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Spatial variability of total nitrogen, phosphorus, and potassium
in soil under different human disturbances
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(1.College of Resource and Environment Sciences, Xinjiang University, Laboratory of Qasis Ecology,
Minisiry of Education, Urumqi, Xinjiang 830046, China;

2. Depariment of Urban Study, College of Art Science, Betjing Union University, Beijing 100083, China)

Abstract; The spatial heterogeneity of soil total nitrogen, phosphorus and potassium in 25 samples from area
without human activities and 30 samples from human disturbed area were studied using geostatistics and GIS. The
results showed that the land of human-disturbed area was mostly exploited as forest land and nursery field. Due to
the removal of vegetation residues by human activity, the source of soil humus was eliminated. For the plowing of
the land, the soil was more aerated. As a result, it accelerated the decomposition and utilization of nutrients in soil.
So, the average amount of total N, P, and K in the soil decreased to 0.433, 0.902, and 15.325 g - kg™', the
differences and distributions between the datas also varied. The spherical model well modeled the soil total P distri-
bution in the non-man disturbed area. However, the Gaussian model modeled the distribution of the other nutrients
in both areas well. The R* values of models for the two areas were between 0.66 and 0.90, and correlation was high.
The theoretical model of total N, P, and K had high R* but low RSS for the undisturbed area. The land with high
total N, P, and K in the undisturbed area had high vegetation coverage. In the area with a high intensity of disturb-
ance, the contents of total N and P in the soil were relatively low, therefore, proper amount of N and P fertilization
should be added to meet the plant nutrient requirements.

Keywords: TN, TP and TK in soil; spatial heterogeneity; geostatistics; human disturbance area; no-human
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Table 1 Descriptive statistical characteristics of soil total N, P, and K contents in two types of study areas

brifE 2 “
1% a1
[X 3 i H (SN %/Mﬁ B 3l Standard - Egﬁ 53594
. Min. Max. Mean .. Coefficient i E / Skew P
Area Ttem Observations o o o deviation L Kurt
/(g-kg) /(g-kg) /(g-kg) o of variation
/(g-kg )
TN 25 0.245 0.747 0.517 0.122 0.236 0.228 0.596 0.240
A TP 25 0.821 1.108 0.983 0.078 0.079 -0.350 -0.626 0.973
TK 25 13.132 20.670 16.082 2.515 0.156 0.733 -1.021 0.076
TN 30 0.197 0.712 0.433 0.128 0.296 0.520 -0.409 0.745
B TP 30 0.759 1.055 0.902 0.093 0.103 -0.005 -1.466 0.542
TK 30 11.674 17.981 15.325 1.488 0.097 -0.490 0.563 0.520

7 Note: TN—24 total nitrogen, TP—2# total phosphorus, TK—2#] total potassium, T [F] the same below.
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Table 2 Nutrient classification standards for the second national soil survey

By W R [ il ik ARAIG
Nutrient Extreme high Very high High Medium Low Very low
TN >2 1.5~2 1~1.5 0.75~1 0.5~0.75 <0.5
TP >1 0.8~1 0.6~0.8 0.4~0.6 0.2~0.4 <0.2
TK >25 20~25 15~20 10~15 5~10 <5

T BERE A B KOE 5 10) 1200 TR E A 0] 15° 5 4668, ARV J5 1, 36 € . R L In)
Note: rotation angle: horizontal 120 °, vertical 15 °; green: east-west, blue: north-south
B2 ZAAFHE(A)MAATFHRE(B) TELEEHAIHBEE

Fig.2 Trend of soil total N, P, and K in two types of study areas
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Table 3 The relevant parameters of the theoretical model of the total N, P, and K variability function in the two types of study areas

N " YeE R AL Pl
AR ¥ pidl}
[X e, i [ [N Begr HEeEH i xﬁ/m R/ % Iile*%i Coefficient of Sum of
L Effective . Theoretical L .
Area Item Sample Nugget Co (Co+C) Co/(Co+C) determination residual
range AQ model )
R RSS
TN 25 5.30x107*  1.21x1072 1812.08 4.39 TR AL Gaussian 0.69 2.61x107°
A TP 25 9.98x107™*  6.09x107 498.00 16.39  BRIRAEA Spherical 0.90 6.44x1078
TK 25 9.99x10™*  7.75x107 1615.00 12.89 iR Gaussian 0.89 2.42x107°
TN 30 9.94x107*  1.38x1072 758.00 7.20 R A Gaussian 0.66 3.42x107°
B TP 30 5311074 1.06x1072 829.00 5.01 TR Gaussian 0.84 7.01x107°
TK 30 0.18 3.37 1543.00 5.34 A Gaussian 0.79 0.52
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Table 4 Two areas interpolation accuracy cross-validation parameters

X 3k o WHR2E ME W7 R RMSE FItRikZE ASE PRUEALYITT AR FUNR 22 SRMSE
Area Nutrient Mean error Root-mean-square error Average standard error  Root-mean-square standardized error
TN 0.003 0.126 0.082 1.026
A TP 0.001 0.084 0.080 1.049
TK 0.069 1.271 1.116 1.180
TN -0.008 0.128 0.129 0.990
B TP -0.006 0.096 0.077 1.280
TK 0.020 0.816 0.756 1.199
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Fig.3 Spatial distribution of total N, P, and K contents in two types of study areas
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Table 5 Vegetation of sampling lines in two types of study areas
X 45, RFE R R M HEREZE T

Area  Sampling point Sampling line Coverage/ %

Vegetation Type

RO HETH HEE RR

1~5 L1 15 Reaumuria songonica ( PallL) Maxim. , Salsolacollina Pall. , Halogeton glomeratus , Haloxylon
ammodendron (C. A. Mey.) Bunge
EEELE BB B R
6~10 12 25 Reaumurm songonica ( PalL) Maxim., Salsolacollina Pall., Nitraria tangutorum Bor.,
Haloxylon ammodendron (C. A. Mey.) Bunge
EEELE ST A RIR
A 11~15 L3 30 Reaumuria songonica ( PalL.) Maxim. ,Salsolacollina Pall. , Tamarix ramosissima , Haloxylon
ammodendron (C. A. Mey.) Bunge
BB O MR
16~20 14 27 Reaumuria songonica ( Pall.) Maxim., Tamarix ramosissima , Haloxylon ammodendron ( C.
A. Mey.) Bunge
EEESE TURN R B3 AT 2000
21-25 Ls 20 Reaumuria songonica (PalL) Maxim. , Kalidium foliatum ( Pall.) Moq., Haloxylon ammo-
dendron (C. A. Mey.) Bunge, Salsolacollina Pall. , Halogeton glomeratus, Tamarix ramo-
sissima , Nitraria tangutorum Bor.
U FE S BEEE Bt A AR bbb
26~30 6 7 Kalidium foliatum ( Pall.) Moq., Salsolacollina Pall., Reaumuria songonica ( PalL)
Maxim. , Haloxylon ammodendron ( C. A. Mey.) Bunge, Artificial eucalyptus forest and
Haloxylon ammodendron
HITUR B TS TR S AR ot
31~35 L7 9 Kalidium foliatum ( Pall.) Moq., Salsolacollina Pall., Reaumuria songonica ( Pall.)
Maxim. , Artificial eucalyptus forest and Haloxylon ammodendron
EELS HTUR B3 LT A THRIRIAR R AR 1R M
36~40 L8 10 Reaumuria songonica ( Pall.) Maxim., Kalidium foliatum ( Pall.) Moq., Salsolacollina
B Pall. , Halogeton glomeratus, Artificial eucalyptus forest and Haloxylon ammodendron
EEESE B3 M TR bR K # bt
41~45 L9 12 Reaumuria songonica (Pall.) Maxim. , Salsolacollina Pall. , Haloxylon ammodendron (C. A.
Mey.) Bunge, Artificial eucalyptus forest and Haloxylon ammodendron
B MR SEB3E EAT F
46~50 L10 20 Reaumuria songonica ( PalL)) Maxim. ,Haloxylon ammodendron (C. A. Mey.) Bunge,Sal-
solacollina Pall. , Halogeton glomeratus ,Nursery field
BN BB AN MR EHh
51~55 L11 16 Salsolacollina Pall. , Reaumuria songonica ( Pall.) Maxim. , Tamarix ramostssima , Haloxylon

ammodendron (C. A. Mey.) Bunge,nursery field
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