistance index
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Figure 1 The location of sample sites
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Table 1 The contents of Cu, Mn, Zn and Cd in P. bungeana needles(mg-kg™)

FHb B4R Cu Mn Zn cd

X C 1.99+0.07Bc 5.84+0.46Cc 7.56+0.19Ac 0.10+0.01Bc
C+1 2.51+0.27ABc 13.03+0.87Bc 5.4120.19Bc 0.18+0.01ABc
C+2 3.01+0.12Ac¢ 19.20+0.78Ac 5.29+0.20Bc 0.26+0.20Ac

SIX C 12.95+0.18Ch 24.58+0.09Bb 47.21£0.44Ab 0.43+0.02Bb
C+1 14.03+0.13Bb 31.86+0.66Ab 39.40+0.0.07Bb 0.58+0.04Ab
C+2 15.37+0.37Ab 32.34+0.49Ab 35.14+0.08Ch 0.68+0.06Ab

BRI C 15.36+0.14Ba 128.91+1.73Ba 63.73+0.34Aa 0.60+0.03Ba
C+1 15.11£0.04Ba 136.74+4.6ABa 57.79+0.19Ba 0.94+0.04Aa
C+2 18.1540.49Aa 147.46+5.35Aa 48.0620.12Ca 1.04+0.04Aa

VE : [FIF)/INE S REAN R 3275 S IR SR [ AE R B AP 5 28 5 s RS T BEAN IR R m AR IR A TR AR B AR I3 22 52, P<0.05

Note ; Different lower case letters indicate significant difference in needles at the same age among different sites in same column;different capital letters

indicate significant difference in needles at different age among the same sites, P<0.05.
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Table 2 ANOVA results for sampling sites(SS ), needles ages(NA ) and sampling sitesxneedle ages(SSXNA ) for heavy metals contents
ISR G Mo Zn o
o sy F sy F sy F sy F
RHER(SS) 490.665 2 726.929%* 41 265.63 2 242.176%* 5 977.670 36 603.788%%* 1.036 284.827%#*
EFHAERS (NA) 10.725 59.6087** 410.872 5296.193%* 225.382 1 380.112%* 0.183 50.253%%*
A HAEF(SSXNA) 1.498 8.326%* 21.778 1.183 41.023 251.203%** 0.022 6.181%*

T % FORTE 0.05 K22 57 35 5%+ FORTE 0.01 KPR BH. T,

Note : *indicates significant difference at 0.05 level ; **indicates significant difference at 0.01 level. The same below.

R3 TERERRELIEESRAE (ng-kg)

Table 3 Heavy metal contents in top soil of different sites(mg-kg™)

KRR S Cu Mn Zn Cd
X 17.3+2.01¢ 133.06+5.48¢ 19.1£1.20c  0.31+0.02¢
ZRIX. 33.49+1.46b 212.34+9.36b  41.3+0.85b  0.56+0.02b

WX 78.66x1.49a
T AR R R i 3 25 57, P<0.05,

Note; Different letters indicate significant difference in same column,

P<0.05.

278.76+10.56a 45.25+1.13a  1.14+0.04a
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Figure 2 Regression analysis between the contents of heavy metals in needles and atmosphere or topsoil
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Figure 4 The malondialdehyde content in P. bungeana needles
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Figure 5 The osmoregulation substance contents in
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®4 BEBHPESESESHHERZ BEX TS
Table 4 Correlation coefficients between heavy metals and

resistance indexes in P. bungeana needles

E/INE =g Cu Mn Zn Cd
SOD i C  0977%%  0.666  0.957*%% (.939%*
C+1 0.630  0.944%x  (.802%* 0.886%*
C+2  0.741% 0932  (.798** (.836%*
MDA & C 0.855%F  0.939%F  0.910% 0.903%*

C+l 0.841% 0575%  0.824** 0.766%
C+2 0520  0.002 0475  0.427
AR C  0.738% 0.980%F  0.812%% (.818%*
C+1 0.841%* 0.960%*  0.956%* 0.974%*
C+2 0.900%* 0.938%*  0.948%* (.962%*
AT C  0.693* 0.995%  0.775% 0.789*
C+1 0.588% 0.992%*  0.786* 0.895%*
C+2  0.665% 0.998%*  0.759% 0.846%*
0.881%% 0.963%%  0.930%* (0,929%*
C+1 0.851%* 0.955% 0.961** 0.981%*
C+2 0.899%* 0.936%*  0.948%* (.965%*
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