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Heavy metal pollution and tree growth I

~——Effect of excessive Cu treatment on seed germination,
height growth and diameter growth of one-year-old
Pinus Thunbergii seedlings—

Makoto ANDO
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Table 1 Effeet of excessively applied eopper on number of cotyledons and defoliation of

cotyledons
Treatment 1 2 3 4 5
Average number of cotyledons per plant 6,78 6.65 6.55 6.65 6.51
Rate of defoliation of Aug. 26.1 64.3 61.3 28.2 12,5
cotyledons per plant Sept. 85.9 90.4 99.5 84.6 43.7
(%) QOct. 88.9 100 100 100 84.9

Note: Average number of cotyledon was estimated by the data in Aug.and in Sept. (n=60)
The number of cotyledons in all treatment ranged from 4 to 9.
Rate of defoliation was estimated by the data of the number of survival eotyledons (n=30)
and upper average number,
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Table 2 Effect of excessively applied copper on development of eotyledons, juvenile leaves
and foliage leaves

Treatment  June July Aug. Sept. Oet. Nov.

1 6.8 6.8 : 3.8 0.8 0.2 0.0

Average number of 2 7.2 6.6 = 2.2 0.6 0.0 0.6
cotyledons 3 6.2 6.8 | 32 0.0 0.0 0.0

per plant 4 7.0 7.0 4 3.6 0.0 0.4 00

5 7.2 6.4 £ 3.2 1.0 0.0 0.0

1 296 2.8 & 231  2.66 276 —

Average length of 2 2.87  2.87 © 3.2  3.03 — 2.9
cotyledons 3 2.76 276 | 2.78 — — —

per plant (i) 4 2.73 2.92 2.58 - 2.33 -

5 2.61 2.84 . 2.16 2.37 — -

1 10.2 44,8 39.6 © 47.8 29.6 31.4

Average number of 2 8.2  47.6 4.6 | 47.8  37.8  23.4
juvenile lenves 3 9.2 44.4 36.4 | 32,2 27.4 15.2

per plant 1 68 3.0 206 / 812 238 178

5 5.8 20.6 4.4 5 25.6 17.4  17.0

1 0.888 167 174 & 1.64  1.64  1.66

Average length of 2 0.817  1.49 159 1.64 1,49 1.35
juvenile leaves 3 0.885 1.49 1.57 179 1.80  1.53

per plant (cm) 4 0.554 1.43 135 L6l 173 1.63

5 0.469 1.30 118 | 1.28 1,38 1.50

1 0.0 0.0 2.0 6.2 5.4 5.8

Average number of 2 0.0 0.0 2.0 2.2 3.0 5.8
foliage leaves 3 0.0 0.0 0.2 4.0 1.8 3.2

per plant 4 0.0 0.0 0.8 2.2 2.6 2.8

5 0.0 0.0 0.0 1.8 1.0 2.8

1 - — 1.13 1.65 451 4.79

Average length of 2 — — 110 1.03 3.2 2.43
foliage leaves 3 — — 1.16 1,47 1,80 1,22

per plant (cm) 4 - — 1.19 1.04 2,30 1.62

5 - — - 1.08 1.89  2.28

Note: Average number and length were estimated by the data of 5 plants in all months and
treatments respeetively. Cotyledons began falling in August and juvenile leaves began
in about September from lower concentration treatment, too.
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Résumé

The effect of excessively applied copper on development of one-year-old Japanese black
pine (Pinus Thunbergii Parl) in germination and succeeding stages was investigated. The
concentration of copper (CuCly) solution applied to the soils was 0, 40,120, 260,430 ppm.
The results are summerized as follows:

1) It seems that the final germination percentage is little affected by copper in this
range of concentration treated, though the time when seedling appears from soil in higher
coneentration is later than that in control and lower concentration.

2) Many seedlings treated with higher concentration fall down immediately after
germination due to less developed root system. These seedlings are exposed to the danger
of death by drying of roots.
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3) The effect of Cu on development of cotyledon and hypocotyl which depend their
nutrition on seed reserves seems less evident, But the development of juvenile leaf and
epieotyl is apparently inhibited. That of foliage leaf and winter bud formed in the late
growing season is also inhibited remarkably by copper treatment.

4) The development of root is checked greatly by excessive copper from the early stage
of growth. But the elongation of root in lower concentration becomes more active tempora-
rily during the late growing season than in control.

5) The more apparent effect of copper treatment on height growth is observed than
that on diameter. Consequently the ratio of height to diameter (H/D) becomes decreasing
and this tendency was very distinet early in growing season in even lower concentration
treatment (Fig.4).
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Fig, 5 Seasonal change of growth of excessive Cu treated one-year-old
Pinus Thunbergii seedlings





