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Effects of cadmium stress on growth, physiological characteristics and
cadmium enrichment and transport of lettuce

WANG Tao,. HUANG Yuyan,CHEN Yongkuai, LIAO Shuilan

(Agricultural Digital Institute s Fujian Academy of Agriculture Sciences s Fuzhou ,Fujian 350003 ,China)

Abstract : [ Objective] This study explored the effects of cadmium stress on lettuce growth and toxicity
mechanism to provide basis for elucidating toxicological effect of cadmium. [Method] The hydroponic let-
tuce variety ‘Si Ji lettuce’ was treated with four cadmium levels of control (CK, 0 mg/L),low (25
mg/L) ,and high (50 and 100 mg/L.). The experiment was carried out with nutrient liquid membrane tech-

nology (NFT). Samples were taken 7,14 and 21 days after treatment to analyzed the effects of cadmium on
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aboveground and underground fresh weights,cadmium content,cadmium accumulation and transport char-
acteristics, physiological indexes, antioxidant enzyme activities, photosynthetic pigment indexes and chlo-
rophyll fluorescence parameters of lettuce. [Result] The treatment of 25 mg/L cadmium promoted fresh
weight of lettuce in aboveground and underground parts at 14 days,while 25—100 mg/L. cadmium showed
significant inhibitory effect at 21 days. Cadmium content and enrichment coefficient in the underground
part of cadmium treated lettuce were higher than those in the aboveground part. With the increase of cad-
mium concentration, the enrichment coefficient showed a downward trend. The transport coefficient de-
creased with the increase of cadmium concentration at 7 days,while it increased first and then decreased at
days 14 and 21. For treatments with 25—100 mg/L cadmium,soluble protein content of lettuce increased
with the increase of cadmium concentration, but it gradually decreased with the extension of treatment
time. MDA content increased with the increase of cadmium concentration and the prolongation of treatment
time. Compared with CK, SOD activity of cadmium treatment was significantly increased at 7 days while
decreased significantly at 14 days,and there was no significant difference among all treatments at 21 days.
POD activity was significantly higher from 7 days to 21 days in cadmium treatments than in control (ex-
cept 25 mg/L treatment at 14 days). The activity of CAT treated with cadmium decreased first and then in-
creased with the passage of time. Compared with CK,the photosynthetic pigment content of lettuce treated
with cadmium increased significantly at 7 days. The photosynthetic pigment index of low concentration (25
mg/L) cadmium treatment increased overall at 14 days,while high concentration (50 and 100 mg/L) cad-
mium inhibited the synthesis of photosynthetic pigment. The photosynthetic pigment index of cadmium
treatment was significantly decreased at 21 days compared with the control. The 25—100 mg/L cadmium
treatments for 7 to 21 days had significant effect on chlorophyll fluorescence parameters of lettuce. PS I
maximum quantum efficiency (F,/F,),PS 1 effective quantum yield (F,'/F,"),PS1I actual quantum
efficiency (@PSI[ ) and steady state fluorescence decay rate (Rfd) decreased overall from 7 days to 21
days,while initial fluorescence value (F,) and non-photochemical quenching coefficient (NPQ) increased.
[Conclusion) Higher cadmium concentration and longer treatment time led to lower light energy conver-
sion efficiency of lettuce,higher heat dissipation of leaves,lower photosynthesis ability and more serious in-
hibition of plant growth.

Key words: cadmium stress;lettuce;cadmium enrichment;photosynthetic pigment
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FHAbGRA R fEHEE S . 21 d 5, A3 3
TS &R fif BT b B R BT R O T e 2T R
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Table 1  Effect of cadmium treatment on biomass of lettuce
AE T ] /d BRRWE/(mg- L7 Hiy 1 BT 6/ g Hiy R TR/ g
Treatment time Cadmium concentration Aboveground fresh weight Underground fresh weight

7 0(CK) 4,52740.37 ab 0.45%40.08 ab

25 4,48+0.30 ab 0.64740.12 a

50 4.9940.04 a 0.64740.15 a

100 4,21£0.19 b 0.41£0.06 b

14 0(CK) 7.38+0.31 ¢ 1.0440.02 ¢

25 11.2140.26 a 1.484+0.04 a

50 6.97+0.12 ¢ 1.2240.06 b

100 7.86+0.20 b 0.7640.04 d

21 0(CK) 19.23+1.46 a 2.17+0.12 a

25 11.09+1.54 b 1.834+0.06 b

50 9.04+0.40 ¢ 1.7440.18 b

100 3.96+0.19d 0.6240.06 ¢

TE « [ 5B 5 n A [ /NG 5 6 7 [a] — I ] T 2% A B0 i) 22 5 36 A 35 /K F- (P<<0. 05) . T &,

Note: Different lowercase letters indicate significant differences between treatments during same time periods (P <C0. 05). The same below.
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Table 2 Effect of cadmium treatment on cadmium content in aboveground and underground parts of lettuce

R I YR/ Mo bR i/

R R A/

W EMEERE TR EREK

b B "A/Qf'
&ﬁﬂ:ﬁ”/d (mg+L D (mg-kg D (mg -+ kg D Overground Underground %E R
Treatment N X . = . . 3 . N Transfer
. Cadmium Cadmium content Cadmium content enrichment enrichment L
time . . . A . . coefficient
concentration in aerial parts in underground coefficient coefficient

7 25 38.66+1.24 ¢ 236.794+1.59 ¢ 1.5540.05 a 9.47+0.06 a 0.16740.00 a

50 58.55+0.04 b 408.32+0.16 b 1.174+0.00 b 8.17£0.00 b 0.14740.00 b

100 89.5140.30 a 618.68+2.16 a 0.90+0.00 ¢ 6.19+0.02 ¢ 0.144+0.00 b

14 25 30.1540.62 ¢ 412.65+1.03 b 1.2140.03 a 16.51+0.04 a 0.07+0.00 ¢

50 57.97+0.04 b 376.734+2.02 ¢ 1.1640.00 b 7.53+0.04 ¢ 0.15740.00 a

100 97.70£0.45 a 892.27+2.75 a 0.98=+0.00 ¢ 8.9240.03 b 0.1140.00 b

21 25 45.264+0.59 b 483.28+2.05 b 1.814+0.02 a 19.33+0.08 a 0.09£0.00 b

50 77.39£2.03 a 394.5443.62 ¢ 1.5540.04 b 7.89+0.07 b 0.2040.01 a

100 78.98+0.04 a 792.63+2.78 a 0.797+0.00 ¢ 7.93+0.03 b 0.1040.00 b
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25 mg/L A 4M) 514 d J5.25,50 mg/L 4@ 4k 3
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Table 3 Effects of cadmium treatment on soluble protein content, MDA content and root activity of lettuce

A ] /d ’ﬁ%’ﬁi‘?ﬁfy‘?/ ﬂ?ﬁ‘ﬁﬁlﬁl%\i MDA @%1/ *ﬁ?ﬁ?lﬁﬁ/ 1

Treatment time (mg- L 5 (mge+g ) (nmol * g ) (pgeg +h )
Cadmium concentration Soluble protein content MDA content Root activity

7 0(CK) 8.8840.43 b 0.334+0.014d 39.5440.71d

25 10.10+£0.18 b 0.3640.01 ¢ 42,8040.16 ¢

50 11.52+0.58 a 0.4940.01 b 51.3540.23 b

100 11.96+1.11 a 0.6340.00 a 56.9040.16 a

14 0(CK) 2.1740.02 b 0.8140.03 ¢ 238.60+1.08 b

25 0.5840.02 d 1.264+0.03 b 248.524+4.50 a

50 1.18+0.02 ¢ 1.34£0.01 a 173.2642.28 ¢

100 3.2540.02 a 1.314£0.02 a 172.90=%1.66 ¢

21 0(CK) 5.62+0.02 a 3.8340.03 d 219.374+9.26 b

25 0.0140.00 d 4.2640.01 b 171.9843.73 ¢

50 0.5340.03 ¢ 3.9540.03 ¢ 102.7543.02 d

100 1.2240.01 b 5.03£0.03 a 266.124+4.27 a

H 22 3 AJ%01,CK 9 MDA &3 B E KT 3 4
FAAL PR, FRAL A S MDA 5 Sl 1A Bl 25 57 BT vk
JEE ) T 10 v . LB 2 A B A E] ) AE K, MDA
HE . 7 dJE,100 mg/L FALEE MDA & &,
b CK ST 90.91%,3 AN 4@mAb B 2 0] 24 ¢
#:14 dJ5,50 mg/L 543 MDA & &85 & . It CK

WO T 65.43% .5 100 me/L A FE % SR G
.5 25 mg/L MAb PR A B 3521 d J5.100 mg/L

HER 3 T, 7 d J5 . S Ab 3 A AR R TG 11
T CK, HL Bl % 4 T it v B 1 T v o 3 1G5 14 d
J& .« B A 5 5T R RS 0 T e AR RS ) 2 e s
#,100 mg/L FAAL PR R IE SR AK. I CK & T
B 27.54% ;21 d J5 AR RIE R E TG F &
PR A R MR B O 100 mg/L B de . b CK i
FHE 21,31 %,
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AL B MDA % S5 fm, b CK W FHm T B Ak XS A SR T 4T T A 0 DL TR 1
31.33% .3 MR Z ) 22 5 W3
NOmg/L;A25mg/L; H50 mg/L;0100 mg/L
25000 4 a . 400.00 . . . 300.00f a
b ‘ =N
~  200.00f i 3 E 320.00+ = £ 250.007 Tt
o0 5, % v i L = LN
s b= == - £ 200.00f b
5= 150.00f 'en.2 240.00F b = on.Z <
58 b b . || S 1s000r 2 4
: L [ Z L — =
%8 100.00 %8 160.00 c = ;_HS 100.00l b b
9] = c H T .
o = ﬁ’; N E Hﬂ al a
@ 50.00 s 80.00} = £ 5000} &%—%ﬂ
8 =
~ — o
0.00 : ' ' 0.00 : L= ' ' !
7 14 21 000 7 14 21

Ak B )/

Treatment time

14
4k T 1)/ d

Treatment time

FERE _EAR AT /NG 5 B 2R (6] — I [] T 4% b B i) 22 55 3k i 357K - (P<C0. 05)

Ak B [R)/d

Treatment time

TR .

Different lowercase letters indicate significant difference between treatments at same time periods (P<Z0. 05). The same below.

K1
Fig. 1
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Effect of cadmium treatment on antioxidant enzyme activities in lettuce

a1 R .7 dJELTE 25~100 mg/L WL % FRBTEIR AT, A3 SOD R R B THE
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HCKEZREE.3 MRAMZEZ R AR E;14 d
J5 .5 CK #H,25,50,100 mg/L #akb 3 SOD i 1
A3 9 3 R I 38.78%,50. 44 % ,40. 23% ;21 d )&,
B 25 5 I B R % Y T L SOD % 5 R B L, H
5 CK 2RHAEE.

o1 AT, 7 R 14 d S . BE A R T R Y T
=5 43 POD i PR 2 28 A5, 100 mg/ L 4@ 4 355 3|
B, & CK Y 3.09 Ml 2,58 ;21 d J . b 5 4%
VR R T RIS TS S R B R R, S 4R
W E A 50 me/L B, POD 3% ¥ & i, & CK )
3.15 1%,

E 1 AT LA A3 CAT I 1 Fifi 25 15 1] $E 7%
RIHBETREFSHMRA. 7d)5.25 mg/L i
b CAT 6 M 8 2% & F CK RH: b 4% 40 2, 100
mg/L #H S CK LB E 2514 d)5.5 CK M

Ho L AL 3 CAT 3G M T %, H 100 mg/L 47 4b 2 .
FHET 25,50 mg/L AbBE L HYS CK 25 A8 #;21
d J5,100 mg/L 4B 4b ¥ CAT ¥ % B 2 & F CK
HC Al 58 Ak
2.5 WMOBEWNERXEGBESHNEE
mE4APRTd)E RO SE a b DK
MR SR AEEHE PR EEYE T CK,CK 54
PR B TG 2= S A B e a/b BN T
CKHYS CK 2R ARE., 14 d )5, 50 By i 2
Foa.b LIRS S R N 2 R
WRE Y T AR B e IR S T R B R, b 25
mg/L faAb ¥ & = T CK;7E 25~100 mg/L, if- 4
% a/b W R E N TS 2T RS N EEE
HAR ALY T X CK, 21 d J5, M3
ARG B R TR AR B AR T X | CK.

R4 RLBINEREERISHHEMW

Table 4 Effect of cadmium treatment on photosynthetic pigment parameters of lettuce

N T A MR E a T R E b &/ v e KA N R A

e ol Clomeile GOt pol corogb e Chlororbatle/b
7 0(CK) 0.5140.02 a 0.1440.00 a 0.66+0.02 a 0.14+0.01 a 3.57+0.07 a
25 0.5340.02 a 0.1540.01 a 0.6940.03 a 0.1640.01 a 3.4740.13 a

50 0.5440.06 a 0.16+0.01 a 0.70+0.07 a 0.16+0.02 a 3.42+0.11 a

100 0.5440.04 a 0.1640.01 a 0.70+0.05 a 0.16+0.01 a 3.46+0.11 a

14 0(CK) 0.60=£0.00 b 0.18+0.00 b 0.78+0.01 b 0.1740.00 b 3.294+0.01 a
25 0.6540.00 a 0.22%+0.00 a 0.8740.00 a 0.1840.00 a 2.9040.07 ¢

50 0.51+0.01 ¢ 0.17+0.00 ¢ 0.67+0.01 d 0.15+0.00 ¢ 3.04+0.01 b

100 0.5240.01 ¢ 0.1840.00 b 0.70+0.02 ¢ 0.15+0.00 ¢ 2.89+0.01 ¢

21 0(CK) 0.8740.01 a 0.21£0.00 a 1.0740.01 a 0.2940.01 a 4.1240.03 a
25 0.314£0.00 b 0.1240.00 ¢ 0.4340.01 ¢ 0.1140.00 ¢ 2.6140.02 b

50 0.2740.01 ¢ 0.11+0.00 d 0.39+0.01d 0.114+0.00 ¢ 2.5240.02 ¢

100 0.314+0.01b 0.154+0.01b 0.46+0.01 b 0.12+0.01 b 2.09+0.06 d
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Table 5 Effect of cadmium treatment on chlorophyll fluorescence parameters of lettuce
N % I VR BE / — -
LS T 5T 2 84 T o
Treatment mg l Projection area F,/F., F.)'/F, OPSIl NPQ Rid
. Cadmium
time . of canopy
concentration
7 0(CK) 6 690.004410.51 ab  0.85+0.01 a 0.7140.01 ¢ 0.40£0.02 ¢ 1.43£0.06 a 2.72%+0.15 a
25 7 400.674253.78 a 0.85£0.01 a 0.74#£0.01 b 0.46+0.03 b 1.074+0.12 b 2.46+0.08 ab
50 6 969.00+339.40 ab 0.85+0.01 a 0.76+0.01 a 0.51+0.03 a 0.81+0.18 ¢ 2.30+0.25 b
100 6 488.67+615.54 b 0.857+0.00 a 0.7740.01 a 0.52740.02 a 0.68+0.08 ¢ 2.21£0.05b
14 0(CK) 14 482.00+1031.44 a 0.84+0.01 a 0.69£0.01 a 0.38+0.02 a 1.40£0.08 be  2.597£0.06 a
25 13 401.3344 402.18 a 0.794+0.02 b 0.61+£0.01 b 0.3740.03 ab 1.4340.12 b 2.44+0.12 a
50 11 197.00+838.44 a 0.75+0.01 ¢ 0.53+0.02 ¢ 0.29+0.02 ¢ 1.76£0.17 a 2.53£0.16 a
100 11 389.00£1173.04 a 0.74=F0.03 c 0.58£0.05 bc 0.33£0.03 bc 1.1040.24 ¢ 1.9640.36 b
21 0(CK) 23 355.334+2645.97a 0.82+0.0la  0.63+£0.0la  0.284+0.00a 1.81+0.05c¢  2.73%0.03 a
25 11 017.33+2065.18 b 0.64+0.04 b 0.38+0.04 b 0.07+0.02 b 2.03+0.04 bc  2.07+0.08 ¢
50 8 747.67+2034.74b 0.62+0.04 b 0.35+0.05 b 0.08+0.02 b 2.1940.22 ab  2.2940. 26 be
100 4 258.67+637.17 ¢ 0.60£0.07 b 0.3440.07 b 0.08+0.03 b 2.3240.17 a 2.54+0.07 ab
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