834 % 45 T oW ¥ R 20264 5 H
Vol.34 No. 5 ACTA AGRESTIA SINICA May 2026

doi:10. 11733/j. issn. 1007-0435. 2026. 05. 001

SRR Ay, B, 2L, AR PR [R) AR 00 5 48 B0 R 1 WK 1 24 3 2 vl 9 e 4R 1 2R S B2 [T]. 0 3h 24 L 2026,
34 (5):1557—1567
LI Ruo-hong, ZHAO Shi-qiang, PENG Meng-zhu, et al. Antioxidant Physiological Responses during Imbibition and
Germination of Alfalfa Seeds Stored for Different Years[J]. Acta Agrestia Sinica, 2026, 34 (5) :1557— 1567

PR AREMEREEM FRKBREIEFRR
Bt A AL A 3 i Az

ks Rk, BN, iEp
(gl R Bl B2 5 4 R =2 g, JB5T 100193)

W IR AR BRI E 1 (Medicago sativa) T 5 WK i 2o B8 v e S A AR B 42 ML, A 50 LV 4 a A
Taf hE 15 E 25 A E M7 IR0 g2, I e WK AN ) By BERD - k2 REE (BT IR IR -4 bk K
CASA-GSHDIEFF P Bt S AL FEIG PR AT S AL & &k, 20 B IV 1 B AL A 18 b A AU LA . SRR I 7 a &
EREAREE AL A R R R R T BAR R I R 2R3 R AR R ZERR AL TR AR BRI AR R R o TP A R
Xof A 7 0 R K 235 A R AL T R K B B AR S O B I ) K, S A R A A R e R v R K
GOMIER . H AR B R BRI 0] AsA-GSH B F Dy g 2B A AL T 4 a 1R, W60 7 a 19 55 46 1 4 il
T, W i A AR i AR S (Catalase, CAT) A e KA JU A ( Glutathione reductase , GRO FIE i &40 R i R 4 i
fif (Monodehydroascorbate reductase, MDHAR) {ifi P &k 2 B A%, TR 1l R ( Ascorbic acid , AsA) FT4: BE H K (Glutathi-
one, GSHD & & d /b, A1k B 45 e H Ik (Oxidized glutathione, GSSG) 1 2, 3¢ B if £ % (Reactive oxygen species,
ROS)VE KR BE 798055 , B b S0 A IR o TP 960 4 a 9 D 172 W ik w5 29058 3o i 8016 W i (Peroxidase , POD) R GR 4%
WP L, — B RRELE T ROS Mt AU R I iR i B A A RB  o SRE sR B0 R AL R T & B
FHEF R R E 1S 4> R E 25 4 a1 S Ta > " P H 25 Ta, I T HEH 25 MF . EAKELT
R 15 SR A X RS I R AR BIDIR S A R A T I

KR B H AT A B s ASA-GSHEER ; #7151

FESES:S541.9 XEkARIZAD : A X EHS :1007-0435(2026)05-1557-11

Antioxidant Physiological Responses during Imbibition and
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(College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: To investigate the antioxidant physiological regulatory mechanisms during the germination of naturally
aged alfalfa (Medicago sativa) seeds, this experiment used ‘Zhongmu No. 1" and ‘Zhongmu No. 2’ alfalfa seeds
stored for 4 and 7 years, respectively, as experimental materials. After being imbibed at different stages, seed ger-
mination indices, antioxidant enzyme activities of the ascorbic acid-glutathione (AsA-GSH) cycle, and antioxidant
contents were measured to analyze the changes in antioxidant indices of alfalfa seeds during storage. The main
results are as follows: storage for 7 years significantly reduced the germination capacity of alfalfa seeds, specifically
manifested by decreases in germination potential, germination rate, germination index, vitality index, and seedling
root length with increasing storage duration. Storage duration had little effect on the initial water absorption rate of
seeds but influenced the progression of the imbibition stage. As storage time increased, the lag phase during the
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imbibition of alfalfa seeds was prolonged. Natural ageing leads to a decline in the function of the AsA-GSH cycle
during imbibition. Compared to seeds stored for 4 years, alfalfa seeds stored for 7 years exhibited significantly
reduced activities of catalase (CAT) , glutathione reductase (GR) , and monodehydroascorbate reductase
(MDHAR) . Ascorbic acid (AsA) and glutathione (GSH) content decreased, and oxidised glutathione (GSSG)
accumulated, indicating weakened reactive oxygen species (ROS) scavenging capacity and exacerbated membrane
lipid peroxidation. Seeds stored for 4 years exhibited enhanced antioxidant capacity during the mid-to-late stages of
imbibition by upregulating the activity of certain antioxidant enzymes, such as peroxidase (POD) and GR, thereby
partially delaying the excessive accumulation of ROS. Using the membership function method, the germination
capacity of alfalfa seeds was ranked as follows: ‘Zhongmu No. 1’ 4 a > ‘Zhongmu No. 2°. 4 a > ‘Zhongmu
No. 1’ 7 a > ‘Zhongmu No. 2° 7 a. Compared to the ‘Zhongmu No. 2’ seeds, under natural ageing conditions,
Zhongmu No. 1 exhibited relatively stable vigor and physiological status, demonstrating stronger storage tolerance.

Key words: Alfalfa seeds; Storage years; AsA-GSH cycle; Seed vigor
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Fig.1 Seed germination characteristics of alfalfa varieties stored for different years
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Note: (a) Germination potential; (b) Germination percentage; (c¢)Mean germination time; (d) Germination index; (e) Vigor index; (f) Root

length; (g)Shoot length. Data are presented as mean =+ standard error (SE), where SE was determined from four replicates. * indicate signifi-

cant differences at the 0. 05 level, ** indicate significant differences at the 0. 01 level
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Table 1 The imbibition stages of alfalfa seeds stored for different years

4k 3 PR 1 7K 3] W 7K il 23] PR S 1l 7K 3
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ZM14a 0~16 h 16~20 h 20 h~
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Fig. 2 Changes of water absorption characteristics of alfalfa seeds stored different years
FE (@) ZMIRK 35 (b) ZM2 R K % 5 () ZM 1 IRK 3 (d) ZM2 WK 3% . BIR $222 1 O = A5 & AR HEDR (SE) , T A

Note: (a)ZM]1 water absorption; (b)ZM2 water absorption; (¢)ZM]1 water absorption rate; (d)ZM2 water absorption rate. Data are presented

as mean + standard error (SE), where SE was determined from three replicates, the same as below
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Fig. 3 Changes in antioxidant enzyme activities during imbibition of alfalfa seeds stored different years
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Table 2 Membership function values of various indicators and comprehensive evaluation of alfalfa seeds stored different years

b5 Index M M2
4a 7 a 4a 7a
R GE 1.00 0.55 0.75 0.00
KEFH GP 1.00 0.60 0.78 0.00
-3 % B MGT 1.00 0.95 0.00 0.61
REFFRE GI 1.00 0.49 0.96 0.00
MK RL 1.00 0.00 0.98 0.02
K SL 0.54 1.00 0.25 0.00
IR EC VI 1.00 0.46 0.93 0.00
CAT i 0.10 0.07 1.00 0.00
POD i 1 0.46 1.00 0.27 0.00
SOD i 1 0.00 0.16 0.42 1.00
MDHAR i 4 1.00 0.00 0.58 0.17
GRIFE 1.00 0.28 0.03 0.00
GSH #1 1.00 0.51 0.00 0.27
GSSG it 0.00 0.20 1.00 0.47
AsA 0.30 1.00 0.00 0.24
DHA % i 1.00 0.11 0.81 0.00
-1 {E 0.71 0.46 0.55 0.17

Hery 1 3 2 4
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Fig. 5 Schematic diagram of the response of alfalfa seed anti-
oxidant system to storage time
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