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Effects of Passivators on Arsenic and Nutrient Uptake by Two Rice Cultivars
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Abstract: Screening out highly effective passivators and revealing their arsenic (As) reduction mechanisms are one of the key
research focuses in the remediation of As contaminated agricultural soils. Two rice cultivars of Nangeng 9108 and NeiSyou 8105
were used as test plants in a pot experiment, the effects of maize straw biochar (MBC), peanut shell biochar (PBC), attapulgite
(ATP) and hydroxyapatite (HAP) under the 3% application rates on As content in various parts of rice plants were investigated,
and related soil physiochemical properties and the contents of nitrogen (N) and phosphorus (P) in various rice tissues were
compared, based on which corresponding As reduction mechanisms were analyzed. The results showed that the passivators
significantly reduced As contents in straws and grains of both cultivars (P<0.001). For the cultivar of Nangeng 9108, the
reduction effect of As content in the grains by passivation followed the order of HAP>ATP>PBC>MBC, and HAP>MBC>

ATP>PBC for the NeiSyou 8105 cultivar. In addition, the levels of As contents in the straws and grains were related to rice
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cultivars as indicated by the observation that As contents in straws and grains of NeiSyou 8105 were significantly higher than
Nangeng 9108. MBC and PBC significantly increased contents of soil organic matter and available potassium, MBC and HAP
increased the content of soil available phosphorus content. Meanwhile, MBC, PBC, HAP and ATP increased N contents in straws
and grains of NeiSyou 8105, and increased P contents in straws of Nangeng 9108 and grains of NeiSyou 8105. Correlation
analysis showed that As content in grains of Nangeng 9108 had a significantly negative correlation with P content in straws, while
that of NeiSyou 8105 had a significant negative correlation with available P content in soil, P contents in roots and straws,
suggesting that the passivators might inhibit rice As uptake through affecting available P content in soil and P uptake by rice. In

conclusion, the application of MBC, PBC, HAP and ATP passivators reduced As contents in various rice tissues to different

degrees, the most effective with HAP, which can be recommended to use in the remediation of As contaminated soils.

Key words: Arsenic (As) pollution; Soil remediation; Rice; Passivator
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Table 1 Basic physicochemical properties of tested passivating agents

flifk 71 2% (g/kg) Tl & (mg/kg) 2 (g/ke) H R (mg/kg) A I (g/kg) pH
HAP 0.15 10.64 10.84 1415.73 0.78 7.28
MBC 14.96 41.27 1.16 279.07 484.95 9.73
PBC 3.04 12.96 0.62 229.14 450.32 10.00
ATP 0.53 7.97 0.15 64.36 5.70 7.90

d: HAP WEILEE KA, MBC N EARBEF AW s, PBC MILEF AR, ATP AN ™MEEA,
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Table 2 Soil physicochemical properties

TR it Fof Ak i (mg/kg) AL (g/kg) HE (mg/kg) HRBE (mg/kg)
F AR 9108 CK 1243 +4.40 b 11.17+0.67 b 4837 +6.58 b 30.08+0.81d
MBC 123.4+2.63 b 42.54+430a 245.60 + 11.03 a* 4410+ 1.56 b
PBC 137.7+1.65a 46.09 +2.95 a* 221.50 +26.91 a* 32.07+0.73 cd
HAP 126.0 £ 1.43 b* 9.17+1.54b 46.36+2.01b 5133+1.32a
ATP 131.3 £3.35 ab 11.54+£0.61b 4334+3.44b 3478+ 1.48 ¢
PS5 8105 CK 135.6 + 4.38 ab 12.06 +0.33 b 72.53+10.78 b 36.14 + 1.66 c*
MBC 141.8 + 1.75 a* 37.06+3.03 a 165.10 £ 6.37 a 45.18 £ 0.64 b
PBC 134.2 £ 1.00 ab 3536+ 0.51a 131.50 + 14.56 a 3228+ 0.52 ¢
HAP 111.1+1.68¢ 12.06 £ 1.03 b 4334+101c 55.68+1.98 a
ATP 130.7+3.30b 17.76 £ 4.74 b 75.55+15.63 b 3451+137¢
I35 285707 A 0.865 0.368 0.001 0.154
iR 0.000 0.000 0.000 0.000
i g Ak 5 0.000 0.023 0.000 0.297
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Table 3 SPAD values of rice leaves at heading stage
Ak 2 RIHE 9108 W 5 It 8105
CK 3571049 a 36.40+£0.60 b
MBC 35.06£0.94 a 37.76 £ 0.50 ab
PBC 36.03+0.38a 36.63£047b
HAP 36.60 £ 0.66 a 38.37+0.15a
ATP 36.27+0.44 a 37.03 £0.36 ab
Jr % e 0.000
o3HT AL 0.025
st B 0.066
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Fig. 1 Rice fresh biomass under different treatments
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Fig. 2 Total N contents in various rice tissues under different treatments
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Fig.3 Total P contents in various rice tissues under different treatments
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Fig. 4 As contents in various rice tissues under different treatments
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Fig. 5 Correlations between As contents in different rice tissues with soil physiochemical properties
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FhEiAbs], Fralde HAP i RGN T 3964 i & B
ARGER 1), TGRS W KRE As I EZA A
JEE . O HEREFN As 2350 4 330 18 1B 8
PR 8 1 T T Y As B S H IS, T
W38 As BARCERY . @ik - BhE i wE R
i OsPT4 Fl OsPT8 HEAKRGIAN, Wit
A TR] A 328 380 38 i) KR L33 i, T AR R R 25 11
il K R X A R R A W B R, A RO XK
i As WRSC 8 52 T 2 0L ] £, 3k e TR P o 4
Yoo EARWTER, PSR FRKREZEMFIRERL As S
A R R R AR DG OC R, [FIRE T S Pk R 25
FUFPRL As S S HEE S B R AMCCR(E S), X%
B, WEIDIK RS As SAE I K. Ik4h, MBC.
HAP Fl ATP XJ7KAE As MU RRARAE FH AT gt S5 4l
ek as 14 As B &, Dantn G s R &
B, FORAEFE A9 0 i 3] 584075 As B FEAIK
10.67%, WiskEA As SN 11.72%.

SMA L, 4 FPEEAL TN R AR 9108 £-H00L As 7 i
HIREARSCRAE T 5 1 8105, X FEMAEALF XK e
As W52 5 KRG i A 56 AHEL TRIHE 9108,
5 8105 X 1238 As A B RAYIITRE 1 (] 4). H
HR R RE 9108 S HLRT, PN S fL 8105 EZ4ACHT, iX
FW, AFKRESFINT As B9 USHE 1 5K R LA
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57 &

KB GA, ARG SR As BCRE 138 5 K Fd
TR R AEE A G, M LT 5 MR, 222
R WARE ST, B R REAR I B R AR e
MR 20 AsP2P #1230, feh
ik As J5 e -4, KAEMRRANL R 5250 As & it
RERFMEMEER. TEEEPLH, RER
As [EHFE T fE KRR R As BN AT
TN 5 4 8105 AT BEIE AR AR Ak B A Tk 1
BEALFIRT As WU By sIPE R . BRIZ A1, KFEXT As
11z e )t RS K FE R R IR FFRL As B & 1Y
FEMEE, N5 8105 MARFIZEM 1Y As iz R
i T RARE 9108(CE s A S ), L] REJE it B Ak A0
N5 1 8105 HYFE As HURALZ M JFRIA .

7 MBC. PBC. HAP il ATP Ab3 R, RikE 9108
FPRL As 53310 0.86. 0.57. 0.49 1 0.51 mg/kg,
FHRIOK AP ICHL As Fr i B AR 50% DY, A
F 55 HH AR 9108 AFRIJGHL As 50518 0.43.0.29
0.25 F1 0.26 mg/kg, #RHZIT(H R F GB2762—2017( &
i 2 A E R AR E A 5 e BR ) BT EHL As R
(0.2 mg/kg). XFEW, B MBC, PBC. HAP
FlATP FEAK T HIE As 15 52K e K R AL 1)
As &, BV A JE LUK RS FPRL As FRAR 222
429K, WiZXT MBC., PBC. HAP Fi ATP i#E47 2t
B, BE A RIS As fi5itE, DAFR TR
FEK As & il R L bR

4 ik

1) MBC #il PBC Ab# i 25 i 345 AL A1k
WAL, T MBC Hl HAP Ab B 5 25 19 i -39 4y
WS &, MBC, PBC, HAP il ATP AbBHEEHNA 5
P 8108 ZEM-FUFFRL A A 1 M i B 9108 ZEH-FIIN 5
Pt 8105 kb A5 12 .

2) MBC., HAP FI ATP 4b# i 25 R AR PR K Fi 2%
MFUFFRLRY As EfE, mE 9108 BALBCRIL TN 5
i 8105, I H HAP AbHEARCR AL . PIRKFEAT AL
As T 5 A R0 O i R R B
FAHICOCFR , FWIBEAL T AT BEIE A 52 M) - S5 50 &5
it SO R ST R K A X As ORI
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