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Spatial distribution characteristics of the soil phosphorus in the ecological

fragile area in the north of Hengduan Mountains
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Abstract : Phosphorus plays an important role in the course of plant growth, and is a key factor that influences crop output and
so is an important index to evaluate soilfertility. Furthermore, it can contribute to nonpoint source pollution of surface waters.
Many researches indicated that parent material and fertilization quantity were the two primary factors to determine soil
phosphorus content. There had been many researches on the spatial distribution regarding soil phosphorus content and it’s
influencing factors in recent years, most of them focused on parent material, landform, land use, and soil erosion, but few
researches for altitude, slope gradient. There were few large-scale researches for spatial distribution of soil phosphorus
content, too. The study area is mainly located in the north of Hengduan Mountains and is a typical ecological fragile area in
China, with the most complicated and converse landform. Analyzing the spatial distribution characteristics and influencing
factors of soil phosphorus content by the software ArcGIS8. 1 is an effective approach to enhancing soil fertility and preventing
the ecological environment from being destroyed. The objective of this research was to provide an approach of making rational
use of soil resources and reconstructing an ecological fragile environment in the area. Using stratified sampling method, 90
sample points in topsoil (0~20cm) were selected. The results showed that the average content of soil total phosphorus (STP)
and soil available phosphorus (SAP) were 1.2040. 66 g kg™ ' and 13. 74-12. 63mg kg ', respectively. Based on the criteria for
the classification of STP content which was set down during the second soil survey in the 1980s.the percentages of grade I (>

1.0g kg™ "), T (0. 8~1.0g kg '), M (0. 6~0.8g kg™ ') and IV (0.4~0.6g kg™ ') were 83.52%,11.97%,4.36% and 0.15%,
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respectively. According to the criteria for the classification of SAP content, the percentages of grade I (=40mg kg '), I (20~
40mg kg ). 1 (10~ 20mg kg ')» N (5~ 10mg kg ') and V (< 5mg kg ') were 0.84%.31.92% . 64.08%.3.01% and
0.15%, correspondingly. The spatial distribution of STP mainly appeared as droplets. The highest value region (1.5~ 2. 8g
kg ') mainly existed in the west bank (between the segment of Ganzi, Xinlong and Baiyu, Batang) of Yalong River, and
reduced towards the northwest and the south. The lowest value region(0.2~0.9 g kg™ ') mainly existed in a long and narrow
area which was in the south of Daocheng County, the south slope of Mola Mountain and the north of Dege County. The spatial
distribution of SAP on the whole appeared as small droplets. The highest value region (28~55mg kg—1) mainly existed in the
east and west of Ganzi County which is located in the middle reaches of Yalong River, and declined towards the northwest and
south. The lowest value region (1~ 12mg kg ') mainly lay to the southeast and south verge of the area. According to the
analysis results of sample points, the STP content which derived from different parent material follows a pattern of: residual
and slope deposit of schist (1.81g kg ') > residual and slope deposit of limestone (1.71g kg ')>> alluvial deposit (1.40g
kg~ ')> diluvial deposit (1. 26g kg~ ')>> residual and slope deposit of granite (1. 21g kg™ ')>> residual and slope deposit of slate
(1.15g kg™ '). The SAP content which derived from different parent material follows the order of: alluvial deposit (23. 0mg
kg~ ')> residual and slope deposit of limestone (16. 8mg kg™ ')>> residual and slope deposit of slate (14. 1mg kg™')> diluvial
deposit (13.8mg kg ') > residual and slope deposit of schist (3. 9mg kg ') > residual and slope deposit of granite (3. 7mg
kg™ '). Soil phosphorus content has a close relation to parent material, but a degree of weathering or nutrient release also
influences it. In the north of Hengduan Mountains, the dominant agricultural land use types are grassland, forest land and
cropland except the land which has not been used and water area, and the three land use types accounted for 61.72% ,27.10%
and 0. 62% of the area, respectively. The SAP content in cropland is highest among the three land use types because of a small
quantity of rainfall, high air temperature and use of phosphatic fertilizer. Because landform has impacted on the distribution of
parent material and hydrothermal condition, the spatial distribution of soil phosphorus content appears to some extent as
horizontal distribution and hypsometric characteristics. STP and SAP content increased along with increase in altitude, which
represents hypsometric characteristics to a certain extent. Because soil erosion intensity and soil nutrient translocation were
different in different range of slope gradient. SAP content increased along with augment of slope gradient, but STP didn’t
change substantially along with the change of slope gradient.

Key words :total phosphorus; available phosphorus; ordinary kriging; spatial distribution; influencing factors
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Table 1 Descriptive statistics of phosphorus content in topsoil

Min. Max. Mean

Items Sampling No. Distribution type Std. Dev. (%) C.V. Skewness Kurtosis
STP (g kg™ 1) SAP (mg kg™
STP 90 o 0. 24 2. 82 1.20 0. 66 55. 00 0. 759 —0.188
SAP 90 0.9 54.5 13.7 12.63 92.05 1.594 2.159
(DAbnormal distribution
s , 2.48g kg ™!
36.2mg kg ', . . N
,  1.22g kg™ ', -
s 4. 0mg kg ', R >
> > > 3 >
> > > C 2,
2.2
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s R ArcGISS. 1
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Table 2 Phosphorus content in different soil types

It Ust-Alluvic Rec-Hap-Ustic Typ-Hap-Udic Bor-Perudic Cal-Mat-Cryic
ems Entisols Luvisols Luvisols Cambisols Cambisols
STP (g kg™" 2.48 1.22 1. 60 1.82 1.58
SAP (mg kg 1) 36. 2 11.7 1.0 1.6 15.5
2.3 3
., ArcGISS. 1 Table 3  Theoretical model and corresponding parameters of phos-
phorus in topsoil
( 2. 2a , / ,
B ) Partial Nugget Range
. (1.8~2.8g kg ") Ttems  Model  Nugget =g Sl (km)
N N STP Spherical  0.1490 0. 3669 38. 40 14. 94
- ’ SAP Spherical  0.0000  1.3509 0. 00 16.76
(<0.7g kg™ .
2b s , . (>20mg kg '), (20
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Fig. 2 Spatial distribution map of STP and SAP

2.4



2780
2.4.1 .
. 24 - 40
C 3. O STP
. ; B SAP
~ r -
H ’ i} o0
w 2 prirc!
4020 w8
z g 12 10 Eg
: ’ &3 E
(1.81g kg D> (1.71g kg > Hg ﬁé
(1. 10g kg > (1. 26g kg ) > (1. 21g “ v
kg 'H> (1.15g kg ') I
o 1 1
, s I T m v vV Vv
Bt 8 BT Parent material
(23. 0mg kg ) > (16. 8mg kg ) > arent matert
(14. 1mg kg ') > (13. 8mg kg ') > 3
(3. 9mg kgﬂ Y= (3. 7mg kgfl ). Fig. 3 The relationship between parent material and soil
phosphorus content
N I. Residual and e deposit of granite; 1 .
’ ‘ Residual and slope deposit of slate; 1.
2.4.2 .
Residual and slope deposit of limestone; V. Residual
h ¢ 3 « v, and slope deposit of schist; V. Alluvial deposit; VI.
—1 —1
(1. 44g kg ') > (1.22g kg ') > Diluvial deposits
(1.20g kg™ "), (15.7mg kg ') >
(11. 6mg kg "> (9. 7mg kg™ "),
24 ~ 124
0O sTP
, ; B SAP
£ %
| % T
al G
, ¢ 761.6mm), ) P o
Fra2f J12 K%
o ok ¥
He m3
2.4.3 N & Hey
«» ]
s C 5. 1000~ 0 0
2000m ., 2000m  5000m., I .
Cropland Forest land Grassland
s THFH AR Land use types
o 1100m,2500m, 3400m,4200m 1
. N ’ Fig. 4 The relationship between land use types and soil phosphorus
761. 6mm,474. 4mm,636. Omm  569. Omm, content
(1000~2000m) s s s ; s
(=10C 79.3C), G (=10C 5300~ 7400 C)
2.4.4 . . °
C 6), s 40° s 20~30° s
10~20° 30~40° ; ., 10~20° .
3
(] ) ’ b o A



10 : 2781

_ 20 c—se 32 o HIH & B SAP content (mg kg-)
= —eo— SAP bo
) W 0 10 20
g @ ; - 1
pid 5= g >0
4E10r o le —16§ 330“4" o STP
ﬁ 3 5_]‘ 8 g 2030 = SAP
G g & 10-20
0 1 1 A 0 M
1000~2000 3000~4000 w <10 ,
2000~3000 4000~5000 0 10 20
R Altitude (m) AW R STP content (g kg!)
5 6

Fig. 5  The relationship between altitude and soil phosphorus Fig. 6 the relationship between slope gradient and soil phosphorus

content content

(2 , , o s
’ ) ’ SS ’

References :

[1] GaoY X, LiM S. Soil in Hengduan Mountains. Beijing: Scientific Press, 2000. 1~14.

[2] Sun G, Sheng L. X. Ecological engineering for eutrophication control in lake. Chinese Journal of Applied Ecology, 2001, 12(4): 590~
592.

[3] Birr ASand Mulla D J. Evaluation of the Phosphorus Index in Watersheds at the Regional Scale. J. Environ. Qual, 2001, 30: 2018~
2025.

[ 4] Achim D, Thomas G and Niels T. Phosphorus Fertilizer Effects on Soil Phosphorus Pools in Acid Upland Soils. Soil Sci. , 2002, 66: 652
~660.

[ 5] Christopher B C and Connie C. Forms and Amounts of Soil Nitrogen and Phosphorus Across a Longleaf Pine
Landscape. SSSAJ, 2002, 66: 1713~1721.

[ 6] Pei HK. Discussion on soil organic phosphorus type and content in different grassland types. Soil, 2002, 34(1): 47~50.

Depressional Wetland

[ 7] Griffin T S, Honeycutt C W and He Z. Changes in Soil Phosphorus from Manure Application. SSSAJ, 2003, 67: 645~653.

[ 8] Chen X, Wang Z Q, Yang W D. Effects of slopping land use patterns on phosphorus loss in a micro— watershed of red soil red area,
southern China. Acta Ecological Sinica, 2000, 20(3): 374~378.

[9] Wang BQ., Liu G B. Effects of relief on soil nutrient losses in slopping fields in hilly region of loess plateau. Jowrnal of Soil Erosion and
Water Conservations 1999, 5(2): 18~22.

[10] Andrew N S, Richard W M, Jennifer L W, et al. Assessing Site Vulnerability to Phosphorus Loss in an Agricultural Watershed. .J.
Environ. Qual. s 2001, 30: 2026~2036.

[11] John N Q, John A C and Hess M T. The Selective Removal of Phosphorus from Soil: Is Event Size Important? J. Environ. Qual.
2001, 30: 538~545.

[12] LiY Y., Shao M A. Effects of phosphorus application methods on phosphorus loss on slopping land under simulated rainfall. Journal of
Applied Ecology. 2002, 13(11); 1421~ 1424.

[13] Guo X D. Spatial variability of soil nutrients based on geostatistics combined with GIS——a case study in Zunhua city of Hebei Province.

Journal of Applied Ecology, 2000, 11(4): 557~563.

(1] . .o , . . : , 2000. 1~14.
[2] . . . . 2001, 12(4): 590~592.

L6] . . , 2002, 34(1): 47~50.

[8] . . . . . 2000, 20(3): 374~378.

[9] . . . , 1999, 5(2); 18~22.

[12] . . . . 2002, 13(11): 1421~1424.

[13] . GIS . » 2000, 11(4): 557~563.



