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Effect of chilling time and gibberellic acid treatments on germination thermal
parameters of Eryngium caeruleum
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ABSTRACT

Recognition of Eryngium caeruleum germination biology can provide the possibility of forecasting the
seed dormancy and germination level in various conditions. This study was conducted as factorial
experiment based on completely randomized design with three replications in the laboratory of Agronomy
and Plant Breeding Department, College of Agriculture and Natural Resources, University of Tehran, to
understand Eryngium caeruleum seed dormancy and response of germination thermal parameters. The
experimental factors were included three levels of gibberellic acid (0, 250, 500 mg/l), six chilling time (1,
3, 5, 10, 15, 30 days) and seven temperatures (5, 10, 15, 20, 25, 30, 35°c). Germination parameters were
obtained by the segmented model under the influence of gibberellic acid and chilling treatments. The
results of this study showed that, the best treatment for reducing dormancy level, cardinal temperatures
for germination including base, optimum and ceiling temperatures was obtained 1.81, 22.31, and 34.10°c
respectively. Increasing of the chilling time and the gibberellic acid concentration from 0 to 250 mg/I,
decreased the base temperature, and increased optimum temperature. Ceiling temperature, at first was
increased and then decreased.
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Table 1. Variance analysis of gibberellic acid (GA), chilling time (CHT) and temperature effects on
germination rate

Germination rate

S.0.V DF Mean of squares P- value*
Gibberllic acid 2 12.884 <2e-16
Chilling time 5 9.686 <2e-16
Temperature 6 13.874 <2e-16
Gibberllic acid xchilling time 10 0.484 <2e-16
Gibberllic acid acidxTemperature 12 0.673 <2e-16
Chilling timexTemperature 30 0.569 <2e-16
Gibberllic acid xTemperaturexChilling time 60 0.144 <2e-16

*The values less than 0. 01 are significant.
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Table 2. Germination parameters according to the gibberellic acid (GA) and chilling time (CHT)

treatments
Treatment Germination parameters
GA CHT Tb (°c) To (°c) Tc (°c) Gmax Gmaxx(Tc-Th) RMSE
(ppm) (day) (seed/day)

1 7.342 (1.136) 22.983 (0.934) 30.000 (0.749) 0.483 (0.044) 10.877 0.089

3 4.573 (0.820) 21.330 (0.785) 32.271 (0.940) 0.753 (0.040) 20.775 0.074

5 4.116 (1.130) 20.000 (1.143) 37.049 (1.547) 0.840 (0.058) 27.636 0.115

0 10 -0.051 (1.359) 21.181 (0.835) 39.006 (1.298) 1.156 (0.048) 44.85 0.104
15 0.445 (1.204) 20.274 (0.856) 39.432 (1.432) 1.420 (0.062) 55.323 0.126

30 3.846 (1.159) 20.000 (1.174) 38.652 (1.965) 1.022 (0.072) 35.496 0.138

1 2.438 (1.152) 20.162 (1.164) 34.217 (1.799) 0.832 (0.057) 26.369 0.091

3 3.222 (1.158) 20.000 (1.150) 38.870 (1.839) 1.059 (0.065) 37.38 0.130

5 0.5669 (1.306) 21.371 (0.829) 38.718 (1.259) 1.164 (0.050) 40.832 0.107

250 10 4.020 (1.352) 20.000 (1.450) 37.091 (1.809) 2.430 (0.186) 80.409 0.386
15 3.454 (1.198) 23.136 (0.750) 33.002 (1.080) 3.403 (0.187) 100.47 0.377

30 0.319 (1.904) 23.083 (0.900) 33.617 (1.374) 1.622 (0.097) 52.304 0.196

1 3.549 (1.405) 21.176 (1.305) 33.476 (1.903) 1.188 (0.096) 35.235 0.174

3 -1.481 (2.532) 23.455 (0.942) 33.559 (1.413) 1.255 (0.083) 41.875 0.164

500 5 0.371 (1.491) 19.958 (0.898) 40.546 (1.346) 1.477 (0.065) 58.991 0.132
10 3.198 (1.252) 23.124 (0.780) 33.334 (1.186) 3.254 (0.181) 97.858 0.365

15 1.817 (1.369) 22.316 (0.888) 34.101 (1.457) 3.938 (0.213) 125.931 0.422

30 3.800 (0.995) 21.555 (0.842) 32.463 (1.039) 2.666 (0.147) 76.236 0.280

il g el )by o sl glas oxsms (Lis 3l Jls slacl

*Numbers in the parentheses show the standard error of the parameters.
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Figure 1. Germination rate segmented model (seed/day) against temperature in different combinations of
gibberellic acid (GA) and chilling time (CH)
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Figure 2. Base temperature changes by increasing the chilling time in 0, 250, and 500 ppm of gibberellic
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Figure 3. Optimum temperature changes with increasing the chilling time in 0, 250, and 500 ppm of
gibberellic acid
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Figure 4. Ceiling temperature changes with increasing the chilling time in 0, 250, and 500 ppm of
gibberellic acid

a4 Sl e JiSlas ey VO U ooole Thw g Sidlenr Ckpw pSlas g asli
Jlesl b a5 o sy 355 50 S0 4w 390> L )dy (5,
3,5 Iy (alS (55 ally Sy c0jg) Yo (mole e 2 oSl dwwl e ks ,e GMax asls
P skee O r Al 1o ) 59,y 50 L0 V0 &g BB al53 9,00 b G 5l amolop 2l 331 Ll
@by slojg, lass alEl L ol o 55 i o Qe 59y 50 5 M 4 /Y Sl g ol lis e
SR VIO i 4 Gialsr Copw 2T 55, VO L ol sy Yo b s i obeye Jlesl b s
9y Vo b (molejs Jloel b oS Jl> 50 cas 595 )0 DS a9 0,8 lay jals Jo3p &je0 4 azlis
Sy 39y 50 e VIO 4 5 C8L ymalS wig, ol 5 (0 JS5) Sy G5y 50 Hds S S g3 e

(O o) Jleel Llidl bog jid o 08 Lo YO cdale



atbos 6l yial )l S sl 5 sb e omole pur sl Lo 3l 1y Ko 5 il A

= 16
5 ° 2 g
£ GAs00 | & § GAO
[CIER 5] % GA250 ~
@ T % g
S 5 7 S c 104
< = o "
2 S 2 g
S 24 § £ 087 o
R £ g
% . ° E 1 ° o 06
o 17 23 o
E £ % 0.4
% °1 % °] % 02
= . . . = = o0 . . - T
0 10 20 30 0 10 20 30 0 10 20 30
Chilling time (days) Chilling time (days) Chilling time (days)
GA)

Figure 5. Maximum germination rate (Gmax) response to different levels of chilling time and gibberellic
acid (GA) treatments
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