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Abstract

The Henbane (Hyoscyamus SPP.) belongs to the potato genus and due to the presence of alkaloids such as atropine,
hyoscyamine and scopolamine, it affects the human nervous system. Among the annual and perennial species of this genus,
five of them are endemic in Iran. The aim of this study was to determine the cardinal temperatures and evaluate the
germination response of five seed ecotypes (Hyoscyamus SPP.) to water temperature and potential. For this purpose, a
factorial experiment was conducted in a completely randomized design with four replications. Experimental treatments
were run according to eight temperature levels (5, 10, 15, 20, 25, 30, 35, and 40°C) and six water potential levels (0, -0.2,
-0.3,-0.4, -0.6 and -0.9 MPa). The results showed that with decreasing water potential, the percentage and germination rate
of Ecotypes decreased. Estimation of cardinal temperatures showed that the base temperature and ceiling temperature of
the five studied Ecotypes were the same and were equal to 8 and about 40°C, respectively. Furthermore, the optimum
temperature of these Ecotypes was recorded in the range of 25-35°C. The Dashty Ecotype had a wider optimum temperature
range. According to R2 and RMSE statistics, the Dent-like model well describes the germination rate response of the
studied ecotypes to temperature and water potential.
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Table 1- Analysis of variance of germination parameters of Hyoscyamus ecotypes
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Figure 1- Effect of water potential and temperature on the final germination percentage of
Hyosyamus ecotypes seeds
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Table 2 - Calculation of basal temperature (tb), bottom optimum temperature (Tol), upper optimum
temperature (To2), maximum temperature (Tc), number of biological hours (fo), width of origin (a) and (b)
The slope of the regression line is the actual and predicted germination rate using a toothed and two-piece

nonlinear regression model for seed-bearing species under osmotic stress conditions. The numbers in
parentheses indicate the standard error

(H. niger) 4,8 S5l o 58T ke ol Jt
Dent-like model Mazandaran ecotype of (H. niger) species

I

0 0.2 03 0.4 06 0.9
parameter
t 8 10 10 14.77 20 19.88
To 25 29.94 29.95 25.18 24.9 283
Te 35 35.29 35.37 25.71 25.1 30.1
T. 40 38.76 38.84 39.15 30 35
f, 81.4 88.09 93.79 132.24 148.8 1535
. -0.00145 -0.00043 -0.00034 -0.00042 1.084 -7.601
(0.00095) (0.00073) (0.00079) (0.00057) (1.091) (6.15)
b 1.0809 0.957 0.974 1.051 1.00064™ 0.000913"
(0.116) (0.106) (0.124) (0.122) (5.137) (0.22)
R? 0.915 0.910 0.883 0.901 0.998 0.995
RMSE 0.00183 0.00162 0.00164 0.00128 1.433 0.0003
CV% 26.428 3145 24.47 29.31 21 25.236
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Table 2 Continued

0L an 5 oL pu STl

Y J).b- 4als|
(H. niger) 4 8 w5 w87 sl Ols Juta
Dent-like model Zanjan ecotype of (H. niger) species
sl

e 0 02 03 04 06 0.9

parameter

ty 8 10 10 14.68 20 -

To1 25.05 29.89 29.94 25.15 24.9 -

To2 35.8 35.89 35.57 30.39 25.2 -

Te 40 385 39.02 40 30 -

fo 59.43 68.91 81.60 111.92 113.25 -

a -0.00144 -0.00077 -0.00019 -0.00071 -2.168 _
0.000106 0.00085 0.000896 0.00076 (2.183)

b 1.109 0.991 0.942 0.952 0.997 _
(0.097) (0.0952) (0.119) (0.145) (0.148)

R? 0.941 0.931 0.885 0.843 1 -
RMSE 0.00195 0.00191 0.00188 0.00188 0 -
CV% 21.59 28.63 33.79 51.75 131 -

(H. arachnoides) 4 & jlues 8T ks 016> Juta
Dent-like model Hamedan ecotype of (H. arachnoides) species
sl
i 0 02 03 04 06 09
parameter

ty 8 10 149 14.77 20 25

Tor 25.07 24.99 29.99 252 25 29.9

Toz 35.76 35.82 3551 35.74 30 30.2

Te 40 39.35 38.96 39.17 35 35

fo 82.10 101.37 107.75 131.81 166 171

a -0.00129 2.82 -0.00048 -0.00042 94 0.00023

(0.00099) (0.00068) (0.00053) (0.0006) (2.66) (0.0007)

b 1.133 0.93 0.99 1.058 1.0031™ 1.001

(0.126) (0.122) (0.098) (0.129) (0.00099) (0.00089)

R? 0.909 0.89 0.92 0.893 0.999 1
RMSE 0.0017 0.00142 0.00128 0.00133 114 2.65
CV% 26.50 31.44 33.804 40.82 0.953 0.453

(H. muticus) 4 8 255 ¢35 58T A5k 01> s
Dent-like model Dashti ecotype of (H. muticus) species
sl
e 0 0.2 0.3 0.4 0.6 0.9
parameter

ty 8 8 8 8 8 8

To1 19.99 20 29.98 24.99 29.7 2431
To2 36.14 34.19 35.80 35.78 29.5 25.34

T 40 39 39.22 39.21 38.52 35

fo 33.81 34.26 47.57 62.41 64.78 67.12

a -0.0026 -0.00051 -0.00031 -0.00013 0.000514 -1

(0.0021) (0.00188) (0.00187) (0.00158) (0.00144) (0.000363)

b 1.086 0.992 0.934 0.926 0.881 0.919

(0.103) (0.095) (0.0141) (0.0145) (0.102) (0.0509)

R? 0.931 0.931 0.845 0.835 0.897 0.976
RMSE 0.0038 0.00355 0.0036 0.00302 0.00272 0.00107
CV% 216 22.99 34.72 34.81 34.43 23.73

(H. muticus) &, 5 e 5 8T ks 016> Juta
Dent-like model Dayyer ecotype of (H. muticus) species

sl

e 0 02 0.3 0.4 0.6 0.9

parameter

tp 8 8 8 8 8 10.76
T 29.37 27.15 24.97 25 23.23 23.26
To2 3161 32.83 34.68 35 255 20.5

T 39.27 39 38.21 36.5 30 25
fo 39.31 58.09 68.58 78.37 97.69 193.12
a -0.0007 -0.00047 -0.00065 -0.00073 -0.00038 -0.00004
(0.0013) (0.0013) (0.00126) (0.00099) (0.00061) (3.53)
b 0.997 0.919 0.98 1.003 0.945 0.702™
(0.099) (0.132) (0.134) (0.126) (0.139) (0.02)
R? 0.93 0.86 0.87 0.887 0.85 0.99
RMSE 0.0026 0.0028 0.0024 0.00214 0.0016 0.0006
CV% 26.26 35.89 34.34 37.32 59.95 103.3
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Figure 3- Trend of changes in basal temperature (a), optimum lower temperature (b), optimum upper

temperature (c) and ceiling temperature (d) obtained by the Dent-like model under water potential for seeds
of Mazandaran ecotype species (H. niger)
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Figure 4 - Trend of changes in basal temperature (a), optimum lower temperature (b), optimum upper

temperature (c) and ceiling temperature (d) obtained by the Dent-like model under water potential for seeds
of Mazandaran ecotype species (H. niger)
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Figure 5 - Trend of changes in basal temperature (a), optimum lower temperature (b), optimum upper
temperature (c) and ceiling temperature (d) obtained by the Dent-like model under water potential for seeds
of Hamedan ecotype species (H. arachnoides)
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