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Spatial variability of forest soil total nitrogen of different soil layers
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Abstract; Spatial variability causes uneven soil resource distribution and controls species distribution and recruitment in
terrestrial ecosystems. Quantification of the spatial variability is essential for understanding the relationship between soil
properties and environmental factors and to estimate attributes at unsampled locations. Spatial variability of soil nutrient can
provide guidance for the proper management of forest ecosystem. According to forest resource inventory subplot maps of
China, 121 subplots were established. Soil samples for the experiment were collected from soil profiles in the central portion
of each plot. Three replicate samples of each horizon at every plot were mixed with roots and stones removed by hand. Soil
total nitrogen (TN) was measured using sulfate-perchlorate acid heating digestion-azotometer distillation titration method.
All statistical analysis was performed using the open source software R (version 2.7.0). TN spatial distribution predicted
by kriging was exported to ArcGIS 9.2 to produce maps. Spatial variability of soil total nitrogen under different layers was
examined using classical statistics and geostatistics in Badaling. At the same time, geostatistics combined with geographic
information system ( GIS) were applied to analyze the relationship of vegetation type and soil total nitrogen. Relationship
between elevation, TN of soil and vegetation distribution pattern was evaluated by classification and regression trees
(CART). The results showed that: (1) The means of TN were 2.94 ¢/kg,1.30 g/kg,0.63 g/kg in three different layers,
respectively. Coefficient of Variation ( CV) of TN were 33% , 33% , 45% , respectively. So they showed medium
variability. (2) Optimal theoretical models of TN were spherical model in different layers. Spatial correlation distances of
TN-A,TN-B and TN-C were 804m, 1038m and 1400m, respectively. The nugget/sill C,/( C,+C) ratio for TN-B and TN-C

were 55% and 63% , respectively, suggesting moderate spatial correlation. TN-A has a weak spatial correlation with the
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Cy/(Cy+C) (78% ). The spatial variability of TN-B and TN-C may be affected by intrinsic and extrinsic factors.
However, the spatial variability of TN-A may be affected by extrinsic factors. (3) University kriging indicated that spatial
distribution TN showed district geographic trends in different layers. The overlay analysis of spatial patterns and vegetation
type were used to understand different soil nutrients distributions with different vegetation types. TN had a high distribution
in the southwest and northeast of research area and the rest of high content were strips and patches. (4) The CART
indicated that the vegetation type distribution pattern of this district can be divided as four main parts, it can be primarily
determined that the elevation of 725m, the TN of 4.23 g/kg and 5. 69 g/kg were the importance value. As reforestation is a
key component of China’s long term environmental and conservation strategy, spatial distribution in soil nitrogen contents of
different layers can equip the micromanagement decision-making process in determining the proper size of a management
unit. The correlation between soil nitrogen and vegetation type is an important factor in selecting tree species for

reforestation. Our study provides a general guideline for the selection process.

Key Words: geostatistics; soil total nitrogen; spatial variability; classification and regression trees( CART)
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M1 ATLE R, BIE2ATE A B .C ZRIES 10 2.94 (1.30.0. 63 g/kg; A JZ¥E 50 B .C 2K
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Table 1 Descriptive statistics of soil nitrogen

B1 HREREHERE
Fig.1 The vegetation type in studied area

F 3425 Soil total nitrogen/ (g/kg)

e b
f%ﬁ/& BOME Rkl P i bR ERER e e K fi
Minimum Maximum Mean Median SDD* cvh Skewness Kurtosis K-§8°¢
A 1.33 7.16 2.94 2.85 0.97 33 1.40 3.44 1.48
B 0.18 3.56 1.30 1.39 0.42 33 0.76 6.06 1.34
C 0.12 1.68 0.63 0.57 0.28 45 1.07 1.72 1.71

a trifEZE, b BRREL, o K-S ik

2.2 IR WSS RHIE
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Table 2 Semivariograms model of soil nitrogen and its related parameters

+HER F 34 Soil total nitrogen/ ( g/kg)
Soil layer 7 Model He 4 {H Nugget C, HAMH Sill C+C, 7T Range/m & H/H A1 €,/ C+C,
A Spherical 0.075 0.095 804 0.78
B Spherical 0.072 0.13 1038 0.55
C Spherical 0.14 0.22 1400 0.63
0.40 - 0.40 0.40
TN-A TN-B TN-C
032 |- 032 | 032 |
g
g o024 024 |- 024 |
£
!
Q
N L]
o
M oo0.16 - 0.16 - . : .. Ol6
R . .
008 b ° . Y 1 2 0.08 |

|

!
400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400
#4 Distance/m

| | | 0 |

B2 TESENFHERHE

Fig.2 Semivariograms for soil total nitrogen (TN) in three different soil layers

2.3 BIEEREESES AR REE

Gz ] BAS IR 7k, S8 T2 ATE A B .C Z R fmaRE (E 3), WEHRaTLIE X 3 4
SRR IR IR T B R 023 (B0 A fa A, 398 4 S AE I DX P g AR O ) 75 A s

WiX 3 B eRASEITEN R, RS EA N TR, SIS A0 B 3 A 25 (8] 43
A & A3 BN R AE R B T 3R S ) A 00 (3R 3—K 5) o IR LUE IR 5T X s bkt HE AR
R BT IEAR R ARRIE RRER AS AR5 31 o BT FR Y 8% \36% 20% 18% F120% .,

M3 ATLUE e 48 A 2 BRI EACRR T bR RN R 5 AR A U o AR R Ay
THTE2.46—2.69 g/kg.2.93—3. 16g/kg 2. 46—2. 69 g/kg 3.16—3.40g/kg Fl 2. 46—2.69 g/kg X ||, TEA
WFFEIX N ,24% HYTHFR 13 A J2 28 5 R EAMAE 2. 46—2. 69 o/kg DX 1] ; FEAMAN A Ak L HE A JZ 2 A
Tritim ., WK FTUE M £ LB 2, Gibii FEAMR FF bk R TR S bR A /S o AR T A
A7 1.08—1.17 g/kg.1.46—1.55 g/kg 1.08—1.17 g/kg.1.36—1.46 o/ke 1 1.08—1.17 g/kg X [H], Btk
i BRI IR ASHR 13 B 2R S B AGTE 1.08—1. 17 g/kg X [0], [RIFETE 1% )2 HE ABRAN e -k
LR SER R, WNERS ATLAED, X 5 M A 1 ¢ B2A S & EE/MTE0.45—0.51 g/ke,
0.51—0.57 g/kg.0.45—0.51 g/kg .0.63—0.69 g/kg Fl 0. 82—0. 88 g/kg [X[H],
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TN-A/(g/kg)
<2.23
12.23—2.46
7 2.46—2.69
[ 2.69—2.93
[ 2.93—3.16
B 3.16—3.40
N 3.40—3.63
Il 3.63—3.87
Bl 3.87—4.10
M >4.10

TN-C/(g/kg)

4 <0.45
/ ‘ - I 0.45—0.51
£ 0.79—0.88 051057
‘ el G B 0.57—0.63
e 0.98—1.08 .
y e 1.08—1.17 — 0'63_0'69
y B 0.69—0.75
/ . 1.17—1.27
_ B 0.75—0381
: 127136 B 081087
B 136—1.46 o
- 165 . >0.93
3 TELSETEBRESHE
Fig.3 Spatial interpolation of soil nitrogen distribution
F3 TREHELBIELRE A BEFRSENSHER
Table 3 Distribution of different total nitrogen (TN-A) content on various vegetation types( hm?)
ik el + 34 Soil total nitrogen/ ( g/kg) p—
Vegetation 2.23—  2.46—  2.69—  2.93—  3.16—  3.40—  3.63—  3.87— o
<2.23 >4.10 Total area
type 2.46 2.69 2.93 3.16 3.40 3.63 3.87 4.10
0 0.00 3.08 16.79 9.68 11.59 0.61 0.00 0.00 0.00 0.00 41.74
1 0.07 8.82 11.16 34.70 48.26 74.00 11.59 4.75 1.37 0.07 194.78
2 1.64 10.94 40.37 29.72 12.13 9.74 2.90 0.09 0.00 0.00 107.53
3 0.00 0.23 22.30 15.23 9.34 21.78 16.36 9.92 1.01 0.00 96.17
4 0.05 10. 44 43.07 27.25 15.59 9.11 2.52 0.00 0.00 0.00 108. 02
AT Total 1.76 33.50 133.67 116.57 96.91 115.25 33.37 14.76 2.39 0.07 548.24
0 Jmibki, 1 SEAMR 2 B AR, 3 R Ak, 4 st R A
x4 TREHLBTESRE B ERRSENFHER
Table 4 Distribution of different total nitrogen (TN-B) content on various vegetation types( hm?)
Lt e + 34 Soil total nitrogen/ ( g/kg) R
Vegetation <0.79 0.79— 0.88— 0.98— 1.08— 1.17— 1.27— 1.36— 1.46— S1.55 Total area
type 0.88 0.98 1.08 1.17 1.27 1.36 1.46 1.55
0 0 0 0.00 6.59 17.71 12.11 1.80 3.17 0.36 0.00 41.74
1 0 0 0.00 7.16 43.63 25.07 22.48 35.17 56.77 4.52 194.78
2 0 0 0.00 17.98 41.67 15.35 11.23 5.69 14.31 1.31 107.53
3 0 0 0.00 8.93 15.05 2.99 14.60 38.23 12.29 4.07 96.17
4 0 0 1.69 16.54 20.59 20.54 19.96 10.78 15.05 2.88 108.02
A1t Total 0.00 0.00 1.69 57.20 138.65 76.05 70.07 93. 04 98.78 12.78 548.24

0 Mgy, 1 AR, 2 EFIAR,3 R bR 4 SRR SM
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£S5 TRAEFEXEITESLRE CEFRASENSHER

Table 5 Distribution of different total nitrogen (TN-C) content on various vegetation types(hm?)

ik eSSl +IE2H/ (¢/kg) Soil total nitrogen

Vegetation w45 O0%H— 05— 0.57—  0.63—  0.69— 0.75— 08— 0.87— . Total area
type 0.51 0.57 0.63 0.69 0.75 0.81 0.87 0.93
0 7.81 11.34 8.69 0.00 1.40 0.23 1.98 6.98 3.33 0.00 41.74
1 3.74 35.98 63.88 40.70 18.68 7.70 12.11 5.09 6.01 0.92 194.78
2 0.59 27.61 26.87 11.39 7.09 2.12 8.24 5.49 13.30 4.86 107.53
3 1.28 9.97 13.82 9.90 22.34 11.48 16.52 4.77 6.10 0.00 96. 17
4 3.58 13.34 19.17 11.30 12.69 7.43 12.85 20.50 2.23 4.95 108.02

A Total - 16.99 98.24  132.41 73.28 62.19 28.94 51.68 42.82 30.96 10.73 548.24

0 Bk, 1 AR, 2 IR, 3 bR 4 S RS M

2.4 LTGR4I RN AE GO AR FRAE

VFEMF9E 2R, - 8eRe e 52 v A A2t T PR BE PR 1 RO 1) A A R BT 5 1R, 4 S0l e 40 1k sl
VE A Ry 5 S - SRR S R G AR A P sl A B AR A B R R O R R, A R 4 2 T S5 SR S Bk
HEBE VS A b SRR AR B R Y DU G CE AR 4R P 7 e S A A0 56 R AR BE IR T S5
PEAISE R, AW ZE N FH 4328 ]S A AR TR AR e (405 - 18 4 SR W R R B S R A0 A = B 46 & B —ike , I e )
T ST XA R A AR N A0 A A . AR S S AR (& 4) 2SI /N T 725m, 4
ROTE/INT 4.230/kg B IZ XAHGE A B EARMRFNE AR SN T 725m, 2R & KT 4. 23/
kg B, SRS VE AR G | 225045 O [ AR5 4 R S MR 20 3k I 2 K F 725m, IS A & /N T
5. 69g/kg I FEHISH R HEAM G E AR 20K T 725m, RS AT H KT 5. 69/ kg W}, 12 X Sl A B 2
TRURVEAIR AR5 5 FVR AR, AR BIFGR X AR RIS TR0 53 A7 A% J AR AR VAR - 498 4 0 1t vl KRB 43 4 K
BB (I 5) AT LAE IR 725m Al HIES R S 4.23 g/kg F1 5. 69g/ kg 245 Ml A b X AR 9l 28 U4 Ai A% S 78
AR A R, AR R R M 4 S i W S AR DA Ry s 2% DX AR B 43 A A R AR A B S A

1200 - * Bkl
AR
ELV=725 o
i
* BB A
1000 |
£
s
S
&
& 800
P
600 | i '
12 1/3/4 0172 2/3/4 |
2 4 6 8
B4 ZEDOAREE 3L TN(g/ke)

Fig.4 Classification and regression tree model

0: Bbkdts, 1. BEAMR,2: Btk 3. MK, 4. BRI

Es5 R sRSEEEESHE
Fig. 5 T Distribution vegetation type in different total nitrogen
(TN) and elevation

3 it
(1)t 2 a8 242007, TN S e A B Fl C3 DN ZUCEME S50 2.94 (1.30.0. 63 ¢/kg, 855 R %X
(CV) 550 33% 33% M1 45% # R NP ST C 2 HIETRZEE T A BMZ,
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(2)3 MNER LR 5 R B ERU OB, LR RAE A B M C3 MR REE R
HZ L Co/ (Co+C) 5310 78% 55% 63% ,3RW] HIERRAE A 2B A 5528 A, IR AL B.CEA
AR AR SCHE . HIEAEAAE A B C3 225515120 804 (1 038 .1 400m, A5 F B 5 1 )2 VR FE I 3G i imi 4 K

(3) ] AR R, I ZE A B .CIRBRIM T 828 [0 40 A B, R R Bk 250 BT o i
IR BAEAR 2R 23 (8] 53 AT A 5] FEARARFN R HARTE A B 2 R RS i, I AR e TR 28 vkt
B R C R E R,

(4) 532 AR AU T 25 SR R W], 1% XAE WIS B 43 A0 4 Jm T KRB 43y 4 KRSy 7T 40028 1 2 T K
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