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Table 1 Concentrations of elements in the whole needle and the needle without sheath of the current year(C) and previous year(C+1) in Masson pine

wOLE)(mgkg!)

251

Al Cu cd Pb Zn Cr Ni N
614.10" 544 0.12 4.19 37.20 1.08 5.28 15080.22
BN (L)
(128.54) (2.43) (0.01) (1.00) (3.18) (2.36) (0.23) (376.62)
742.55° 4.97 0.21 532 40.72 0.23 5.07 14300.83
YA SR
(141.43) (1.48) (0.08) (2.16) (4.62) (0.19) (0.60) (1310.58)
891.70 4.97 0.17 12.70 52.55 0.40 245 12648.18
—AEEnt (L)
(335.22) (0.94) (0.06) (5.24) (11.12) (0.30) (0.43) (960.39)
'1028.96 8.02 0.15 18.09 56.07 0.87 277 12737.68
—ERAE SR
(426.34) (2.06) (0.06) (4.48) (9.98) (0.52) (0.51) (1055.82)
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Fig. | The distribution pattern of elements in the current year(C) and previous year needles of Pinus massoniana
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Table 2 Concentrations of elements in the previous year(C+1) needles of Masson pine along the urban-suburban gradient

KA w(ITE)/(mgekg")
Al Cu Cd Pb Zn Cr Ni N
X 596.87 550 0.30° 774 64.41 1.95° 339 10892.36°
(180.91) (1.13) (0.08) (2.78) (15.38) (0.40) (1.33) (766.44)
- 749.63 6.62 0.23* 10.78 59.11 0.58" 271 12593.14°
(142.53) (2.78) (0.06) (2.03) (15.74) (0.35) (0.61) (1354.16)
— 705.19 487 0.15° 6.31 53.27 197 2.69 9481.75°
(185.31) (1.57) (0.03) (3.48) (13.82) 0.27) 0.22) (1001.48)
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Table 3 Concentrations of elements in the previous year(C+1) needle sheath of Masson pine along the urban-suburban gradient

w(TE)/(mgekg™)

R
Al Cu cd Zn Cr Ni N
i 2728.28° 80.67° 0.64 179.97 92.93 10.28° 12.09* 9739.04
X
(124.23) (10.98) (0.07) (7.63) (1.18) (2.36) (974.66)
P— 5066.50" 83.88" 0.60 216.75 98.98 16.86" 7.64° 8660.32
|
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Variations of concentrations of elements in needles of Pinus massoniana (L. )
along an urban-suburban gradient in Guangzhou

LI Xiangguangl’2 , SUN Fangfang"?, WU Min®, WEN Dazhi', KUANG Yuanwen

1. Institute of Ecology, South China Botanical Garden, the Chinese Academy of ~ Sciences, Guangzhou 510650, China;
2. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China;
3. Guangzhou Greening Committee, Guangzhou 510030, China

Abstract: Increasing urbanization, industralization along with human activities have imposed unprecedented disturbance and sup-
pression on urban forest ecosystems and their surrounding areas. Canopy serves as the active interface for gas exchange of trees with
the environment, and chemical assay of foliage has been frequently and extensively employed as the useful tool for forest health risk
assessment and environmental monitoring and bioindication. In the present study, we selected Huangpu, Botannical Garden, and
Maofengshan as the representative site of the industrial center of Guangzhou, urban-suburban transition, and suburban area, respec-
tively. Five mature, health-looking pines (Pinus massoniana (L..)) grown in field at each site were sampled. The current (C) and pre-
vious year(C+1) needles were collected from branches of each tree at the mid crown, and pooled by needle age. The needles with the
same age were separated into three parts including needles attached with sheath, needles without sheath and needle sheath. Concen-
trations of total N, Al, Cu, Cd, Pb, Zn, Cr and Ni for all components of needles were determined to elucidate the suitability and reli-
ability of pine needles in monitoring urban-suburban environmental change.

The results were as follows, 1) The C needles with sheaths had significantly higher concentration of Al than those without
sheaths, but this difference was not observed for other elements either in the C needles or the C+1 needles. 2) The sheaths for both
needle ages had significantly higher concentrations of all metal elements than needles without sheaths, with the exception for Ni,
suggesting the extant difference in metal accumulation rate caused by the dissimilarity in morphological and anatomical aspects be-
tween the bared needles and the sheaths; however, needles of both ages had significantly higher concentrations of nitrogen than those
of needle sheaths. 3) Nickel concentration in the C+1 needles was lower, while Al, Pb and Zn concentrations were higher than those
in the C needles. Concentrations of all the metal elements in the C+1 needle sheaths were significantly higher than the C needle
sheaths, demonstrating that accumulation of metal elements increased with prolonged exposure time and needle longevity; however,
the nutritional nitrogen concentration did not show significant relations with needle age. 4) Masson pine growing along the ur-
ban-suburban gradient provided a natural laboratory for environmental quality study, Cd and N concentrations in C+1 needles as well
as Cu, Cr, Ni concentrations in their sheaths collected from highly human-impacted Guangzhou were significantly higher than its
suburban Maofeng mountain, reflecting the ecological footprints of the anthropogenic activities along the urbanization course. 5)
Among all the needle components divided and tested, the C+1 needle sheath is the best bioindicator for environmental monitoring,
particularly efficient for heavy metal pollution assessment.
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