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Abstract: The production of high quality seedlings is a very important phase in silvicultural systems for
successful reforestation or restoration. The purpose of this study was to quantitatively measure both growth
performances and nutrient responses of Fraxinus rhynchophylla, Pinus densiflora, and Pinus koraiensis seedlings,
which are commercially planted in Korea, according to the different types of soil improvement treatments. We
applied soil brought (hereafter ‘brought’), subsoil inversion (hereafter ‘subsoil’), and mixture of brought soil
with soil on nursery bed (hereafter ‘mixing’) in a permanent national nursery. Silt and clay contents were the
highest at the subsoil treatment and organic material, soil nitrogen and phosphorus concentrations were the
lowest at the brought treatment. The growth of F. rhynchophylla was the lowest at the subsoil treatment, but
there were no significant differences among treatments. There were significant differences in only root nutrient
concentrations of F rhynchophylla among treatments: nitrogen, phosphorus, and potassium concentrations were the
lowest at the subsoil or brought treatment. Mixing treatment increased N contents with deduction of N
concentrations (‘dilution’) because of more dry weight increase compared with the amount of N uptake. This
study suggested mix of brought soil with soil on a nursery bed in a permanently used nursery can economically
be an effective technique to improve soil quality.
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Table 1. Summary of soil improvement treatments.

Treatments Contents of applied soil improvement

Control Non treatment

Brought Plhng.up brought soil to 30 cm height on nursery
top soil

Subsoil Mixing top soil with subsoil to a depth of 100 cm

Mixing Mixing top nursery soil with brought soil at a one to

one ratio and piling up it to a height of 30 cm
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Table 2. Soil characteristics after soil improvement treatments.
Available P, C.E.C and EC represent H,PO, cation exchange
capacity, and electrical conductivity, respectively. Total N is
the sum of organic N and inorganic N. Means with same
letters are not significantly different among the treatments at
o = 0.05. Parentheses are standard errors (n = 3).

Treatments

Control Brought Subsoil Mixing

Texture

Sand (%) 714 746 647" 728"
12y ©04 (05 1.9

Silt (%) 199*  17.7* 227 194
1.0y (03 (0.1 (©.7

Clay (%) 8.8 7.7° 126 7.8
02) (©02 (05 (1.0

Chemical properties

pH 622" 603 548 6.06°
02) (00 (0.0 (0.1)

Organic matter (%) 172 032 141 1.12°
0.0 (0.1 (00 (.1

Total N (g'kg™) 1.2 0.5 L.1° 1.0°
0.0 (0.1 (00 (.1

Available P (mg-kg™) 328.9°  22.8'  132.8° 228.0°

©1) 7 (112) (06)
Exchangeable K*(cmol 'kg!) ~ 0.55* 035" 039" 040
©0) (00) (00) (0.0)
Exchangeable Ca*(cmol kg™!) 3.62°  4.62*  2.00° 421°
05 (O (02 (05
Exchangeable Mg>(cmol kg)  047° 270 057° 159
O ©1) (00 (0.1
Exchangeable Na'(cmol kg™) 0.17%  030°  0.15¢ 023
©0) (00) (00) (0.0)

C.E.C (cmol kg™ 1137 873 1181 9.90°
04) (08 (04 (0.1)
EC (dsm™) 3920 203> 3720 223

05 (02) (05 (03

2. B, 294, Hlo|20jA ME

EFdUFe] 53(P=0.013)2F 294 (P=0.007) 2
E AgolA 7P @i bE AR+, AEHRY], &
e Atolelle 28k 2kl 7t YU TH(Figure 1). U2
Bael 29742 A uE f2o) gk Zo| 7} 1AL At
o] U7 EdAEelA 7 vk

EFY U B2 (P=0434), Z7](P=0.175), B
(P=0275)°] AFFE Al me A 2ol gl3
oy AEATE FAYEY FUAFTEFS 6.1% T2
3, A= 21.1% 7 FH TH(Figure 2). L2y A E
Agle] e AF e FAE 2 AEFY7]¢ vt
R, A gk A sHte] 75 2 H](root to shoot

65 13
| (@) ® Height

O Root collar diameter
60 — -1 12

B AB AB 1

o>
1

55 - 11

i TS

45 - a s b a a—9
40 8
| (b) -
14 - I 56 E
S
- T { 1 8
|7}
g 13 - ) 152 £
= | @ | =
< T
(=]
s 121 148 &
= o I . °
o
" ~44 3
]
i 1 14
10 4.0
L (c) .
16 - —16.4
- ab ab a b
15 - —6.0
14 - % -15.6
13 | % —15.2
12 { —4.8
1MF { -14.4
10 4.0
Control Brought Subsoil Mixing
Treatments

Figure 1. Shoot height (cm) and root collar diameter (mm) of
(a) Fraxinus rhynchophylla, (b) Pinus densiflora, and (c) Pinus
koraiensis at the different soil improvement treatments. Means
with same letters are not significantly different among the
treatments at oo = 0.05. Upper case letters denote differences
by treatments for shoot height. Lower case letters denote
differences by treatments for root collar diameter. Vertical
bars show standard errors (n = 3).
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Figure 2. Foliage, stem, and root dry weight of Fraxinus
rhynchophylla at the different soil improvement treatments.
Vertical bars show standard errors (n = 3).
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Figure 3. The relationship between concentrations, contents,
and dry weight of Fraxinus rhiynchophylla for nitrogen.
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Table 3. Tissue nutrient concentrations (g’kg™) of Fraxinus rhynchophylia at the soil improvement treatments. Means with same
letters are not significantly different among the treatments at o = 0.05. Parentheses are standard errors (n = 3).

Tissue
Elements Treatments Foliage Branch Root
Control 14.28 (0.66) 5.01 (1.01) 7.40* (0.66)
N Brought 13.72 (0.40) 4.55 (0.37) 5.02* (0.17)
Subsoil 14.47 (0.90) 4.77 (0.29) 3.36° (1.32)
Mixing 13.85 (0.39) 5.09 (0.40) 5.96™ (0.47)
Control 1.36 (0.07) 0.77 (0.03) 1.30* (0.05)
P Brought 1.23 (0.07) 0.68 (0.04) 0.89° (0.03)
Subsoil 1.33 (0.05) 0.68 (0.02) 0.91° (0.02)
Mixing 1.34 (0.09) 0.81 (0.07) 1.12* (0.08)
Control 14.32 (0.83) 5.55 (0.38) 8.01* (0.28)
K Brought 11.28 (0.84) 444 (0.32) 6.60™ (0.37)
Subsoil 12.26 (0.26) 4.38 (0.21) 6.12° (0.29)
Mixing 10.91 (1.10) 4.75 (0.58) 6.95% (0.44)
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