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Growth of Pinus densiflora Seedlings in Artificially Acidified Soils
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ABSTRACT: This study was carried out to investigate the effects of soil acidification on the growth of 3-year-old
Pinus densiflora seedlings grown for 21 weeks in brown forest soils acidified with H,SOs solution. The
concentrations of Al in the acidified soils were increased with increasing amount of H* added to the soil. The
total dry weight of the seedlings was reduced by the addition of the H,SO, solution. In addition, there was a
strong positive correlation (=0.97, p<0.01) between the dry weight of the seedlings and the molar (Ca+Mg+K)/Al
ratio of the soil. The seedlings with the molar (Ca+Mg+K)/Al ratio of 1.0 resulted from approximately 50% growth
reduction compared with the control value. The resuits suggest that the molar (CatMg+K)/Al ratio of the soil may
be a useful indicator for assessing the critical load of acid deposition.
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Table 1. Initial pH and concentrations of water soluble elements in soil before transplanting P. densiflora seedlings (n=5, mean + SD)

Soil treatment pH Water soluble element concentration (mg/L)
(mmolH') (H:0) Ca K Al Mn
Control 4.15 + 0.01 2713 = 3.64 6.81 £ 0.64 12.18 £ 0.62 364 £ 017 175 £ 0.17
10 3.70 £ 0.01 75.50 £ 3.26 15.99 + 1.29 17.21 + 1.67 8.10 £ 0.57 540 £ 1.34
30 3.39 £ 0.01 13520 + 1221 2724 = 114 22.52 £ 0.77 22,65 = 1.50 6.64 £ 0.78
60 3.23 £ 0.01 228.55 £ 10.15 46.80 + 2.88 31,10 £ 2.02 131.00 + 8.51 8.57 £ 1.68
90 3.17 £ 0.01 23045 + 26.59 67.95 + 1.88 38.60 + 8.01 330.60 + 15.06 11.16 £ 1.59
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Table 2. Effects of soil acidification on dry weight and top/root (T/R) ratio of P. densiflora seedlings (n=7, meanSD)

Soil treatment

Dry weight (g/plant)

N T/R ratio

(mmolH') Needle Shoot Root Whole-plant

Initial 333 £ 042 2.63 £ 0.19 144 + 0.21 7.09 = 1.46 3.62 £ 0.44

Control 557 + 0.09 4.59 + 0.63a 333 £ 034a 1349 + 1.49a 3.07 + 0.46b
10 6.17 £ 1.12a 4.69 £ 0.46a 370 + 0.76a 1456 £ 1.72a 3.04 £ 0.66b
30 394 £ 0.61b 372 £ 0.50b 2.34 + 0.44b 10.01 + 1.26b 333 £ 0450
60 3.59 £ 0.41b 3.14 = 0.19¢ 1.60 £ 0.21c 8.33 + 0.33¢ 428 + 0.75a
90 *. -

*All seedlings died during the growing period of 21 weeks. Values followed by the different fetters within a column are significantly different according

to the Duncan’s new multiple range test (p<0.05).

Table 3. Effect of soil acidification on relative growth rate of whole-
plant dry weight (RGR), net assimilation rate (NAR) and leaf
dry weight ratio (LWR) of P. densiflora seedlings after the
growing period of 21 weeks

Soil treatment RGR NAR
(mmotH")  (107%g g

LWR
day ) (107 0g T day Y (%)

Control 0.4 (100%) 1.00 (100%)  43.77 (100%)
10 0.49 (112%) 110 (110%) 4435 (101%)
30 023 (54%) 0.55 (55%) 4285 (98%)
60 0.1 (25%) 024 (24%) 4495 (102%)
90 x.

*All seedlings died during the growing period of 21 weeks.
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Fig. 1. The relationship between total dry weight (TDW) of P. densiflora
seedlings and Al concentrations in the brown forest soils.
* indicates significant correlation at p=0.05.
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Fig. 2. The relationship between molar (CatMg+K)/Al ratio in the
brown forest soils and relative total dry weight (TDW) of P.
densiflora seedlings. The relative TDW was calculated as
follows; relative TDW(%) = (average TDW of the seedlings
grown in the soil acidified with H;SO4 solution)/(average TDW
of the seedlings grown in the control soil) x 100, ™ indicates

significant correlation at p=0.01.
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