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Viability Loss of Wheat Seeds under Different Storage Conditions

XIN Xia,CHEN Xiao-ling,ZHANG Jin-mei, LU Xin-xiong
(Institute of Crop Sciences,Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract : Seed viability loss at low temperature genebank and ambient storage received increasing concerns,but
comparing with its importance ,few publications dressed this question. In this paper, viability monitoring data of wheat
(Triticum aestivum Linn. ) seed from a midterm genebank,ambient storage,as well as an accelerated ageing experi-
ment were quantified to get further understanding of seed ageing under these conditions. The results showed that seed
longevity of all accessions followed normal distribution, and seed survival curves showed inverse-S curve, which re-
ceived no obvious effects from storage conditions. The rate of seed viability loss decreased,and the plateau phase and
seed longevity increased as the storage temperature reduced. t-test was adapted to determine the turning point( Pt) be-
tween the plateau phase and viability sharp decline phase of the seed survival curve. The results showed that the Pt un-
der different storage conditions were quite close,which varied between 82.2% and 83.6% . The possible role of Pt and
some physiological indexes as indicators for seed viability loss during germplasm storage were discussed.
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PHUCHE B W DRI P ABLZINT 0. 05, W71 2 2 4 ]
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A /N AR 6172 £E 40 °CF IR 735 LR, FREPRIE ) L K5
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KRR SR R B R N ORAE I TRV B ], O34T

LIS, TLIES] R? =0. 9670, P <0. 0001, K LT LA
AR BT R I S T AT I S b sk L2k, i
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A : The survival curve of wheat variety 6172 stored under 40 °C. The

0

difference between two adjacent monitored germination percentages
were analyzed using t-test. The points marked with different letters are
significantly different( P <0.05). B:Scatter diagram of probit germination
percentages against storage time. Linear fitting showed R* =0. 9760,
P <0.0001. Therefore, seed ageing rate and storage longevity could
be obtained by converting the survival curve into a straight line
B1 MFFEEHEP(A)MBLER(B)RE
Fig.1 Determination of Pt and the three phases of

a survival curve( A)and seed ageing rate(B)
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1.4 HUESH

FIFH SPSS 13. 0 A% Bt 2E AT o A6z 96 0 B e
A K-S K % ( one-sample Kolmogorov-Smirmov test)
Hoh AR K-S K302 TR S Fh 5 A fn it 2 75
N IEZS 5341, #5 PAEKR T 0. 05 WA IR IEZS 3
i, SRH SigmaPlot 10. O F A4 X Fh 17 1% it £ i 47
Sigmoid A4, P {H/NT 0. 05 F WA RIS,

F1 MNEMFEW CTHFEGEFERAKS RELER

2 GR5HMH

2.1 MFEGHNESHHREFMETHE

X} 40 CHAE T 19 39 1y /AR K 2R i) 43
BIRVEATIE B AR, 45 R R IR BE & 16 5 A
99G65 M AkLoh , Hoax 37 /N ERDF 1Y P IR
F0.05(5& 1), vt Z 805 Fl 0 5 75 & IE S
Aii o AL 5% ~ 95 % i Bl Y B B0 Hs 1 A 5 G 56, DA
JITAT b PSR A TE 25 43 A1, 156 BH 7 L 3 L PN A A
FAFE LA A, R =W AR 2 P = R AR 2
13 /INZE LA e A3 EARAT 1 378 53 /NS A 136 0 1) BARE
A% K-S o 56 25 S 3R W 2= 0 AR R AR T 1 A5 i e
MRMIEZA A3 (£ 2) , XS5 R U, TCig e M il
I Ak AR PR SR AR R ORAE , B i 1 43 A
HB AR IE S 537

Table 1 One-sample K-S test on normal-distribution of wheat seeds stored at 40 °C

S BAREAR K-S #35 P{H P value of one-sample K-S Test|| o s BAREAR K-S K35 P P value of one-sample K-S Test
Varieties 2% Full Data 5% ~95% Varieties 2H0H Full Data 5% ~95%
449 0.703 1. 000 46 0.239 0.733
4185 0. 062 0.727 w65 0. 161

5022 0.113 0.392 B 15 5 0. 494 0.774
5099 0. 089 0.982 B 17 5 0.522 0. 964
6172 0. 421 0.779 M 20 5 0.524 0. 450
8901 0. 672 0.984 & 21 5 0.287 0. 845
121-4 0. 146 0.524 Jefadz 7% 0.597

125-A2 0.368 0. 833 Jefazz 8 5 0. 364 0.731
98-6 % 0. 269 0. 656 T 26 0.377

99 {15 0.131 0.535 1.896-2 0.238 0.775
99 ffh 5 0.223 0.325 MZ 188 0. 194 0.311
99 Z 27 0.213 0.593 11 4185 0. 654 0. 680
99 =-30 0.275 0. 806 HE6 T 0.345 0.775
99-29 0. 359 0.643 R 0. 301 0.948
99-87 0. 169 0.319 # 34 0.169 0. 161
99 % 45 0.292 0. 599 BR 0. 761 0. 853
%25 0.223 0.291 %18 0.229 0. 561
HISH A 0. 149 0. 269 99665 0.038 0.777
A8 0. 367 0. 846 B 16 & 0.036 0.298
=2k 0.226 0. 346

il BAEAS K-S A, P > 0. 05 WA s i M IE S 50413 5 A 80HE 8 B A K 25 R BB 5% ~ 95% « 1 R e MR 123 1Bl B4 4 2F R M iR 47 B

AR K-S K56 5 25 L0 RR B ITE 5% ~95% ik, T

Normal-distribution is tested by one-sample K-S test,and data follow normal-distribution when P >0. 05, Full data:all data tested ,5% -95% :G only more

than 5% and less than 95% were tested, Blank cell means full data are in the range of 5% -95% . The same as below
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Table 2 One-sample K-S test on normal-distribution of

wheat seeds stored at room temperature

— I Sanya 74 & Nanchang
i i - -
- B Ei B Ci
Varieties 5% ~95% 5% ~95%
Full Data Full Data
891-3-4 0. 641 0. 961 0. 609 0. 866
95 0. 654 0. 662 0. 899

IR R R AR T 8 R BRI RERT R]
EHRTRE MR LRNIBRAKZ R SIE
(B 1.2) o XF B3k 00T 0 e A 4 80 ik AT
O3 A Y i Rl B HEAT Sigmoid LA (&1 2) , 4
FRA A RPY KT 0.9, P {EX/NT 0.0001,
i X T 4 B4 AN IR N IE 25 40 A B9 BE & 16 5 A
99G65 , X H 5% ~ 95% I8 19 B 45 #E 4T Sigmoid 4
G WA —BEE R, XL R UL 3 AT
FR) JIT A7 /I 22 ol - 1 A 0 0 4 28 R AT A 350 it
LG, MR FAETE Y M S T, W5 /R Fp 747
G IS RURZ QR AE S5, X 5 T AR E K
W52, S. Tang 5 BESE T RERAF 500 F &
KFhF BTG 2, DR A 77216 th R 218
WORAARE B &K & A6 A& 2% A2 i g I
FIRE M PR AE R R fysgm 2R STE ., 2R, A
NP FAE 3 B AR TR S 2R R
AR I NI T A7 306 il 2 S 25 A7 R
pe L) TR
2.2 MFRELSEFNEFNTERER R ELE

RINREED

INEFPFAE 40 °C PR = AR S TR
PRAFBRL AR & 25 R AR AT B 22 51 (91. 8%~ 98.0% ) ,
{HRHARE 2 n AR 3 — 3, £5 4k Phase 1 1
Phase 11 Z[AIFEAT 85 (PL) B & 2 AN 230, 43
ilS2 83. 6% 83.0% 82.2% F182.5% (£ 3) .

T~ 25 35 7T B8 (0% 3 B2 Bt o D~ ORAF 25 1R B
PIREARIT /N, 1N, /N2 7E 40 °C /-3 Fdm hy
711 d, e R AR I A W AT 3k 4824 d (R 3)
FiF7€ Phase I1 A9 A6 1 F R (R,) B & T
A T REEE(R) o

INFERNFAE 40 CORAT 402 d J5 A2 16 J1 R IR
TR 0 LE 0 R ORAE B Y P U] BE T 4015 d
(#3), Bl Phase 1 Fi& PRAFIRE AIREACTITAE K . H
UERT UL, 7E 40 °C |\ == R AR B = IR B 1
YA 3 Wi ] LAy IAE DA 400 d 600 d #1800 d
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- ANE 40 CRRITHTHIE, MR E 2 46( @) FITER 9 5 (O);

B:/NEHHEE (@, 0)M=T(A,A)FIRIFFIEILE,
A 9 5 (O, A)HI8913-4(@ A);
Co/NEAEARIR A 20 4FAOFETR Hh 2k
A : The survival curves of wheat seeds stored at 40 °C ,and the
varieties are Jinmai 46 ( @ )and Xinchun 9( O) ,B:The survival
curves of wheat seeds stored at room temperature in Nanchang( @ ,O)
and Sanya( A, A ) ,and the varieties are Zhongmai 9( O, A ) and
891-3-4( @, A) ,C:The survival curves of wheat seeds
stored in the low temperature genebank for 20 years
B2 MEWMFEAREMGTHEEMZE
Fig.2 Survival curves of wheat seeds stored

under different conditions
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Table 3 Comparison of seed ageing under different storage

conditions
{547 5k Storage condition
fitn SWER S MEER SRR ]S
Indicators 40 C Sanya room Nanchang room Medium-term
temperature  temperature Genebank
GO 94.6 91.8 91.8 98
Pt 83.6 82.5 82.2 82.5
Phase 1(d) 402 608 791 4015
Longevity(d) 711 1597 2628 4824
Ry 0.1702  0.7590 x 10~ 0.5700 x 10" 0.4420 x10~"
R 3.3x107% 1.3x107* 0.7x107* 0.6x10"°

GO IR K 2725 Pro A7 G I ZR S 1 RIS 2 B Ber %47 45 ; Phase 1 BI5S
1 Bt ; Longevity . Fp T 75, R 3E 1 R A1 R 2006 7655 2 By BORn
BEATEIE ML R AT ) IR, N R

GO ;initial germination percentage , Pt: the turning point between Phase 1
and I, Longevity : seed ageing, R;; and R, rate of viability reduction during

Phase II and whole lifespan , the same as below

AT, AR R FAO/IPGRI'™! A A (1)  JE A FoE s o
( Genebank Standards) ™, W 1] 22 %) A= 36 3 W W AT 5
AR 1R, W [ R PR S G A 2R SRR R B
TAE R B A, ASBIFTE RTS8 S U 2 Y v 80 £
FE/NZE Rl B T U A 3% 7 0 DU T R 2 R AF 1
ARy, BERT LA 4 AW ), AT By T e A b
TR, 7o AR ER T % I8 F 7RIk &
ZERMRAFIRELIX 2 AN Hh, Tl 7~ 33 g e 0 1]
A IO AR Al O A 2o A 1 A 3 0 A8 AR A 7 A A A

TR A3 S 1E Phase 11 [ Be &Pl id [
TR K 25 R E) 82. 8% 0. 6% (/NEFNTHE3
FRSAET P - 20E) B, Az 3 o W il ] B o7 Rk
i, A7 2 UAHAR M INERE ) 22 RA G it22 3 (v
K ), Fp W Af GEAR PR 233 A Phase 11, I 757 22
HIRBIA R, AR RN R IR S50
P24 % Phase 1 173 iy K 4, {H X Fp 5 A= 7
SRR TR, I, Phase 1 1 Phase 11 22 [H]
(R FEAT 5 B AR - 9 A 2 e i, IR 2 AR A
WL, T LA 82. 8% & 2 AT LUFHAEA A A7
ZF R AN A T DU B Y SO R A (AL
T BT
2.3 MFEF A THEMEMAERER

H AT £ b b PR 34 e R & 2 J i
NG DT, R R R ZE AR ZE R M R,
SRR | 76 R0 2F 5645 98 42 i i, Ly o 202
I ) 7 S0 AT BE IR AR, AT AE T
fife 2 AR, ATl 7 T it 2 B BULAS SC B
S 2R IR AR R il A3 T 45 SR T IR R 2R ]
KRR RFRECEE R, A S W R
F(GO) Pt S HAT G — L (43 ieh A F1B) |
50% F£iG (C) A K Phase Il A1 Phase T AYZX & (47
SRERH D HFE) ., LL40 CHy/NEE 98-6 Z Ml ¥
GPRPIAFR 4, G5 R R W TP WK 3 7 4 1 B
i) Fifi 2 2 1 A I T 2B K RS G R 2 ) a) 2
2.87 d, 1M B A 1% J1F% & Phase 11 45 50 ) 2iE K
3.63 d(#4),

F4 /NE98-6 ZMITE 40 CHY G.Gp.Gi A% FH i
Table 4 Changes of G,Gp,Gi,and germinating time of variety 98-6 during storage at 40 °C condition
GO A Pt B C D E
G 98.0+1.6 97.0+£2.0 93.5+1.9 75.3£11.0 48.0£15.5 3.0x1.4 2.5+2.5
Gp 98.0+1.6 81.0+14.3 73.0+5.3 34.5+7.2 1.0+1.2 1.0+1.2 0.5+1.0
Gi 16.3 £0.2 12.7£0.9 11.6 £0.2 7.8+1.2 4.3+1.4 0.2+0.2 0.3+0.2
Time(d) 2.87 2.95 2.92 3.03 3.05 3.63 4.3

A FIB 4305 PURTJR B9 C:50% FA5 5 D FlE 435148 M ZRB925 2 B BORIURE A 2 A 28 55 I 80 S AR JHE T 3 0 465 1 R A 5 242 B9 1

F PR A I + bR fn 22

A and B:the point before and after Pt,C:50% survival rate,D and E:the end of phase I and the survival curve,time was taken from imbibition to germi-

nating. Data are mean + standard deviation

M 4 AT UL, 7E Phase 1(GO 2 A ) Fh T & 2
R W B A, 1 Gp A Gi B 48 g K,
TE B TR RN 75.3% HH: Gp A1 Gi )43
SIBEAR 2R 34. 5% F1 7. 851111 24 & 27 2 FEAR 2 48. 0%
B, Gp MEFER 1.0% , Mk, 5EZFFMIL,Gp F
Gi X &AL MU, 3o, B Fh A0 T R R,

Gp.G Ml Gi 3 N8R EE AR 22, A8 53 R A (Frife
P 22/ FX(ED) H I (5 4) , JUHIZAE Phase 11(B s
ED ), XL RAIESE T RIS e TR AR
W R RO i ELRR T ORAE R R AR T T R
B A e R P2 = PR N e S i 0
5, MRS ZHR AR BB R 2 | a2 & 745 & 1
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AR R A RS R RE P ( vistoelastic  proper-
ties) P, SR AR U 1A FR AL A RUR
e 0 PEAE AT AR TG O B Sl 2 WU RE ), il R P A7 Aol
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DA E A | DT LA s 20 % g A o 2 AL J5T 2 N
T1 SR

3 i

HRAE 1RG5 R TP TR AR AR 2= L 2
FRAE T AR A a8 IR IE S50 A0, HA7 3 il
LR ST, M Sigmoid LG ; 7E AT A7 15 Hh £k
HAELE AR TS TG T B ) 2 B LT UOR 22 A7
FUbsem, WG DR AR R N B AE AR S Ty s
o8 I S IR A 1706 300 1) 9 2 55 0 T I e ek 2% , )
BFHSE S WA A 14K, A ) PR AR A B /N 22 b
T, R 98% BEAR BT s (29 83% ) , KA
B AT IR, 27 W & 2R R RN E] 83% A4, I
HPERE S R 2R K 2R 38500 M B ] — 5k
REARK , 72 5 2R B0 S 5 1N, I 44 o M AR % st
TEHEFD T Z A B

Bt RBER 40 C 44T 39 a4t d R AT &
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Sk

[1]  FAO. Draft second report on the state of the world’s plants genetic
resources for food and agriculture[ M ]. Rome ; Intergovernmental
Technical Working Group on Plant Genetic Resources for Food
and Agriculture 2009 :51-89

[2] Walters C. Understanding the mechanisms and kinetics of seed
aging[ J]. Seed Sci Res,1998,8:223-244

[3] Caid H S, Ecchemmakh T, Elamrani A, et al. Alterations occur-
ring during accelerated ageing of winter wheat[ J]. Cahiers Agric,
2008,17:39-44

[4] Walters C, Wheeler L M, Grotenhuis J M. Longevity of seeds
stored in a genebank: species characteristics[ J]. Seed Sci Res,
2005,15(1) :1-20

[5]  Specht C E,Keller E R J, Freytag U, et al. Survey of seed germ-
inability after long-term storage in the Gatersleben genebank[J].
Plant Genet Newsl, 1997 ,111 :64-68

[6] Chojnowski M. Viability of winter wheat ( Triticum aestivum L. )
seeds stored at the National Centre for Plant Genetic Resources,

Ploand[ J]. Polish J Natural Sci,2008,5(S) :265

(7]

(8]
(9]

VR WRIERS SR, 45 [F SRR 20 4R DL _E R T AR0E
5 T TR] R B AR M [ ] A ) 8 A B2 VR 22 4R, 2011, 12.(6)
934940

JRME IR, DRIDERS | 4. [ R 5 R A A e A T
JIRGINEERG HT [ 1] AR S AL B I ,2001,2(2) <15
Harrington J F. Biochemical basis of seed longevity[ J]. Seed Sci
Technol ,1973,1:453-461

Ellis R H,Roberts E H. Improved equations for the prediction of
seed longevity[ J]. Ann Bot-London, 1980 ,45 :13-30

Ellis R H, Roberts E H. The influence of temperature and mois-
ture on seed viability period in barley ( Hordeum distichum L. )
[J]. Ann Bot-London,1980,45 :31-37

Ellis R H,Hong T D, Roberts E H. Logarithmic relationship be-
tween moisture content and longevity in sesame seeds[J]. Ann
Bot-London, 1986 ,57 :499-503

Ellis R H,Hong T D, Roberts E H. The low-moisture-content limit
to the negative logarithmic relation between seed longevity and
moisture content in three subspecies of rice[ J]. Ann Bot-Lon-
don, 1992 ,69:53-58

Bernal-Lugo I, Leopold A C. The dynamics of seed mortality[ J]. J
Exp Bot,1998,49.:1455-1461

Tang S, TeKrony D M, Egli D B, et al. Survival characteristics of
corn seed during storage: I. Normal distribution of seed survival
[J]. Crop Sci,1999,39:1394-1400

Tang S, TeKrony D M, Egli D B, et al. Survival characteristics of
corn seed during storage: II. Rate of seed deterioration[ J]. Crop
Sci,1999,39 :1400-1406

ISTA. International rules of seed testing[ J . Seed Sci Technol,
1985,13:299-355

Finney D J. Probit Analysis[ M],3rd edn. Cambridge : Cambridge
University Press,1971:333

FAO/ IPGRI. Genebank standards [ M ]. Rome: FAO/ IPGRI,
1994.7-8

P FES ARG EE. g Sy [ M. b st BR2E R 1991
Walters C,Rao N K, Hu X R. Optimizing seed water content to
improve longevity in ex situ genebanks[ J]. Seed Sci Res,1998,8
(S):15-22

PR WRIGEES . 7K R - IS 8 vl A 0 077 3l 2 AR K Tt
EARPRIBETE )] h E R R ,2002,35(8) :975-979
FURME RN, BRI RS, A /N A BN e B b AR I 3
SR T [ g AR [ ] A 3 A B R 2 41, 2003, 4
(3):220-224

Hampton J G, Coolbear P. Potential versus actual seed perform-
ance-can vigor testing provide and answer[ J ]. Seed Sci Technol ,
1990,18.:215-228

Zhang M, Maeda Y, Furihata Y, et al. A mechanism of seed dete-
rioration in relation to the volatile compounds evolved by dry
seeds themselves[ J]. Seed Sci Technol , 1994 ,4 :49-56

Zhang M, Maeda Y, Furihata Y, et al. Enzymatic conversion of
volatile metabolites in dry seeds during storage [ J]. Plant Cell
Physiol ,1995,36:157-164

Walters C. Biophysical approaches to measure and predict seed

longevity[ J]. Polish J Natural Sci,2008,5(S) :88



	植物遗传第4期_部分10
	植物遗传第4期_部分11
	植物遗传第4期_部分12
	植物遗传第4期_部分13
	植物遗传第4期_部分14
	植物遗传第4期_部分15

