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Profile distribution of heavy metals in soil from long—term continuous cropping cotton field in Manas River
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Abstract; The content of heavy metals in soil is one of the best indicators for rational fertilization and environmental protection. The long—
term continuous cropping of cotton is a common planting pattern in the Manas River Basin, Xinjiang Province, and it may increase the con—
tent of heavy metals in the soil. To gain a better understanding of heavy metal accumulation caused by this common planting pattern, soil
samples were collected from wasteland and from continuous cropping cotton fields that had been cultivated for varying periods(5, 10, 20, or

30 years ). Soils samples were taken for each cultivation period(20 cm square by 1 m vertical depth). We then determined the content, the
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vertical distribution characteristics, and the source of the heavy metals( As, Cd, Cr, Ni, Cu, and Ph) in the soil samples. The results showed

that the contents of heavy metals in the cotton fields and wasteland did not exceed the secondary standard of national soil quality. All the av—
erage contents of the heavy metals in the cotton fields were apparently higher than both the background values for the Manas River Basin
and the wasteland values, with the exception of Pb content. The variable coefficient values for the cotton fields were higher than those for the
wasteland, Cd was the maximum of the heavy metal elements, with a variable coefficient value of up to 0.46. The contents of the surface
layer were only slightly higher than those of the under layer, and more heavy metals accumulated in the surface layer with increasing years of
cultivation. Compared with the contents in every layer of wasteland, heavy metals accumulated in the cotton soil to varying degrees in the
different soil layers, and the increased ranges were : 36.68%~102.81%(Cr); 43.31%~74.33%(Cu); 21.85%~64.95%(Ni); 2.12%~18.94%
(Ph), and 23.03%~45.68%(As); Cd increased to the greatest extent, reaching 167.50%~269.19%. Correlation analysis revealed a highly
significant correlation between the contents of P and As, Cd, Cr, Cu, and Ni, with correlation coefficients of 0.622, 0.689, 0.611, 0.513, and
0.560, respectively. In the cotton fields, the cumulative contribution rate of As, Cd, Cr, Cu, Ni, Pb, and P in the factor loading matrix was
85.46%, and the corresponding loadings in the first principal component were —0.875, —0.952, —0.868, —0.907, -0.964, —-0.635, and -0.864,

respectively. Our research indicates that extensive and long—term application of chemical phosphorus fertilizer is the main cause of heavy

metal accumulation in the cotton fields of Xinjiang Province.

Keywords: long—term continuous cropping; cotton field; soil; heavy metals; profile distribution
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Table 1 Descriptive statistics analysis of soil physical and

chemical characteristics
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10 a 7.75 0.33 0.63 22.34 10.32
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F R T AR B A 3G I, A A A AL
im0 =k vl e LU BB 2N & (AR
B, -3 pH {H A FEAK.

3 ORTA) 3 VR AR BRAR B 1 m AR (E) A5
T4 6 R 4R H iR TEgT AR 20 HSEZR(L
HEFRES BT REARUE) (GB 15618—1995 ) — 4 i L 4%
T X (Sre b AR ) 4235 6 FPEE 428 Cr.Ni Cu.As,
Pb il Cd W34 & e AR TiZbr e B 5 oFae 1 s
SolE AL, 4 FPEE 48 Cr Ni Cu Fl As [ F 2 & 2l
T S A, Ph I S AR T T sl
i FH A 38 Cr Ni Cu,As fil Cd A3 5 55501k
90.65.32.22.52.64.10.90 mg-kg™ Fl 0.21 mg-kg™, 4
il A 5K 90.45% (46.46% . 160.58% .23.89% il
108.68% , #ii 1 -3 Cr Cu As Fil Cd A2 55 S 3411
R T HC L, Ph 735 O RS w5 TR A
22 0.05 mg-kg' . R RBAE—EFRE AT HTFRR
KU M BRURGL, AR SRR AT 4328 - 5578 S, CV<
0.1; Hr&5as Bk 0.1<CV < 3 3RAR S, CV>1, gk 2
B, K H 3% Cr Ni,Cu .Pb.Cd FYZE 57 R B KT
Yo, BT S, Hp Cd AR R BUR RN
0.46,Pb A 5 R B0/ NN 0.12; e As AR R
B Ko 0.15, @ TR, JE& Frp A5, Hith -4
SEIENAESRERE/NF 0.1, )8 FHAE R
22 TEEEEEESHHE

e 3 JEA H CAS [R) VR 47 PR H )2 35018 FioRe
) 3R (1 m +2) E4 RS BB E 00, A H
g Cr SR RZ M I)ZB N, RS
0~20 cm, A 101.86 mg kg™, eI AR H PLAE 80~100 cm,
SHEN 79.62 mg kg, 12 0~20,20~40 ,40~60 cm [A]
ZRAERE HBFET 80~100 cm 12, FiHl 0~20
em Cr & & B ELFHAL L2, 20~100 em 4 4>+ )2 (7]

SR MR Ni 58 R R BLE 0~20
em, A 36.55 mg kg™, HAAE H BLAE 60~80 em, Ni 7
HETE 0~20,20~40.80~100 cm + 2122 %R 2, 0~



2017 & 11 B

FUFIL, 25 - FHAA I 3 ) A P S <R i 1 0 AR 0B 2219

20 cm BY 20~40 em B 5 T 40~60 cm F1 60~80 ¢cm
12, i NI FEAS DT LENERARE; M
Cu W& EHKRME B IAE 0~20 ecm, HAHK 55.16 mg-
kg™, 55 20~40 ,40~60 .80~100 cm + 2 [H] 2= AR B2,
e/ MEAE 60~80 em +)2 , HA5 54 49.77 mg-kg ™, it
i 0~20 em +)2 Cu & & B E ST HALZ, HAh
&+ 2 0] 22 TN 25 A B Ph A8 e B RAELAE 0~
20 cm +J2, 4 14.73 mg -k, A HAIFE #1452 P
H e AT MRS As & i RME
PIHILLE 0~20 em 12, fe/ME HE7E 60~80 cm
+ 2, ki H 0~20.20~40.40~60.80~100 cm 1 JZ[0] &
HEESANPEE,0~20.20~40 cm T E ST 60~80 cm,
FiHh 0~20.20~40.40~60 cm 1 28] 25 A B35, (H
0~20.40~60 cm I 2 5 F 60~80.80~100 cm +-J2 ; 47

HAGEHH Cd 19 & o E W H BE 0~20 em +-
2, HAES 58 0.251 1 mg-kg™ F10.112 5 mg-kg™, 4
H 0~80 em IRE 4 N HZRIZEFAEE, H 0~60
em i % 55 T 80~100 em, i 0~20.20~40 ,60~80
cem TZRIZFARE (B R E S THRAE 40~60 cm
T2,

LEARE NS T EESE S B R EAR
MAER)ZE 0~20 em, Bl VR BN EE 4 )8 % Rt
ik, Hrp Cr 1 Cd S/ MEH BUAE 80~100 em [JIK)Z,
Ni Cu.Pb F1 As (1) f5e/IME I H BLAE 60~80 cm + )2,
o T 4 B i AR AR B A LA R AT R
A M A R T R S AE 1 m )2 B
A1 B2 B N 22 S, R AR AR
S AR TR 1 m FHZ RIS R Y 5 4

®2 AREXIFEESEHRESIT T

Table 2 Statistical analysis descriptive of soil heavy metals content in the study area

Fe JLE  H/MEH/mg-kg'  BfH/mg kg R{H/mg ke ARMfEZE AR R FRMECKEL)/mg-kg! EE _LbfE/mg kg
i H Cr 55.22 90.65 139.26 24.90 0.27 47.60 250.00
Ni 16.91 32.22 51.08 10.02 0.31 22.00 60.00
Cu 31.94 52.64 72.35 12.77 0.24 20.20 100.00
As 8.95 10.90 13.96 1.44 0.13 8.80 25.00
Pb 10.91 13.86 16.85 1.68 0.12 19.80 350.00
Cd 0.08 0.21 0.38 0.10 0.46 0.10 0.60
T Cr 68.67 78.21 85.50 7.17 0.09 47.60 250.00
Ni 30.53 32.34 33.16 1.08 0.03 22.00 60.00
Cu 41.50 44.16 49.59 3.30 0.07 20.20 100.00
As 8.09 9.48 11.35 1.42 0.15 8.80 25.00
Pb 13.27 13.91 14.25 0.43 0.03 19.80 350.00
Cd 0.10 0.10 0.11 0.01 0.05 0.10 0.60
R MEMGMTIEITEERSE(ng-kg)
Table 3 Heavy metals content in soil profiles of cotton fields and wastelands(mg-kg™)
+ 4 VR /em Cr Ni Cu Pb As Cd
I 0~20 101.86+1.28a 36.55+1.03a 55.16+1.79a 14.73+0.32a 12.28+0.78a 0.251 1+0.007a
20~40 96.99+3.78a 34.33+1.52a 54.43+1.24a 14.61+0.12a 11.81£0.75a 0.248 1+0.019a
40~60 90.61+1.24ab 30.91£2.21b 52.53+2.33ab 13.35+0.68a 10.81+0.63ab 0.223 6+0.033a
60~80 84.18+4.26bc 28.12+0.52b 49.77+1.06b 13.16+0.93a 9.56+0.52b 0.196 4+0.004ab
80~100 79.62+7.52¢ 31.20+0.98ab 51.29+2.34ab 13.46+0.55a 10.05+0.66ab 0.170 8+0.013b
Fii i 0~20 68.67+1.39b 33.16+1.23a 49.58+0.68a 14.23+0.14a 11.35+0.48a 0.112 5+0.016a
20~40 78.56+2.07a 30.53+2.56a 41.5+0.82b 14.17+0.36a 9.32+0.63ab 0.093 6+0.008a
40~60 85.50+3.11a 32.79+3.55a 44.58+1.18b 13.66+0.57a 10.45+0.47a 0.054 8+0.011c
60~80 84.63+2.98a 33.03+4.72a 43.49+0.92b 13.26+0.63a 8.09+0.72b 0.081 9+0.006ab
80~100 73.70+1.68a 32.17+3.18a 41.64+1.38b 14.24+0.54a 8.90+0.76b 0.073 4+0.008b

TE : A AR B3R A # 0] 2% 57 i 25 (P<0.05)

Note ; Different letters of the same column indicate significant differences between soil layers(P<0.05).



2220

YRSt Y £ 36 EFE 11

ANTRVAF PR 38 4 S A 45 )2 3 B IR 4 40 A
FRAEDLIE 1, B9 DXAS () A IR A FE RIS 1 45 2% 4 3
Cr.As .Cu B9 & AR B e 31 58, By Cd
THETE 0~20 cm 1200 0.11 mg-kg™', W& T8 1
HETFRHE, AE 20~100 cm - JZ WA T8 88 1 e 5
fHo #AF 5 a M H3EAE 0~20 em 42 Cd F it N
0.108 4 mg-ke™, W55 1 315, 20~40 .40~
60.60~80.80~100 cm 1 J2 Cd & &4 31k 0.098 1.
0.092 1.0.086 2.0.081 1 mg-kg™, KT i1 ey
SofE, Bl EEAEAERR 38, 3% 4E 10,2030 a (14 H
TR Z A Cd S EYHE RS TERE. i

Cr/mg'kg"
0 20 40 60 80 100 120 140 160
0~20+ I S . J .
£ i / N
5 20-40} Dok oW ¥ ol
B T A\ 7
= o
O 40~60 ¥ £
60~80 |- il a
80~100 - . Wy 4
Ph/mg-kgl
o S 10 15 20
0~20 - * Wy L 0
£ 0.0} * w5 O
22 [ i Foo i
£ 40~60 - . i o
60~80 |- s @ o =
80~100 - . gl o
As/mg-kg"
0 2 4 6 8 10 12 14 16
0~20}-
£ 2040+ A
i | !
B 40-601
+H
60~80
80~100 "~

-¥- 20a

= 30 a

g el

HFIZEAE 5.10.20.30 a O Pb & RS 2
PR AT BRSO A R S B T
5 a A H 398 AR TFEME 20,30 a 13 H 358, B 1E
AERR AN, Ph 5 i TS I A Ni 5 i fE %
£ 5 a #f H 0~20 cm Fl 20~40 em 1 )2t 43 51 K
22.35 mg-keg™ 1 23.74 mg-ke™, WEE T I RH,
1 40~100 em )2 R T HE.

Gy BT H 4 R e AR 3R 0 T ELAM AT AR
RN 4 4 R A4 E AR I — e B R
AR, AR T SR Z S = T2, B A AL R AR PR
o, 3R ZMESE R B,

Cd/mg-kg™
005 010 0.5 020 025 030 035 040
0~20 m pu v a3
= | !
@:ﬁ 20~40 .= o ¥ A
K | ’
H 40~60 L =] g ¥ 1
H % i - <
60~80F W3 ¥ i
80~100- a1 0 ¥ .4
Cu/mg kg™
0 20 40 60 80
0~20} ™ "R -
1 - b
< ~40 L | L Ah
i [ A £
# 40~60 ® my 4
60~80 - = O .
80~100 - . m iy &
Ni/mg-kg™
0 10 20 30 40 50 60
0~20} ) oy 4
£ 2040t » ’{i ¥
1= Foby
12 Lo .
H 40~60 IR =) £
_H ; "':: -~
60~80 5 =L
80~100 - s " )
=k B

Bl rtEAAESESENH

Figure 1 Distribution of heavy metals in soil profiles
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Table 4 Correlation coefficient matrix between contents of soil heavy metals and other properties in cotton field

As d Cr Cu Ni Pb K p N pH
As
Cd 0.393
Cr 0.699%* 0.521%*
Cu 0.227 0.280 0.658%**
Ni 0.552% 0.514* 0.724%* 0.501%*
Pb 0.318 0.450 0.212 -0.336 -0.126
-0.204 0.186 -0.173 0.144 —-0.287 0.172
0.622%* 0.689%* 0.611* 0.513* 0.560* 0.421 0.041
N 0.401 0.421 0.134 0.455 —-0.298 0.234 0.024 0.128
pH 0.386 0.494 0.470 0.248 —-0.569* 0.256 0.144 0.320 0.366
w5 * 33K 0.01 45 0.05 KRR, FIE.
Note: ** and * indicate significant correlations at 0.01 and 0.05 probability levels, respectively. The same below.
RS i HEARR TR EHBEXED T
Table 5 Correlation coefficient matrix between contents of soil heavy metals and other properties in wasteland
As d Cr Cu Ni Pb K p N pH
As
Cd 0.249
Cr 0.501%* -0.157
Cu 0.136 0.346 0.201
Ni 0.616* 0.366 0.273 0.223
Pb 0.679%* 0.283 0.514* 0.167 0.677**
K 0.304 0.340 0.166 0.364 0.265 0.374
P 0.215 0.370 -0.098 0.216 0.374 0.214 0.677**
N 0.097 0.050 -0.162 0.040 -0.022 -0.020 0.137 0.214
pH 0.239 0.297 0.076 0.264 0.125 0.096 0.483* 0.314 0.048
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e 6 JEXTHE AR B AT R T 4
AT e AR 0 SR o IR PR 22 R . i
WA 4 A FE S, BT kR IR F81.16% , )
A 1A E RO F, BT otk ik 5] 85.46%. Fiihh
(55— FE RS> As Cr Ni £ Pb HA BRI AT, 4371
3 0.738.0.717..0.771 F1 0.738, STk %N 36.25% , 3%
W 4 A4 @ on s HA MR, E22 AR 1
JESZIE 5 55 = M4 Cu Al Cd HATBRAYEAT , 2051
7 0.688 1 0.614, TRHkE N 19.47%, F8 Cu FI Cd
HAMFEMRIE, 5 =F M50 NP HABRKNE
i, 43 Bk 0.551 F1 0.567, 5k 14.22%, 45 0 3=
Ay KA pH HA 8RB 8, 43518 0.435 Fl
0.502, TTRkF A 11.22% , FH R — Fpisr + ot Rk
VI 2 B R B TR o A 498 0% R ey

R 6 FEHANARE T RH B FEAERES T
Table 6 Factor loading matrix of soil elements in the wasteland

and cotton field

e el Hi
PC1 pPC2 PC3 PC4 PC1
As 0.738 0.208 0.132 -0.272  -0.875
Cd 0.363 0.614 0.378 0.337 -0.952
Cr 0.717 0.550 0.058 -0.248  -0.868
Cu 0.366 0.688 -0.223 0.097 -0.907
Ni 0.771 0.214 -0.067 0.235 -0.964
Pb 0.738 0.297 -0.311 -0.097  -0.635
0.258 0.365 0.189 0.435 0.314
P -0.182 0.234 0.567 0.374 -0.864
0.206 -0.487 0.551 0.239 0.187
pH -0.154  -0.421 -0.347 0502 -0.194
FETIRRI%  36.25 19.47 14.22 11.22 85.46

Zilsmk®/% 3625 55.72 69.94 81.16 85.46

A 1Ay, Ho As Cd Cr Cu Ni Pb Al
P HA BRI BT, 739 9-0.875 ,-0.952 . -0.868
-0.907,-0.964 ,-0.635 Fl1-0.864, HFTTHLRILF] T
85.46% , Hifi BAE KA 02 B AT ARIR] B9 P22, Ui
R FH B <5 B O PR SR AL 2 B X KR B A 4 1)
Ko

3 He

3.1 TEEEESEENT

Xof U LG - BRI i . BT TR B
WFSE X e o 4 S AL Ve TN B4 S iR,
TR 3T SR S A A L R T E A
T AEIRBE AR, (B S g A, IR k2l
R B A IV EAR D, IR G R S R R
G, 2 F Cr.Cu As Fil Cd & A T oo
+-4E, o Cd B (1 m 2 B8ROk B, A
T IEE R 0.214 6 mg-kg™!, g b IR T 5
#B84 0.1 mg-kg™", HIAEIG IR L T 100%, X 51R £
2B N AT R R AU 28 T b XA - S 4R
EEME, Kb Cd i BE, BB ERER, O
2o E R AR T R bR, A& TR
P (R A - e S A5 e — 0,

M LG R Cu A Zn HAG B B A0 R R
ML, Pb F i AER)Z LG R TIRE, REEAA
IR, Cd 7 850 11 19 20 A HAT A R A8 5 5 Xl
FACSEPII T AN ARSI T PRI, As . Cu AT Ni
7 30 em A )2 DL Bl TR EE (W 34 i & , Pb Al Cd
Bifi 25 - 398 TR 11407 A S R T oA A 4 e 5 o408 [ 7
e, BRI E S BRI, HF %
fEEHE 0~20 em RZFRE . AT, HHESE
Cr.Ni,Cu,As .Pb 1 Cd 7& + 35 1 43 A bt 80
NIRRT ARAE , Foh As (Cu A Pb R I #a 340
55, F FESRESAKR,Cr.Cd Fl Ni ZEEHE N
B, I FLBEE VR PR AN 2 R RAE o ok B
ANTRIEAEA BRAR I AEREZ 1481 m) TREE R B AL
Sl X i AR 0 A SR B EREIE
55 21 b Al RS B [R) E , FE IX AT
Ty, HAE R s e 2 3T 4 SR 1 oA, BT
SR FERKZRISOIR o i A7 A 4 R . IR AE B4, TR
B E — > 60 em, FIN_EALAE &, BEAL A A%
IR S0 -3 il B i T ), R P AR
TR, AL F R AR AL 1 m B2 LIRS R
TR BRI ) R BRI A 1
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m R HIRZ PSR, BEE b3 K A3 15 ZI 2%
%, THEPEITEIEERUK N FIERE I IMEREE,
X RRZETEESE SEe TIREN 2R,
AARIGHENE S a N MR EER SRS BAAEE
TS RS X /2 R A2 X Rk oy
T A DB AR i 2~3 a NRAER A
R b it i i AL
32 EERBAIKRIESH

Al A = IR A 4 Rk AR AT A
SRIG . ASRIE 2Ok A T RAR MR 25 A, e i 1
B P 59, AR EZk § F Tl is shibHE
FAe 16 B E TR AR AL 7 i 7 R E AR AR S R
67.3% , AL ALt FA X5 i VR ™ i B B m A
FH it 2 M0 Rl A f) A it P st A FH - i
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JITBEAR ™ AR T A 5 A S bt A TR L
A TR AH SBT3, A FE e b 2 55 B
o TR As (Cr Ni fil Pb T2 [b) HAT 381 O A
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As Cr.Cd.\Ni Fl Cu Z[8] ¥ B A B 07 i A DG 1, H
As Cr.Cd Cu Ni 543 P (4% GRS 0 2 f 3%
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SRR S B A AU AR o A 2R,
AR Z fal k) F 5558 3738 3 5 FH 5 47 Cd \Pb Cu  As
GHAE TR ERRIR, i FAY R E SR S E
YER, & & 28 v (T 4 a8 & 2 H iRl b el
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B, AbSEREAE AL Cd Zn Fi1 Pb B4R B TAHUIE,
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ST 2 U S 20 2248 1 34 it AL A UE
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4 #ig
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H A% o
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