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Spatial distribution patterns of soil total nitrogen at a county scale
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Abstract: The spatial variability and distribution patterns of total nitrogen content in 0—100 c¢m deep soil were analyzed to
determine the dominant factors affecting the spatial variability of total nitrogen content in different soil depths in Aohan
County. The analyses were based on soil survey data, geostatistics, and canonical correspondence analysis. The results
showed that the variation range of total nitrogen content was 0.43-—0.68 g/kg in 0—100 cm soil depths, and the total
nitrogen content decreased gradually with increasing soil depth. Obvious differences between North and South were found. A
moderate spatial correlation of total nitrogen was found in 0—100 cm soil depths. With increasing soil depth, the spatial
variability caused by random factors gradually decreased, and the spatial autocorrelation distance of total nitrogen decreased
gradually. The effects of environmental factors on soil total nitrogen content from high to low were as follows: elevation >
normalized difference vegetation index( NDVI) > clay content > soil bulk density > slope, in which soil clay and NDVI had
higher correlations with surface soil, and elevation had a more significant effect on soil total nitrogen below 60 c¢m soil

depths.
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TP RITR AUS R EAE Y IE A KL T R R TR MR 2SR —, HIEeRR
5 L A PR A8 SRR S RN, R S 48 A R A 2 (8] A A ey SR S R DX B P 1
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o B T A B, SR TS BT 2 4 rh TR 32 LR AT L A R I 153 A AR
[FIRET 2 20 G, Dwivedi 55 BP0 R W1 52 2] 1 VR B ALY 520, S [7] 1 J2 R A1 5 458 725 Al 1) ek
R MAAE B EWZEE R, Fierer 55 4R HURJZ H3E0HE B FIFR 40 10 28 A0 AH L 222 35 hindgud . dhy bl
UL, A B AR A AN R] 2 B e S B VR R R SR R BN R 28 5, L A SRR 3 B3 A1 S HE
M PR 2R ATS SR 2 2 i - S SRR BT S 114 £ i T
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1.1 W5 IXHENL

ST IX A T NS00 A X ARG 25 B A FDUE (119°30"—120°54'E 41°42'—42°02'N) |, 4= i i L2
4 8300 km®, M BEGEAR A AR M S IUIRRHE A 300—1250 m; 24 F-HIRE K 7E 310—460 mm 2
], L e [ s ; AR 3528 % ok 2000—2600 mm, 4SRN 6°C , 4 FFER T, R M BN,
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FERF AN b PR A SR [ 275 % 8 1 g ORI SRR &R T 2014 4F 8 H 7R
DUESE LR RE 5 8 ORI e A M BB 7053 I I AIF 5 DX A AR R AIE L 182 M HLARIRE S (R 1, 1),

®1 MERXERBESHER

Table 1 The distribution of sample properties in study area

e TR Altitude/m

Slope/(°) <500 500—700 700—900 900—1100 >1100
<5 14 20 25 16 6
5—10 6 8 11 8 4
10—15 6 4 5 4 3
15—20 3 6 8 3 1
20—25 2 2 3 4 1
>25 1 3 2 3 0

BERE ST, C SRR A AR AR S T 3 | 3382 ORI X SE AR E B, BRI H 3R E Y
MW MiVR Y52 i $E 98 bR e 50 T, #% H8 0—20 em,20—40 cm,40—60 cm,60—80 cm,80—100 cm X143
52, T2 ZEEE, 823 AER A TR ML= AR, 3RS &R ORI GRS
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FEHODUE 2014 474 (Landsat 8 ) 18 I8 A5 F BT L 1fE
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SHC(NDVI) B35,
KRR
NDVI=(LNIR-LR)/( LNIR+LR) (1)

A, LR FRoRLDG I B AT B SO ; LNIR RoR 4L
HNBE B BAT B RUSHE,
1.3 Fdssrth
1.3.1 &l

M55 1127 ( Geostatistics ) AR AWML G2 1124, F 50
AT LR TE BN, 75 15 3 2 G124 K G. Matheron [

HHEFIE T 52 T A 30T 0 — 1 VA 55 274 . o
G2 2 LUAR S pR B TN A5 18 43 A R Al 76 A R 1144.44—1250.00 WM 616.67—722.22
DX Sl P 6 DX 425 Bk i A G 8 550 4 09— b - e 05Se i1
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E‘Jﬂé}'&e{u@ﬁ , iﬂﬂﬂ 7( h) ’ 2’)’( h) f/ﬁﬂ\jﬁ%’i DZI;WO ;H\: Fig.1 The distribution of sampling sites in study area
N(h
y<h>=2N1h);2: [2(x) - Z(x, + )] 2)

A, b ATREA A T EE S 5 v (h) & h 0207 22 BB s N (h) S (] BR BE 25 55 T b BUREAS B X EG Z (x,)
23 (AL B R x, AR BRI S 5 Z (o, +h) RS AL B A x, + b ALFE BRI SEIAA

BT MGt B, R GS+7.0 BAF 58 U5 22 sRAL BT AR I 0 4, FF 454 ArcGIS10.0 4K
1 Geostatistical Analyst BEHE X RAE AT 58 B AR E, 42 il -3 /& s =S Rl A 1
1.3.2  HLEXF 43T (Canonical correspondence analysis, CAA)

B XS A3 HT (CCA ) J& H X I 43T & R 1117 Sk 18—l 22 ST 40CH I 0 ok, JHL g A 9 9 1 72 i P 4 kA
B Z AN A DG o DR 728 S R o S5 814 3R 22 B AR R oy, DA HE PP A gl AL [l U ASE Al SO0 R] R B 5 K]
FHIOCRTEHF b BOULERIS  [FIIF AT ] CCA 3B 25 R A7 722 5 i 1Y) STk 43 29, JF HERf Al 11 3 A2 &= 1 51
ik, HA Rk
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K F I SRR B A8 H 6 A vk A W R DR 2R+ 34 AU R B B K, CCA 2 R 3.0.1 b
) Vegan fHAT7)
A5 B AR RS T AT YA R3.0.1 AT 58,

2 HREH

2.1 HHEEREEENTE S fRHE

XHRFFE X P 182 A FEHUEE AT G018, G5 L a3k 2 iR 581X 0—100 em R +HE 2R M0
FEI7E 0.43—0.68 g/kg Z (8], HAV- 355 BBl A 808 BE 19 15 2 B2 s Dok 17%) T 553 A B s 7 22 0 W 6B,
0—40 cm WE K HIELA S R EE ST 40 em WELU T HIESA T (P<0.05) . XFEERHTREZE L1
RERS s 1 2 b AR UL ZRAG 75 ) L S s s IR o0 it I SR kb ey TR L, HIER 2 AR & i 2 s T M+ )2,
Z: MRIR [E - R 0 o Gebn e, BODUE 38 4 0 S AR AL AR X 77 B K (V :0.5—0.75 g/kg) , Hr1 60
em LU Y 2R & BT ™ E 5 5 A K F (VI:<0.5 g/kg) "™, SbBIE A ARHIE T &, 52 TR
O R AR R B IE AT R AR S AT REE S EE(E RS, B R RE(CV) TR, 5 2 IS A S BT
0.45—0.50 Z i), IR B W W (0 4301 22 57, ¥ s TR SRR B A 51

£2 FRALERELLRSBROHHIIE
Table 2 Basic statistics of soil total nitrogen at different depths

f/ME SFHI{E EIN] LETES

ErgASEES T i3 & BF
j:J%LTJ; Minimum/ Mean/ Maximum/ bt Coefficient Mz $,E
Soil depth/em Stand. Dev. . Skewness( —) Kurtosis( —)

(g’kg) (g/kg) (g/kg) of variation/%
0—20 0.20 0.68a 1.79 0.30 44.64 1.16 1.70
20—40 0.15 0.61a 1.64 0.28 45.64 1.15 1.74
40—60 0.09 0.54b 1.68 0.25 46.95 1.48 2.33
60—S80 0.01 0.47¢ 1.37 0.22 46.45 1.11 2.10
80—100 0.01 0.43¢ 1.21 0.21 49.75 1.02 1.56

HiJ7 2348 0 R AR AN R 5 LA O 2R TE P<0.05 K T AT 3% 22 5

22 SRS RN AT A RERE
Wb GE T2 2 22 PRBURTR B S RE A A A RS [ AR ST B S R P DR 2R 5 AL DR 2R ot 4
M H RN 2 AR SR 2k, BRI A S5 R WoR , RIA H B8R R A S fES A ) BT 2%
S, JOT % BRI 45 10 S RRAE X R RIS AL AR B B A5 1 0—100 em VR HHEA UM 21 77 22 s 2L
PSRRI AR SE(£ 3) .,
%3 ITEEFEENEAEAHERENREXSH

Table 3 Theory model and parameters of semivariogram for total nitrogen content

Begxfii/ Yo R R

. ) Hegx (i i*H 5k %

+ R s Dﬁ Y HEH _ji% Coefficient of
. Nugget/ Sill/ - Residual sum .
Soil depth/cm Model Range/m Nugget/Sill determination

Co Cot+ C of squares
Co/(Cy+ C)/% (R?)
0—20 Spherical 0.047 0.064 2450 73.4 0.105 0.71
20—40 Spherical 0.039 0.059 2700 66.1 0.421 0.74
40—60 Spherical 0.132 0.188 2700 70.4 0.217 0.79
60—80 Spherical 0.097 0.141 3000 68.8 0.186 0.82
80—100 Spherical 0.258 0.511 3300 50.5 0.209 0.80

AR ST R 25 R R, 0—100 em 45 )2 41 4 % 345E T Spherical B HAD & W @ R4 R*TE
0.71—0.82 Z[a] , AR 224 TR KF  7F 0.105—0.421 Z (8], 40 & HA WAL & 808 | el i+
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HUE R 2R 2L R S i A R 28 0] A8 S 4544, T BEAILPE 3R =2 R BN AT 3 | R 7 =05 AR
S5 IFERF ST X A AR 28 [0 A8 S v i 4l T R BEH A Z5AA 1 R 3R R R b | MR B R A A AR R A
Bl SR ARG AL IR 28 0T 4 22 () A8 S ) s MV L i 557 , JHE 225 T e oK A AFDOGBE 5 (AR ) b &
- SR E 38 T TSR X U 7R VR 2R g 3 e RS BN TS, A R R R R
PINTE ARE R,

Wt RN A AR R T S (B 2) ,F5E1X 0—100 em 2R &= 10 i bR —3 1y
I S AR AR RRE , 7645 )2 3 AR E XS4 48 rh 22 R RO A FE DR 5T IX A ARG, S i X A 1
R BT WFFE X A R 0 X35, H 40 em DL 38 AU A6 20 A 22 ARG FER2 L3 i &

0—20cm 20—40cm

N
A

. 097125
Bl 1.25—1.64

60—80cm 80—100cm

a
THLEAR
/(g/kg)

THLEAR
/(g/kg)

. 0.01—0.24 B 0.01—021
024031 mu 021—0.27
m 0.31—0.33 e 027—0.32
© 0.33—0.35 o 0.32—0.35

0.35—0.40 0.35—0.40

0.40—0.44 0.40—0.43
o 0.44—0.53 o 0.43—0.50
m 0.53—0.57 = 0.50—0.59
mm 0.57—0.63 m 0.59—0.72
. 0.63—1.37 mm 0.72—121

0 40 km

2 AETERELIESERREZTESHE
Fig.2 Spatial distribution map of total nitrogen content in different soil depths

2.3 FREEIA N IR S R AR
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SF—HERP RN 322 NDVI SR I RERS 134 500 B O 258 S e, 0 1 3 S0 B 22 5 R 1K 21 91.24%
Horr RO NDVI 5505 —HE R AR A 8 R OGHE (P<0.05) o A8 HR P il 2 002 94 J M1 MR R 25 Y
ERE W, T HORRL i 5 5 T HE PR AT B A SENE (P<0.05) , X L E S B AR IA H3.63%
S —HE AN S —HE Pl A A R RS H) 95.17% , Ui W5 —HE R Sl AN AR —HER b ok T BRI
TH R NRHE R WHEF RS T RS R RO (P<0.01) , AT RIS il BE R85 N 2 X+
e A

R4 HEXNEIWSHEITR

Table 4 Summary statistics of canonical correspondence analysis

FRE5R . Environmental factors 55— HERE A Axis 1 5 HEF T Axis 2
K Altitude 0.698 " -0.234
i Slope -0.306 -0.141
A E Soil bulk density -0.213 -0.409
+HERR & i Clay 0.389 0.564"
IA—{EAE 48 %L NDVI 0.677" 0.292
HFE X 2 BT HE il CCA ordination

FHF{E Characteristic value 24.09 1.23
WS 1Y) B RR

Cumulative interpretation rate of environmental factors/% o1.24 3.93
HEFF il .38 /K F Significant level of sorting axis 0.01 0.01

* RIIRIE AL P=0.05 /KF T 5 HE 7l B 35 A0 G0

PR IEAE S R A S AR COC R  NDVL, BIEROR & i iR 5 R FUSEAH R,
PG FO A RS AR R s B BN K NDVIS KRS > R A H S % . o 0k,
KLFT NDVI 5362 AR M S &, 4RO 60 em DUR @R AR B 7

3 it N
o TN Mk

3.1 IS S R Z2f ARSI

AR A R R S A Z A E ik G e
A, fEARGE N LA R RIS & | task,
g I SRR | 4 LIRS 0 K I T — . : "
P52 X 2R 030, 8 I 3ok 3 B2 i F P o, 9 52 90 M S THEFE Y Axis]
b R AL BB A ke, X 5T XA R 3 E3 xRS E

ﬁ*ﬁ %% ‘[9] *H 3‘é . ﬁ/ﬂﬁﬁi&ﬂ‘%q’ﬁ\' #E‘@ﬂ"lﬁ‘j%’{ s ,E\T'ﬁjl: Fig.3 Canonical correspondence analysis ordination
S RS 25 5B A T, TR DURE 4 89l S 3 0—20cm VRIS -EHEA RS B, Total nitogen (TN) 1520—40m TR7%
BRI b BEAE - 3 ,%M@{ﬁiﬁjﬁ’ﬂ% il ,ﬁﬂ: + IR & &, Total nitrogen (TN)2;40—60cm IR & + 4R &
e A B - HIETIE 3K -6 s B 5 it b 1L 5P 07 %,Total nitrogen (TN)3;60i800m ‘Jjefﬁit%jﬁﬁimal
nitrogen ( TN) 4; 80—100cm ¥ B 1+ 3 4 & % &, Total nitrogen

ik H @i*ﬁ%ﬁ\:ﬁﬁzﬁﬁ\ﬁﬁm%ﬂi“‘” , AR B (TN) 5; 13— b # # 5 %0, Normalized difference vegetation index
LRERE TR, NUE L ZEE (vov
RIRYFE0 A AR 28 BT 1Y 13 4 EU oA 2 R
222 IORUEE I, A BE F 4 22 B0 B S 1 b 3ol R A, 9 4 R R ol b Aty i 4 A 1) S i B Jon B
B RN PRA S WRT A P S ol b DX SR 4 U o A A G R A A
JE MRS | A LB AT S e B RO X BRI T AR A IE

A RO LA T & B T SRR B R3S I 4 00 AR B AR, Xt 5 oAb 2 O AR S
SERUM— 30 | 2 b RAE RS R, 3R )2 3R e 2 BRI W) 43 i J AR 4, TR 3R )2 H I AR B F
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o WU (B AR SRR 5, A2 IEURBE B ) | 3R )2 3R 2 (8] A% 5 A7 Bt AL DR 25 A s i) B o B A () s
JZ M2 R] AR SR B R, XA R gedE R R 2 RS SRk R R D R A
S ES  FECLR R DL B2 1) _L AR — B iR 2 HEERIE L 2 093 AT A FE A
X RS E R BREE T IR 5 TR 2s (0] A OCOC R . XL RS 1 3R 138 Y 2 () A8 S MR T i 1y J 1]
32 mtEEEE RSN ERRE

ARG M AEAN R 2 FRg i 3 e RS o0 A 10 £ SR R WAFTER K ZE R, H R NDVI 5% 2
A ST VAN 60 em DUTF HIERYSZ I R NDVI Bk T b F A w1 55 A KRS R IRl AR
BEISHI IR A R T B R RE R SRR A R BUE A 0 SR AR ST A AR S R A R
PRFIAE B ST IR R ) BFRES A5 T B AE A, N 3R ik f B 20, 28 2 A 1 7 2 0 1R 0 1 - 38 AR
SEF AR RENS A sk il - 48 4 B R TN AR TR A TSR 2 T2 98 T 2 30 6 0 - 39 R S5, ] Bsf 32 1R S A R Y
SEMA 1 HE R AR ZE R 2% AR TR 2 3B AR DL R A W i 5 SRR X 3R 2 1 R A 2% | ikt il A 4
RPRLAT NDVI XEAFETRZ 3 498 4 U B i B R

T XU AE 300—1250 m Z 0], W98 R g A H 32 A & B R BLE M C R R, X — 458 W ATALH A
SEE BB AAT ) A E K PR JZ 40 4 U RN 3R AR St B I B 5, 3 0T BB S 4R BB R e £
HER A VIR B AR AR 5T DXIRE R AR 5 22 3T 1000 m, )2 80 A9 T BB o e )
Bt R, GRS BRI R LA A | SR fk 20 TR R SRUAN BT VR AL R SRR AR IR
JZ R R R B AR, AR PR A R R (0 AR L2 BN 35 R A N - AR R AR [FAE L X
W] TR AR I TR 2 R A R B W R

4 it

WFFEIX 0—100 em S8R EEE FE A 19 2 A T2 % B 7E 0.43—0.68 g/kg Z[H], & 1 S8R BE A 1S I iz
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5RO HCT W58 DX A T P X3
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