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Comprehensive Evaluation of Cadmium Tolerance of Alfalfa during
Seed Germination

SUN Qing-ying', YAO Xing-jie', LU Yan-zhen', ZHANG Zhao', YAN Hui-fang"*
(1. College of Grassland Science, Qingdao Agricultural University, Qingdao, Shandong Province 266109, China;

2. Institute of Germplasm Resources and Biotechnology, Tianjin Academy of Agricultural Sciences, Tianjin 300384, China)

Abstract: To comprehensively evaluate the differences in cadmium tolerance of different alfalfa (Medicago
sativa 1. ) germplasms during seed germination, the indicators related to seed germination and seedling growth
of 40 cultivars were measured under two conditions of control (distilled water) and cadmium stress (50 pmol-1.™"
CdCly) in this study. Based on the comprehensive indicator weight, membership function analysis and compre-
hensive evaluation value (D value) , the cadmium tolerance of the tested alfalfa germplasms was comprehen-
sively analyzed. The results indicated that 50 pmol-L ™" cadmium solution had inhibitory effects on nine indica-
tors including seed vigor index, root length, and seedling vigor index of the tested alfalfa cultivars, with root
length being the most inhibited. Based on the comprehensive evaluation of cadmium tolerance D value and sys-
tematic clustering analysis, the cadmium tolerance of 40 tested alfalfa germplasms was divided into three catego-
ries, namely strong cadmium tolerance (D=0.691) , medium cadmium tolerance (0.691>>D=>0.468) and
weak cadmium tolerance (0.468>D). The cultivars with the strongest and weakest cadmium tolerance were
selected as ‘Bara520YQ’ and ‘WL298HQ’ , respectively. This study provides a theoretical reference for
screening and utilization of new germplasms of alfalfa with cadmium tolerance, the mining of cadmium tolerance
genes, and the exploration of molecular regulatory mechanisms.
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Table 1 List of the tested alfalfa cultivars
45 No. 5 Fh Cultivar . %ﬂﬁﬁ&g‘%— %5 No. s fl Cultivar . Wﬁﬁk;?
Initial germination percentage/ % Initial germination percentage/ %
1 MT4015 100.00 21 2% 2% Zhonglan No.2 96.67
2 4 8 J5 Golden Queen 99.33 22 B #R Longdong 95.33
3 Bl 7k X 4 Algonquin 99.33 23 BT R Instict 100.00
4 Fi fi 201 Magna 201 98.67 24 & % Mufeng 97.33
5 [ fi£ 995 Magna 995 98.00 25 15 & Surprise 95.33
6 BT W eston 97.33 26 HLE Plato 94.00
7 Fi fiE 601 Magna 601 96.67 27 S+ Celsius 100.00
8 1 3]-+ Colosseo 96.67 28 k45 30 Central 98.67
9 [ fiE 401 Magna 401 96.00 29 B ZEB Colosseo 94.67
10 25 Phabulous 95.33 30 Bara218TR 99.33
11 KE 19 Womu No.1 94.67 31 — 15 F Sanditi 99.33
12 W7 017 Spyder 94.00 32 Bara310SC 98.67
13 SK3010 94.00 33 Bara520YQ 98.67
14 fEE 201 VNS 94.00 34 i Superpower 96.67
15 5 BETMH £ Magna salt 92.67 35 WL366HQ 96.00
16 B JE Veyron 88.67 36 WL712 94.67
17 "' 1% Zhongmu No.1 98.67 37 Bara210SC 94.67
18 " H 3% Zhongmu No.3 98.67 38 FEIK 5 Sevo 5 94.00
19 1 H 4% Zhongmu No.4 98.00 39 WL298HQ 90.67
20 R 2% Dongmu No.2 97.33 40 —%% First level 89.33
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Table 2 Variance analysis of the measured indicators to cadmium stress during seed germination stage of alfalfa
oyl At 3L -
FebT Control group/ (0 pmol-L ' CdCl, ) Treatment group/ (50 pmol-L ™' CdCl,) s’ifjizfiiii
Indicators THE b2 ERAN FE FHE WfE ERAN R value/ %
Mean SD CV/% F value Mean SD CV/% F value

RHEHGE 95.12 3.42 3.60 4.146™ 93.80 4.10 4.37 13.520" 1.38
KR GP 96.30 2.83 2.94 3.989" 93.97 4.00 4.26 12.972™ 2.42
REAFFREGI 42.69 3.17 7.43 8.504™ 35.10 2.76 7.86 19.298" 17.77
LRI Q| 1.08 0.16 15.28 19.803™ 0.78 0.12 15.75 28.036™ 27.69
A RSP 92.03 4.04 4.39 6.094" 75.23 6.07 8.07 9.964" 18.25
WK SL 1.35 0.25 18.61 29.266" 1.07 0.21 19.63 21.453" 20.65
A RL 5.87 0.58 9.85 6.807" 1.33 0.13 9.92 11.460™ 77.31
4y W i SFW 0.03 0.00 12.07 16.110" 0.02 0.00 12.23 25.344" 12.15
LG TR E SV 664.20 66.53 10.02 6.994" 180.00 20.51 11.39 10.652" 72.90

T oo R 22 T B35 (P<<0.01) , #& R 2 3 B3 (P<<0.05), F [

Note: **and * means significant difference at the 0. 01 and 0. 05 level , the same as below
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Table 3 Correlation coefficient matrix of the measured indicators to cadmium stress during seed germination stage of alfalfa

EiztuN R KR REAAREL PRI R JH R RS A &y fif
Indicator GE GP GI VI SP SL RL SFW
KR GP 0.991"
KA GI 0.586" 0.591°
LUERCIE /A 0.192 0.215 0.667"
A RSP 0.348 0.314 0.102 —0.054
K SL —0.274 —0.276 0.063 0.302 —0.491°
WK RL —0.055 —0.061 0.486" 0.580" —0.081 0.364
41 i F SFW —0.150 —0.122 0.205 0.861" —0.125 0.342 0.439"
Y1 G 1R ESVI 0.000 —0.027 0.351 0.470" 0.273 0.611" 0.698" 0.384
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Principal component analysis and contributive rate of the measured indicators to cadmium stress during seed germination

90. 727 % , MUK A 37. 437 % ,30.601% ,12. 392% FI
10.297% (F 4>, Wik, CL~CI,J2& E A H IR % 5H 1
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FVE R I SRS AR, O S 2SR 8 eREE TR R

Table 4

stage of alfalfa

2548 45 Comprehensive indicator

F& 45 Indicator
Cl, Cl, Cl, Cl,

P GE 0.066 0.335 —0.134 0.182
KEHGP 0.068 0.333 —0.176 0.154
KA GI 0.212 0.185 —0.151 0.124
Bl 1% 4R E VI 0.268 0.009 —0.190 —0.384
A1 K SP —0.002 0.197 0.702 —0.276
K SL 0.149 —0.211 —0.106 0.558
K RL 0.234 —0.074 0.171 0.122
A e SFW 0.209 —0.113 —0.134 —0.604
Y1 SR ESVI 0.225 —0.062 0.488 0.304
FEAEAE Eigen values 3.369 2.754 1.115 0.927
Tk Contributive rate/ % 37.437 30.601 12.392 10.297
BT 5T #k % Cumulative contributive rate/ % 37.437 68.039 80.431 90.727
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Table 5 Comprehensive indicator F' (X,), membership function value ¢ (X,), D value and comprehensive evaluation of cadmium

tolerance during the seed germination stage of alfalfa

LA KR
et I I e
order

Bara520YQ 0.651 1.801 1.343  —0.625 0.659  0.968 0.900 0.344  0.763 1
[ fi£ 995 Magna 995 2.102 0.408 0.274  —0.101  1.000 0.629 0.615 0.481  0.763 2
#X F1 1 Celsius 0.476 1.935 0.618 0.189  0.618 1.000 0.707 0.556  0.754 3
2% Phabulous 1.609  —0.640 1.717 0.959  0.884 0.375 1.000 0.757 0.713 4
4t £ 30 Central 30 —0.031 1.752 1.386  —0.776  0.499 0.956 0.911  0.304  0.691 5
K1 15 Womu No.1 0.742 0.019 0.592 1.470  0.681 0.535 0.700 0.891  0.657 6
=13 H Sanditi 0.694 0.306 0.950  —0.294  0.669 0.605 0.795 0.430  0.639 7
SK3010 0.700  —0.151 0.803 1.179  0.671  0.493  0.756 0.815 0.638 8
[ fig it £ Magna salt 0.593  —0.241 0.755 1.788  0.646 0.472 0.743  0.974  0.636 9
BHE& ZE B Colosseo 1.056  —0.437  —0.052 1.009  0.755 0.424 0.528 0.771  0.612 10
= Mufeng 1.429 0.167  —1.922 0420 0.842 0571 0.029 0.617 0.611 11
Fi fi£ 601 Magna 601 —0.433 1.541 0.494  —0.440 0.405 0.904 0.673 0.392  0.611 12
#HE Superpower 1.468 0.112 —0.855 —1.008 0.851 0.557 0.314 0.244  0.609 13
WL366HQ —0.274 1.443 0.176  —0.799 0442 0881 0.589 0.298  0.596 14
B[ /R X 4 Algonquin —0.366 0.619 0.648 0.206  0.421 0.681 0.715 0.561  0.566 15
22 25 Zhonglan No.2 0.338  —0.495  —0.133 1.888  0.586  0.410  0.506  1.000  0.561 16
MT4015 0.345 0.085  —0.971 1.268  0.588 0.551 0.282 0.838  0.560 17
g 345 Zhongmu No.3 0.182 1129  —1.445  —1.018 0.550 0.804 0.156 0.241  0.547 18
ZK 1 25 Dongmu No.2 0.001 0.880  —0.420 —1.222 0507 0.744 0430 0.188  0.542 19
[z 7= Longdong 1.317 —0.961  —0.215 —0.896 0.816 0.297 0.484 0.273  0.533 20
WL712 1.176 ~ —1.070 0.050  —0.852  0.783 0.270 0.555 0.285  0.522 21
Bara218TR —1.076 1.069  —0.120 0.552  0.254 0.790 0.510 0.651  0.516 22
Bara210SC —0.718  —0.007 0.797 1.067  0.338 0.528 0.754 0.786  0.510 23
3} Colosseo 0.404  —0.778 0.362  —0.104 0.602 0.341 0.638 0.480 0.505 24
H i 145 Zhongmu No.1 0.373  —0.022  —2.030 0.306  0.594 0.525 0.000 0.587  0.487 25
W 445 Zhongmu No.4  —0.148 0.497  —1.049  —1.372 0472 0.651 0.262 0.149  0.468 26
Bara310SC —1.318 0.082 1.558 0.345  0.197  0.550  0.957 0.597  0.468 27
FEIK 5 Sevo 5 —0.035  —0.019  —0.390 —1.942 0.498 0.526 0437 0.000 0.444 28
[ fig 401 Magna 401 —0.962 0.066  —0.026 0.277  0.281 0.546  0.535 0.579  0.439 29
i E Surprise —0.348  —0.382  —1.348 0.532 0425 0437 0.182 0.646  0.419 30
& Plato —0.239  —0.835  —1.153 0.599 0451 0.327 0.234 0.663  0.402 31
4 515 Golden Queen —1.750 0.691  —1.434 1.148  0.096  0.698 0.159 0.807  0.388 32
D14 Spyder —1.045  —0.853 1.189  —0.964  0.261 0.323 0.859 0.255  0.365 33
A e Veyron —0.614  —1.473 0.777  —0.280  0.363  0.172  0.749  0.434  0.360 34
[ fi£ 201 Magna 201 —1.203 0.248  —1.627  —0.257 0.224 0.590 0.107 0.440 0.356 35
{HE 201 VNS —2.159 0.237 0.032  —0.272  0.000 0.588 0.550  0.436  0.325 36
BT Weston —1.621  —0.805  —0.335 1.400  0.126  0.335 0.452 0873  0.325 37
—% First level 0.534  —2.183 —0.511  —1.684 0.632 0.000 0.405 0.067  0.323 38
B AE Instict —0.554  —1.913 0.037  —0.094 0.377 0.066 0.552 0.482  0.307 39

WL298HQ —1.295 —1.826 1.476 —1.605 0.203 0.087 0.936  0.088  0.253 40
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Table 6 Classification of cadmium tolerance during the
seed germination stage of alfalfa

R X T 4 1 4 2 D&

Relative cadmium tolerance level

D value
D=0.691
0.691>D=>0.468
0.468>D

S £ 1% Strong cadmium tolerance
Fii 5 1 Medium cadmium tolerance
55T 47 1 Weak cadmium tolerance

10 15 20 25

Bara520YQ !
[ fE 995 Magna 995 3—‘

SER M

1k 111 Celsius
E5F Phabulous :lJ
Jb45 30 Central
5= Mufeng —
FifE 601 Magna 601 —
FHE HE B Colosseo
#AE Superpower [
WL366HQ
4% Sanditi
SK3010 |
L REIMi 4 Magna salt —
KE 15 WomuNo.1 —

Strong
cadmium
tolerance

g

2224 ZhonglanNo.2
MT4015

Fiy /i< X] 45 Algonquin [
34 ZhongmuNo.3
7125 DongmuNo.2 [
% 7% Longdong —
Bara210SC —

ff13]-1 Colosseo
WL712

Bara218TR [—

H 45 ZhongmuNo.4
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145 ZhongmuNo.1 ||
fE T 201 VNS [

Ja T Weston [

—4% First level [
Yol Instict [—

J& ¥ Veyron

FfE201 Magna 201 [
10 1 7% Spyder [

7 (%] Plato [

4 2 )5 Golden Queen [—

Medium
cadmium
tolerance

Weak
cadmium
tolerance

FEIRS5 Sevos [
ELfiE401 Magna 401
{33 Surprise —
WL298HQ

1 ETEREEN FHAHMBEEEAITNDENRERESN
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stage of alfalfa
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