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Table 1. Parameters estimates and goodness of fit assessment for the Normal and Log-Normal thermal time models fitted to cumulative germination of wheat seed lots

across a range of constant temperatures. In these models, the base temperature was assumed to be constant for entire seed population and variation in germination timing
among seeds was attributed to variation in thermal time required for germination of each specific fraction

o Jlej &is JleyiSd &g
ooy Normal distribution Log-Normal distribution
Seed lot
Ginax Ty (°C) 01(s50) (°C h) g, (°Ch) RMSE AlCc Ginax Ty (°C) u (°Ch) g, (°Ch) A RMSE AICc
1 0.70+0.01 1.36+0.20 912.48+22.30 233.93+13.49 0.0478 -398.10 0.73+0.02 1.39+0.18 252.39+147.34 6.49+0.23 0.40+0.10 0.0447 -412.90
2 0.93+0.01 2.25+0.09 671.26£7.69 110.75+3.97 0.0399 -389.50 0.96+0.01 2.38+0.06 461.94+17.69 5.22+0.11 0.61+0.07 0.0298 -461.90
3 0.81+0.01 3.62+0.08 638.91+9.68 135.88+6.05 0.0468 -403.20 0.84+0.01 3.68+0.07 379.92+35.18 5.49+0.16 0.61£0.10 0.0417 -430.50
4 0.85+0.01 0.92+0.19 764.39+16.09 189.28+8.82 0.0495 -360.80 0.89+0.02 0.98+0.17 325.00+78.19 6.06+0.19 0.48+0.10 0.0445 -383.40
5 0.91+0.01 2.30+0.17 563.04+11.61 82.46+8.50 0.0742 -258.90 0.93+0.02 2.16+0.19 325.01£97.29 5.49+0.40 0.38+0.17 0.0707 -267.60
6 0.89+0.01 2.56+0.11 677.07£10.18 142.36+5.73 0.0462 -396.80 0.91+0.01 2.61£0.10 295.00+98.96 5.91+£0.28 0.40+0.11 0.0416 -420.30
7 0.88+0.01 2.62+0.12 592.04+11.04 95.05+8.98 0.0576 -316.70 0.96+0.02 2.37+0.08 515.25+8.72 4.50+0.07 1.25+0.11 0.0356 -424.10
8 0.80+0.01 1.91+0.17 642.55+14.82 121.19+8.78 0.0545 -329.30 0.84+0.02 1.96+0.09 520.20+12.15 4.64+0.13 1.10£0.10 0.0409 -392.30
9 0.89+0.01 3.18+0.08 552.75+6.54 57.46+6.41 0.0645 -290.80 0.99+0.02 2.93+0.04 514.91£3.07 3.88+0.07 1.62+0.14 0.0403 -396.20
10 0.75+0.01 2.02+0.26 676.20+23.28 166.90+13.22 0.0733 -261.70 0.83+0.04 2.24+0.22 425.13+£55.98 5.44+0.25 0.88+0.28 0.0675 -278.30
11 0.90+0.01 3.85+0.10 483.42+7.90 57.59+5.82 0.0764 -252.40 0.95+0.02 3.38+0.13 463.32+18.78 3.74+0.41 1.42+0.36 0.0753 -253.50
12 0.84+0.01 2.68+0.21 558.94+18.03 100.40+15.07 0.0850 -228.10 0.92+0.05 2.23+0.17 519.63+19.28 4.09+0.20 1.60+0.43 0.0747 -255.30
13 0.90+0.01 0.20+0.17 792.90+13.59 121.04+6.77 0.0522 -364.40 0.92+0.01 0.26+0.17 495.17+65.32 5.65+0.24 0.45+0.11 0.0483 -384.50
14 0.91+0.01 1.63£0.11 710.81£9.29 131.18+4.92 0.0400 -399.80 0.93+0.01 1.66+0.09 412.02+50.93 5.66+0.18 0.47+0.09 0.0346 -430.50
15 0.79+0.01 0.71+0.28 720.81£23.07 118.00+12.75 0.0646 -290.50 0.80+0.01 0.84+0.18 590.04+28.65 4.62+0.37 0.90+0.21 0.0545 -327.00
16 0.83+0.01 2.95+0.13 633.00+13.31 146.00+8.08 0.0572 -313.30 0.89+0.01 2.96+0.10 433.01+£27.25 5.23+0.14 0.86+0.15 0.0474 -358.90

aiy, =RMSE ¢ S5 il )l & colola ol d g olo,Slo; Jloy @oie o, lailiw] Gl el 2G0T (5 )0 Comax 5l duoys B0 Siailsz 6l 53 0550 (2lo,Sile; =OT(50) 16,0 comaz sl slos =Th 15,ds Cumex S5al5> i Ta> =Gmaxit
0t e ST Lasla=ATCC das layyo 0 Sils
*Gmax= Maximum germination of seed population; Tv= Base temperature of seed population; 81(so) = Thermal time required for 50% germination of seed population; cer= Standard deviation of
the normal distribution of thermal time; p= Location parameter; A= Shape parameter; RMSE=Root Mean Square Error; AICc= Akaike Information Criteria.
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Table 2. Parameters estimates and goodness of fit assessment for the Normal and Log-Normal thermal time models fitted to cumulative germination
of wheat seed lots across a range of constant temperatures. In these models, the thermal time required for germination was assumed to be a constant
for entire seed population and variation in germination timing among seeds was attributed to variation in their base temperatures

. Jes @sg JLeriS @i
Gk 009 Normal distribution Log-Normal distribution
Seed lot Gimax 0r (°Ch) Toso) (*Ch)  op (°C) RMSE  AlCc Gmax 01 (°Ch) pn(°Ch) oz, (°C) A RMSE  AlCc

—

0.68+0.01 883.01£27.26  1.27+0.27  2.16£0.26 0.0619 -332.90 0.73£0.04  873.98+19.48 -1.90+1.74 1.19+0.48 0.73x0.40 0.0595 -341.00

2 0.95+0.01 722.78+16.02  1.63£0.17  1.46+0.09 0.0615 -293.40 0.95+0.03  706.73£16.80  0.66+0.40  0.02+0.00  1.13+0.25 0.0654 -279.90
3 0.81£0.01 693.23+14.89  3.07+0.15  1.43£0.13 0.0690 -305.60 0.81+0.21  631.08+15.07 2.40£0.20  0.35+0.12  1.85+0.18 0.0750 -282.60
4 0.87£0.01 820.00£23.92  0.03£0.01  2.65+0.19 0.0685 -284.70 0.87+0.01 810.87£37.90 -2.17+0.34 1.70+£0.26  0.68+£0.16 0.0689 -281.20
5 0.92+0.01 576.84+6.87  2.12+0.13  1.06+0.11 0.0807 -239.10 0.96 £0.08  595.61+£3.54  1.54+0.07 -1.94+0.29 3.15+£0.90 0.0802 -240.20
6 0.90+£0.01 740.01£18.76  1.81+0.20  1.72+0.13 0.0710 -291.30 0.89£0.00 741.80+21.75 0.32+0.14  1.33+0.21 1.20+£0.12 0.0712 -288.20
7 0.88+0.01  578.66+5.18 2.70£0.09  1.00+£0.07 0.0598 -308.00 0.92+0.02 583.46+4.18  1.44+0.14  0.04+£0.01 1.02+0.19 0.0540 -329.10
8 0.79£0.01  588.55+8.12 2.36+£0.13  1.14+£0.10 0.0612 -302.90 0.83 £0.00  583.38+3.42  1.52+0.07 0.01£0.00 2.28+0.15 0.0600 -305.20
9 0.90+£0.01  551.09+3.37  3.18+0.07 0.68+0.06 0.0603 -306.10 0.95+0.02  562.90+3.47  2.45+0.04 -0.82+0.18 1.48+0.27 0.0476 -358.10
10 0.77£0.02  747.00£37.44  1.08+0.43  2.31+0.26 0.0908 -212.90 0.81+0.06 801.54+£31.36 -1.92+0.42 0.88+0.14 0.81x0.16 0.0952 -199.90
11 0.90+0.01  498.19+4.23 3.67+£0.08  0.71+£0.06 0.0821 -235.90 0.91+0.01  499.81+4.70  1.97£0.08  0.60+0.06 ~ 0.38+0.13  0.0785 -244.00
12 0.83£0.01  544.89+7.19  2.76+0.13  0.90£0.10 0.0867 -223.60 0.86+0.03  549.12+522  1.80£0.14 -0.37+0.13 1.17+0.39 0.0820 -233.90
13 0.91£0.01 846.99+12.70 -0.48+0.18 1.52+0.11 0.0588 -320.40 0.93+0.02  868.03£15.01 -2.34+0.55 0.40+0.04 0.78+0.30 0.0579 -321.70
14 0.90+£0.01 658.98+12.21 1.97+0.16  1.37+0.11 0.0591 -310.80 0.90+0.01  648.17£9.76  0.16£0.05  0.66+£0.20  0.94+0.15 0.0671 -281.90
15 0.78+0.01  658.99+£9.72 1.32+0.16  1.10£0.10 0.0668 -283.10 0.80£0.01  656.91+7.75  -0.41+£0.06  0.50+0.39  0.65+0.23 0.0649 -287.30
16 0.80+£0.01 561.00£10.99 3.36+0.14  1.26+0.15 0.0741 -259.30 0.87£0.03  559.09+6.44  1.64£0.29  0.53+£0.15 0.96+£0.22 0.0679 -277.00

&5 3 hailiwl Glyml =OTb 16,0 Comez 3l ao 3 B Siailsz> sl al sleo=Th(50) taings »j loles ;o Sialsm JuoSS sl p3Y (olo,S il =0T 16,0 Comaz aly slos =Th 15,3 Comaz Sjailsz iSTa> =Gaxst
0l prsual ST Lasle=AICC las Slas o (555l o, = RMSE ¢ S5 sl A ol el )b ol £6 580 Comaz b slod Jloy
*Gmax= Maximum germination of seed population; Tr=base temperature of seed population; Or= Thermal time required to complete the germination at sub-optimal temperatures; Th(so= Base

temperature for 50% germination of seed population; otv= Standard deviation of the normal distribution of base temperatures in seed population; u= Location parameter; A= Shape parameter;
RMSE=Root Mean Square Error; AICc= Akaike Information Criteria.
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Figure 1. Relationship between the observed (symbols) and the predicted (line) thermal time for
different germination fractions in various wheat seed lots according to the Log-Normal based
thermal time model
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Abstract

The models based on thermal time concept are useful tools for describing germination in relation to
the time and temperature. The aim of this study was to determine the effect of seed quality on the
thermal germination thresholds of wheat seed lots. For this purpose, germination of 16 seed lots was
evaluated using the thermal time models based on Normal and Log-Normal distributions according to
two different approaches. In the first approach, the base temperature (T,) was assumed constant for all
seeds in the population and the variation of germination timing among seeds was attributed to the
variation in thermal time (07) required for germination of each given fraction. In the second approach,
the Ot required for germination of the whole population was assumed to be constant and the variation
of germination timing among seeds was attributed to the variation of their Ty. Goodness of fit criteria
showed that the prediction accuracy of thermal time models in the first approach was more than the
second approach. According to the first approach, Log-Normal distribution in comparison with normal
distribution gave better and more accurate fits to the germination time courses of wheat seed lots in
response to temperature. Seed quality of wheat seed lots significantly affected their maximum
germination, cold tolerance threshold, rate and uniformity of germination. Based on predictions of
Log-Normal thermal time model, estimates of maximum germination, T, thermal time requirement
for start of germination and Standard deviation of Or distribution ranged from 73 to 99%, 0.26 to 3.68
C, 250.32 t0 590.04 C h and 3.74 to 6.49 C h depending on the seed lot, respectively.
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