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Fig.1 Phosphorus-31 nuclear magnetic resonance spectra
for the characteristics of phosphorus forms in C. lanceolata
plantation soils with different planting rotations
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Table 1 Phosphorus-31 nuclear magnetic resonance spectra for the percentage of phosphorus relative content in
C. Ianceolata plantation soils with different planting rotations
FAEARE IERERR # IEWERR H TG IEWERR — W FERERR R
Planting rotation Orthophosphate/% Monophosphate/% Orthophosphate diester/% Pyrophosphate/%

1-12 62.33 23.92 7.31 4.44
1-21 62.21 26.81 3.84 7.14
1-40 61.12 27.18 — 11.70
1-97 51.54 36.26 3.89 8.31
2-1 47.96 34.99 5.48 11.57
2-12 55.95 27.46 791 8.68
2-21 53.47 31.85 10.66 4.02
2-31 52.53 29.05 10.54 7.88
3-12 52.03 34.92 5.23 7.82
3-21 49.79 38.06 5.09 7.06
4-10 48.32 40.90 4.90 5.88

0.45
0.36
0.27
0.18
0.09

4
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Notes: The different uppercase letters shows significant differences among the same planting rotation in different soil layers (P < 0.05); the different lowercase

letters shows significant differences among the same soil layer in different planting rotations (P < 0.05). The same below.
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Fig.2 Contents of total phosphorus and available phosphorus in C. lanceolata plantation soils

with different planting rotations
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Fig. 3 Contents of inorganic phosphorus in C. lanceolata plantation soils with different planting rotations in various forms
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Fig. 4 The specific gravity of available phosphorus and other forms of inorganic phosphorus in
C. lanceolata plantation soils with different planting rotations
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Table 2 Correlation analysis between phosphorus availability and soil depth, various forms of inorganic phosphorus in
Chinese fir plantation soils with different planting rotations

T H Items 2R Soil depth TP AP Al-P Fe-P Ca-P O-P

+JZERFE Soil depth 1

TP —0.783%* 1

AP —0.270 0.325 1

Al-P —0.581%* 0.219 0.417* 1

Fe-P —0.449%* 0.324 0.324 0.638** 1

Ca-P -0.183 0.346* 0.072 —0.296 0.166 1

O-P —0.090 —0.314 —0.239 0.386* —0.249 —0.731%* 1

VE: ¥R U B A5G (P < 0.05),** R 7R UM 2 E AL (P < 0.01).

Notes: * Indicates a significant bilateral correlation (P < 0.05), **Indicating bilateral extremely significant correlation (P < 0.01).
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Notes: a to d represent the SEM images and the EDS analysis of soil colloidal particles in Chinese fir plantation of 1-12, 2-12, 3-12 and 4-10, respectively.
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Fig.5 The SEM images and the EDS analysis of soil colloidal particles in 0~20 cm C. Ianceolata
plantation soils with different planting rotations
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Fig. 6 The FTIR spectra (a) and XRD spectra (b) of soil colloidal particles in 0-20 cm C. lanceolata
plantation soils with different planting rotations
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Characteristics of Soil Phosphorus in Cunninghamia lanceolata
Plantations with Different Planting Rotations

ZHANG Hong, YU Jiao-da, LI Hai-yang, ZHANG Yan-lin, PAN Fei, ZHOU Chui-fan, LIU Ai-qin

(College of Forestry, Fujian Agriculture and Forestry University, Fujian Provincial Colleges and University Engineering Research Center of

Plantation Sustainable Management, Fuzhou 350002, Fujian, China)

Abstract: [Objective] To study the changes of soil phosphorus and morphological characteristics in Cunninghamia
lanceolata plantations with different planting rotations and to determine the factors affecting soil phosphorus availab-
ility of C. lanceolata plantation. [Method] The contents of total P, available P and inorganic P in the soil were de-
termined, and the characteristics of phosphorus form, structure and mineral composition in soil were analyzed by us-
ing *'P-NMR, SEM-EDS, FTIR and XRD. [Result] The results of *'P-NMR analysis showed that the content of or-
thophosphate decreased, and the content of orthophosphoric monoester increased in C. lanceolata plantation after
successive planting. The contents of total P, available P and Ca-P in soil decreased with the increase of planting rota-
tions, which was opposite in the contents of O-P. The O-P content took the largest proportion among all forms of in-
organic phosphorus, while the Al-P content took the smallest proportion. The SEM-EDS analysis showed that the soil
colloid particles were stacked in sheets. The FTIR spectra showed that there was little difference in the surface func-
tional group structure. The XRD analysis showed that the diffraction peak intensity of kaolinite and quartz decreased
with the increase of planting rotation. [Conclusion] The soil morphology of C. lanceolata plantations with different
planting rotations is mainly dominated by orthophosphate and orthophosphoric monoester. The total P, available P,
Al-P and Fe-P will accumulate and distribute to the soil surface layer with the successive planting. The content of or-
thophosphate in the soil will decrease with the increase of planting rotations. Less content of Al-P in soil and the con-
version of available P, Ca-P, Fe-P to the extremely insoluble O-P are important factor leading to low content of avail-
able phosphorus in the soil of successive planted C. lanceolata plantation. Successive plantation will increase the de-
gree of soil maturation and decrease the degree of soil mineral crystallization.

Keywords: Cunninghamia lanceolata plantation; phosphorus; successive planting; soil colloidal particles; *'P-
NMR
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