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Abstract: Seeds of Angelica sinensis were planted in a matrix containing different proportions of attapulgite clay (the vol-
ume ratio of attapulgite clay and matrix was 0 : 1, 1: 100, 1: 70, 1 : 50, 1 : 20) to study the physiological effects of Cu
stress on A. sinensis seedlings and the protective effect of attapulgite clay on A. sinensis seedlings under CuCl, stress. The re-
sults were as follows: (1) With the increase of exogenous CuCl, concentration, Y(II) (PS II operation efficiency), ETR
(rate non-cyclic electron transport through PS I ), ¢P (photochemical quenching), and chlorophyll content of leaves of
A. sinensis seedlings decreased, while the ¢V ( non-photochemical quenching) , soluble protein content, activities of antioxi-
dant enzymes (SOD, POD, CAT, and APX), the content of H,0,and the CuCl, content in the leaves and roots increased
significantly. The results showed that the Cu stress decreased in both photochemical efficiency and chlorophyll synthesis of
A. sinensis seedlings, and increased the content of Cu and oxidation pressure in tissues. (2) Under Cu stress, the presence
of attapulgite clay in the growth matrix could alleviate the copper-stress-induced decreases in the Y(II), ¢P, ETR, and
chlorophyll content of the leaves, and could alleviate the copper-siress-induced increases of the gN, soluble protein
content , activities of antioxidant enzymes, content of H,0, as well as copper contents in the leaves and roots. Our results in-
dicate that the attapulgite clay can reduce the absorption of available Cu®* by adsorbing or immobilizing free and ex-
changeable Cu®™ in the matrix, thus relieving the physiological pressure caused by Cu® on plants, which is propitious to
its growth. And in the order of the mitigationis 1 : 70 >1:50>1:20 = 1: 100 > 0 : 1, this is due to the fact that
when there is too much attapulgite clay in the matrix, the absorption of Cu®* in the matrix will also affect the original

physical properties of the matrix such as aeration, permeability and pH and so on. These results together manifest that
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the attapulgite clay in the matrix can alleviate the copper-induced physiological stress on A. sinensis seedlings.
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Content of Cu in roots and leaves of Angelica

Table 1

seedlings treated with different concentrations of CuCl,

CuCl, ¥ R IH-
Concentration of CuCl, Root Leaf
(mmol - L) (pg- g'DM) (pg- g'DM)
0 18.6 + 2.3a 9.4 2. 1a
5 259 = 3.1b 12.3 £ 2.1a
15 88.9 + 6.2¢ 29.6 + 6.3b
25 178.4 + 26.5d 41.4 = 5.7¢c
35 296.3 + 42.7¢ 56.3 + 9.6d

T BUEDT 4 YO S7 5050 1P B+ n HEE R [ 7R %R
£ P<0.05 /KF FHA WENEZESR . TR,

Note; Each value represents x + s of four independent
experiments. The same letters means significantly differences (P<

0.05). The same below.
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K2 FARREH CaCLXZF4E Y( 1) [ETR gN ¢P HEZSERTAMEASENTIT
Table 2  Effects of different concentrations of CuCl,on the Y( Il ) , ETR, gN and qP, chlorophyll

content and soluble protein content of Angelica sinensis seedlings

cumzm_rﬁ oS Spny RS E
R (4 b BTR 9" an St sluble protin
(mmul . L'l) (mg ° g,| FW) (mg ° g,| FW)
0 0.4801 + 0.008a  32.468 + 0.598a  0.743 = 0.004a 0.206 + 0.003e 3.095 + 0.094a 8.517 + 0.319

5 0.473 £ 0.022a  31.720 + 1.457a  0.691 + 0.007b  0.264 + 0.004d 2.933 £ 0.168b  11.433 + 0.272d

15 0.450 + 0.010b  30.138 = 0.680b  0.588 = 0.005¢ 0.285 + 0.003c 2.791 £ 0.063b  18.017 + 0.319¢

25 0.404 + 0.018c  28.265 + 0.167c  0.519 = 0.005d 0.371 = 0.006b 2.538 + 0.100c  27.017 = 0.319b

35 0.356 + 0.019d  23.798 +1.432d  0.464 = 0.006e 0.502 + 0.010a 2.356 + 0.096d  30.933 + 0.333a
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YR RN, SOD 43 N T 1.4 4% 1.9 /% 2.5
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(£ 3), [FF, SXFEM L, B CuCL ¥ E R LT,
M AT H,0, B AR g m ., AT
FeEE LT Ot B Cu XL AR T AR
&I,
2.4 CuCLEME TERPMOEAM I HESE
AT Cu BN

AW L5 R, Cu Wil T X4 05 & AR 0
R ¥ZH TR, MAE 25 mmol « LY CuCl,
IR0R 24 UT 4V G A B S RO IE B ek A i L
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Table 3  Effects of different concentrations of CuCl, on activities of SOD, POD,
CAT, APX and content of H,0, of Angelica sinensis seedlings

. NEY S ey
CuCL ¥k SOD §5 POD {ﬁ ré CAT (ﬁ ri APX m.ri Ty
) L POD activity CAT activity APX activity
Concentration of CuCl, SOD activity Content of H,0,
e (U - o FW) (AOD, + (AOD,,, - (AOD,, - ( 1. L' FW)
(mmo ) & min” + g FW) min” - g FW) min” - g’ FW) pmo
0 275.899 + 22.125e 566.667 + 28.868¢ 39.444 + 2.927e 0.653 = 0.103d 40.574 + 1.229d
5 389.424 + 14.268d 1066.667 + 208.167d 87.778 + 0.962d 1.305 + 0.206¢ 46.742 + 1.393¢
15 512.950 + 7.360c 1900+ 132.288¢ 125.556 + 2.546¢ 1.958 + Ob 51.032 = 0.929b
25 700.719 + 2.492b 3516.667 + 256.580b 224.167 + 1.443b 2.017 = 0.103b 53.982 + 2.901b
35 895.324 + 53.896a 4450+ 526.783a 265.833 + 15.069a 2.670 + 0.308a 60.418 + 1.393a
F4 CuCLEMET,MOHEE XL EL) & 270 B MR ARG £ 22 CuCly Xt PS T 18 R

A H Cu & EHRIT
Table 4 Effects of the different proportions of attapulgite
clay on the content of Cu in root and leaf of Angelica sinensis

seedlings under CuCl, stress

oy O i Root o Leat
Attapulgite caly (bg - g DM) (bg- g DM)
- - 237+32e 132 +23d

- + 205.7 = 25.1a 477 + 5.1a
+(1: 100) + 187.6 + 23.3a 39.5 + 5.2 ab
+(1:70) + 132.5 = 16.0b  32.5 % 4.0 be
+(1:50) + 68.2 + 7.5¢ 28.6 + 2.7¢
+(1:20) + 33.8 = 4.2d 16.6 2.5d
. BN 4 DOPAT SR A BE e bRl 25 5 “ =" RN RN

W, “+7 FoRMA MM RIEFRER R A R AL BT 2415 4)
HIBOHR I Cu & i 5 X BAR LG, BUH Z (B 7E P < 0.05 /K P 1
BABFMEZS, 1:100, 1:70, 1:50, 1: 20 7 HHLE MY
ARG - AL BT A AR L . TR,

Note: Each value represents the x+ s of four independent experi-
ments; “=" means not adding this substance, “+” means adding
this substance; different letters indicate significant differences (P <
0.05) Cu content in root and leaf of Angelica sinensis in different

100, 1 : 70, 1 : 50,
1 : 20 stands for different proportion of attapulgite clay and matrix,

treatments compared with that in control. 1 :

respectively. The same below.
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) Fe™  Zn " Mg™ &8¢ Cu™ BT B, Bl /> T
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