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Abstract: A hydroponic experiment was carried out to study the effects of Cd on the growth of wa—
tercress ( Nasturtium officinale R. Br.). The indexes under treatments of different Cd concentration,
such as agronomic characters, yield, root activity, net photosynthetic rate ( Pn ), antioxidant enzyme
activity and the concentration of malondialdehyde ( MDA ), phytochelatins ( PCs ) and Cd contents
changes at different parts of watercress were studied. The results showed that low Cd concentration would
influence watercress growth, i.e. the accumulation of MDA would rise, while high Cd concentration
would lead to the decline of root activity and Pn. Antioxidases and PCs played a cooperative role in al-
leviating Cd toxicity. But the alleviation was dominated by PCs chelation under the condition of low Cd
concentration, while it would be dominated by the antioxygenation of SOD, POD, CAT along with the
increase of Cd concentration. Cd is easily accumulated in watercress. The Cd concentration in edible
parts of watercress had exceeded the limit value of national standards, when the concentration of Cd in
the nutrient solution reached 0.20 mg * L™'. In conclusion, watercress is a vegetable of Cd-sensitive

type, more attentions should be paid on Cd pollution during its production.
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Judg (4, 2000 ), Hi, @& R G R EA RN . AL . MELIRE RS (B 5%,
2010), HOBfEfAEE R, M (Cd) BRMREMNESEZ —. SdEMN Cd SEmEDER, &
Zam i PRI A N, fEEASMERE (48H 4, 2011 ), REDRHFSE —KAMHERE, LK
BN A A B 50% A4 (oAb 48, 2010 ). BEAE R HLAE A 1 i A8 & 5
AT Cd FEy i (BRJ7 48, 2005; tREHBRD 45, 2010 ), JEASTE G A9 S 58T [ 4 AR RH 14 1
JE T3 Cd 5 5 o SR A H A R S % S 0t J 4 S 0 B N gUR% , B %) 52 o 4 J i ¥ e RN 3
T3 Cd REARE, MR bW al e Cd BAn I (VLS 5, 2006 ). J4F k8 E K%
VR G R e A, Tl =08 BN G IHE O R 1 AR A R IS e AR (PR
2012), /KAEBESEH A hifg S R K, D32 5 4 8 75 YL i T BB L — R AR B K
G (Nasturtium officinale R. Br. ), DIBBZEMEE A, J&—MRzs & KA (BF
29,1999 ), HAETIET Cd X RS 4 Az P 52 e (B 5 v JOAH DGR I o AT 50 A RS A R
AEREVE DL R S E ST, B ARG SY T Cd X AR AR s, DU A TSR 1Y 4
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1.2 REHZE

RIS T 2012 4R A6 3 M 227K A B S0 TR P 2R 4T o 8 3R AR B A0l K24 3 AT 7
WHMEITTRER S (R, 2001). Cd* KN CACL, - 2.5H,0 (4314l ). 5 6 4~ Cd™ W : 0
(CK). 0.10, 0.15, 0.20, 0.25. 0.30 mg - L™, HBRAbHEEE 3 REE . ¥ Cd™ Bl 100 mg - L7 1
BEW, AR I BT R IS TR AR S RS (K x %8 x 5=40 em x 30 emx 15 em ) 1, 3 H
18 HIEFEM. 4 H7 H, HRKFBAMIET. HE N 10 em 24 WG, HARKESG,
FERRIE 5 em, THE 6 em AHEIEA 8 LA IR R EEATH, A 30 ¥k &1 2 d J5iRm Cd™,
BT AN WREFRR, KRR —E
1.3 #FmRE AR E

4 A 26 H, fl LI-6400 #5641 (36H LI-COR AR ) MEHta#ER (Pn), 4 A 27
H, MER 2R A R, 25K E IR L FAE S, SRR EFRROR M LA L 3 em 2
FEZEM, MR R SO M B TIACE 4 At 2RI PR E TN R E . . 4 A
28 H SR MG 7 20 (0] S 06 2 0 H il o e i, AREERE IR H T ER R E T, 55—
PETHTIE Cd &k, BOiEnt 7, MMy, WAL 20 min f5, T -40°CORAFHH . F
AL B E 2L R R AR, 105 CAT 30 min i, 75 CHEEEE, WHEHTFE,
PR PERLR R R, R . MAIE T, MDA &, &R S E. WEEEa &R, T
PERE & 5. SOD 3G M. CAT 3G MW E 2 48 FF (2000) (7735, POD PRI & 2 % ik ik 1 4%
(2009) Bk, AMHK (GSH) S8EESZRIEASE (2000) 77k, dEEHFIE (NPT)
E M E S Rama Ml Prassd (1998 ) W ¥k, WP SR (PCs) S EHITASH Keltjens I van
Beusichem (1998 ) W5k, Cd & & H 4 il B 55 5 1R & S8 (1ICP, 22 Thermo Sci-
entific 2y ) ME .
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1.4 Zitow
H] Excel 2003 Fl DPS 7.05 344647 5085 3% 3 5 43 #r

2 FHR5HMH

2.1 CdXEWERZERN=EH M
M 1 AIA1,0.15 mg - L7 [ Cd BB WM SRR ZE K . Bl Cd IR Lk ST, 25K 250
g PRI FREN TR, 2 cd BmmER 0.30 mg - L7 B, GIEEZEK . M. MK
i R e Y R R N, A X BRI 14.73% . 23.76% . 8.62% . 13.51% F117.63%.
UL Cd S B SRR B PEAUR K 22 R PSSR AR LR TR R, Hoh 2
FLURNZE K A R S BTS20 ) B R A
F1 CdXMEEERZERF=EHHIN

Cd**/mg + L7 K /em 25 /mm 4 /em 5% /cm PPt /g

0 (CK) 34.14+1.59b 585+0.51a 4.29+0.22 a 3.70+0.22 a 378.8 £ 14.0 ab
0.10 36.69 +£2.73 ab 5.51+£0.37 ab 4.33+0.27 a 3.70+0.21 a 389.3+8.2a
0.15 38.83+2.81 a 5.01 £0.52 be 4.27+0.24 a 3.57+0.34 a 377.5+17.2 ab
0.20 35.78 +4.06 ab 4.78 £0.70 cd 4.18+0.30 a 3.68+0.17 a 346.5 £ 17.3 abe
0.25 3456 +3.75b 4.55+0.39 cd 4.09+£0.40 a 3.45+£0.30 ab 337.5+15.5 be
0.30 29.11+5.11¢ 446 +0.63d 3.92+0.39b 3.220+£0.22 b 3120+ 124 ¢

E: FNFRIEIRE AN FHFRERRE («=005), FE.
2.2 Cd XSl EEERNZIT

M2 2 AT, B Cd ¥R TF B, MDA FIAS &R & B AW i, 24 cd ¥ E A% 0.10
mg + L7, BHERR & bt B T, A AR S 0 B T B 25 S, UL R A g
AN Cd B BUREE AR A S s Cd ¥R 0.25 mg - L' B, MDA & REZET 5.

Mg Cd BT, MARWEI . ATEEEA & RN Pn B 2T S EREMRNER. Cd ik
JE 4 0.20 mg « L7 A, AP A& M Po HXT BRI T RO A R, Y Cd WK 0.30
mg - L7, AR R IE A Pt B T RRAIG, H 25 S R R 31 8 35 KO 5 T E A A T R
HERAEE,

& TG AR AR LR BE KNI R . MDA (101.10% ) > 2% (91.39% ) >Pn (31.68% ) >
AR A (28.26% ) >WAIE T (26.11% ) > AliEMEM (22.85% ). 16 S RSE A A 4 B $S
Frxt Cd MBUBREANTE], Horp MDA & s AR IR B 5K, Xt Cd S o flek .

F2 Cd WEMWFEBERIII

cd” ESEY) MDA [RGRER RN fil 442 Pn

mg - L7 pg g +h’ wmol * kg mg g (FW) mg g (FW) peeg! (FW) pmol * m™ s
0 (CK) 18.50 £ 1.81 ab 4.53+032¢ 19.87+1.53 a 4.53+0.39b 90.60 = 8.57 d 10.10+£0.59 b
0.10 21.29+1.73 a 5.04+035¢ 21.99+2.62 a 4.67£0.57 ab 126.58 £ 12.61 ¢ 10.41 £ 1.61 ab
0.15 20.44 £ 0.70 a 522+0.59¢ 2325+1.37 a 5.06 +0.43 ab 130.37+£11.30 ¢ 11.37 £0.98 ab
0.20 19.55 £ 1.55 ab 6.53 +0.51 be 21.99+2.01 a 581+0.55a 136.98 + 7.81 be 12.62+0.71 a
0.25 18.71 £ 1.15 ab 7.84 +0.77 ab 23.01+1.81a 5.77+0.51 a 156.31 £ 16.70 ab 10.23 +1.02 b
0.30 16.46 = 1.14 b 9.11+0.71 a 24.41+0.85a 5.36 +0.77 ab 173.40 £ 16.56 a 9.42+0.0.42 b

2.3 Cd Xt EWRMAENEEER RN

mE 3 A, Y4 CdRE N 0.15 mg - L' I}, SOD Hl CAT i1 e xf B8 @ 2 FFi, POD i
PRI TC i 2 ARk . U SOD B CAT X} Cd MU E 2 T POD. B Cd MR EE A4k Ze I, SOD .
POD H1 CAT 35 Pt 32 ¥ Fh v . P W AR He B Cd B ] F s 7= Ak ik, § 30 SoD . POD Fi
CAT {EMT .
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&3 Cd N EWKRANEFEAFN

Cd**/mg - L™ SOD G E/U + ¢+ min™ POD {ith/U « ¢+ min™' CAT {fHE/U + g7+ min™
0 (CK) 76.67 +5.34 d 72.60 +6.33 ¢ 92.25+9.69 d

0.10 82.23+6.62d 75.82+6.83 ¢ 98.59 + 11.04 d

0.15 96.68 +8.11 ¢ 82.37+7.21 he 11395+ 11.15 ¢

0.20 105.57 + 8.87 be 90.40 £ 7.86 b 136.17+12.19 b

0.25 116.36 + 9.49 ab 104.16 £9.17 a 148.16 + 13.41 ab

0.30 125.95+11.73 a 111.70 £ 10.25 a 156.24 +15.52 a

24 Cd ¥ =Z#3 NPT.GSH #1 PCs 2 ER &MY

H % 4 1] H1, NPT, GSH fil PCs & & 1 4 CdEIWE NPT, GSH 1 PCs 2B HIZN
Bfi Cd W JE RGBS A0, 0.10 mg + LAY Cd Cd™/mg - L' NPT/pg-g'  GSH/pg-g' PCs/pg-g’
ST AR, oS [ e e
ﬂé[] PCs é’?iﬂf}ﬁ'g%?ﬁ Hlﬂ, Lj‘é‘ﬁﬂ NPT ;ﬁ Cd El"] 0.15 11560+ 11.75¢ 37.93+3.73d 77.67 +6.80 ab
HBUREZE ST GSH Ml PCs. X4 Cd ¥ JE M 0.15 0.20 122.55 + 12.16 be 43.41+2.49 ¢ 79.14 £ 5.66 ab
mg * L*1 EH‘, E%ﬁ%%ﬁ ttxd—ﬁgﬁ%ﬂl—%o % 0.25 136.17 £ 12.88 ab 49.25+4.60b 86.92 +4.55a
cd (ZQ rg E 0.15 ~ 0.30 mg - L_, Z I‘ETJ HTf, NPT 0.30 14522 +13.66 a 53.90+3.86a 91.32+4.77 a
I GSH & &5 A B ETHE, 1M PCs S E A, Xnlae 2Kk PCs /HE (PCS) WEHE2Z
Cd ], 2 PCs A 2R,
25 CdEEMEXARBBAMRE

M2 5 Al T, EIRSEAFEREAL Cd SR BE Cd WEMTHR mTHE . SIS R cd FLE
EREHANE>ZE >, B CdEN0.15 mg « LB, SEsEM B3 Cd 584 0.19 mg - kg™,
P2 GB 2762—2012 HLEH 0.2 mg - kg™ 1 LB, GB 18407.1—2001, NY/T 391—2000 Fl HJ
332—2006 FHLE I Cd LABREH 0.30 mg - keg™'o ARIKE K, 4 CAWIER 0.20 mg - L7 B,
H EER Cd & o AR R AY 1.30 £ UEWIBREE D Cd S R MARIS, GRS b rl i i 25
I Cd AR A .

RS5 CAEEREARFIMAHIRE

Cd*/mg « L' #/mg « kg (FW) %£/mg * kg™ (FW) /mg + kg (FW) i b /mg - kg™ (FW)
0 (CK) 0.01+0.00 e 0.01+0.00 f 0.04 +0.00 e 0.02 £0.00 f
0.10 0.78 £0.05 d 0.13£0.01 e 0.11£0.01d 0.12+0.01 e
0.15 1.18+0.08 d 0.19+0.01d 0.1820.01 ¢ 0.19£0.01 d
0.20 240£022 ¢ 0.28 £0.04 ¢ 0.21+0.01 ¢ 0.26 +0.03 ¢
0.25 3.53+£031b 0.40 £0.04 b 0.29+0.02b 0.37£0.03 b
0.30 4.11+037 a 0.51£0.04 a 0.38 +0.03 a 0.47 £0.03 a

3 @S

3.1 Cd X EMEEKNIIG

Cd &S E G MDA & b, S Cd 4 PE 2 SR AR5 A Pn P, S ABF
FE45 R (Choudhary et al., 2007; BHLE 4, 2008) —B. T4 JF il L35 00 ] MERH A AT o
EHHFREMAE (SRR %, 2011), ARRBBARHAMAYLEIE. 0.1 mg - L™ Cd AT 8 155
ELOIFR L MHEE L . AR (B S, 2003 ), 1 mg L7 Cd XFEFE 3 (/NESR)
FIA R TE i E R (FMVEE 4E, 2004), AIRE A B 0.30 mg - L7 Cd 7] & 5 GORSE A A K
FHECATAD, GO Cd MR 288 T5E o, (RTS8, Jr3. MBS E . 8. X,



20 [ B 3% CHINA VEGETABLES 20134F 12 H ()

W& Cd MEERY TR, SOD. POD Ml CAT &M R M FRER S (FVGHE 55, 2004 ), JHiz
iR Al PCs &5 B AW ( Ashraf & Foolad, 2007 ). ALK&, WEHE Cd WM TR, Sl
3 P A AL PE DL AR A PCs & R B LIS . Ul B GRS ] il o 4 = i AL
PELA B 2 BRI PCs &, K2R CdHEE, 0.10 mg + L' CAALFE T, SOD. POD il CAT ik
A3 ) HE X BRI 7.25% . 4.44% I 6.87%, i PCs o5 A% FRIE N 15.74%, ZZ MR K, W REIL
I PCs XF Cd WA TR M Cd 83 i EZAEM . 24 Cd W EETE 0.15 ~ 0.30 mg - L' Z [H] A,
3 PRI TR A B TR, PCs R IE R EARfL, FIAEJE Cd #0417 PCs Ak, BEAL T HXT cd™
EGRE S, WEE CA> AW BRE S T 3 A G v R s e &, (0 H A eI RiE, &2k —
e, AR S EART S, TReE R T4 Rr 4B 3 R DA s An i 25 4 i fa e vk (4R
H %, 2011),

32 CAEERXENRENBEESRMRE

G FES Cd b Cd AR PR EE AR o, AEERAL Cd RO >SS, 5
WEIAS (2006) FIBFFEZE AR . 24 CAdWRE N 0.10 mg - L' AF, SRE | JF3E. MHSEE . 2%
SEMGESEH AT EBAL Cd &394 0.74.0.29.0.59 .0.39 mg kg™ 1 1.11 mg kg™ '( #1J% B %,
2003 ), AREF, CdWEN 0.10 mg - L' B, SESEH B3 Cd &84 0.12 mg - kg™'o XFLHEAT
H, TSN Cd BB T SRAL L IR, S E . R R, M CdWEN 020 mg - L
A, SRESEH B3R Cd R EARBRAE .

ZE BT, SRR R Cd URAYG SR . BURIRIE Cd st s A, B Cd
KAFRATEN T, S F3An T B COBAR IS, LA E 458 8 FEWOR B 40 R ik 86 g .
AR AT Cd X G R AR K A i N R i — 2L B gE . R T 4 Cd BUB R B SR L A
AR AR TE A B B2 AR B, BUER DU RS B —, RN Cd YRR BAEEFIE (KR
I AF, 2003) FIERAR (BREE 45, 2009) 25, BBCATINGE Cd XFAREFE . SRS As K2 m
MIARCAR Y, AIEesE Cd IRF R AN Cd Y ISk 47 FhAs DL $ 5 SR 1 22 22 7= R A, T i
S Cd & ERENBUEREE—E S H IR, B2, B KIEHSSBE5%ET cd
T LIE, XS TR, KA AT REREB K, KT HAZE S E 53]
REME. BRIBL, 78 Cd BIUBRER SR AR AR 05 % - S8 A I A T B s, R ] Rk Cd T5 YL,
55—, IR RO R AR b 25 AT ) X 4 R AR ( Fritioff et al., 2005; ZEFkAE 4%, 2007 ).
X Cd B MOSCFR RAB AT R AEFE = R 25 5, DG O T SR AN [R) AR 35 B 10 Cd X I S A K 52 il 1)
WL, AR RR S I S 1 2 4 AR P BRI S AR . SR 0T, NSRS Cd T5 Yo B BT HOR
IR, BEAL Cd it SE T A e 3, Bl e k=,
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