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Abstract

To study the relationship between seed size and aging on cardinal temperatures of canola cv. Hyola 50, seed germination
an experiment was conducted based on a randomized complete design with three replications. Seeds were classified in to
four groups based on their diameter (1.4, 1.8, 2 and 2.2 mm) and considered as the first experimental factor. The Second
factor was various durations of accelerated aging treatment (0, 24, 48, 72, 96 and 120 hours (40°C, RH=100%) and the
third factor was nine constant temperatures in which seeds were germinated (0, 5, 10, 15, 20, 25, 30, 35 and 40 °C). Cardinal
temperatures were quantified for germination fraction of 50% using four nonlinear model: beta, beta modify, dent-like and
segmented. The result indicted beta model better described responses germination rate to temperature compared with others
models and accelerated aging and sizes did not affect the change model base temperature was about 1.15 °C in sizes 1.4
mm and increase in size to 2.2 mm deceased to 0.11 °C. The optimal temperature range was about 21.37 to 21.58 °C and
the maximum temperature was 40.2 to 40.8 °C. it was also found that different seed sizes did not have a significant
difference in terms of thermal time and deterioration increased the basal germination temperature and thermal time
coefficient and reduced the optimal and maximum temperature, that it can show necessity delay in planting date in cold
areas or early planting in tropical areas in these types of seeds.

Keywords: Seed size, thermal model, beta model, germination, accelerated aging.
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Tablel- Characters such as seed weight, frequency seed lot use in this experiment.
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Seed size (mm) Seed weight (mg) Frequency (%)
1.4 2.58+0.017 6.89
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2.0 6.11+0.043 34.87
2.2 8.40+0.136 18.57
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Table 2 - Results of analysis of variance (mean squares) for germination percentage (GP) and germination
rate (GR) of affected by seed size (SS) and accelerated aging (AA) under different levels of temperature.
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Figure 4- Predicted (lines) vs. observed (symbols) germination rate of Rapeseed (Brassica napus)
seeds at different constant temperatures and accelerated aging using segmented (a), Dent- like (b),
Beta (c¢) and Beta modified (d) models.
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Figure 5- 3D plot germination rate of Rapeseed (Brassica napus) seeds at different constant temperatures and
accelerated aging using segmented (a), Dent- like (b), Beta (c) and Beta modified (d) models.
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Table 3- Estimated parameters for segmented models for of Rapeseed (Brassica napus) seeds effected by
seed size and accelerated aging conditions.

Tre;tﬁents ﬁijb} w;[‘fué ﬁﬁfué 7:: RZ RMSE AICC
PRSIt — ey
Seed size (mm) (®) ) i ) )
1.4 0.41+1.82 22.5642.16 40.0+1.54 1.22+0.09  0.930 0.09 3.18
1.8 1.1542.20 22.46+1.41 40.5+1.88 1.1740.10  0.898 0.11 5.21
2.0 0.92+2.80 22.33+1.72 40.3+2.07 1.14+0.11  0.868 0.12 6.31
22 0.70+2.42 22.32+1.90 40.2+2.34 1.10£0.12  0.824 0.15 7.75
o S S

Accelerated aging (hours)
0 0.5242.66 23.16£1.96 40.142.09 1.18£0.12  0.857 0.13 6.42
24 0.3142.30 23.37£1.67 40.242.31 0.88+0.08  0.898 0.14 7.67
48 0.6142.47 22.69+1.89 40.0£2.25 1.01£0.10  0.870 0.14 7.37
72 0.64+2.45 22.5242.13 40.3+2.08 1.38+0.15  0.831 0.12 5.70
96 0.70+2.63 22.41£1.91 40.4+2.04 1.49+0.14  0.871 0.09 4.03
120 0.76+2.76 22.3542.06 40.6+1.77 1.77+0.18  0.848 0.09 3.18

ok s Syt 9 0k 0511 306 Cows IS (glaydy (gl s slailals Jbe Sl el aade (sla el )l —F J gl
Table 4- Estimated parameters for dent-like models for of Rapeseed (Brassica napus) seeds effected by seed
size and accelerated aging conditions.

Lo S gles g ol A : YU ade gles S
Trea:tn;ents * T;s W"}:l - iz. * T:s f: R* RMSE AlCe
Sy o3l — e
Seed size (mm) (o . . ) )
1.4 0.20+£1.02  13.88+1.69  31.56+1.34 40.0+£0.71  1.673+£0.070 0.981 0.05 6.00
1.8 0.35+0.82  13.21+1.30  31.96+1.05 40.4+£0.58  1.610+£0.058 0.986  0.05 5.03
2.0 0.05+0.77  12.51£1.10  32.62+0.81 40.3£0.50  1.586+0.054 0.987  0.04 4.45
2.2 -0.07+0.71  12.17£0.97  33.27+0.62 40.7£0.42  1.545+0.048 0.989  0.04 4.45
ok S S
Accelerated aging (hours)
0 0.16+0.72  13.53+1.15  33.33+0.59  40.2+0.56 1.64+0.05  0.990 0.04 2.99
24 0.26+0.58  14.34+1.54  33.18+0.54  40.4+0.52 1.21+0.04  0.986  0.06 7.46
48 0.28+0.72  12.69+1.07  32.79+0.74  40.2+£0.47 1.40+0.05  0.989  0.05 5.54
72 0.32+0.89  12.31+£0.83  32.76+0.83  40.3+0.47 1.92+0.05  0.992  0.03 0.77
96 0.33+0.79  12.30+1.15  32.76+0.75  40.6+0.40 2.08+0.08  0.985  0.04 2.99
120 0.38+0.67 12.10£0.96  32.48+0.94  40.7+0.36 2.48+0.08  0.989  0.03 0.77
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Table 5- Estimated parameters for Beta modified models for of Rapeseed (Brassica napus)
seeds effected by seed size and accelerated aging conditions.

[ S gles . Les i (Glas o s
Tre;trr‘lents " TI:; WT:; ‘ T:; f: Cﬂ K RMSE Alce
S e b 43
Seed size (mm) ©C) ) . 7 . )
1.4 1.61£1.73  21.68+0.51 40.0+2.80  1.524+0.03 1.0£0.31 0.996 0.02 -4.00
1.8 1.3743.92  21.70+1.08 40.245.94  1.46+0.05 1.0£0.68 0.981 0.04 9.80
2.0 0.37+6.45 22.42+1.76 40.4£7.09  1.45+0.06 1.0£0.92 0.978 0.04 2.99
22 0.1248.63  22.22+1.25 40.5£9.67  1.40+0.07 1.0£1.23 0.954 0.05 6.41
ol e (S
Accelerated aging (hours)
0 0.1248.09  23.59+1.34  40.1£6.93  1.504+0.05 1.0£0.80 0.983 0.03 2.02
24 0.19+8.80  22.69+1.68 40.2+3.82  1.10+0.02 1.0£0.40 0.994 0.03 2.02
48 0.2345.48 22.44+1.36 40.247.49  1.2840.05 1.0£0.92 0.975 0.04 5.03
72 0.41+6.09 22.21+0.76 40.3£9.21  1.75+0.08 1.0£1.15 0.963 0.04 3.78
96 0.45+2.29 22.17+1.76  40.5+8.33  1.88+0.09 1.0£1.04 0.966 0.04 2.99
120 0.62+6.63  21.89+1.48 40.4+9.93  2.25+0.12 1.0£1.28 0.957 0.03 2.02

eﬁdﬂsjﬁ})&olyu.;\}:?uC,’J‘ﬁéb)&é\jbdh}‘oﬁw‘;ﬁLglkjla\)l.g_—f J}b
Table 6-Estimated parameters for Beta models for of Rapeseed (Brassica napus)
seeds effected by seed size and accelerated aging conditions.

bes €S sle e le s e o
e R S il R? RMSE AICe
Treatments Th To Te fo
PROPSIRY — e ) )
Seed size (mm) (®) .
1.4 1.15£1.05 21.58+0.45  40.2+0.26 1.51+0.03 0.994 0.02 -9.49
1.8 1.18+1.74 21.56£1.04  40.3+0.47 1.44+0.04 0.982 0.04 -4.05
2.0 0.41+£3.03  21.43+1.41 40.5+0.29 1.41£0.05 0.970 0.05 -1.71
2.2 0.11+4.07  21.37+0.79 40.8+0.39 1.36+0.07 0.943 0.07 1.30
o S S
Accelerated aging (hours)
0 0.11£3.56  22.64x1.15  40.6+0.35 1.44+0.06 0.958 0.057 -0.46
24 0.10+£3.94  22.65+0.76 40.6+0.40 1.07£0.03 0.982 0.052 -1.36
48 0.35+£3.64 22.16+1.05 40.4+0.34 1.24+0.05 0.968 0.058 -0.20
72 0.49+£3.10  21.69+1.34 40.2+0.62 1.69+0.08 0.947 0.054 -1.04
96 0.60+2.77 21.49+1.26  40.1£0.19 1.84+0.07 0.969 0.039 -3.47
120 0.74+2.42  21.24£1.07  40.0£0.42 2.19+0.10 0.957 0.038 -4.05
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Figure 6- Regression analysis to examine the effect of accelerated aging and seed size on Tb, To, Tc and 0T,

Rapeseed (Brassica napus) seeds. All regressions are statistically significant and beta models
(see Table 4 for more details)
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