ISSN 1000-0933
CN 11-2031/Q

e '_'}_!'_’__'_

- - .
= h‘f_- -
. o = "
- Ay ‘. -
M PPy B b " — " 4 s / ;
. o P -~ = 't s L
- b - i L S - —— Loy o |
BT = g o —=" 3% v B
- o -

PEESFFS #
BRI =R E SR L
4 % B B B tH kit



AT ER
( SHENGTAI XUEBAO)

PERRA LS AR F£34%E F o6l 201438 (¥A7)

B R

BAEIE 5 FRLEGR
TR ENE UL AT T TE M A R o0 v vvennrnrnnn e K OB EH,DEE, L (1327)
}k%é}iﬁ’lﬁiﬁ: Biﬁcﬁﬁfﬁ/ﬁh\#ﬁéﬁﬁﬂﬂﬁlﬁ ................................................... gKH}E m!j’ ﬁﬁ (1340)
PIRHE R R GIR LA D U JE I ITAE T 3 e eevvereeremnniee e KA, kBT (1352)
W A R LD oy P 1 PSR S AR A (1361)
2B Fa BB R I IR T e & R BEER EEIT L (1371)
A T3S EARGEMNTARBESZEEFMETEHT e ST AT, HNE % (1379)
o T P G I o g ) SR F O,E #LE W% (1391)
MEEERES
iR AR R B A o A A 4 W A KA A AR A R e B R,E 9T, 2 HFK,F (1401)
ZAEBHEFAANREDZCETEBES TR H e WA, L, EREEE (1410)
AR T F A LR AR ARE LA A KT AL BEARGZ R - XK R, (1418)
o, JA 4 K S N R B BB T ) JH B S0y e eeer et PR FRAE KR E (1429)
AT Voronoi B &R E RIART R 5 AT HE R BTG woeervneeessinnesininnnnn. XM, EREE,E ,% (1436)
A REMRE MDA T A e MEE ] & T, LR 25 % (1444)
A TAPE RGBT RARBAREKI G HPEBTGT oo JANE B UE R K% (1451)
R R ARG AL RO AR BN A FAERI ML - ovvvvvennnne HAH,FRA I L% (1461)
B BEERMAESRS
AR AR T AR BE T LM AT S LA AR A M2 R, BE R, & (1471)
B COLRIETT 3 T 4% B RAGH ALY 23R B R An R RBFF AL I T PR oeeemeeees

....................................................................................... MW HREE x|, % (1481)
P E AL S0 FAEKRGE T NGB EENLE e F F KAKR,HMEE, 4% (1490)
L GIS 35 T W 4R R AR GAHEHE TR FRE N EAE, ERY, % (1503)
e K Pt X L 3E K SURR 5 A A5 AR B AT F R AR 89 Fom e eveneeeeeennnns BB, KERL,ZE R, % (1512)
R ESTAAGR R KA E o 6 Z H A AR e o4\ YL E WL (1520)
A R 0F B T A K SR K 6 A R AR AR R R R AR A fE#, 0 B, & W, % (1527)
I FEARE T T TFRTEERIOGIR B T e, B B RMmEZT,H % (1535)

B R 2050 B 0 I I 17 2 28 - = 2 £ PP I gﬁ,ﬁ;‘é:}a’y‘;yj él,%k(1548)



SN KIFFERES

B SWAT ALABF 70 380 7T i3 £ W b)) A Fo S AR BALKT R Hmhy oeeee FEpE kT, TEME, % (1559)
KO RE R AR E RIGAARETACAY o L £ Jfeevnermrerrneneeenn WAL, F o R AF,E (1568)
BRETE LR IAER G SAER TR R F R FANBEZF,F (1575)
R B ACHA BT o4 /R 36 3R LB BB BE AL wvveeeennnes Elams, P, E 8, % (1587)
M X R\ LEA MR RE AT E R G IER G AT F e R #EFER,FHE F (159)
BESF=LES

FETE LA JH B I 2 ZST0A] ceeeernneeri et /N5 (1606)

HAFIEARSHCN 11-2031/Q * 1981 * m * 16 * 288 * zh * P ¥90. 00 * 1510 * 30 * 2014-03

EEEEEEEEEEECEEEE

HEEBE . FTLR R P B——E LA F A AR, R T K L AR R A A 2K a3 246 I3 432 v [ 55 30 6 1)
ST R AR/ N — B R T SR (3 FLTRT IR X LA F AT, K PR AR B AR 5T 09 4 (AT 15km, ]
ATV [ A [ PRkl it 2 — , Bl 30 22 55 (0 TR W , PRIV b IX o A B 22 S AR BR G TT R W B, T 2R
BRGAE T b B TR A ) o TV A e 1 e A, A 25 7 4 T W F b P BB o B ™ %o 2% DX s A 71 b = 25
LAV S TVERF ST, 7T ATV S A 25 R 358 100 T 45 0 R JR 4 AR 4G o 1Rl v ¥ 3 0 3 Jr oAy 3 i Y TG0 Ry
Sl

FEREGRRE: FEAZUZ ol K% E-mail: cites.chenjw@ 163.com



55 34 %55 6 1] 2o & E2 Eiid Vol.34,No.6
2014 4F- 3 H ACTA ECOLOGICA SINICA Mar.,2014

DOI: 10.5846/stxb201307181906
BB, 2R FR IR U IE SR T U X AR ) A LSO el T 38 23 [ Al R E B A PR 3R A AR 2441, 2014,34(6) £ 1596- 1605.

WuJ, LiY H, Li Z B, Fang Z, Zhong Y.Spatial distribution and influencing factors of farmland soil organic matter and trace elements in the nansihu

region. Acta Ecologica Sinica,2014,34(6) :1596-1605.

EHHXRKEH I EFINRMEETEZE
SmEFENIMER

) 1 1 > 1 = 2 3
K ' FEI OFEHE S OB R
(1. ARG IR R R B R TR RS IR A KA RS IR EE 24 e, /% 2710185
2. FEBAF IR XAAIER S, VR 273300; 3. iEWE )5, i 262200)

E L THGTIT A GIS BRARGE & 1515  BEFE 1 R U8 DR T S AR (it 0 28 A9 28 () 20 RHIE S HE R I 2R &85
SRFE, LA HUSTRI R TR 8 A58 e B BRI & IEZS A o, oA IR A B BOE S oA . S5k o3 iR,
BRI A AR GO A | AT HLSORU B R JE R A5 8] [ AR DS PE R, Hrh S5 PR 20 2 A . s BRI (EL45 R R, &
AT LT3 A S A A h AL 1) BB KA, B A B A S A R R M, e R R A R R A B
JERUH B AR S BRI AR 2R AN 1 A LB A R, SRR R R T R B 28 S S e LA HLITTY
e IS A, B phy D AORY 3 R Pl AR e, b AT WL 20 T T ) P S 19 2 5 il AN (] b A 2R BT - 45
BB 225 0 EBRIN . RO ICER T BRI SRS B G B AN A SR BEJE O SR | st R 2SR S
RIEYINR

RERIA): HIRATHLIT; R TR 25 (RIS 57 v HUAR AR, S [ 2R

Spatial distribution and influencing factors of farmland soil organic matter and

trace elements in the nansihu region
WU Jie', LI Yuhuan" ", LI Zengbing', FANG Zheng”, ZHONG Yu’

1 National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and Environment Shandong Agricultural
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Abstract; Soil organic matter (SOM) and trace elements are important indicators of soil quality for sustainable agriculture.
The study of spatial distribution and influencing factors of soil organic matter and trace elements provided references for
understanding regional soil characteristics, soil fertility and quality optimization and farmland ecological environment
protection. A total of 1021 soils samples were taken in the Nansihu region, China, for SOM and trace elements analysis. The
spatial distribution of SOM and these trace elements was determined using geostatistics and GIS technology such as
semivariogram, ordinary Kriging interpolation, and spatial analysis methods. Factorings related with the spatial variations
including soil types, soils texture, slope, land uses, and land forms were examined. Descriptive statistics showed that SOM
averaged 14.66 g/kg with a coefficient of variation (CV) of 13.2%. Among the five trace elements, the average content was
highest for Mn (10.66 mg/kg) and lowest for B (0.57 mg/kg). The CV was smallest for Fe(35.1% ) and largest for B
(96.5% ). The normal distribution test showed that B was accorded with normal distribution while SOM, Fe, Mn, Cu and
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Zn conformed to logarithmic normal distribution. Semivariogram analyses indicated that B was of the pure nugget effect, with
constant variation in the study scale. SOM, Fe, Mn, Cu and Zn displayed strong spatial autocorrelation and the structural
factors played a leading role. The spatial correlation distance was 84 m for SOM, and ranged from 162 m (Fe) to 2572 m
(Mn) for trace elements. The ordinary kriging interpolation results showed that the overall trend of SOM distribution was
gradually decreased from north to south. The higher soil organic matter values were mainly distributed in the flat area. The
values of Fe were highest in the northern mountainous area and hilly land (> 14 mg/kg) and lowest in the South (3—9
mg/kg). A spatial pattern with higher concentrations in the central area than in the north and south area was observed for
Mn, Cu and Zn. This was especially so for Mn ranging from <5 mg/kg on the north and south sides to >13 mg/kg in the
central area. No significant spatial variation was observed with B (mostly >0.55 mg/kg) .Soil type and topsoil texture were
the predominant factors influencing spatial variations of SOM and trace elements except for B. SOM content was highest in
the paddy soil. Fe, Mn contents were highest in the cinnamonic soil. Cu and Zn contents were highest in the mortar black
soil. SOM increased with increasing clay content. Fe and Mn were highest in heavy loam. Cu was highest in slight loam and
Zn was highest in sandy loam. Slope had a certain influence on some indicators, but the effect was small. The organic matter
content increased with increasing slope. Land use types had significant influence on SOM, Fe and Cu, but had no effect on
Mn, Zn and B. Contents of SOM, Fe and Cu was higher in paddy field. Topographic types had a greater influence on SOM,

Fe, Mn and Zn, but had no impact on Cu and B, and the contents of trace elements were higher in depression.

Key Words: soil organic matter; trace elements; spatial variability; Kriging; influencing factor
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Table 1 Descriptive statistics of soil organic matter(SOM) and trace elements

brifEE  ERRE
TR AL &/ME ICNIE] e Standard Varable ()s W 2 SrAiZEny
Soil property Samples Minimum Maximum Mean deviation coefficient ~ Skewness Kurtosis Distribution
(SD) /%

SOM/ (g/kg) 1021 9.1 24.7 14.66 1.94 13.2 0.89 1.55 PEIE RS
Fe/(mg/kg) 1021 3.2 32.7 9.81 3.44 35.1 1.40 4.52 XHEOEZS
Mn/ ( mg/kg) 1021 3.5 35.9 10.66 4.92 46.2 1.28 2.08 YHEOEZS
Cu/(mg/kg) 1021 0.2 2.6 1.13 0.44 38.9 1.39 1.41 XHEOE S
Zn/(mg/kg) 1021 0.2 2.7 0.92 0.34 37.4 1.17 2.84 FEE S
B/ (mg/kg) 1021 0.1 0.7 0.57 0.55 96.5 -0.73 1.29 EA
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Table 2 Best-fitted semivariogram models and parameters of SOM and trace elements

PG AR

ntz 3 G Theoretical g (H HAMHE Yegr /A1 A2 /m PesE RE W
Soil property rodel Nugget sill Nugget/sill Range R? RSS
SOM S8 0.0016 0.0160 0.10 84 0.600 7.173x1076
Fe 55 0.0120 0.1110 0.11 162 0.684 7.841x107
Mn R 0.0635 0.3270 0.19 2571 0.892 4.943x107?
Cu BRIR 0.0195 0.1390 0.14 218 0.677 3.676x1073
Zn 24 0.0323 0.1646 0.20 420 0.692 5.088x1073
B EAIRER 30 QITA 0.0030 — 1.0 978 0.017 0.0018
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Fig.3 Spatial distribution of soil organic matter and trace elements
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Table 3 The contents of SOM and trace elements under different soil types
TIEEHLT B i kil B 1]
s ] FEAEL SOM Fe Mn Cu 7Zn B
Soil type Samples Yol +hrifE 2= Yol +hr i 22 P ehr 22 Yol +hrifE 2= Pl +hn 22 BIE +hrif 2
Mean+ SD Mean+ SD Meanz SD Mean+ SD Mean+ SD Mean+ SD
#5 1 Cinnamon soil 277 14.37+2.11b 10.43+3.51a 12.15+£5.83¢ 1.25+£0.54b 0.94+0.41b 0.57+0.06a
£33 Brown soil 30 15.37+2.94ab 9.40+4.21ab 7.59+2.42a 1.07+0.15a 0.90+0.2ab 0.57+0.05a
181 1 Fluvo-attic soil 443 14.65+1.77b 9.72+3.74a 9.84+4.66b 0.98+0.25a 0.84+0.25a 0.57+0.06a
b2 4~ Mortar black soil 158 14.22+1.47h 8.79+2.54b 11.92+4.17¢ 1.47+0.57¢ 1.17+0.39¢ 0.58+0.05a
7KF £ Paddy soil 113 15.77+£1.83a 9.97+2.71a 8.79+2.13a 1.04+0.27a 0.81+0.25a 0.58+0.05a

[l — B I /NG PR R 2 R 22 5w B35 ( P<0. 05)
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242 HHEFHL

M 4 AT T X} SOM Fe Mn Cu Zn FHEA
BRFEMR  XT B IR, AN [A]JSTH SOM P-4 7 it
TRHEIR I R P < F A <RI <P <R 0 DAL
WS , Bl T D AR K SOM Fh s, — 7 THI &
TR PR 0 8 oK o g E R 22 A LR
IRTEK A E R 55 F R RE R A, LI SOM. 7 1 51
T — 7 ANE T, IR Y S

PEARANTR] B PE 3T A L) S 5 i Bl A= W o
fife, DRI HLJST 5 AR 72 A BB 38
/N T R A AT BEJE i T 25 3t S G AN 2
TR, —Eis B0 T i o0 R 5 i R R 1>
S SEP AR R T AT A 2 R T R
A8 25 6] AT X 2 5 O AIE 5 v (e o0 3R B o 3
K F AR T W S 2R

F4 FEHMERGTIEANRNMELRSE

Table 4 The contents of SOM and trace elements under different topsoil textures

SOM Fe Mn Cu 7n B
SEIPT: N o . ., ., o .
Pz PR yypbomss Mtiebiior (bR WEREE bR SR
Topsoil texture Samples . . . . .

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
fib 4 Sany loam 12 13.36+0.88b 7.22+3.41d 9.01%3.74b 1.0320.15¢ 0.97+0.15b 0.58+0.06a
%4 Slight loam 551 14.59+1.98a 9.16+3.34hd 11.16+5.19b 1.19+0.50b 0.94+0.37b 0.57+0.53a
13 Medium loam 268 14.72+1.91a 10.27+3.30acd 9.65+3.97a 1.06+0.36ac 0.90+0.34ab 0.57+0.06a
T Heavy loam 106 14.50+1.60a 11.11+3.89¢ 11.20+5.94b 1.12£0.43bc 0.89+0.32b 0.57+0.05a
At Clay 84 15.23+1.97a 11.07+3.06ac 9.51+3.04a 1.06+0.29ac 0.83+0.24a 0.56+0.67a

[l —F B I /NG PR R 2% R 22 5 B3 ( P<0. 05)

243 PfE

FIFHHLLL DEM $s 82 00 B 45 B (& 2) , IF 4%
PR RFE S0 3 4. < 3°.3°—15°, = 15° (&
5). AL, =15°411% SOM V-3 & hitfie i (15.07 o/
kg), < 3°HAYmRMR(14.70 g/kg) o SHFH N YL E
Fhm SOM Tt i, Ji PR F Ak Ll I JE 33 B A o 1) X

S, 3¢ R AR DX s Ay g 0 T DX 0 A i 4
D AR A BB RR 2 AR T 1 0 DX 3 32 5 v 114
Dl AR 2, A LR, AN E A IR,
HA — & RV BE (17 3 A R T SOM i B
AR E AL (ol D0 B e 22 S N R, U W R A

SRR TR EENR,

x5 AEAHEERTIEFIRNMETRZRESE
Table 5 The contents of SOM and trace elements under different grade level
vy SOM Fe Mn Cu Zn B

RO PP g miebmr MR SRR WX Bl

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

<3 942 14.70+1.90b 9.69+3.39h 10.83+4.95b 1.13+£0.45b 0.93+0.35b 0.57+0.06a
3—15 71 14.97+2.13a 10.55+4.04b 8.03+2.69a 1.22+0.37b 0.78+0.28a 0.57+0.06a
=15 8 15.07+1.95a 14.14+£2.22a 6.79+1.09a 1.03+£0.07a 0.71£0.11a 0.60+£0.07a

Fl— 3K 5 /NG PR & R 25 B3 (P <0. 05)

244 MR FIZEH

M 6 BT K0, K [ OSOM SF ) & Bk
(15.33 g/kg) , FHIRAK (13.85 g/kg) o HI T AR+
MRS Z MR s AE AR 22 57 R P IR S
KA AR, 7K FK BE s 25 i, 4 7 4%
At AT dt FAS BT B R b g, A Y MRS A
FE B G 45038, A AL o DT e 2 o, R o0 ek =
YR 2553 fifk BRIV Ak Sy J 58 05 it 47T -3 v, oK

P, IR IIAL T AR, SOM #9703 < ] 2
T HARF 7 20, AR FAPLRA R, i+
Serh T RERVE NSRS TSR 1 A8 NS , IO A
AEE R SOM  [HATFE XA, S5 i o A1 85k o3 18, O
AT R B A RIAR, AT BB, AT S5
SOM FH Mk, LHAHRIX IR ICR Fe Cu 5
B, X Mn Zn (B B0 A 3, A AR AR
Ji AT = B 7K TR A S A SRR SR AN ) A K
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Table 6 The contents of SOM and trace elements under different land using types

3 Vet SOM Fe Mn Cu Zn B
Liﬂgﬂﬁﬁiirj ﬁj;f& Ml MR bR M2 R Sl
Mean=SD Mean=SD Mean=SD Mean=SD Mean=SD Mean=SD
TEWE/K H Paddy fields 28 15.33+2.14 a 10.10+3.53a 10.89+5.67a 1.20+0.52a 0.96+0.39a 0.58+0.06a
JKBeHh Trrigable land 903 14.70£1.93 a 9.94+3.51a 10.59+4.93a 1.10+£0.41a 0.91+0.33a 0.57+0.06a
5 4b Dry land 82 13.85+1.64 b 8.04+2.26b 10.86+3.95a 1.54+0.57b 0.98+0.48a 0.57+0.05a
SEHb Vegetable plots 8 14.40+1.42 ab  9.83+£3.33ab  9.08+5.19a 1.21+0.52ab ~ 0.90+0.37a 0.53+0.08a

[al— B 5 /NG PR R R 22 57 B3 (P <0. 05)

245 HFIAH

H 2 7 AT, b5 2R A Xt SOM  Fe Mn Zn % it
BRI, A Cu A B IR B SOM F14 %
RN AR 1L Fe B X< 00 e < LRl (BT b <
G <iEdh, BARE K, L B2, A PR R

SOM RYFLZE  WME SOM %52 /b iy J PRl 32 5 i 1 i
HEBEEYE D, AR ERL, HEHIX 45K
N2 B HUERIRTE K VER T 5 T8 B2, SOM

o o MU DT AR Y R R 2 B i B M
W AR Y 5 SO ) 50 - R 2R R i

Ry D DAL i A 28 R T B o e AR i MK B R
RFZIR SOM (13 bR 55— T 38 3ok 532 i 7K A
BEUR Y 73 IC , T 5 We) A8 A A A D, DA T 52 Mg

MO PSR FNA A BERE it S 52 W (Rl oo A2 AL
MR Z R,

F7T FAEMBERTIEBNRMPBETESE
Table 7 The contents of SOM and trace elements under different topography types

SOM Fe Mn Cu Zn B

g2 BEAEL o - o o . -

o PUHbREE  WIEARAER IMebRES AR MR bR
Topography type Samples

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

L1 Fe. B b Low mountains and hills 81 13.88+2.20¢  10.38+3.79¢  7.47+2.19¢ 1.18+0.32a 0.78+0.25¢ 0.57+0.54a
L H A Tilt piedmont plain 82 14.44+1.98bc 11.38+3.78¢  7.94+2.81c 1.12+£0.35a 0.71+£0.24c 0.57+0.57a
¥ HL Depression 254 15.07£1.91a  10.22+3.18ac 12.39+4.94a 1.19+£0.53a 1.02+0.39a 0.58+0.06a
5k Beach 17 14.36+1.60bc  11.88+3.01c 11.44+5.74c¢ 1.05+£0.26a 0.92+0.27c 0.58+0.05a
2% Slow flat 587 14.62+1.79b  22.90+9.42b 10.61+4.95b 1.11£0.43a 0.92+0.33h 0.57+0.05a

[R— 3 BRI /NG AN A 7R 25 5 8. 3 (P<0. 05)

SHEH.

(3) 33 7 LA (B 45 SR 2 B, SOM 43 i G 14
HEHA f A R EE IZ TR, Mn | Cu  Zn S35 AR A 34
Jgrh B AL AR, B MR A S AW B, B B
G, H ISR BRI T R | bR 2T Mg
FHI 5 SOM s it T 2 & 1 = K DL K o A R i

AR CH IG5 GIS FEAANGE G 00 )7 %t/
DU X e FH SOM. il il 2 7T 3 4% [B) A8 S R AiF K25 i)
R AT 08T, BB

(D) HEBRHES IR, B 56 E& 010,

SOM . Fe Mn Cu il Zn fF A5 BOER 0, YRS S,
AR SERERE . SOM SEHI{EH N 14.66 g/kg, LR
References:

Mn f-F-2 8 R s (10.66 mg/kg) ;B 28 i fix
{&(057 mg/kg) o [ 1] Batjes N H. Total carbon and nitrogen in the soil of the word.

(2) 5 2250 H W] ,SOM [ Fe \Mn Fl Zn FHTE%L
*ﬁ@*u%ﬁﬁ%’cu m}*%*ﬁ@jﬂ\%ﬁﬁo B ﬂyé@ﬂ% [2] Wright A L, Hons F M. Soil carbon and nitrogen storage in
ROV PEREA R | HA HE 2 5 SOM FHAY 4
P TR HA B 2s [) 48 S5 Forp a2

European Journal of Soil Science, 1996, 47(2) : 151-163.
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