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Abstract

In order to quantify the cardinal temperature and hydro time germination of Cuminum cyminum seeds, two
experiments were conducted in complete randomized design with three replications in seed technology
laboratory of Faculty of Agriculture and Natural Resource of University of Mohaghegh Ardabili in 2018. In
the first experiment, treatments were included: temperatures, 0, 5, 10, 15, 20, 25, 30, 35 and 40 °C and in
second experiment treatment water base potentials included: 0,-0.2,-0.4,-0.6,-0.8,-1 and -1.2 MPa. In order to
quantifying cardinal temperature for germination fraction for 10, 50 and 90 % were evaluated from four
models: beta, modified beta, dent-like and segmented. In this study the RMSE, R? and AlICc were used for
comparison between models. Result indicted that beta described better responses of germination rate (except
D10) of Cuminum cyminum to temperature compared with others models. However basic temperature of
Cuminum cyminum was between 0.7 to 0.9 °C, optimum temperature about 20 to 21 °C and maximum
temperature was 35 °C. In addition based on result of hydro time models, 6H, and ¥b (50) for Cuminum
cyminum were estimated 97.5 MPa h'*and -0.46 MPa respectively.

Keywords: Cuminum cyminum, hydrotime model, temperature, germination percentage, beta model.
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Table 1- modeles used for thermal time.
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Table 2- Results of analyses of variance for effect of temperature on germination, mean germination time,
hypocotyl and Radicle length and vigour of Cuminum cyminum

Sla o Lo
Means square

AR e 3l Olej L e Length J b
SOV ol e Mean germination time D,
. - - .
Germination D10 D50 D90 4?.4-'«1) are Vigour
Radicle Hypocotyl
L
’ 6 4886.3**  6809.8* 12238.3** 17482.2** 5.55** 8.11**  31.6**
Temperature
o
13 61.33 1910.89 2057.25 2287.33 0.64 0.93 0.18
Error
Ol s o 8
S e 14.37 25.66 27.18 20.12 22.73 19.19 13.25
CV(%)

Aoy 0 ) cla,w 03,13 gme Yl gme 0,8 S 5 Ak gwndNS

ns,** and * nonsignificant, significant level on 1 and 5 % respectively
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Figure 1- Model hydrotime germination rate of seed Cuminum cyminum, beat (a), and beta modified (b),
dent like (c) and segmented (d).
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Table 3- Estimated parameters for the Segmented, Beta, Beta modified and Dent-like models for different
germination percentiles of Cuminum cyminum seeds.

5 Ko &
Ak Segmented Beta
Parameter’ D10 D50 D90 D10 D50 D90
To (°C) 3.07+0.058 2.32+0.046 2.5£0.034 0.84:0.032  0.91+0.084  0.79+0.045
To(°C) 21.142.16 20.1+1.9 20.1£2.08 211416 2014251  20.1%3.46
T(°C) 35.0+3.02 35.0+2.57 35.0+2.82 35.0+2.76 35.0+2.45  35.0+2.64
fs 0.012£0.0014  0.0095:0.0010  0.0075:0.0008  100.2+6.3 12524103  160.2+4.8
c - - - 1.5£0.52 1.6£0.34 1.6£0.64
R2 0.891 0.934 0.915 0.979 0.992 0.990
RMSE 0.0018 0.0011 0.0010 0.008 0.004 0004
st oSl b ells
XN . ;
Parametert Beta modified Dent-like
D10 D50 D90 D10 D50 D90
T(°C) 1.0+1.4 3.24+0.015 221+0.027  120£1.07 08774093  1.06%0.72
To(°C) 21.0+0.64 20.0+1.04 20.5+0.66 - - -
T(C) 35.0+0.45 35.0+0.58 350£0.35  350£0.77  35.0£0.72 35.0+0.94
Toi("C) - - - 159+163  16.7+1.66 15.11.77
Tos("C) - - - 27.0+143 246109 24.0+1.48
fs 98.5+4.51 130.5+6.51 160.5¢5.11  104.7¢7.18  129.08+9.7  168.89+15.9
R2 0.982 0.976 0.989 0.979 0.986 0.978
RMSE 0.007 0.007 0.003 0.009 0.006 0.006

b 2l k5 55 50 Ao s34 oy Oloj 3l VL o slos (s do (slas ety oo catg olod el o> o5« C 5T0 (02 To1 Tc To (Th
Y SR
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temperature, upper limit of optimum temperature, minimum time to reach a given percentile, parameter of beta function,
coefficient of regression, respectively.
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Figure 2- Changes of germination percentage, vigour and hypocotyl and radicle length Cuminum cyminum
under different temperature.
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Table 4- Result of analyses of variance for effects of water potential on germination, germination mean time,
hypocotyl and radicle length and vigor of Cuminum cyminum

Means square S+ Ska

S e LengthJ .-
df o o,
SOV . dom s a3l .
Germination T : Vigour
Radicle Hypocotyl
ol ol
St ety 6  133.079% 3.307% 4.043% 4.299%
Potential
o
14 74.762 0.255 0.277 0.299
Error
Ol s o
S e - 16.64 18.94 22.94 20.7
CV(%)

Ao y30 ) CEAN B jladl.m ‘)\;s'.u aj:é S A PRI
ns,** and * nonsignificant, significant level on 1 and 5 % respectively
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Table 5- Estimated parameters for the hydrotime models for different germination percentiles
of Cuminum cyminum seeds

A O AL O
Parameter Estimate Parameter Estimate
0n(MPa h'?) 95.49+8.54 RMSE 0.079

¥b (50) (MPa) -0.463+0.039 AICC -393.7
oyb (MPa) 0.385+0.022 BIC -381.2
® owmPa (a) 1.4 - (b)
60 O -0.2MPa - 12
—~ 7 v -0.4MP 2
S L o5 e 2
~ || 1.0 -
5 z
'S 40 - L 08 -
c ©
é = 0.6
= I
20 - = 04
(6]
O 4
0.2 -
0 - 0.0 : ‘ ‘ ‘ ‘ ‘ ‘
0 48 96 144 192 240 288 -16 -14 -12 -10 -08 -06 -04 -02 0.0
Time (h) y b(g)(MPa)
3
® OMPa (d)
e 2 O -0.2MPa
< o v -0.4MPa
E’\./ T 1 A 0.6 MPa
S c m -08MPa
5 :
= >
S =
= o
8 £
r r -3 r r r r r r r
0 100 200 300 400 -16 -14 -12 -1.0 -08 -06 -04 -02 0.0
Normalized time(h) Y ,(9)(MPa)

(@) b (Sla Joniley 53 ez (S50 L) o 025 S8l b cladt -y S
() 5 025 550 G580 4l ol 5 (€) G36hgor od o o3 e(0) o 2 330 Comamr (oo G151 3
Figure 3- Hydrotime model for germination of Cuminum cyminum seed. (a) Cumulative seed germination (b),
relative frequencies for population, (¢) Normalized germination time courses of predicted values from
hydrothermal time model (lines) compared with actual data (symbols). D) Probity transformed and plotted as
a function of w — (Bn/tg) which is equivalent to Wyg).
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Figure 4- Changes in germination percentage, vigour and hypocotyl and radicle length
Cuminum cyminum under different potentials.
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