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Nutrient properties of soils in typical degraded hilly land in South

China
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Academy of Sciences, Guangzhou 510650,China). Acta Ecologica Sinica,2003,23(8) :1648~1656.

Abstract: Discussed the nutrient properties in the soils of typical degraded hilly land in south China.
Degraded hilly lands are caused by long-term intensive human disturbance. They are now partly cultivated
mainly as fruit farms and partly abandoned with little disturbance as a result of economic development in
rural areas. In this study, 6 small catchments, each approximately 5~8 hm?, were sampled. One or 2 soil
profiles in each catchment were dug up to 1 m depth and soils were taken across the profiles. Each
catchment was divided into upper, middle and foot parts. Each part was further sub-divided into left,
middle and right positions. In each position, a mixed soil sample was taken consisting of 10 small soil
cores, each with diameter of 3 cm and depth of 20 cm. Soil samples were analyzed for major nutrients such
as organic matter (OM), total nitrogen, total phosphorus, available phosphorus, available potassium, C/

N ratio, exchangeable calcium and exchangeable magnesium, including pH (water extract).
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Mean organic matter content of surface soil was determined to be 18. 03 g/kg and total nitrogen 0. 86
g/kg. Soil pH values ranged from 4. 06 to 4.57 with mean of 4. 25. Available nutrients were generally
low, particularly for available phosphorus.

Across the profile, both organic matter and total nitrogen decreased sharply with increasing depth,
reflecting the features of grassy vegetation. Soil pH, as well as total phosphorus, increased with the
increasing depth. The available nutrients exhibited a bi-directional gradient. that is, low in the middle
layer and high in both surface layer and deep layer.

On the hill slope, soil OM, total nitrogen and available phosphorus all decreased with altitude
increasing. Total phosphorus and exchangeable potassium, calcium and magnesium were all bi-directional ,
that is, low in the middle position and high in both hill top and hill foot.

OM and total nitrogen, both as bio-originated, were significantly correlated to each other. pH was
negatively significantly correlated to OM in the profile samples., which was attributed to the reverse trend
across the profile. However no correlation was found between OM and pH in the surface samples. Calcium
and magnesium, both having similar adsorption characteristics, were highly correlated to each other.

Cluster analysis and principal component analysis (PCA) were conducted on the surface soil data. It
was demonstrated that most soils were similar with regards to the soil nutrient content. Most soils were
combined to a group at a rather low cluster level, regardless of their positions in the soil profiles.
However, many exceptions were found for those soils which had a high nutrient content index. These
nutrient special soils, mainly situated at the foot or middle of the hill, and absent from the top of the hill,
may partly account for the growth of particular vegetation on these areas of the hill. Cluster analysis and
PCA effectively evaluated the similarity of soils from a different viewpoint with significant correlation.
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Table 1 Statistics of nutrient content on hilly lands

pH
OM Total N Total P Avail. P Avail. K C/N Exch.Ca Exch. Mg
(g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Slope sample n=42
Mean 18. 03 4.25 0. 86 0.96 1.33 28", 10 12. 3 14. 22 6.15
SE 0.63 0.01 0.03 0. 05 0.15 1. 34 0. 26 2.61 0. 83
Max. 27.0 4.57 1.22 2.15 4.0 57 %0 18.5 81.7 35.4
Min 9.9 4. 06 0. 41 0. 37 0 15.0 8.0 3.7 2.8
Profile sample n=145
Mean 9.96 4.51 0.53 1.09 0.92 19.47 10. 43 15. 68 3.74
SE 0. 87 0. 05 0. 04 0. 06 0.23 1.11 0. 30 4.3 0.6
Max. 26.4 6.01 1.23 2.37 8.7 46. 0 14. 60 186. 6 23.8
Min. 3. 10 4.03 0. 20 0. 65 0 6 7. 30 1.4 0.8
2 s 3 s
, s , 2 JA/B
B A/B ° pH . ’ N ’
pH; ,
s C 3. 3 s o
b N N b 9
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Table 2 Nutrient content across typical soil profile
pH
Layer  Depth OM Total N Total P Avail. P Avail. K C/N  Exch.Ca Exch. Mg
(cm) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
A 0~15 20.1 4. 08 0.91 1. 06 1.1 16 12.8 7.3 4.9
A/B 15~30 12.3 4. 31 0.49 1.42 1.1 11 14.6 2.1 2.0
B 35~50 6.1 4.61 0.33 1.92 0.6 10 10.7 8.4 2.3
B/C 60~75 5.5 4.70 0. 33 1. 88 0.6 12 9.7 9.2 2.2
C 85~100 5.4 4. 81 0.24 2.37 1.1 10 13.1 2.3 1.3
3
Table 3 Statistics of nutrient content in different layers of soil profiles
pH
Layer OM Total N Total P Avail. P Avail. K C/N Exch. Ca Exch. Mg
(g/kg) (g/kg) (g/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg)
A 19. 02 4.26 0.91 0.93 1.37 23.00 12.07 33.58 6. 74
1.14) (0. 06) (0. 04) (0.07) (0.50) (3.14) (0.39) 17.71) (1.33)
A/B 10. 28 4. 38 0. 54 1. 00 0.50 16. 50 11.08 10.92 2. 64
(0.79) (0.05) (0. 04) (0.09) 0.17) .77 (0.47) (3.30) (0.39)
B 6.76 4.58 0. 39 1.11 0.58 17. 20 9.98 7.79 2.14
(0.57) (0.03) (0.03) (0.12) (0.29) (1. 83) (0.19) (1.65) (0.28)
B/C 5. 39 4.62 0. 34 1.16 0.42 20. 20 9.16 10. 00 2. 39
(0. 41) (0. 04) (0.03) (0.13) 0.14) (2.25) (0. 31) (2.49) (0.43)
C 4.70 4. 96 0.41 1.38 2.52 21.40 9.33 16. 54 5. 84
(0.43) (0. 26) (0.11) (0.28) (1.55) (3.33) (1.1D) (11.85) (4.49)
( )Figures in the table are mean values and SE(in parentheses)
4 F
Table 4 Analysis of Variance on soils across profile
pH C/N
Factor OM Total N Total P Avail. P Avail. K Exch.Ca Exch. Mg
Catchment 1. 543 2.800* 1. 887 5.586" " 1. 500 Lo K7 1. 305 1.832 0.707
Layer 64.481" " 13.224" " 32.440" " 3.058" N 34R A2T 280 8.433** 1.585 2.616
catchement; v1=09; layer: vl=4;v2=231
( 5 6),
s 19. 14 g/kg. .
12. 66 g/kg, , . pH )
4.2, ’ f1s] ’ pH
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Table 5 Nutrient content of surface soils in typical catchments

pH
Position OM Total N Total P Avail. P Avail. K C/N Exch.Ca Exch. Mg
(g/kg) (g/kg) (g/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 Top 1 12 4.16 0.59 0. 75 1.4 23 11.8 4.1 3.4
2 Top 2 11.4 4. 36 0.55 1. 36 1.1 24 12.0 11.3 4.8
3 Top 3 10.1 4.2 0.73 0.79 0.1 20 8.0 5.2 2.8
1 Middle 1 21 4.17 1. 07 1.17 1.47 29 11.4 12.2 5.9
2 Middle 2 16.3 4.23 0. 86 0.59 1.8 30 11.0 6.5 4.9
3 Middle 3 14.7 4.22 0.8 0. 56 1.6 20 10.7 5.5 4.3
1 Foot 1 22.6 4.23 1.11 1.1 0.7 24 11.8 12. 6 5.5
2 Foot 2 21.2 4.3 1.12 2.15 2.4 57 11.0 14. 8 15.8
3 Foot 3 19.4 4. 35 1 0.62 1.5 19 11.3 81.7 35.4
6
Table 6 Statistics of nutrient content of surface soils in hilly land
pH
Position OM Total N Total P Avail. P Avail. K C/N Exch.Ca Exch. Mg
(g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Top Mean 12. 66 4. 24 0.57 1.03 0. 64 23.63 13.16 9.58 5.03
SE (1. 05) (0.03) (0.03) (0.12) (0.19) (0.92) (1.23) .77 (0.89)
Middle 17.76  4.21 0. 85 0.71 1. 29 22.13 12. 06 6. 81 4.18
(0.67) (0.02) (0.03) (0. 05) 0.27) (1.4 (0.23) (1.73) (0. 24)
Foot 19. 14 4.29 0.93 1. 00 1.48 29.13 11.93 26.55 11. 00

(0. 84) (0.02) (0. 04) (0.09) (0. 21) (2.87) (0. 22) (5.88) (1.9D)

7 F

Table 7 Analysis of variance on surface soils

pH C/N
Factor OM Total N Total P Avail. P Avail. K Exch.Ca Exch. Mg
Catchment 1. 804 1.522 2.732" 0.347 6.118" " 1.368  6.737"" 1.543 2.573"
Position 0. 952 3.903 1. 429 2.404 0. 009 1. 609 0. 001 2. 959 3.496
Interaction 0. 908 1.142 0. 669 0. 780 0. 985 0. 800 1.723 1.749 2.153
catchment; v1=9; position; vl=1; interaction; vl =>5;v2=20
8 (n=45)

Table 8 Correlation coefficients between nutrients of profile soils

pH C/N
OM Total N Total P Avail. P Avail. K Exch. Ca
pH —0.614""
Total N 0.930** —0.388" "
Total P —0. 267 0.358** —0.282
Avail. P 0. 082 0.481** 0.347* 0.139
Avail. K 0.214 —0.071 0.280 —0.311" 0.229
C/N 0.676** —0.324" 0.520** 0.148 0. 066 —0.188
Exch. Ca 0.167 0. 230 0.276 —0.119 0.196 0.148 0. 055
Exch. Mg 0.338" 0.362** 0.567** 0.097 0.659" 0.339* 0.203 0.585"*
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9 (n=42)
Table 9 Correlation coefficients between nutrients of surface soils
pH C/N
OM Total N Total P Avail. P Avail. K Exch. Ca
pH —0.002
Total N 0.877** 0.057
Total P 0.156 0.235 0. 080
Avail. P 0.352" 0. 257 0.508** —0.015
Avail. K 0.132 0. 249 0. 288 0.449* *0.524" "
C/N 0.202 —0.104 —0.278 0.173 —0.293 —0.235
Exch. Ca 0.116 0.374" " 0.184 —0. 001 0.186 0.351* —0.095
Exch. Mg 0.102 0.197 0.190 0.083 0.163 0.296 —0.104 0.802*"
. b
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“C” and the following number refer to the catchment
number. Second letter refers to height position on the
slope ( T-top, M-middle, F-foot). The last number
refers to horizontal position (1-left, 2-middle, 3-
right). For instance, C2M1 refers to a sample from left

side, at middle height of the slope in catchment 2
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Table 10 The sample code represented by number in Fig. 2

Fig. 2 Coordinates of soils for principal component analysis of surface soils on hilly land

*

area with numbers

% 1 X4 Component 1

2

No. Sample code  No. Sample code  No. Sample code  No. Sample code  No. Sample code
1 CIT1 11 C2M3 21 C3F1 31 C5T2 41 C6F1
2 C1M1 12 C2F1 22 C3F2 32 C5M1 42 C6F2
3 C1M2 13 C2F2 23 C3F3 33 C5M2
4 C1M3 14 C2F3 24 C4M1 34 C5M3
5 C1F1 15 C3T1 25 C4M2 35 C5F1
6 C1F2 16 C3T2 26 C4M3 36 C5F2
7 C1F3 17 C3T3 27 C4F1 37 C5F3
8 C2T1 18 C3M1 28 C4F2 38 C6T1
9 C2M1 19 C3M2 29 C4F3 39 C6M1
10 C2M2 20 C3M3 30 C5T1 40 C6M2

1 sample codes have the same meanings as those in Fig. 1
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R R , Table 11 Eigenvalues and variances for the first three
1 Qa ) ) components in PCA of surface soil
.’
3 (
Principal Total Cumulative
Do 2 1 Ei alues
’ component lgenvatues variance (%) variance (%)
° ¢l 2.959 36.991 36.991
e € 1. 649 20.618 57. 609
s , g3 1. 032 12. 896 70. 506
,
o ’ b b
o 9 ’
12 3
Table 12 Factor loadings of first three components
pH
Principal X X .
OM Total N Total P Avail. P Avail. K Exch. Mg Exch. Ca
component
4} —0.051 0.653 0.111 0.081 0.493 0. 644 0. 833 0. 63
g2 0.928  —0.083 0. 955 0. 039 0.577 0.242 0.108 0.1
¢3 0.118 0. 202 0.038 0. 966 —0.08 0.48 0.114 —0.108
3
18.03 g/kg . 0.86 g/kg»
s , N pH 4. 06~
4.57 4.25, s o ,
’ 7PH ’ .
N A N . o b N
9pH ’ N N
9 9 o
b b o
b ’ ’
( ) s
b o
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