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ABSTRACT: We investigated the effects of pollutants on two pine species (Pinus koraiensis and Pinus rigida)
in an industrial region, using a physiological approach. We measured the growth and physiological parameters
(photosynthetic activity and chemical contents) of the pine trees in relation to environmental pollutants. The
concentrations of manganese (Mn), fluorine (F) and chlorine (Cl) in needles of two pine species at the damaged
site were significantly higher than those at the control site, and concentrations of essential elements (P) and
chlorophyll in needles at the damaged site were significantly lower than at the control site. The light-saturated
net photosynthesis (Psa), apparent quantum yield (%), carboxylation efficiency (CE) of both pines at the damaged
site were significantly lower than those at the control site. The length of shoots and survivorship of needles of
two pines at the damaged site were significantly lower than those at the control site. Especially, at damaged
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site, growth of shoots and needle longevity of P. koraiensis are larger than those of P. rigida.
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Table 1. Some chemical properties of forest soil at two investigated sites (n=5, mean+SD)

Site Parent rock pH (H:0) O.M. (%) T.N. (%) Avail. P,0s (mg/kg)  CEC (cmoli/kg)
Control Granite 48 + 0.4° 8.1+ 1.I° 0.20 £ 0.03° 172 + 2.0° 174 + 2.4°
Damaged Granite 4203 3107 0.16 + 0.02° 70 £13° 91+ 12°

The different letters of each site indicate significant difference at 5% level.
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Fig. 1. Length of shoots at different age classes for P. koraiensis and
P. rigida at the control and damaged sites (meant+SD, n=20).
¥ P<0.05, **; P<0.01, ***; P<0.001.
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Fig. 2. Survivorship of needles at different age classes for P. koraiensis
and P. rigida at the control and damaged sites(mean+SD, n=20).
¥ P<0.05, **; P<0.01, ***; P<0.001.
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Fig. 3. Photosynthetic light response curves of 1-year-old needles at the
control and damaged site for P. koraiensis and P. rigida.

&A% (PPFD)7F T AE 2F 600 #mol -m -5 0|30
, a7l e 500 gmol -m P -5 BZolQlnk 27tk
WHEE 2ol 4] 1,000 #mol +m 2 -5 ' o]ont, BTl
21300 gmol *m s | B4 dolyt) 181 ufatw
MH 27] 71719 FAE()S st 2o

FE BT Tl e ghe el

WS ¥t ksl S22 ek 2448 AE
FA e DHE BAL vk Qe 2222 gHS B
3 AvKFig. 4), BT AFANE S22 ath L FEZ
I be] F2 194 AL A3t BE QoA vz vist
of fojAoE v s etk T3t s JJEH%LOW 234

Lo

L

S
o

2 33X JFgor ASFE AHe S22y e FA3]
a5 I dieivesl b . sl o |
B | [ | [T
1:5 I | :.... x
:- m | I | .
™ - . .
. - -

v
i van

0l | . A=t
!-:n: I |
1
l l -

Age u!'nu-td.lu- {ﬂl.l:'}l

Fig. 4. Concentration of chlorophyll a+b and b in needles of different
age classes for P. koraiensis and P. rigida at the control and
damaged sites(mean£SD, n=15). *; P<0.05, **; P<0.01, ***;
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Fig. 6. Concentration of phosphorus in needles of different age classes
at the control and damaged site for P. koraiensis and P. rigida
(meantSD, n=15). *; P<0.05, **; P<0.01, ***; P<0.001.
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Table 2. Concentrations of elements in every age of needles (n=5, mean+SD)

Pinus koraiensis Pinus rigida
Needle age
1 2 1 2 3
Mo C 038 + 0.11% 038 £ 0.17* 044 £ 0.14% 0.34 + 0.06 0.62 + 0.16 0.73 + 0.11
(mg/g) D 1.98 = 0.69 255+ 0.93 224 £ 071 0.44 £ 0.04 091 + 020 -
F C 13.60 + 5.91%* 20.17 + 15.86%* 2058 £ 1.46%*  11.26 + 1.86%** 2413 £ 1.75%* -
(1rglg) D 3155 + 2.01 72.97 + 11.23 9433 + 21.80 37.81 + 4.05 102.64 + 24.40 -
al C 0.57 £ 0.35%* 056 £ 0.20%% 070 £ 025%* 085 £ 0.36* 0.71 £ 0.18%* 0.83 + 0.50
(tgg) D 143 £ 030 239 £ 036 384 £ 092 177 + 0.42 326 £ 0.86 -
C; control site, D; damaged site, -; No needle was collected.

*; P<0.05, **; P<0.01, ***; P<0.001.
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