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Effects of calcium polypeptides on adsorption of the heavy metal lead in rice

YANG Sheng', MAO Wenling', WU Honghong', LIU Ziwei', YAO Lunguang’, TANG Xingchun', LI Yadong'

(1.State Key Laboratory of Biocatalysis and Enzyme Engineering, School of Life Sciences, Hubei University, Wuhan 430062, China;
2. Collaborative Innovation Center of Water Security for Water Source Region of Mid-route Project of South—North Water Diversion of
Henan Province, School of Agricultural Engineering, Nanyang Normal University, Nanyang 473061, China)

Abstract: The study compared the effects of calcium polypeptides and conventional compound fertilizer on rice grown in soil containing
different concentrations of lead (100, 200 mg « kg™, and 500 mg -« kg™"). These effects included those associated with the available lead
content, pH of soil, and growth of rice. In addition, calcium and lead levels were monitored in selected rice tissues during the different
stages of growth. The results revealed that compared with the conventional compound fertilizer, the utilization of calcium polypeptides could
reduce the available lead content and increase the pH value of lead—contaminated soil. Moreover, applying calcium polypeptides resulted
in the enhancements of plant height (6.8%~28.9%) and 1 000—grain weight (6.5%~16.9%). Furthermore, the application of calcium
polypeptides contributed to an increase in the lead content of rice roots (10.8%~120.6%), but reductions in the stems (2.2%~28.4%),
leaves (0.5%~28.6%), and brown rice (13.3%~25.5%). We also detected increases in the calcium contents of different rice tissues,
namely, 1.7%~32.6% in roots, 1.6%~17.5% in stems, 1.1%~13.4% in leaves, and 12.4%~21.5% in brown rice. These results indicate that
there is a negative correlation between the contents of calcium and lead in the stems, leaves, and brown rice of rice. However, it was found
that the positive effects of calcium polypeptides decreased gradually over time.

Keywords : calcium polypeptides; lead contamination; rice; in situ immobilization remediation
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Bl ANE S H ], g E SR Y H
FEE . Y (Ph) & — Rl LA B 4 B TS e, R
R VAR JEE T T LA T S o O MR A W SR A
W ELAE P 09 A BTG S, A ) A AR 1
el g B4R T E AR BR, HEMIX M2 R AR A
BRI ™ A T AR R ARl A A
DK T T ity o M2 5 O 3 e SR X 4 [ i oK
T IEA (0 AP AhAG 25 51, AT LB H RS K i A i
FPE LR A, HE AR IR B 1 28.4%5, DI
3K AR R A R AT 0TS G X R B £ 1Y
PR T R B

H HIfE e 4 R 15 Yeip B 5 b SR Bl Ak s
S FARSE— B E FA 2 A A 52 M R4 &5 Rk
TER R CRERE b A7 Rk 158 s Eifb bR CEOK
AR A AR R CEALIE R R 2
B4 AW (B e TSR ARM A ) S BB
BB By BERRES G BERR TS 55 ) %50, 2 ik
AT AT A B S 0 — Tl 5 5 - 1) 22 BRI )
FA & B VW2 374 283 A A B AR A i e, S (R 2 9
AR, JCHINEEME SR, 85 6.39% , T AL9.61%,
pH 10.33"7, FALTHEAHUIE, 85 2 IRIER , If6E
R AR Ve A K TR B i AR Ak iR e T s 45
Z IKJCH HL O, AH LU R e &, HHA Z it in +
BT EE G 54T, LTS 2 K A Bt AR
Jp— R UL RHE 38 S5 A B AR B 5 v iy e 5L 5 45
BEALARERIAT IUEE AL AR 8 R 2o 2 1 1 4
9 pH DL K A B Frdfais i A ML 25 5 B4 s B 7,
AT 35 3] AT - 398 v B 4 S A AN 1 i E
PEAS I 54555 22 BRAE A RE L, g FH 45 e - 18 1
IKFEFPAR 58T KRS 2B A 8 52 ) LA SR R R
[ S X4 8 AR - IR A 2R Ak 55, ST
BB ARAL T —RloBr A}, [ s Ay 15 22 KT 4
JRE TS YA BN F SR IE S5

1 MREFE

1.1 Lot
SOG4 R A AL R SV R KRS £, HEAR
PRARPE R UL 1. FF 3 H AR KT K LR R

A He R PR AR AT L 1) FE A S P S B L R 65 1) 2 mm
Je et £ H

T b AR BB g 1) - 48, 189 5 W 1 S i R A —
FEF K ROIT R AT, i 3 1 A B ot it
A FH Ml A= 5875 e XU A FE bR ifE (17 7) ) (GB 15618—
2018) , i - S & 43 7135 21 100 mg - kg™ (K HI4S
15 YL KU I PE(E LR ) 1200 mg - kg™ (XU T e LA )
DL K 500 mg- ke (XU A8 M) o B il 45 /9 - 82 1k
AP LA A JE AT B9 2 mm JE BT 5 45
1.2 KIGH R

S 6 KR R I AR 900, S Fh W A E Rl RRH
RN H] RN 44 4 58 KRG 52 0 FH T3 248 %
R900 & & 17 A% 19 7K B b B, o7 2 4 5 o0 1 O RS
20170053 522 JiK oy 5206 2 IR A2 Al 4511, 6 HR A TR
HE R R IT A TR AE R (N14-P5-K6) , FHoAt i 7] 254
PR Al
1.3 TiEsEH

FREX100 g b iR AL AL FR A 4T 1 0 500 mg - kg™
() -3 /BB B, 55 R R S 56 v JIE ARk 4 e o
ORRE— B (R T 50 R A 0.45 o), B
2K 0.47 g, IR IR AT 0.32 o, ARLH A 3 U, A
FEFIK (LA H R 1 em HHE) , FRETEIFIC
S, E TR, B2 dFR TR, A EE T
K LAGE R AR 2 . 16 30,60, 120 d 43 51 BCRE |
fiiga e L SR G Lt
1.4 /KFEMIE

Sy MFREL 3 kg IR B AL (1 3 RO R & 455
ey BT BHAZ 25 em FEAE N, DUAH R &5 AU br
(BT e B3R 0.45 o), LI T B I A B5 2
Jik 14.1 g, %R IR AR 9.6 o, 3R AR AE KL 5 HIRIR A
Ha), BT KRS A, R R 3R, S AL IR E
FR AR AR A S, TR IR — U A IR A D S A &
JRH R T i . KRR R IR K
B FERERT (30 ), FIkE R — 70, — 46 7, B3k E
R ETIRE S, LED 23 K AME, i g5 44
UERRJE , FiE 120 d.
1.5 LIEHGANE

K P -2 2500 72 [ SPADS02 10 52 A1 4 AF ok 145

R TEEARBEUMER

Table 1 Physicochemical properties of soil

BUA Total N/( g ke™) B Total P/( g-kg™) BV Total K/( g-ke™)

BV Total Ph/( mg- kg™ )

HHLJF Organic matter/( g- kg’l) pH

0.75+0.07 0.89+0.08 5.46+0.29

43.98+5.02 12.37+0.12 6.56+0.03

1% WHART]
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Fo YR E S 2% (R A E AR B
HR S EI AE ) (GB 5009.12—2017) th 9 5 . kWP
B (A0 5 AR A R i 4 4 AR < 12 R S 1Y
M5 ) (GB 5009.92—2016) . 3 Hh &4 5 2%
3o« A R I —— B R IR Ao
FEB)(GBIT 17141—1997) FR By J5 i . LIPS
HE BN A S 2 (- 3 S i < AT RS AN AR A R ——
J5L W 0 5 ) (GB/T 23739—2009) H iy v, 4%
pH M E 22 (SR ) (NY/T 1121.2—2006) H 49 )5
Peo MEYDIAREI AR50 500 R FH 45 AR Hh R T A
FE AN - b AT S g A B A R A e A
FHE WYS2200 Kkt -1 85— (R HLIE T I 53
it
1.6 SEIGETHE AL TR

IK A AN [R5 6 4R 3R B = /K R AS IR EB A 4 1%
/R R s RECHHE AR B (R R
) E4EE SR SRAESR SR IED, LR
K SPSS 20 Excel 475 225081 e 25 404, T 53
BEARGIN | B A X 18] 24 95% , 7 25 5 PEAG AR 45 (S ih 4
PrF & IS0 ) R 255 PAE, RZ R A
FF P,

2 HERENH

2.1 TEpHAANSHSENTL

AN T] I 1] B 14 - 55 pH 45 R WA 1a i, 5
Z A e S TR AT RER v 4 AY pH, T AE 2 =5 0.18
ASBALCT0 ), SR Bl A 8] A9 SE 4, 35 (4 22 5 08
PN o RN AL SR SR BT (] 1b) , 85 2 AR LE

6851 A ERIE (a)
6801 O #5 2 ik

6.75F
6.70
6.65F
6.60
6.55F
6.50f
645
6.40
6.35

pH

10 30 60 90 120
Fisf 1] Time/d

SR NE BB RIS 1A ST 5, AN RIS ] 2 391 A
6.8% (30 d) .9.6%(60 d),6.9%(120 d) ., %54 13 pH
AR AT DR B, 35 05 1, R [ A B4 7] pH 22
SN A RS A R IR 25, Ui 4 pH
BRI AR AN S 22 OB A A 110 =5 2 R T 45 2 R 4%
AEEARVE R AT e S 2R B T [ B i A L
5B As G NIRRT A RS o .
22 KERAMHEESE KeMTHENTL
2.2.1 ANTRIAHXF 7K R A X IS 245 Bk 114 5 i)
IS YL R S A S 2K A R A LA
) it I T A R v AR A I R R, B I O A
Fio S A rpon] LU E U WS B K R RS 4% 1 L P
152 TR Ak 32 ARG 1T &2 B T A 2 IR A 3L KRR
TS 2k (] 2a) o XFF 3 AT TS G 58 KR RS 3k
30 d F1 60 d Bf A 7K gy AR 4 2% % i 1] 2b i
N 5 22 A PR AR X I 2 3 o T A TR IR AR B
2 FEFR 30 d I, AKAE I R A X IS 2 A0 il 4 v
21.2% (100 mg - kg™) , 19.3% (200 mg - kg™) , 15.4%
(500 mg-kg™") ; B 3% 60 d B, AR - F AR X -4 25 3
4 2 %5 11.9% (100 mg - kg™) , 15.0% (200 mg -
kg"),10.7%(500 mg-kg™') . 454 FR U452 ik ab HLRE
8T RS YK R SR R S s, oK
FAAE KR AT
2.2.2 N[R)Ab FRAL X K Rk g TR R 5
IKAEREHR 120 dJ5 , 20 B0 5 3 DA 2 505 YL 1
- 48 AN [ A P K R AR R B TRE TR, N 2 IR
BT822 BRAL FRZ K RE T R AP AR ROIRAS  Hobk &
KT T AR AEAEFRA] . KR PR 55 22 KA

2507 O e 04520k (b)
% 1 *
T T I 1

200 I

150

100

50

BRASE o
Available lead content/(mg-kg™)

30 60 120
15} (8] Time/d

#FORBAEIRALE 0.05 K- 2257 B+ FR AL FRAE 0.01 /K- |22 Tt B, s R4 b 5
E0.001 KV FZEFHBE. T

* means P<0.05, ** means P<0.01, *** means P<0.001.The same below
Bl TEpHMBUSHEEE

Figure 1 The pH and available lead content of soil in different treatments
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(a)

SRNEAbFZH

152 Ik b PR AR

407 (1) 30d 60 d
O&EE O M2k
ek %

o 10 FL | Y f

I AR X
Relative chlorophyll content/%
(3]

S

100 200 500 100 200 500
A3 BT Total lead in soil/(mg-kg™)

2 B30 dHIKTEREFUKEH FENMEESE
Figure 2 Rice for transplanting 30 days and the relative

chlorophyll content of rice leaves

kb 42 TR B 42 55 28.9% (100 mg - kg™) , 23.7% (200 mg -
ke™),6.8% (500 mg-kg™) ; ZKFE T4 8, 522 KA L &2
TR B 2 55 6.5% (100 mg - kg™) , 7.6% (200 mg - kg™) ,
1.7% (500 mg-kg™) . 45 R R A L IRIE , 55 2 ik
REASTEATTS s P AR KA A, AT AR SR 7K AR ol
T ) —FP I B AILIEAL , A< S50 i — 22 A 1 /KA
FERMAE AT TR AN [R] B AN TRD R A7 5 7 i i AR 4k

23 AMEESESENTL

IKFERS AR 120 d I ORI AR , I R K HR 4 5 i
W 3a i Rl K R8s O 2 AR fE AL R R 1 B 1
BT YL e P 1) T o T T R N . (R AR 2 K
AbFRZH 5 52 TR AE AL PR ZH & BN, 45 22 JIK Ah BR RS K P AT
o B S IR NE Ak 353 1 REAIK 25.5% (100 mg - kg™')
17.3%(200 mg-kg™") .13.3% (500 mg-kg™") . SHE
LA EFARME(GB 2762—2017) KL, 75 T35 AL &
TN 200 mg - kg™ A SEI H A5 22 IR A B A ) Al KB
TEIEFRNF 0.2 mg-kg™!) , 1M 2 TR AR AL PR
IREE AR, Y - AU AE K AT e R i

0351 (a)
0301

k
0251 T

0.20

0.15F

0.10 - ok

0.05

#5718 Lead content/(mg-kg™)

100 200 500
A HE R Total lead in soil/(mg-kg™)

060 ()
0.51 %

—_

0.2r

0.1

5% 5 Calcium content/(mg-kg™)

100 200 500
A HE B4 Total lead in soil/(mg-kg™)

O &Zie O£k
3 KERPEMGSHAE
Figure 3 Lead and calcium content of brown rice in

different treatments

x2 AEMEBHKEKRESTHE

Table 2 Plant height and 1 000—grain weight of rice under different treatments

AR FR# Plant height/cm

TR T 1 000-grain weight/g

Total lead in soil/(mg-kg™) 47 iR AR Compound fertilizer 52 JIK Calcium polypeptides & IEJE Compound fertilizer ~ £5ZJIK Calcium polypeptides

100 88.37+2.55 113.87+4.35%* 21.03+0.68 22.40+1.1
200 87.73+1.39 108.50+2.65%#* 18.37+0.55 19.77+0.51*
500 76.50+2.36 81.73+1.98* 11.03+0.64 12.90+0.46*

TE A FORPIALFRIAILE 0.05 A F 285 35+ FORAE 0.01 K E2E AR 2, R TE 0.001 K- E2E et 2 . T Ilo

Note : * means P<0.05, ** means P<0.01, *** means P<0.001. The same below.
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(B LA _E B, 5 22 BRVE S IERE BB IR H 5 3k i 1) KK
T 224 - 498 RV R B TR 3 7K FH AT e JXUPSS: 5 i (T, B
R4 22 IRAH b 52 TR T RE A% [ AEORE K A 25 1, (EDRE R A%
A AR B E F AR e [R]EES 2 IO Lt A TR I B
R TREK S A 1 (1 3b) , 85 7 i 43 il 2 1 21.5%
(100 mg-kg") .18.3% (200 mg-kg™) . 12.4% (500 mg -
kg™) o BEAK LA S0 A A5 R R I, BEK AT 5
55 e i AL S PR S e 3

TR 5 1 AH G 1 10.8%~120.6% , T /K A 25 A
B oo, 45 2 IRAL S A SIS F A TR A AL BRA , 254
B B AT FEAR 2.29%0~28.4% , W 3 4% £ B FH X [ I
0.5%~28.6%. X, 55 22 JRXF 7K A AL 30 M Ac 8 L
AL EAE R 1% 7K R 2 R W S ELA B0 R
[ K REAR 25 X I & AR R E(R ) &
B, SRR MR O I, KR A 1Y) 5 A R A
i, HL R R AT AR R R B S K. 7RSI

2.4 JKFER E M HESENEWL

2.4.1 A[FAEPEXTARREAR 25 RS A
AL R, AR o A By MR A T AR R AR,

UORZE R et iR 3 PR AR FoK R A Y

B RARYCRARSZE > [FIINAR [R) 25 1R T, L3 i

M KA A AL AT S A e . AEANRIAREER L B 2

JUR AL BHZF 7K AR AR B 5 i L e T A TR A A B AT, AR

AEFER 85 22 KA BRADK ARG AR AT & AR R A TRIR
JEALFRZE , T K R ZE R 1 5 AR R AR T R IR AL AL
PR TyhheE S A e 48 (500 mg- kg ) AH AR
TS5 +1E(100,200 mg-kg ™) , 55 22 oAb B XS /KA
HR T A R A s o B3, e 2 T 0 0.302,
5B AR BT G 3% (100,200 mg-kg ™),
55 22 R AR T2 o K R 25 A 1 A B R R A

®3 KER.Z HPENEE

Table 3 Lead content in root, stem and leaf of rice

100 mg-kg! 200 mg-kg! 500 mg-kg!
JbFE Treatments SIRAE 52 ik SR 1522 ik SIRAE 522 Jik
Compound Calcium Compound Calcium Compound Calcium
fertilizer polypeptides fertilizer polypeptides fertilizer polypeptides
30d R Root/(mg-kg™) 53.77+5.30 63.71+£8.72 56.25+3.32 76.61+£3.24%%* 125.39+1.16 276.60+7.57%**
2% Stem/(mg-kg™) 20.73+3.01 15.52+0.64* 25.12+2.79 19.59+1.17* 59.31+1.93 44.44+2.15%
M Leaf/(mg-kg™) 15.68+1.42 11.19+1.28%* 28.63+0.74 21.12+3.00%* 31.30+1.49 23.62+1.05%*
60d R Root/(mg-kg™) 78.65+3.03 91.85+6.37* 100.90+0.46 111.82+£1.26%%#%* 154.74+12.37 278.73+10.57%%*
2 Stem/(mg-kg™) 21.23+2.33 16.81+£2.04 30.64+1.53 21.95+3.08* 49.12+2.12 39.33+0.50%*
i Leaf/(mg-kg™) 21.23+1.21 17.87+0.20%* 27.19+3.45 21.64+1.79 44.80+3.05 38.45+0.57*
120d  #R Root/(mg-kg™) 108.66+11.73 117.80+4.52 204.70+3.34 220.83+13.88 361.04+8.77 446.98+10.59%%#%*
2 Stem/(mg-kg™) 42.39+1.09 40.65+0.55 60.70+0.70 58.15+£2.91 86.48+5.97 84.58+7.59
M Leaf/(mg-kg™) 38.50+2.62 33.50+1.31* 44.03+3.37 37.23+1.73% 70.20+2.36 69.81+8.59
F4 KBER.Z HHNFEERH
Table 4 Lead accumulation coefficient in root, stem and leaf of rice
100 mg-kg! 200 mg-kg! 500 mg-kg!
AEHEL Treatments 4 R Compound HEZJIK Calcium RN Compound FEZJIK Caleium SIRME Compound LK Calcium
fertilizer polypeptides fertilizer polypeptides fertilizer polypeptides
30d R Root 0.538 0.637 0.281 0.383 0.251 0.553
2 Stem 0.207 0.155 0.126 0.098 0.118 0.089
M Leaf 0.157 0.112 0.143 0.106 0.063 0.047
60d R Root 0.787 0.919 0.505 0.559 0.309 0.557
Z£ Stem 0.212 0.168 0.153 0.110 0.098 0.079
M Leaf 0.212 0.179 0.136 0.108 0.090 0.077
120d  # Root 1.087 1.178 1.024 1.104 0.722 0.894
2 Stem 0.424 0.407 0.304 0.291 0.173 0.169
M Leaf 0.385 0.335 0.220 0.186 0.141 0.140

WWW.QEs.0r9.CN




m@g 1416

URETR Rt Y F 4055 TH

i R LMK 0.052, MR ZF#(£0.050, SLK#R
AR B i G e 45 22 IO K R 25 A rh g
AR R 2
2.4.2 AN[EIA ) BoKAEAR 25 s o R i AR fk
TERRE R A K R 3 F 3R S is e
-8 A A FRH B R R) Y SE K KRR AR (25 A
() B WG, A R B B (R 3 AR
4) o A, 2 IRAb 32 5 S TR I Ab P & B, Bt
(] PR A, 475 22 R 7 AR AR F B W S P AR A T R
ZETE PS4 R VA F A T 4 FE S T D 55 < X 7K A AR
S I A 4 A1 R P Hh 18.6% B MIK F 8.4% (100 mg -
kg™) .36.2% &A% F] 7.9% (200 mg-kg™) . 120.6% [
1] 23.8% (500 mg-kg™") 5 X 7K A 2550 A W AL A 00 ] 4
FH 1 25.1% FEA% %) 4.1% (100 mg-kg™) .22.0% F&#AK 5]
4.2% (200 mg - kg™) . 25.1% B A% 5] 2.2% (500 mg -
kg™ ) 3 o 7K e I A W AL P 39 i 1 T vt 28.69% A 3]
12.9% (100 mg-kg™") . 26.2% &K % 15.4% (200 mg -
kg') . 14.2% P& 5] 0.5% (500 mg - kg™) o [&] i /K e
HE 25 A A R B IR LR R A RE 5 2
JOR A B2 A L SR E , AR FH AL i 353 L i LR AE
R 500 mg- kg AOT5 Y IR OB R . FaRSS
FEW] A5 22 JIOF 7K R AR S s IR AT ) (2 A 1 L FRE 25 5
I W SR A RV P B — o B e, D PR T R
I T 22 R AR A R T FE , SR B R] 7
JISISTSEEN
2.5 KTER . ZE MHHhESEMNTL
IKAEAS A A A B AR (25 5 Y B i AR 5
JIi7R o HEMR KRG R 45 5 i R 25 RAR 1 £ K
FE R R T T ZEFAR P RS S A B R A
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Table 5 Calcium content in root, stem and leaf of rice

100 mg- kg™ 200 mg-kg™! 500 mg-kg!
468 Troatmonts IR B2k IR w2k TR B2k
Compound Calcium Compound Calcium Compound Calcium
fertilizer polypeptides fertilizer polypeptides fertilizer polypeptides
30d @ Root/(g-kg™) 0.69+0.01 0.75+0.01 % 0.95+0.01 1.26+0.11%* 0.84+0.02 0.99+0.03 %
25 Stem/(g-kg™) 1.11+0.10 1.23+0.06 1.00+0.15 1.13+0.05 0.99+0.06 1.02+0.06
I Leaf/(g-kg™) 1.76+0.06 1.97+0.07* 1.81+0.04 2.01+0.09* 1.74+0.02 1.76+0.02
60d  HRRoot/(g-kg™) 1.90+0.07 2.09+0.06% 1.14+0.05 1.18+0.01 1.04+0.13 1.13+0.08
ZE Stem/(g-kg™") 1.23+0.04 1.43+0.11* 1.94+0.16 2.28+0.13* 0.95+0.16 1.09+0.22
I Leaf/(g-kg™) 2.39+0.03 2.71+0.16%* 2.12+0.59 2.33+0.08 1.65+0.08 1.84+0.07*
120d  HRoot/(g-kg™) 2.82+0.14 3.07+0.24 2.55+0.10 2.72+0.14 2.17+0.40 2.29+0.36
25 Stem/(g-kg™) 2.47+0.35 2.51+0.11 1.98+0.15 2.25+0.25 1.52+0.34 1.66+0.45
It Leaf/(g-kg™) 16.55+0.60 17.69+0.33* 12.43+0.28 13.29+0.21%* 10.21+0.65 11.45+0.39%*
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Table 6 Transfer factors of Pb in underground/aboveground organs of rice

100 mg kg™ 200 mg kg™ 500 mg kg™
AEIR Treatments R 2]k R HEZ CRA LEZN
Compound fertilizer Calcium polypeptides Compound fertilizer Calcium polypeptides Compound fertilizer Calcium polypeptides
30d H-Z5Root-stem 0.386 0.244 0.447 0.256 0.473 0.161
-t Root-leaf 0.292 0.176 0.509 0.276 0.250 0.085
60 d Hi-25 Root-stem 0.270 0.183 0.304 0.196 0.317 0.141
AR = Root—leaf 0.270 0.195 0.269 0.194 0.290 0.138
120 d #-25 Root-stem 0.390 0.345 0.297 0.263 0.240 0.189
AR =t Root—leaf 0.354 0.284 0.215 0.169 0.194 0.156
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Figure 4 Correlation between relative increase of calcium and

relative decrease of lead in rice stem,leaf and brown rice
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