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Table 1. Segmented, dent-like and beta models that were fitted to germination rate data for determining cardinal
temperatures for Malva sylvestris seeds. Tb, To, Tm, To1, Toz, and fo are base temperature, optimum temperature, ceiling
temperature, lower limit of optimum temperature, upper limit of optimum temperature, minimum time to reach a given
percentile.

aolso Jooyd
Function Formula
(V) wsibo gylade f(T): (T-Tb)/(Tol—Tb) if Tb< T< Ty

f(T)= (Tc-T)/(Te-Top) if Tor< T< Te
f(T): Lif T01< TS T02
f(T)=0if T< Tp or T> T

(Piper, 1996)

f(T)= (T-Ty)/(To-Ty) if To< T< T,
f(T)= [1-(T-To)/(Tc-To)] if To< T< T,
f(T)=0if T< Ty or T> T,

(Y) lass g0
(Soltani et al., 2006)

() L

(Yin et al., 1995) f(T)= ((Te-T)/(Te-To))*((T-Tp)/(To-Tp)) (To-To)(Te-To)
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Table 2. Estimated parameters by fitting sigmoidal 3 parameters model to cumulative germination percentage of Malva
sylvestris at different temperatures and osmotic potentials. Numbers in parentheses represent standard error.

& pol Jamiiliy Joe !y
CO Lo (Sl o) Parameters of model
Temr()oecr;itu re ogmog\(jlgg)tentim a (Gmax) b (hours) Xso (hours) -

5 0 88.87(61)  15.10(1.08) _ 86.40(1.26) 0.99
0.2 83.45033)  8.97(0.51) 85.17(0.59) 0.99

-0.4 76.89(0.72) 10.24(1.24) 94.38(1.42) 0.98

0.6 7478(1.14)  19252.61)  110.86(5.87) 0.96

0.8 7723(12.29)  109.88(19.57) 311.48(42.99)  0.89

10 0 92.81(0.53)  11.14(0.74)  44.80(0.93) 0.98
0.2 88.80(0.49)  11.18(0.73)  50.30(0.90) 0.99

0.4 8622(0.24)  6.48(0.31) 61.78(0.35) 0.99

0.6 89.200.59)  11.50(0.95)  66.82(1.09) 0.99

08 6727(0.74)  1833(1.85)  97.14(2.14) 0.98

15 0 90.13(0.70)  6.22(0.69) 27.56(0.92) 0.97
0.2 83.44031)  4.12(0.29) 23.83(0.33) 0.99

0.4 90.98(0.29)  1.59(0.20) 23.05(0.17) 0.99

0.6 74.440.16)  3.71(0.15) 28.74(0.25) 0.99

0.8 81.940043)  8.74(0.63) 45.14(0.77) 0.99

20 0 93.23(043)  3.51(0.30) 17.99(0.27) 0.99
0.2 88.25(0.53)  5.05(0.51) 25.14(0.63) 0.98

0.4 90.98(0.29)  1.59(0.20) 23.05(0.17) 0.99

0.6 81.55(0.50)  4.90(0.47) 29.02(0.71) 0.98

0.8 74410.56)  6.89(0.71) 30.96(0.96) 0.97

25 0 90.100.42)  4.24(0.38) 15.10(0.30) 0.98
0.2 85.190.17)  4.72(0.17) 19.09(0.15) 0.99

0.4 70.46(0.23)  2.90(0.16) 20.75(0.20) 0.99

0.6 83.77(0.37)  4.12(0.33) 27.28(0.49) 0.99

0.8 55.620031)  7.25(0.60) 39.30(0.76) 0.98

35 0 66.73(039)  4.04(0.68) 15.50(0.74) 0.93
0.2 35.94(021)  5.64(0.59) 16.48(0.45) 0.96

0.4 1332(0.04)  5.99(035)  14.94(55.07) 0.98

0.6 1201(0.12)  6.85(0.90) 30.45(1.23) 0.96

0.8 401(0.03)  5.74(0.66) 24.28(0.76) 0.97

30 0 87.85(0.19)  3.83(0.16) 16.74(0.13) 0.99
0.2 66.62(0.11)  4.15(0.13) 18(0.11) 0.99

0.4 46.54(0.10)  2.69(0.12) 22.63(0.13) 0.99

0.6 35.97(0.13)  7.68(0.40) 37.34(0.52) 0.99

-0.8 11.97(0.12) 12.41(1.38) 55.34(1.67) 0.97

40 0 23.940.12)  4.85(0.44) 11.43(0.46) 0.97
0.2 523(0.06)  0.43(0.74) 23.49(9.03) 0.95

-0.4 3.99(0.06) 11.92(2.01) 34.39(2.44) 0.91
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Table 3. Estimated parameters for the non-liner regression models for Malva sylvestris seeds. Tb, To, Tm, To1, Toz, fo, @
and b are base temperature, optimum temperature, ceiling temperature, lower limit of optimum temperature, upper
limit of optimum temperature, minimum time to reach a given percentile, coefficient of regression, intercept and slope

of linear regression between predicted against observed germination rate, respectively. Numbers in parentheses
represent standard error of the mean.

(Model)  Jow (Segmented) slasGgs (Dent-like) wsilo ;yluais
) pw-
e 0 0.2 04 0.6 08 0 0.2
(Parameters)
i 1.46 1.82 1.29 043 4.06 1.23 1.91
° (2.52) (3.60) (3.68) (3.84) (0.99) (1.01) (1.11)
i 28.29 27.58 22.24 22.51 19.69
° (1.29) (1.45) (2.36) (2.23) (0.83)
23.16 16.86
to1 - - - - -
(1.47) (2.32)
i 33.58 30
o2 (0.64) (1.75)
m 42.90 40 40 40 34.96 42.00 40
(1.46) (1.32) (2.79) (2.55) 0.91) (0.45) (0.97)
" 13.78 18.45 19.43 25.24 36.13 16.65 23.28
° (0.96) (1.46) (2.36) (2.85) (1.95) (5.9) (1.85)
a -0.0005 -0.00007 0.003  -0.00003  -0.00007 -0.00002  -0.0001
b 0.99" 1.003™ 0.97" 1.001™ 1.005™ 1.001™ 0.99™
R2 0.93 091 0.77 0.94 0.99 0.99 0.92
RMSE 0.006 0.005 0.008 0.004 0.001 0.002 0.005
CV% 14.73 15.13 25.12 20.66 991 6.01 14.09
(Model)  Juw (Dent-like)  asibe gylads (Beta) Lo
walrs 04 06 08 0 0.2 0.4 0.6 0.8
(Parameters)
¢ 3.04 2.63 4.07 -4.32 4.46 1.86 1.61 4.13
b (2.12) (1.74) (1.40)  (4.15)  (10.35) (5.99) (534)  (3.40)
¢ 27.89 2541 23.50 23.18 21.05
° 028)  (1.79) (3.14) (2.76)  (2.30)
¢ 16.10 15.82 19.51
o! 2.11) (143)  (NAN)
¢ 25 25 19.87
o2 (2.75) (2.04)  (NAN)
m 40 40 34.96 42.01 40.02 39.96 39.98 34.83
(1.04) (1.20) (129)  (0.28)  (0.71) (1.29) (1.14)  (1.25)
¢ 23.43 30.48 36.56 16.06 21.34 22.21 28.92 42.89
° (1.48) (141)  (NAN)  (0.42)  (1.44) (2.79) (3.04)  (4.46)
a 0.00008 -0.00001 0.00007 0.003 0.00009 -0.00004  -0.00008 0.0005
b 0.99* 1.003*  1.005 099"  0.99* 1.0004*  1.002"*  1.02*
R? 0.88 0.97 0.99 0.99 0.92 0.89 0.95 0.93
RMSE 0.007 0.003 0.001 0.002 0.005 0.006 0.004 0.003
CV% 21.79 14.02 991 615 1468 19.97 17.66 252
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Table 4. Effect of different osmotic potentials on base temperatures of Malva sylvestris.

(Model) Juo
SlasG g0 Sl glase L
(July o) (5 ool il Segmented Dent-like Beta
Osmotic potential (MPa)
0 1.46(2.52) 1.23(1.01)  -4.32(4.15)

-0.2 1.82(3.60) 1.91(1.11)  -4.46(10.35)

-0.4 1.29(3.68)  3.04(2.12) 1.86(5.99)

-0.6 0.43(3.84)  2.63(1.74) 1.61(5.34)

-0.8 4.06(0.99)  4.07(1.40) 4.13(3.40)

WAl e o lusliul glas sasmslis july ol slacl

Numbers in parentheses represent standard error of the mean.
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Fig. 2. Effect of osmotic potential on optimum temperature, lower limit of optimum temperature and upper limit of
optimum temperature achieved by segmented, dent-like and beta models for Malva sylvestris seed.
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Fig. 3. Effect of osmotic potential on ceiling temperature

achieved by segmented, dent-like and beta models for

Malva sylvestris seed.
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