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Abstract: Seed aging (or seed deterioration) refers to an irreversible change with the decrease of seed viability resulting in loss of vigor and germina-
tion capacity. This is an inevitable process with the prolonged storage time of seeds. Seed aging can cause the decline of seed vigor, lack of high—
quality germplasm, and even affect the ecological environment and people’s survival in very serious cases. The physiological and biochemical process
of seed aging can be explained from the aspects of seed germination, seedling growth, enzyme activity, respiration and energy system, nucleic acid and
protein synthesis ability.

Key Words: storage; seed; aging

M 51 % i 7t Heydecker J5 2 i AR TE
PR ZAF B A0 1 AR K [0 ) e, AT (7
T8 B R BICRE SR b K i AT IR .
B ) 1 (8 WK AR FH 8 — SE K , SRR (e
T TR

VA SR B YR PR
5T 551 K Z [ AR EAE T, Ghasemi S5 HF 5T

Y5 B #3:2022-01-22

TIEE & B RZHCR B M R B 25 A 50 w i H
(CARS-34)

PEE BN AT ID(1991-), L& FF5E s 2] By, EZNFHIY
39855 2 W) A F 5T, E-mail : puzhuo050509@nwafu.edu.cn ; * 4 38
RS Je B0 (1988-) 5T S5 2] B, % R AR DA
%, E-mail :nmcj1993@163.com,

e T AR T Rh 509 5 28 A R 2R IR R 4
B IR R g Ol R S AT
PRI PR SE A G 1, A 1 P 2 A 2R ] R
AR A G| Kn] LB e A b1 TR I i
SR O i R S ERTIIRE B a2 (BN L R
JF), AT LASR RS T W R ST SR
Witk XTI REE BR T, d T AR 51 %
7 IR S T, LASE BT — 281l T Ff o 1948
O FET PRGN RERS AT RO R A ik s/
JBENR Y i Ak, AR Z 05 h TR IR A5 e H
JIk Kk Z By (PEG S5 S 51 KRk e e T i
J1o P, 51K SE—Fl ] H T 2E & ARl & A
4 R R T B

049 -



KA R 2023F% 1

BERLHE

Foft 5~ Jot 2 S AR A i i RN R Z
— o PR R TR AR 4 B ACIREL , FFAE N
TANfEAF I R AR I . — 28 2 P PN R 2 R A
T, H AR R A R AR Rk
AR R AR AR AUZ BRI E .
TR AR RO R 2 A S BT R R, AT RE
ZFER T A TIRE, S SRR B AR
[ I 4 A L U T R N & 17 R A L 0
AR R R JR , LR D7 T U B R i o e ) 5
B

RE AR TR 2 R, A TAT RAAE
TR TR X ARFE O TR
(R AT, Je—FRRERS |2 (il F O TR I A 5
TRAFAEY) ZREPER TV o b 19 77 i 1 BE RO T
AT 25 RN MR o PRI B AR IRLIEE mT
PUSEAR A8 i, O HLIX 2 VF 2 M1 B A A7 2
[ R (SN <2 s e e A N w3 1 g <O
IAEAR L A BT W R R 8 e k™
U RV AER AR IE T i T A4 R
AR, F BB e B 25T, M
Sl A7 U E] B o135 T - o 2

1 fERIEPMTFREETL

P2 b d8br R EA R T R 2FR % EH A
Fo B R PR AR B PR A AR AR S . 51 &N T
b 1, e R AE AR P S50 T R e
P4t ™ IR R s ) B R
A FRFE PR IEAWTAR L, T 5 A I I TP
ML 6 1522 P T IG oK e e . A PR
Bl i 7, Bl TR P 23R B AT B 184 i
Thi ot ALY K TTC & B W AR . B bt E ik
REAEERR R0 1 AT A K R B iR E
FEEVER, EBRF T2 A R ™= A i 5
PR, IR MY R B R X e Ak A P K
S BRI I IS R O 1 A TR
T 3 Ao 1) A2 S, b RT3 1 AR 1 SRR AR, SDO
POD .CAT & BRI MDA FLZ 3, Fp 7l
B, ASIE R BORIBEFD T80 2 F 716 1 TR
figg L A - A Tl TS P R R A T P IIGRE T, F
T FEAIK T RE i (ATP) I [FAL T & ZE 1+, TR
UEBA T 0 AU B R IG5 3l 2 A R e 2 e 1) %
filifi Ko Tabatabaei "2 T HLE LG RE J1 55T
6 1 2Z A IE A G 56 28 o A B[R] IF 7 1) b =1 0

+ 050 -

UTIRES co -4 Voiv O R < SO 0 =373 S 7Y
WA 25 T BOE U SOREREAL , 28T S BUIE B A
A6, G0 T H A B O RS 52 0 IR G i
PE AL, fH Veselova 55 & Bl 2 CE fb i 72
Hh 5807 25 AR SC I S B K A6 S ) B A 7K fid
MR B A 2 AR e PR -

2 MEEIERMFIELTL

o o5 8 R 2 T DA i K R b S K i 5 A
(HPIE# RUFp 7 ) 9 5y, LT BRI AA A N &3k
PRPL R S ZEAR SR, RIASE 2 A0 8 ) i
AN, M T B AT . R, i A
AT AR TR BT B R A A A O B, BRI
OB KB, P AR — A DR A ) 0
T H e R G s T AR P AT I A
A I3k
2.1 #hFH RNA BT

Tt B ¢ 2ok A& v B 3% 752 RNA & B 52 0
IR, A REAT 208> RNA & B2 . i |
RN 23 AE 7 RNA (5 18, FAE HT AT B8 A2 i X 4%
BERY e 5 Sl b PR 7 R A PR 0 980 T g A
1o XFRRAEFN T LBl 8 LR E 1T PCR 43 BT 2R 9,
5] & A5 S RNA A& B . Coolbear 252 5| % &
SRR AR e & B0 RNA B9 A BT, X £
JA45F rRNA 196 . rRNA B8 A Bh T 52 i A% b
e NI i 2 5
2.2 #FH DNA ML

Sl kSR DNA G L. EoK NEFpF i
DNA & & 285 | & Ja W & TR 51 & FhF 9 DNA
B RS R AEIE T DNA &, 33X Al A& i 40 it
Oy ZAYUE T AT A B Y . A B R AL AR
237 DNA L Z 55 DNA #1457, Horp 51 & XF DNA
HEEAEH, BX DNA B K A7 & il ai > .
Andreev 55 5% 42 YL €6, J5T PR 45 K4 35 9 DNA 25
FAZL, e BT — b AT e A B 1 S R A TR T T
PEIZBE PERE & & 2F S R0 R B, X LR T
T L 5 [ 25 DX sk /0 19 DNA B BEAR B4, SIE W %
UG A AL I 3 P R 2 T €8 3T PR 5 A S T R
it % PR R T2
23 WMFHEARFETK

Gao G X AN K R 4458 S FP kAT T 4753
B, EATEA R E &R BTEF 6 7 5 A7
WA ZES . W25 , IS AP 0 & 20 % A7



HERLHE

2023 18 KA A

A2, HR RN R 7 R KOF H 3
Wi SR B, WA IR IiG T A R A A
255, R 2R ABAR iR b — B g 5 B A6 A
(F245 DNA 5300518 52 50 52 25 11 ) B e 1) e 00 i
fa R A B T 15— 2438 i Fh
EATRKEIRA &2 . H itk HE X SEFh 5
) Aift AR T BE S AP 2R OC . R i
ST R Fh ik 5 R S B AR A
K, IHER TR AL . E A -
FPEIR O—H FEELFL il (PIMT) 1T LABR i Fh - H1 ROS
TR KRR it A A S R R T 2 st B v A B
TR AN TG ) FIE K T 5
24 MFHRERERIGHEZL

YRR SR ERZ A W A0 M N B AL RS, 2
U RE TG BN A R s o 1 PR ™ A2 Y
F A AT T MR S B e E R &R
ol 2 A o R v I 0 A R AR Al 1R A 803 1
1%, J2 B T ERAR S 2 g e SR P B B A A
ek A8 Miquel 25517 T 1980 4E 48 T 5
LRI E UL 2 2E D ORI (ROS T 22 1K
ZE|—if . Berjack AN, M F AL LS
IREARLARIG Ay o LML ) H -1 32 e 2 b PN U
P ROS 7= A= 1 25BN A= Ko R Ak
P, AT RS 4 M D) e = 2 e kit
LRI ROS A SR G A 45 55, Ying ™ AR 5Y
W], AR P B A R WO P B 2 i
(VDAC) T e Ay o A5 30 S i Jit Sl % M ) 2 28
It & B ROS Wi & 175 5 4028 FIME BAURE A 1 2 b 1A 2R
HL,ATRES S T 4oniiRol b 72 i & S 30105
ik,
25 MFEUMEEERID

Daniel 55 'WFFE B, 76 & At B2 b g R 9 35t
F IR A A A B L HEAE A7 T DT s A% e M
A REHEK . Adeboye S HEAT T I S 50 R E A
WRHTFImAE A, I T BOKRE T
U A ) 2 2R 3o A% e S M 0 AR B (. AR 4R
¥ 5 PR rh AR A7 B 7 25 4T He %, 3 3 Direct TM
PCR 5 & 19 187 1 8 52 )7 91 B0 R (SSR) A id PE Al
w2 WA AL ARk . il PAST TM #3155t
B IR B R KL, I st AL IR 2 R AL 1 0 bt A% 58
B TR AR IV 1 AR 2 4R S AT
B R I TE 80% LA I, 4% S P Z (B A 25 57,
A B R SSR 1 ARRL, T8 E T W] TR AR

B TROR T, LUE 7 B R 0
fesetetE, 51% SRR DNA FIZ LI DNA 9
Pk, DA 21 K 1 R T IL AR U 7 R
B IR R TR TR LS R A G R R
et T,

3 RE

1 = i A B L R L O R DA V- 0 e G L L
BB, D1 R FARBAR KB, B X5 R B ARBFFERY
AN PEG 5 | & A B — L6 ) TS SR (15
TR, HALFRALHT T 2 — DA 5E . WFEFh 751 %
S i PR B DR R B R AE

FIAWFFEN N, 1 PR A R R A 12 A
FEN R H H AT S 2 AR B
ARG . I BT = s fp - 2eohidk 5%
TR, N T A BEE IR ST T2 AL LB, 2R
B L | R Y3 iy L P R e TR N
B AR R 1 SR BRVE DL R SRR B PR 3L =
Fh - LR AR B2 2= AT s i — R

ol o B 4 o ) R AR A SR A T AR
AIHAF A , DAARBEIR M 1 5 2R AR A5 A1k
Z (B A A ASCHE o g X b O B A B AR AR
AR RIRIESE 4% TG ) 7T e i) 32 8 Dt PR B A B Ak
AR |k — 2D AR T 45 AR A LI, O A 22 i
T A R AR A S ARE | W) XS BRIE 5B -
PRSP B 73 0, 0 DR LR M BT 6, T
AP A T R L
S 2% 30k
[1] Heydecker W, Higgins J, Gulliver R L.et al. Accelerated Germi-

nation by Osmotic Seed Treatment [J]. Nature, 1973,246(5427):
42-44.

[2] McDonald M B. Seed Technology and Tts Biological Basis [M].
Florida: CRC Press, 2000.

[3] Ghasemi E, Ghahfarokhi M G, Darvishi B, et al. The Effect of
Hydro—Priming on Germination Characteristics, Seedling Growth
and Antioxidant Activity of Accelerated Aging Wheat Seeds [J].
Cercetari Agronomice in Moldova, 2014, 47(4): 41-48.

(4] FLAED 3% K9 TR0 . MR LT e AL A & 75 (1], MR b
##%.,2000,12(4):212-217.

(5183, 3-8, E5%A0, 46 75 DR HLIRBT 583 i S R 15|
BT ] b E R4, 2012,34(3) 1 102-108.

[6] Basu R N. An Appraisal of Research on Wet and Dry Physiological
Seed Treatments and Their Applicability with Special Reference to
Tropical and Subtropical Countries[J]. Seed Sci.Techno.1994, 22:
107-126.

[7] Tavili S, Zare A E. Hydropriming Ascorbic and Salicylicacid Influ-

- 051 -



KA R 2023F% 1

BERLHE

ence on Germination of Agropyron Elongatum Host [J]. Research
Journal of Seed Science, 2009,2(1):16-22.

(8] Byl TRIME, EW, 55 . PEG 51 & X Ak e Fh FHu AL
PEREIRZIRIL] ] b 2A41E, 2016, 24(5) :933-938.

[9] L. Yang, B. Wen. Seed Quality[ M ]. Elsevier Ltd:2017.

[10] L. Colville. Seed Storage[ M . Elsevier Ltd:2017.

[11] Walters C, Wheeler L. M, Grotenhuls J M. Longevity of Seeds
Stored in a Genebank: Species Characteristics [J]. Seed Sci.
Res.2005,15:1-20.

[12] Ghasemi E, Ghahfarokhi M G, Darvishi B, et al. The Effect of
Hydro—Priming on Germination Characteristics, Seedling Growth
and Antioxidant Activity of Accelerated Aging Wheat Seeds [J].
Cercetari Agronomice in Moldova, 2015, 47(4): 41-48.

(13] T 55, 0RFF U, k. AR HAR BRAE 2 22 7738 T k5[]
Fh¥,2012,31(8): 14-17.

[14] Yao Z, Liu L, Gao F, et al. Developmental and Seed Aging Me-
diated Regulation of Antioxidative Genes and Differential Expres-
sion of Proteins During Pre—and Post—germinative Phases in Pea
[J]. Journal of Plant Physiology, 2012, 169(15): 1477-1488.

(15] BRI FS R, SR BHBH , 45 . AN [ 36 47 BR A DU E 78 b 16 1
B SRR ). FhT,2017,36(3) :23-27,32.

[16] Tabatabaei S A. The Changes of Germination Characteristics and
Enzyme Activity of Barley Seeds under Accelerated Aging [J].
Cercetari Agronomice in Moldova, 2015, 48(2): 61-67.

[17] Moncaleano—Escandon J, Silva B C F, Silva SRS, et al. Germina-
tion responses of Jatropha curcas L. seeds to storage and aging[J].
Industrial Crops and Products, 2013, 44: 684-690.

[18] Veselova T V, Veselovsky V A, Obroucheva N V. Deterioration
Mechanisms in Air—dry Pea Seeds During Early Aging[J]. Plant
Physiology and Biochemistry, 2015, 87: 133-139.

[19] Cristiane Fernandes Lishoa, Rodrigo Starnek Lopes De Aratjo,
Itamar Rosa Teixeira, et al. Influence of Water Content on the
Quality of Pigeonpea Seeds [J]. American Journal of Plant Sci-
ences, 2017, 8(10):2397-2406.

(207 PR . F 722 At 2 I [ ], - BHE, 2013,31(12)
41.

[21] R, XA R, a8 . A 12578 1A Bl i ik I 23k [ .
HO24R ,2001,9(3) : 159-163.

[22] Shinde P Y. Evaluation and Enhancement of Seed Quality in Cot-
ton [M]. New Delhi: Indian Agricultural Research Institute,
2008.

[23] Coolbear P, Slater R J, Bryant J A. Changes in Nucleic Acid
Levels Associated with Improved Germination Performance of To-
mato Seeds After Low Temperature Presowing Treatment[J]. An-
nals of Botany, 1990, 65(2): 187-195.

[24] Sung F J M, Chang Y H. Biochemical Activities Associated with
Priming of Sweet Corn Seeds to Improve vigor[J]. Seed Science
and Technology, 1990, 65(1): 21-26.

[25] Thornton J M, Collins A R S, Powell A A. The Effect of Aerated
Hydration on DNA Synthesis in Embryos of Brassica Oleracea L
[J]. Seed Science Research, 1993, 3(3): 195-199.

+ 052

[26] Andreev 1 O, Spiridonova E V, Kunakh V A, et al. Aging and
Loss of Germination in Rye Seeds is Accompanied by a De-
creased Fragmentation of Nuclear DNA at Loop Domain Boundar-
ies[J]. Russian Journal of Plant Physiology, 2004, 51(2): 241-
248.

[27] Gao J, Fu H, Zhou X, et al. Comparative Proteomic Analysis of
Seed Embryo Proteins Associated with Seed Storability in Rice
(Oryza sativa 1) During Natural Aging[J]. Plant Physiology and
Biochemistry, 2016, 103: 31-44.

[28] Min C W, Kim Y J, Gupta R, et al. High—throughput Proteome
Analysis Reveals Changes of Primary Metabolism and Energy
Production Under Artificial Aging Treatment in Glycine Max
Seeds [J]. Applied Biological Chemistry, 2016, 59 (6): 841-
853.

[29] Petla B P, Kamble N U, Kumar M, et al. Rice Protein 1 -
Isoaspartyl Mmthyltransferase Isoforms Differentially Accumu-
late During Seed Maturation to Restrict Deleterious IsoAsp and
Reactive Oxygen Species Accumulation and Are Implicated in
Seed Vigor and Longevity [J]. New Phytologist, 2016, 211(2):
627-645.

[30] ARHE 7T, I EST, 5L, 55 Rk SR P2 R )], &
AR ,2016,33(2) :290-298.

[31] Miquel J, Economos A C, Fleming J, et al. Mitochondrial Role
in Cell Aging[ ] ]. Experimental Gerontology, 1980, 15(6): 575-
591.

[32] BERJAK P, Villiers T A. Ageing in Plant Embryos[J]. New Phy-
tologist, 1970, 69(4): 929-938.

[33] M, V85, Fopi e, 46 R Al 7588 5 ORI 5 R Y BE ST
HEREL) ] IR AL PR, 2012, 13(2) : 283-287.

[34] Ying Li, Yu Wang, Hua Xue, et al. Pritchard, Changes in the
Mitochondrial Protein Profile due to ROS Eruption During Age-
ing of Elm (Ulmus pumila L..) Seeds[J]. Plant Physiology and
Biochemistry, 2017, 114:72-87.

[35] Daniel 1 O, Adabale O W, Adeboye K A, et al. Evaluation of Ge-
netic Integrity of Tomato Seeds During Ageing by Microsatellite
Markers[ J . Nigerian Journal of Genetics, 2014, 28(2): 29-33.

[36] Adeboye K A, Adabale O W, Adetumbi J A, et al. SSR Analysis
of Genetic Changes During Artificial Ageing of Rice Seeds Stored
Under Gene Bank Management[J]. Plant Breeding and Seed Sci-
ence, 2015, 71(1): 37-45.

[37] Portis E, Lanteri S. Relationship Between Beta—tubulin Accumu-
lation and Nuclear Replication in Osmoprimed Capsicum An-
nuum L. Seeds [J]. Capsicum and Eggplant Newsletter, 1999,
18: 87-90.

[38] Murata M, Tsuchiya T, Roos E E. Chromosome Damage Induced
by Artificial Seed Aging in Barley[J]. Tag Theoretical and Ap-
plied Genetics, 1984, 67(2): 161-170.



