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Effects of CA and EDTA on growth of Chlorophytum comosum in copper-

contaminated soil

WANG Nannan', HU Shan', WU Dan', WANG Youbao'* "
1 College of Life Sciences, Anhui Normal University, Wuhu 241000, China
2 Provincial Key Laboratory of Biotic Environment and Ecological Safety in Anhui, Wuhu 241000, China

Abstract: Rapid development of industry and unceasing emergence of factories lead to an increased soil pollution and make
it an urgent and rigorous environmental issue worldwide. During which, one of the most serious problems is metal pollution
due to the growing risk of heavy metal uptake by human and livestock. Copper is an essential element for all organisms at
low concentrations, while it is toxic when absorbed excessively. The normal concentration of copper in plant tissues is 5—
20 mg/kg, and the toxicity effects are likely to occur if it exceeds the upper limit. During recent decades, in comparison
with physical and chemical remediation, phytoremediation had been reported to be more effective, non—intrusive and less
expensive. All these characteristics together with the aesthetically pleasing feature make it the most socially approved
technology to remediate polluted soil. Ornamental plant has become a novel source of phytoremediation species due to their
multi — functions; pollution monitoring and control as well as landscaping. Extensive studies of the tolerance and
accumulation of heavy metal by plants underpinned their utilizations in the restoration of heavy metal contaminated soil.
Phytoextraction, a form of phytoremediation, is one example of applying plants to remove contaminants from soil by
concentrating them in the havrvestable parts and based on the hyper-accumulation capacity of heavy metal by certain
species. To improve metal enrichment of plants, chelators could be used as activators of metal to facilitate the procedure of
plants to absorb available metal. Citric acid (CA), a natural metal chelator, is a kind of low-molecular-weight organic
acids (LMWOAs). And ethylenediaminetetraacetic acid ( EDTA) is a representative kind of artificially synthesized metal
chelators. Recently, numerous articles focused on the researches about activation of heavy metal by chelators.

This paper explored the effects of CA and EDTA on the growth of Chlorophytum comosum, a type of ornamental plants,
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in copper-contaminated soil by pot-planting. The experiments included effects of CA and EDTA on content of available
copper in soil, copper enrichment, morphological indicators, biomass, some physiological indexes and activities of
antioxidant enzymes of C. comosum. The results showed that, the relationship, between influence of CA and EDTA on
copper enrichment of C. comosum and capability of them on activating copper in soil, was a significantly positive
correlation. CA could effectively improve the ability on copper absorption of C. comosum through activating copper in soil ,
and the best concentration was 5Smmol/L. However, higher metal enrichment inhibited the growth of plants, so the
morphological indicators and biomass of C. comosum both showed a crosscurrent to the trend of copper enrichment uner
treatments of CA. The influence of EDTA on copper enrichment of C. comosum was less intensively, and the effects on
growth of C. comosum was also not significant. In contrast, the effects of CA on growth of C. comosum in copper-
contaminated soil was superior to EDTA, which provided theoretical foundation and scientific basis for widely applying CA

and EDTA in phytoremediation.

Key Words: copper; CA; EDTA; C. comosum; growth

Bifi 5 TR FE 2 0 R s 6, Tk A T kR | PRI TS G il B 25 R, Horh I S R Is RS
NI, EHE ST, IS G C 28 H 25 O AT G A AR 0 RS % 1 5 008 B R B ARy — A
ERVERFFCUIREL, W51 R Z W= H ML R, Sl AR AR ER 15 Y T MG Z BOR i T H A
1% R i DA TR 23t i IS Y A s, ke LR 4 R TS e R A T — S sk ket

HEJRTE L DL ZFIE SRR, A RSB S XA REAR R, 4B A YA RS ETe 6
PAEY T AR A AR L B R W B H AR R A SOS E AE R AS E EEE 4
JE SR, FTLAE YIS B B B RCRAEAR KRR B b B T30 5 4 Ja A A s B

WFFE R, 2 A R LI E 4 Jm A —E MG ALVE T, e i PR 3015 e W 7 - M R v 1 0 [T A ik
JE Z A P, v B R A A B, X B S R B A R R BRI o S
17 BB H K (Chelate-induced phytoremediation) , FRFFEE AMFFTIN N, F76IR AT AR 8% 45 B0 9 Wz B, B
WAL T R ET ARG BRI AR A N T E A5 EDTA #8475 TS, & Bt 3mmol/kg EDTA K i &
P T IO B SRR R

WLEAEHI 1 2% ( Chlorophytum comosum) SEJ& T A G R 22 )& , HA /M THET  SREE 56 5 1R A 5y T AR 45 4%
R, % 4 I LA B R T M S R SRR PR FF IR ( Citric acid, CA) & —FMIR T A VLR, b KIREE &
7 ;EDTA ( Ethylenediaminetetraacetic acid, Z "} Z /R ) W& N T & BB A F AR T EY i,

AR SR FH s 22008 458 v 0 A A T B B 38 X R DG AR R 1 S5 3 AT, 2D e T AR R B VR FE AT IR 5
EDTA B520 |, A T5 4 5 rh i 22 A ORI B 22 46, AT IR FN EDTA 78 1 A P48 52 v i) 1o I 42 1L 1 34
WS HEAH IR 22 AR
1 MBEFZE
1.1 SEgbpet

B 22, 2011 4E 9 H A M2 BT R A UEMR B B 2240, 35 2 B A AR R E S,
PEBRAS Sem Bhim 8em ZiAy , A KARBLIE AL A P AT 5250 Al - SR I T O R~ I L, BEA P o
FEREHEE B KA KR 60% A HLE & 13, 35g/kg, A W AR A AR 1,25 .0, 15,
10.89 26.35g/ke.

1.2 ikt

TG 2mm T H . FEEARHR 12, Sem WERHEZL T 40 SN L3 + 58 250, 76 i 1 152 55 1)
FERt b, — WM CuSO, « SH, 0, R SERI WA 5 iy 400me/ kg, IANER R A 345 25 U4 (CK)
W R E 2 A,

http ; //www. ecologica. cn



2 4 TERRIG 45 APBR AN EDTA X475 G L ERRIE b i 22 AR K B 52 ) 633

FFE S R AR A SR A R 2 bR, (RS 4 43 AR R 2R SR A
1 ZOAASRR R 22 A BB ) /3 224k 8E 20d 5, SR T HE 0 5 Lt inAv S R Bk EDTA ¥, #78R Fl EDTA 43
BIEE T S ACFRRE B 0.2.5.5.7. 5 . 10mmol/L, jifi il &8 SmL/d, 3 40d ., ReAkRias ol , 37 Rixt -5 i
== B A CAR AR AT S5 40T
1.3 SERk
1.3.1 T3 SRR & il e

FACZE T AN, KT, 5 0. Tmm B85 . B R 2 SR R-fl - = SRR T A ), i FH B AR 5 it
(SHIMADZU ) AA-6800 % J5EF WU 43 HOCBE T, LUK TR F IR 40 WO B e FL il & i, S M
0. 1mol/L i HCI E0I-4R7% 90min J& , [FIRER I AU SR WS040 D601 B 0 2 A S ) 1
1.3.2  ip 224 s AR e

FRIBCHE T 5 10 B 22 B RB K 0. 2, Il 10mL R R (HNO,:60% HCLO,:H,S0, =8:1:1) 2 i3 % , WK H ik
HAE BT, DL 0.5% HCl 452 25mL, AUZIEACH U8, BB, H H A< 57t (SHIMADZU ) AA-6800 %4 )i
TINS5 B T g R RO bz () A R e B2, 4 ol 53 s = b 0 43 AR b T 8 e i i B
N mg/kg,

1.3.3 BB ER RN E

00 2 N EARRS 1 A7 R b B 25 e AR 2R e T ) 398, O FH 0 58 R (e /N BE B mm ) 4350

U 22 AR K (em) FIEK S (em)
1.3.4  B2ZAYRANE

W o ==y BT ] AR BT I | A H P43 R IBCH b1 38 At 3B 7 i i ()
1.3.5 220 5 JURP A BAE AR A

B, 5% ( Electrical conductivity, EC) : BYHUR 220 F 0. 2g, BY A Tem K/NBE, il 20mL XZE KR, IR 3%
90min, ] DDS- 11 A 5 f A0 2 B 52 2%, 07 ps/em

A3 LL TCA FIPS B HEH Y % ( Malondialdehyde , MDA ) it} 4§ 2 ( Chlorophyll, Chl) , 3 Ff WFJ7200 #in]
DG RE T e T
1.3.6 220 5 Hu AU R m I Il

i A AL A ( Catalase, CAT) AT P 000 5 SR FH TR i R R S E Y

o E ALY ( Peroxidase , POD) BTG PR 5 R FH AT AR

B ALY AL B (Superoxide dismutase, SOD ) #9340 %€ >Rk F] NBT SRRk
1.4 Bdaiobr

A FER FH )2 Microsoft Excel 2003 1 SPSS 17. 0 BiFh#AF ., i Ff Microsoft Excel 2003 i FA7HE A F-
P AR fE 22 A TR (RIS T SPSS 17. 0 #EATAN [R] A B2 [] (1) 22 5 LU, DA SCESHE =2 [] (R A OGP 3 A
2 #RE5TE
2.1 FPBERR N EDTA % 448 rh i & B i 52 i)

W 1 R B A R it BE Y T A R e R BN, HAEFT R MR FE R 7. Smmol/L
ik FIEAE 394. 9me/ ke, B35 2 T AHEANATAE RIS 19 371. 2mg/ke; 76 EDTA ¥ EE 4 2. 5mmol/L B, 13244
B i TR B I R(H 384. 8mg/ ke, i TAEAH VR AR AT T 1) 384 & &, i /e HAb i 5 1) EDTA &b
T, A A R T AT IR AL FEE R

3 A R IR AT R R AE S ARON BR T A2 B M A R 0 S R R e, 2 B T AR AR Y
A, WAEMAERS ., ASEE—EZERRIR KA SR SSESR, X ELSRBE T E PR
FRIEPE , 25 2 SR T SOR T BRI, - S8 S A 5 2 9 78 Ak T L B4 S WA A2 R A EDTA Yo 4 1) 7
RIS .
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AN 2 TR A A A R AR TR FE A 1T, - S FoAT RCA R B IR RE SR SR R I, LA R R I
H Smmol/L I IKFIME(E 255. dme/ ke , 58T TAME AT BRI Y 235. 45me/ke s EDTA b - S ) 3 AL AR
TR T I L R RRRR , FL - AT RS 1 9 I EDTA S0 T BRI 3, W AEWRFE S Smmol/L IR 331 id
{H 245.25mg/kg.,

400 - B FFIER CA 270 - @ FERERE CA
¥ Z —JIN 2,k EDTA - & 260 A Z kDU Z#z EDTA

D 390 | - 1 E
< fe g
oh St =

§ 380 | ? é 250
5 e = S

e :;:% o
4§ B i % 83
=~ I =

e % A

3 2o ;E;/ 3 220
2 350 - :1:/ k=
£ i i % g
= 2t it s

S 340 | HE ;g;f g 210

1 | HE *é 200

0 2.5 5.0 7.5 10.0 . .
BEATIKE AWK E
oncentration of chelating agents/(mmol/L) Concentration of chelating agents/(mmol/L)
E1 #E%B EDTA M ELHES SN 2 #TIRERFN EDTA M T B SRS BN
Fig.1 Effects of CA and EDTA on content of total copper in soil Fig.2 Effects of CA and EDTA on content of available copper in
soil

H 1 1 18] 2 AT AR BE RS R I EDTA BE 68 b 250 Ak L 39 v (R ] I3 o 3% A/ P AE e ok B2 AT g
HIA AL, X AT RERE T =R AT IR A EDTA 21k 38R pH (EREA T R, i 1 598 b () 45 o A B
A AT Bl A7 B — R W RE I  [B] 42 5 80T X PR FRES & 7006 3 8 AR A 085 .

A UL, R R R EDTA X 4 S840 9 % 16 A T X 76 Wk BE 2 Smmol/L B 35 31 Je K, HAT B R 19 1 AL RUR
R,

2.2 APEERAN EDTA X 22 5 42 VR F A0

H1 18] 3 W], Bl AR TR Mk B 3 I 22 X ) i AR 0 B THIE R I R AT YR B
2. 5mmol/L Ff ik F|IE(H 1078. 25mg/ kg ; #b F 853 1Y & A2 AR A R MK B2 fy Smmol/ L i 3A S (B 190. 188 mg/
kgo FHUCAT UL, f 22 AR 00 L b3 o XA R BE R URR . AE EDTA AR5 T, 22 X Y A 2 i 91
TR EE (e )y, HoHb R #8435 4R i WS8R A R B 2 1 T A R U Y 0 2, LR KR AR i A
EDTA ¥ EE4 5Smmol/L ], 2y 808. 375mg/ kg , A AFFIERR I 15 T 22 b R Ak fe K R 5 1Y 74.97% , Al LA
F i AR L EDTA X5 22 & R AR A,

£
<
1200 ® IR CA g B0
_ 2 _ ZZMMZRREDTA o 5
28 1000 f = £E 200t
EX g2
Ec 800t =2 I
ﬂ\ﬂﬂ 3 5 1 < 150
#®E 600 o #® 2
i 3 3 B {,\Eé 100 |
g; S 400 | ;E% E;‘Q P
= = i 2
}.Z a f:\ :f\ He 5 |
L - B g
Be 200 i :1\ 1:\ B3
© 0 . : o 53§ 35& & s :
CK 0 2.5 5.0 7.5 10.0 3 CK 0 2.5 5.0 7.5 10.0
BARIWE BARIWE
Concentration of chelating agents/(mmol/L) Concentration of chelating agents/(mmol/L)

E3 i EDTA B2 EEERMEMm
Fig.3 Effects of CA and EDTA on copper enrichment of C. comosum
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HiIE 2 R 3 AL FEATRRIR A EDTA BOFERTT , 1 22 % 4w 4 i i 2 Al 3 5 3 v oA RS & iy
A IEARYI G, 28 SPSS 7  FEATIERIR A EDTA RS2 | T3 A RS 5 5 1 22 3R AR A0
PR REVEEMR(E 1) . A ARES—TATHE, T LIS LUT 458« t TAP RO 35 v 4 143 fL g
JrE B LI 22 5 AR A2 R HE EDTA K

x1 TEARSESESHEMEERENEXES

Table 1 Correlation analysis of available copper in soil and copper enrichment of C. comosum

AN FKNE R B Correlation coefficient
Chelating agents Hi R #43 Roots Hi -4 Aboveground parts
FrR CA 0.946 ** 0.566
LMD Z 2 EDTA 0.895* 0.687

w % fUF P<0. 01, Bl B PEMIE; = 183 0.01<P<0. 05, F P ; P>0. 05, RAHE

BEAN AW B R (BC) S AR AR T G A0 v E B DA S ) Aok P B A B O B, 38 5 H R R AR
PIxTE AR E AERE S, WA 4 IR ZERFERREIA T 249 BC MIZS T EDTA S R 9 2% B
KT 1 &k b— P TR RS,

A ARFREIR AN EDTA 78 i e B 1 23 B 5 410 il £ 16 -

St HHERIOR Y B0, th 2. 1 WA, E |

AERORISTE BRI T, A A i e 8|

{16, X PTHERE IR T 7 S 40 A B AR S v e £

AIEALIR & SRS TR RBEN S A T E >
GRS TSR DIEIER: IS 208y

MR TR, ISR B AT SRR BN EDTA Sl 06 | —m— Z-HMZmEDTA 0.635
AL e, B 05 (RE B 2 XA T R B 1 1 1 1 J
HOFF R EDTA S 00 i e R 2 4 - T LT e

E /E%%i g , }iﬁﬁz: ;Fu ﬂ: I% é E/(J ]]lﬁ Ll& R Concentration of chelating agents/(mmol/L)

2.3 FPEBERRF EDTA X875 4 2500 T f 22 AR K 52 E4 EEE EDTA 352 & E M0
2.3.1 FPERRM EDTA X544 T M 28548 Fig. 4 Effects of CA and EDTA on bioaccumulation coefficient
P ) 5 M) of C. comosum

H128 2 AT, ) 22 O FERT R R VR BE IR T 2. Smmol/L B R, 7RG BR U 11 T 2. Smmol/ L B EUE A
BT 2R L Smmol/ L ATIER N S, e/ NEZE R . IX S FFRER X 1 22 MR AR o> A b o AR
AR A S AT S, BRI R X S0 A 3 A R o] A £ 22 O A I

R2 FEENRBZHSFERNZN

Table 2 Effects of CA on morphological indicators of C. comosum

Frigmg LSS TR P £ B
CA/( mmol/L) Length of roots/cm T/ % Length of aboveground parts/cm

CK 13.80+2.72bc " 100. 00 15.10+2.08a
0.0 12.77+2.71abe 92.51 14.03+2.12a
2.5 10.13+3. 16a 73.43 14.32+3.95a
5.0 11.13+2.74ab 80.68 13.55+1.67a
7.5 14.72x1.73¢ 106. 64 18.22+1.87b

10.0 15.03+2.44c 108.94 19.58+2.97b
R -0.250 — 0.119

TL: TPEHEEL Tolerance Index, TI( % ) = SEIRARAK I x100/75 AR 25+ Ak DI FBE F R ROR IF) — A48 bR A [ b 3
S PET 2 S OG22 R4 A A A ) B - BN U I 25 SN 35 B P>0. 055 )22, 25 5 35, B P<0. 055 R 28 HI3EFRHR 50 R4+ 38 44
2 [A) AR G
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ARSI SR FH 1 - 9  k FE 400mg/ kg, B2 1 25 A7 16 S A I I UL, 78X Rl I AR ke, i 224K
S B —ERR IR . WA R B LS  EF BRI EDTA RS2 R, i 22 R K S A RS i & i &
AN TS, B 22k e S A B A R IR BE AR AR TG, SR, A 22 (R AR K IR 3 24 70 A A8 R Uk 8
4 10mmol/ L i 35 B He KAE, 43102 15. 03 .19, 58cm , #F#E T 45 4L ( CK) FOEUE 13. 8 .15 1em, TifPEFE 5L TI
WIRE] T K MH 108.94% , WU, 76 m R EEFP IR IAE T, 75 Y R 3h 22 IR S 2H 4R bk R 3 T
IEFAERKIKELL L, WTUE R IR AR B X i 22 i A K T RS A — 2 e dEVE A

CLRI7E EDTA RS20 R 220 e 10 & SR i S R sk AS . a0k 3 iam B4 EDTA WY BTt 22
P A 2F AR bR B B 22 B0 R R B sh i AR Ak g4 Forp AR K HAE EDTA Y 5 Smmol/L B 5 R
EDTA BFA9{H 25 5 2 bk WIAE A N b FRZ (R R IR 22 o W3 . Ui EDTA X475 4 38 v g =2 iy 4
KA A 5 A

%®3 EDTA X R EZREFEMNFE
Table 3 Effects of EDTA on morphological indicators of C. comosum

LM LR < T P £ P
EDTA/ (mmol/L) Length of roots/cm T/ % Length of aboveground parts/cm
CK 13.80+2.72b 100. 00 15.10+2.08a
0.0 12.77+2.71ab 92.51 14.03£2.12a
2.5 11.90+2.24ab 86.23 16.65+3.26a
5.0 14.03+2.58b 101.69 15.60+1.41a
7.5 9.58+2.64a 69.44 14.48+1.69a
10.0 11.35+5.08ab 82.25 14.67+2.54a
R -0.425 — 0

2.3.2  FPEFRFN EDTA XTS5 Y4504 22 A 9 152 i

WA s, ST LR, FEFFERR AT T |, 0 22 A EEF KFLL Smmol/L FFAERR R #5314 Je il /N5 48
K AE EDTA FUS20E T, 22 AP RS B T e 8 2 v pii sh, 254 2.1 3 BIHE , b 22 Wi
FIAR AR5 i 220 - S ) i A i 2 DA 6, B A 22 B AR W et (R) e b S5 A AR R AN EDTA X 3984 19 05 1k 7
X,

by
=3
1

ish W FRREER CA

4.0 8 Z &P Z# EDTA 35 ¢

30 b
25 b g
20 B
15+ 8
1.0 - N
05 -8

]

Hh_EFR A

Fresh weight of aboveground parts/g

R4 F
Fresh weight of roots/g
ey

A
:i%
‘::g

CK 0 25 50 75 100 CK 0 25 50 75 100
AT BAIKIE

Concentration of chelating agents/(mmol/L) Concentration of chelating agents/(mmol/L)

(=}

5 #PIRERTN EDTA X B4 MENTM
Fig.5 Effects of CA and EDTA on biomass of C. comosum

2.3.3 FPETRM EDTA X475 G 26 E R i 20 7 JLAR A BRES AR A 520

HAEY AL TS, A RS 2 AR TR U A A SO 7 A Y R I R SR S AT Sh A -, 45 A
Wb ™ B A0, AT B A BN, DR, i R (EC) AR 1 00 R B O R b, T2
i (Chl) WL A YDOE A VR TSR B i e bR 2 —
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HIR 4 35 Wl 78 S P AATEIR A EDTA J5 , 22 M R ) S 8 LR 2 1) e sl 0l 4 Motk 3 77 2
I %5, HLAL R A SER RO H A FUA (CK) R 23 o i U S B e i B /Y A2 A, vl 3R AR G A
FACATRN, PIRDES 5 R0 1 22 A BRAE AR AR R RS 3 (B LT, AP IRR A2 Wi 20 /N T EDTA

AT LA AP A EDTA X D -S4 15 e 1 32 B Y 1 22 B WL B = A

F4 ITEREX AL ERIERAZ M

Table 4 Effects of CA on some physiological indexes of C. comosum

PR HLE R M43 a 2R b
CA/(mmol/L) EC/(ps/cm) Chla/(mg/L) Chlb/ (mg/L)
CK 60.15+2.19a 4.765+0. 696ab 1.776+0.302abc
0.0 93.00+5.80d 4.169+0.449a 1.250+0.207a
2.5 75.20x1.56bc 3.718+0.023a 1.459+0.022ab
5.0 97.05+1.06d 4.639+0.238ab 1.964+0. 176bc
7.5 72.15+2.05b 4.302+0.772a 1.825+0.321abc
10.0 81.05+2.05¢ 5.766+0.639b 2.317x0.276¢
R 0.695 -0.162 0.002
®5 EDTA X /=L MAERSIRI#IT
Table 5 Effects of EDTA on some physiological indexes of C. comosum
Z k2R HL& R 283K a M2 b
EDTA/ (mmol/L) EC/(ps/cm) Chla/(mg/L) Chlb/(mg/L)
CK 60.15+2.19a 4.765+0. 696ab 1.776+0.302ab
0.0 93.00+5. 80¢ 4.169+0.449a 1.250+0.207a
2.5 77.60+9.48b 5.532+0.293ab 2.031x0.434b
5.0 75.20+1.98b 7.024+0.914¢ 2.337x0.206b
7.5 91.30+2. 12¢ 5.868+0.618bc 1.973+0. 160b
10.0 73.70+4.38b 5.928+0. 149bc 1.973+0.054b
R 0.716 0.413 0.176

2.3.4  FPERA EDTA X475 Y26 PF R i 220 7 i T I 35 8 M S A S A A0 52 i

M2 BIABE A I, 25t B S 20 R 80T A, 1 SRR R (MDA ) T Ok
FERMEYIM R 2R . N3k 6 R 7 R 7E LIEP I AATERR A EDTA J5, i 220 5 T B & R
R IEZ BTS2 25 5, H S8 4 e as 41 (CK) K,

Y H,0, ML REEFEAL CO, MFERCE , JUHIE H,0, A1 0 i1t Haber-Weiss W 23 7= 42 5 £ 191
PR, BT LL R BB B H,0, X B IR MR T B2, FEIEF GO T, A i 2 i B S0 Ah i i 35 1 X I
P A LTS R, OBRALAST . B SR (SOD) A& 0, Mgk i@ bk 05 i A ik Al
(CAT) Al ¥ 5 BE 19 H, 0, W58 5 i E ALY (POD) ] Vi B A My 2H 2 7 A AR 2 1Y 1,0, 1510

2 A Az B B S B A i, B A T 2 I S T R, B R T ARV PR BE T 5 24 2 B R IR
L, 41 T R 2R G0 AT B BEAR , B ST S 1 2 32 B, PR P TG P SR B A R LA A5 , BT AT
AR TG 1t 2 I B A S PR T BRI Il 5 O R B A LA AT 7 AR N 400me/ kg BUFREE R, 2%
PRI S A T T 1 2 A b 32 B R IR S

mFE 6 F7 Fin , FEATERR A EDTA MAEH T, M 220t B CAT W36 M 30 /0N 05 B2 3 2y, T UL A i
EDTA XHTG YA R 1 2% CAT 35 PEIT 32 21 A3 il B 0 Sk i % A/

FERFREER AN EDTA BRI T, SCE0 40 i 22 A9 POD 1 ME R B S i B IR T 25 41 (CK) |, Ji5 Bl 2 A 45 R A
EDTA ¥ B2 0TS A B B Rl 2 EDTA 4T i == POD W& PR 30 W0 ) FH#a % 76 EDTA ¥ B2
7. 5mmol/L B A FI I AAH 111. 833U -min~"+ g™, .3 & T AU EDTA B4 73. 167U -min ™"+ g™, iG P2 5
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T 52.846% .,

SEHGAH 22 B SOD 16 M B AR Bl 25 Fr s R N EDTA R A 38 A — 72 A 0% s, (B R B IR T2 4l
(CK) ,#& 5 fm We E A A SIS T At i i 15 7R 9 4 501, 302 e 32 B0 B, SOD 1 R B e, o 2%
B EAARE  HARIEH SCE AT B4 AR ASKE R Y, 1 22 A0 480 T B e b 8 b 8 ) 4 R A TR
7 :SOD>POD>CAT,, K BLAE =y v FE AR A IBE T, 7 22 19 SOD T PRI 12 32 236 09, i BATEERR 1 EDTA
Xof A 38 R 5 AL PT BER N T X R

LA L4387 ] LIS A R R EDTA XS YL P58 R i 22 50 UL BTG M 5% ) 2 2R BLAE A R POD
TR R, H EDTA SCREH

F6 FEEMBZNA_BSEMRANEEENZME

Table 6 Effects of CA on content of MDA and activities of antioxidant enzymes of C. comosum

PRI [t FURZR N EURER A7) AL B
CA MDA CAT POD SOD
/(' mmol/L) / ( pmol/L) /(0. 1INKMnO, ,mL/g) /(Uemin™ g™ /(U/g)
CK 0.542+0. 136a 28.80=+0.42ab 108.333+5.657cd 130.938+2.258¢
0.0 1.008+0.426ab 28.95+2.33ab 73.167+2.593a 113.107+4.893bc
2.5 0.830+0. 024ab 31.95+0.21b 85.000+7.542ab 104.591+1. 882ab
5.0 0.692+0.030ab 26.85+3.18a 80.333+10. 842ab 122.422+14.678bc
7.5 1.043+0. 104b 31.95+0.21b 110.500+0.707d 100.599+8. 657ab
10.0 0.946+0. 146ab 31.05+1.06b 92.167+9.192bc 83.699+14.114a
R 0.720 0.258 -0.525 -0.611
®7 EDTAMBEMA_BREMNENEETENZN
Table 7 Effects of EDTA on content of MDA and activities of antioxidant enzymes of C. comosum
ZHEMZ now AL S BRI
EDTA/ (mmol/L) /(pmol/1) /(0. 1mol/L KMnO, ,mL/g)  /(U-min™-g) /(U/g)
CK 0.542+0. 136a 28.80=+0.42ab 108.333+5.657he 130.938+2.258a
0.0 1.008+0.426a 28.95+2.33ab 73.167+2.593a 113.107+4.893a
2.5 0.743+0.063a 27.60+0.42a 80.833+10. 135ab 86.094+34.438a
5.0 1.018+0.083a 32.25+0.21¢ 100. 833+25.220abc 84.764+22.018a
7.5 1.079+0. 144a 29.70+1.27abc 111.833+10. 135¢ 107.784+20.700a
10.0 0.659+0.252a 31.35+1.06be 111.333+1.886¢ 90.885+17.501a
R 0. 660 0.314 -0.302 -0.785

3 £t

(1) AP EDTA X i 22 5 5 0 52 0 55 HOOS 33 vh i ) 5 AL RE ) 22 0 B PR IEAROG, A x 1 4
A AR R A T BB R R 1 22 6 B 0 Wi, HLAE R IR Smmol/L I 85U B o A W Tl EDTA X i
22 A TR S I R R

(2) FPARRRAS B30 17 22 A K RE AT — € I e tEAR P, (FHGE o o8 7 22 O ) e R A, AL ) 1 17 =2
ARG, B AR 5 2R AR S fe hn AL B EDTA X i 22 AR K JE 8 3 52 0, % i 22 1 J (1) POD
WETEAA I AV ERT . R ECTTT S FPBIRN 1 22 A KORGL RS2 L EDTA X,
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