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Table 1. Equations of dent-like, segmented, original Beta and modified Beta models fitted to the germination
rate at different temperatures.

Formula Jg, Equation ala, Reference s

F(T)= (T-Ty)/(To-Tg) if Tb< T< Ty,
f(T)= (Te-T)(Te-To) if Tor< T< T, () asile s
f(T)=1if T, <T< Ty, Dent-like
f(T)=0if T< Ty or T> T,
f(T)= (T-Ty)/(Ty-Ty) if Ty< T< T,

0395 o) San 5 em)

Y lass
f(T)= [1-(T-T,)/(Te-T,)] if To< T< T, () sl 2 (5 o) San 5 " otk
f(T)=0if T< Ty or T> T, Segmented
f(T)= (Te-TY(Te-T))X((T-Ty)(To-Tp)) ™ (F) adly s by v

-To ) (V20 ), g )

To/(TeTo) Modified Beta oY 7
f(T)= [(T-Tb/ To-Tb)x(Tc-T/ Tc-Tb)(Te- ©®) Lol by

(V220 o), 5en 5 o)

To/ To-Tb)]a Original Beta OO

350 slod) Leo T 5 cli oo @ carig glod T cgllas (sloo T ¢ Bsd gllas (slos Ty o Slizw gllas slos Top sy slos Ty)

(38 oo (Gialoy!
(Ty, is the base temperature, T, is the Lower optimum temperature, T, is the Upper optimum temperature, T,
is the optimum temperature, T, is the Ceiling temperature, a is the constant coefficient and T is the
temperature (temperature tested)).
Doy Gl alize slagasls p &l az ) S wib)ly 4525 Y Jede
Table 2. Analysis of variance for the effect of temperature on Fagopyrum esculentum Moenc. seed
germination indices

Mean squares) oo o Sk

i lie a0 | sloazals aoye A Job als
el i ¥y doyd ¢
N azals LS
S.0.V ‘fif’ Germination b 7okt sl o
rate Normal seedling ~ Seedling length  Seedling length
percentage vigor index
LQ *k ok k% ok
> 7 2788.50 2243.14 166.68 1154156.36
(Temperature)
(Error) saslejl olocsl 24 89.50 164.33 1.28 17561.72
Ol s o
(4052) Sl 2r2 17.08 28.97 16.08 25.67

Coefficient of Variation (%)

oy \ JLA.D‘C_E.»J)J )lé@.:.a s w
**. Significant at 0.01 probability level
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Table 3. Estimated coefficients of logistics model for different temperatures.

(rpembo ez bo -y b X r R? Adj R?

Temperature ("C)
5 4543  -9.707 206.11 0.99 0.99 0.99
10 48.70  -8.56 195.11 0.99 0.99 0.99
15 66.71 -5.80 62.97 0.99 0.99 0.99
20 82.41 -5.01 40.19 0.99 0.99 0.99
25 82.88  -2.99 31.47 0.99 0.98 0.98
30 6533  -2.51 21.68 0.98 0.95 0.95
35 48.38  -4.05 21.74 0.99 0.99 0.98

e oo olad 1) (8€) o ailinl slas polie jily Jls jiolie

Values in parenthesis represent standard error (se).
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Table 4. Time to reach different deciles of germination and prediction of maximum germination of
Fagopyrum esculentum Moenc using three-parameter logistics model

(©) Lo Dy (h) D3 (h) Ds; (h)
5 177.18 231.32 292.03
10 162.42 214.92 275.62
15 47.57 60.70 77.10
20 21.32 31.17 39.37
25 16.40 26.25 36.09
30 11.71 22.26 38.67
35 11.71 24.60 59.76
40 0 0 0

alizee lacSas 4 aww, b oyloj osims slzs D

D indicates the time to reach different deciles
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Fig. 3. The relationship between temperature and germination rate for different germination percentages of
Fagopyrum esculentum Moenc seeds using dent-like (A), segmented (B), modified Beta (C), original Beta

(D) models
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Fig. 4. Observed versus predicted germination rate of Fagopyrum esculentum Moenc using dent-like (A),
segmented (B), modified Beta (C), original Beta (D) models
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Table 6. Estimated parameters for thermal time model using the log-normal model. 6, T, and cgr indicate
the thermal time constant, base temperature and standard deviation in Fagopyrum esculentum population,
respectively

Jae (o gadas 4z 0) il sleo h°C) (/d+) logley oo - R?
0T
(Model) T, O1(50%)
Juy S
4.01 (0.01) 1242.6 (315.76) 0.76 (0.05) 0.75

(Log normal)
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Fig. 5. Predicted versus observed germination percentage values from the thermal time model (normal
distribution) for Fagopyrum esculentum Moenc seeds
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Fig. 6. Cumulative germination at constant temperatures of 5-30 °C for Fagopyrum esculentum Moenc seeds.
The circles and lines are observed and thermal-time predicted germination percentages, respectively.
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Quantifying the Germination of Fagopyrum esculentum Moenc. Using
Regression and Thermal-Time Models
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Firouzabadi’, Hasan Makarian®
Extended Abstract

Introduction: Germination is considered the first and most important stage of establishment and
consequently, successful competition which is influenced by genetic and environmental factors. Among the
environmental factors influencing the germination, temperature and light are the most important ones. Using
different models, the germination response of seeds to temperature can be quantified; therefore, this study
was performed to investigate the effect of temperature on germination and to quantify the germination
response of Buckwheat seed (Fagopyrum esculentum Moenc) to temperature using nonlinear regression
models and thermal-time model.

Materials and methods: The seeds were germinated in 4 replications of 25 seeds under 8 constant
temperature treatments (5, 10, 15, 20, 25, 30, 35 and 40 ° C). Using a three-parameter logistic model,
Buckwheat seed germination was quantified at different temperature levels and the percentage and time to
reach 50% germination were obtained. Four nonlinear regression models and a thermal-time model were
used to quantify the response of Buckwheat seed germination rate to temperature. To compare the models
and determine the most appropriate model, the root mean square error index (RMSE), coefficient of
determination (R?), coefficient of variation (CV) and standard error (SE) were used for the observed
germination rate versus the predicted germination rate.

Results: The results indicated that temperature affected the seedling length, normal seedling percentage,
seed vigor and the germination rate as well as germination percentage. Also, the results showed that
germination characteristics increased with increasing temperature up to 20 and 25 °C. Comparison of the
three models based on the root mean square error (RMSE) of germination time, the coefficient of
determination (R?), CV and SE, the best model to determine the cardinal temperatures of Fagopyrum
esculentum was the dent-like model. The results of thermal-time model showed that the base temperature of
Fagopyrum esculentum seeds was 4.01 ° C and the thermal-time coefficient was 1242.6 h° C.

Conclusion: Utilization of non-linear regression models (segmented, dent-like and beta) and thermal-
time model to quantify the germination response of Fagopyrum esculentum response to different
temperatures led to acceptable results. Therefore, germination rate and percentage may be predicted using the
outputs of these models at different temperatures.

Keywords: Germination percentage, Germination rate, Modeling, Seed vigor

Highlights:

1- The best temperature for Fagopyrum esculentum Moenc. seed germination is 20-25 Celsius.
2- The dent-like model was determined the most appropriate model for estimating the cardinal
temperatures of Buckwheat.
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