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Figure 1- Fitting of segmented models to describe response of germination rate to temperature in three

lentil cultivars
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Figure 2- Fitting of dent-like model for description response of germination rate to temperature in
three lentil cultivars.
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Figure 3- Fitting of beta model for description response of germination rate to temperature in three
lentil cultivars.
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Figure 4- Predicted vs. observed hours to germination in three lentil cultivars using (S) segmented, (D)
dent-like and (B) beta functions to describe response of germination rate to temperature. The solid lineis
al:1line. Regression lines of functions are also indicated.
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Table 1- Root mean sguare of deviation (RMSD), coefficient of variation (CV) and coefficient of
determination (R for the relationship between germination rate (Rso) and temperature in three lentil
cultivars described by various functions. Regression coefficients (a and b) for the relationship
between observed and predicted times to emergence are also indicated.

RMSD R? cv at SE. bt SE.

Gl aGg0 Juo
Segmented model

Ol ylwas 2.15 0.99 3.15 -0.97 +1.493 1.02+0.017

Gachsaran
Lo 6.15 0.99 10.27 -5.75+3.122 1.10+0.05

Kimia
g al 8.98 0.99 12.7 -7.54+4.109 1.10+0.05
Bilesovar

wWile ylais Jow

Dent-Like model

Ol 4.56 0.99 6.68 -3.14+2.113 1.06+0.03

Gachsaran
LS 6.15 0.99 10.27 -5.75+3.122 1.10+0.05

Kimia
Slgw aliy 8.98 0.99 12.7 -7.58+4.111 1.10+0.05
Bilesovar

Ly Joe
Beta model

Ol ylwas 4.07 0.99 597 -2.81+1.692 1.05+0.019*

Gachsaran
Lo 12.81 0.99 21.39 -12.06+5.185* 1.27+0.074*

Kimia
Slgaw aly 13.96 0.99 19.76 -11.80+5.26* 1.23+0.062*
Bilesovar
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Table 2- Estimate of base temperature (Tp,°C), optimum temperature (To,°C),Ceiling temperature
(Tc,°C), lower optimum temperature, (To,,°C), upper optimum temperature (To,, ,°C), shape
parameter (o) and minimum physiologica day requirement (g,), for emergence of three lentil
genotypes using segmented, beta and dent-like models.

SlasG g0 Juwo
Segmented model Tc To Tp %o
oyl 4510 26.94+0.23 0.89+0.37 27.92+0.29
Gachsaran
oS 35.15+0.59 23.41+0.30 1.13+0.56 25.43+0.48
Kimia
g alo 41+0 23.6+0.29 1.23+0.53 31.37+0.49
Bilesovar
RER PV 41.69+0.37 23.71+0.37 0.96+0.37 29.01+0.37
Tota
L Jowe
Beta model Tc To Tp a €
RIS 4 30.18+0.25 27.97+0.51 0 1.2+0.06 28.89+0.80
Gachsaran
LoS 30.55+0.64 23.78+1.11 0 1.46+0.24 28.74+1
Kimia
B 30.72+0.97 25.17+1.21 0 1.38+0.22 33.79+1.33
Bilesovar
RERF IV 30.52+0.75 25.54+1.89 0 1.31+0.19 30.91+1.19
Tota
abogylass Juwo
Dent-Like Tc Top Tos Ty €
oyl 31+0 29.89+0.02 24.29+0.48 1.14+0.35 30.53+0.41
Gachsaran
LoS 35+0 25.14+0.56 20.4+0.65 1.13+0.56 29.41+0.75
Gachsaran
g alo 31+0 29.55+0.07 21.75+0.80 1.23+0.65 34.19+0.96
Gachsaran
RER PV 35+0 27.86+0.32 22.08+0.76 0.96+0.62 31.25+0.79

Tota
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Abstract

This study was carried out to determine the requirements of cardinal temperatures and
biological hours for germination of lentil by using different linear and nonlinear regression
models. To do this, a split plot experiment based on randomized completely design with four
replications was conducted in germinator. Experimental treatments were three lentil cultivars
(Gacgsaran, Kimia and Bilehsovar) under seven fixed temperature regimes (5, 10, 15, 20, 25,
30 and 35°C). Beta, Dent-like and Segmented models were applied to evauate the
relationship between germination rate and temperature. Root mean square deviation (RMSD),
coefficient of determination (R?), coefficients of variation (CV)and linear regression
coefficients (a, b) were used to detect the perfect model. Results of fitting the models
indicated that the response of lentil germination to temperature is best described by a
segmented function. Cardinal temperatures estimated by this model were 0.89 to 1.23°C for
base temperature, 23.41 to 26.94°C for optimum temperature and 35.15 to 45°C for celling
temperature. Significant difference in base temperature among cultivars was not observed, but
cultivars had significant difference in optimum and ceiling temperatures. Biological hour's
requirement for germination ranged between 25.43 to 31.37 hours. The quantitative
information provided by this research can be used in prediction of germination of lentil
cultivars.

Key words: Lentil, Simulation, Germination, Temperature.
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