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Differences in foliar inhibitor effects on Cd and Pb accumulation and transport in corn

LIU Qi"*, WANG Sheng™’, ZHAO Xuanyue"?, CHEN Wen"?, BAO Li"?, ZHANG Naiming"*’

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Yunnan Soil Fertilizer and
Pollution Repair Engineering Research Center, Kunming 650201, China; 3. College of Plant Protection, Yunnan Agricultural University,
Kunming 650201, China)

Abstract: This study aimed to investigate the effects of different types of foliar inhibitors on Cd and Pb uptake in corn and to achieve safe
production of crops in heavy metal-contaminated land. Eight treatments were set up in a field experiment, with "Huaxing dan 88"
cultivated variety as the test corn : control (CK), YZ-1, YZ-2, YZ-3, YZ-4, cadmium reduction spirit(JGL), PPF and WWS, to investigate
the differences in biological traits, as well as Cd and Pb enrichment and transport coefficients in different parts of corn. The results showed
that the yield increased by 4.8%-30.4% under the seven types of foliar inhibitors, compared with CK, showing the following trend : WWS <
PPF < JGL < YZ-1<YZ-2 <YZ-4 < YZ-3. The Cd and Pb contents and enrichment coefficients of each part of the test corn were seed <
cob < stalk < leaf < root. The Cd and Pb contents and enrichment coefficients of corn seeds were lower than those of CK. Compared with

CK, the Cd and Pb contents in corn seeds decreased by 13.9%-69.4% and 16.7%-55.6%, respectively, and the enrichment coefficients of
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Cd and Pb decreased by 14.5%~-70.8% and 11.5%-49.8%, respectively, under the treatment of 7 foliar inhibitors, following the trend of
CK > WWS > PPF > YZ-4 > YZ-3 > JGL > YZ-2 > YZ~1. The transport coefficients of each part of the test corn ranked as root—stalk <
stalk—cob < cob—seed < stalk—leaf. The field tests ranked the Cd and Pb control effects of the seven tested foliar inhibitors as YZ-1 > YZ~-
2> JGL > YZ-3 > YZ-4 > PPF > WWS. Under the conditions of this test, YZ-3 is the best foliar inhibitor for yield increase, and its use is

recommended in corn production areas with light to moderate Cd pollution. YZ~1 is the best foliar inhibitor for Cd and Pb control, and it

also has the lowest cost. YZ—1, as the best and cheapest foliar inhibitor for Cd and Pb control, is recommended for use in the main corn

producing areas with heavy Cd pollution.

Keywords: foliar inhibitor; corn; Cd; Pb; accumulation; translocation
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(26°03"16"N,103°50" 42" E) , HiAb T 4S 1l Hb v JBL X
JE VR A, LR R 2T L3 pHAE N 6.50+
0.36, A LTS 0 17.25+0.70 g-kg™" , BB 25
218.98+26.28 mg-kg ™', A UM T N 12.56+5.84 mg-
kg™, B B 496.67+124.33 mg-kg™!, 4 Cd & &
92.16+0.04 mg- kg™, A &L Cd % 54 0.26+0.04 mg-
kg, 42 Ph ity 81.34+4.10 mg-kg, A AL Ph & ity
4.85+0.53 mg kg™, R ERA BT i A A b 1 8
15 P KU AR fE (R 7) ) (GB 15618—2018) , i
M358 Cd P ) T AR FH b - 398 T 4 R V5 e XU
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1.2 fEik#r et

P ORGP 2 B A 32k 2 28 S Rl AR
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JEE R +B+Zn F1 Ca+Mg, B/ B ft S A< (LA G A
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L[ ZARE £ T E ) (GB5009.12—2017) ,fff
FHE WO EE 3 (Hitachi Z-2000) & . PAE %48
HE 2 W A HE AR S (GBWO7405) A 9 B &
(GBW10012) 4 7 J3t it il , A v A it e 0 225 SR 34
PR VLRI

1.5 Fitar i

B4 i1 FH Excel F1 SPSS 3 HEA T8 14307, 1
Origin FAFEATL: R, - 800 F AR dpe /N S 2 22
$k (LSD) |, &1 32 v i B0 121 2R O 390 5 1 22
(M+SD) 7R , 22 5 B /K F-h P<0.05,

4 RE(BCE) BIEEM A M A Lh FIT R W
TS P2t R S R, R
Poxt - 4 JE B R BE ) s 558 RE(TEF) 248 1E
Y A RET R B B S Y T IZ ot R
T2, FORVEYKE T A JE T I RS

A1,
2 HR5E

2.1 MEMEEFEREWER RO

F 1R AR AL A ORMEE T T 22
T = L) 1 = i = R 1 =Y 15 4
MR B 25 ARAREE F RS 2535
BRI FFRL T BT AR T B (B 43 i 15.0.90.3 .
77.3.65.4.244.8 gtk AL 5 RN 8.71%~15.94%;
AN TR A B K 7 4 E R 9 890.6 kg hm ™, AR 5 R
BN 8.71%,Y2-3.YZ-4 .YZ-2 . YZ-1,]JGL PPF fI
WWS A& F CK, 7 & 7 5l 48 /= T 30.4%.24.4% .
23.8%.20.3%.16.3% . 11.1% F1 4.8% , 3 Wl WWS<
PPF<JGL<YZ-1<YZ-2<YZ-4<YZ-3; A [a] 4b B % %
Mgy ZEHL T RRCE S8 3 50 8 225.4 ¢m (18.4 mm
697.2 em®, A8 5 REH 2.80%~15.43%

ARG S5, i B A P T B SRR A
AT LR i B TEAE P i il ZRE AR, e ROk SEAE W B
R4, [ BETR M RO e S ER A 1K
ARG i PR A T CK, # AT B P23 ) X
T AR EBE R A IR B YZ-3 M RO i i
=L TR VEY 32 ) Cd BB B, Zn W] DL #E
2 25 B BURE OG5 IR R, 11 A 2R AR, 9 o B 4 S X
VE 6B AU B 01 3520, 33X 55 2 2 M) 4 1 - 1T Mt it
ZnSO, AT A R ) TR 2 2 5 1 FURF R = A
FEER—K.

WWW.QEs.0r9.CN




B E R IR

m@g 1250

F 4255 6 H

22 HEBEFIXEXCI.PhEERREENZIT
F2 R/ M F ORI Cd DA R &
PP e S o AEALEER P E R A ER 2535 i3

SR EL

B <R T < 25 < i T < AL B

0.676.0.051.0.021 mg-kg ™, & #FA7 Cd 7

it 3 Wk e
AR SRR 21.17%-~
41.91%. YZ-1.YZ-2 JGL.YZ-3.YZ—-4 PPF HIWWS

BES KRR Cd % B 4 0 Ol 1.64,0.250, BT CK,RFRL Cd 5 5 43 I BEAR T 69.4% .63.9%
F1 AEMEBEEFLETERNEY = RER
Table 1 Biomass and traits of corn under different foliar blocker treatments
b *ﬁﬁﬁT?’E‘i/ BN e AL it B VA N e A A B F’:i/i T Eiill - TR
(g-#E™) (g-®E™) (g-BE™) (g B (g* Hﬁ ) (kg-hm™) cm mm cm’

CK 11.3+0.5f 76.7+1.2b 69.4+1.6¢ 56.6+2.5a 210.3+4.5¢ 8498.3+182.2¢  220.5+5.5a 16.4x£1.6¢c  595.4+78.4c
YZ-1 15.3+0.7cd 98.2+12.4a 79.9+2.5ab 68.6+6.5a 253.0£3.6¢c  10222.2+145.7¢  226.2+5.7a  18.2x1.6bc 718.1+84.1abc
YZ-2 15.7£0.7¢ 98.1x13.6a  82.1+10.2a 63.0+0.6a  260.3+4.5be 10 518.5£182.2bc¢  227.5+5.7a  19.1+2.3ab 748.0+85.5abc
YZ-3 18.8+0.8a 95.5+11.4a 83.3+8.5a 72.4+6.6a 2743+3.1a 11 084.2+123.4a 230.3+5.8a  20.6x1.7a  839.2+89.8a
YZ-4 17.1£0.8b  92.5+13.6ab  82.3+8.9a 72.5+4.9a 261.7£3.5h  10572.4+141.9b  228.6+5.7a 19.4+2.9ab 769.8+86.7ab

JGL 14.9+0.7cd ~ 94.5+4.9ab  78.5+2.7abc  63.2+13.7a  244.7+5.5d 9 885.5+222.5d  224.6+5.6a 18.0+2.6bc 668.6+81.9bc

PPF 14.4+0.6d 88.8+7.0ab  73.6x4.3abc  67.8+12.1a  233.7x6.le 9441.1+246.9¢  223.3+5.6a  17.9+2.4bc  624.1£79.9bc
WWS 12.7£0.6e 81.4+3.4ab  70.1x1.4bc  58.9x14.1a 220.3+4.5f 8902.4+182.2f  222.0+5.6a 17.7+1.1bc 614.9+79.4bhc

SERE 15.0 90.3 717.3 65.4 244.8 9 890.6 225.4 18.4 697.2
AR SRR 15.94% 12.14% 9.72% 14.40% 8.71% 8.71% 2.80% 12.72% 15.43%
1 : [FGUASR] NG B3R b B R) 22 57t o 25 (P<0.05) , R [+,
Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05, the same below.
F2 AEAMHHEBEEFLETERESHMUCIZSEURRRE
Table 2 Cd content and accumulation in various parts of corn under different foliar blocker treatments
QbR Cd &iE/(mg-kg™")
R By L N KPR
CK 2.18+0.02a 0.338+0.002a 0.875+0.008a 0.084+0.002a 0.036+0.002a

YZ-1 0.79+0.01h 0.177+0.003h 0.506+0.004h 0.032+0.002g 0.011+0.002¢
YZ-2 1.04+0.02g 0.203+0.002¢ 0.524+0.003¢ 0.036+0.001f 0.013+0.002de
YZ-3 1.71+0.02e 0.218+0.001e 0.616+0.004e 0.043+0.002¢ 0.016+0.003d
YZ-4 1.88+0.02d 0.237+0.002d 0.651+0.003d 0.047+0.002d 0.022+0.003¢
JGL 1.60+0.02f 0.213+0.002f 0.572+0.003f 0.039+0.001f 0.015+0.002d
PPF 1.92+0.02¢ 0.294+0.003¢ 0.802+0.004¢ 0.051+0.002¢ 0.023+0.002¢
WWS 1.99+0.01b 0.323+0.002b 0.861+0.003b 0.074+0.002b 0.031+0.002b

SR 1.64 0.250 0.676 0.051 0.021

AR 2R 28.17% 22.84% 21.17% 35.50% 41.91%
4 CdFH R/ (mg-FE)
R E-Sil -3 Bt FPAL

CK 0.024 5+0.000 9¢ 0.025 9+0.000 4a 0.059 8+0.001 3a 0.004 8+0.000 la 0.007 5+0.000 4a
YZ-1 0.012 1+0.000 7e 0.017 3+0.002 Oc 0.040 4+0.001 3d 0.002 2+0.000 2d 0.002 7+0.000 4e
YZ-2 0.016 3+0.000 4d 0.019 9+0.002 6bc 0.043 0+0.005 3d 0.002 3+<0.000 1d 0.003 3+0.000 3de
YZ-3 0.032 0+0.001 7a 0.020 8+0.002 4bc 0.051 4+0.005 Sbe 0.003 1+0.002cd 0.004 3+0.000 6¢
YZ-4 0.032 2+0.001 7a 0.021 9+0.003 3b 0.053 6+0.006 Oab 0.003 4+0.00 3¢ 0.005 8+0.000 9b
JGL 0.023 8+0.001 3¢ 0.019 5+0.001 1be 0.044 9+0.001 4cd 0.002 4+0.000 6d 0.003 7+0.000 4cd
PPF 0.027 5+0.001 Ob 0.026 1+£0.002 Oa 0.059 0+0.003 5a 0.003 5+0.000 7be 0.005 4+0.000 3b
WWS 0.025 3+0.001 Oc 0.026 2+0.001 1a 0.060 4+0.001 la 0.004 3+0.000 9ab 0.006 7+0.000 2a

SEEME 0.024 2 0.0222 0.0516 0.003 2 0.004 9
AR 2R 28.00% 16.69% 16.00% 30.85% 34.60%

1% WHART]
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55.6%.38.9% . 58.3%.36.1% . 13.9%, & ¥ N WWS>
PPF>YZ-4>YZ-3>]GL>YZ-2>YZ~1, /[a)4b# T it
TEORARER A HER RS FPRLH Cd R R AT
{843 54 0.024 2.,0.022 2.,0.051 6.0.003 2,0.004 9
mg ¥R, AR R EUCH 16.00%~34.60%

F 3R, X FOK A BRAL P % 5 DL R R
WfEE 2R AFAEFET fal FORMLHR 253 3
BEES FERLH Ph & i P B 23 51 R 5.36.0.88.,2.36.,
0.32.0.12 mg-kg™*, 53407 Ph 75 R B AR <H i<
AT <R <ML, AR R R K 9.24%~36.62% . YZ-
1.YZ-2 JGL.YZ-3.YZ-4 PPF 1 WWS # 4 F CK,
¥R Ph 5 4 B R AR T 55.6% . 44.4% . 33.3% .
27.8%.38.9% .22.2% .16.7% , 3 I ) WWS>PPF>YZ~
4>YZ-3>]GL>YZ-2>YZ~1, A[RALHE T R £ kAR
BB ZEFR I RIS PR Ph R YA S BN
0.080.0.077.0.179.0.020.,0.030 mg- t& ™', 25 5+ R E
13.69%~31.39%.

A5 B A AL FE Y, FOKRAFRL Cd P & AT &
(BMZ2EZF A 8 Rhis YR E ) (GB 2762—

2022) 1)K (Cd<0.1 mg-kg' . Pb<0.2 mg-kg ™), Ty
Ab B OK ZEF B AR IS Y Cd L Ph i A A
BE D AEFRAE) (GB 13078—2017) [ 23K (Cd<1.0 mg-
kg \Ph<30.0 mg-kg ™) o BB F KA 2 A]
LA = G838 T A=, B R f 215 e
Hh 2z 4R H
23 AEMEEEFERFHA CI.PhEEWEE
S

FRHE AR KA T Cd L Pb 2 % 7 ot 18 BHL
FERNHAT R0 S R WE 1R, DL Cd & &
0.020 mg- kg Al Pb % & 0.125 mg- kg ' N IEUE B YZ-
1.YZ-2 . YZ-3 FJGLYI 43 1 28, F Kkphif Cd . Pb 5
3514 0.011~0.016 mg - kg™ F10.08~0.12 mg - kg ™';
¥ YZ-4 . PPFFIWWS 4734 T2, £AHFRLH Cd . Ph
&3 9N 0.022~0.031 mg - kg 1 0.13~0.15 mg -
kg
2.4 AREIMEREFIEXCI.PhEE R

AN b B A oK 2% R AL % 123 v Cd 19 2
RENE 2 TR o R KA [ Ab PR AR ER 2R

F3 AEMEREEFLETEREMUPLEEURREE

Table 3 Pb content and accumulation in various parts of corn under different foliar blocker treatments

poseil

Pb &t/ (mg-kg™)

HEFE E¥al - N FPRL
CK 6.20+£0.03a 1.4020.04a 3.63+0.07a 0.53+0.02a 0.18+0.01a
YZ-1 4.6320.04g 0.45+0.02h 1.29+0.02h 0.19+0.01g 0.08+0.01f
YZ-2 4.8620.03f 0.57+0.03g 1.4720.08g 0.21x0.01g 0.10£0.01e
YZ-3 5.28+0.04d 0.71x0.02e 1.99+0.04¢ 0.28+0.01e 0.12+0.01cd
YZ-4 5.53+0.02¢ 0.95+0.01d 2.60+0.04d 0.32+0.01d 0.13%0.01¢
JGL 5.03+0.04e 0.65+0.02f 1.7520.04f 0.24+0.01f 0.11x0.01de
PPF 5.58+0.02¢ 1.0720.02¢ 2.92+0.04¢ 0.36+0.01c¢ 0.1420.01b
WWS 5.81+0.04b 1.2120.02b 3.24+0.03b 0.41x0.02b 0.15+0.01b
YA 5.36 0.88 2.36 0.32 0.12
5 5 R 9.24% 36.62% 34.99% 34.98 24.63%
- Pb B &/ (mg K ")
R 2538 - LZ FERL
CK 0.07020.003¢ 0.108+0.003a 0.248+0.009a 0.030+0.001a 0.037+0.002a
YZ-1 0.07120.004¢ 0.044+0.005d 0.1030.004¢ 0.013+0.002d 0.020+0.002d
YZ-2 0.076+0.004bc 0.055+0.006¢d 0.120+0.012de 0.013+<0.001d 0.025+0.001¢
YZ-3 0.099+0.005a 0.068+0.009¢ 0.165+0.015¢ 0.020+0.001bc 0.032+0.001b
Y7-4 0.095+0.004a 0.088+0.013b 0.214+0.026b 0.023+0.002b 0.033+0.001b
JGL 0.075+0.004bc 0.060+0.004¢ 0.138+0.005d 0.015+0.004cd 0.026+0.001¢
PPF 0.080+0.003b 0.095+0.007b 0.215+0.014b 0.024+0.004b 0.033+0.002b
WWS 0.074+0.003bc 0.098+0.003ab 0.227+0.003ab 0.0240.004b 0.034+0.001b
FHE 0.080 0.077 0.179 0.020 0.030
BT 13.69% 29.75% 29.77% 31.39% 18.58%
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Figure 1 Cluster analysis of Cd and Pb content of corn seeds under different foliar blocker treatments
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Figure 2 Bioconcentration factors of Cd in each part of the test corn under different treatments
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Figure 3 Bioconcentration factors of Pb in each part of the test corn under different treatments
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Figure 4 Translocation factor of Cd in various parts of the test corn under different treatments
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Figure 5 Translocation factor of Pb in various parts of the test corn under different treatments
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