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ZHANG Zheng QIAN Bao-yun CHEN Xiao—-qing LIU Caifeng SHI Gang—ong
(The Anhui Provincial Key Laboratory of the Resource Plant Biology College of Life Sciences Huaibei Normal University Huaibei Anhui 235000)

Abstract: To determine whether diethyl aminoethyl hexanoate (DA-6) pretreatment alleviated the cadmium (Cd)
toxicity to castor bean (Ricinus communis L.) seedlings tffects of Cd (0 50wmol » "' CdCl,) and DA-6 (0 0.1 10
and 1000mg * L™') and their interactions on plant growth and photosynthesis were investigated. Results showed that 50
pmol * L~' CdCl, inhibited plant growth and photosynthesis of castor seedlings. Under Cd exposure the net
photosynthetic rate (Pn) stomatal conductance (Gs) and transpiration rate (E) photosynthetic pigment contents (Chl
a Chlb Chla+b Car and Chl /Car) and chlorophyll fluorescence parameters (Fm Fv/Fm Fv/Fjand ®PS II)
decreased whereas the intercellular CO, concentration (Ci) Chl a/b and F, increased. Presoaking seeds with different
concentrations of DA-6 did not change the plant growth regardless of Cd. In the absence of Cd DA-6 pretreatment
significantly enhanced the pigment contents (Chl a Chl b Chl a + b and Car) in castor leaves while the ratio of
pigment content (Chl a/b Chl/Car) chlorophyll fluorescence parameters and gas exchange parameters remained
unaffected. In the present of Cd presoaking seeds with 10 and 1000mg * I.”' DA-6 caused a reduction in pigment
contents (Chl a Chl b Chl a + b and Car) gas exchange parameters (Pn E and Gs) as well as chlorophyll
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fluorescence parameters (Fm Fv/Fm Fv/Fjand ®PS II) in castor seedlings. It was indicated that DA-6 presoaking

might aggravate rather than alleviate the inhibition of Cd on photosynthesis of castor bean seedlings.
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s (Fm?) 2
II (®PS II):®PS 11 = AF/Fm” =
(Fm” -Fs) /Fm~, 2.1 DA+6 Cd
1.2.4 (Pn). DA-6 Cd 1
(Gs) - Cco, (Ci) (E) o 1 Cd
1 . Li- . DA-6 50umol * L™
6400 (Li-Cor Inc. ) CdcCl, . .
o LED (6400 -
02) :CO, (380 £5) wmol mol ™' 29.9% +16.2% ~59. 1% 34.3%
1500 wmol m s ™' 25C . Cd 0.1mg » L 'DA-6
1.3 10 1000mg « L~
SPSS for Windows 11.5 ° Cd 50pmol °
two way ANOVA DA6 Cd L~'cdcl, DA-6 .
o Duncan DA-6
Cd 0
(P<0.05).
1 DA6 Cd
Table 1 Effects of DA-6 and Cd on growth parameters in castor plants
cd DA-6
. DA-6 treatment shoot length root length shoot dry weight root dry weight
Cd treatment -1 _ -1
(mg-L"7) (em) (em) (g plant” ) (g plant” )
Opmol * L~"Cd 0 13.60 +0.05 a 20.33 £0.83 b 3.81 +0.57 a 2.01 £0.11 a
0.1 14.33 +£0.04 a 21.28+1.15 a 4.06+0.14 a 2.21 £0.07 a
10 13.16 1. 14 ab 19.09 £0.12 b 3.69 +0.36 a 2.05+0.04 a
1000 13.10 £0.49 ab 19.02 £0.49 b 4.07 £0.43 a 2.40 +0.20 a
50umol = L™'Cd 0 9.53+0.25 ¢ 15.93 £0.15 ¢ 1.56 £0.09 b 1.32+0.21 b
0.1 10.51 £0.26 ¢ 16.90 £0.79 ¢ 2.25+0.16 b 1.41 £0.05 b
10 9.94+0.39 ¢ 16.83 £0.66 ¢ 1.59 +0.08 b 1.36 £0.09 b
1000 11.24 +1.25 be 16.80 £0.25 ¢ 1.70 £0.19 b 1.55+0.21 b
ANOVA
Cd 49. 60 51.59 % 98. 81 60. 50
DA-6 0.91n.s. 1.43 n.s. 1.19 n.s. 1.98 n.s.
Cd x DA-6 1.16 n.s. 1.81 n.s. 0.31 n.s. 0.17 n.s.

: P <0.05 o ¥ 1 P<0.05 %k: P<0.01 *&k: P<0.001 n.s. o
Note: The data followed with different letter(s) in the same column are significant differences at the level of P <0.05. * 1P <0.05 %P <0.01 ¥k
P <0.001 n.s: no significant different. The same as following tables and figure 3.

2.2 DA-6 Cd 2 o DA6 Cd
DA-6 Cd 1. 1 50wmol « L' CdCl,
DA-6 ( ). a (Chl a). b (Chl b). a+b
( ) cCd o 50 wmol * (Chl a +b) . (Car) /
L-'cdcl, Cd 52 ~64pg (Chl /Car) alb
e gt Cd 1178 ~1248pg * g~ (Chl a/b) « DA6  Chl a.Chl a+b
Cd 19 ~23 Car Cd  Chl a.Chl b.Chl a +b
Cd o Car (P <0.05). Cd
2.3 DA6 Cd DA-6 Chl a.Chl b.Chl a +

DA6 Cd b Car; Cd 10  1000mg * L' DA-6
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Fig. 1 Effects of DA-6 on Cd content in castor plants exposed to 50umol « L' CdCl,
P <0.05 o 2 .
The data with same letter(s) mean there are no significant differences at the level of 0. 05. The same as Figure 2.
2 DA6 Cd
Table 2 Effects of DA-6 and Cd on leaf photosynthetic pigments in castor plants
cd
DA-6 Chl a Chl b Chla+b Car
Cd treatment . . . A Chl a/b Chl/Car
A DA-6 treatment (mgeg  FW) (mgeg  FW) (mgeg  FW) (mg+g  FW)
(pmol « L™"Cd)
0 0 1.95 0. 06¢ 0.65 £0.02b 2.60 £0. 08¢ 0.31 +£0.00b 3.00 £0.02¢ 1.06 £0.02b
0.1 2.36 0. 06a 0.83 0. 04a 3.19£0. 11a 0.37 £0.01a 2.85+0.06 ¢ 1.09 £0.01b
10 2.10 0. 07be 0.73 0. 04ab 2.83 +0. 10be 0.28 +0.03b 2.88 £0.05¢ 1.28 0. 12a
1000 2.30 £0. 10ab 0.83 £0.07a 3.13 +0. 18ab 0.37 £0.02a 2.78 £0. 12¢ 1.05 £0.01b
50 0 0.54 £0.04d 0.15 +0.01¢ 0.69 +0.05d 0.18 £0. 02¢ 3.52 +0.03b 0.49 +0.07¢
0.1 0.54 +0.11d 0.16 £0.02¢ 0.70 +0. 13d 0.18 £0.01¢ 3.45 +£0.24b 0.48 +0.06¢
10 0.37 0. 04d 0.10 £0.01¢ 0.47 0. 06d 0.15 +£0.01¢ 3.75 £0.09ab 0.42 +0.09¢
1000 0.38 +0.06d 0.10 £0.01¢ 0.48 +0.07d 0.16 £0.01¢ 3.91 £0. 14a 0.37 £0.03¢
ANOVA
Cd 1126. 7 655. 5™ 1015. 17 215.27 88. 57 235. 57
DA-6 3.8" 3.0n.s. 3.7° 5.7 L.1n.s. 1.7 n.s.
Cd x DA-6 4.5 4.2" 4.6" 3.5" 2.8 n.s. 2.1 n.s.
:Chl a: a;Chl b: b;Chl a +b: ;Car ;Chl a/b: al/b ;Chl/Car: / o

Note: Chl a means chlorophyll a; Chl b means chlorophyll b; Chl a + b means total chlorophyll; Car means carotenoid; Chl a/b means chlorophyll a/b

ratio; Chl/Car means chlorophyll/carotenoid ratio.

2.4 DA6 Cd
F, PS 11 2. Fv/ F,
Q) PS 11 PS 11 . ®PSII PS 11
F, PS 11
0 FO
20 3 o
Fm PSTI 3 50mol » 17" CdCl,
PS 11 2 Fv/Fm PS F, Fm
I Fv/Fm Fv/F, o
cd ®PS 11 ( 3).
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3 DA6 Cd
Table 3 Effects of DA-6 and Cd on chlorophyll fluorescence of leaves in castor plants
Cd DA-6
Cd treatment DA-6 treatment K, Fm Fv/Fm Fv/ F, OPS 11
(umol'L_l) (mg- L")
0 0 186 +2 b 1076 +8 a 0.83 +0.00a 4.79 £0.09a 0.67 +0.06 ab
0.1 178 £2 b 1013 £18 a 0.82 £0. 00a 4.70 0. 16a 0.76 £0.02 a
10 174 £4 b 1030 +12 a 0.83 +0.00a 4.93 +0.06a 0.74 +0.02 a
1000 169 +1 b 1000 15 a 0.83 +0.00a 4.93 +0.06a 0.75 +0.01 a
50 0 297 £11a 782 £68 b 0.62+0.02b 1.63 +0.13b 0.60 0. 03 be
0.1 332 +54 a 829 +£30 b 0.59+0.08 b 1.65 +0.49b 0.54 +0.01bed
10 331 £9 a 643 +60 ¢ 0.48 +0.06 be 0.95 £0.23 be 0.46 £0.09 d
1000 307 £10 a 672 +23 ¢ 0.54+£0.03 ¢ 1.20+0.12 ¢ 0.51 £0.01 cd
ANOVA
Cd 95.51 137.07 111.07 537.59 % 45,33
DA-6 0.33 n.s. 4.07" 1.37 n.s. 0.63 n.s. 0.54 n.s.
Cd x DA-6 0.55 n.s. 2.79 n.s. 1.63 n.s. 2.24 n.s. 2.56 n.s.
2.5 DA6 Cd : ° . Farquhar  Sharkey
cd (Pn). 7 co, Ci
(Gs) (E) Co, o Ci  Pn
(Ci) « 2). Cd DA-6
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(0.Img * L") DA-6 Gs Ci
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Pn.Ci E « 2). o
3 o
29
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. . ( )~ b a+b a/b
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> > 30
® Cd
(Pn) . Cd
(Gs) (E) Co, (Ci)



607

254 0.6
Cd F=1179.3 0 umol L' Cd CdF=45.1
DA-6F=3.6 . DA-6F=1.4n.s.
s CdxDA6F=43 55550 pmol L' Cd Cd~DA-GFE1 8 s
a
a
| a % a oal a o a
7 LA 1
| 7 ab
g 7 ) 7
104 s
be < " % &
_ XK d
TN A S 4 N
0 00 ,
0 0.1 101000 0 0.1 101000
10+
CdF=84.6 CdF=97.2
400 DA-6F=1.1 n.s. DA-6F=6.6
CdxDA-6F=4.2 o CdxDA-6F=4.0
a a T a
3004 b § § ﬁ b ﬁ a
2 c vy 6 ab ab
N A pA 7 2 s
o | 8]
Iy
ﬁ ; :
1004 24 % ﬁ
0 0
0 0.1 10 1000 0 0.1 101000
DA-6 (mg L") DA-6 (mg L")
2 DA-6 Cd
Fig.2 Effects of DA-6 and Cd on gas exchange in castor plants
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