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An Equation of Predicting Longevity of Wheat Seeds Stored at
Low-temperature Genebank
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Agricultural Biotechnology/Key Lab of Southwestern Crop Gene Resources and Germplasm
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Abstract : For exploring the feasibility that seed survival curve were transformed into line by survivor proportion
of germination percentage transformed,and that survivor proportion were used to predict longevity of seed,data sets
of germination percent and storage time were obtained of wheat seeds of 8 seed lot of 3 species stored at 20 °C,
30 “Cand 40 °C up to 810 d with 3 levels of seed moisture content. Seed survival curve which drawn with probability
and survival proportion against storage time and fitting between regression equation of the probability and survival
proportion against storage time were compared ,impact of storage temperature ,seed moisture content and their inter-
action on men viability period and standard deviation of seed depth distribution in time were analyzed using stepwise
regress analysis method. The result showed that survivor proportion were easier than probability for seed survival
curve were transformed into line, the fitting of liner regression equation of it against storage time were also better
than regression equation of probability against storage time. Interaction between storage temperature and seed mois-
ture content were mainly factor influencing mean longevity of seed lot and standard deviation of seed depth distribu-

tion in time,its action were also bigger than independent storage temperature ,seed moisture content, quadratic term
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of temperature and logarithm of seed moisture content. Based on the result, it was suggested that Ellis and Roberts

viability model were rewritten as V, = K, — p/ 107" and G,/ G, = A — p/ 10* 7™ Veracity of storage time

and germination percent of common wheat of seed lot stored at low temperature genebank they predicted were com-

pared. The result indicated that storage time and germination percent distributing at a range of “observed =+ ob-

served x 10% ” by latter predicted were 2 times and 3.5 times of by former predicted, respectively. Proving latter

were fitted to predict storage time and germination percent of common wheat of seed lot stored at low temperature

genebank , especially germination percent.
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Fig.1 Survival curves of seeds stored at 20 °C,30 °C,and 40 °C with moisture content of 6% —7% ,

10.5% -11.5% ,and 13.7 % —15.45%
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Table 1 Comparision of the fitting between equation(3)and (5) ,and the mean viability period by they predicted
B4 TR V=K, - (1/8)p(3) G,/Gy=A-(1/8)p(5)
Y& FF 3K
(M&A) (% )m K, 1/8 P50 X P R? A P-A 1/6 P-1/8  p50
L1122t 10. 81 20 0.690 0.000807 854.716  42.781  0.000 0.380 0.974 0.000 0.000381 0.043 873.336
KL/ 14.79 20 1.123 0.007108 158.042  47.956  0.000 0.934 1.033 0.000 0.002786 0.000 145.920
(TTDIC) 10. 81 30 0.836 0.002003 417.438 127.174  0.000 0.655 1.041 0.000 0.000951 0.001 420.495
14.79 30 2.743 0.053490  51.281 1.714  0.424 0.958 1.411 0.027 0.014567 0.042 52.914
10. 81 40  1.881 0.052048  36.139  17.338  0.002 0.949 1.237 0.001 0.015531 0.004 37.248
RIj /N 6.36 20 0.825 0.001096 752.517  41.908 0.000 0.236 0.875 0.000 0.000377 0.610 813.870
(TTUR) 14.00 20 1.219 0.002710 449.884  79.990 0.000 0.768 1.103 0.000 0.001118 0.006 507.760
6.36 30 1.279 0.005105 250.574 11.391 0.023 0.721 1.024 0.000 0.001783 0.032 237.275
10.77 30 1.193 0.001379 865.426 114.010  0.000 0.585 1.102 0.000 0.000535 0.046 492.240
13.80 30  2.373 0.022245 106. 663 0.144  0.931 0.990 1.380 0.002 0.006988 0.010 112.110
6.36 40  2.000 0.015938 125.484 32,694 0.000 0.689 1.147 0.001 0.003862 0.130 149.390
10.77 40  2.631 0.038492  71.628 129.405 0.000 0.860 1.516 0.001 0.013353 0.013 69.711
13.80 40  4.741 0.249869  18.97425420.105 0.000 0.752 1.334 0.277 0.033329 0.332 22.387
JUYETS e S 6.52 20 2.121 0.003824 554.705 24.678 0.000 0.706 1.318 0.000 0.000807 0.009 820.562
INEE 11.49 20 1.769 0.001435 1232.563 102.338  0.000 0.378 1.002 0.000 0.000291 0.025 1695. 848
(TZ) 13. 81 20 2.724 0.010781 252.681  40.479  0.000 0.945 1.171 0.000 0.002731 0.000 223.670
6.52 30 2.352 0.006951 338.333 52.719  0.000 0.664 1.372 0.000 0.001656 0.014 526.570
11.49 30 2.142 0.003739 572.862 113.612  0.000 0.780 1.115 0.000 0.001069 0.000 565.230
13. 81 30 4.025 0.066309  60.704  0.995 0.608 0.986 1.366 0.009 0.013791 0.014 61.857
6.52 40  2.278 0.009352 243.561 21.938  0.015 0.970 1.421 0.000 0.003058 0.000 257.220
11.49 40  4.601 0.091254  50.420 110.526  0.000 0.888 1.452 0.014 0.019014 0.045 49.568
el RN 6.24 20 2.727 0.008641 315.569 5.766  0.217 0.840 1.058 0.000 0.000987 0.036 552.950
(TTDICO) 10. 57 20 1.263 0.001576 801.071 124.506 0.000 0.505 0.985 0.000 0.000528 0.006 848.022
13.73 20 2.277 0.010677 213.258  57.404  0.000 0.945 1.172 0.000 0.003139 0.002 218.850
6.24 30  1.862 0.004840 384.743 15.113 0.010 0.681 1.008 0.000 0.000938 0.022 502.950
10. 57 30 1.769 0.004702 376.293  90.276  0.000 0.936 1.117 0.000 0.001556 0.000 289.680
13.73 30 4.563 0.092806  49.165 132.931  0.000 0.914 1.379 0.218 0.016667 0.272  50.796
6.24 40  1.838 0.005099 360.509  26.201  0.000 0.498 0.994 0.000 0.000780 0.209 488.950
10.57 40 2.443 0.061358  39.815  33.547 0.000 0.940 1.349 0.024 0.020323 0.060 49.614
ER 6. 67 20 2.221 0.007589 292.737 8.805 0.066 0.903 1.098 0.000 0.001429 0.014 571.680
(TAECH) 11.16 20  1.660 0.003625 457.935 114.813 0.000 0.644 1.066 0.000 0.001156 0.005 466.855
15.45 20 2.108 0.011882 177.403  19.947  0.001 0.954 1.227 0.000 0.003962 0.001 172.340
6. 67 30 1.610 0.007189 223.882  11.101  0.025 0.870 1.054 0.000 0.002208 0.007 263.842
11.16 30  1.658 0.002523 656.970 181.721  0.000 0.574 1.065 0.000 0.000808 0.003 673.724
15. 45 30 4.055 0.082260  49.295  24.159  0.000 0.924 1.419 0.197 0.016937 0.249 51.845
11.16 40  4.358 0.081508  53.469  91.819 0.000 0.926 1.426 0.002 0.016776 0.008 52.923
RS01 6.58 20 1.202 0.002613 460.065 62.675 0.000 0.504 1.355 0.000 0.001104 0.203 597.420
10. 53 20 1.314 0.001356 969.046  73.583  0.000 0.496 1.018 0.000 0.000442 0.007 1061.099
14.38 20 1.338 0.004415 303.000 21.604 0.010 0.983 1.028 0.000 0.001599 0.000 245.180
6.58 30 1.210 0.002111 573.044  10.880 0.144 0.714 1.364 0.000 0.000927 0.004 606.424
10.53 30 1.085 0.001388 781.213 131.756  0.000 0.411 0.967 0.000 0.000519 0.018 804.527
14.38 30 2.744 0.044057  62.283 5.087 0.079 0.999 1.377 0.000 0.013240 0.001 64.567
6.58 40  1.796 0.007169 250.519 5472 0.485 0.838 1.047 0.000 0.001569 0.009 263.080
10.53 40 2.901 0.049735 58.331  16.246  0.003 0.969 1.404 0.000 0.014830 0.001 57.250




6 1 {1025 55— F0 e e AR TR 5 22 ) /N2 R -7 5 ) 1077
F:1(8)
—— " V=K, - (1/8)p(3) G,/Gy=A-(1/8)p(5)
RS Mrak T
(c) K 1/8 P50 ¥ P R A P-A 176 P-1/8  ps0
(M&A) B(%m
YV10141 6. 81 20 1. 143 0.002258 506. 154 46. 945 0.000 0.490 1.017 0.000 0.000762 0.217 442.290
10. 84 20 1.003 0.001299 772.519 70. 640 0.000 0.514 0.907 0.000 0.000622 0.030 621.146
14.12 20 1.629 0.007778 209. 508 8. 804 0.359 0.980 1.008 0.000 0.002264 0.000 248.900
6. 81 30 1.028 0.001709 601. 662 44. 176 0.000 0.595 0.990 0.000 0.000672 0.025 619.832
10. 84 30 0.959 0.003297 290.779 81. 191 0.000 0.858 0.853 0.000 0.001085 0.000 306.003
14. 12 30 3.506 0.054734 64. 053 11. 145 0.004 0.977 1.415 0.013 0.013851 0.023 64.628
6. 81 40 1.851 0.011396 162.435 89. 880 0.000 0.879 1.222 0.000 0.003959 0.001 161.820
10. 84 40 3.512 0.076004 46.212 69. 211 0.000 0.920 1.407 0.009 0.019028 0.027 46. 640
YV10142 10. 79 20 1.256 0.001594 788. 406 61.756 0.000 0.538 1.037 0.000 0.000576 0.010 824.288
14. 38 20 1.886 0.011087 170.114 43.752 0.000 0.951 1.141 0.000 0.003609 0.000 153.670
6.59 30 1.138 0.001765 644.612 118.229 0.000 0.476 1.080 0.000 0.000732 0.027 740.937
10. 79 30 1.090 0.002879 378.511 103. 695 0.000 0.770 0.992 0.000 0.001130 0.000 380.845
14. 38 30 3.002 0.065382 45.922 3.977 0.046 0.927 1.249 0.191 0.014691 0.245 48.179
6. 56 40 1.658 0.009056 183.037 90. 493 0.000 0.920 1.241 0.000 0.003536 0.000 159.650
10. 79 40 3.113 0.059676 52.169 18.318 0.001 0.963 1.432 0.000 0.016581 0.002 51.188

M&A M BZ R A ; m T8 K R IR K, IR (3) IR B 1/8 A FREIR 3 o2 . RO P MK R R B REGA TR (5 I
W P-A TR B B K5 P-1/8: 5 R I A R B 85K 5 ps0 P Y, T )

M&A ; Name of materials and their abbreviation, m: Moisture content of seeds, t: Temperature ( °C ) , K; : Constant of equation (3) ,1/8:Ratio of seeds dete-

rioration , * : Chi-square , P Significance level , R* ; Determination coefficient A ; Constant of equation (5) ,P-A; Significance level of constant in equations,

P-1/6 ;Significance level of equations and its regression coefficient,p50 : Mean viability period. The same as below

2.3 MEREMMFSKENZEERXNMHFE
455 an AN L 1T B i8] 43 A d o 2= B9 B2 N

o 5 PRI AR 5 55 W [ A5 g R B ] U R B e
PRI A 22 e Z e R A A HARF A RO EZ
— AT T 1B pso F8(1/6 WKL) f*}
iﬂ(,logp50 N logd NEARE St m ot xmt X
logm Mt & .m & xm logm .t x logm Wit [ 728 & 47
B EH ST T e X IX 2 A P AR i A 2 S e A
MR A A, WER ¢ xm B ¢ x logm B AR B FE e 2
B2 A LA T AR 22w sk 1hd BRI R 30 B RN - 75 K
I HAEH (1 xm B ¢ x logm ) X /NZ R+ 19 F-3
F7 A MIBE T I (8] 73 A bR o 2545 18 35 52 )

2 Ui, JCie ok A R (3) 1Y logpS0, B (5) 1)
logp30, , EAT 1SR FF 57K E « xm Fl ¢ x logm
FITAS 325 A BRI PR B A A8 1 ¢ x m 3l x logm,
I H A R R R AR E R R AR A 4
THFEE (P <0.05 5(0.01) . KUk, e B fnfh 7
FKEIZHAE ¢ xm B ¢ x logm, 2= 520 /N 22 Fif
TN EERNE, B, AR R R
HAEZA B R R B AR e xmBY ¢ x logm A
FANE], ANETEXT logp50, i 5 logps0, , B4k /N i
TTUR MY FRES SAREE T ¢ x logm ; XS T LogpS0, , B

TZ (7572 AR T « x logm 1 TAECH Fh-FHt 41, H
M R E S Tt xom; iR TTUR 4b, BT A Fh 1
eSS (B IR TT FFHER TAE FpF
fit) 1Y logp50, %t A AS T Y T FRILAR HAREE T ¢ xm,
&3 ML R A R (3) 1) logo, X THE(S)
i) logo, , TTUR 75 B4 HARRE T ¢ x logm; T XS T
logo, % TAECH #b, i Rt s r-Htb 20 & 19 05 e
RS T ¢ xm; X T logo, B TZ W TR ER 1 ¢ x
logm 1, HAh AL 5 AL A 0 R H AR
Tt xm, DI, CHGEEE AR TS K RS TR o x
m WSR-S T I R S A bl 22 A A 2R R
1 T2 20 1A 43 BB 1 5 e AR R AR A A
e £ FH I AR i SR 05 P LA B Y A
At LA B A 20 fE TTUR #TZ B 5 FE
SN TR i I SE T B[R] 53 A7 b o 2
SEMVERHE ¢ x m KA ¢ x logm , QN2R ¢ x logm A~
B i B AR i, P B A R R PR B e x
m, £ TAECH 1 logp50, Fl logor %} F 28 I OC &
B RIUEMA Gt 3 AR s, B, 3£
2 R 3 AT A FhFE ARG R4 /N 22 b
FE /N TR T, A e x m J2 5 M A
T4 5 A R0 FE T B[] 43 A o o 25 1) O B B2

I=A
52
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1078 oW & % WoE W 14 %

RRE Ll B A A o e 7 17 2 w1 1 7 7
AOTRINARE TR Fir DL Bl 73 F i FET B[] 5347 Y
B2 50 TR B AR T K 22 RN OG 2, R
(1) F1(4) BAZ#E A IMESCH logp50 = K, — Cyp(t %

m) (6)fllogo = K- C,,(t xm) (7), 5H HTHR
2 M3 3 PRI AR PR t om0 F logm , BT
Phot xm 5 ¢ x logm XA A AT B H] 43
ATFRAEZE RSN E PR T Sl 7 P R

x2 NEMFEHEGHURTHSIHEEMMFSKEXEEANZSEPRAFERESH
Table 2 Stepwise regression equations of mean vitality period against interaction between storage temperature and water
content of seeds and their parameters
MR R logp50, logp50,
e HHK, EVEES PuE ZECH (RS E HHK, EVEEN YUE B (RE A
(M&A) Constant K, Coefficient BEKF  Independent  Constant K, Coefficient FE/KF Independent
Determination  variable Determination  variable
coefficient and  remained coefficient and  remained
significance significance
level level
fliTHHE fliTHE ) it fliTHE )
Estimate Estimate k P Estimate Estimate k P
TTDIC 4.134 0.003 -0.005636 0.024 0.856 0.024 txm 4.108 0.004 -0.005556 0.029 0.840 0.029 txm
TTUR 3.787 0.000 -0.049213 0.007 0.727 0.007 ¢ xlogm 3.769 0.000 -0.048733 0.001 0.844 0.001 ¢ xlogm
TTDICO 3.320 0.000 -0.003557 0.014 0.664 0.014 tXm 3.530 0.000 -0.004079 0.002 0.827 0.002 tXm
AIFRRHE/NE  3.385  0.000 —0.003578 0.000 0.662 0.000 txm  3.466 0.000 -0.003764 0.000 0.761 0.000 txm
(TT combined)
TZ 3.645 0.000 -0.043253 0.026 0.589 0.026 ¢xlogm 3.612 0.000 -0.003909 0.014 0.661 0.014 LXm
TAECH 3.240 0.000 -0.003000 0.031 0.640 0.031 LXm
RS01 3.328 0.000 -0.003133 0.013 0.606 0.013 txm 3.367 0.000 -0.003253 0.012 0.617 0.012 txm
YV10141 3.740 0.000 -0.004655 0.002 0.869 0.002 txm 3.702 0.000 -0.004520 0.002 0.877 0.002 txm
YV10142 3.758 0.000 -0.004719 0.004 0.831 0.004 txm 3.775 0.000 -0.004779 0.006 0.802 0.006 txm
EIFHEE/INAZ  3.482 0.000 —0.003766 0.000 0.698 0. 000 tXm 3.460 0.000 -0.003702 0.000 0.707 0.000 tXm
(TAE combined)
R3 IEMFRTHENFRAENNHETHEENMHFSAEXEERANERSEAFERESH
Table 3 Stepwise regression equations of standard deviation against interaction between storage temperature and water con-
tent of seeds and their parameters
EEEE s logar, logary
&S K; HIEEY's POE B IRE AR K; HIEEY's YL REOR (RE A
(M&A) Coefficient BE/KF  Independent Coefficient BE/KFE  Independent
Determination  variable Determination  variable
coefficient and  remained coefficient and  remained
significance significance
level level
fiHE ATTHE fliiHA flitE
PR P P P R P
Estimate Estimate Estimate Estimate
TTDIC 4.853 0.004 -0.008041 0.018 0.881 0.018 tXm 4.925 0.002 -0.006997 0.017 0.886 0.017 tXm
TTUR 4.279 0.000 -0.073130 0.003 0.787 0.003 ¢xlogm 4.475 0.000 -0.062631 0.003 0.800 0.003 ¢ xlogm
TTDICO 3.178 0.000 -0.004278 0.031 0.566 0.031 LXm 4.045 0.000 -0.005075 0.004 0.767 0.004 tXm
TT Combined 3.500 0.000 -0.004756 0.000 0.615 0.000 txXm 4.025 0.000 -0.004685 0.000 0.730 0.000 tXxXm
TZ 3.261 0.000 -0.004339 0.023 0.603 0.023 txm 4.246 0.000 -0.057259 0.018 0.633 0.018 ¢ xlogm
TAECH 3.508 0.000 -0.003353 0.042 0.598 0.042 tXxXm
RS01 3.465 0.000 -0.004342 0.010 0.634 0.010 LXm 3.848 0.000 -0.003998 0.012 0.617 0.012 LXm
YV10141 4.215 0.000 -0.006922 0. 004 0.834 0.004 txXm 4.393 0.000 -0.005922 0.006 0.809 0.006 tXm
Y10142 4.039 0.000 -0.006405 0.006 0.810 0.006 txm 4.250 0.000 -0.005544 0.008 0.788 0.008 txm
TAE Combined 3.568 0.000 -0.004968 0.000 0.661 0.000 tXm 3.921 0.000 -0.004457 0.000 0.676 0.000 tXm
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F4 FFE(8)FN(9) T Y N5 7 AR IR FhUTTUEE O B /N W F 0 A& SR RO A 1)
Table 4 Germination percentage and storage time of common wheat seeds stored at low temperature genebank by equation
(8)and (9) predicted

‘ ‘ s FFE(8) Equalit\)n (8) FHE(9) Equalfon(9)
Fh ¥ WIH K ERILE(ED T -
s - e Observed value . . [2ES
Code IKE (%) R (%) _ I K, : .E’re(‘hctcd vdljf 4 ‘ .f”:rcdl‘ctcd va}gj Packages
m IGP KR TN ] A 2ER [ A 8
(%) GP (d)ST (ST (%)GP (ST (%)GP
835 12.4 90 76 2920 1.3824 3613.2 79. 8a 1.034  2201.8 71.6a N
11.9 90 88 3650 2.5375 7174. 6 96.7 1.254 3158.9a 85.5a v
839 12.7 90 77 3285 1. 6541 4935. 1 85.2 1. 104 2906. 8 75. 4a N
12. 4 90 73 4015 1. 4466 4456. 3 75.5a 1.078 3091. 8 67.4a v
842 12.7 100 84 4015 1. 6572 3573.5 81.9a 0. 959 1393.6 63.3 N
12. 4 100 80 4015 2.5770 9274. 6 96. 6 1. 081 3263.3 75.2a A%
843 13.0 85 55 4015 1.1717 5691.2 67.8 1.183 6316.7 73.1 N
12.6 85 57 4015 1. 4523 6859. 6 76.0 1.054  4473.2 61.8a A%
849 12.5 91 70 3650 1.3089 4205.5 73.5a 1. 005 2743.7 64.3a N
851 12.8 85 70 4015 1. 7663 6716. 4 84.7 1. 158 3916. 4a 70. 8a N
853 12.5 85 78 4015 1. 5846 4354.7 79. 8a 1. 119 2338. 1 67.2 N
864 13.3 85 86 3650 2.6471 8600. 4 97.6 1. 240 2713.2 80. 7a N
865 12.8 89 56 2555 0. 6407 2648. 7a 56.7a 0. 841 2477. 5a 56.4a N
11.9 89 45 2190 0.2797 2134. 4a 44. 6a 0. 687 2074.9a 44.9a A
870 12.3 93 80 4015 2.8767 10844.5 98.3 1. 122 3024.3 73. 6a N
874 12. 4 93 83 3650 1.5270 3061.5 80. Oa 1. 100 2400. 7 74. 4 N
877 12. 4 62 50 4015 0.7112 3801. 1a 48. 4a 1.235 4966. 8 56.2 N
882 12.5 87 82 4015 1.5342 3317.1 78. 4a 1. 085 1661. 1 65.9 N
11.9 87 80 4015 2.2047 7177.17 95.0 1.217 3401.9 76. 8a \4
883 12.6 85 80 3285 1. 5899 4022. 8 83. 6a 1.133 2237.1 73. 6a N
12.4 85 78 3650 2.0160 6647. 6 90. 8 1.279  4190.8 83.3a \Y
886 12.9 96 78 4015 1. 7821 5478.2 85.2 1.012  2344.4 66.0 N
887 12. 4 88 74 3650 1. 7405 5863.9 85.5a 1.119 3223.7 72. 1a N
889 12.6 89 85 3650 2. 0815 5618.7 92a 1. 168 2483. 4 77.5a N
890 12.7 86 74 3650 2.4368 9670.7 96. 1 1.275 4844.5 84.2 N
11.7 86 70 4015 3.3550 14816.8 99.5 1. 369 6313.9 88.8 V
892 12.7 85 60 4015 1. 5098 6775.5 77.8 1.128  4937.8 68.2 N
11.9 85 84 4015 2.2037 6367.7 92.5 1.261 3115.6 78.7a \Y
895 12.8 94 78 3650 2.0921 7138.7 92.2 1. 085 2993.3 74.2a N
12.1 94 68 4015 3.4406 15747.7 99.7 1.292 6538.0 90.2 v
896 12.9 92 70 4015 1.9146 7541.3 88.0 1. 081 3757. 4a 69. 6a N
12.0 92 78 4015 2.7034  10199.7 97.4 1.216  4221.6a 81.2a \Y
897 12.5 85 70 4015 1. 2705 3999. 4a 69.9a 1.073 2903.2 63. 3a N
898 12. 8 89 75 4015 2.1631 8050.9 92.2 1.153 3632. 3a 73.7a N
12.0 89 84 4015 4.1818 16833.8 99.9 1.287 3941. 1a 84.9a \Y
901 13.0 71 85 3650 1.9144 4776.7 89.3a 1.438 2841.6 81.3a N
924 12.7 85 80 2920 1.4704 3390. 4 82.4a 1. 117 2056. 5 74.8 N
925 12.8 89 83 2920 1.9736 5513.5 92.4 1. 144 2479.5 80. 8a N
12.0 89 82 4015 1. 7760 4545.2 84.5a 1. 117 2246.3 69.8 v
926 12.7 91 40 4015 2.4194 14412.3 95.3 1.177 8614.2 77.4 N
933 12.7 96 70 4015 1.7816 6779.0 85.0 1.017 3366. 1a 66. 3a N
12.0 96 68 4015 4.1596 19498.5 99.9 1.243 6128.6 87.3 v
936 12.9 94 70 4015 2.2669 9452.0 93.6 1. 085 3994. 8 71.5a N

a: TN IR E + WG x 109% " BB NV 0 5IF0R Ak B2 s s fl g
a:Showed the value distribution at a range of “observed =+ observed x10% ,N and V :Showed no-vacuum and vacuum packages, respectively , IGP ; Initial

germination percent, GP;Germination percent, ST ; Storage time
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