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Fig. 1. Cumulative germination percentage of rapeseed cultivars including Traper, Agamax, Hayola-50, and
Hyola-420 vs. Time in both light (right) and darkness (left) conditions
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Fig. 2. Cumulative germination percentage of rapeseed cultivars including RGS, Mahtab, Hayola-61, and
Garo vs. Time in both light (right) and darkness (left) conditions



IS sy (idilgar HLdy 598 g Lo Slaas 5y STl ek 9 (95,5

¥f

120

& 120
L Zafar (Darkness) Zafar (Light) s 5
J g @ 10
7 eI ISt
£ ¢ * — 4 20
w8 / = 25
i gl)D o 30
2 + 35
’,1 35 < 37
i 40
1§ 7
100 200 300 400 500
Q120 120
kY S Zarfam (Darkness) Zarfam (Light)
J g0 N e ar e Y 100 - g gog
0B P FaasanRas =
L2 s 8 Van 80 s e
i go“) / / 60 - Y /
D2 40 40 A
"‘\ E
s 2044 / / 20
1 E7 L
o 0 0
100 200 300 400 500 100 200 300 400 500
(celw) Ol (celw) Ol
Time (h) Time (h)

(oz) Bl ()6 5 (Canl)) (S0 580 Ll 58 50 oloj blae 10 (0185 5 501 )5 (5D LIS pl8)1 prozed (Jjailem auo )0 ¥ JSC&
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Fig. 4. Staining of the remaining rapeseed at 5, 10, 35, 37 and 40 °C after imbibition in tetrazolium solution
(The remaining seeds at the mentioned temperatures were first transferred to 20 °C, maintaining the previous

light conditions and the tetrazolium test was performed on the non-germinated seeds after 14 days; data not
shown)
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Fig. 5. Curves resulted from the fitting of the dent-like model to germination rate and percentage data in cv.
Trapper, Agamax, Hayola-50, Hayola-420 and RGS
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Table 1. Cardinal temperature of rapeseed cultivars based on germination rate in two light (LD) and darkness
(D) conditions

ab sles oo oo wsthe oo i sles Joe 5 e

Cultivar o3, Light iy Sk Y Te Fo w,:.
To, To, R”

Traper Sl LD 8.75+£0.21 22.36 £0.27 34.88 £ 0.04 37.04 +0.07 16.04 £0.17 0.97

D 8.75+£0.10 22.77+0.14 33.64 +£3.13 37.13+£0.12 15.81 £0.08 0.97

Agamax S5 LD 8.54+0.29 22.62+0.38 34.60 +0.07 37.13+0.05 17.67 +£0.24 0.96
D 8.88£0.15 22.59+0.20 34.17 £0.05 37.15+0.03 17.24+£0.13 0.95

Hayola-50 O-Yolo LD 5.06+1.95 21.95+1.59 35.03+1.63 37.39 +1.66 16.43 £1.07 0.97

D 4941091 22.09+2.77 35.00 +£0.39 37.40 +0.39 16.54 £1.55 0.97

Hayola-420 Y Vala LD 598 +£1.42 24.67 £2.46 36.21 +£1.57 39.03 £0.64 12.21 £0.70 0.97

D 5.86+1.29 2479 £2.32 34.56 +1.62 39.87 +0.74 12.10£0.75 0.97

RGS ozl LD 5.68 £1.39 24.93 +£2.38 3546 +1.10 4251 +1.30 11.89 £0.63 0.96

D 6.24+£1.36 25.75+2.46 33.75+1.35 4279 +1.45 10.27 £1.00 0.96

Mahtab olige LD 4.83 £1.40 25.74+£1.93 36.61 +0.64 41.91+1.30 1830 £ 1.11 0.97

D 4.69+1.48 2450 £2.27 36.35+0.25 38.00 +1.73 19.42 £0.98 0.96

Hayola-61 F)-Yolo LD 5.55+1.63 22.89+2.59 34.19+0.84 39.28 +0.64 18.13 +£1.51 0.96

D 5.60+1.71 23.24+2.79 32.81+1.43 39.36 +0.87 18.13 +1.57 0.94

Garo 5 LD 473 £2.01 21.09+2.54 35.43+0.97 38.00 +1.55 21.02+1.74 0.95

D 4.51+1.94 22.39+2.75 34.30 +0.66 37.69 +0.58 20.43 £ 1.79 0.96

Zafar il LD 5.10+1.37 2433 +2.16 35.62+1.79 41.70 £0.62 11.55+£0.57 0.96

D 498 +1.64 24.88 £2.75 33.07+1.13 39.78 £0.80 11.58 £0.81 0.96

Zarfam e LD 5.16 £ 1.40 23.02+2.05 36.04 +£0.57 40.15+0.41 12.03 £ 0.66 0.96

D 4.85+1.51 2425+232 35.53+0.71 40.17£0.45 11.91+0.63 0.96

D) b5 LD y5 byl 90 10 Siailsx doyo slae p 1515 Calisis a6l 10 (Lwgambes a2 ,0) Sjaile> oo 5 slales .Y Jguz
Table 2. Cardinal temperature of rapeseed cultivars based on germination percentage in two light (LD) and
darkness (D) conditions

ol el sl sles sl sled e el e e
Cultivar o3, Light s iy Sk ) Te Fo UH;
TO] TOz R

Traper 2y LD 512+1.21 15.89 £ 1.57 34.14+£0.58 37.04 +0.37 0.01 +£0.00 0.96

D 542 +£1.18 15.83 £1.58 33.27+1.03 37.00 +0.48 0.01 £ 0.00 0.96

Agamax oSal5T LD 5.12+0.99 15.79 £ 1.28 34.01 £0.52 37.03 +£0.31 0.01 +0.00 0.97

D 5.60 +£1.30 15.94 +1.79 33.48+1.05 37.03 +£0.53 0.01 £ 0.00 0.95

Hayola-50 0-Yalo LD 1.13+2.21 10.78 £2.39 33.75+1.47 39.44 +0.96 0.01 +£0.00 0.87

D 0.84 £2.66 10.24 +£2.58 32.81+2.31 39.24+1.23 0.01 +£0.00 0.83

Hayola-420 Y- Yola LD 1.88£0.90 10.60 + 1.08 33.96 +0.75 39.89 +0.57 0.01 £0.00 0.96

D 0.64 £2.57 10.31 £2.44 33.98 +1.49 39.55+1.05 0.01 £0.00 0.84

RGS szl LD 2.50+0.22 524+0.21 35.63+1.47 40.23 +£0.32 0.01 +£0.00 0.98

D 234+0.22 5.00+0.33 33.89+1.50 40.50 +0.44 0.01 +£0.00 0.97

Mahtab Sligo LD 2.34+0.28 4.58 £0.50 33.11+1.89 40.34 +0.66 0.01 +0.00 0.95

D 2.36+0.30 4.73 £0.32 27.79 +1.99 42.90 +2.58 0.01 +£0.00 0.94

Hayola-61 #\-Yolo LD 091 £0.66 8.62+1.39 31.86 +1.09 39.54+1.54 0.01 +£0.00 0.97

D 1.02 £0.66 7.00 £ 0.88 33.10+0.31 37.15+1.15 0.01 £0.00 0.99

Garo 55 LD 2.57+0.25 496 +0.42 31.55+1.79 39.93 £ 0.68 0.01 £0.00 0.96

D 2.62+0.23 4.60 £0.54 28.12+1.35 39.57+0.83 0.01 +£0.00 0.96

Zafar Sl LD 2364024  503+020  3468+048  41.53+060  0.01+000 097

D 245+0.11 4.80+0.53 33.77+0.73 41.18+£0.33 0.01 £0.00 0.99

Zarfam JSERS LD 2.57+£0.66 5.06 £ 0.06 34.07+£0.16 40.67 £0.15 0.01 £0.00 0.99

D 2.52+0.19 5.00+0.17 33.38 £0.62 40.80 +£0.53 0.01 +£0.00 0.97
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Extended abstract

Introduction: Since the maximum percentage and rate of germination of rapeseed occur at a certain
temperature, finding these temperatures can play an important role in determining the appropriate time and
place for the cultivation of different cultivars. Also, light can affect the germination percentage of rapeseed at
different temperatures, but the response of rapeseed to light, especially at lower and higher temperatures, has
not been studied. Therefore, this study aimed to investigate the changes in the germination of rapeseed
cultivars at different temperatures and determine cardinal germination temperatures based on germination
percentage and rate under both the presence and absence of light conditions.

Materials and methods: In this study, germination tests were carried out at 5, 10, 15, 20, 25, 30, 35, 37,
and 40°C temperatures in two light conditions (12 h light / 12 h dark) and darkness on nine spring cultivars
(Traper, Agamax, Hayola-50, Hayola-420, RGS, Mahtab, Hayola-61, Zafar, and Zarfam) and one winter
cultivar (Garo). The four-parameter Hill model was used to describe germination changes over time and the
dent model was used to calculate cardinal temperatures. Seed viability at lower and higher temperatures was
evaluated by the tetrazolium test.

Results: The evaluation of the trend of cumulative germination percentage over time in different cultivars
showed that maximum germination percentage of all cultivars happened in the temperature range between
15-30 °C, some in the temperature range of 10-30 °C (Hyola-61) and others even in the temperature range of
5-30 °C (RGS, Mahtab, Garo, Zafar, and Zarfam) had the highest germination percentage. The highest
germination rate in all cultivars was observed at the temperature range of 22-35 °C. Light only had an effect
on the germination percentage of the seeds at sub and super optimal temperatures. At these temperatures,
light increased the germination percentage. The remaining seed of 5, 10, 35, 37, and 40 °C temperature after
transfer to 20 °C did not germinate, whereas most of them were viable based on the tetrazolium test.

Conclusion: The difference in the optimum temperature range for germination percentage and rate
showed that to optimize seed performance, the optimal temperature range between the germination
percentage and germination rate should be considered as the optimum temperature for germination. At sub
and supra optimal temperatures, light leads to improved germination in some cultivars. The effect of light on
germination at supra optimal temperatures was far higher than that of sub-optimal ones. Survival of the
remaining seeds at the sub and supra optimal temperatures in some cultivars provided evidence of thermo-
dormancy in these cultivars, this issue needs further investigation in the future.

Keywords: Cardinal temperatures, Germination rate, Germination percentage, Survival, Tetrazolium

Highlights:
1- The cardinal temperatures were studied based on both the percentage and rate of germination and the
effect of light on them.
2- Some new varieties such as Traper and Agamax that little information about their characteristics is
available were examined.
3- In this study, the reason for the lack of germination of rapeseed at the sub and supra optimal
temperatures especially in the darkness has been mentioned.
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