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Soil nutrient conditions in Monarch birch and Todo fir stands after 40 years of repeated fertilization
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Abstract: The pH (H20), exchangeable cation (Ca, Mg, K, and Na), and exchangeable Al content of surface soil (0—10 cm) collected
from Monarch birch (Betula maximowicziana Regel) and Todo fir (4bies sachalinensis Fr. Schmidt) stands after 40 years of
continuous fertilization were examined. The soil pH (H20) was significantly lower in the fertilized plots (nitrogen + phosphate
fertilization [NP] plot and nitrogen + phosphate + potassium fertilization plot [NPK]) than in the non-fertilized plot. Available P
increased significantly in the fertilized plots. The exchangeable Ca and Mg contents were also significantly lower in the fertilized
plots than in the non-fertilized plots. The exchangeable K content was lower in the fertilized plots, especially in the NPK-fertilized
plot, in which the birch stands were cultivated; however, the exchangeable K content was higher in the fertilized plots, in which the
fir stands were cultivated. The exchangeable Al content in the fertilized plots was 6—15 times higher than that in the control plots. In
this site, Al was leached out when the soil pH (H20) decreased to approximately 4.5.
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Table 1. Average annual quantity of fertilizer through 2008,
annual quantity of fertilizer from 2009, and total quantity of
fertilizer from 1978 to 2017.

NPKX NPX

N P K N P
20084 & TOFIIERIMEIRE (kg ha)
YRADY B 150 44 57 182 62
bRk 123 35 47 121 34
2009 > D ERHERE (kg ha™)
IEA NN 110 24 46 152 55
2 130 28 54 124 33
19785 520174 £ THOEEHEEE (kgha)
VLA H VNP 5662 1580 2182 6984 2435
ESE% 4978 1363 1935 4917 1374
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Table 2. Tree density, diameter at breast height (DBH),
and height in the birch and fir stands.

IABE (Kha') DBH(cm) fiE(m)
20194 Fk 20194 Fk 20104E K
T Z A H R
FEHEEX 1488 20.4(7.8)b 15.2(3.9)b
NPKX 1129 24.1(6.8)ab 18.1(3.3)a
NPX 1118 26.6(6.6)a 18.5(3.5)a
NN
ErBhEX 1083 23.1(5.0)B 15.9(1.5)C
NPKX 1041 25.7(5.6)A 16.7(1.1)B
NPX 1604 23.4(5.3)AB  17.5(1.4)A

XDBH & B I3 Tl (ERE)
ERDIEXFEICIEEREDH Y (Tukey, p<0.05)
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Table 3. The pH (H20), total carbon, total nitrogen, C:N ratio and available phosphate in the surface soil of

the birch and fir stands after 40 years of repeated fertilization

PH(H,0) 2% 22% CNEE TTHAREP
g kg'lsoil g kglsoil mg kg'soil
PRSP
EIEREX 5.6(0.1)a 99.5(8.1)ab  6.0(0.3)b 16.4(0.4)a 54.4( 5.0)c
NPKX 4.5(0.1)b 118.4(7.0)a 7.5(0.4)a 15.7(0.2)a 1160.0(139.2)b
NPX 4.3(0.1)c 91.1(2.6)b 5.7(0.1)b 16.0(0.2)a 2622.2(204.0)a
NNV
EIEEX 5.3(0.1)A 77.1(4.5)A 5.2(0.3)A 14.8(0.4)A 40.2( 2.1)B
NPKX 4.4(0.1)B 88.5(5.9)A 5.6(0.3)A 15.8(0.2)A 1488.9(123.0)A
NPX 4.3(0.1)B 94.3(4.5)A 6.2(0.3)A 15.3(0.2)A 1146.7(115.1)A

KEISFIE (FELRE) (h=9) . BAZEXFHICIIBERESD Y (Tukey, p<0.05)
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Table 4. , Exchangeable bases and exchangeable aluminum (Al) in the surface soil of the birch and fir

stands after 40 years of repeated fertilization

K Na Ca Mg Al
cmol/kg cmol/kg cmol./kg cmol/kg cmol/kg
P I AT
MR X 0.65(0.11)a 0.07(0.01)a 12.99(1.84)a 2.39(0.32)a  0.24(0.10)b
NPKX 0.40(0.04)b 0.06(0.01)a  2.68(0.42)b  0.48(0.04)b 4.88(0.41)a
NPX 0.21(0.02)b 0.05(0.00)a  1.85(0.08)b  0.20(0.02)b 5.14(0.15)a
NS
MR X 0.13(0.01)B 0.12(0.01)A  8.29(0.84)A 1.07(0.09)A 0.73(0.24)B
NPKX 0.26(0.04)A 0.07(0.01)B  1.90(0.42)B  0.23(0.03)B 5.26(0.33)A
NPX 0.19(0.02)AB  0.08(0.01)B  2.32(0.19)B  0.21(0.02)B  5.86(0.21)A

MEIEFHE (B£8R (h=9) . BRZEIXFHEICIZIAERES Y (Tukev. p<0.05)
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