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Heavy Metal Accumulation in Husk-removed Grains as Affected by
Foliar Fertilizer Application and Rice Variety
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Abstract: [Objective] Effects of rice variety and applied foliar fertilizers on the accumulation of heavy metals in the husk-
removed grains were studied. [ Method] In a field experimentation, 10 major local late-season rice cultivars in Guangxi
Province were sprayed with selenium (Se), silicon (Si), or water as CK. Contents of As, Cd, Pb, and Cr in the husk-removed
grains were determined to identify the rice varieties with lower potential to retain heavy metals. [ Result] Significant
differences were found in the pollutants accumulation of rice grains. Among the 10 cultivars, Guiyu 12 was the lowest on Cd,
Yufengyou 158 the lowest on As, Quanxiangyou 822 the lowest on Cr, and only Huazheyou No.l detected with Pb. The
greatest to the least heavy metal accumulated was in the order of Cd> As>Cr>Pb. On average, the application of Se foliar
fertilizer reduced the Cd accumulation in grains by 44.8%, and that of Si by 44.2% with the enrichment coefficients decreased
by 47.2% and 47.4%, respectively. Si application lowered the As content by 30.0% with an enrichment coefficient by 19.0%
over CK, but less effective on Pb reduction. [ Conclusion] The accumulation of Cd in the grains of Guiyu 12 could be
significantly minimized, and also that of As in Yufengyou 158 rice, for the cultivation in Guangxi. Application of Si fertilizer
on the leaves of a rice plant could decrease As accumulation and that of either Se or Si reduce Cd in the grains.

Key words: Late-season rice; husk-removed rice grains; heavy metals; foliar fertilizer

ks BE: 2022-01-08 HIFa; 2022-03-05 &k

EERN: ERK (1997-), B, Wi, W R: LVmEGRS4AEEAEE (E-mail: 1524395275@qq.com)
FEEIERE FEN (19715, 5, WL, EIEER, vriUre: A EEFIAH (E-mail: 19950048@gxu.edu.cn)

EEWH: VRS R R T I CERF AA17204078)



HRIRE: AR @B KA S AP 2T KGR K E B R ARG R 713

[ o8 & 0 4330 gy 2 Y 36 = ) 2= 4k
FIAFFE MR TS el i, T L RFER, A%k
B BB IR T M R AR 9 A S, SRR
™ SE AT (Y R R AT AR ), ER
B R SE T 1F 2020 4FF1 2035 4R 4% 75 Ye bl b 2e 4 1)
55k 90% Fl 95%, 2014 4F, 4> [ + HE IR B R
BEAR TR, REA 19.4% 10 #HF b + 152 3] Cd.
Pb. As, Cr. Hg %W 7E A # R 485 Y. KiEE
PP EEAREEY, BAi T - E RS
P, MiHELSMESBEGERYY, T4RE
Pt KB ESRE S EREATZMN, HIRXIE
JRF X 7K A L T 4 SR Vs e I s e Y R
FF K G 4 @ AIRFR R4 R K 4w 15 YL K R B
BT, XFSCBE 4 T YL KR 2 2R H AR &
G AT EENE . [iTAR#HEY H
Hi, WA JE ) KRR M R A PR
P 1115wl 1 s w31 703 £ R A e w3 g R L
ol - T itE ) L 4 590 O s T 4 R K R AR RS 5
— R 3 M 3 TR X Hb A 0 A R (IR BROK R
SRR KRR R A I TR A AR R,
AEIK AR AL FPE R BUARR],, X As, Zn, Cd FHE4EE
TLRMNEERNAER R 2ZS . ANFIKFE & FhXF
Pb. Hg i PR A a4 RE J0 7775 35 i ik R 3 0 )
A E] A R OK AR 4R E R =S, T LA ik
38 B F A IR EE 4 JE TS Gl A oA A9 A1 2R AR K
A A et S g o 4 R AR AR K AR R O
VERfb B 2 F B4 A Ak A 2R HE AR &
B, R AR 2R Bl A IR BB KR S Aot o 2 A
K Cd FEBOREE, BEIE 40%~70%, KX L
WEEELIRM . . B BN E EREE L
B, ORE R A I B SR R B R, (H R R K X 4
FEMH R NE SR, BN B HEEDRE K AT R i 1%
IR e BEL 42 300 T LA 28 R A K R R e Y
4 JE i I & K R T I G ek
RV JIE 7T LB PR A R b cd S ™Y, AR &
B, ARG IE A AT R AT K Pb, Cd. Cr. Hg 4%
EEJE SR, ERCE IR, it S i e
A LAA RO RER N E 4 8 0 &, (HASFEKFE &
ol it JFT ot T o K R AR R T 4R s A T R R
CABFETIA ST BT T A R KRS b Aot 35 4 )R
TR RN S, EEJE UM L /KRG Cd IR
BURFR R 32, WXSF As, Pb. Cr ik BFRUKAE & Fh Y
TS A | (= %5l i B 7 - R a0y A O R
WREMESBOESEEYTY, HERE TR

s o 77 32 AR e T A 2 A Ak B 22 T 4 15 T 4
B e g S B ) B ] ASBIESEAE P
fEf B R 4 JE Vs YooK R E E T, B 1040 E
PR AR ARG FR, IR EEMITER . T EMm
b AR, a0 K H R 5 A AT K B RE K CdL As.
Pb. Cri§ 4 FPEE & B MREM, T A A [ KR i oot
HE4JE Cd. As. Pb. Cr iy ZBUENL, s o i e x)
KFEREKR BB E SR, HELFHELS R
YuE B X AR L ST Sl KRR AR i e e R
PR IR
1 #HH57%
1.1 R Et

AT AE ) P A BB R 4 JE S Y K R
Fro WREEEE 104 (F 1) 7776732 Pk %) 6 A
Ffr, A B35 Bt A A 6 AR (Se) (4b B
A). FREM AR (Si) (AbFEB) K& CK % 344k
M, EERILX AR, —3 30 A EE, 120 /0
X, HA/NX A 20 m*. 2020 4F 7 A 25 H 4G
it A 2 A B AT [ B4~/ MXGiEH 6 kg, (N+P,0s+
K,0) =48%, i H N N:P,05:K,0=26:10:12], 2020
E8HA3IH, #HITATEM. 20204E9 21 H, J&
T BE 100 435 5 R N T W53 By 7 =X I 0 - i AE
10 H 4 H, Fig BUEE — UK e B R A7 55 w18
TR 56 1 3 pH Ky 7.66, M4 & &k 2.33 mgkg |,
SRl 10.86 mgkg |, MO RN 0.35 mgkg
By E -l 67.32 mgkg o AAE EERA AN (F

1 HiAKBRM

Table 1| Rice varieties under study

FhAl Varieties i 5 Number KR Source
HH12 D-1 AR B
Guiyu 12 Local agricultural materials
store
EWLL S D-2 T IR R it
Huazheyou No.1 Provided by Guangxi Academy
of Agricultural Sciences
681K D3 /A
68 Youjinzhang
FLFAL158 D-4
Kaifengyou 158
HiFAl158 D-5
Yufengyou 158
yHit143 D-6
y Lliangyou 143
822 D-7
Quanxiangyou 822
NERILLH D-8
Youxiang youlongsimiao
AL v D-9
Youxiang youyasimiao
AL A 22 D-10

Yexiangyou mingyuesimiao
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K1 (a) BroR, 104 BoK R oK Cd & & 78
0.1350~0.2520 mg-kg ', ¥{E K 0.1812 mg'kg ', /K
FERE K Cd o IR AR AR EE T 12, S 1
PO B & B0 A 22, P ELEAL 158, ALt 2
B PRI H 220 3 SR OKRERE K Cd &
B TR 10 AR OK R, JEA 3 AN KR
Fi Cd % i 1 GB/T 5009.15-2014 ( <0.2 mgkg ' ).
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B AR 0 SRR AR FEO0 158, SRR 1Y SR R X
T2, Hop i 12, FIUHEZ B P
KAERE K As & it 3w TULEL 158, #F4L 158,
ZEFM 822, 10 A Eh AR, AT 9 AN K FE L D
As 7 3 GB/T 5009.11—2014 ( <0.2 mgkg ' ).
Bl (e) P, 10 K REROK Pb & i7E 0.001 0~

0.0268mg-kg ', HIEH} 0.0036mg-kg ', 10 HFKFG
A EEE 1S P S E, 10 NKAES R
Pb & AT GB/T 5009.12—2014 ( <02mgkg ).
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ZEFAL 822 FF SAN MR, 10 AN EhFPREK Cr 5 S ¥iE
I£F GB/T 5009.123—2014 ( <1.0mgkg ' ).
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E1 TRMMKERRECESE
Fig. 1 Heavy metals in husk-removed grains of different rice varieties
FR2 AERIBKEREKCIEZE
Table 2 Cd content of brown rice under treatments
CK HAbPEA Treatment A ALEEB Treatment B
A
Varieties ol ol el alt e
Content/ (mg'kg ™) Content/ (mgkg ™) Decline/% Content/ (mg'kg ") Decline/%
D-1 0.1350+0.0173 a 0.0900+0.0141 b -333 0.0825+0.0150 b —38.9
D-2 0.1500£0.0365 a 0.0950+0.0054 a -36.7 0.097540.0450 a —35.0
D-3 0.1675%0.005 a 0.09754+0.025b —41.8 0.0975£0.0125b —41.8
D-4 0.2350£0.0369 a 0.1025£0.0095 b —56.4 0.1025£0.020 b —56.4
D-5 0.1500£0.0141 a 0.0975+0.0325 b -35.0 0.0950+0.0173 b —36.7
D-6 0.1575£0.0411 a 0.1275£0.0530 a -19.0 0.1400+0.0315a -11.1
D-7 0.1700£0.0336 a 0.1000£0.0291 b —41.2 0.0850%+0.0054 b =50.0
D-8 0.1675£0.0221 a 0.1050£0.0253 b -37.3 0.0975£0.0170 b —41.8
D-9 0.2275+0.0403 a 0.0825+0.0093 b -63.7 0.0950+0.0191 b —58.2
D-10 0.2520+0.0346 a 0.1025+0.0184 b -59.3 0.1175£0.0330 b —53.4
FYIME Average 0.18121+0.047 a 0.1000£0.0254 b —44.8 0.1010£0.0264 b —44.3

FATHER G ARG TR R A R B 227 8% (P<0.05), TR,

Data with different letters on the same column indicate significant difference between different varieties (P<<0.05). Same for the following

tables.
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Table 3 As content of brown rice from different treatment groups

e CK K3 A Treatment A Qb #EB Treatment B

Varieties T TR Rl i ek e
Content/ (mgkg™) Content/ (mgkg™) Decline/% Content/ (mg'kg ) Decline/%

D-1 0.3125+0.0298 a 0.22501£0.0443 b -28.0 0.14254+0.0614 ¢ —54.4
D-2 0.2800+0.0182 a 0.2450+0.0732 a -12.5 0.195040.0983 a -30.4
D-3 0.2625+0.015a 0.2025+0.0222 ab -22.9 0.17254+0.0670 b -343
D-4 0.22754+0.0394 a 0.1925+0.0355 a -15.4 0.16754+0.1092 a —26.4
D-5 0.2000+0.0483 a 0.2325+0.0386 a 16.3 0.180010.0680 a -10.0
D-6 0.2375+0.1105 a 0.1900£0.0495 a -20.0 0.1675+0.0570 a -29.5
D-7 0.2200+0.0270 a 0.1950£0.0793 a -11.4 0.18001+0.0742 a -18.2
D-8 0.2625+0.0531 a 0.2250+0.0544 a -14.3 0.182540.0680 a -30.5
D-9 0.395010.0369 a 0.2850+0.0420 a -27.8 0.26501+0.1283 a -32.9
D-10 0.24501+0.0412 a 0.1975%+0.0872 a -19.4 0.197540.0580 a -19.4
T-4918 Average 0.2643%0.068 a 0.2195+0.0572 b “17.1 0.185040.07845 ¢ -30.0

i AL (Se) J& s

10 /> i b 7K i B K Cr i &
-1

7F 0.0076~0.074 1 mg-kg ', FHIMEHH 0.0257 mg-kg |,
FH T X R AL P 0.0185 mgkg | A BN T 39.1%,
HESARFE. BWAEE (Si) &5, 1045 Fk
FE K Cr 2 BE7E 0.0039~0.0361 mgkg |, EHIME N
0.0183 mg-kg ', AHE T X BAbHH 0.0185 mg-kg |, &
LT 1.2%. Jit A oEE AR (Se) (4 FEE A).
i AR AR (Si) (Ab3 B) M CK 2 34~ 4b 3,

10 A~ 7K 7 & B Cr & & WK F GB/T 5009.123 —
2014 (<1.0mgkg ).

23 AELEIKFEEAREEBEEEDN

i)

mE 6w, 104 FKREED, KEERK Cd.

As. Pb. CrW-F-¥E £ R 505510 0.0884, 0.0195,
0.00012, 0.0003, sKFEREAKXT Cd 196 4 R EV] i
F As, Pb. Cr, KFEREKNT As A& 4 R BN 8 5
FPb., Cr A E SR, KRRCKXT Cr W E £ R
F Pb.

W 7 /s, Zead b i AR Ak B S K R RS K Pb.
Cr WEERBZESALE. WL (Se) . &AL (Si) 24
A FROKFEREK Cd 1Y & 4R R E530 0 0.0446. 0.0444,
BFX A (CK) AL Cd (& 5 R B BIFEAL T
47.2% M 47.4%, ZSRWE. WL (Se). AL (Si)
AEFROKFERE K As (198 4 R0 0.0186. 0.0158,
BT XML (CK) AbF As i 5 48 28005 ) FE AR T

Fz4 TRILIEKFERKPD S 2

Table 4 Pb content of brown rice from different treatment groups

i CK K3 A Treatment A AbPEB Treatment B
Varieties R T e i e R e
Content/ (mg-kg ") Content/ (mg-kg ") Decline/% Content/ (mg'kg ) Decline/%
D-1 0.0010+0a 0.0010+0a 0 0.0168+0.031 a 1580.0
D-2 0.0268+0.0516 a 0.0010+0a —96.3 0.0010+0a -96.3
D-3 0.0010t0a 0.0010t0a 0 0.0010t0a 0.0
D-4 0.0010t0a 0.0010+0a 0 0.0010+0a 0.0
D-5 0.0010+0a 0.0010+0a 0 0.0010+0a 0.0
D-6 0.0010t0a 0.0010t0a 0 0.0010t0a 0.0
D-7 0.0010t0a 0.0010+0a 0 0.0010+0a 0.0
D-8 0.0010+0a 0.0010+0a 0 0.0010+0a 0.0
D-9 0.0010t0a 0.0010t0a 0 0.0010t0a 0.0
D-10 0.0010t0a 0.0010+0a 0 0.0010+0a 0.0
“FHME Average 0.0035+0.016 a 0.0010+0a -72.1 0.002540.010 a -27.9
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x5 TRELEKFERK CrEE
Table 5 Cr content of brown rice from different treatment groups
. CK ALEEA Treatment A AbEEB Treatment B
Vaites a8 &g e &8 W
Content/ (mg'kg ) Content/ (mg'kg ) Decline/% Content/ (mgkg ") Decline/%
D-1 0.0051£0.0082 a 0.01441+0.0149 a 182.4 0.0178+0.0217 a 249.0
D-2 0.0097£0.0120 a 0.03351+0.045 a 2454 0.0070£0.0119a -27.8
D-3 0.0051+£0.0081 a 0.0341£0.0421 a 568.6 0.0248+0.0307 a 386.3
D-4 0.0226+0.0284 a 0.07411£0.1362 a 2279 0.0315+0.0523 a 39.4
D-5 0.0166+0.0109 a 0.0224+0.0078 a 349 0.0361£0.0512a 117.5
D-6 0.0103£0.0127 a 0.0076+0.0082 a -26.2 0.0173£0.0266 a 68.0
D-7 0.0046+0.0071 a 0.0201+0.0134 a 337.0 0.0049+0.0078 a 6.5
D-8 0.0521£0.0452 a 0.0123+0.0076 a -76.4 0.0227£0.0375 a -56.4
D-9 0.0339+0.0241 a 0.0102+0.0065 a -69.9 0.0171£0.0207 a —49.6
D-10 0.0253+0.0422 a 0.029140.0504 a 15.0 0.0039+0.0057 a —84.6
P Average 0.0185+0.025a 0.025740.048 1a 39.1 0.0183£0.0290a -12

*o6 TRGEMKERKXECRNEERY
Table 6 Enrichment coefficients on heavy metals in brown rice
of different varieties

ﬁﬂf Cd As Pb Cr
Varieties

D-1 0.0601 0.0229 0.00003 0.0001
D-2 0.0684 0.0205 0.00089 0.0001
D-3 0.0901 0.0187 0.00004 0.0001
D-4 0.1065 0.0163 0.00003 0.0003
D-5 0.0677 0.0151 0.00003 0.0002
D-6 0.0733 0.0169 0.00003 0.0001
D-7 0.0767 0.0164 0.00003 0.0001
D-8 0.0784 0.0208 0.00003 0.0007
D-9 0.1056 0.0286 0.00004 0.0005
D-10 0.1178 0.0190 0.00003 0.0003

x7 FELEMKEEAXESREERBHM
Table 7 Enrichment coefficients on heavy metals in brown rice
from different treatment groups

b E AR HBCF
Treatment cd As Pb Cr
CK 0.0844 a 0.0195a  0.00012a  0.0003 a
ALPEA Treatment A 0.0446 b 0.0186a  0.00003a  0.0004 a
A3 B Treatment B 0.0444b  0.0158b  0.00009a  0.0003 a

E: FAEGE RN RN T RRREREE (P<0.05).
Note: Data with different letters on same column indicate significant
difference at P<<0.05.

4.6% F119.0%, Jiti FHAEEAR (Si) KFEHEK As 1Y & 4
A0 AT HA AL P

3 itk

WFSE R, N [RK R FlORS K X 54 R As.
Cd. Cr. Pb BRI, AEIZKAE M As. Cd.
Cr. Pb Wi m EfiE it frfe 22 520, ARBFoe &
P10 A4S F A K g BE K X As. Cd. Cr. Pb IR WA
k2, ULEME 158, EHELY . B
H 221 34 S AR RS ROk Cd & 5 0 S T At A
Fi, H 34 Cd & & GB/T 5009.15—2014
(<02mgkg ). 10/KREMF A, M 158 1
As AT AL SR, FAUH EOE 158 BEK As it
I8 F GB/T 5009.11—2014 (<02 mgkg ' ). % 4MHF
FERI 104 S ROKFE b, AU SRR 1S R
Pb &, 10 FUKRERCK Crr B 2R, |
B 5 {H 0.0521 mg-kg ' ZEAK T GB/T 5009.123—2014
(<1.0mgkg ), CMREEER<1.0mg kg ' 115.21%,
A AR T Y A S R R B, 10 A4S A FloRs
KXt Pb Al Cr (9 BV R m L, BRI H A Rk — 2

WrErali s fEmF s 13 Cd. Cr. Pb L E K
FE I R AE I R B, Cd JC K 7E K R AR bk b 10 7 4
AE 1o, JLUAP R Cr M Pb. 31X 5 A YBIF ST 45 1
—3 10 EFOKFE T, REKXT Cd Y 4 R BN I
BT As. Pb, Cr, /KFEREKXT As 1 a4 R BV
mTPb. CriFESIE, ARREKXT Cr & 4 R 5L
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37 %

7T Pb. As. Cd. Cr. Pb7E/KFREK 1) & E£REH
& Cd>As>Cr>Pb,

MSCRF S Y, 3 2 50 e . TR AT T 4
HIE A JE A Cd, As. Pb fE/KAERECK P IFL R . X2
M T GE 584 &4 R — AR . REREMES
Y, IRl E B ERAE P AR R ORI RR B, DR A %o
B ) R T B AYG 5 5 — O T T AR S R R T g
SRE RN, FEACAMEE RS, RS T K
FERIHCHTRE J1 5 AP fE T 3R DURRAE T M B3
PEMRH IR T Cd 1 M b3 R0, FE ikt A2 iy
WEFE e, (R & A e o v 1o ke I A B e, KRS
EREY As VR EE WE AR, 7E— 2R L RERRIKAE
Al EE AR T AHESE R, MR AR (Se ) i
REAE (Si) J5 ¥ a0 UA AL B IGRE K Cd & &, ROk
Cd &3 R T 44.8% fl 44.2%, & 5 25005
FEAIR T 47.2% 1 47.4%, 01 B 25 07 D 25 R A K
XoF A ) WM o B o IF 9 i R TR e e T %o B DK i
WA ) 5 ) A R B B 25 5, BEEAR A (Se) JE 10 4
an K FERE K As & it X6 B Ak, BACE BFE L
A2zl . 2300822, BLFML 158, Y MIAL 143 4 4>
AR K As S EAKT GB/T 5009.11—2014 ( [E AR
MEE SR <02 mgkg ). I (Se) FRBREAR
A, WOEEAE (Si) 5, B SARDLHEZZ AP HAD 9 4>
mnARE K As & BT GB/T 5009.11—2014 ([E%
FREE SR <02 mgkg ). BAMIFFE KB, WM
JIELJ5 X K R RE K Pb & s S M /N o R[] Ah B R RS
K Cr % & 33 ik T GB/T 5009.123 —2014 ( <1.0
mg-kg ), (MR Ab BR A PR R RO R 25 ek, HLg
W9 S S AN 2 BB K B Cr &, sl
FEK Cr o mEBE M AAE oL, BRI A R iR 5 .

4 %t

(1) 1045 FoBE KX As. Cd. Cr &4 8 i 2
BAFEI W22 5 . Hh S 12 K& ARk Cd &
WA, ML 158 KA M oK As & ik, 2
Al 822 K A ARE K Cr SR ik, 10 A4S Fh Ahk
L, ACE SRR LSRRI P E . HEE 12, ME
P 158, 2L 822 Al 3 Jil/E N Cd. As. Crik 2]
A A A

(2) 107K A8 it Bk K v As. Cd. Cr. Pb7E
IKFEREK i & R B 1l Cd> As>Cr>Pb,

(3) T ot 1 BE 25 B8 3 R K K R RS K AR
L, FRAKRTRE KT Cd i & HERE 1, (EX KRR RS K
Pb JC b 5 .

(4) P Ffr i oo JIES %o 7K e i oK 8 4R As IR 1 5%

WA AN TR, FHREAE (Si) XF /K R RE K As 75 i [R5
P iR

PRI, 398 TS A 1 ot A AT LA sl 20 7Kk A s oK X
SR B, MR (Si) Al AR As 7K RS
BEOK TP SRR, BRI (Se) FIAEEAE (Si) 3
A LRSS B A FE K Fehi oK b Cd 1Y & 46 o
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