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Abstract: To screen Medicago varia breeding materials with strong cold resistance and explore the physiological
response mechanisms of their root systems under low-temperature stress, 21 Medicago varia germplasm acces-
sions were selected in this study, with two cold-resistant Medicago sativa cultivars(Gongnong No.1 and Gong-
nong No. 5) as controls. Under low-temperature stress conditions, the contents of catalase(CAT), peroxidase
(POD), superoxide dismutase(SOD), malondialdehyde(MDA), free proline(Pro), and soluble sugar(SS) in the root
crown of Medicago varia were measured. A comprehensive evaluation of the low-temperature tolerance of Medi-
cago varia roots was conducted using principal component analysis and membership function analysis. The results
showed that under low-temperature stress during the overwintering period, the variation coefficients of the six
physiological indicators in Medicago varia roots ranged from 16.71% to 39.37%. Through principal component
analysis and membership function evaluation, nine Medicago varia accessions with good cold resistance were
identified. Furthermore, a regression model was constructed using different physiological indicators as dependent

variables and the comprehensive evaluation value D as the independent variable. Cluster analysis of the D values
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divided the materials into three major groups. This study provides theoretical basis and reference for the breeding

of cold-resistant alfalfa varieties.

Key words: Medicago varia; Root; Physiological property; Comprehensive evaluation
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Table 1 Medicago sativa hybridization configuration

S A .
pms o N
. (WA= LRk ) [CEN:ED) HA
Hybridized
Parent(wild Maternal(infer- Combination

combination

monoculture) tility lineage)
1 YS-1 MS-GN YS-1xGN
2 YS-4 MS-GN YS-4xGN
3 YS-7 MS-GN YS-7xGN
4 YS-9 MS-GN YS-9xGN
5 YS-10 MS-GN YS-10xGN
6 YS-12 MS-GN YS-12xGN
7 YS-15 MS-GN YS—-15xGN
8 YS-18 MS-GN YS-18xGN
9 YS-21 MS-GN YS-21xGN
10 YS-23 MS-GN YS-23xGN
11 YS-25 MS-GN YS-25xGN
12 YS-26 MS-GN YS-26xGN
13 YS-29 MS-GN YS-29xGN
14 YS-32 MS-GN YS-32xGN
15 YS-34 MS-GN YS-34xGN
16 YS-37 MS-GN YS-37xGN
17 YS-41 MS-GN YS-41xGN
18 YS-44 MS-GN YS-44xGN
19 YS-50 MS-GN YS-50xGN
20 YS-51 MS-GN YS-51xGN
21 YS-55 MS-GN YS-55xGN
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Table 2 Variation statistics of root neck physiological index of alfalfa strain at low temperature

A PEFEDR T {E FrifE 22 UNE /ON! 5 A %
Physiological indicator Average SD Min Max cv

CAT 868.11 41.14 464.62 1720.13 39.37
POD 63 633.69 679.01 29781.11 110 032.22 31.06
SOD 403.87 15.12 216.87 697.39 31.10
MDA 130.08 6.13 49.25 21333 39.16
Pro 963.50 36.55 489.41 1803.95 31.52

ss 87.13 1.75 50.59 118.68 16.71
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Table 3 Correlation analysis of physiological indexes of root neck of mixed strain at low temperature

e
A PR bR
o CAT POD SOD MDA Pro SS
Physiological indicator
CAT 1
POD 0.186 1
SOD 0.089 0.085 1
MDA 0.251* 0.294* 0.128 1
Pro 0.056 0.048 -0.180 0.183 1
SS 0.235 0.175 0.243* 0.201 0.201 1
- — =
T #3RR P<O.0S K E T 5 8%
Note: * indicates the significant difference at P<0.05 level.
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Fig.1 Changes in CAT, POD, SOD enzyme activity and MDA content in the roots of hybrid alfalfa



80 B | | A A 50%:

23 RENRBEABAREEERRZRTFPIFMR

S L BEE 10 MDA Y LL 8

P P 1] R R X R TR 2% AE B TS AR b AR
AL % VEFD MDA 5 A7 78 5 22 k. Horp e
AETE TG 85 10 CAT & & fi iy, O B Fh 22 515
76.24% , B %F FE 5L Fh 23 585 169.57% , H. 2% 5143k
b K (P<0.05), Z2 4L H & 75 1 CAT & 2 4
X} R 23 5 55 108.86% , 2% 5+ ik i & /K - (P<0.05).
L AT AT, 745 F 8 5 2 AL H A HLA B 1 CAT
PE 2B 45 7 .10.14 .15 .17 .19 5 POD 1% ¥ i
T WA X BB 5 R (P<0.05), 6 B3 JLAS 4B 1
f& B B POD I P 5 2446 B 45 18,20 5 1Y SOD
6 M B T WA X IR 5 Bl (P<0.05), 18 5 b
22 31 23 543 I 25 49.46% F1 80.35% , 20 5 [, 22
523 500 B 5 35.17% A1 63.11% , 15 22 53 3K ik
FIKF(P<0.05) . LEA A, 226 H 15 18 120 5

/00 -

o0

L 2 35 4 6 8

C st

T8 09 1011 12 13 14 15 16 17 I8 19 20 21 22 23

WL EL A 8 1 SOD I6 P 5 7E MDA % & & BE,
ZRAEE 1 4.13.20.21 5 A9 MDA & &2 ) i F 1K
T WA SRR, H 22 5 38 18 27K (P<0.05). H
WAl 1, 22 46 B 75 4.13.20.21 5 H oA 8 ALY
MDA & &,
24 REREARRTEEERZERIPEES

ERATYUREENTL

A 2 AT, 246 B FE 9010 .11 5 Y Pro % it
Y 5 35 T A X R R (P<0.05) . T 2R AE T TE
1.3.4.14.16 .17 .19 5 [ Pro ¥ & i} 3 i T X i
al A 22 5 (P<0.05), ZEG 1A, 246 H 15 9,10, 11
SRR B Y Pro i BRAYAEE TS 45 113
FAN, A R Y SS B m AR 2245 (P<
0.05), Z2AEETE 1.8.14.17 18 5SS & i i &
T B R 23 5 (P<0.05), AR, 2o
f61.8.14 17 18 S B AR = 1SS & i o

00 o it Ceder <
= o defi

1=

20

0

Loz 3 4 5 6 7 8 9 100112 13 14 15 16 17 18 19 20 21 22 23

B2 ZRUEEBERFTPoOMSSEELTN
Fig. 2 Pro and SS content changes in the hybrid lines
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Table 4 Principal component analysis table

N FER L AR A
AR . -
Feature vector Linear load coefficient
Physiological indicator
F1 F2 F1 F2
CAT 0.655 -0.096 0.466 -0.086
POD 0.552 0.026 0.393 0.023
SOD 0.404 -0.734 0.287 -0.657
MDA —-0.698 -0.215 -0.496 -0.192
Pro 0.306 0.788 0.218 0.706
SS 0.668 -0.069 0.475 -0.062
FHIE(E 1.977 1.248
TR 1% 49.39 31.16
R BTHR % 49.39 80.55

R5 ERSBLERREIY

Table 5 Principal component scores and membership functions

e DIE DHEF
Strain " 2 wl h2 D value D sort
1 0.721 0 0.5270 0.776 4 0.589 3 0.704 0 7
2 -0.980 2 0.363 4 0.462 2 0.557 9 0.499 2 17
3 -0.469 8 0.055 7 0.556 5 0.499 0 0.534 2 15
4 -2.784 2 13336 0.1290 0.743 8 0.366 8 21
5 -0.016 1 -0.207 9 0.640 3 0.448 5 0.566 1 13
6 -0.809 9 -0.3214 0.493 6 0.426 7 0.467 8 19
7 1.388 2 -0.278 8 0.899 6 0.4349 0.719 8 6
8 1.910 4 -0.664 6 0.996 1 0.3610 0.750 4 5
9 1.0379 1.229 8 0.8349 0.7239 0.792 0 4
10 1.791 1 13639 0.974 1 0.749 6 0.887 2 1
11 0.5189 26706 0.739 1 1.000 0 0.840 0 2
12 0.044 0 0.6123 0.651 4 0.605 6 0.633 7 8
13 -3.4824 -0.362 3 0.000 0 04189 0.1620 23
14 0.650 7 -0.3233 0.763 4 0.426 4 0.633 0 9
15 1.0111 ~1.476 4 0.8300 0.205 4 0.588 4 11
16 -0.563 0 0.034 6 0.5392 0.494 9 05221 16
17 0.3913 -0.562 6 0.715 5 0.380 5 0.5859 12
18 0.760 6 -1.7162 0.783 7 0.1595 0.5422 14
19 1.9315 0.087 7 1.000 0 0.505 1 0.808 5 3
20 -0.637 3 -2.5485 0.5255 0.000 0 0.3222 22
21 -1.7570 -0.0457 0.3187 0.479 5 0.3809 20
22 -0.4519 -0.5516 0.559 8 0.382 6 0.491 2 18
23 -0.205 0 0.780 4 0.605 4 0.637 8 0.6179 10
FLEE /% 49.39 31.16 61.31 38.69

IR R4.13.20.21 %5, FERHA K 14.15.16.17.18.22.23 5, FE LRI N SOD [
MDA 5 SRR 8 IR B Al 2 2.3.5.6.12.  PEEH .
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Fig.3 Cluster analysis of D values of alfalfa lines
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Table 6 Regression analysis

FymIHAMT Sy — T I (R 6):

AR bR EVEEYS A IEEY tfE PAH

Physiological indicator ~ Regression coefficient ~ Standardized regression coefficient t value P value
Hoh 0.5832 679.169 7 0.000 4

CAT 0.047 0 0.265 7 679.169 7 0.000 7

POD 0.046 7 0.263 5 690.199 6 0.000 5

SOD -0.016 3 -0.092 2 234.902 8 0.000 1

MDA -0.0713 ~0.403 2 998.711 2 0.000 1

Pro 0.0778 0.4393 1126.907 5 0.000 2

ss 0.0499 0.2825 702.315 5 0.000 4

P E R ELR=0.986 5,

Note: Determination coefficient R?=0.986 5.

D=0.583 2+0.047 0CAT+0.046 7POD-0.016 3
SOD-0.071 3MDA+0.077 8Pro+0.049 9SS, 1% )7 2 &
B I 2 AR G, HHe 2 A G R 2L R?=0.986 5, [0] K

FETE 91.64% ~ 99.92%( % 7), 72 B 1% [n] 15 J7 2 A5 741 Prat - —2

AR TR i 35 3

R REES o oy BT 45 R WD, 6 > B ITUAE Am X 1 7
Wi o A, B3R 6 A8 AR
A A D AR ARRA ARk TR R 7 228 ) 5 B, 5 R
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Table 7 Precision analysis of the regression fitting

HHEN B AR A [mA{E WAEDRE AR 522 TR L%
Strain Raw value Return value Error of fitting Error of fitting Estimated accuracy
1 0.704 0 0.704 5 -0.000 5 0.064 0 93.60
2 0.499 2 0.499 1 0.000 1 0.0117 98.83
3 0.5342 0.5340 0.000 2 0.038 3 96.17
4 0.366 8 0.366 7 0.000 1 0.0212 97.88
5 0.566 1 0.566 0 0.000 1 0.020 8 97.92
6 0.467 8 0.468 2 -0.000 4 0.083 6 91.64
7 0.719 8 0.720 3 -0.000 5 0.065 1 93.49
8 0.750 4 0.750 4 0.000 0 0.000 8 99.92
9 0.792 0 0.792 0 0.000 0 0.006 1 99.39
10 0.887 2 0.887 4 —-0.000 2 0.0210 97.90
11 0.8400 0.840 0 0.000 0 0.001 8 99.82
12 0.633 7 0.633 2 0.000 5 0.081 0 91.90
13 0.162 0 0.162 0 0.000 0 0.014 6 98.54
14 0.633 0 0.633 2 -0.000 2 0.029 4 97.06
15 0.588 4 0.588 0 0.000 4 0.069 7 93.03
16 0.522'1 0.5223 -0.000 2 0.032 6 96.74
17 0.5859 0.5857 0.000 2 0.040 1 95.99
18 0.542 2 0.542 3 -0.000 1 0.026 6 97.34
19 0.808 5 0.808 1 0.000 4 0.0457 95.43
20 0.3222 0.3222 0.000 0 0.0012 99.88
21 0.3809 0.3810 -0.000 1 0.0217 97.83
22 0.4912 0.491 3 -0.000 1 0.0157 98.43
23 0.6179 0.6177 0.000 2 0.027 5 97.25
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