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The Effects of Soil Improvements on Growth and
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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 measure both growth
performances and nutrient responses of Fraxinus rhynchophylla and Pinus densiflora seedlings, which
are commercially planted in Korea, according to soil improvement treatments. We applied 8 types of

soil improvements: control with no treatment, compost B and compost Y as organic materials,
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vermiculite, perlite, two level of zeolite, and mix of vermiculite, perlite, and zeolite as inorganic

materials in a permanent national nursery. Only compost B treatment significantly increased soil pH,

organic matter, total nitrogen, available phosphorus, exchangeable potassium and calcium at the 0-10 cm

soil depth. The growth of F. rhynchophylla and P. densiflora was the highest at the compost B

treatment and the lowest at the vermiculate treatment. Compost B treatment allocated more carbon to

aboveground than belowground by 39%, especially to foliage. On the vector diagnosis, there was

‘shortage’ on compost B treatment because of all increases of N contents, N concentrations, and growth

and ‘over accumulation’ on vermiculite treatment because of more N uptake compared with dry weight

increase. This study suggested optimal use of soil improvements is very important to improve soil

quality in a permanently used nursery.

Key Words : Compost, Perlite, Seedling quality, Vector diagnosis, Vermiculite.
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Table 1. Summary of soil improvement treatments.
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Treatments Contents of applied soil improvement
Control No treatment
Compost ‘B’ Saw dust compost with organic amount > 30%, carbon to nitrogen ratio < 70%
Compost ‘Y’ Compost personally produced at the Yongmoon nursery
Vermiculite Vermiculite 27 L/m? mixed with 30 cm depth nursery bed soil
Perlite Perlite 27 L/m? mixed with 30 cm depth nursery bed soil
Zeolite5 Zeolite 5 kg/m?> mixed with 30 cm depth nursery bed soil
Zeolite18 Zeolite 18 kg/m? mixed with 30 cm depth nursery bed soil
PVZ Perlite 13 L/m? Vermiculite 13 L/m? and Zeolite 2.5 kg/m? mixed with 30 cm depth

nursery bed soil
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Table 2. Soil characteristics before soil improvement treatments at different soil depths.

Soil depth (cm)

0-10 2030 30-60 60-100
Texture

Sand (%) 62.8 (1.5)" 59.9 (1.1) 60.5 (4.6) 76.4 (1.7)
silt (%) 29.1 (1.8) 30.5 (1.0) 329 (3.9) 215 (82)
Clay (%) 8.1 (12)" 9.6 (0.2)° 6.6 (1.4)" 2.1 (0.4)°
Chemical properties

pH 49 (0.1)° 4.8 (0.1)° 5.3 (0.2)"® 5.7 (0.1)
Organic matter (%) 1.44 (0.07)" 1.37 (0.11)° 0.83 (0.22)° 0.38 (0.03)°
Total N (g kg™ 0.9 (0.1)* 1.0 (0.1 0.7 0.2)" 0.4 (0.1)
Available P (mg kg')* 164.8 (5.9) 150.2 (22.8)" 73.1 (17.4)° 80.9 (20.3)°
Exchangeable K* 0.23 (0.03) 0.20 (0.03) 0.23 (0.04) 0.24 (0.06)
(cmol; kg™)

Exchangeable ca” 0.72 (0.06) 0.76 (0.07) 1.1 (0.20) 103 (0.15)
(cmol; kg™)

Exchangeable Mg” 021 (0.09) 0.1 (0.03) 0.18 (0.04) 0.22 (0.05)
(cmol; kg™)

Exchangeable Na’ 0.06 (0.01) 0.05 (0.01) 0.06 (0.01) 0.04 (0.01)
(cmol; kg™)

CEC (cmol. kg 10.1 (0.6)° 9.8 (0.4)" 10.1 (0.3)° 72 (0.8)°
EC dS m") 021 (0.02) 0.19 0.02) 021 (0.02) 0.17 (0.02)

“Total N is the sum of organic N and inorganic N.

* Available P, CEC and EC represent H,PO,, cation exchange capacity, and electrical conductivity, respectively.
YMeans with same letters are not significantly different among the soil depths at a = 0.05.

* Parentheses are standard errors (n = 3).
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Figure 1. The photos of soil horizons at the nursery bed near to the study plots at the same nursery.
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Table 3. Soil characteristics after soil improvement treatments at 0-10 cm soil depth.

Treatments

Compost ~ Compost

Control B oy Vermiculite ~ Perlite Zeolite5  Zeolite18 PVZ
Chemical properties
pH Fraxinus 52020 6302 5600 56001 5300 5101 5300 550.1
rhynchophylla

Pinus densiflora 540" 6500 5.7(0.1) 5.7(0.0) 54(0.1) 54(0.1) 5.5(0.0) 5.5(0.0)

. Fraxinus

Organic matter 0 e 1370007 164(025) 144007 130(002) 126(0.14) 131(003) 138(004) 151 (0.02)

(%) Pinus densifiora 131(0.12) 159015 130(0.03) 153(005) 141(002) 133(004) 117(004) 139 (0.06)

Total N* Fraxinus 00 1300 1000 LI 0900 1000 0900  10(0.0)
rhynchophylla

@ k) Pinus densifiora 09(00)  12(00) 1000 1001 1000 0900 0900  09(0.0)

Available pv Frexinus 187(6) 632130 1962 191§  185©9)  180(12)  188(3)  203(18)
rhynchophylla

(mg kg™ Pinus densiflora 184 (3) 848 (31) 191 (4) 208 (3) 192 (7) 195 (8) 180 (3) 183 (2)

Exchangeable  Fraxinus
K* rhynchophylla

(cmol, kg) Pinus densiflora 023 (0.03) 1.29(0.12) 0.28(0.04) 021(0.01) 0.19(0.00) 0.30(0.03) 0.40(0.09) 0.25(0.02)

031(0.10) 125(020) 026(001) 022(001) 021(0.03) 025(0.03) 038(0.07) 028 (0.01)

Exchangeable ~ Fraxinus
Ca* rhynchophylla

(cmol, kg")  Pinus densifiora  182(057) 520(049) 2.68(0.36) 180(053) 198(044) 205(036) 2.66(053) 165(0.22)

207(0.59) 5.60(149) 3.72(042) 182(040) 2.11(0.75) 125(023) 1.98(0.12) 2.61(0.47)

Exchangeable  Fraxinus
Mg* rhynchophylla

(cmol. kg™ Pinus densiflora 042 (0.13) 1.76(0.05) 0.55(0.10) 0.40(0.12) 0.38(0.08) 0.71(0.05) 1.08 (0.26)  0.45 (0.06)

0.54 (0.30) 1.53(0.59) 0.73(0.07) 0.19(0.04) 047(0.23) 027(0.09 0.88(0.29) 0.53(0.10)

Exchangeable ~ Fraxinus
Na' rhynchophylla

(cmol, kg) Pinus densiflora  0.12 (0.02) 0.34(0.02) 0.09(0.03) 0.41(0.08) 0.11(0.01) 0.17(0.02) 0.26(0.08) 0.32(0.01)

020 (007) 036(0.06) 0.13(0.00) 051(0.03) 0.13(0.00) 0.17(0.02) 027(0.08) 0.36(0.06)

CEC Fraxinus 123 (05 15409 12801 11907 11406 11606 11903 117004
rhynchophylla

(cmol, kg')  Pinus densifora 108 (04) 133(02) 11304) 118006 114(10) 12304) 11107 1250.1)

EC Fraxinus 0.20 (0.04) 1.75(043) 021(0.01) 0.29(0.01) 0.17(0.01) 0.18(0.01) 0.25(0.05) 0.21(0.02)
rhynchophylla
(dS m™) Pinus densiflora  0.15 (0.00) 1.11(049) 023(0.02) 026(0.01) 0.17(0.01) 0.21(0.00) 0.26(0.01) 0.21 (0.00)

¥ Available P, CEC and EC represent H,POy, 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 a = 0.05.

* Parentheses are standard errors (n = 3).
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Figure 2. Shoot height (cm) (a) Fraxinus rhynchophylla
and (b) Pinus densiflora at the different soil
improvement treatments. Means with same
letters are not significantly different among
the treatments at a = 0.05. Vertical bars show
standard errors (n = 3). Abbreviations: ComB,
Compost ‘B’; ComY, Compost ‘Y’; Verm,
Vermiculite; Perlit, Perlite; Zeol5, Zeolite3;
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Figure 3. Root collar diameter (mm) (a) Fraxinus
rhynchophylla and (b) Pinus densiflora at the
different soil improvement treatments. Means
with same letters are not significantly
different among the treatments at a = 0.05.
Vertical bars show standard errors (n = 3).
Abbreviations: ComB, Compost ‘B’; ComY,
Compost ‘Y’; Verm, Vermiculite; Perlit,
Perlite; Zeol5, Zeolite5; Zeoll8, Zeolitel8;
PVZ, Perlite, Vermiculite, Zeolite mixer.
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Figure 4. Aboveground and belowground dry weight
of Fraxinus rhynchophylla at the different soil
improvement treatments. Vertical bars show
standard errors (n = 3). Abbreviations: ComB,
Compost ‘B’; ComY, Compost ‘Y’; Verm,
Vermiculite; Perlit, Perlite; Zeol5, Zeolite3;
Zeol18, Zeolite18; PVZ, Perlite, Vermiculite,
Zeolite mixer.
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Figure 5. Biomass allocation of Fraxinus rhynchophylla
at the different soil improvement treatments.
Vertical bars show standard errors (n = 3).
Abbreviations: ComB, Compost ‘B’; ComY,
Compost ‘Y’; Verm, Vermiculite; Perlit,
Perlite; Zeol5, Zeolite5; Zeoll8, Zeolitel8;
PVZ, Perlite, Vermiculite, Zeolite mixer.
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Table 4. Tissue nutrient concentrations (g kg") of Fraxinus rhynchophylla at the soil improvement treatments.

Tissue
Elements Treatments
Foliage Branch Root
N Control 14.15 (0.48)" 3.72 (1.51)”7 5.62 (0.18)
Compost ‘B’ 20.71 (0.99)* 5.46 (0.27) 7.07 (0.23)
Compost ‘Y’ 15.04 (0.44)° 5.64 (0.10) 6.43 (0.41)
Vermiculite 17.01 (1.5 6.09 (0.34) 5.36 (0.17)
Perlite 15.32 (1.51)° 6.14 (0.06) 3.75 (1.50)
Zeolite5 15.54 (0.72)° 3.70 (1.48) 5.16 (0.60)
Zeolite18 14.78 (0.21)° 4.72 (0.14) 5.26 (0.38)
PVZ 16.62 (0.55)* 4.49 (0.20) 3.98 (1.62)
P Control 1.21 (0.01)° 0.74 (0.03)® 1.15 (0.02)®
Compost ‘B’ 1.80 (0.11)* 0.80 (0.05)* 1.34 (0.02)*
Compost ‘Y’ 1.34 (0.06)° 0.83 (0.03)* 1.28 (0.05)®
Vermiculite 1.31 (0.06)° 0.70 (0.04)® 1.00 (0.10)°
Perlite 1.31 (0.06)° 0.75 (0.05)® 1.13 (0.06)®
Zeolite5 1.32 (0.11)° 0.74 (0.01)® 1.03 (0.04)
Zeolite18 1.18 (0.01)° 0.68 (0.02)® 1.04 (0.03)®
PVZ 1.37 (0.07)° 0.62 (0.03)° 1.02 (0.11)°
K Control 11.12 (0.58) 5.35 (0.82) 7.13 (0.52)
Compost ‘B’ 14.02 (1.19) 5.48 (0.45) 8.43 (0.75)
Compost ‘Y’ 9.07 (0.59) 5.90 (1.37) 6.90 (0.78)
Vermiculite 12.07 (0.35) 6.40 (1.04) 6.51 (0.21)
Perlite 12.00 (2.23) 6.23 (0.78) 6.65 (0.62)
Zeolite5 11.95 (0.70) 4.64 (0.19) 6.65 (0.97)
Zeolite18 12.68 (1.24) 5.24 (0.81) 7.58 (0.52)
PVZ 11.88 (0.71) 5.97 (0.35) 7.38 (0.81)

Y Means with same letters are not significantly different among the treatments at a = 0.05.

* Parentheses are standard errors (n = 3).
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