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Effects of Superparamagnetic Nanomaterials on Sml Mlcroorgamsms* and

Enzymes in Cadmium-Contaminated Paddy Flelds

FANG Dan-dan'>{ ZHANG Li-zhi'%, WANG Qm"g‘ 2= ' AP ,

(1. College of RP%ouroes and Env1r0nment, __Southv;lrgst _[__lmverslty, Chongqing 400716 Chll’la";. 2% Key Laboratory of Agrlcultural
Resources and E‘Qhronment of Chongqings” Ch(mgqlng 4007 16 <China) 0 =
Abstract: Using Fe,0, and hydroxyapatite jas/ raw materlal% superparamagnetlo nr‘ hordeter Sized Fe, 0,-phosphate functmnahzed
materials (MFH) were prepared Soil was bubsequently‘ magnetlcally repaired by addmg MFH to cadmium-contaminated paddy “field
soil. ﬂ',I'wo Kinds of riee with high ( Yuzhdnxiang)) ahd low (denngnxmn 13) dadmium enrichment were selected for conduct pot
expériments Lo study the' effect of MFH magnetl(’ separatien_on~Soil microorganisms and enzymes, and explore the possibility of
appli¢ation/in the remediation of cadmium- polluted farmland:" The results showed that MFH application improved the soil remediation
effect, wn’h significantly reduced total Cd (38.9% ) and available Cd (27.3% ) contents. In addition, the Cd content of the two kinds
of rice grain was significantly reduced. After MFH magnetic separation, soil microbial community diversity and richness were decreased
during the jointing, heading, and maturing stages of the two rice varieties. Treatment of cultivated Yuzhenxiang rice with high
concentrations of Cd significantly increased the abundance of dominant Firmicute bacteria in the rice field during the jointing and
heading stages. With the use of MFH in the magnetic separation, urease, catalase, and soil peroxidase activity were improved during
the jointing, heading, and maturing stages of the two rice soils. The POD enzyme activity in the soil planted with Yuzhenxiang was
slightly higher than that planted with Xiangwanxian-13, while urease activity showed the opposite trend.

Key words : cadmium pollution; soils; magnetic nanomaterial ; paddy microorganism; enzyme activity
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o] 7.89 22.45 1.34 0.11 12. 670
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2.1.2  JKAEMEE R - pH B9 {E se [ _ T
K1 hEshn MFH 852 1585 KR 3T 2] 84
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REAHWIFFER ) pH 7E 8 247 I T iFshi e T AR = 78T
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DU AL =R RFR Y , B MFH W 33L&, 15 o
EE%’%%’T:I:%'?E’J MFH @ii% pH mﬁ%ﬁﬂ%} 6:?-;8 {]SI—IS 09:1)8 UQ—IE‘) IOr—EO Il—IIU l?l—[]] 12-22
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P 2 SRy /KRS ISR 30 21 i) - 4 Eh 978 4K
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SAACIE R AL SRS BT S W12 - 250 mV
A R EFEL 0 ~ 150 mV; 1 60 d /Y 4 Fhib
FZEHIR B JE (100 d J5) T1 A B4 LR S5 A

H# (H-H)
1 MFH 12 £ 5775 %5 H L /578 B - 5 pH B E L
Fig. 1 Changes in soil pH over time after the MFH remediation

of cadmium-contaminated paddy soil
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Fig. 2 Changes in soil Eh over time after the MFH remediation ig’ﬂfﬁﬂ:( ﬁpﬁ{] rﬁ"é . %*T {E>> ( GB 2762- 2017 )
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AKFEAE K Ab B M E o LK ,mr
CK1 0.78 £0. 0052 0.16+0.038a, | 0.31+0.025a 4
- Tl 0.67 +@ 009a 0. 15 +0. 0084 #0.29 £0.010a =
P | /0
’ sl ok ' 0.84/£0:01%a_ 0.21 0. 04Ja © 0.38 £0,025a Y
o Fa ¥ T2 /0.76 #0: (5'53.5[ 0.18 £0.0214 # &0, 33,40, 021a f
N | CK1 1) 7001 0092 ! 0.23 +0.009a / 0.50"+0.007a —
el Tl ©0.79'£0. 0084 0. 18 £0. 0044 g \° 39%0.003b
o L CK2 /1J03 +0004a 0.40£0.001ag" | | 0.53£0.075b :
“ : ™ J 085 +01054h 0.33 0. 0244 -~ 0.55+0.105a
g U . _, CKI 1.97£0.180a /' _ 1 0.72£0. 113a 0.63 0. 043a 0.29 £0.025a
- EE‘%*LE,H 7 Soom 4 1.76%0. 0785 =" 0.80 £0.109a 0. 60 0. 090a 0. 18 0. 042b
i ‘j"‘ﬁ"’ ) CK2 2.27 +0/193a 0.96 +0. 095a 0.65 +0.014a 0.36 +0.017a
: T2 2.13 £0.193a 0.86 0. 076a 0.58 0. 109a 0.20 0.011b
1) RIING A H R 4 A Bl 22 57 0.3 (P <0. 05)
2.3 MFH BEWG G IEBE YRS 2 RN WIS S G YR IS 2R A i AR, SR

A

AR $8 % ( Shannon $5%0) FHAK R WA i 1) 2 4%
PR R, AR 5 2 W R 7 b ) 2 RE M R e
3 ML T U MFH B2 575 Y T35, PR KR
ARV A Y 2. ARl N ZE PR K
R 100 s A0 0 i 220+ S A B ZH (T1 N T2)
A% Shannon $8 %0 HE X BEZH /N | BH S N MFH 182

PRV ORI AT Ak H 5 0 BE 28 S 0O 3 R
A L5500 MEGR BB 2 35 PR 22 5 (P < 0.01) . AR P
[ it b RS ) L3 AL BRAT =, X 3R P 22 e
SEma AN [A], oo A Cd e AR S R AR Y R
Shannon F8403& A - Ltk Fh I & 48 &b Aok B RL 13
51 1 4% Shannon $5 0 K, UL AR Tl £ 5T A (19 1
BEREVE AR RIS

3 Fi0MFH #EMES TIBETHEN 13 SMEHERFERKY L IBEEEDRTE SEENZ MY

Table 3 Effects of adding MFH on the diversity of soil microbial communities during different growing periods of Xiangwan xian-13 and Yuzhenxiang

o WAL 13 5 A
KR K1) ‘ s = . o
2 Shannon 5%k psviil Shannon #5%%
T CK1 6.24 +0. 06 CK2 6.31 £0.07
BT
Tl 6.18 £0. 16 T2 6.15 £0. 06
s CKl1 6.26 £0.05 CK2 6.33 £0. 08 .
Tl 6.08 £0.07 ™" T2 6.17 £0.05 ™
e CK1 6.43 £0.04 CK2 6.58 £0.02
Tl 6.39 £0.07 T2 6.51 £0.03

1)T1 5 CK1 f1 T2 55 CK2 A MK 2« IR P <0.01
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2.4 MFH && 57590t 350 Uit v 2 5 B2
=AU

A Y RETS 5 BE T Chaol R4, HifH
T, R AREIE AP R . R 3 AT kbR
ZH(T1 A1 T2) e H 1 AR I Y Chaol 454

L}Eéﬁ(Tl A1 T2) +3% Chaol $5%% & MK T X}

s KA RO RGO W) A AE RS W, o
m‘ﬁﬂ: Cd /55 & AP £ 575 1) 138 Chaol 5503
A b AR FP AR & 2 i A AL 13 5 A9 1 3E Chaol
SR NI P R o e oz A B/ Y

SRR (CKL AT CK2) o M2 5 (BAE R AR FEmg .
4000 4000
(a) FHIMEHN1355 [JCK1 (b) E§rF
ATI
th b i 3Th
E= I be . & a
E om0 | . 'T =
5 5
2000 / 3000 £
#Ar T I il 18 ] R
A [ A A i A [ = A ) _
Fﬂd%lﬂ/h%?%ﬁ%mﬂu%%ﬁ% (P <0. 05 )7F i T e
3 AEKRRIA 13 B E SRR R £ KL Chaol 2 Yy 8
Fig. 3 Soil Chaol index of the cultivatéd rice Xiaflgwanxian—B and Yuzhenxiang during diffg}rﬁnt irice growth periods was obtéined .“::,.!:'
2.5 MFH ISR LIRSS 2.6.2 A UL AU CAT) 7
S MEH @Ei%ﬁii}% * Esﬁ%%]ﬁﬂ =2 MFH B4 505 S s | Ah 30 2] %HXTﬁﬁéﬁi%

r“ 5 4 6 MRS T T2 CKI AR

X 4 ﬁifﬂiﬁ%ﬁ:ﬁ‘fiwﬁﬂ Tﬂﬂiﬁﬁﬂiﬂ)ﬁ%ﬁﬁﬂﬁaﬂﬂi
i%% ﬁl} ;ﬁ“ B ¥P A Firmicutes [( F B A lj )
Protebbabtena( L T | Chlorflexi ( Qi%% D %ﬂ =
Bactermdetes( AFFE 1), K25 40w BEE ﬁ’]
75% LA L. AR T1 AL BRAE K FE AR 4G 3 BT CKI
DA TR JC bk 2 1k 22 5 1T T2 Ab 38 AR SR AN
AR Firmicutes FJH 5 CK2 f£7E B 44k (P<
0.05) , Firmicutes =B 437138 fin 1 8. 05% 1 7. 65%
(WE5~9).

AT DR A [ it Pk e 1Y) 1 S A0 BRI S, 6T -
ST W R T 2H R Y 52 o 2 AN [R) Y. 1 B S
MFH 5245075 G T 35 #e 1y Cd AR 5 4 A I 1 Al
13 5, RIORI NG AT W84k s 3N MFH A&
ARG YR R Cd M E B R A, B R
e R R R T ] B
2.6 MFH &8T5 G RS 14 A9 52 i
2.6.1 HIE[RR

MFH & 475 44 L 58 f5 | A 35 20 Fn xo) HE 2+ 8
JIRBEHEAE DL 10, T1 AT T2 A FHEAE B 10 il R 30
ARG ) - S8 DR i T PR X T B BT, SR
MFH 4 1e 16 52 5% 15 Y 1338, ] DUSR i 4 33 JOR il 7%
PR R IEAS R AR S, A SR AR B WAL 13
SR EACIRZE (T1 ) IR S PR S TR A A A
FEAL L (T2)

TR AR AR R A A B

CAT ﬁ&ri)u 11. Tl i1 T2 Ak R AE RIS }Hﬁﬁ
SR OMER S CAT 35 M By kTt R 1. 2R F
MFH fEZEAE S 15 e 1 5, nl IR & £ 3 CAT 1%
[ R e AR A T A b
PR (T2) Rk KRR AL 13 5 SR b B (T1) £ 3
CAT WM ZE A .

2.6.3 I EALYIEE(POD)

MFH &2 475 4% H 585, Ab#2 Fnx) RE 2 + 458
POD JHPEVLIE 12, T1 1 T2 4b BRLH A6 4k 15 1] Hhi
WA Y] 35 CAT 5 PEX KX IR 4. SR MFH
RGBS TS e 1, AT LUE B 1 POD 6. AR
FEASTRI KR SRl 7 A A0 R B B A Y
T HEARFRLL (T2) POD 161 i T AR5 W el 13 5
PR AR FRZE (T1) , T 100 25 S 1 3
2.7 HHEE Cd ARES Cd M Y s 2R
8 DL Rl T =2 TR A A DG P

T4 HEHR Cd AR od ML #EZ
BEME 5B ARG M 2 IR AR SR AT, 25 Rk
B, Chaol #8%% . Shannon #8 %% , + R M5 PE . + 3%
CAT THPEF1 135 POD W& PES A LI Cd & i 2
FISE, Hirp 132 POD 65 B Cd 5 & 52 3% A
KHKZ (P <0.05). BLHAIIA MFH Ji5 F#A% 1 45 p

Cd & a2 R IR E Y REE Z R0 F s A 3
Eﬁ{ﬁ P# A7 T 38 0. Shannon $8 %05 + HEA A Cd
SHREDEFMAELER(P<0.05),Chaol 84585 1
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Fig. 4 Effect of MFH on dominant bacterial abundance at the phylum level in soils growing
Xiangwanxian-13 and Yuzhenxiang during the jointing stage
F4 TEDR CAARS Cd MMEDEESHE EEEUREFENHEXRYY
Table 4  Correlation coefficients for total Cd, available Cd, microbial community diversity, richness, and enzyme activity
THEE Cd LIEAMA Cd Chaol #RAR Shannon $5 %% SR il L4 CAT +3 oD
+HEE Cd 1
THEARES Cd 0. 285 1
Chaol 5% -0.178 0.079 ** 1
Shannon #§4¢ -0.392 0.0643 " 0. 846 ™ 1
T ek -0.526 -0.06 0. 044 0.238 1
43 CAT -0.498 -0.473 -0.365 0. 06 0. 406 1
13 POD -0.581" 0.02 0.358 0.42 0.279 0. 308 1
1)« FRBFEMI(P <0.05), = FRBBFMC(P<0.01)
A Cd % 1 M1 Shannon $8 E0AR 5 1% & 2% 1IEAH 3 iR

FRKZFR(P<0.01). BiH R Y REVE Z A
F R E M A RS Cd 2 YRR TR

TIREBUEYI R (BRI Y 2R ) SR 4R
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Fig. 5 Effect of MFH on the dominant bacterial abundance at the phylum level in soils growing

Xiangwanxian-13 and Yuzhenxiang during the heading stage
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Fig. 6 Effect of MFH on dominant bacterial abundance at the phylum level in soils growing

Xiangwanxian-13 and Yuzhenxiang during the maturing stage
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Fig. 7 Proportlon bacteria in soil gr0w1 ngwa.n 1aﬁ. 13 e
zhenx ng during the j J01n 1ng stagi j r/ /‘y-'

B Chlorflexi
¥ Bactreordetes

] Flrrnlculcs
B Proteobacteria

CK1

CK2 T2

8 HATEHMAERA 13 STEHELRAR S
Fig. 8 Proportion of bacteria in soil growing Xiangwanxian-13

and Yuzhenxiang during the heading stage
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Fig. 10 Urease activity in soil growing Xiangwanxian-13 and Yuzhenxiang during different growth stages
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Fig. 12 Soil peroxidase activity in Xiangwanxian-13 and Yuzhenxiang during different growth stages
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