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Table 1. Segmented, dent-like and beta models that were fitted to germination rate data for determining
cardinal temperatures. Ty, T,, T, To1, To2, and f, are base temperature, optimum temperature, ceiling
temperature, lower limit of optimum temperature, upper limit of optimum temperature, and minimum time
to reach a given percentile

aolee NESSC
Function Formula
(M) wile plass f(T)= (T-Tp)/(To1-Ty) if Tb< T< Ty,
05 f(T)= (Tc-T)/(Tc-Tyy) if Tp< T< T,

f(T): 1if T01< TS T02
f(T)=0if T< T, or T> T,

() (sless 9o f(T)= (T-Ty)(To-Tp) if Te< T< T,
(Ve of o) Ken g Sllalo) f(T)=[1-(T-T)/(Tc-Ty)] if T,<T< T,
f(T)=0if T< Ty or T> T,
)L

f(T)= ((Te=T)/(To-Ty))*((T-Ty)/(T,-Ty)) T TONTe-To)
oot m s oy T (DT (T Ty))

Glisee sl jles g alizee slales [0 rezd Gl do s 4y o eols B3l 0yiel )l ¥ St Jue ) odel Cawdds wolys ¥ Jgu

el o laslinl gl oaims las sl ol slael IS 33 6l a0 Syl
Table 2. Estimated parameters by fitting logistic 3 parameters model to cumulative germination percentage
of Brassica napus L. at different temperatures for different priming treatments. Numbers in parentheses
represent standard error.

CO) s s Sirly Jo e
’ Parameters of model
Temperature o )
°C) Priming a (Gpax) b Ko (hr) R
Non-primed) o, ;550 78.26(1.56)  -6.32(0.32)  157.91(2.58) 0.94
(Hydroprime) o1& Sl 84.9(1.54)  -5.54(0.44)  166.4(5.58) 0.97
s o J Sl b S
5 2o S ke o Sl b o) )
(Priming with 30 mg/l GA) - 88.57(1.37)  -4.34(0.23)  169.62(5.25) 0.90
Pk Ve Sy sl b Sl
ST 88.67(1.23)  -4.76(0.22)  168.37(3.39 0.93
(Priming with 100 mg/l GA) =J s (1.23) 0.22) (3.39)
Non-primed) s,y o550 88.12(1.99)  -4.99(0.11)  83.22(1.08) 0.92
(Hydroprime) o1 L Sxal 92.33(1.43)  -4.87(0.43)  58.27(0.98) 0.90
10 P eS80 Sz sl b Sl i
(Priming with 50 mg/l GA) - 96.33(1.13)  -4.91(0.55)  48.98(1.04) 0.96
¢ Voo SO 1L S|
P TSN 0444(127)  -435(0.75)  52.91(1.43) 0.99

(Priming with 100 mg/l GA) :=J s

! Piper
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Table 2. Continue
(°C) Lus 5t S e elrs
) Parameters of model
e Priming @ Grer) b Xso (hr) R’
Non-primed) s, o550 90.13(0.76)  -6.55(0.32)  58.55(1.38) 0.99
Hydroprime) <14 Sipeyly 94.92(1.1)  -433(0.54)  34.87(1.64) 0.99
15 ﬁﬁ;fu,l:-aa‘ Sy dnl b Sl )
(Priming with 50 mg/l GA) - 94.66(1.12)  -3.43(0.32)  20.77(0.76) 0.99
PeSeke Ve S sl b Sl
(Priming with 100 mg/l GA) - 94.59(0.71)  -4.23(0.22)  30.56(0.34) 0.99
Non-primed) s,y o5 96.21(1.34)  -2.87(0.24)  28.18(0.76) 0.98
(Hydroprime) w1 Kooyl 96.03(1.23)  -2.76(22)  20.13(0.56) 0.99
20 P Sk 00 S sl b Sl 14(021 201 2 19.2
(Priming with 50 mg/l GA) - 96.14(0.21) 01(0.32) 9.29(0.87) 0.90
RSk Ve Sy sl b Sl
53(0.22)  -2.11(0.22)  20.86(0.2 .
(Priming with 100 mg/l GA) xJ 96.530022) 0.22) 0-86(023) 099
Non-primed) s, o500 90.76(1.89)  -2.83(0.23)  40.32(0.32) 0.99
Hydroprime) <14 Sipeyly 92.56(0.32)  -2.56(0.34)  22.22(0.44) 0.99
25 P eS80 S sl b Sl )
(Priming with 50 mg/l GA) - 94.67(1.43)  -2.03(0.22)  19.23(0.56) 0.99
PSSV S sl b Sl
(Priming with 100 mg/l GA) - 94.54(0.23)  -2.33(0.11)  21.43(0.76) 0.99
(Non-primed) s,y o5 87.53(1.78)  -2.43(0.32)  50.66(1.54) 0.99
Hydroprime) w14 Syl 90.16(0.54)  -2.32(0.32)  30.65(0.23) 0.99
30 P Sk 00 S sl b Sl 4 1 2.12(0.44 2 2
(Priming with 50 mg/l GA) - 94.37(1.55) 12(0.44) .77(0.22) 0.99
PeSee Vs S sl b Sl
(Priming with 100 mg/l GA) - 90.83(0.34)  -2.32(0.32)  29.76(0.11) 0.99
(Non-primed) s, o500 68.83(1.56)  -2.93(0.12)  56.32(1.12) 0.99
Hydroprime) Tl Kool 76.27(1.76)  -2.7(0.25)  52.22(0.87) 0.99
35 PS8 S ol b Sl )
(Priming with 50 mg/l GA) - 80.95(1.43)  -2.55(0.33)  47.32(1.22) 0.99
$ oo Voo Sz Sl b St
P e AT T AR 1853(1.98)  -2.49(0.23)  50.34(1.53) 0.99

(Priming with 100 mg/l GA) :J
Non-primed) w!y oo - - _ .
Hydroprime) o1 b Kiesl - - - .
40 P Sk 00 S sl b Sl
(Priming with 50 mg/l GA) sJ

RS Ve S sl b Sl
(Priming with 100 mg/l GA) :J

PRIV RO b 9 Sdler w0 Slas b QL;)'Xso (oS (Sidle s ye pSlasd
where @ is the maximum cumulative seed germination percentage, Xs is the time to 50% maximum seed germination, and b is the slope
of the curve or lag phase
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treatments using segmented, dent-like and beta
models
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Extended Abstract

Introduction: Temperature is one of the primary environmental regulators of seed germination. Seed
priming technique has been known as a challenge to improving germination and seedling emergence under
different environmental stresses. Quantification of germination response to temperature and priming is
possible, using non-liner regression models. Therefore, the objective of this study was to evaluate the effect
of temperature and priming on germination and determination of cardinal temperatures (base, optimum and
maximum) of Brassica napus L.

Material and Methods: Treatments included priming levels (non-priming, priming with water,
gibberellin 50 and 100 mg/1) and temperature (5, 10, 15, 20, 30, 35 and 40 °C). Germination percentage and
time to 50% maximum seed germination of Brassica napus L. were calculated for different temperatures and
priming by fitting 3-parameter logistic functions to cumulative germination data. For the purpose of
quantifying the response of germination rate to temperature, use was made of 3 nonlinear regression models
(segmented, dent-like and beta). The root mean square of errors (RMSE), coefficient of determination (R?),
CV and SE for the relationship between the observed and the predicted germination percentage were used to
compare the models and select the superior model from among the methods employed.

Results: The results indicated that temperature and priming were effective in both germination
percentage and germination rate. In addition, the results showed that germination percentage and rate
increase with increasing temperature to the optimum level and using priming. As for the comparison of the 3
models, according to the root mean square of errors (RMSE) of germination time, the coefficient of
determination (R%), CV and SE, the best model for the determination of cardinal temperatures of Brassica
napus L. for non-primed seeds was the segmented model. For hydro-priming and hormone-priming with 50
mg/l GA, the best models were segmented and dent-like models and for hormone-priming with 100 mg/l GA,
the dent-like model was the best. The results showed that for non-priming, hydropriming with water,
gibberellin 50 and 100 mg/1 treatments, the segmented model estimated base temperature as 3.54, 2.57, 2.34
and 2.34 °C and dent-model estimated base temperature as 3.34, 2.45, 2.21 and 2.83 °C, respectively. The
segmented model estimated optimum temperature as 24.62, 23.23, 23.69 and 24.38 °C. The dent-model
estimated lower limit of optimum temperature and upper limit of optimum temperature as 20.01, 19.62,
16.25, 19.87 and 28.81, 27.38, 29.58 and 27.31 °C.

Conclusion: Utilizing non-liner models (segmented, dent-like and beta) for quantification of germination
of Brassica napus L. response to different temperatures and priming produced desirable results. Therefore,
utilizing the output of these models at different temperatures can be useful in the prediction of germination
rate in different treatments.

Keywords: Brassica napus, Cardinal temperatures, Germination, Non-liner regression models, Priming

Highlights:

1-The effect of priming on germination of Brassica napus was investigated.
2-The temperature range of rapeseed germination of Brassica napus changes with the use of seed
priming.
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