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Effects of oxalic acid on oil sunflower biomass, enzyme activity, and the Cd speciation of Cd—polluted soils

HAN Yang, QTAO Dong-mei’, QI Xue—bin, LI Zhong—yang, HU Chao, LU Hong—fei, ZHAO Yu-long, BAI Fang—fang, PANG Ying
(1.Farmland Irrigation Research Institute, Chinses Academy of Agricultural Sciences, Xinxiang 453000, China; 2. Agricultural Water Soil
Environmental Field Research Station of Xinxiang, Chinses Academy of Agricultural Sciences, Xinxiang 453000, China; 3. Key Laboratory
of High—efficient and Safe Utilization of Agriculture Water Resources, Chinses Academy of Agricultural Sciences, Xinxiang 453000, China)
Abstract: The effects of oxalic acid concentration and application time on the soil enzyme activity, dry matter content of oil sunflower, and
content of different forms of Cd in Cd—polluted soils were studied using a pot experiment, with sunflowers as the test plant. The effects of
different oxalic acid concentrations (i.e., 1, 2, 3, 4, 5, and 6 mmol - kg™) and application times (i.e., 20, 30, 40, and 50 days after emer-
gence) on soil pH, enzyme activity, and the dry matter content of oil sunflowers and content of Cd in different forms was analyzed in this
study. The results indicated that the application of oxalic acid promoted the activities of catalase and invertase in the soil, which were 4%~
84.4% and 2%~147% higher than that of treatment without oxalic acid (CK). The application of oxalic acid could also improve the dry
weight of the above—ground part and root of oil sunflower; it was 7%~126% and 11.4%~139% higher than that of CK. The dry weights of
the above—ground parts and root of sunflowers were the highest at acid concentrations of 2~3 mmol - kg™ and application times of 30~40

days. Oxalic acid also reduced the exchangeable, Fe~Mn oxide and organic matter—-bound Cd content in the soil. These exchangeable,
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bound Cd contents were the lowest in the rhizosphere soil at acid concentrations of 2~3 mmol - kg™ and application times of 30~40 days.

When oxalic acid was applied at a concentration of 4 mmol -kg™ 30 days after the emergence of oil sunflowers, the rate of Cd removal in the

rhizosphere soil was maximized at 88.4%, higher than that of CK. Therefore, oxalic acid could be used to effectively improve the ability of

oil sunflowers to repair Cd—polluted soils, which has potential for soil remediation applications.

Keywords: oxalic acid; oil sunflower; enzyme activity; dry matter quality; cadmium forms; cadmium removal rate
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Table 1 pH and enzyme activity in root soil under different oxalic acid concentrations and application time

) R iV BE AR i FH IR A] Application time of oxalic acid/d
b Indexes Oxalic acid concentration/(mmol -kg™) 20 30 40 50
pH{E pH value 0(CK) 8.57+0.04ab 8.57+0.04ab 8.57+0.04ab 8.57+0.04a
1 8.61+0.06a 8.50+0.09h 8.51+0.03ab 8.47+0.06a
2 8.51+0.12ab 8.49+0.05h 8.57+0.03ab 8.51+0.06a
3 8.47+0.06h 8.52:+0.05ab 8.58+0.05a 8.54+0.09a
4 8.47+0.05h 8.51+0.03ab 8.56+0.03ab 8.53+0.05a
5 8.51+0.06ab 8.59+0.05a 8.52+0.06ab 8.59+0.14a
6 8.48+0.05h 8.53+0.01ab 8.50+0.06h 8.46+0.04a
o A SR 0(CK) 1.22+0.50¢ 1.22+0.50¢ 1.22+0.50h 1.22+0.50b
Ca‘a(lisi':’ji)vity/ 1 1.69+0.13ab 1.23+0.21be 2.08+0.34a 1.75+0.35a
2 1.52:0.18abc 1.39+0.05bc 1.80+0.11a 1.86+0.31a
3 1.27+0.07be 1.76£0.27ab 1.77+0.11a 1.77+0.44a
4 1.45+0.28abc 2.07+0.47a 1.92+0.41a 1.90+0.48a
5 1.48+0.10abc 1.99+0.25a 2.19+0.06a 1.09+0.79b
6 1.81x0.19a 1.710.16abc 2.2520.10a 1.43+0.17ab
TE R 0(CK) 0.21+0.004a 0.21+0.004a 0.21+0.004a 0.21x0.004a
Amy(l;‘:;':jfi)"“y’ 1 0.19:0.004b 0.18+0.007h 0.100.008b 0.2120.005a
2 0.190.003b 0.190.012b 0.100.010b 0.2020.007a
3 0.190.008b 0.190.001b 0.100.007b 0.2120.009a
4 0.190.001b 0.1920.005b 0.1120.014b 0.2220.009a
5 0.190.007b 0.1820.007b 0.1120.013b 0.2120.009a
6 0.190.008b 0.1820.007b 0.1220.014b 0.2120.002a
ARG 0(CK) 0.47+0.04b 0.47+0.04¢ 0.47+0.04b 0.47+0.04d
Inve?r‘isge_ zﬁ‘)”“y/ 1 0.5020.1Lab 0.62+0.06bc 1.16£0.21a 0.8620.04a
2 0.5420.11ab 0.95+0.21a 1.06+0.37a 0.72+0.04ah
3 0.48+0.01b 0.82+0.24ab 0.66+0.08ah 0.65+0.14hc
4 0.49+0.10ab 0.56=0.01¢ 0.79+0.59ab 0.5320.03cd
5 0.57+0.08ah 0.49+0.04c 1.0520.20a 0.48+0.16cd
6 0.63+0.09a 0.6120.06hc 1.1220.35a 0.63+0.14bed

T R R FER 5 AN ) 5= B2 [l AR ] 2R AN ] e Rt A VR S [ 447 i 3 22 5 (P<0.05) o Il

Note: Different letters after the same column of data in the table indicate that there are significant differences among different oxalic acid concentrations

under the same application time(P<0.05). The same below.
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Different lowercase letters indicate significant differences among different oxalic acid concentration treatments at the same application time. The same below
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Figure 1 Dry mass of oil sunflower under different oxalic acid concentrations and application time

AT REAR AT A e A Cd F . TS 20 AL 6
mmol - kg BRI E T A LA LA Cd EH B
i F CK(P<0.05) , 5 Z B#AI% 19.4% 5 i 5 30 d B, Jiti
FH1.2.3 mmol - kg™ W& FE BLIR , T 338 AT 52 385 Cd % =
B ELTF CK(P<0.05) , 38 Z F#AIK 30.2%~44.4% 5 i T
J5 40 dif,1.2.3.4.5.6 mmol - kg BLER U BE R (1) 1 4%
A4S Cd & 2 1 B T CK(P<0.05) , A Z FEAIR
26.3%~35.1%; H 11 J5 50 d IS, 1 mmol - kg™ B iR ¥k JiF
T IR A Cd 2 T CK, A B PRV FE T Y
TR HRECIE RS CKALL Y LR ELER., &
Wk AEIZE B S 40 d It P R , 139 n] Ag e
2 Cd s A A TRt B ), TS 40 2s Cd 5 =
BILL 3 mmol - kg™ W BE AT Jy i ik ZETMZE 1 5 40
d B it FH 3 mmol - kg™ W BE FLR , 4 3R] A8 A Cd %
AR,

AL BE A HERR R Eh 45 A3 Cd B2 WL 2(b) .
TR A5 T 5 it P AR ) R HERR AR AR 45 A A Cd
FE T CK(50 d i 2 mmol - kg™ e AL BRR A1) o H
HiJ5 20 d B, &0k BE R A L HERR IR $h 45 A 35 Cd &

L =1 =

A CK 425 6.49%~36.8% , HH 4 mmol - kg™ ¥ J& A B
5 CK AL 22 53 .3 (P<0.05) 5 T 5 30 d i, 45 B iR
WP R Y 1 AR R R 45 A A Cd & S AH [ CK 2T
0.9%~45.0% , 2 ¥ 1.5 mmol - kg™ e J& kb P 3. 2 55 T
CK(P<0.05) ; HHH )5 40 d i, 45 BERR Uk B 9 + 3 ik
MR AR 25578 Cd B B W% & T CK(P<0.05) , Bz 4
15 50.3%~152.2%; 1 11 J5 50 d B, BR 2 mmol - kg™ ¥R JEE
Ab B AL, A R U R AR R AR 25 A A Cd & Y

e

H T CKHEFRARE . BHRE , SRR Rk K

TR IR IR AL 45 G A Cd & 2 7E T 5 40 A

KB i, BEEF 4 mmol - kg™ ¥ B AL BT #2535
PRPRER A5 2 Cd & 1 i T CK S A A5 W FE /K-

AN [) A B A R AL 45 A S Cd 5 it LR 2
(c)o HEMRAVRSE St FHBT AT 1) R Ak 45
A CAdEFEMET CK(50 dBF 1 mmol - kg™ ¥ & 4b F
BRAM) o HTE R 20 B, & BIR R BT 1 3R AR 4
4475 Cd F B M L CK FAAIR 32.49%~57.4% , Hirp
2.3.4.6 mmol - kg™ V& FE AL P55 CKAH HE 22 7 2 3 (P<

0.05) ; 15 30 d B, 4% FERR Y 2 T 1 1 e B 4 Ak
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Figure 2 Content of different forms of Cd in root soil under different oxalic acid concentrations and application time
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Y454 75 Cd & B A [ CK B 8.6%~61.0% , Hir 1,
2.3.6 mmol - kg V& & 4 BE 5 CK AH HE 22 57 I8 3 (P<
0.05) ; i 5 40 d Iy, & B FR M T 1Y - ek A Ak
WEEE A Cd o LT CK(5 mmol - kg V& FE Ab
FEERAN ), AH HE CK A 22.8%~45.1%; i 1 )5 50 d ),
B 1 mmol - kg™ ¥ &5 b 3 A1 | JHAth B0 1 e BT ) 1
B A EES Cd T /M T CK,HERAR
o BORE  ERRAREAKCE T RS Ak
G5 Cd R E NG 30 dif iR B &AL (4.5
mmol - kg™ ¢ FE B 4N ) , 40 d PR 2Z o A [A] it A Bsf [R]
N, R E A A5 G A Cd 5 2L 2.3 mmol - kg
WK R i . FAEIMZE 5 30 d Bt 3 mmol -
kg ' MR RS, IR AL AE G S Cd B i AR
ANFEAEH HIEA P A A A Cd R ILE 2(d) .
PR A5 TR it P B IR) R ) R R LSS A A Cd
BT CK(50 dBRAR) o HFJE 20 d B, 45 BRIk
BN ALY S G Cd & & AH b CK AR
18.8%~43.8% , 1% 5.6 mmol - kg™ ¢ J3 b B A | A v
JE 35 5 E I F CK(P<0.05) 5 1 J5 30 d i), &5 R R ik
FET I LAY S G Cd & &AM b CK FEAIR
8.0%~31.3% , H:H41 6 mmol - kg™ e & 4 3 5 CK A 1L 2%

R2 AELEEETIECIERE(%)

Table 2 Cd removal rate in soil under different treatments(% )

S8 % (P<0.05) ; )5 40 AV, B BRI E N+
BAIYIZE A Cd & 5 A e CKF#AIL 23.5%~30.9%,
[%: 5 mmol 'kg_lﬁﬁgﬂ‘fiﬁl\ LA R 1 I KT CK(P
<0.05) ; ¥ 5 50 d B, & A0 BRI T 22 . B
HRE, FHRWE T EIEAIYEAE T &
BITE I H 5 40 d B ik B A AR Rl A B ) R, 1235
AHWIEEDS Cd & B LA 2~3 mmol - kg™ W B K My di
i FEIM 2% H 1 5 40 d B it A 3 mmol - kg™ Yk i B
iz, DAL A Cd o k.
2.4 EESIRES i AR E R 15 Cd R BRI
PR A VAR B 5 e FE S [B) R A 4 - 8 Cd BRI
Fe20 FEIRZE HE G 4 AR it A ) e B R
+ 3% Cd BRI E T CK(50 dBF 1.6 mmol - kg™ ¥
ARFRBRAN ), AT Uit R R v A AR v 4 Cd A R
. R 20,30 dB, & FRR VAL IR (1Y) 124 Cd
FBRR I 5 T CK, M H CK 32T 29.0%~51.8% Fil
39.0%~89.2%; H 1 Ji 40 d B Jiti A 2 .4 mmol - kg™ ¥¢ JiE
FR, L Cd BBR R S T CK, M L CK #2 F+
49.3% M 53.9% . LG50 M, eI 2 T FS 30 d i
A 4 mmol - kg™ ¥ JF BER , 1 35 Cd Z2 B R de i, M L
CK#2£F+89.2%.
2.5 HMETE . TIEMEES CdEXBREHEXES T
38 Cd LB 5 I 25 T TR A - 2 ]
FIFHCPE DL 2 3. T4 Cd BBR R S BT
Jo AR TR B A E (P<0.05) , 5 - B 4

R Cd Lrs
Oxalic acid concentration/ Cd removal rate A U T A T e TR AT P 2 G W R G
0 00 0 0 p(p0.05) AR G S HRK A F
. de . . — —
1 33.5a 33.5b 32.6ab 21.6b Ho B T AT BT
2 34.0a 38.2ab 36.0a 36.2a 3 -LTJ.'I«/I’.\,
3 36.6a 36.1ab 24.5h 27.9ab
4 3lla 4560 37.0a  263ab SR R 14 A X - S SR A PR AR W A T
5 soa M3 Wb w3 R AT, TR S R
‘ Min Wb iab 003 g S Y RO S T
R3 METRE TIEBEMES CdEREEXER
Table 3 Correlation matrix of oil sunflower dry weight, soil enzyme activity and Cd removal rate
A BT o bR R WRMCEERG T RS MR RS Cd EBRr%
Dry mass of root Dry mass of overground part Catalase activity Amylase activity Invertase activity Removal rate of Cd
HRF it Dry mass of root 1
o LT 0.672%+* 1
Dry mass of overground
it E AL FUBEE 1 Catalase activity 0.100 -0.078 1
FERY B P Amylase activity 0.074 -0.080 -0.379% 1
HEBHBEG T Invertase activity -0.156 -0.023 0.272 —0.502% 1
Cd £ B5#% Removal rate of Cd 0.378%* 0.484%* 0.087 -0.100 0.056 1
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B R P A B R BE T 40 WG AN S A ), 7 Tl % A
e Tl A LR 23 B AIK 148 pH, T 1358 pH A FEAIR
TE— 7 10 Fl A RS S T 13095 70 A 8k AR T 33 5
PEWT AR BRI AL HE T B L
LR TR 055 2 T 5 AN [v) I it A [v] 9 32
TR ML T L pHE A EF AR E, 5L
TR L RAFAE—E 22 5. AT RE A58 b &b
5 R TR it A B[R] 39 A 05 7 IR it A 5 i
ZRWOCR BT 2 1 T B IRl 3 A2, o B 3 e B A
AR T TR R 2 i B N it 2 AR AR I Y,
{6175 1 58 pH (ELZE ORI IF R R AR B s . T LA
TERRGE K 2 o Jd 0 5 5 000 SR AR ) A [ A 75 40
T FLIR | A B il = 78 53 19 22 it 8], DT 52 2
pH {H W FHFEALC 0, BbAh , B A G 15 il 4
A S0 TR S PR A5 3 T R AR T R ROR
B3R T T e 1 A 5 A R AR ) SR PR
AR, T 1 5 5 R KT e H R RE T Y
$ THtn 7T BB A 4 i A R R 92 ik B ANk L g
FR AL A ZEHLH . 1358 pH (B A9 FR AR R 7E — 8 R
AT T Y o0 R S AR EE AR AR FR
WeRE Ty, H A B B A I Y - SRR Ak S T A A1 T A )
IER AR BRSSPI . ABFSEAE I 5 v
S0t o R 5 R 5 | AR WSOR 0 9 pHL R A R BE
L HAE—E T EAd w1 g A A S AR
[UEACS 75 ) e v & RE N s WA D R S TR N R Y
&, A] DLTE B It 0 A LR B A R T 0 g b R
PR RS e & e .

Cd 23 AR AR Z 0T 4= B8 b 52 73 43 i W i
PUARLAEY) S A Y 0 A=A A L R, DT 41 T A
P A AR RN B AT AEL ) A ) 2 T AE Cd s e R b iR
JnANEA ML A B T 22 i Cd XTAE AR 22 A B A 4 il
YERT $2 THRE ) A= 1 ARBESE b B ST T
THZE R b AR T B, FLtiH 2.3 mmol - kg™ ¥ BE
IR e A A T AR T S b bR Ay MR TR . WESR
W AR5 A LR RE A% AT A5 (2 i AE AR 200 1 43¢
RS R AH S SN LR it A ) — 2 R
) A 0 DU 2 (25T BT I A, e R R TR KT Bl
R A 0 26 s AR HLX L 58 b Cd S AR AR T A
22, ARG AE AL . 5L RT RE SRRV A PR
TE A 3E PR ) 1 SR BT R AT SR A B 1T > A L
Rk AR RE L g, s R A ILRRAR B 8 1
W EE RIS -5 B, S A M)A 2R A2 BR A o 1Y) A
B b g Cd B A5 A Ars L R A 80, A

FI T AR AR F0 5 43 0 WO, 2RI A AR P it R B
AT, FE 5%l 5 30~40 d B it FH 5 R die A )
TR ZE L E AR AR T B . R A A
B W B 5 M 55 A s 2 e A AE Cd B 45
(G RN R ) S Al oA = Ny = RO R Y SR )
IR AERIRBUAR KRR B b o ARt AR 2% 1
FE 0T HE 4 T A 52 P A 25 o RAIDT A B L TS AR
R AN IR R A TR Ry R TR Mt A\ R
TMZEAE Cd e 25 F T el — B g AR K AR R
T AT RE O R 1R |, LA i 30 doin
TR s A R AR IR SE A R AE Cd P38 254 F % -3¢
H IR IR, B AR

A HLERAE IR 253 WA B K AR T 4 JR IO A
REf I 5 IR AR B TS T O T RS
Y, M E e R B E R AT s BRI &R 1 B
TR A PR RE % A 0T Ak W B e 3 0k %
) 1A 4 i, i v L VRORE B vk B 1 BT A 4 )R
EAV N Gy B AR FR IS A ROB A T4 T B 4
J& B 5L B ORI RE 110 ARG A T L A
MR TR Cdis Y HIERE T, X 5 IFEWESE
S FARRIEY, Tt R AT RE S B R A i AT Ak T g rh
HY AR Cd, 425 1 3O Cd By Ik e ik 1
TR F A A A B RIS G35 Cd 1 AT 52
A8 Cd Ak, SEME AR 1yl AR BT R cd 2
Rl Ju Ak A HLIRXT T2 P 40 i A B ATP if
[ 43 W6 RS HL A 15 000, AT U Cd B - iz i
B, R AL T 2SR R 6T Cd 25— A IR AR & 4254, A
T2 M S AR R L3 Cd 1 5Bk AMEA PLER X
- s b G 0 S e H A R M X R T A L
PRI M EE AN AN 2R (B R IE A L i S AE R
B A AR L IR B S 30 d il A 4
mmol - kg Y& B RR , 135 Cd B9 2B R i . METR
W B A BE A3 AR E R (1.2.3 mmol-kg ™) Z5 8 1
s v 11 SR A B2 A AL JBT A W B, xoF 338 v Cd 9 I AR AL
IRAG 2% 5 T ey R B R (5.6 mmol - kg™ ) Xy ZE MR R 1
FECE R i, S 2 A AR F 6 Cd 251 1 WA 5 PRI
T PR Y LR B A A TR T B Cd BTE PE RN A
WA A A I ZE XS Cd B A, R T R T 8 Cd
FBRA S DTRG0 ] £ B 43 Ar , 7 L i v
6] (30 d) B i AR , Jil 25 AR R T ) AT I fE ) o
5,6 13 Cd B 1 M G Y0 s SR RE T R
AR IZ I )il A R, 4 Cd () BR . 5—
T3 T, AR Y A8 7 N A A e B RUBE 0N, T
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MR T R R A FRAY 25 8] Y Xt 448 Cd 1Y)
PR (HEPAMA IS R AR K, HAFTEREN |
AR RN Z R — 25 0 ST H A R
FE R Cd V53 3B ZRER

4 it
(1) BFREE & T 430k S50 Ak 0l AR 7 e it i

POt SN ERIEHTE S AT

(2) B T i ZE - 3R SAR T it il
2.3 mmol-kg’IYf'fEEEﬁﬁi,ﬂﬁi%ﬁﬂ%ﬁq:ﬁgﬁl%o H
HiJ5 30~40 d B it AR, M b 3R AR T A e

(3)@@&%4&Ti$7%ﬁm BRER A A
BSEENDLEEEC o it 2.3 mmol - kg™ Wk &
a@@,iﬁ%ﬂwﬁé?&ﬁi%ﬁ%{t%%é‘ﬁwﬁm%/p
A A Cd & B, 720 25 TS 30~40 d B i A BT
%, eSS R AR A S R XA IS S
B Cd K.

()t AFEERHRE B 1 4% Cd L BRACR  7E i 5
30 d W} it A 4 mmol « kg™ ¥ B B, 45 Cd PR
e, A HE CK #2271 89.2%
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