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Effects of Cadmium and Lead Accumulation in Strawberry Growing
Period by Spraying Se-fertilizer to Leaves
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Abstract: ‘Beinong 3’ strawberry was sprayed Se-fertilizer on leaves in different growing stages at
the Na,SeOj; concentrations of 0, 0.5, 1.0, 2.5, 5.0 and 10.0 mg - L', The Se, Cd and Pb content and other
physiological indexes of leaves were detected after Se-fertilizer was sprayed. Heavy metal cadmium (Cd)
and lead (Pb) accumulation affected by spraying Se-fertilizer to strawberry leaves. The changes of
metabolic mechanism of strawberries after exogenous selenium being sprayed, and the interactive effects
of selenium and heavy metal was investigated. The research results show that the strawberry had the
highest absorption capacity of Se in the leaf-expansion period and full opening flower period, and Se can
slow down the damage of cell membrane integrity by removing malonaldehyde (MDA) accumulation of
membrance lipid peroxidation. Further, the toxic action of heavy metals was reduced, and the

deposition of Cd and Pb in the strawberry leaves and fruits was effectively controlled. This research shows
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spraying Se-fertilizer to leaves is a sound method for supplementing selenium to the strawberries and
suitable amount of selenium can alleviate the toxic action to the strawberry caused by heavy metal.

Key words: strawberry; selenium; accumulation; leaf; fruit; heavy metal

B R E AR Y LU (Cd) AT (Pb) PR EE 4 v e dae A 7™ B ) A0 0 e ] ik
20020 WU, FAJE (W Cd) APk 5 e 20 SRS I 1 SR R 4B 9 TG 2R I IRBCRI R R
SER T E FEICE R UL CRIREH 4%, 2008).

Clarke I Brennan (1989) W9 R M, Bl 138 Cd =m0 N, Saint A A K52 3 8 & 1]
SR FEFITEYERS (20000 BFFTRIL, Cd AbPRATRARh Rsha . RS, Ry i C ki it
Fo R, FRRE T 25 mg - kg Cd JHrE SRR AT A RIUHS AN M A A TR Sy B, A R AR
T, 40 IEE TR KB R 1K

#FHLAE (2009) FFFURIN, P XM e R 2 5 8 N, IR AOGEERZI, %
Wi 11 %5 B4 o Munzuroglu F1 Gur (2000) 50 & I, Pb #IHISE SALK w1 & ALK S . ZEEIE
Vo e AR K B S HR 2 TG Y A B, AT AT I R B S Bl A R E Y RS B 3 ~
6 ff5 (ZALRIBK T, 2008),

Cd Al Pb A G YR, 7 AR PR A E . T s g i AR = i fE P 4 e
HHRTENBEERT), o H TR R #4005, Douchkov %5 (2005) I Delhaize 55 (2003)
WG AT, ) R DR RO v Bt i o 4 S B PR, ol 4 e MR T 4 R ok S5 2, R FH e 2 DR 4
YWRELEESR, AHIEHESEAR, 030 =4 E R ae ), e RIENESEN
gEeprk, Al DRI B R, THREES (2004) BERURIL, ANEELREAE TE 4 R
TR AR

A A AN R — R B AR e 3, AR ™ i 4 R T R AL T 4R 52 B %, (H
FHELUNE . KFE. BES W RRZ GEA %, 2000; BiEL 5%, 2006; &=HH 5%,
2007).

VE A LAV R 15 (1) 5 R, WF AN (R 9k B A MJRAI X A5 R SR R Cd A P B R (150,
AT Ay o SR ot P49 A 7 AR ) 5 4 e A S P T 3R 0E 5 2 e s

QY ViR SRS DARE

11 ##

R RN B R (Fragaria ananassa) ‘JbA¢ 3 5. WA T 2008 4E 8 H—2009 4E 2 H A
2009 4 8 FJ—2010 4 2 LRI AR 2% B A KR S H IR == kAT, B ARG B 2 . 00 A BL o
H19.60 g kg, B, B WS ES NN 100.18 mg - kg 27.33 mg - kg A1 150.86 mg - kg, +
W pH 7.11, 7N 0153 mg - ke, o 28.97 mg - kg, A 79.67 pg - ke, AL 74.84
ne - kg, METHA .

1.2 W E L AR AR 5

AN AR S (Na,SeOs, SIGMA). BESMKE (0.5, 1.0. 2.5, 5.0M110.0mg L") 4
B, WA A . AN BN X AT (T30, RRACERE3RER, S eENLX 41Tk
5.
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FREAr ) F20088 H20H « 200948 H17HR = e, Z2iifh. B4 ~ 6 iy, RI200849
H28H . 200949 H20 H IIF LA REATAIAErF Wi, LUSEFmIBES AWt 1k, TSRS #har20 d e 415
1o MR I DA 1F S T Y420 A1 35 S5 TR K M B
13 HEHMXESNE

TEFTS dfG FFURRAE (GR1), BRI AIRIUHIT2 ~ 3, N BEHESH, ERkT G,
HEAT 25 TR b A o

TEM 145 dJaEBCRAKMN . R348 20, K/ANBE], TomHE, ToRUE i 2 SR SR
e, HTI5E .

* 1 HREEMESEKRE

Table1 The sampling time and growing period of plant

KAHFEIF ] Sampling time SER R H/d ERQEE

2008 2009 Days of plantation Growing period

11-04 11-01 75 JEMHH Leaf-expansion period
11-14 11-11 85 1EHT Pre-flowering period
11-24 11-21 95 A€ Full opening flower period
12 - 04 12-01 105 AW Fruit-set period

12-24 12-21 125 R A) Fruit swelling period
01 - 14 CF4F Nextyear) 01 -01 (R4 Next year) 145 JSERFAM Fruit maturation period

THEEAVUR. BIEEpH. MAA. B WSRO0 (ARF5E, 2007) JiEIGE s A LSS
FEABVEVH AT, W E SR R AR — IR ook (& 45, 20100; FAET I E 2
& X FrUE (GB/T5009.15-2003; GB/T5009.12-2003) #E47; 4 fiis R K oL 59k (224642, 1999)
WiE: W (MDA) FaRHmA D ZIRIE (64, 1999) WlE.

B T R bR I s Y AR AR IR A T AR MY (ABT7 ) A TR IO I S R T AR M £ e A S =
5E Mo
B PR BRI M, N BB GE T or HT #RA SPSSHREAT 7 ZE 0 HT

2 R

21 HEAMEMERESETRPEIMmSIENT

M T AT H, IS O BRI A e AR K R B R R, e A LT 1 R g i A Ak
e, RO Y BLAE SE RS 95 d CREAEID, ML ik 1 617.14 pg - k' 5 I A+
Wi (79.67 g - kg™ AL, AL b R IR R 4.49 ~ 20.30 1%, I BAE
WA —E A E R, BB & e e,

I} T I A JES i, R I A AT LA 5 B S 8, 00 1 G G T AT R v R I rp R

il

AR AR R I HH T a2 5, 3Lk 0.5 mg - LRI 1.0 mg - L7 Al B Ah B35 % FRUAH EL e A
PUI O BRI A 32T, (H2E B8, T 2.5+ 5.0 F110.0 mg - L™ Aok b B 1) 0 B il R
W (P <0.01), fERAAKERE W b BLIE & R Eo T, 3erh 10.0 mg - L7 AR 8 b 3
RO o A WY AR o TR Y BB AU A JBE 18 18 T e X il OB MAC g A AE 5
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Fig. 1 Changes of selenium content in leaves of strewberry in different concentration Na,SeO3;
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W 2 Frow, SRR AR R AR I I S K R IUE TR R A WEANEA S, AR
RS T B IR R, U0 B AN S AT A ek B B R B A s AN [ R A R A R I B R S
Horb 5.0 mg - L AR A BN o B (P < 0.01), A[EVAE K YIS R ot b T
10.20% ~ 94.65%. 1M1 0.5« 1.0 F12.5 mg - L AR AL B AR RBILR, 10.0 mg - L Wk AbBE 5
SRR L, EAR KT IR IR RN, (HAE AR KR IR B AR R tA . 1% 3R I g il
AMIEAI AT A R AR AR 2, 5.0 mg - L Al 5 A B 2% R g A

- e X8 Control —x- 2.5mg-L"
8- 05mg-L" -m 50mg-L*
020 —a 10mg-L'" —e 100mg-L"

Cd/ (mg - kg™)
f=1
=
T
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2 BREARREMEEEESEHFRESENEL

Fig. 2 Changes of Cd content in leaves of strewberry in different cocentration Na,SeO;

23 MEAMEWERESMHRPHESENTL

M 3 T LUE TS i RIS INE R RS, TCRRING; AR S, HAEn T
S PR, AR IR TR RN s AN R AR BE AR RS ISR AN, 2.5 mg - LT AR
A FRANHI R o W (P <0.01), 8y AR A A A0 IR BRI 38.86% ~ 76.80% . IX 3 B HL%%
Jit FH AN R AT 25 B AR, LR S S 3B R AR B DGR T, P AR BB 2.5 mg - LT AR
JE A PRI R R A o W S, LR 0.5 A1 1.0 mg - L7 AR, AR RD 5.0 A1 10.0 mg - L fifi kb
B ) B AR R R R R R 2
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3 BRFRREHEEREEHFHBSENEL

Fig. 3 Changes of Pb content in leaves of strewberry in different concentration Na,SeO3

24 HRAMEMEEEEEMAPR_BSEMTL
T AN [ BERIE S, AR K S WIF S MDA 2 & S B Eou) IR/ i, HOA Rk i
REFR AN AFAE W) 22 5 . HPARIRIE 2.5 ~ 5.0 mg - L™ Al B AL FRAM ] MDA LSS, Rk
J£0.5~1.0mg- L', HJ52MEKE 10.0 mg - L AL, 2.5~ 5.0 mg - L AlibEBE 5% AH LE MDA
SRR T 18.48% ~ 86.76%, ZEFiAM R (P <0.01), KA 0.5~ 1.0 mg - L™ Wik B> T
1.95% ~ 59.36%, 10.0 mg - L™ flALFRIE /D H IR AN 18.40% ~ 46.10% ([ 4). RKIHEAEH MDA
R IA S BEG WY TH =i S BRI, AERRE L] MDA B S (1 g A P Ak B JEE N % At A
WK, Bl 2.5 ~5.0mg- L7, HRHK 0.5~ 1.0 mg - L7 K, T A A S i %) #2451 - MDA
T B R AN o o AR B R
o B Control —x~ 2.5mg-L*
100 - -8~ 05mg-L" -m 50mg-L*
4 10mg- L' o 100mg-L*
80
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40 F

MDA/(umol - g1)
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Fig. 4 Changes of MDA content in leaves of strawberry in different concentration Na,SeO;

25 EAMEMREESMH MRS ERNTL

20 PRS2 A R BR8] f S T RN B s, 5 e AN R BRS84S 4 AR (Y
ITRFABATR, 2000, PR T B NS R, AR, R R G52 4015 (1R R
Ko WIGLER (B 5) KW, 1IN [ 3R 5 AT A ] BTG A S AN s AN [i) R 5 i A A1 i
JFANBRIURAT, 28 5.0 mg - L IR ALFR 5 550 ORI EL I A4 (P < 0.05), 0.5, 1.0 fI 2.5
mg - L R A BEAE SE K 95 d i ] A, (HANI 5.0 mg - L7 AR AL PR B2, 10.0mg - L
WM FE ARG, 7EERL 95 d ST A PRE, (HEEE 2. XU, SMNE A SR R g i se vk, B
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Fig.5 Changes of cell membrane permeability rate in leaves of strewberry
in different concentration Na,SeO3

26 EEHEAMEMELEREPENRE. BNBSENTH

FH3 2 WIAN, T e FH AN [ 7] 2 G IS P ol SR S U s 1, %9k P8 AR B AR el v BN
100mg-L'>50mg-L"'>25mg-L"'>1.0mg L' >0.5mg-L">%, FS2haPLas & i
BAINT 1.98 ~22.30 1%, A WU s &k 136.72 ug - kg B 0.5 mg - L WAL BE 55 ) FRG 2 72 5
Ab, e B S0 2 S B (P <0.01). FARSEr o HLAGAR 28 5 SNIE AR B 2 PR 50T A
FARBOTRE N y=9.937¢"%, R2=0.921).

MR 2 e DL, A S e gD RSE N AR AR (CdD FIEY (Pb) BLER, Sk EE
IR EPSCRHE I M 5.0 mg - L'>25 mg - L'>1.0 mg - L'>0.5 mg - L'> X[ >10.0 mg - L',
Horf 5.0 mg - L7 il 78 AT s /48 18.33%, 1M1 i R 10.0 myg - L™ il A T4 00 93 A5 7 380 ik 2D i 5 AR 412
o &R FMRI B RUSORE N : 25 mg - L' >1.0mg - L' >05mg - L' >50mg-L" > 10.0
mg - L' > X, Hoh 2.5 mg - L W RANEE Al gl D HY 77.71%. I - [ 5 3 L A A AR T LA AT
S 4 S AR A A E R S N B L

® 2 TRAREELEFESRIHANE. BRESE

Table 2 Organic Se, Cd, Pb content in fruits in different concentration Na,SeOs; Aug - kg™

Na,SeOs/ (mg-L™) ML Organic Se i Cd 1 Pb

0 X Control) 6.13 1.20 8.66

0.5 12.15 0.92 278"

1.0 13.70 0.80 243"

25 31.40" 0.75" 1.93"

5.0 4401" 0.50" 3.70
10.0 136.72" 1.26 429"

e B 3 WER N THME; * KRS ttest £ 0= 0.01 /KT LW E xR

Note: Data are the mean of three replicates. * Mean separation according to the t-test, 1% level.

3 WS4

S AR B IO TE 2, 2 — P S DD RSN (K351, 2004), WRPHR. WA 4R
BAHSHUER, 75— R FRE O G R A5 A KA 45, 2008). ABIFLERY, il
o G A EL VR LA, B S o ) T R BRI 0 8 BB S (R R A
R 7N T ST ROV S T 722 5, GO o OB F A B R I PO, S B
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BN R FHIVE R, BVAAE AR o B AT U M AR 2D A S A, 20052, 2005b). VEEIFIT KN,
il 2 fi 8 RIS A B R RELR N (R AR @R Sl 2.5 ~ 5.0 mg - L, e I 2 30 3o V5 e 15 40 o i 5 e
YRR =N - (MDA fRY IR G5 85, o xf 55 4 Ja 1257 i Wi
TSR o T U AT 0] 0 0 R S B 8 ()5, s R A I A, A R R R A N SR S 4
JE (PR s AL ey B AR AR A IR AN T3 A s PR R i, JCATLEE m) B8 2 IVl M o vk
IRB)— FRBEIE, S JLIE i, T AN MR 45 R T FSOREER 5 e 0 R R B 1k

gE LTk, fFHLUR 458

1. SRR AR R I S RO PR e AN, R SR AR 0 i P AR B e e, XA
I 3910 2 2 o 5% DDV O T P e G S P DG e By 30 o SRS e A LA 5 St 5 I T e A ) A 5 5 i 5 AR
Ko

2. BRI P 3 R B ORI AE, B 2.5 ~ 5.0 mg - L AR 7R e A S A RN, PRI
Cd F1Pb &, BEUIE B~ &N X 48 Cd Fl Pb P~ AEF5$i.
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