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Response and intraspecific differences of alfalfa to cadmium(Cd ) stress

YANG Shu, LI Yuan®, BI Yu—fen, ZU Yan—qun, HE Yong-mei, JTIA Le

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China )

Abstract: The responses of alfalfa( Medicago sativa L.) to Cd stress are reviewed in this paper, as follows : The response of alfalfa growth to
Cd stress presented trends of promotion at low concentrations and inhibition at high concentrations. The stress damage caused by Cd on al-
falfa was alleviated by physiological responses including antioxidative system activation changes in biological membrane permeability, photo—
synthesis regulation, and osmotic regulation. Possible Cd adsorption strategies included H* exchange in the plasma membrane of the root epi—
dermis and Ca® and Mg** cation channels in their roots. Cd uptake in alfalfa roots was affected by the rhizosphere environment and bioavail-
ability of Cd in soil. When Cd transported from root to shoots, it accumulated in the roots of alfalfa with an increase of Cd content in the soil.
Of alfalfa plants regulated their response to Cd stress with mechanisms included signal molecular regulation, antioxidant system regulation,
combining Cd with thiols, subcellular distribution of Cd, and upregulation of Cd-resistant gene expression. H,S, NO, and CO were consid—
ered possible signal molecules, while upregulation of heme oxygenase—1( HO-1) transcription and increased heme oxygenase (HO) activity
could be the key to activating the antioxidant system. Intraspecific differences of alfalfa in response to Cd stress are also reviewed in this pa—
per, including the following : Seed germination and seedling growth of alfalfa showed remarkable differences among cultivars under Cd stress,
and the maximum Cd tolerance value of various alfalfa cultivars was more than nine times greater than that of the minimum value. Under Cd
stress, there were remarkable differences in nodule growth, plant morphology, and biomass between alfalfa cultivars, and the root length was

considered an important indicator in evaluating intraspecific differences. The changes in physiological indicators, such as glutathione reduc—
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tase (GR ) and ascorbate peroxidases (APXs) activity, GSH, hGSH, chlorophyll, proline, and MDA concentrations, and the leakage rate

of electrolytes were very different among various alfalfa cultivars under the same level of Cd stress. Absorption and accumulation of Cd in al-

falfa also had intraspecific differences. Generally, Cd stress in alfalfa should be studied further in the future to establish criteria to judge in—

traspecific differences, studying significant differences in system selection, analysis at the molecular level of stress response mechanisms,

and intraspecific differences to Cd stress as this would help provide theoretical and practical bases for using alfalfa for the restoration and u—

tilization of Cd-contaminated soil.

Keywords: Medicago sativa L.; cadmium stress; stress response; intraspecific differences; mechanism
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Figure 1 Respons of alfalfa to Cd stress in soil
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Table 1 Intraspecific difference of alfalfa in response to Cd stress

S AT ~ _ K Cd & & /mg-kg™
i el e ity — T
FeA AP R 3
B AN Xinjiangdaye & ZFSEE 0~5 mg-L' FIRHN MRE K FAMREEE R, 1 mg-L? — — [71]
MDA B ZE# B TR 6 TR R R AL
F[JRIX 4 Algonuin  RZESLE  0~10 mg-L™ TG ARK  EZZHEH RFR EHHE. 1 mg- L — — [70]
KEFFREL
FI/RIX 4 Algonuin  RZESLE 0~5 mg-L” TG AR K ZEMAEEE HEER. 2 mg-L” — — [71]
MDA & Z# R R 6185 R R AL
4B Golden-Empress & 2F5280  0~10 mg-L™' ARG ARK A ZFEH KR NI, 2 mg- L — — [70]
KR
B 15 Xinmu No.l B ZESCER 0~12.0 mg- L™ AR K R 29850 I8 185K 6 mg-L™ — — [19]
1 5 Zhongmu No.l K ZESLHE 0~200 mg-keg™ MUK ZER RS LR ZER IE IIEE. L 15 mg-ke! — — [68]
P ik
At Shengshi KIS 0~100 mg-kg™ MUK 2R R ZES R IR GE J1HE R 30 mg-kg™ — — [69]
PR X4 Algonuin KR ZESEH:  0~80 mg-L™!  KRZFH EZER KIEIREIE I AR 40 mg- L — — [18]
ik A T
H4% 35 Gannong No.3 K ZFSLHG  0~224 mg-L7 &2 LR IREK MK . TH 7] 56 mg-L™! — — [20]
P T AT .SOD  APX .GPX (CAT,
A E T A 3k MDA (H,0,
OAragon HokEE 0~3.36 mg-L™" Cd R YR .GR.APX .NADPH .SOD 3.36 mg- L™ 177(DW) 31(DW) [31]
(BIR#H
)
Aragon KK 0~3.36 mg- L7 BEE YR .Cd & & .GSH hGSH PCs ' 3.36 mg-L™"  806.4(FW) 1064(FW)  [64]
LRE S APX .GR
Sargodha 2002 KEE 0~1344 mg- L7 AR AR R R AR S 10mg-L? 1020(DW)  510(DW)  [28]
i .Cd i
Col Kk 0~50 mg- L™ A4k .Cd & 50 mg-L”  12360(DW) 1920(DW)  [54]
B %5 Longzhong K& 25 mg-L' B R K AR EE1EH .SOD . POD — 1122(DW) 164.9(DW) [15]
CAT
PETE Ye KKE 25 mg-L" R K EWE JEE1ER .SOD POD, — 1140(DW) 180.5(DW)  [15]
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Bt Shengshi BE 0~50 mg-kg? BRE EYR Cd S GRS R 10 mg-kg!  2.84(DW)  1.80(DW)  [73]
[
%0t Duoye E L 0~50 mg-kg” FRm MR AR AR SR HRE. 20 mg-kg!  2.76(DW)  1.76(DW)  [24,74]
MR fif 55 Cd i
HERS /R Jungar IE L 0~50 mg-kg” FRm MR AR SR SR HURE. 20 mg-kg!  3.74(DW)  2.28(DW)  [24,74]
MR fif 55 Cd i
HEAKIK Jungar BELKE 0~50 mg-kg? AWE MRLBKE WV ERE WERE 25 mg-kg? 23 14 [25]
AR R AR AR 4 B . Cd 5 i
Gabes T8 B X A B, MR TR MR A MR A 33.6 mg- L™ — — [75]
HEER" X 50 m,
HEH X 100 m
WL-323HQ W +RE 0~50 mg-kg™ AEHHR H4EZ MDA .SOD . POD .CAT 50 mg-kg — — [30]
278 Zhaodong WELEE 0~50 mg-L' AW H . M4t #E SOD . CAT.GPOD APX, 50 mg-L™ — 7.32(DW)  [32]
DHAR .GR

“Sargodha 2002” (Medicago sativa L. var. Sargodha B8 A RS0 Cd W 32 {8 7T ik 25 mg- L7, i Cd
2002)FPDEEVERITE Cd LIRS 10 mg- L 528 PEARXTAGRD,

2] (P<0.05)P; ffi Mk B2y 25 mg- L™ %) CdCl, SEACE AE BB TR Cd 8 Y e B A A7 7R
AR B EAE RN B TR E AR R BN S T Y anAhZESE o 7E Cd PRV N 1 mg- L7 IRF, Bl /K
Fv/Fm (B PR BE AN 25, S0 HF i 157 A bl o X 48 1) i 208 7 /N T B s R i, T MDA 5 i
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