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Cadmium accumulation in above—ground parts of lettuce( Lactuca sativa L.) and its relationship between min—
eral nutrients concentration

TANG Xi-wang'?, JI Pu-hui?>, TONG Yan-an®, YI Li-li'

(1.Department of Environmental Science, Heibei University of Environmental Engineering, Qinhuangdao 066102, China; 2.College of Re—
sources and Environment, Northwest A&F University, Yangling 712100, China )

Abstract:To explore the characteristic of Cd concentrations and accumulation in above —ground parts of lettuce and its interactions with
mineral nutrients uptake, a field study was conducted in a Cd—contaminated greenhouse. Lettuce named “Lisheng, erhao” was cultivated and
the above—ground parts were sampled during the whole growth stage and the Cd and Fe, Mn, Cu, Zn, Ca, Mg content in lettuce aboveground
parts were measured. The results showed that the Cd concentration in the above—ground parts of lettuce increased from 2.70 to 3.62 mg -kg™
during the seedling stage, but decreased from 3.62 to 2.40 mg - kg™ during organogenesis and from 2.40 to 1.64 mg-kg™ during bolting. The
Cd accumulation in the above—ground parts of an individual lettuce plant could be described by a sigmoidal curve (R?=0.99). The Cd accu—
mulate rate for seedling stage, organogenesis and bolting were 0.098, 0.516, 0.056 g+ plant™-d™". During the whole stage, the r value of Cd
with Fe, Mn, Cu, Zn, Ca, Mg were —0.77, -0.31, —0.06, 0.09, 0.46, —-0.10 respectively. During the vegetative stage (seedling+ organogenesis
stage ) the r value of Cd with Fe, Mn, Cu, Zn, Ca, Mg were —0.43, 0.25, -0.06, 0.16, 0.56, 0.41 respectively. During reproductive stage, the r
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value of Cd with Fe, Mn, Cu, Zn, Ca, Mg were —0.82, -0.26, 0.72, 0.93, 0.42, 0. The conclusion were:The Cd content in lettuce above—

ground parts was highly related to growth, the Cd content was increasing during seedling while decreasing during organogenesis and bolting.

Cadmium uptake during seedling was 15%, during organogenesis was 80%, during bolting was 4.35%. During the whole stage, the concen—

tration of Cd content in lettuce was negative related to the concentration of Fe(r=-0.77, P<0.01), significantly positive with the concentra—

tion of Ca(r=0.46, P<0.05). During vegetative stage, Cd concentration in lettuce was significant positive related to Ca (r=0.56, P>0.05).

During reproductive stage, Cd concentration showed significant negative to Fe concentration (r=—0.82, P<0.05 ) while it was significant pos—

itive with Zn concentration(7=0.93, P<0.01).

Keywords: greenhouse; Cd pollution; lettuce; Cd uptake characteristic; mineral nutrients
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% 1 X7+ ERE(0~20 cm) BRI (n=3)
Table 1 Properties of the 0~20 c¢m soil layer in
the experimental field(n=3)

Iji H Parameter {E Value
pH(K 1 5:1 Water:soil=5:1) 7.8320.10
AP Soil organic matter/g-kg™ 36.1+1.2
4% Total nitrogen/g-kg™ 1.72+0.06
A% Olsen phosphate/mg kg™ 302.6+8.5
AR Available potassium/mg- kg™ 721.6+14.4
Cd/mg-kg 1.87£0.07

A5 Available Cd/mg-kg” 0.36x0.03

Fel/% 3.3x0.2

Cu/mg-kg™! 25.9+2.3

Zn/mg kg™ 73+3

Cal% 5.20+0.17

Mg/% 1.34£0.02

Mn/% 1.45+0.03

RS HR H DTPA(DTPA-TEA-CaCl,, pH 7.3), 7K 1 [t 2:1,
25 CFE#E 2 h,

Note : Available Cd was extracted for 2 h at 25 °C with DTPA (DTPA-
TEA-CaCl,,pH 7.3) as buffer solution.
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Figure 1 Biomass of lettuce above—ground parts during the

experimental period(day 20 to 73 after sowing,n=3)
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Figure 2 Cd concentrations in lettuce above—ground parts based on

dry weight and fresh weight(n=3)

WA B Ay Cd R BE N 2.70 mg kg™ F Tt
3.62 mg-kg™, AR AE AR B I B AR Sic kb 3 Cd vk
FEM 3.62 mg-ke™ P8 T FEF] 2.40 mg-kg™!, M7EHEE
B B A= Sl B3 Cd AV FE N 2.40 mg-kg™! JLTF H 2R
TR 1.64 mg-kg™ (&l 2a) ., JET Pearson FHICH:AG
TR 2 B AR S M 358 Cd A ¥k B 5 A= 2 A= K [l
A (r=-0.76,P<0.01),

T B S A G Cd B ot A v e 36 1 i o ) Ik
B AT A LA S b B3 Cd e S IR A ife
MR ARSI T 1 3 T 51 A A= Se i B3R Cd vk
FE (1 2b) o ML 2b, ZEdh 22 2 i A= S i 7K 4rCd
i B Uk B A R AT ARV i K PR (0.2 mg-kg ™),
FEFRAE A R AR ST AV R R R BR - FR T
ARSI S5, AT ARG Cd S PR (E 0.2 mg -
kg'(GB 2762—2012) , % JE R iR 22 , 7EHh 2L Z i A=
3 Cd Fri A Al Reds , R iz HOGI E A7 i Ak
SEXTIH B R Ul 2 A R AU 1 o

M 2 T AR TR AR RN A S 3 Cd
W B A8 A I T A PRASA [R) R R 34 X 1 R 1 - 4%
FIBRAE 1 —RRAE SR AR 2 Cd W =R i HAE K

ARGUPTPE R o A BRI 33T LR Cd™7=,
{EARM SR Cd A 2R . HPIAR R Wl Cd
A RLEERT L Michaelise—Menten &} J7 2245 #Y (1) Az

HAT AR A IR,

- JuaXC
J= K. +C (1)

L R YR EICRICAR  mg-em™+d™;C J2&
TR R ORI mg - L5 o A T O ERCK
183K, 42 J=50%J, 5 C FOMH.

HJEX AN R I A ELRE T H A3t
A PR BER S T MR RS BE Bl v i 52 o AR 1% A
S b A e A SRR R R R S AT i |
T3 4y 1) B ARG “S” AU 26 AR (2) «

Bfmﬁ—tﬂ} 2)
by
At B S A K (R i
e B AR KA B, J2 B(1) =50%B,,, 1111
AR d by A KRB g d

U Chen 451790 Molina %579 BF 45 .
LR B S AU BE R T LIS (3) i

L) R anixB(2) (3)

KA MORFRI A IR TTR &, pg K5 R
TR IR LR/ ) em- ket

PR (3) AR e e Aty 3554 W im e o 5 A4
Sehb BB Cd 19 2 FEREFNS 57 d Z i A=)
KBRS SRR, A b 2 5 (A4l 22 1
i B ERA Y O R B (] b)), RN AT
L R0 EE 7/ e B ST S (A= (A=Y S
AR IR A e RAER L Cd B FECRARAT
Mo BB Cd MBSt 2 o, SOZ R . RIRTEA R
(3 JAEAAE U] Cd ¥ FEAE P A T = T 7 % B T B
AR 223 R, 22 Cd o R A R R T4
I
222 BEM

FPEE 3, 38 H 3B Cd Bakk E3RE AT DL 2
IR R (DOIHTHLA

U

renp| 20 v
Ao UG)ERA S D E 38 Cd Bbk BRUS R, ng MR
U T0FR U)W e KB, 12 224 U ESE T 50%
U FIEFIR], d365 52 Cd WRSGHDRAGEIEL, d o FEASIFSE

B(t)=

1+exp

U(t)=



864

RAIMERF 2R IR R

z 16t

Cd FEH i wg- 1
U(1)/pg:plant™
)

t/d
B 3 3 EE Cd ik BREMNEBEFINEGHIE

Figure 3 A logistic curve was used to fit the trend of cadmium

accumulation in above—ground lettuce parts
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Table 2 Cadmium accumulation in above—ground parts of lettuce plants during different growth stages

I H Items

T Seedling stage

B Organogenesis stage 1221 Bolting stage

Cd FEFE Total accumulation/pg kg™
A BB Cd BFUE Stage-specific accumulation/pg - Ff ™!
fi Sl L g Partition/%

Cd ZFHK Cd accumulation rate/pwg ™"+ d™!

2.93 18.41 19.35
2.93 15.48 0.84
15.14 80.00 4.35
0.098 0.516 0.056

T Cd BB =T HxIETFEM Cd WE ;BB Cd BRE=1Z4EE M Cd BRE- E—4=F I Cd REE; W=k B Cd ZE/24F Cd

TR HEX100%; Cd RBH A=K Bt Cd SRR/ BEREL
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Figure 4 Fe,Mn,Cu,Zn,Ca and Mg concentration in the above ground parts of lettuce(n=3)
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Table 3 Pearson correlation analysis of lettuce Cd content with lettuce Fe ,Mn,Cu,Zn, Ca and Mg content respectively, during the whole

growth stage , vegetative stage and reproductive stage

Fe Mn Cu Zn Ca Mg
Cd AL W Whole stage,n=23 -0.77%% -0.31 -0.06 0.09 0.46* -0.10
EIRA K BB Vegetative stage,n=18 -0.43 0.25 -0.06 0.16 0.56* 0.41
A5 A K B BE Reproductive stage,n=6 —0.82% -0.26 0.72 0.93% 0.42% 0

T B R

Note : *significant, ** extremely significant.
ik Cd A= B WA X Cd IR S 3 P
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