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Abstract: To evaluate cadmium tolerance in nitrogen metabolism of different alfalfa (Medicago sativa 1.) cultivars, greenhouse potted ex-
periments of 20 alfalfa cultivars were conducted, with soils treated with 0(control) and 50 mg- kg™ cadmium stress. Eleven evaluation in-
dexes, including plant height, biomass, total nitrogen content, nitrogenous compounds content in different forms (nitrate, proline, free amino

acid, and soluble protein ), and nitrogen metabolism key enzyme activities (nitrate reductase, glutamine synthetase, glutamate synthase, and
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¢lutamate dehydrogenase) were measured. The change rates of the above indexes were calculated between the control and treatment

groups. Correlations between each two index change rates were analyzed. The comprehensive evaluation value (D) of each cultivar, which
was used to evaluate the cadmium tolerance, was calculated based on principal component analysis and membership function method. The
multiple linear regression analysis of D was then used to screen the main indexes to establish the mathematic model for the D calculation.
The results showed that the change rates of all 11 indicators varied with different cultivars, among which the largest increase (122.24% )
was in nitrate content and the largest decrease (—83.00%) was in nitrate reductase activity that were observed in WL525HQ. Correlation
analysis showed that there were significant positive pairwise correlations (P<0.05 or P<0.01) among the change rates of plant height, bio-
mass, total nitrogen content, soluble protein content, proline content, nitrate reductase activity, glutamine synthetase activity, and glutamate
synthase activity. Out of the 20 alfalfa cultivars, Juren had the largest cadmium tolerance in nitrogen metabolism (D value was 0.89); where-
as, Sandeli had the weakest cadmium tolerance ( D value was 0.04 ). Based on the multiple linear regression analysis, plant height, glu-
tamine synthetase activity, glutamate dehydrogenase activity, nitrate reductase activity, nitrate content, and biomass were screened as

the main indexes. Based on these six indexes. A regression model was established, which could be used to evaluate cadmium tolerance of

alfalfa.

Keywords : alfalfa( Medicago sativa L.); nitrogen metabolism; cadmium tolerance; principal component analysis; evaluation index
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Table 1 Origin and name of alfalfa varieties
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Figure 1 Index change rates of 20 alfalfa cultivars under Cd stress
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Table 2 Correlation analysis of indicators change rate in nitrogen metabolism of 20 alfalfa cultivars under Cd stress

izt PR HYhE £ AR rmaEm  WER A R 0S  GOGAT GDH
Indicator Plant heigh  Biomass Total nitrogen Soluble protein  Free amino acid ~ Proline Nitrate

PR 1.000

AW 0.950% 1.000

K 0.662%%  0.667+* 1.000
ARMEEF 0.635%F  0.585%F  (0.745%% 1.000
TR 0.499% 0.441 0.775%% 0.607+* 1.000

it 2R 0.699%%  0.687%%  0.695%* 0.714%% 0.663% 1.000

(ST —0.721%%  —0.777%%  —0.682%* -0.473%* -0.599% -0.507* 1000

NR 0.790%%  0.818%%  0.777%* 0.755%% 0.594% 0.794%%  =0.778**  1.000

GS 0.708%%  0.661%%  0.654%* 0.518%* 0.599% 0.549%  —0.715%% 0.723%%  1.000

GOGAT 0.650%%  0.687%%  0.731%* 0.711%* 0.542% 0.634%%  -0.658%% 0.813%% 0.571%*  1.000

GDH 0.318 0.415 0.480% 0.466* 0.480%* 0.524%  -0.474% 0441 0247 0.598*%% 1.000

L FTE 0.05 /KT CRUI) b2 2540 56 5+ 7E 0.01 K- CRUI) | i@ 35 AR G .

Note: * Significant correlation at P<0.05(Two—tailed ) ; ** Significant correlation at P<0.01(Two-tailed).
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Table 3 Eigenvalue and contribution rates of principal components

Wy TR Jr 22 B4y Hi% SHTTIRA % By FRIEAR Ji 22 53 % SRR /%
Factor Eigenvalue Variance percent Contribution rates Factor Eigenvalue Variance percent Contribution rates

1 7.376 67.053 67.053 7 0.225 2.045 96.410

2 1.007 9.158 76.212 8 0.180 1.638 98.048

3 0.689 6.265 82.477 9 0.149 1.352 99.400

4 0.623 5.667 88.145 10 0.043 0.391 99.791

5 0.410 3.730 91.875 11 0.023 0.209 100.000

6 0.274 2.491 94.366
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H 8K, 0 0.89, F B H AU A fesm 1yt Cd 1 .
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. A A
5 i I
; 0
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e HLAY 2 R RO 4 B
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Figure 2 Component score coefficient of nitrogen metabolism—

related indicators
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W R B E TS, AT DAY )0 0.87.0.84 .0.81
F10.80, B W B AT A A A 1 B A A X v i T Cd
PE, TSR] CWLS25HQ ™ “PUZERE " FI“J % " JLAS
b Pl DAE RS /INT 0.1, R B AT Cd iYW 45
MR
2.5 DIERE VAR R I EAR I

MBS FEBR AR AR S b Cd R ] G 56
O e Ry AT HE B SR AR S Cd M 5 48 A, LA
Cd i 25 A PEME (D) FE R AR &L, HE4E Cd i~
B HITIE AR AR LR A AR i, F R 2 on kg 4

R4 20N EREERMERGEINERNS TSI NEEES
Table 4 Principal component scores and synthesis score of
20 alfalfa cultivars

Y2 ;

anfer Nﬁi C Cs Us U D,
19 EPN 7332 -5125 100 005  0.89
12 4EJE 6515 -073 092 046 087
11 HH2% 6352 -1440 091 035  0.84

18 B 145 6042 -15.76  0.88 0.34 0.81
15 AL 5945 2039  0.87 0.30 0.80
13 BerhEfE 2135 2920 0.50 0.71 0.52

1 s 16.55 6546  0.45 1.00 0.52
16 TR 1439 4437 043 0.83 0.48
9 FE LS 17.19 -57.41 046 0.00 0.40
17 EEE 0.30 4578  0.29 0.84 0.36

8 Ha15 548 -4822 034 0.07 0.31
20 FUEHFRAIE -0.84 -22.57 0.8 0.28 0.28
14 Bramoknt  -18.07 28.01  0.12 0.70 0.18
10 F/RX4:  -19.15 -4.19  0.10 0.43 0.14

3 Zit -21.64 -13.82  0.08 0.35 0.11
2 GBS -28.59 3468  0.01 0.75 0.10
5 e 2146 -37.24 0.08 0.16 0.09
6 MEEE -24.76 -13.57  0.05 0.36 0.09
7 WL525HQ -24.71 -4839  0.05 0.07 0.05
4 =AM -29.99 -21.29  0.00 0.29 0.04
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Y Hp A W e AR I 2R BB A% 8 15 18 4B R LA X
Cd 32 ASHIFFE & B, 20 4> 5 il 0 Bk 220 1R 1 74k
5 PR AR Py AR AR R B D 2 TE AR COC R (P<
0.01) , XA ENUE T Cd B A 1F T, AL H 15 Al
A P9 e 22 2 PR 3R IR HR AR Cd 8™, Cd Bt s
SUMAAR R v I s S SR AN PV E AR  ES J
B A SEIR O B INAT R TR P X 945 AR, R
PEEE (2 B 1B INAG BT 4E R A A A 0 1 5 T T
WA RE A I —KBE S CAFE R A M EATR S Z K,
MR, AEAIRTR v, 20 4 A i 2 24 5
iR o AR R S B T R AL R R B A O (<
0.01), Al EHE A& AR SR AW EMAR
AR AR B I 2 IE A G (P<0.01) , B IE T HIA

WFFR A . AT UL, A R ™ e 2 PR U 5 2 O
i R AT 5 1 B 11 AT R R 25 S 540 B A Cd i ) i 22
FehR o TEMIFIMRE R CAMHE T, Cd k5 ) 5 FlH
if 22 R U0 1 A SRR AT ] VPR B P A B

RACHT R R A Cd it M2 22 A6 H e Cd T 1 7 —
ANEZERII I FACU AR B A OCHE bR AT AR R E
LA B 78 CA itk B ZE S G . AR Rk
WA, U Rt 2, HAR AR 5 1R AR Z 1]
WAFTE R A B R FAH E R G & | R B8 R T
Hi SR FH S AN B — b 0 S8 A A AU Y Cd i ik
Il . B 2 A RERMEM IR R T 2754
Mr, Hgh A HA — i Ui Al FeT (S pEre . 3%
G340 BT AT K K B A 22 1 BRI AR A 46 T
B HAR S I EZR-G A8 , i — 20 R O $iey:
(SR S BR A B ok Hh & 2R B R AR PR (B (D ED ™,
Fb 350 2 UL b 2 B 45 2t B Cd i 1 o AR S0
WS TE BT I 11 AR AR SC 8 AR Bl A 48 A 2 A
IR LR ST O 25 A 38, 3X 2 AN FR PR HESE T IR LR 46 b
B IO (N o (= SRS R 3 Tk G M D 5 i
i T S8 AE T E U C bt A T REA
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ZEATEME (D) SR dhRp < B F =15 507 4351 2
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T bR AT VR S PN S 16 B s AU Cd it 1 32 22 4
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