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Effects of visible light photocatalytic reduction by nickel ferrite on the alleviation of Cr( VI) toxicity to rice
(Oryza sativa L.) seedling growth

LIU Qiuxia', PENG Chenglang'?, MAO Jin’, WEN Yue', SHENG Feng', DU Xuezhu'

(1. State Key Laboratory of Biocatalysis and Enzyme Engineering/ School of Life Sciences, Hubei University, Wuhan 430062, China; 2.0il
Crops Research Institute of the Chinese Academy of Agricultural Sciences, Wuhan 430062, China)

Abstract : Heavy metal pollution by Cr( VI ) affects plant growth and development. Visible light catalysis is an effective method to reduce
Cr(VI) pollution. To identify the effect of a nickel ferrite photocatalyst under visible light on the growth of rice contaminated with Cr( VI ),
a hydroponic test (Yoshida nutrient solution) was conducted. The rice varieties were 7 You 88 and 7 You 370. Three treatments were sel,
namely the control (CK), Cr( V) stress treatment, and photocatalysis treatment. The seedling shoot length, root length, chlorophyll content,
chromium content, dry matter, and chromium accumulation in varying treatments were investigated. The results showed that Cr ( VI )
contamination impeded the rice seedling shoot length and root length by 10.4%~14.6% and 57.8%~59.5%, respectively, relative to CK. In

the Cr( VI ) stress treatment, the chlorophyll content decreased by 38.4%~42.6%, the active oxygen scavenging system was destroyed, and
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there was 82.9%~86.6% more malondialdehyde accumulation. The aboveground Cr( VI) content was 66~130 times higher than that of CK.

The rice seedling dry matter was reduced by 10.4%~13.1%. The seedling growth was severely restricted by Cr( VI) stress. Photocatalyst

application significantly alleviated the Cr( VI ) toxicity to rice plants. Compared with those of the Cr( VI ) stress treatment, the shoot length

and root length were increased by 17.6% and 73.8% on average in the photocatalysis treatment, respectively, and the aboveground Cr( VI )
content, total chromium accumulation, and malondialdehyde content were decreased by 50.4%~50.7%, 25.9%~27.8%, and 28.9%~30.6%,

respectively. Plant dry matter significantly increased by 4.9%~5.9% compared with that in the Cr( VI ) stress treatment. However, the dry

matter in the photocatalysis treatment was lower than that in CK, with a decrease of 5.1%~8.9%. Cr( VI ) stress remarkably inhibite rice

seedling growth, and visible—light photocatalysis of nickel ferrite plays an important role in Cr( VI ) toxicity alleviation.

Keywords : photocatalysis; chromium toxicity; rice; aboveground; root; dry biomass
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respectively. Figure ¢ and d represent TEM map at 200 nm and 5 nm
scales, respectively
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Figure 1 SEM and TEM map of nickel ferrate nanoparticle
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Figure 2 XRD map of nickel ferrate nanoparticles
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Figure 4 Effects of different treatments on rice chlorophyll

content of both rice varieties at 21th day after culture
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Table 1 Effects of different treatments on rice dry biomass weight of different tissues of both rice varieties at 21th day after culture(mg-plant™)

e 7188 74370
S Ho 1 HE H AT o -7 HF HUR ATt
Shoot Root Total biomass Shoot Root Total biomass
X HE CK 17.4a 28.0a 45.4a 19.4a 30.2a 49.6a
Cr(VD) it Cr( VD) stress 15.4c 25.3b 40.7¢ 16.7b 26.4c 43.1b
YAt fk Photocatalysis 16.8b 26.3b 43.1b 18.1ab 27.0b 45.2b

T A SUAN RN TR SRR AR R 22 55 Wik 25 (P<0.05) .

Note : Different lowercase letters indicate significant differences among treatments at P<0.05.

R2 AELEBEXNAEAKERMIER 2] IEEHBUKSEMRRENHN

Table 2 Effects of different treatments on Cr content and accumulation of different tissues of both rice varieties at 21 day after culture

Cr(VI) i Cr( VDR B Cr(I) & Ce(1D) &R AR SRR
. i Cr(VI) content/ Cr(VI) accumulation/  Cr(Il) content/  Cr(Il ) accumulation/ Total Cr content/  Total Cr accumulation/ HRIER 2R
Vnu.ﬁ11 T e (mg-kg™) (ng-#) (mg-kg™) (ng#") (mg-kg) (ng:#") Translocation
ariety reatment
WE MR MERE WA Rk HER RR BN RR BH OMEE RR HmEW MR Kk facoroGr
Shoot  Root  Shoot Root Total ~ Shoot  Root  Shoot  Root  Total ~ Shoot  Root  Shoot Root Total
7588 XFEECK 0.0lc¢  0.05¢ 0.16c  1.35¢ 1.51¢ 0.05¢ 0.76b  0.94c 21.40b 22.34b 0.06c 0.81c 1.10c 22.75¢ 23.85¢ 0.08
Cr(VD) Bh& 1.31a 7.95a 20.09a 200.70a 220.79a 0.31la 0.62c 4.76a 15.65¢ 20.4lc 1.62a 8.57a 24.85a 216.35a 241.20a 0.19
Cr(VI) stress
e 0.65b  5.13b 10.80b 135.06b 145.86h 0.17b 0.96a 2.86b 25.35a 28.21a 0.81b 6.10b 13.66b 160.41hH 174.08h 0.13
Photocatalysis
370 XFERCK 0.02¢  0.0dc  0.32¢  1.33¢ 1.65¢  0.05¢ 0.76b  0.94c 23.09b 24.03b 0.06c 0.81c 1.26c 24.42¢ 25.68¢ 0.08
Cr(VD) Bhif 134a  7.60a 22.33a 200.95a 22328a 0.29a 0.39c 4.88a 10.11c 14.99c 1.63a 7.99a 27.21a 211.06a 238.27a 0.20
Cr(VI) stress
e 0.66b 5.06b 11.98b 136.84b 148.82h 0.18h 0.91a 3.19b 24.47a 27.66a 0.84b 597b 15.16b 161.31h 176.48h 0.14

Photocatalysis

T RIS [R) NG B ) — il A () 2k B ) 22 57 S8 25 (P<0.05) ¢

Note: Different lowercase letters indicate significant differences among treatments of the same variety at P<0.05.

1% WHART]
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Table 3 ANOVA analysis between different treatments and varieties of different parameters

Cr( VDR St an O(DPZE EfOE  AEHRZEE 8BELD JdH W@
Cr(lD)fr i

LEZ WoFath S EHTRE RATRE fHETRE GOD5E

ANOVA  Chlorophyllatb  Shoot biomass Root biomass Total biomass Cr(VI) content acccurr(nga)“on Cr(1) content acjlrrﬂ;[ion ':;‘j:ei: ac:::;lgion ‘%ﬁé @?gﬁ ;ﬁ
b3 ** o o o x o o # o o Boow o
Treatment(T)
P * * * * ns ns ns ns ns ns o o ns
Variety(V)
TxV ns ns ns ns ns ns ns ns ns ns - ok ns
T A A3 )RR 2 SR BIAR 35 (P<0.0 D) L 25K F- (P<0.05) ns FR A 22 5
Note:** and * represent significant difference at P<0.01 and P<0.05 ,respectively. ns represents no difference.
20007 (4) 8 T K FEAR RIS PR 0, A AR VG M EE B A2 252
W Wi o 5506 BEALEEAR Fb , Cr( VD) Jiipaf Zb 2 7 £ 88 A1 7 1)
£ 1007 Ce S 370 MDA & 43 BN T 82.9% F186.6%. ek fkAb
22 1o AT S L0 5 Cr (VDB A A P4
ﬁg i JKAE S Bl SOD 76 P - 24158 411 14.0% , POD 17 13- 1 [
87 ol i 10.0% , MDA & 1 F- 34 BA1% 29.7% .
. R &
S S (o T S TERTBEIA P LR AR TR R
wor o) e SRRSO TS A HIRER o T o
~ ol | a b élﬁﬁﬁ&%%iﬂ”ﬁ%ﬁ%éﬁ LRSS AR T
‘:?f I SRR, 15 N . sk 4 T 1) PR B Y HE O
= YT 4 I 1 e AR AR S, ORI 2 BRI o A7 A T
g; 300 Asf, R ARG VR AN SIS ) 5 ) 2 7 B TR AT T AR
S 200t RSt R P )
| BT E SIS HE b Cr (VD) SR 46 15 e A 3 1)
0' A, AW A, ZE 1 mmol - L7 Cr( VI) 4 K 25 44F
X Cr(VD et JeRETE T, K AEERES R (9 d) R 3z B 52, R BN K AR
O s Photocatalysi KA, 12221 A KRR F 3R 0 (3 T
T (o) a  a YR RS AR A2 B WA . AR R B,
- o AT Cr (VD) BME T, F Mk SOD i P 7+, (A7 75
s 5T b b e FE Cr( VD) B, SOD 3 P BEAIE, AW FE Cr( VI ¥k
2. ] HE S I8 T 5 HS MK, 5 % ML, Cr( VDB
S 37 AP SOD T 14 5 35 B AIG , 2 BHARL PR 76 M 00 B &
5 o) G2 BRI, LI, Cr( VI B B 19 MDA 25 4 3%
<ol 14
B T T BRR S 1 b BT LA B Cr (VD) 5 B
CK Cr(VD)stress  Photocatalysis S Cr(VD B o 5 Cr(VD) JBhif Zb FRAR B, SefE1E
e S KR 4 56 3 Cor (VD) A DB B AR
5 REAMEHEAKESFIER 2 JSRELIELE . SOD T T 55 , 1 P 4400 3 P8 A1, MDA &5 B /b,
SR B T B BRI PR R R E RN . B R 21 dJE e LA B
Figure 5 Effects of different treatments on SOD,POD activities 5 A A 2255, A 0L kIR CHE (L AN ER AT A
and MDA content of both rice varieties at 21 day after culture %E%%EE%@%‘J\E , y)gﬁﬁ , Hﬂ ?%ﬁgﬁ&‘%ﬁ’g%;{:jﬁq E/g {%
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URETS Rt Y F4155 1 H

PRI A REIL 2] 100% , A RESE 4T BR Cr( V) i
YT o DRI, KR AR (A A Cr (VD) 357 1 RILEL 4%
EEBO IR E T, TR R MR
MR BRBR B BURRSE (RETESR L 2 T [l n]
HIF , RERER PR IE 4, H1 29 A, ARk n] 50
AR ALTRNIE 5 (8 T, 2 — 2 B i AL AR,

B NLSRPIFFE 138 153 7K R A s A W s ke B
AT B R TR KRS iy PR L% 5 A7 A 22 57, B I
TURVER 15 Y e B 0 AL 194 B A 7 2 1) AR
ROV, BTG AT, AN [ 35 DR R KR AL B 55 o 22
FOARAER 5 kP R RGN, AT UL FE8 T YL e B ™ EE I
ANTR] KRR R B W A RE 70 22 5 A8 /N o ASBIESE R B 1
JKFE AL FIAE 1 mmol - L™ Cr( VD) A R AR Cr( VD) 75
A ZER, XA (VD B E S A K. A
1M, 7115370 % Cr( VD) il it -4 e e i T 7418 88,
R BT H A 5 4% 1K R 2 SR I 4
AR B 23 A1 - HG R 9 2 35 1 P DD AR 5GP,
70 88 F17 1L 370 1A N B 19 23 Aii m] REAT AL 22 57, B
X AR TR Cr (VD) &5 7 5 A AN R {H 4% £ 74
JKCRE ity Rl A PN ) A B 7 4G 88 B TR % i 7 1) LA vl
REBLHIE A 15—

TEBA VIR ZEAT T AL PR AR E H—,
A PR FFEAL R BCBAE RO HEAL PR E . 40 TiO 16 pH IR
I (RRPEFRE T ) AL BCR AT, U pH 22 AR AL
RORPN, SR, Toi 2 TR K, i R AR FAR &, H
AL IR S 2% s Horp  RIA R 2 A R K 3
YR A 0 S AR BRI 20 A2 Ak, H AR,
AT BB A ZE v RE Ty, ME LU % SR ERIT pH 4ERFETR
PEARAE . ARHF ST B AL TR AL 45 1F pH i
P AE AT DGR BRI S5 SO, HL 5 T BT,
JRAIR 53N R Ty B T 4 15 Ak P
o SeHE PR | R 22 4 aT B R AT fag B2 10
A, DR T TR A A A R 22 A = 4 ) 38 A DG E 5T
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B SERR R S

4 £t

(1)1 mmol - L™ Cr( V) Jiiri88 585 7 £ 88 F1 7 £ 370
PR AS 7K A i b B S AAR 2R Ce (VD) 57 2240 591 384 Jn
66~130 1% F1 158~189 %, i+ MRS (M2 = B ¥ 1%
5%, S EA bR T 9 5 A 10.4%~13.1% , P FBHAS T
KEERKEE .

(2) 4 R 45 6 Ak 7 2 35 2% A T /K R A B 1

1% WHART]

Cr(VDFrif . 58 it FOG A AL R AR B, (5 FH Ak
A AL 7 5 K R L B Cr (VD) & S AR T
50.5%, HAS 5688 REUEAR 2 0.13, M2 E & =X} IR
IRV AR T 5 P 34 50 4.9%~5.9% (R 1
JEAATSR TG Cr( VD) Jilkaf FR X6 8 b B
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