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Effects of secondary, micro- and beneficial elements on rice growth and

cadmium uptake

HU Kun'"?, YU Hua', FENG Wengiang', QIN Yusheng', LAN Lan'"?, LIAO Minglan', WANG Changquan’,
TU Shihua' "

1 Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066, China

2 College of Resources and Environment , Sichuan Agricultural University, Ya'an 625014, China

Abstract: Cadmium (Cd) is one of the most toxic pollutants in the environment. Agricultural soils in several locations of
Sichuan province in China are slightly to moderately contaminated by Cd that creates risk for animal and human health
through food chains. Thus, how to minimize Ca uptake by crops and to produce safe agricultural products are highly
concerned by the government and the society. Our previous work had examined the effects of macro-nutrients ( nitrogen,
phosphorus and potassium) on Cd uptake by wheat and rice. It indicated that different forms of these fertilizers do affect Cd
uptake by wheat and rice in the ways of enhancement, reduction or no effect. The results encouraged the authors to further
research the rest of the plant necessary nutrients and beneficial elements commonly used in agriculture. This study,
therefore, aimed to continue examining effects of secondary, micro- and beneficial elements on rice growth and Cd uptake
from a soil moderately contaminated with Cd in a pot experiment. The experiment consisted of twenty one treatments
including both sulfate and chloride salts of calcium (Ca), magnesium (Mg) , iron (Fe), manganese (Mn), zinc (Zn)
and copper (Cu), and elemental sulfur (S), calcium carbonate as a third form of Ca carrier, borax and boric acid as two
sources of boron (B), sodium selenite (Se) and sodium silicate (Si) applied into soil or as folia spray. All the treatments
repeated four times. The results showed that folia application of sodium silicate significantly increased rice grain yield,
while calcium carbonate, boric acid and sodium silicate incorporated into soil significantly reduced rice grain yield. The

chloride salts of Mg, Zn and Fe were more favorable to enhance rice grain yield than the sulfate salts of the three elements,
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while the sulfate salts of Ca and Cu just behaved in an opposite manner. Among the three secondary elements of Ca, Mg
and S, Ca enhanced but Mg and S in particular reduced the concentrations and uptake of Cd in grain. In straw, the
concentrations and uptake of Cd were minimized by magnesium chloride and S in particular. It was found that Mg retarded
transferring Cd from straw to grain, with magnesium chloride more effective than the magnesium sulfate. Among the micro-
elements studied, Zn was most effective in blocking Cd uptake by rice, and followed by Cu, while folia application of the
beneficial element of Si as sodium silicate topped the all the treatments in concentrations and uptake of Cd in grain. The
treatments of ferrous sulfate, magnesium chloride, cupper chloride, boric acid and borax effectively depressed but the
treatments of Zn and folia application of sodium silicate promoted the transfer of Cd from straw to grain, indicating the
mechanism of Si blocking Cd uptake by rice was most likely to occur in soil rather than within plant or in the aboveground
portions of the plant. It implies that selecting appropriate forms of secondary, micro- and beneficial elements and using

proper application methods could effectively reduce Cd uptake by and Cd content in grain in the Cd polluted soil.

Key Words: secondary element; microelement; beneficial element; cadmium; rice; soil
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A3 FEE T2 (novA A4OO-FE RIS 52 ) M ), A7 5048 1 mol/ L MgCl, (pH=7 ) IR IIZ 2 , A7 BB 1 W i
I IEHCEETT (novA A400-7E I B2 ) 5, A - S SEARFRAL PR R L% 1, X484 Cd & &0 0.92 mg/
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RIS B AT 2500 R WO AT R 40 AN AR R A, 3 A B EE A2 4 Wk, R4, IR AS it A XoF B A0 1) g — b BRI T
0.2g N/kg 0. 15g P,05/kg F10. 15¢ K,0/kg, AN RIRE, BEALFNEAL 730 BRI S — 30 A iR — S #J8 77
FHREfr, TR AR TG R A AT i), i B8 2 100 () — B s | UUAE P e A — B K it FH 4 %) 2 3%,
LA B R RO T LR 2.

F1 Ml TEERBUMER

Table 1 Some of the selected basic properties of the soil in study

CEC/ AL/ R/ Y -4 AR Eep 8 X AR
pH /( Al/k ) OM Total N Alk-hydr N Avail P Avail K Total Cd Avail Cd
cmo
£ /(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
6.43 15.9 43.3 0.25 166.9 14.4 99.6 0.92 0.36

R2 FEIHMENH T RIERIR KR EKFIRYRE 2 e iR 38 & i

Table 2 Experiment design for effects of different fertilizers of secondary, micro- and beneficial elements on rice growth and cadmium uptake

JLERZEN b3 HE P
Element type Treatment Fertilizer used Element rate/ ( g/ %)
IR CK JEHE(CKO) 0 0
NPK( CK) CO(NH, ), +K,HPO,+ KH, PO, 0.2+0.15+0.15
FEJC# Secondary element CaS0, CK+CaS0,2H,0 0.3
CaCl, CK+CaCl, 0.3
CaCo, CK+CaCO, 0.3
MgSO, CK+MgS0,-7H,0 0.3
MgCl, CK+MgCl,. 6H,0 0.3
S CK -+ BB 2
B ICER Microelement FeSO, CK+FeSO,-7H, 0 0.3
FeCl, CK+FeCly6H,0 0.3
H,BO, CK+H, BO, 0.2
Na, B, 0, CK+Na,B,0.. 10H,0 0.2
MnSO, CK+MnS0,-H, 0 0.3
MnCl, CK+MnCly»4H,0 0.3
CuS0, CK+CuS0,5H,0 0.3
CuCl, CK+CuCl,2H,0 0.3
ZnS0, CK+ZnS0,-7H,0 0.3
ZnCl, CK+ZnCl, 0.3
H %5 0% Beneficial element Na, Si0;( F-jifi S* ) CK+Na, Si0;-9H,0 1.626
Na, SiO; (Mt F** ) CK+Na, Si0;-9H,0 1.16
Na, Se0, CK+Na, Se0, 0.046

# T AR EERR T K AL AR AT A 1085 = W REHE AR FR A E KR 23 BET R AR 1. 16 o/ L WRIE M MIBTEPIUC; =+ =« SLREH T

A RCE A 45 D0 R BTG T N P K IR AT

FREL 8kg 1544 AT AR T 28k v | e b P e A PR IBOR [RIRE L, ¥ 50TR A v KO PR HF 7 bk £ 1w 2—
3em KJZE, 1d JEREZREAR 3 HRRLE .
1.2.2  JKAEA K IR A R SR AR S e

IKFEAE B I P A KRS 20 B MR 1 B RS SRR A T K R ARl | T ROk TR0 PR AR FT 4R
Yt T Cd MK R RER RRS FRAR &, 2T FRE TS, AN AR AIE S (SR TR AT 85 . R AR
RN ECH 421 IR AR (HNO, :HCIO, = 4:1) JH M , SR J5 F A 8800 JELF IR 706 06 B 11 ( novA A400-78
P HR ) M S o et Rl oI 2 RIS TEARE i (1R R AR HE BT GBW 10010 ( GSB- 1) KK 4343 b i ) ot
(b ERPy P IR AL 2= B ZR G BT IGGE) |, ISR 97. 6% —102. 8% ) A7 it it 44 il F 45 SR IE
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2.1 [ R 6 0 SR AERER KRS A R A2 e

ARl TC R A 15 TG R A KA AR ORI B 2 B 3 (K 3) o BR T-RLEAb, T it N A AR e T HE
AEFR SN T OKRRAEAC, ARGE TR A R R S TR R, ZEREAC AL BE b O TR KR A
e FUKF L 07 A — 7 S (A B R] 22 5 A 0 2855 A ] IEDRE AT A 00RE RORE 50 KA 7™ et RIS B 7 1Y) 5% T
25U KB R E K TERTA A E D AR AL B R i s T R S T R(CK) .

£3 ARFPHMETENFHETRNKBERKNEY =N

Table 3 Effects of different secondary, micro- and beneficial elements on rice growth and yield

“ment type reatment Plant height /cm (/) /(iR weight/g /(45 /(80
CKO 99.6 b* 20.3 f 96.0 def 23.7 ab 45.9 ¢ 61.3 ¢
CK 101.3 ab 30.3 he 104.4 abede 23.1 ab 73.0 bed 89.8 he
e R CaS0, 107.9 ab 30.3 he 116.7 abe 22.7 ab 72.3 bed 83.6 cd
Secondary CaCl, 108.5 a 26.7 cde 105. 8 abede 24.2a 67.9 cde 83.7 cd
element CaCO, 103.2 ab 21.7 ef 119.4 ab 23.7 ab 61.2 ef 72.5 de
MgSO0, 103.1 ab 24.7 def 119.1 ab 23.6 ab 68.4 cde 84.5 cd
MgCl, 108.5 a 27.0 cd 122.1a 22.9 ab 74.5 be 94.0 abe
S 105.2 ab 28.0 cd 107.5 abede 23.2 ab 69.4 cde 81.5 cd
e Ty 3 FeSO, 105.5 ab 28.3 cd 105.0 abede 23.5 ab 70.0 cde 84.3 cd
Microelement FeCl, 107.0 ab 27.0 cd 116.5 abe 23.8 ab 74.2 be 88.8 he
MnSO, 106.8 ab 29.7 bed 112.5 abed 21.9 b 72.2 bed 93.5 abe
MnCl, 102.0 a 39.0 a 92.3 ef 22.4 ab 80.1 ab 105.3 a
CuS0, 104.4 ab 27.7 ed 118.7 ab 23.2 ab 74.9 be 92.5 abe
CuCl, 105.7 ab 28.3 cd 94.8 def 24.2a 65.2 cde 87.6 he
7nS0, 109.4 ab 28.0 cd 101.8 bede 23.8 ab 67.4 cde 81.7 cd
ZnCl, 102.3 ab 25.7 cde 118.1 abe 22.9 ab 69.4 cde 84.7 cd
H; B0, 106.6 ab 26.0 cde 107.7 abede 22.6 ab 63.4 def 87.9 he
Na, B, 0, 104.9 ab 29.7 bed 105.9 abede 23.0 ab 72.0 bed 88.8 he
HHIeE Na,Si0;( £3EY)  106.1 ab 27.3 cd 98.9 cdef 24.0 ab 63.7 def 85.6 cd
Beneficial Na,SiO; (HiE®)  103.7 ab 34.0 ab 117.8 ahc 22.1 ab 87.9 a 101.1 ab
element Na, Se0, 104.2 ab 29. bed 81.2 f 23.0 ab 54.2 fg 95.2 abe

RIFIRRENG FRERIR P < 0.05 KF L2e5 B3, O LG RIMTEK TR AT I A L QM s #ERR e /K 75 4 BEM A A AR 4% 1.
16 o/L WK B TWTHEPT UK ; o M P, A APl A 2 0 3R B9 FH ARG 1 NP K A

TE PR TR AR B SEARSR HE CKOR N 1 /K R A S8R, B TR %5 ARV I Bk ) = A 20k, G
Ak BE5 X MR Z [B1 BeAT 5 2 5 . SRACAR | SUA A A PR A it M A R A A B HE CK WIS AR 1 /K R AL
B, VU R AN AL N B, 22 Sl B 25K R AR B CK 2 (8] 19 228 5 1 S0 35 5 (ELBR MR 405 B IR B
MRBk R EE = SA Rk SIS ORI | ST B ARV PR A - T e o T AR ST AT W e AERPRL T
TR A I PO RO B O 0 BRSPSV A R B ) 0 RO K 31 2 KT, LA
AR A 7 b Ry B ARG HEAYAE BRARPRL ™ B 5 CK 225 A W3, R i W35 TRMIR T CK #4923 51 5
PR AR TR B AL B, LA Ak B 27 8] 22 57 AN 2

SHORE  TEARTFEW KA P TR B B BRI RRERIE XK R R R SR T IR EIE 25, A
SR BORCR B O 5 TTAS A A BR R ER I 25 0T KA A 38 7 ROR s #85 T S MR SR M 25 5 RE R A I T W Xof 7K A 1) 48
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PR B T TR AL B A T RERR N i, X K BRI PR A R B, B I
RESR RAEMI AL A RES)  FE b AK R B AR MUK AR 2R i . 5 CK MR, A 3 M Eh AR BESR i= 1 /K FikF
R, A R B AL B 1 7 R 1 B KR i PR R B A 3 RCR, D AR X P R T
A XAAE R HF AR AR T B EIE AR B A SR T KR A AR R R R O A
TG AR AL AN B K R A K
2.2 AR R g G R AER KRR Cd 12
2.2.1 PEICRXKFREIL Cd 52

MEE 4 B, PR ICR TR RFFRL Cd e B AR A2 AR TR . 5 CK A EE, (SR BRAR B 40 BE 2 3%
BN Y K RERFRLAY Cd WP 5 (RTINS BRI 5 AR IR B8 AT ARy b B 50 28 4 0 1 FRE Cd MRS 4, CK 5 HAR
HEAL BRI 25 5 AN 83 . R85 JBE R 3 MhOTER T, BE MR AR A AL PIFFRL Y Cd 5 e ik, R B Y Cd
5 Cd S LU f i, AR A FRIA] Cd kB 22 S — AN 135 s Sl AL BR AL B Y Cd Wil e 38 o T
b (BRBRBERRAM ) AL B, MAS R iR LR FPRLH Y Cd R A5 ER A0 BRI S0 5 T BRI , 1A e rpr 20 B
FE AR PG T B FIAR ; KPR MRS FEh Cd e B2 55 SR B AR R AR R AL B fe IR, AR IR AR 5 Eh MR Eh ok , 41
MR ER AL PR R AR AIAS 5P A9 Cd BA s T LA R s ML Cd FERS R ANRS A5 TR0 P A9 20 B AR, R B Cd
WSEF B AR = TAEA . X LEE R U], S AT AT RE 2K RS Cd B9 £ 27 4% B sl DB &% , 27 BER BURR 2
JEAE Cd i B/ DTHEAERS AT b il A Rib Cd 1 RS K P R RS | BERAEORFRL A Cd Milici: 5 JCAEAR LE, T S
Ak B — AR E I T OKASRSAT A Cd 5 Al P A B I R R 94. 6% 1103, 5% , 5 CK
L, TR AR BE e — E R LR AR Cd TS AT I AR RS | DLBE RORICR fe e, B AR AR O $h R 8 T3

F4 HEFTEXKBRI Cd HRIE

Table 4 Effects of secondary elements on cadmium uptake by rice

FFRL Seed FEFT Straw -
5 Ca el Cd Wit Ca el Cd Wi et
Treatment Cd content Cd uptake Cd content Cd uptake .
/(me/ k) /(h/ ) /(mg/kg) /(h/ ) st
CKO 0.0126 b 0.58 ¢ 0.0471 b 2.89 ¢ 0.20 a
CK 0.0131 b 0.96 ab 0.0502 b 4.51 be 0.21 a
CaSO, 0.0141 ab 1.02 ab 0.0662 ab 5.53 be 0.18 ab
CaCl, 0.0155 ab 1.05 ab 0.0732 ab 6.13 b 0.17 ab
CaCO, 0.0182 a 1.11 a 0.0771 ab 5.59 be 0.20 a
MgSO, 0.0123 b 0.84 b 0.0753 ab 6.36 ab 0.13 ab
MgCl, 0.0125 b 0.93 ab 0.0977 a 9.18 a 0.10 b
S 0.0122 b 0.84 b 0.0620 ab 5.05 be 0.17 ab

BIRZIRB A L4 Cd SR C AR Cd SRR (H T A ATRHE BUKREAFRLEY Cd & R T
[l ZALE A% A BRAE (0. Img/kg) |, 3X 5T R KR di Bl Ay i K0 16 1 BOHT Cd iS5 48 R A5G, WK 2%
R BRAER S22 PEL IR S IF 5 CA™ B CdS MIFEAR Cd BATR0r: , AR BT 48 i imi 3 n , 3 a] e e A
R T B BRSO AR IR EL AR RETE — € R L FRARUK A P Cd & i I S B A I, 7Eil s 1§ 00 T, 4% Cd
A RS pH 2O, B Cd YA RCMERE 1 pH BTk, (EAS G o Hh B T e FH A A S 7K R A R
H Cd R ALE i i T O, ORI A RIS
2.2.2 UERTTER A £ 70 R XK RS R 45

AN R R R g LR MRS KRR Cd 5 18 IR AL A S MR A7 AE W] R i 22 57 (3R 5) . 5 CK ML,
PRI T A N T REAS TR Cd R BE AN, AR R Y | IV G 7R A ik IR e ) Y SRR A T AR A
T Cd RIS i, H B AR B2 ) 22 S A 25 5 TE N AL B AR A 1 Cd R B RIS i A S8 500, iR
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EARAEBRAG R Cd e BRI ISCo de 3, S 3 8 1 K, T A S, ke TR i %) w9 i ) 2 R I G 7 4 A
HUAR L CK R F AR T A A Cd e B R icie: , Al AR BRI A 22 5 AN 3% . AN Cd FERPRLRIAS AT H i 23 i
FLBRA , RERR MM THURIAL BE Cd HORF/ AT HUARLEROR | BRIV K AN R AL B e/ | FE v AR PP AR A - A TR A
It > S A B > T T B > ok TR A it > ST 2 k> S Ak > B 19 ) > R i > S8 A A > B 1D ~ S AR > TR IR W 2 ~
MR o X SEZE SR UL T AR R AN R AL A — 2 R B B 1 Cd MRS AT ) RPRL B RS | T i PR 4 - T
AL BRI GEIE T Cd AYFeRS  RERR G TIBTHEXT Cd MRS FT ) FFRL A e R ROR L L2y 1 %

£S5 WETEE IR KTERYBIREEIR M0

Table 5 Effect of micro- and beneficial elements on cadmium uptake by rice

FFRL Seed FEFF Straw .
s Ca i A it Ca i Ca it Rt Ca 1B
Treatment Cd content Cd uptake Cd content Cd uptake ¥ /ﬂ;'
/(mg/kg) /(pg/H) /(mg/kg) /(pg/ H)
CKO 0.0126 abed 0.58 cdef 0.0471 be 2.89 e 0.20 cd
CK 0.0131 abc 0.96 abc 0.0502 be 4.51 abcde 0.21 cd
FeSO, 0.0123 abede 0.86 bed 0.0727 a 6.13 a 0.14 cd
FeCl, 0.0138 ab 1.02 ab 0.0497 be 4.42 bede 0.23 ed
MnSO, 0.0128 abed 0.93 abc 0.0488 be 4.57 abede 0.20 cd
MnCl, 0.0105 abede 0.84 bede 0.0520 abe 5.48 abe 0.15d
CuS0, 0.0105 abede 0.79 bedef 0.0411 ¢ 3.80 cde 0.21 cd
CuCl, 0.0088 bede 0.57 cdef 0.0421 ¢ 3.68 de 0.16 cd
ZnS0, 0.0078 de 0.52 def 0.0092 d 0.75 f 0.70 b
ZnCl, 0.0111 abede 0.77 bedef 0.0116 d 0.98 f 0.78 b
H,BO, 0.0128 abed 0.81 bede 0.0643 ab 5.65 ab 0.14 d
Na, B, 0, 0.0096 bede 0.69 bedef 0.0534 abc 4.74 abed 0.15 cd
Na, SiO; ( Fjifi) 0.0074 e 0.47 ef 0.0085 d 0.73 f 0.65b
Na, SiO; ( Mjife ) 0.0150 a 0.81 a 0.0069 d 0.66 f 1.23 a
Na, SeO, 0.0082 cde 0.44 f 0.0097 d 0.92 f 0.48 be

5 iU R BB RRER FERRRER AR, ol TR e T B/ R R BEAT 2 B U SR R AR P B K A )
Cd MRy R A3, FEAIKIE A 4 PSR TR b, BE0 K AS Cd B IS i 7 T e o 2%, Jhko2:
W, XA T Zn 5 Cd S2AATE AL 2 A0 7E LA SOS AR RSO RA — 2 fS iR
HI AR AE L AR Cd WREERS Zn 5 Cd FEPUMEHTESA IR BOREMESM T R P IO 2 Cd & RIS
Y AN i G TR AHAEE KSR AF T, 30 h B R B A SE AL B S Min™ T Fe™ |, PRI T
AR Mn* Fl Fe?* Xf 13 Cd ARNERYFZIE L Zn® 1 Cu™ /), RERREARY 2 Bt FH 75 i XK AR Cd 14 3
ZFHAEEME XL, RN i 5 TR T KRN Cd BRI, TR R A - TR S A 0 Yl 2 1 I T K RE X Cd
I, X 4875 1 REXT Cd IS HTRL 3220 AR AE L b B Cd BEAOKFEMR R Z 07, — 4 Cd #EAM R
PRIA JE I P MR A B o R RE 2 B KR 7 e, (B S Cd I A AT et 4 P i e Al 78 7K A
XF Cd WIS, I35 Cd IFEFF PRI . R, Cd T5 4%+ 35 b REAC G (E B (6 FH 7 i 0y e, 3%t
FHREAE HEA A NE BE S I Bk S A 405 5 O, O 38 BRI S KOR BRI P 19 Cd 35 4, DT g A1 oK A
IKFEHL L3R4 Cd M AR Cd ARET 2l TR I I AR IS | AR o i T R A
PRI B BAT & A AL A B 3B B, AR 7 AR ] Cd 3 i A ST 1) b A B B A0 | 3 T RE S I T Wit i FE
BT KRR (AR T Cd MO RN R R BE SRS — RS BRI RR B 23 1 D W TR
PEFIBRE AL 4, B R — B L E b L CK BRI T /K RERFRL P B Cd e JBE A lic it (H 22 5 R k31 1 35 K
P FEIM ] Cd MASAT [ RPRF RS L, 3 B AR I . (RS PE Al £ RE R (X 1€ Cd Y
AR R E W 1) FEA K B SR PR B T X — A
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TEABETE R, B BE BRI ER TR ERIE S X R RRFRL I 3 P ORAL T BB ERE 2 | LA i3 =S8R A 5
A A BT R A5 7™ S8R W i TR RER I 285 5 Ak TR A T M e X /A e e 394 7 S8R B e, v T AT Ak 2
T R | TR ek TR At A0 IV AR A S 5 A 1R =i, UG 7R A Ak B 1Y 7 O B IR, 740 B L 3
MR TR P, BN TR AERERL B Cd R BE RIS, TR RN FEAR 1 RPR i) Cd R BE AN CRE , A
RS AL BN e A, A P A Cd W2 RS 24 LU Sl A B Ak BEOA o, AR A b RS (IR . B RE A A4 i Cd
MAEFF AR AR  ERIRER L TR R . FERR L Z  , BF RS /K A Cd A W e i A i o ol 3%, JLUOE:
B, A 4 70 2R AR R Ak - 1A i U Al 25 34 0 RS A PP B Cd e BE R A, BRDPRR I B L SRR A L SRR |
BT VA0 Ak B REA Rt A ) G DATRS AT T R P e A% i ke TR I T s M0 2 Ak LDV i i T Cd B 7S
AR AN BRI SR RS Cd B BLRIAR W] BE & AR A 3 b AR R AR N 5t bRy, RS
T Cd B4 (0. 92 mg/kg) LIk EN BTG QAR AL (HAKR P Y Cd & BRIl TR Al Cd 5 R PR AR
i, RYERH Cd Ptk s A2 iR R Cd 175 Y Y ficA RS , D10 A6 A8 1t AE HAR 3 BEAT S AR RS K Hh Y Cd

T,
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