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Quantifying of germination response in dill (Anethum graveolens L.) to temperature
and drought stress by hydrothermal time model
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ABSTRACT

Temperature and water are the most important environmental factors controlling seed germination in plants. In
order to investigate the effect of temperature and drought stress on seed germination and quantifying of
germination; a factorial experiment was conducted with eight temperature levels including 5, 10, 15, 20, 25, 30, 35
and 40 degrees Celsius and the seven levels of drought stress including 0, 0.5-0.0, -0.2, -0.3, -0.4, -0.5 and -0.6
MPa, respectively. The results showed that the germination was decreased by decreasing osmotic potential at all
temperature levels. However, the intensity of this decrease was less in the range of 20 to 30°C. Using two different
methods, the base and maximum temperature of dill germination was estimated in the range of 2.3 and 2.9 °C and
43.0 and 47.3 °C, respectively. The optimum temperature for dill germination was 26 °C. The estimated value of
base water potential for germination was -0.53 Mpa with the hydrothermal time model. The results also showed
that water base potential for dill germination was increased by -0.5 Mpa as temperature increased. Finally, it was
found that if the base water potential taking into account variable in response to changing temperature, then the
hydrothermal time model can be good enough to quntify dill germination response to temperature and water.
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Table 1. Analysis of variance of germination percentage affected by temperature
and drought stress in dill seeds.

S.0.V. df Germination (%)
Temprature (T) 7 11834.1624**
Water potential (WP) 6 18078.9683**
T*WP 42 35078.5714**
Error 112 32.4157
CV (%) 5.8

** Significant at 1% level.
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Table 2. Germination percentage of dill in response to temperature and water potential.

Temperature Water potential
0 0.1 0.2 0.3 0.4 0.5 0.6 Mean
5 6.67° 1.67° 0.00° 0.00° 0.00° 0.00° 0.00° 1.190¢
10 90.00° 85.00° 71.67° 48.33° 18.33¢ 6.67¢ 0.00¢ 45.714°
15 91.67° 85.00° 71.67° 55.00° 28.33¢ 13.3% 0.00° 49.286°
20 98.33° 93.33° 78.33° 58.33° 36.67¢ 16.67¢ 5.000° 55.238°
25 97.67° 93.33 83.33° 60.00° 41.67% 21.67% 8.33° 57.857°
30 95.00° 91.67° 80.00° 61.67% 35.00% 15.00% 1.67° 54.286°
35 83.33° 76.67° 58.33° 43.33° 15.00¢ 0.00¢ 0.00¢ 39.524°
40 0.00° 0.0° 0.0° 0° 0° 0° 0° 0.000¢
Mean 70.208° 65.833" 55.417° 40.833° 21.875° 9.167' 1.8759
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In each row, values with the same letter are not significantly different (P < 0.05).
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Figure 1. Germination rate of dill in response to temperature at water potential of 0 MPa,
and regression analysis of germination response in different percentiles.
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Table 3. Cardinal temperature ranges for dill germination in different percentiles (10-90).

Percentiles Th To Tcor Toax
10 4.23 26.31 42.65
20 3.60 26.22 42.74
30 3.24 26.22 42.81
40 2.93 25.95 42.91
50 2.92 25.95 43.03
60 2.89 25.93 43.05
70 2.79 25.59 42.77
80 2.69 25.50 42.70

90 241 25.50 42.67
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Table 4. Parameters of the thermal time model for perdiction of dill germination at suboptimal and
supraoptimal temperature ranges at water potential of 0 MPa.

A (suboptimal)

Brs0) ("Cday) T (°C) oe7(°C) R? RMSE
87 2.3 1.34 0.93 0.11
B (supraoptimal)
frc (°Cday) Tesn (°C) orc (°C) R? RMSE
70 47.32 7.21 0.92 0.11
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Table 5. Parameters of the hydro-time model for perdiction of dill germination at various water
potential whitin temperature ranges caused at least 10 percent germination.

Temprature 0y (MPa d) wb(50) (MPa) owb R’ RMSE
10 7 -0.805 0.192 0.95 0.061

15 45 -0.679 0.205 0.96 0.066

20 4.0 -0.675 0.201 0.96 0.072

25 4.0 -0.684 0.210 0.95 0.081

30 35 -0.656 0.204 0.94 0.089

35 3.0 -0.508 0.228 0.93 0.077
Mean 4.3 -0.668 0.207 0.90 0.104
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Figure 2. The observed (symbols) and predicted (lines) germination of dill in response to
suboptimal and supraoptimal temperature ranges at water potential of 0 MPa. The predicted values
obtained by the thermal time model using the parameters shown in Table 4.
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Figure 2. The observed (symbols) and predicted (lines) germination of dill in response to various
water potentials (left) and normalized water potential at various temperature ranges. The predicted
values obtained by the hydro-time model using the parameters shown in Table 5.
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Figure 4. The observed (symbols) and predicted (lines) germination of dill in response to various water potentials

at various temperature ranges. The predicted values obtained by the hydrothermal time model using the parameters
shown in Table
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Table 6. Parameters of the hydrothermal time model for perdiction of dill germination at various
water potential whitin temperature ranges caused at least 10 percent germination.

Temprature eHT(E,o) ( d) Wh(50) (MPa) Oub R2 RMSE
10 60 -0.82 0.198 0.95 0.06
15 60 -0.647 0.197 0.95 0.07
20 60 -0.619 0.191 0.94 0.08
25 60 -0.525 0.191 0.92 0.10
30 60 -0.47 0.188 0.90 0.11
35 60 -0.35 0.186 0.91 0.09
Mean 60 wisy= 0.017*Temprature -0.955 0.192 0.92 0.09
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