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Table 1 Name of test varieties and fall dormancy

i FRIR 2% R T
WL168HQ 2.0 HKHR
WL298HQ 3.0 KR
WL319HQ 3.0 AR
WL329HQ 3.0 TKIR
WL349HQ 4.0 PEAKR
WL358HQ 4.0 kR
WL354HQ 4.0 2B IR
WL343HQ 4.0 PBKR
WL366HQ 5.0 PRI
WL377HQ 5.0 kR
WL363HQ 5.0 P BKAR
WL440HQ 6.0 P AkR

1.2 K%t
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7 (One-way ANOVA)HI P<<0. 05 /K - 9 Least sig-
nificant difference (LSD) K % , # 17 A7 5% 43 #  3E AL
G353 B RS IR oA B SR S T A

2 #RE5LGWH
2.1 REMETARBEERMCATEMETZK

AN T B A b R B 30 R CAT B4 1 A5 1k
208 AEARIR R R B E ARSI CAT I PEAE
40.89~53.43 U/(g+min) , WL366HQ i # iY) CAT 1
Pk Ik R 40. 89 U/(g-min) , & Z Ik T WL168HQ Al
WL354HQ & Fl (P<<0. 05) s IRIR W 7R T, 45 B 75 i Fh
A CAT P 2 FJHEH, WL168HQ Ml WL354HQ
) CAT 3% ¥ i = N 86.44 U/(g-min) Fl 86.22
U/(g-min), & # & T WL363HQ & # (P<<0.05) , 5
oAb & D 22 ) 25 R B

®2 REMETAREESMTANEEETNL

Table 2 Changes of antioxidant enzyme activities in different alfalfa varieties under low temperature stress

1 A A G/ (Ueg fomin ')

I A G/ (Usg fomin ')

4 T B A TG A/ (Ueg )

AT ALK 7 5 IR ¥ IR V2 R 1 R RS 3 7% 8 IR ¥
WL168HQ  53.43+4.43" 86.44+2. 27"  755.60+66.62"  1153.07+17.37*"  83.16+9.51" 169. 39+8. 24
WL298HQ  50.444.68""  66.67+8.24""  757.47420.61" 1037.87+23.51* 79.82+15.89*" 126.20+4. 85"
WL319HQ 42.114+5.58""  73.67+8.81"  746.73+74.01*"  1130.00+37.70**  77.80+5.08"  119.82410. 74"
WL329HQ 42.4445.23""  62.67+6.42"%  707.47+44. 73"  1329.07+72.97*  58.11+8.21"" 113.35+21. 33"
WL349HQ 41.78+4.15""  75.56+3.86™"  635.07+26.74™ 721.87+68.63"  74.01+18.39*" 149.54+428. 25"
WL358HQ 51.88+0.54™  64.89+2.79%  740.53+54. 27" 1149.07+94.72**  36.90+9.87"" 120.75+15. 67"
WL354HQ 53.33+2.18"  86.22+16.88" 694.27+93.20"  810.80+15. 41" 42.574+8.47""  109.00+6. 45
WL343HQ 48.00+1.89"" 66.784+12. 77" 695.20+24. 89" 1154.13482.48"  27.82+6.97"" 125.96+20. 53"
WL366HQ  40.89+4.37"  78.67+3.40"" 692.67478.69"" 857.33+12.31""  26.474+3.37"" 108.58+7.79
WL377HQ 44.56+2.18"  66.00+8.02*"  712.80+68.04*" 1155.20+112.01*" 69.45+9. 75" 111.58+6. 23"
WL363HQ 48.89+5.67""  53.22+4.03%  665.73+18.15"" 1014.67420.84"  20.95+2. 85" 165. 0244, 32
WL440HQ 43.5646.81""  65.11+1.37"  743.60+11.65"" 1035.334+16.33"" 49.87+21.84"" 108.15+11.33

I AT A /NG AR A [ T 28 5275 P<<0. 05 /K - S8 35 5 [l 91 AN [l K5 5= B AR SRR [R] il 22 5 7 P<0. 05 /K - 2

he

Ho

B 25 TR B RIS, R [ D B 7 POD Wi M3 2
T B, R ¥ T WL168HQ. WL298HQ.
WL319HQ i POD i t & % & F WL349HQ (P<<
0.05) , H:d WL298HQ 4 POD i 1k & &5 4 757. 47
U/(g-min) , IR I& ¥ % T, WL349HQ Y POD 7 4
it 721.87 U/(g-min) , WL329HQ Y 1% ¥ fix =5 N
1 329.07 U/(g'min) , & ¥ & T WL354HQ #I
WL349HQ fib F (P<<0.05) , 55 Ho A i Ff ] 22 52 A B3
B(F£2).

i IR ¥ T, WL168HQ B9 SOD 3% M & /i i
83.16 U/g, H:¥k iy WL298HQ il WL319HQ, 43 % &

79.82U/gf177.80 U/g, WL363HQ i SOD i 1 A ik
N 20.95 U/g, & # & T WL168HQ. WL198HQ.
WL319HQ . WL349HQ 1 WL377HQ  fl (P<<0. 05) ,
55Ol R ] 25 5O B L IRIR IRR L A S R Y
SOD i ¥ ¥ 8 fin, WL168HQ # SOD i 1 &% # N
169.39 U/g, 5§ WL363HQ dh F [ 22 = A~ W % .
WL440HQ H SOD i 1 £ ik} 108. 15 U/g, B H L T
WL168HQ. WL363HQ Ml WL349HQ kb # (P<<
0.05)(%2).
2.2 REMETARNEEmFMDASETK
IR W38 R S TR & SRR B9 MDA 5 AN TR AR
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AT , WL168HQ Al WL298HQ (1) MDA & i i fik
27 0. 52 nmol/g, H K J& WL377HQ, 2 0. 53 nmol/g,
i F KT WL354HQ(P<<0. 05) , 5 Hi At 5 Fh ] 2% F
AN EARRAE T, WL319OHQ M N B & B (%N
1.07 nmol/g, H ¥ i WL168HQ #l WL298HQ, & #
ik T WL440HQ. WL349HQ . WL358HQ iy Fft (P<<
0.05) , 15 Hofth s b b T 7] 22 5 R 8 25 (K 3) .
3 EEDBTAREERMA_BIETNK
Table 3 Changes of malondialdehyde content in different al-

falfa varieties under low temperature stress

N 5 &/ (nmolsg ™)

iy 1 4 R

IR 8 L%
WLI168HQ 0.52:0. 04™ 1.1140. 08"
WL298HQ 0.52-£0. 04" 1.1540. 08"
WL319HQ 0. 540, 04" 1.0740. 17"
WL329HQ 0.590. 05 1.2240. 05"
WL349HQ 0.630. 05" 1.2740.11%
WL358HQ 0.560. 02" 1.2240. 07"
WL354HQ 0.680. 05" 1.2240. 05"
WL343HQ 0.540. 07" 1. 160, 14
WL366HQ 0.560.01" 1.190. 06"
WL377HQ 0.530. 03" 1.2340. 16"
WL363HQ 0.57£0. 078 1.1840. 21"
WL440HQ 0. 620, 0042 1. 280. 08*

VAT AR RN SRR R AR R F 22 878 P<<0. 05K
-8 3% R HR A K 5 B AR 2R [ Fh R 22 548 P<<0. 057K
FRE.

2.3 BERFFIMDASESHALBFENMEX
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AN T I Ab BER OH AE AR 8 MDA 5 POD
CAT.SOD 2 fAHC . % AL # T ,CAT . SOD
5 MDA £ &3 74 5 (P<<0. 05) R IR & R T,
CAT 5 POD £ & % [EAH X (P<<0.05) ,CAT 5 MDA
B U SE(P<<0.05) (£ 4).
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Xt BL AT R T N b A B AR AR AT

WAy Ay BT 45 R R L RG24 L (F1LUF2) 1 53 ik %

x4 HERAPA_BERSLEFTENEXES R
Table 4 Correlation analysis of alfalfa root crown malondi-

aldehyde and antioxidant enzyme activity

A "Rk BAEAY

T Ak 3 I 2 35 B o i .
i A ALy 0.30

MRS AR 0.19 0.08
[ —0.30%  —0.15 —0.37"
i A A 0.33

Rl s EE LR 031 0.18
[T —0.41* —0.05 —0.16

TE 7o R M PETE P<<0. 05 7K-F 3% .

g 47.49% . 34.78% o Fov F1XF R () ¢ AE ] 4 b 51
Bk K B8 AR 8 CAT (0. 79) FT POD(0. 69) 5 F2 X i
1 R A 1] 2t o BTk K A 8 A5 S CAT (0. 42) R POD
(0.36) . UL 44 B —FEIRFL AL 2 A LR B R bR,
P FlkR A 82. 27T % (£ 5) .
2.5 HEMITH

T o T A A A RN O R AT T RN
Br B 4 A B — (1 A LS AR % A0 S 2 A 8T B AR L ST
M EEA 8 0s F1,F2, 52 HI S5 8 pR B0 144> 1 4 &b b i
TE A, 45 R R W], B8 09 50 J€ 4 0% 4k 2
WL168HQ (0.92) >WL329HQ (0. 57) >WL298HQ
(0.55) >WL319HQ (0.47) >WL349HQ (0.42) >
WL358HQ (0. 37) >WL366HQ (0.31) >WL377HQ
(0.30) >WL363HQ (0.25) >WL354HQ (0.23) >
WL343HQ(0. 22)>WL440HQ(0. 21) .

3 it

POD . CAT 1 SOD % 4t % 1k il J2& A ¥ 7K N 1) Ty
A2 B 1 22 490 1) AR 4 2 L 2 R AR AN AR N A
BE B 7 A I B 2z 8] B P4 ek 55 0 T E T TR 5 A 1)
AR . MDA J2 BT E AL 72 ), MDA & 1Y
v K52 B AR 25 48 L 2 AR TP 3 Y S ) R 07

RS RAWLRIAAMRELZEERHRERERERS S

Table 5 Principal component analysis of cold resistance indexes of 12 WL alfalfa varieties with different fall dormancy levels

AT 16
ES ¥ G TR/ Bl TR/ %
e LG TR W e BRI LAl R
F1 1.79 47.49 47.49 —0.69 0. 66 0.79 —0.60
F2 1.21 34.78 82.27 —0. 36 0.35 0.42 —0.32
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Table 6 Membership function analysis of cold resistance
indexes of 12 WL alfalfa varieties with different fall

dormancy levels

i n(X,) n(X,) D1 HerP
WL168HQ 1.00 0.81 0.92 1
WIL298HQ 0.34 0. 85 0. 55 3
WIL319HQ 0.47 0.48 0.47 4
WL329HQ 0.56 0.59 0.57 2
WL349HQ 0.32 0.56 0.42 5
WL354HQ 0.00 0.55 0.23 10
WL358HQ 0.07 0.78 0.37 6
WIL343HQ 0.06 0.43 0.22 11
WL377HQ 0.52 0. 00 0. 30 8
WL363HQ 0.11 0. 37 0.25 9
WL366HQ 0.32 0. 30 0.31 7
WL440HQ 0.24 0.19 0.21 12

A 0.57 0.43

3.1 REMMEX AR AFETE PODE MR M
POD 7£ 41 i G/ 4 il 2 45 b 3 28k 3 R AR A Ak
Yy oA F Y R I R AT RIE 5 R AIG IR B 38 R POD
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T T 07 SR AT S 1Y B S POD I PR 5 3R
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% 25 4T R A 75 95 45 I IF ST 45 SR A — 8. % POD
MDA [ #H 56 M 43 B & B, SRR IR AL BT POD 1
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W BE.
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Xt A A G A BT A W RORT 1A BG4 %€
PV A 5 2 B, B AR I B 6 0 R 5 6 A R 44
LAEH T M CAT TG P 38 Ay a3, X 5 A0 58
FH—E, ASBEGE K B, Bl 2 AR I 0 30 A A R ), R
A & B B CAT 3 % 3% in , WL168HQ Al
WL354HQ ) CAT i M, vt IR 3 T,
CAT B9 PE BT g, AR TR A9 3 B PR BT . BX 545 75
00 G W 5T 2 SRR — B, X T R S LR i Y
54 AR 3 VR R AR A T AR P R Y i
AU oI 300 T A OG et L R B 25 5 AR DG M A A
TR, AFRRAABE T CATIEE SN B &R
B EIEA & (P<<0.05) . ARIEMrA T, BfE MR CAT
(18 25 T T 3 T A — A RO
3.3 RIEMEXNARAFHETE SODEHEMNZE I
2k ) 2 BRI a8 i & 7R A R IS R
(ROS),ROS GEZ 5 & Pl B A5, 2 8 42 40 g 4 K
RFET 5 A il 7 IE H A KRB o ROS 7 A
Py A 9 07 A T Bl 3O A RS IR A R L ROS 1
KAk A 233 B DNA SZ 45 86 10T 2R 6 48 A T 2o
S AN D AR AL ST — R A AR RO Y
SOD 1E R i Bk ROS (19 55 — 16 B £k , G 8 U B &8+
(O, ) Bk Jg i E AL & (H,0,) , Hoi o 1Y 38 55 1 1% 5%
Wi AR B DT X F AR AR TR 38
N A TR ST R B B A R B 3a
SOD M5 BTG T RE. 1 B4 %05 R bl
A T Ik 36 B I ) 4, SOD 35 P 552 2 184 0 s W A 7y 728
Tl B, BUFEME SR Y B 15 O P 4k RF A8 1 SOD i 4 .
AW GE KB Bl A R B 30 0 T RE B AIK , SOD 1 7 2
T, H WL168HQ F1 WL363HQ 5 H Ath /i F 1)
SOD i ¥ 2 5 8% (P<<0.05) , X 55 £ o1 ™ Fig &
FEAFI RIS 4 BN — B0, T RE R T R AR AR
Z 5 FHEEERAR K E &SRR AR P
R AL E E A IR R T SEIE E R (1 SOD IR E & -
Fh#aH X 5 AP — B 38 1A M S BT 04 BiF 5
T, AR AL BT SOD W& 5 MDA 7 2 B %
IEAA DG (P<C0.05) , 31X 45 W be B4 I 98 45 R — 3L
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i B ZE AR W38 R, SOD 3 P 8 5y 19 i B, 6 T I
14 3 IV g ) B8
3.3 REMEXNARGAMHETE MDA SEN T

A4 32 AR T W 300 ) 25 R A= T 2o S Ak T it
A ALK B =90 MDA, B AR 25 40 i - MDA 7 &
1 1o A — o R B I R T4 2 405 T R R AR
WHoE R W], B & TR 19 R AIC, B 8 AR 5109 MDA 7 5t 3%
VTR, 3k 5 P AV T T 3 2 IR A L O 5 R TR
%, 240 0 Fr BB T ok R o R R 2 2 i N AR R A
A F WU 2, 28 U S5 T A R 45 2 R WF 5
WAFH T 5 ARG IEA — BN 2538 . AT R KR
38 BT R B 1 A Al WL 168HQ . WL298HQ
S5 AR B2 B 1) MDA 7 1 AR, 0 JE PR RSS9 AE b
Pl an WLA40HQ A1 %5 AR 20041 i (1) MDA & = 8, X
590 T B A W 5 AH — 2, 10 BH P FE M R 1 R A
PR T R R O M A B % B O I AV 3 A
(A 35 B, o AU TR 1) 3 L BB ) B R 38 o A O A BT
fFoE £ RIE 38 T, MDA & & 5 SOD i ¥ fin
CAT i P 5 8 3 FuAH 56 (P<C0. 05) , 31X 5 ik Pk By 212
WF 5T 25 A — 2, BEWIRIR B 38 R SOD A CAT I
i, AR ST A0 M A MDA B iR I, AR BBt 98 1
R
3.4 HEMEMRZRSESIEN T EANZER

SR FH SR ok B0 A7 B 98 1k 25 A T A 2 24 i F 5T
R E BRI T . R KRR SRR eR Bk
XA H A SR BUIEME AT T A AN A5 A B
Jo N BE 551 BLFE PR o T2 I 0 2608 F 5§ I o X
TR K6 AN B A i R k0 i SR AT VR A, 0 e
801 FlELJiL 3 55 11 W] & W Tif {1 7L 66 ) 45k . AR 5038
o S B R EOE X 12 A B AE R BEAT 25 S 0 A5
WL168HQ . WL298HQ Ml WL329HQ H 4 F€ 1 %5 5
iTE e

4 #Hig

1) X 124~ B e i b B 0 S I T P 1 ) BT 5
F W W A R 30 B0 e S A Al Y 9 R 5 T
Hag TN R A R g

2) iz SR eR B0k S5 AT PR A R S
58 55 T 5 WL168HQ™>WL329HQ™>WL298HQ™>
WL319HQ™>

WL349HQ > WL358HQ>WL366HQ>WL1377
HQ>WL363HQ>WL354HQ>WL343HQ™>
WL440HQ.

g b BB RIL Vb MR A WL 2R 50 A5 & AR
WL168HQ . WL319HQ . WL329HQ fl WL298HQ.
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Antioxidant characteristics and cold resistance
evaluation of WL series alfalfa varieties under low
temperature stress

LIU Ze-yu',SUI Ke', YUAN Zi-tong',ZHANG Yu-xia',LIU Ting-yu',
SHAN Xin-he’,ZHANG Zhi-yong’, WANG Xian-guo™
(1. College of Prataculture ,Inner Mongolia Minzu University/Inner Mongolia Autonomous Region Forage Crop
Engineering Technology Research Center, Tongliao 028000, China;2. College of Grassland Science and Technol-

ogy,China Agricultural University, Beijing 100193, China;3. Tongliao Institute of Agricultural and Animal Hus-
bandry Sciences , Tongliao 028000, China)

Abstract: [ Objective] To investigate the physiological responses of alfalfa to low —temperature stress and to
identifyvarieties with high cold resistance. [ Method] Twelve alfalfa varieties of the 'WL.' series from the United
States were selected as test materials and planted in the Horqin sandy land. Alfalfa overwintering materials were dug
prior to overwintering in order to simulate 4 °C ( CK ) and —20 °C low temperature stress treatment. Malondialde-
hyde (MDA ) content and the activities of superoxide dismutase (SOD) , catalase (CAT) , and peroxidase (POD) in
the root neck were measured. Cold resistance was evaluated using correlation analysis, principal component analysis,
and membership function analysis. [Result] The results showed that compared with the control, the activities of
SOD,CAT and POD and the content of MDA in all 12 alfalfa varieties increased under low temperature stress. Com-
pared with other varieties of alfalfa, WL168HQ, WL298HQ and WL354HQ showed relatively higher antioxidant en-
zyme activity and lower MDA content. Correlation analysis of antioxidant enzyme activities and malondialdehyde con-
tent revealed that CAT and SOD had significant negative correlations with MDA under low —temperature stress
(P<<0.05). [Conclusion] Based on membership function analysis, the cold resistance of the 12 varieties was:
WL168HQ™> WL329HQ™> WL298HQ> WL319HQ> WL349HQ™> WL358HQ> WL366HQ>WL377THQ>
WL363HQ>WL354HQ>WL343HQ>WL440HQ. It is recommended to choose WL168HQ, WL298HQ,
WL319HQ, and WL329HQ alfalfa varieties for planting WL series alfalfa varieties in Horqin sandy land , due to their
low fall dormancy level and high cold resistance

Key words: alfalfa; varieties ; low temperature stress; antioxidant properties;cold resistance; MDA
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