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kg™,

XgR: B, 8K, AEER; BRESR

hESHEE, $635.3 XERERIDEG: A XEHS: 0513-353X (2008) 09-1291-06

Effects of Cadmium and Its Subcellular Distribution on the Photosynthesis of
Cauliflower
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Abstract: The effects of cadmium (Cd) (5, 15,30 mg + L™") on chlorophyll levels and photosynthe-
sis of cauliflower ( Brassica oleracea L. var. boirytis) were studied under different concentrations of Cd using
hydroponics system. Meanwhile, the differential centrifugation techniques and sequential extraction methods
were used to determine the subcellular distribution and chemical form of Cd in leaves. Cd contents in different
parts of plant were also measured after harvest. The results showed that, after different contents of Cd were
supplied for two weeks, except intercellular CO, concentration (Ci), the levels of chlorophyll a and b, net
photosynthesis rate {Pn), stomatal conductance (Gs) and transpiration rate (Tr) all decreased significantly
compared with the control. For the leaves, Cd was mainly distributed in the fractions of cytoplasm
(70.19% ~74.40% ) and cell wall (22.56% -27.12% ), and less distributed in the fractions of mitochon-
drion and chloroplast (0.90% -2.49% ). The sequential extraction results of Cd in leaves indicated that
NaCl extractable Cd was predominated (33% -39% ), and the distribution of six Cd forms in leaves was as
following: Fy, > Fyo > Fyue > Fann > Fuo > Free. Most of Cd absorbed by plant was accumulated in
roots, little of them was transported to the aboveground portions. The order of Cd accumulation in different
plant parts was: roots > stems, leaves > flowers.
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EER, REERARAT AR IR, FAEE=RKEENGE, BRARBER (Cd) 154,
WM %S (HEE %, 2007),

Cd WY S EASG LM AR, WHAEKET (Moya etal, 1992), 5 Cd FHA
(LSHEREX, ASHYNIFERX, XM REHER Cd MisRERE Cd WL EERBE R
CEDIT, Cd TEMYPHEARTIES B AE NS R (B %, 2004; 2780 %, 2005), {HF
A3 HEERDL AR RER MR D

AP LERE I bPRE, #4705, 15 | 30 mg - L4 4> CARBERIK SR IKS, ¥R Cd 745
BRI KT RIBLR . RS SO AR, i Cd XHEMSER s R R R AL 2
RAURL2A IR .

1 #ESH
RIS T 2004 48 10 A7EE ] T4l BB 2 BT, BHRIEM3E (Brassica oleracea L. var. botry-

us) N ‘BAERL4 5,

K+EH 36 d I kFEAK - BMMKBHE T Hoagland £ EFRMAKERE P, 6 d FHM
Cd (NO,), - 4H,0, #HFTRFMKEC (0, 5. 15, 30mg-L™") 4, HAHIANER, §EE20
Bk, FEVLHER ., BIFRBEEER 1K, EHMEL A MERE KR

AEFET d #0014 d g R R 14 d BIESCATER; WIS RIBET Cd i T8 48 M4 1 R B
BoAsrtr, BRI ER REMKIMN FEEE 4 28, S4HRE 10 #R3E 10 FHHRES
JGINE, Cd AbTH 60 d (FEH]) BATARMIREE, WERIERK, HAERE3 %, MW, £, o, BB
Br, v, R, BRI, ft Cd SEME.

REERLE I B4V FA S BOR A £ E S 116400 S64 105, M2 AR ERENE .

CAMEABAMMESBE DE (1999) FIEEA RS HRNR 1210 (e, HEEE 2 g,
PATRY 539 (250 mmol + L' BE#E, 50 mmol - L™ Tris-HCL (pH 7.4), 1 mmol - L™' —Ei#E8
fZ (C,H,0,8,)] 7E4 CTHHESK . SIHKBKIKTE 600 x g B.0> 10 min, 1 000 x g &.0> 15 min,
10 000 x g 4.0 20 min, RKMBIIENMMEE, Mk, RREAS; B LBHBRVAKREAS (&
W EREEMEAY)., 454 Cd FBIE,

M Cd MILZEIE ST R RS SR EE (B 4, 2004), HREEHE 2 g, S0 10 mL REUH,
Bt R BGAMRIK R : 80% 2B, LBk, 1 mol - L™ EfL4N. 2% BEAL. 0.6 mol - L™ 4Rk, Fb
BT 2 KR, 1 KEHRI22 b, 5000 xg B0, BEYWERIK, FREEINAREERERGZ
RS/ 1 h & REMERBOE, PIRBIUEAFH, # Cd FENE,

Cd & MM E KA 4 mL HNO, +2 mL H,O0, 7%, JFFIRIREGETHE (58 AA-6800 KIAHE
K ; MEERE Vario6 G RIPHER) WE Cd &8,

R4S R A SPSS 1 EXCEL2000 #1784 T 4347 -
2 RS
2.1 BHEMEHERSENASIEANZ I

Cd b3 7d 5, K. PHEC (5. 15mg-L7) MHEAEELRHSEa b FE (K1),
HEHE Cd (30 mg - L™') AbFEMEFE & 2 5 L3t BRI 15. 69% 1 16.82% , W4 % a/b {H{UFE Cd
15 mg« L 'AbFRHBLTRE (HLXH RS 14.98% ), CdARFE 14 d J5, 3 MEEMHEE a b FEY

BEMTXE, R /b HALHANELER . XKRHP, CANEYTHRRNBEANGEREARX,
i BAT e ] BRSO
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®1 TEAKRE CAXEMEHFHERSROER
Table 1 Effects of different concentrations of Cd on the chlorophyli contents

48 Treatment 43¢ & Chlorophyll

ietieL/d ca/ K (mgo g FM)  WEEb/(me-g ! BM)  ITREab

Time (mg L") Chl. a Chl. b Chl. a/b

7 0 1.44 £0.05 a (100.00) 0.44 £0.01 a (100.00) 3.27 +£0.14 a (100.00)
5 1.25 +£0.01 ab (87.08) 0.39 £0.00 ab(89.55) 3,18 +0.08 a (97.25)
15 1.27 £0.04 ab (88.33) 0.46 +0.02 a (103.64) 2.78 £+0.20 b (85.02)
30 1.21 £0.05 b (84.31) 0.37 £0.01 b(83.18) 3.32+0.03 a (101.53)

14 0 1.65+0.02 a (100.00) 0.46 £0.01 a(100.00) 3.56 £0.06 a (100.00)
5 1.03 £0.01 b (62.42) 0.30 +0.00 b(65.22) 3.46 £0.09 a (97.19)
15 1.06 £0.01 b (64.24) 0.21 £0.00 b(45.65) 3.64 £0. 14 a (102.25)
30 0.77 £0.01 ¢ (46.67) 0.25 +0.01 b(54.35) 4.86 +2.44 a (136.52)

E: ESABE N S X% . FSIREEEARREXFHEREREENXO0.05 KF. TR,
Note: Datum in bracket is rate (% ) of treatments/control. Means in the same column with different letters are significantly different at level
of 0.05. The same below.

Ah3E 14 d B, A Cd AbF (S mg - L7') R¥EHEAER (Pn) BEREEEW, B4, &
(15, 30 mg - L™') BEREWMHIER (£2), #—EHCEEMASHEMHEYN, 1K Cd 45 B ZimH
TRILFE (Gs), NTEWBEEFEASR, BErfeh TAaBE B, HFRPmetsER,
bR CdAEBESB RIS EMEBEE (Tr) BETE, Hdb, LSS &R
65.53% M129. 67% , 11 ZE /R R %o BRI 81.27% #151. 47% 5 {A Cd 45 kb3 [A) fa 7] CO, ¥ E (Ci)
KRBEER,

£2 TRRE CdXNEMEASIERSHNRM
Table 2  Effects of different concentrations of Cd on the photosynthetic parameters

Cd/ Pn/ Gs/ Ci/ Tr/

(mg-L™") (pmol * m=2 - s71) (mmol *m ™% - s7!) (pl-L7h) (mmol *m 2+ s7')
0 11.66 +0. 80 a (100.00) 0.79 £0.07 a (100.00) 332.53 £9.21 a (100.00) 4.38 £0.13 a (100.00)
5 10.97 £1.28 ab (94. 00) 0.54 +0.16 b (68.18) 312.32 +£13.83 a (93.92) 3.71 £0.42 b(84.81)
15 9.54 +3.02 b (81.84) 0.52+0.23 b (65.53) 315.41 £33.31 a (94.86) 3.56 +0.82 b(81.27)
30 6.16 +0.80 ¢ (52.79) 0.24 +0.15 ¢ (29.67) 309.62 +23.60 a (93.11) 2.25+0.94 ¢(51.47)

2.2 RELMEM FAMTERESH

GEMMB LAV Cd F8 (£3) £W, CdEVHMHASRERYSNMh, HhLigi
BT BORIRR, (AR T70.19% ~74.40% ; MK HMIEE, MHRAMLRAT Cd S BED, (X
1 0.90% ~2.49% , Cd ALEEWEIEM, "R Cd BEMEWMMEASr Cd FRBEWM, Hb, MK
WM, WA Cd BEHINT 2.0 f%, 40MJE Cd Bin 1 2.2 £5, sHEEMmanfieE Cd 29m T
L6, L74%, gobifk Cd U8 1.2 5. SiBikEE Cd AP RS, 23 Cd MRS R, m
[ ARA 7 BB I A i 3

R3 TRARECLEEMRH R TERCd SREESRE

Table 3 Contents and percent distributions of different concentrations of

Cd in subcellular fractions of leaves / (mg-kg™")
Cd/(mg- L") #AHEEE Cell wall 4% {& Chloroplast £ B {E Mitochondrion 4Bt Cytoplasm B & Total
[A] ND ND ND ND
5 6.06 ¢ (25.56) 0.33 ¢ (1.39) 0.59 ¢ (2.49) 16.72 ¢ (70.57) 23.69 ¢(100.00)
15 14.63 b (27.12) 0.49 b ( 0.90) 0.97 b (1.79) 37.87 b (70.19) 53.97 b(100.00)
30 16.21 a (22.56) 0.87 a (1.20) 1.32 a (1.83) 53.47 a (74.40) 71.86 a(100.00)

I . ND FRARKI

Note: ND means no Cd was detected.
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2.3 REEBEHRFANULEESSH

ZAKMBEATES TR, BHEARN Cd EASRBES N E, HECOHKEIRE, HEES
) Cd & BB, HERITF N SRS (33.48% ~38.80%) > /K{EBWME (20.24% ~
25.36% ) >EERRIRIA (17.74% ~23.76% ) >ERRIE (9.60% ~16.03% ) > HMBREBES
(2.68% ~5.98% ) >HRER (0.21% ~0.25% ) , REF AR, 48 Cd REHEBERAN—FES
" (E1),

oy | DEMIRAE,,,
o | DKEBEF,
o
E g 1000 | @ SULIRAUEF,
& g | CEEIEGEF,,
%0 BEMIEIAF,
£% o0 | mmmAF,
W g -
£F 400
U v
2.00
0.00

Cd¥ & /(mg' L") Concentrations of Cd

H1 FEXRECdLEMHRA CdHUERESH

Fig. 1 Cd contents in different chemical forms in leaves

W& Cd wERR, LEARKHMES Cd SBEEMN, ERmEaREAERAR. 5 Cd AAHERE
H5mg- L' FE IS mg - LB, EHERSRAASMER . H,0 F NaCl RECGSE S IBER A, 25l
=T 76.09% , 104.45% | 95.62% , FR#EA Cd HEHN0EE ik 80.99% , MESER FMELERIEECE Cd &fk
ARKo SEHWEH#—F ETF, H,0 Ml NaCl 2B Cd Arm A B, BRAMHRERGE Cd N B ER
B, TERREGES Cd MBE TR, RUNKERSE, Cd ZLURKRE . EAK. KEHEIRETTE
A, IWOBXBLTHMES, BTREFEE, MHEAALRIESBREREY R BER AL
RRIBBUESHE ALY, BRI
2.4 EMEAERENRSERAERRY

EMEESE Cd SREEEREIEA4,

Wi Cd AL B AGR A, i, fEBR. EFRE Cd SEMEESM, HAHEXEK r 2514 0.969",
0.989%, 0.9587, 0.969" . ARIAEMAEEIM Cd FRER, &, HHK, EREE (R
B 1.69% ~2.37% ), M\EERL T, FHEN Cd WEERES R >0t > 22> K, FIARM
REERNEEE Cd AERERSEA ERBE/DES . TR, HEFHS CdWERRRENL
RN Cd RFEMEER T

F4 FERECILEZREE CdIRREERER

Table 4 Cd contents in the organ and its accumulation coefficient under Cd treatment

Cd/ &%/ (mg - kg ! DM) Content B & A Accumulation coefficient

(mg+ L") 1} Leaf FEFK Flower  2£ Stem 1R Root M Leaf FE3K Flower  Z£ Stem # Root
0 ND ND ND 0.02 ND ND ND ND

5 87.30 ¢ 14.50 ¢ 78.30 ¢ 857.90 ¢ 17.46 a 2.90 a 15.66 a 171.58 a
15 166.02 b 24.30 b 150.60 b 1048.20 b 11.20 b 1.62 b 10.04 b 69.88 b
30 242.81 a 57.44 a 207.42 a 2422.71 a 8.09 ¢ 1.91b 6.91 ¢ 80.76 b

T BRANVEHRE CdIRBULLE CARE.

Note: Accumulation coefficient = The contents of Cd in each organ/Cd concentration of treatment.
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2.5 WOHEXSERSHMBEXSH

RAgmH g4k Cd & BT AP ARG a2 (R 0.9% ~1.39% ) HAHMEE, H586
SHER, SIS, ZEBEFRERENAMEX (4 Rr=-0958"r=-0.990", r=-0.980")
(F£5), M Cd RESERTMHERENEE, MG EESRRMAT Cd AMEXAREE, XHEN
R AR BRI VR R ThBEA K. BRI Y Cd FESSAREERE A, W Cd a1
TERVER, BXIREN, KPENZTETIE ATP B R IE®, M0 wE < FLA 5K 8 B8 &4t
(FhNEFH %, 2005), MMt H Cd BLEEAIHOEAEREMBEEARR, BRIERRRS A 551%
. ZBERIELEEFERETRBEAMX, BRIERS Cd 55ILREBERMEXI, HE
BAEAEMENE, RERFRES Cd SEINARBEWEFEER. 7L, MY ELSARN Cd 4
AR Cd %z, Hh Cd Bbg, &% Cd Wit

£5 CAETABPHEBRANHUERSSEAERSHEMEXESH

Table 5 The correlations between Cd contents of subcellular and chemical form with the photosynthetic parameters

Cd {94345 Distributions of Cd BN EHE Po S 3E Gs Hila] CO, ¥EFE Ci FBHEE Tr
44k In chloroplast -0.958 * -0.990* ~-0. 853 -0.980"
228 P In mitochondrion -0.902 -0.959 " ~0.880 -0.925
TFERBE Fareohol -0. 460 -0.611 -0.772 ~0. 496
KIEBE Fuyo -0.832 -0.886 -0.839 -0.839
FALREGS Fyg -0.754 -0.834 -0.841 -0.768
FARRIUE Fuac -0.830 -0.961" -0.965* -0.900
ERIERE Fug -0.968* -0.993** -0.828 ~0.998" *
BER Fresdoe -0.708 -0.806 -0. 845 -0.730

T » flx o« SBIFRR B EHAR BEMR.

Note; #*and * * mean data correlation between raw and column significantly at levels of 0. 05 and 0. 0O1.

3 g

3.1 EYHHRESEREEEAY

Cd 7ZEAEME R BERSEPHAMEKH, Cd TEEPERI, ZER, MAEEFHEREAK
Wb, R\HEYEES R EESE T Cd M REBRMB Cd X EESBENE W, RUE 7B RE AR
M, XTRERMAEYXT Cd ra M —FAERE N . M Cd fL¥FIER 8T, Cd 2T EP7ERER, vgE
M F Cd ZELL NaCl BB MBS RIBIGSTFE (LATE %5, 2003) . NaCl RIS EEESRK.
BEHRGEEHNESRE, MEREIESFERERS T/KWESBHRE:, Cd#ARKYEZHAMSE MR
WEER . ZWE. ZHE. BREESRESYIE, FMT Cd MiiE, RAf5REH, Cd 2%
WEWEFEEZEMN G, FEUESA NaCl MIBERERS N E, _HZ ML LBk 51.22% ~
65.61% , X NMMBEILMSELFH Cd FREDRME TIER.
3.2 SEEMEXYESERZINAIEAMRKFES

X RY, Mk Cd EB S Cd FREBEEMHL, RERBKA CdizEWE, #
MR R EFEEMERYWMEEESIER, XMEES5EM Cd WE, REMRRZEN Cd &
FEMRYEEAR, MCd AT AN, 5mg - LT ABEHIHRREEAZHM, {030 mg - L™ 2b3EAT
BIZRom, 14 d TR E MM R E SR, S SENEBERMG A EREARIRMK, AT
W, WEAMKF8r, CdIsRSFBOCESERREIK, BEEEEE Cd 3tk phEd Ry, S
YA XIS (Kumara et al. , 1999; Pankovic et al. , 2000) , NFEVHAH, Cd XIHFEME
EFERIE Cd ERMREFERIK, R A BHFI R, BiaE (AL %, 1999). &k
v Cd BB TSI RMBE RN, OCAEREAREY R, MY Cd FEAR —EMEN
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H, ATAEE R Cd AE W ARA R AR SCBl, AT Cd & 8 HAaXHRg, iR fmeon
fhep Cd SR, Cd ABEW RSN, Cd E40 MR 38 g K F A fueE, AR SZ=MEHF
(2005) MILER—H.
13 EYGHRRESSAERENEATES

P4 GFR, Cd FEAEMR T B P  RRETIE(E TIET &34, B Cd kKERIERE
42.18 ~59. 17 4%, 22, 1f93.61 ~6.20 f14.22 ~6.83 4%, FHI, TEAERISEFET, FEHITH
IR BTG R NG E LRI B A2E . R/, MR EEREENNE TR H R/, 4
TP Cd S EAS mg - LT B, AR G SEERBIEREHPITLRYREIREO0.05
mg - kg™, NBEAFMEERE. NERHTLEE, 7Ef CdI5R L, FESE MR Cd
BHRXEA, B, £HBEEMNEEMEBRELE, B, BRI HERERENASTATE
RERHRAES AR, DGRBS Cd 155, I ER AT E A,
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