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Table 1. Concentrations of nutrient culture solution

Element Concentration(mg - L")

N 28.50
P 7.70
K 29.40
Ca 40.10
Mg 1220
B 0.50
Zn 0.05
Cu 0.02
Mo 0.05
Fe 1.00

t Author for correspondence; Phone: 82-2-961-2557, e-mail: hwa2l@foa.go.kr
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Fig. 1. Effects of Mn on relative growth rate(RGR), net assimilation
rate(NAR) and leaf weight ratiofLWR) of P. densiflora
seedlings grown for 90 days. Bars followed by the different
letters are significantly different according to Duncan’s new
multiple range test(P<0.05).
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Table 2. Effects of Mn on dry weights of P. densiflora seedlings grown for 90 days in the nutrient culture solution. Each value is the mean of

6 seedlings and the standard deviation is shown in parentheses

Mn concentration (ppm) Needle (g) Stem +Trunk Root Whole-plant
0 454121) b 1.51(0.40) b 1.11(042) b 7.16(1.87) b
30 4.36(1.18) ab 1.27(0.36) a 1.03(0.28) ab 6.66(1.76) ab
60 3.86(0.97) a 1.22(0.43) a 0.88(0.29) a 5.95(1.57) a

Values followed by the different letters within a column for each plant organ are significantly different according to the Duncaris new multiple range

test (P<0.05).
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Table 3. Effects of Mn on the cation concentration in needle, trunk and root of P. densiflora seedlings grown for 90 days in the nutrient culture
solution. Each value is the mean of 6 seedlings and the standard deviation is shown in parentheses

Mn concentration Ca K Al Mn

Plant organ -1 -1 -1 -1 1
(ppm) (mg-g ) (mg-g ) (mg-g ) (mg-g) (mg-g )
Needle 0 2.79(0.58) a 1.06(0.18) a 10.55(1.22) a 0.39(0.20) a 047(0.18) a
30 3.29(0.74) b 0.95(0.19) a 10.43(1.22) a 0.76(0.48) b 1.50(0.26) b
60 2.87(0.79) ab 0.98(0.28) a 10.13(1.15) a 0.47(0.13) b 2440.78) ¢
Stem + Trunk 0 1.68(0.31) b 0.85(0.22) b 5.66(1.14) a 0.45(0.31) a 0.09%0.02) a
30 1.64(0.21) b 0.80(0.12) b 5.75(0.82) a 0.60(0.40) a 0.5%(0.10) b

60 1.28(0.15) a 0.64(0.08) a 6.33(0.83) a 0.690.47) a 0.77(0.07) ¢
Root 0 1.78(0.43) b 0.62(021) a 528(1.12) a 3.43(2.40) a 0.08(0.05) a
30 1.66(0.51) b 0.58(0.17) a 5.02(1.02) a 3.58(2.54) a 0.51(0.20) b

60 1.24(0.39) a 0.59(0.19) a 5.25(1.25) a 2.56(2.45) a 0.79(0.24) ¢

Values followed by the different letters within a column for each plant organ are significantly different according to the Duncan's new multiple range

test (P<0.05).

Table 4. Effects of Mn on net photosynthetic rate of red pine
seedlings grown for 90 days in the nutrient culture
solution

. Net photosynthetic rate
Mn concentration (ppm)

(O; nmol - .5 )
0 36.15(8.77) b
30 29.99(6.33) a
60 28.50(5.76) a

Values followed by different letters within a column are significantly
different according to the Duncan's new multiple range test (P<0.03).
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Effects of Mn on the Growth and Nutrient Status of Pinus densiflora
Seedlings in Nutrient Culture Solution

Lee, Choong Hwa', Seung Woo Lee, Hyun-O Jin*, Jin-Heon Jeong and Chun-Yong Lee
Korea Forest Research Institute, Seoul 130-712, Korea
Department of Forestry, Kyung Hee University, Yongin 449-701, Korea*

ABSTRACT : The effects of Mn on growth and nutrient status of Pinus densiflora seedlings grown in a nutrient
culture solution were investigated. Mn concentrations was added as manganese chloride at 0, 30 and 60ppm
to the nutrient culture solution. The 2-year-old seedlings were transplanted into the solution maintained at pH
4.0, and grown for 90 days in a greenhouse. The Mn treatment induced a significant reduction in the dry weight
growth of the seedlings. The relative growth rate(RGR) and net assimilation rate(NAR) of the seedlings
decreased with increasing Mn concentrations in the nutrient culture solutions. For the nutrient status of the
seedlings, Ca and Mg content in trunk and root was least in 60ppm Mn treatment, and Mn content in needle
was about 3 times more than in root. Also the net photosynthetic rate of the seedlings was significantly lower
both in 30ppm and 60ppm Mn treatment compared to them in Oppm. This result suggests that the reductions
in the RGR and NAR of the seedlings may be resulted from the inhibition of net photosynthesis by the mixed
effect of lower nutrient uptake of roots and excess accumulation of Mn in needle.

Key words : Mn concentration, NAR, Pinus densiflora, RGR




