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Analysis on influence factors for scale effect of soil nitrogen in hilly region
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Abstract Nitrogen is an essential nutrient element for the plant. Its transformation affects the quality of a regional
environment and the eco-process for it is the main matter of greenhouse gas and water pollutants. It is well known that soil
nitrogen shows obviously spatial variation with the heterogeneity of landform parent material landuse and fertilization but
its scale effect began to be known in the recent years. We adopted the microscale slope scale  mesoscale small valley
scale and macroscale valley scale to study the spatial distribution characteristic for soil total nitrogen and available
nitrogen on the SPSS12. 0 software platforms in Lianshui Basin Xingguo County Jinagxi Province China.

Lianshui Basin the macroscale region lies between 115°30'50"E to 115°52'12"E longitude and 26°18'04"N to 26°36'
48"N latitude with the area of 579km’. The tectonics from east to west are Zitong Anticline Meijiao Syncline Jiuloudong
Anticline Gulonggang Syncline Yelongjian Anticline and Xinglian Syncline. Topography in the northeast is higher than
that in the southwest. Flat ground low-hill mid-hill and high-hill occupy 10% 21% 27% and 42% of the basin area

respectively. The climate of the region is mid-subtropical. Monthly mean atmosphere temperature ranges from 7.2 °C to
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29.3 °C. Annual rainfall is 1500mm and concentrates on April to June. The remaining secondary forest is conifer after
original every broadleaf forest was destroyed. Parent materials are composed of alluvium and residual and slope deposit of
granite limestone and phyllite. Soil types are red soil paddy soil and limestone soil. The mesoscale district is the typical
agro-forest zone with 2635. 84 hm’ in the valley and the area of the microscale transect is 3. 88 hm’ in the zone.

According to environmental and social economy difference sample points were devised by grid and hierarchical
approaches. Among them 46 samples for the microscale plot 52 ones for the mesoscale district and 74 ones for the
macroscale region were located by GPS  Global Position System . The topsoil samples in the 0 —30cm were tested in the
laboratory. Soil total nitrogen STN was determined by semi-micro Kjeldahl method and soil available nitrogen SAN  was
tested by NaOH hydrolysable method.

The results showed that the mean contents of STN and SAN increased with scales or research areas spread. Parent
material soil type landuse and soil erosion were the main influence factors for the nitrogen contents in the multiscales. The
relationship of the STN and the SAN with parent materials was very complex in the multiscales but the nitrogen contents
were the lowest in the soil from the slope-residual deposit of granite. On the three scales STN and SAN in paddy soil were
remarkably or very remarkably higher than that in red soil. However the difference of the nitrogen contents in limestone soil
was not obvious with paddy soil and red soil in the macroscale. In the micro- and meso-scales STN of paddy field was
significantly or very significantly higher than those of arid and forest land but it was only remarkably higher than the
content of arid land and not obviously different from that of forest land in the macroscale. SAN of the paddy field was
significantly or very significantly higher than those of the forest land in the multiscales and arid land in microscale however
the difference from the contents of arid land was not obvious in meso- and macro-scales. The influence of soil erosion

intensities on STN and SAN was close to the research scale and increased with the scale-up.

Key Words total nitrogen available nitrogen scale effect hilly region
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Fig. 1 Scenarios for soil sampling points in the regions of the micro- meso- and macro- scales
2.1
K-S 3 STN
1 0.60 gkg™' +0.54 gkg™ 0.73 gkg™' +0.49 ¢
kg™ 0.83 gkg™' £0.50 g kg™
3 SAN 1

64.8 mg kg™ +32.1 mg
kg™ 66.3 mgkg ™' +44.5 mg kg™

3

80.2 mg kg ™' £45.9 mg kg~

F o =3.105° P=0.047
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3
F . = 2.485 P=0.086
1
Table 1 Statistical characters of STN and SAN in different scales
Ttem Scale Sampling Distribution Min Max Mean Std. Dev. Skewness Kurtosis
No. type
Microscale 46 Lognormal 0.06 2.08 0.60 0.54 1.117 0.307
Soil total nitrogen Mesoscale 52 Normal 0.10 2.10 0.73 0.49 0.457 -0.514
STN g kg™! Macroscale 74 Normal 0.10 2.17 0.83 0.50 0.677 0.304
Microscale 46 Normal 13.1 151.2 64.8 32.1 0.997 0.977
Soil available nitrogen Mesoscale 52 Normal 3.0 148.7 66.3 44.5 0.248 -1.207
SAN mg kg ™! Macroscale 74 Normal 12.6 212.2 80.2 45.8 0.569 -0.136
* the same below
2.2
4
2.2.1
0.44g kg™'
n, =23 0.93g kg™' n, =15 =
0. 003 59.2mg kg™'  76. Img
ke P =0.095
5 2a 5
F,, =2.955" P=0.029
1.13g kg™ n, =11 0.54g kg™' ny =12 P =0.003
0.56g kg™ n, =4 0.64g kg™ ny =7 0.67gkg™" n, =
18 P 0.011 0.029 0.035
4
5 2a F 447 =
3.776 " P =0.010
101.0mg kg™' n, =11 43. 7mg kg™ ny =12 54. 9mg
kg™ n, =18 P 0.001  0.004 72.2mg kg ™' n, =4
82.0mg kg~ ny =7 P 0.218  0.325
P =0.047
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Fig.2 Parent materials and soil nitrogen contents
A. Alluvial deposit B. Residual and slope deposit of granite C. Slope and residual deposit of granite D.
Residual and slope deposit of limestone E. Residual and slope deposit of phyllite
5 2h F ., = 2.447 P =0.054
1.01 g kg™' n, =34 0. 66g
kg™ n, =12 0.65g kg™' ng =13 0.58g kg™ n, =7 P
0.037 0. 035 0.026 0.85g kg™ n, =8 P=0.385
F,o =2.430 P=
0. 056 95.2 mg kg™ n, =34 50.9 mg kg™ n, =7
62. 1mg kg™ n, =12 0.018  0.028 84.7 mg ke~ n,
= 70.9 mg kg ™' ny =13 0.548  0.096
2.2.2
3
1.62g kg™ n, =5 0.47g kg™ n, =41
df =44 +=5.935 P =0.000
101.3 mg kg™'  60.3 mg kg™
df =44 +=2.915 P =0.006
"7 omm SN —e—sAN 71
2 TH W
209 ( 190 %
. g
1.14 gkg™ n, =17  0.53 gkg™' z o z
%
n, =35 df=50 t=5.177 P= & *°f 1% &
0.000 94.1 mg kg ™' e
0.3 ‘ 30
53.9 mg kg ™' df =50 1 = VAR § nkEt  KEE
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3.439 P =0.001

3

Fig.3  Soil types and nitrogen content in the macroscale
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3 F,, =3.362" P=0.040 1.01 gkg™" n, =31
0.71g kg™ n, =36 0.72g kg™ n, =7 3
* -1
F,; =3.910" P=0.024 97. 1mg kg n,
=31 67.8mg kg™' n, =36 69.3mg kg™ n, =7
2.2.3
3
2
2
Table 2 The relationship of STN and SAN with landuse types in the three scales
Microscale Mesoscale Macroscale
Ttems F F F
e Paddy arid Forest F vl Paddy arid Forest Pl Paddy arid Forest F
fiell  land ores T feld Jand ores U feld land ores vae
Sample No. 5 9 32 20 6 26 31 12 31
STN ¢ kg_] 1.62A 0.79B 0.38C 24.47 % 1.13aA 0.68bhB 0.43bB  20.66 ** 1.01a 0.69b  0.72ab 3.37*
SAN mg kg -1 101.3aA 67.3bAB  58.3bB 4.53% 97.0aA  74.7abAB  42.2bB  13.43** 97.1aA 75.6ab  65.2bB  4.18*
0.05 0.01 * F
0.05 * F 0.01

In multiple comparisons Lowercase represents o =0.05 capital letter represents o =0.01 Average values followed by the same letter in the table are

not different at & =0. 05 or @ =0. 01 using LSD test

significance of analysis of variance at the 0. 01 probability level

# represents significance of analysis of variance at the 0. 05 probability level

3
F=24.47"" F=4.53"
0.79g kg™ 0.38g kg ™! 2
101.3mg kg ™' 58.3mg kg ™' 67.3mg kg '
F 20.66"°  13.437° 1.13 g kg™
0.43g kg ™' 97. Omg kg ™'
mg kg ™' 74.Tmg kg ™'
75.88% 0.20% 19.65%
2
g kg™ 0.69g kg™ 0.72g kg™'
kg™ 65.2mg kg ™' 75.6mg kg™
2.2.4

70%
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Fig.4 Soil erosion and STN content in the multiscales g kg~ Fig.5 Soil erosion and SAN content in the multiscales mg kg ™'
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