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Spatio—temporal characteristics and improvement of medium and mild heavy metals contaminated farmland
soil

ZHAN Nanbiao', GU Duanyin™, LI Ting', CUI Xiumin"", LOU Yanhong', ZHUGE Yuping'

(1. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and Environment,
Shandong Agricultural University, Tai’ an 271018, China; 2. Vegetable Institute of Tai’ an Academy of Agricultural Sciences, Tai’ an
271000, China)

Abstract: To study the spatiotemporal characteristics of heavy metals and the available nutrients in farmland soil, as well as the effects of
nitrogen and phosphorus synergists on heavy metals in farmland soil, this study took acid brown soil and typical aquic soil with moderate or
mild pollution as the research object and utilized field experiment, pot experiment, and laboratory analysis methods. The results showed
that the contents of Cd, Cu, Pb, and Zn were significantly higher in the 0-20 c¢m soil layer than in the deeper soil. The Cd content in the 0—
20 cm soil layer of brown soil exceeded the standard by 204%, and the Cd and Zn contents in 0—20 cm soil layer of the fluvo—aquic soil

exceeded the standard by 104% and 419%, respectively. The percentage of available heavy metal content was higher in the 0-20 ¢m soil
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layer of farmland soil than in the deep soil and was higher in brown soil than in fluvo—aquic soil. The contents of total nitrogen, alkali—

hydrolyzable nitrogen, ammonium nitrogen, nitrate nitrogen, available phosphorus, and available potassium were also significantly higher in
the 0-20 cm soil layer than in the deep layers of brown soil and gradually decreased with greater soil depth. Only the total nitrogen, alkali—
hydrolyzed nitrogen, and available phosphorus contents in the fluvo—aquic soil were significantly higher than those in the deep soil. The
available nutrients of the farmland soil fluctuated with time, with nitrate nitrogen and ammonium nitrogen showing the maximum
fluctuations. The maximum coefficients of variation were 44.1% and 47.3%, respectively. In polluted farmland soil of wheat plants, Cd, Pb,
and Cu mainly accumulated in leaves, whereas Zn mainly accumulated in grains. The migration degrees of different heavy metal elements
from wheat stems and leaves to grains were quite different. Among these, the migration rate of Cd was smallest and the migration rate of Zn
was largest. Nitrogen and phosphorus synergists could significantly reduce the content of available heavy metals in brown soil. The contents
of available Cd, Cu, Pb, and Zn in the hydroquinone+dicyandiamide+biochar treatment were significantly lower than those of the treatment
without it by 24.7%, 19.5%, 23.7%, and 18.1%, respectively. However, the application effect was not obvious in fluvo—aquic soil. The
results revealed a certain correlation between heavy metals and nutrients in farmland soil, which was similar through the vertical

distribution of the soil. Soil type is an important factor modulating the different effects of nitrogen and phosphorus synergists on the

available states of heavy metals.

Keywords : brown soil; fluvo—aquic soil; heavy metal; nutrient availability; heavy metal migration; nitrogen and phosphorus synergists
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W AFAE RS DTS ) 5 1A A T 7 - (b
A T A AR R TS G ) UEA T . T 2 R I L 2
AR X, FHI T AF 340 13.4 °CL AR R K i 525
mm , 4E 2 H B %02 489 h; 1 43 R P A7 43, pH
4.69~6.85, AL & & 17.5 g-kg' o BT 4E 4R
13.5 °C, [ K & 540 mm, 4E 2 H BRI %L 2 323 h;
338 g SR -, pH 7.78~8.48, A HLJFE & 18.1 g-
ke ' RIS - EFRALPE R AN 1 TR,
F1 R+ BT (mg-kg)

Table 1 Physical and chemical properties of soil in the

experimental site(mg-kg™)

x2 ARKG AR

Table 2 Different treatments of pot experiment

F8H5 Indicator FHIL Zhaoyuan  WIE Liaocheng

iR A Alkali-hydrolyzable nitrogen 111 114
47 %4 Available phosphorus 14.8 16.1
HAHN Available potassium 170 257
4Cd Total Cd 0.70 1.20
F3A Cd Available Cd 0.190 0.160
4= Cu Total Cu 43.4 60.0
FHFS Cu Available Cu 8.84 2.86
4:Pb Total Ph 46.2 37.1
A4 Pb Available Ph 6.43 4.86
4 7n Total Zn 158 1594
A5 Zn Available Zn 32.8 73.5

> B =}
1,\mfiii% MBS fbm
Experimental ~ Treatment
. Treatment
soil code
T CK1 JEAE(FRZ 0.15 g- kg™ R —4%0.10
Brown soil g-kg" ARERET 0.15 g'kg")
Al JRME+HQ (A 1 1.5% )+DCD (4%
10 4% ) +HE YR
Bl JEHE+NBPT (26 &4t 1) 0.3% ) +DMPP
(4R 0.5% )+ =Yk
W1 CK2 JEME(FRZ 0.15 g- ke R —420.10

g kg BLERFN0.15 g-kg™)
A2 JRAE+HQ (£ 519 1.5%)+DCD (4%
10 4% )+ E YR
B2 JRNE+NBPT (4% &1 0.3%) +DMPP
(4R 0.5%) +H= W1

Fluvo-aquic soil

1.2 ig&ig it

W5 b R /N A7 = OKRFEAE R, /NAZ S Rl o 5 22
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) BHL P U G = OR R LA, R R G RG]
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R A R T R R L e Ny IO B [
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FNLE . I AR B R K
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1.3 HRRERMNERE
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FE A, FA 08 BURE H1 B 0~20,20~40 ,40~60 em 3 4~ 2K
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MBI AR AT/ TR A R TR EE
FEAS ARSI AR AR 3R B AT WL (R AE 5
0 o 3 e Dl w277 N P = = o
FEFZE WAL ASRT B, 25t 10.16.100 H
e A . Hopad 10 B AR T e 4
SIEARES R, 1L 16 H % 4R 00 E - S e
R RN AR i, 1) 100 B i Y A
HEFE SR RS A G, A/NZBORIIRGE/NE
FERRFE S, 0 E 28 0 OFPRLFHER LT, B B %
Jeak 100 B, BB HAAE , FH T e A bR 4 s i

FEFAR IS B 15 d WS T0 AR IR K 34 D B R4
T HERE L BIHE RS 55 0.15.30.45 .60 K 8 A BURE
IBUAE Mk 5 404 9 28 18] 19 0~20 em H4F, 2 S BURE, 78
0w I wt = s e S 1 S 51 D 2

M k. H3EE4E Cd.Cu.Pb.Zn &8 X H
ER IR~ IR — 2 RURR — = ER M i BB S B 1A
G R SE GCAP 7000 241 ) 5 188 H 43 )8 Cd .
Cu.Pb . Zn A 845K F DTPA 12 42 | o O & 25 1 1
T K G I 2 GCAP 7000 251 ) 5 + 34 AR H
T B E AE I A IS A A AR AL
PR AR S I B BT G A 5 - e A R FH
RO E 5 A SR iR S AR 1 BBt
Fb 2 700 7 5 - S8R AR S IR S B L K A
LN E s F AR EE 42 )8 Cd .Cu . Pb Zn R M AR — 55
SRR R A 5 B IR R SRk 2 (iCAP
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A1 7
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Percentage of available Cd in total Cd/%
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A% FH Hb - 358 35 Y U & 8 b o (381 7) ) (GB 15618—
2018) Fir #i 5E B A7, SR F Microsoft Excel 2013 %k
X Bt A T A B2 [ SR FH SPSS 26 B4R 15K
a5 1T, Duncan £ 8 WA LA T B M0 .
2 ZER59%h
2.1 1FEMEB L P CAESHRETE

PR 1 0~20 cm + 2 M4 Cd B RES Cd &
mREESTHRZ I, OS2 S EEE 2R

1.81

(b)) -+ Fluvo—aquic soil

L5t a a a

ab ab
12f b ap A
0.9t
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4 Cd Total Cd/(mg-kg™)

031

100 1A 120 27 37 48 5A
H 453 Month
0.301 (d)i#l -+ Fluvo—aquic soil

L 025f
g
= L b :
S 0.20 b ab E ab b ab dA
2
£ 01sf
E
< 010f
(&)
¥ 0.05F
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45 Month
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o E
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J-E[U
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O g
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®E
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g o LA A )
cL" 100 117 128 27 373 4/ 5H

J 45y Month

& 0~20cm % 20~40cm & 40~60 cm @ 60~80 cm  —O- 80~100 ¢cm
0 0~20em [ 20~40 cm 40~60 cm 60~80 cm [ 80~100 cm
ANRIRE TR RN AR R L ) 22 5 i 35 (P<0.05) , AR/ INE T RER R AR T 3 (] 22 5 .35 (P<0.05) . R IRl
Different capital letters indicate significant differences between different soil depths (P<0.05), different lowercase letters indicate significant differences
between months (P<0.05). The same below.
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Figure 1 Contents of total Cd, available Cd and the proportion of available Cd in brown soil and fluvo—aquic soil
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JEE B I 2 PRARE (8] 1a~& 1d) o #5733 0~20 em +
JEH4 Cd & GB 15618—2018 4 FH #h 1 35
15 P KBS E P R i Cd AU i HE 1 (0.3 mg kg ™) , 77
BORMUR R 745 5 38 1 0~20 em 1)Z A4 Cd
SR GB 15618—2018 F ) 135 YL XU i 1%
{E(0.6 mg-kg™).

MEFEE , S4F 12 ] 24 6 J PR 124
CdEHREE FH 2 5KFEe A eCdFmER i
(Kl 1a). $:40~20 em 2 A RS Cd & REnT
) AR LA i 2 (B 1e) o 14 0~20 em 22, 4 Cd
S5ARE Cd & BA U sh B4R L - 254 10—
12 7 4 CAd MRS Cd & e e i, 05 2 IR 4E 3
A S EREAR, FR R ZE S A S8 3 Em, w4 HAh
T )2 G AR A R (E b & 1d) .

FEIEANE £ 0~20 em + 2 HRES CA7E4 Cd 1
o7 HE 34 2 v TR E 1 (P<0.05) , #5045 0~20 cm +
Z AR Cd b AE 19.19%~22.8% 2 [a] , ] 4+ 18
12.6%~15.8% 2 [] , k733 0~20 em )2 A RS CA By
o7 HeE I A (] e B 1) .

2.2 FEFME L B Cu SRR EIg

FEIEANH £ 0~20 em 1 )24 Cu AR Cu &
BERTRZLIE, HREA RS Co & EiE L2
TRBE 1T 2 AR (8] 2a~181 2d) o #7332 0~20 em +
JZ R4 Cu & 10208 HH GB 15618—2018 Ff Cu XU
i EE (50 mg-kg™") , P REAEAE 133875 Y JRURS: 5 38 + &%
TR EE 1 4> Cu 75 i 39 R ) A 38 7 g XU 9 32 i
(100 mg-kg ™)

MEFRLE , 44 12 H ZIRAE 6 H 953 0~20 cm
T 24 Co G EGE A Y12 ] HIkAE6 4 Cd
TEZERTE (K 2a) ;5HE0~20 em HJEHFE 12 AW
AR Cu i i T IRAE 6 (K 2¢) . #1142 Cu
TRES L E P SRR M 10—11 1, &
Cu it Z 3, e B2 A & TR, 4 HES
A B ERIN(E 2b) . 8 45 +2E RS Cu 5 1k
Ay ] A2 A AS B 35 (& 2d) o

Fri3gE 0~20 em 12 A A Cu E4 Cu P 5 |
S T2 L 20) s M 45 W E 2004
B Cu 7 FEAR S (18] 2) o 453 0~20 em 2 B A 2L
25 Cu 4 Cu 5 1Y 21.9%~26.5% , it 2 55 T3 -1
4.76%~8.69% .

2.3 IFEEMEH LR PSR R

FEEEANE £ 0~20 cm L2 4 Ph B RS Ph &

RS TIRE LI, £ 0~20 em TJE W4 Pb P

P 1%) WHARTY

¥ aoh 49.7 mg-ke ™!, 3 T 4 (& 3a & 3b)
PR3 0~20 em + )2 09 RS Ph V-4 5 54 8.30 mg -
kg, IR 8 T A (8 3e 81 3d) o AR AN 4
Ph 7 5 B oA A 3805 e XU 07 326 1B (90 mg - ke,
170 mg-kg™) o

IS, A543 0~20 em )24 Ph & 2 B 7] 2%
O A% P & iR AE 6 1 3% T LA A
B3 5 4 0~20 em 4 )24 P & A8 T [, A 535 Ph
R R AR AN B

P 2 0~20 em + 2 B9 A A& Pb 5 4 Pb Y
13.3%~22.2% , K 4F-3 .4 .6 J1 19 0~20 cm + 2 804
Pb 5 b B & T IRE B3 (K 3e) . #14 0~20 em £
JEHA RS Ph 4 Pb Y 13.1%~19.7%,11 [ Z R4 4
H B 0~20 cm +2ABA P 5B E S TIRE 1%
(1 36).
24 FEMH LR ZIn SR =T

SRE WA Zn ARES In TS TARE . AR
HEAN 1 0~20cm LR Zn AHEIn S REBES
FIR)Z 38, ARG RIS Zn 5 15 Bl TR B 18 w2
EREAL (K 4a~ 181 4d) . 1354 LR 2 Zn T RBR
M 4 e JXUBS: B 6 (B (200 mg - kg ™') 5 38 4% + )2
F4 Zon 55 5 147300 30 e KU B 3% 1 (300 mg -
ke ™), T RIBU™ 4 1 4 it

MBS B AR - e Zn AREZn 7S
A SC R AT . #5758 0~20 em )22 Zn &
HEATE 176 mg - kg™ M 3 3 8, A RS Zn & 7L 7E 32.3
mg « ke BT % B (& da B 4e) o 3 £ 0~20 cm £ )2
4 Zn AT RS Zn 5 fe AR AR IR BE K, W 3 L 4 5
5 1412~1802.63.6~77.9 mg-kg ' (K 4b K 4d) .,

PR LR ARES Zn S IR E & T L. AR
AR Zn 5 HEAG FLA M SAK (& 4e) 5 1 £ 0~20 em
TIEEUE In & In B ER E & TIRZ 5
(8 4f) .,
25 REMBLPEFRSSENHETE

2 3 Al AF AN £ 0~20 em -2 2R
il AL A B AR U S R B S
TIRZ 5, bR IR0 i bl - 2 ORI R
TR, Forb 2 A B AT i A Y
B 2 RS R A A RO T RS i 2
S AR S E R AR LR R 2E R

PR A A T RN A R EER
(P>0.05) , 2% V-3 & 8 53 %124 0.300.,0.320 g- kg™,
BRI E-2 5 5 9 161,155 mg kg A HER A%
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Figure 2 Contents of total Cu,available Cu and the proportion of available Cu in brown soil and fluvo—aquic soil
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Figure 3 Contents of total Pb,available Pb and the proportion of available Pb in brown soil and fluvo—aquic soil
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Figure 4 Contents of total Zn, available Zn and the proportion of available Zn in brown soil and fluvo—aquic soil
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Table 3 Nutrient content difference between brown soil and fluvo—aquic soil in different soil layers
g | LERE AR ELE R B T A
Soil type Soil depth/  Total nllrf)lgen/ Al.kah—hydrolyzalillle Nitrate mlrﬁgen/ Ammonium n}]lrogen/ Available phoiphorus/ Available polﬁ551um/
cm (g-kg™) nitrogen/(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™")
i 0~20 0.441+0.035 1a 104+7.90a 4.94+2.03a 17.0+2.57a 32.3+3.58a 210+31.3a
Brown soil 20~40  0.267£0.031 5b 56.3+6.56b 3.54x1.56ab 9.93+3.76b 9.59+2.03h 143£32.4b
40~60 0.205+0.021 4¢ 41.5+5.88¢ 1.94+0.286b 8.44+4.00b 7.55+1.59b 130+20.0b
W+ 0~20 0.500+0.035 9a 88.6+11.5a 14.6+2.94a 10.7+4.92a 27.6+2.63a 226+33.2a
Fluvomaquic soil 5040 0263+0.026 6cd  40.4+6.40b 9.082.46h 8.87+3.97a 5.841.22h 115+7.48¢
40~60 0.249+0.042 2d 35.8+4.30b 10.2+2.33b 8.04+2.84a 5.37+0.939h 133+24.1bc
60~80  0.299+0.018 3bc 35.5+6.08b 9.69+1.93b 8.54+2.99a 5.00+0.835h 145+38.9bc
80~100  0.314+0.046 4b 37.4+5.15b 10.2+2.46b 8.19+3.01a 4.61+1.19b 155+33.2b
T RGN [R) bk F A ) 33 AN [l DR BE 1) 22 5 12 35 (P<0.05) o
Note: Different letters in each column indicate significant differences between different depths on the same soil (P<0.05).
R4 FEMPLAELEANFIEETREAY
Table 4 Variation coefficient of nutrient content between different soil layers of brown soil and fluvo—aquic soil
i%;@ﬂ iE{%g 4\% Alkali?;jffjf}yzable . i ﬁ/ﬁ‘ %ﬂj‘flﬁ Aﬁ?ﬁﬁe A%;iﬁe
Soil type Soil depth/ecm Total nitrogen nitrogen Nitrate nitrogen Ammonium nitrogen phosphorus potassium
Frig 0~20 0.079 6 0.0757 0.411 0.151 0.111 0.149
Brown soil 20~40 0.118 0.117 0.441 0.379 0.211 0.227
40~60 0.104 0.142 0.148 0.473 0.210 0.154
i+ 0~20 0.0719 0.130 0.201 0.459 0.095 4 0.147
Fluvo=aquic soil = 50 49 0.101 0.159 0.271 0.448 0.209 0.064 8
40~60 0.170 0.120 0.229 0.353 0.175 0.181
60~80 0.061 4 0.171 0.199 0.350 0.167 0.269
80~100 0.148 0.138 0.240 0.368 0.258 0.214
R5IFEO20em T ERESETRS T ERSZ BHHEXNYE
Table 5 Correlation between heavy metal elements and soil nutrients in 0-20 c¢m soil layer of brown soil
R Sy 4Cd ARG Cd % Cu AR Cu 4:Ph AR Ph 4 7n A YA
Soil nutrient Total Cd  Available Cd  Total Cu  Available Cu Total Pb Available Pb Total Zn  Available Zn
A9 5% Available phosphorus 0.030 -0.175 0.445%* 0.320 0.049 0.397#%* 0.312%% 0.215
HERLA Available potassium 0.303 0.014 0.633%* 0.478%* -0.064 0.033 -0.165 -0.300
4% Total nitrogen -0.139 -0.152 -0.071 0.112 -0.166 0.479%%* -0.137 -0.129
fifi 5 A Nitrate nitrogen -0.200 0.029 0.096 0.118 0.390%* -0.167 -0.209 0.122
£ 725 % Ammonium nitrogen -0.115 0.224 0.205 0.182 -0.041 0.060 0.463* -0.096
B % Alkali-hydrolyzable nitrogen ~ —0.095 -0.089 -0.005 0.214 -0.037 0.238 -0.318 0.068

T = B FORAE 0.05 F10.01 K F F2ER 8%, T,

Note: * and ** indicate significant differences at 0.05 and 0.01 levels, respectively. The same below.

HEVEES BT AR ARES P Zn & 1 B 5K
T CKIALFE  HmF ALAE . DL R AEAE
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CK2AbPE, (H2E A3

3 g
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Table 6 Correlation between heavy metal elements and soil nutrients in 0-20 cm soil layer of fluvo—aquic soil
LIETRIY 4Cd G ACu AEC 4&Pb HHAEPY  &Zn HHEEZn
Soil nutrient Total Cd  Available Cd  Total Cu  Available Cu  Total Pb  Available Pb  Total Zn  Available Zn
A5 %W Available phosphorus -0.294 0.442%% 0.251 0.451%* 0.363* 0.308 0.593%%* 0.413%*
HERLA Available potassium -0.089 0.177 0.316 0.486%* 0.057 0.296 -0.155 0.309
4% Total nitrogen -0.101 -0.036 0.496%* 0.424%* 0.035 0.104 -0.14 -0.187
A% Nitrate nitrogen -0.025 -0.117 -0.026 0.125 -0.021 0.162 -0.012 -0.062
£ 25 % Ammonium nitrogen -0.114 -0.160 0.070 -0.155 0.439%* 0.233 0.271 -0.162
il & Alkali-hydrolyzable nitrogen -0.197 0.251 0.008 0.108 0.196 0.460%* 0.029 0.397*
0107 () 100 (1)
a a
i &
0.08 - a 8r
T
~ T a ~
T i T T 6h
;‘3 0.06 I iy b a
* b ? b £ b
= 004r = 4r b /
&) A 77
L c 2t 7
0 7 0 Z
TR Wt T WL
- HEET Soil type A Soil type
- a -
16 () I 601 (d) N
a 1
T 501 a
121 =
- o 40y
Z b Z a
. | D n |
ED 8 1 b & 30 . /
&) A / I /E: N 20 f %
101 77
7
0 — - 0 o o
FriE RN (PR i
A1 Soil type + 5257 Soil type
[J 2% Stem O Leaf P2 F47 Grain

AR INE TR IR AR A 1] 22 5 .35 (P<0.05) o

Different lowercase letters indicate significant differences between organs (P<0.05).
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Figure 5 Contents of Cd,Pb,Cu and Zn in wheat during harvest in brown soil and fluvo—aquic soil

xR FEMPLNENESEREBRY
Table 7 Transfer coefficient of heavy metals to wheat in brown

soil and fluvo—aquic soil

= Fi4E Brown soil # 1= Fluvo—aquic soil

Element TF ppaur TF tepum TF ppar= TF gpsunr
Cd 0.36+0.06b 0.24+0.04c¢  0.28+0.06¢c  0.18+0.05¢
Ph 0.78+0.02b  0.40+0.04b  0.93+0.02b  0.86+0.04b
Cu 0.83+0.05b  0.48+0.04b  0.83+0.12b  0.24+0.02¢
Zn 3.29+0.60a 1.10+£0.07a  2.35+0.10a  1.51+0.08a

TE AR NE FREROR AR PR 22 5 12 25 (P<0.05)

Note: The different lowercase letters indicate significant differences

among treatments ( P<0.05).
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Figure 6 Effects of different treatments on available Cd, Cu, Pb,Zn in potted brown soil and fluvo—aquic soil
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