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Abstract

The aim of this study was to quantify the response of germination rate to temperature and to find cardinal temperatures
required for different germination percentiles in Papaver somniferum. Four models of non-linear regression [Quadratic,
Segmented, Beta and Dent-like] were evaluated to describe the relationships between germination rate and temperature of
P. somniferum over 7 constant temperatures (3, 5, 10, 15, 20, 25 and 30 °C). Different statistical indices [Root Mean
Squares of Error (RMSE) and coefficient of determination (R?)] were used to compare models performance. The Dent-
like was found to be the best model to predict germination rate (RMSE=000.35, R?=0.87). The base, sub optimum, supra
optimum and the ceiling temperatures for P. somniferum seed germination were estimated 3, 7, 20 and 31°C, respectively.
The cardinal temperatures depended on the model used for their estimation. Overall, Dent-like was better suited than the
other models to estimate the cardinal temperatures for germination of P. somniferum seed. The highest germination
percentage (72) and germination rate (0.86) was observed in 10 and 15 °C, respectively.
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Table 1- Variance analysis of the effect of temperature on germination percentage and rate
of Papaver somniferum seed
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Sl s &35 4oy Mean Square
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Germination percentage Germination rate
- 6 3025.07° 0.0019°
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o
14 147.04 0.00021
Error
Sl kS s
e s B e 3 9 1

Coefficient of variation (%)

** significant at the 1% level
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Table 2- Mean comparison of germination percentage and germination rate of Papaver somniferum at
different temperature level
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Germination rate Final germination (percentage) Temperature C°

Oc Ob 3
0.0062b 3b 5
0.0082a 72a 10
0.0086a 54a 15
0.0080a 52a 20
0.0062b 3b 25

Oc Ob 30
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Figure 1- Cumulative germination of Papaver somniferum seed at different temperature levels
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Table 3- Estimated cardinal temperatures for Papaver somniferum seed germination based on Beta,
Dent like, Quadratic and Segmented models
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Fig 2- Relation between temperature and germination rate of Papaver somniferum seed based on Segmented model
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Fig 5- Relation between temperature and germination rate of Papaver somniferum seed based on Quadratic model.
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