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Table 1. Cardinal temperatures of germination in different barely cultivars estimated by segmented model

w) el

Cultivar Name Ty To Tc R?

Aras o)l 3.96+1.25 27.49+0.79 39.54+0.54 0.94
Dasht Cisd 2.11£2.20 31.21+0.26 40.01+0.79 0.96
Eram o) 1.61+2.56 35.34+0.20 40.00+0.44 0.95
Fajr 30 Yoy 2.80+2.29 32.18+0.94 40.01+0.56 0.96
Jonoob g 2.04+2.00 30.96+1.20 40.01+0.74 0.96
Karoon a9 3.42+1.76 31.62+1.01 40.01+0.66 0.97
Nike S 2.98+1.68 32.57+0.74 40.01+0.52 0.97
Nimrooz 3950 2.53+2.32 30.00+1.76 39.89+1.00 0.95
Nosrat O pai 3.71+1.58 32.26+0.79 40.00+0.55 0.97
Zarjoo 9233 2.87+1.99 3.98+1.26 40.01+0.79 0.96
Sahra (JE 4.34+1.74 23.15+1.32 39.43+1.57 0.93
Sina (FO 4.20+1.89 31.73+1.12 40.01+0.75 0.96
Torkaman oS 5 2.76£2.16 31.63+1.17 40.01+0.77 0.96
Valfajr exilly 4.18+0.72 31.98+1.76 40.01+0.66 0.97
Zahak S 2.53+2.03 32.98+0.78 40.01+0.57 0.95
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Tb, To and T are base, optimum and ceiling temperatures of seed germination, respectively and R?is coefficient of determination
model. Numbers in front of parameters () estimation indicate calculated standard error by model
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Table 2. Mean square of germinationpercentage of - o )
barley cultivars at different temperatures S 91,5 (Bl az )2 YO gloo yo Sjallez ials asyo
RS LI P PV o g () Byl 0 8 il a0 YO 4 Ve slos @
C'M &2l Germination 9 L «Saj slapd, ,0 5 SialS op ieS § ob soaliv
5:0.V £ af perecie |y L oS o)) o S0 e Lis 5|

. ‘ ) S o leds L0l cvali
Temperature (T) Lo 6434.65™ £ == SE L SUBCIS STt ° )
Cultivar (C) o) 14 1265.20" $3lez shlo oS il azy0 YO Gles yo 4S9kt
TxC adyx s 98 113.20™ Leo (pl yo a8 cul Jo 0 (pl iog doye YO 51 5YL
Error2 YWs 232 21.38 By do, Yo vga 10 Lo g )l pB)] S3dilsx a0
CV% O S g i 6.35

ool ao)0) Jleisl mhas 45 (5,0 sixe goaimayLis™
™ Indicates a significant 1% probability level

Aras .|

& alsr e
Germination rate (h!)

& dlr ey

Germination rate (h!)
°
=
3

5 Wlyz ey
Germination rate (h'!)

Sahra 1o

&

54 5 e e
Germination rate (h')

S

5

e o 9090 9
=Y
3

2

o

Karoon ;s

0.07
= 006 ) N
1 E 005 Nimrooz ;...
3£
4 § 004
2 5 003
Y g
£ 002
© 001
0
0 10 20

Valfajr =il

30
5 siloaz) ks Temperatur (“C)

40 0 10 20 30 40 0

10 20 30 40
Temperatur ("C)sl5 sls az o) Lo

Temperatur (‘C)|5 lo 4z )0) Lo

92 plEy) 55 G1aST g8 Joo Liwgi Cilisio gbalos Jalio 53 535ailgn as pus (63l (oS ) JSCB

Fig. 1. Quantification of germination rate versus various temperature by segmented model in barely cultivars.
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Table 3- Mean comparison of germination percentage of barely cultivars at different temperatures

PEJINH Temperature ("C) (31 5 siilw 4 53) Los
Cultivar Name 5 10 15 25 30 35 40  *Difference
Aras ol B76.0°  B78.00° A88.00° A88.00° 490.00° ©65.00g P36.00¢ 0 54.00
Dasht caos E8O.0%  D84.00¢  B94.00°  497.00*  ©90.00°  F74.00°  956.00° 0 41.00
Eram eyl €89.0° BC92.00° B94.00° A98.00% BC92.00¢ D84.00° ©89.33*@ 0 14.66
Fajr30 Y.,xé Dg4.0% C88.00° ~98.00° 497.33> B9 (00c F74.00° F66.67° 0 31.33
Jonoob  wg>  C81.3¢  B8ROOC  496.00° A97.33b¢ B (OOf ©82.00% P53.33f 0 43.67
Karoon g,l5  AB9Qab  CR4.00¢  A494.00° 494.67¢ B90.00° P77.33% E56.000 0 38.67
Nike S ABggs B9 00 496.00°  496.00%  496.00°  €80.00°  P68.00° 0 28.00
Nimrooz jsm  ©82.0¢  ©80.00° 497.87° A100° Bgg.00f  P70.00f E61.33° 0 39.67
Nosrat  wypai  D76.0°  ©84.00¢  498.00° 496.00% B90.00° P76.00% F33.61° 0 36.67
Zarjoo  4>,;  ©82.0¢ D80.00° AB98.00°  A100° B96.00°  £76.00% E76.00° 0 24.00
Sahra  I=o  DP5477  C60.00" 276.00¢ A77.337  B64.008  E42.67"  F30.67" 0 46.66
Sina Lw  ©893%  498.00° B94.00° B94.67¢ AB96.00° 498.00° P77.33> 0 20.67
Torkaman (w05 5 ©84.0% B92.00°  ©84.007 496.00% 498.00* P70.67"' F62.67% 0 35.33
Valfajr = ,=dlly €827  P72,008  B90.00¢ 494.67¢ 494.00° P70.67° F£65.33«¢ 0 29.34
Zahak 3  C88.0  B92.00°  496.00° 496.00% 498.00*° P78.00% P7733%> 0 20.67

**Difference 39.99 38.00 22.00

22.67 34.00 55.33 58.33 0 -
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The capital letters are the mean germination percentage of each cultivar at different temperatures, and the small letters are the
mean germination percentage of each temperature in different cultivars.

* Difference between highest and lowest germination percentages at various temperatures except 40 °C

** Difference in germination percentage between different cultivars at each temperature
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Fig. 2. Changes in germination, secondary dormancy and seed death after imbibition in different periods at 40 ° C in

barley cultivars
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Abstract

This study was conducted to investigate the temperature effects on germination rate and percentage as
well as induction of dormancy in barley cultivars seeds. In this study, seeds of 15 barley cultivars at 5,
10, 15, 20, 25, 30, 35 and 40 °C were tested to calculate germination rate and percent with three
replications. Germination rate was calculated by fitting the three-parameter logistic model to the
cumulative germination data versus time, and finally, the cardinal temperature of the germination was
estimated by segmented model. Results showed that there was a significant difference between the
cultivars in terms of germination percentage at different temperatures and the highest differences were
observed at high temperatures (especially at 35°C). Cardinal temperatures of germination were also
different in cultivars. The base temperature varied from 1.61 to 4.34 °C in different cultivars. Also the
optimum temperatures in Sahara, Aras and Eram cultivars were 23.15, 27.49 and 35.34 °C, respectively,
and in other cultivars studied between 30-33 °C. On the other hand, the ceiling temperature was
estimated about 40 °C in all cultivars, which was not significant differences between them. In this study,
the reason for lack of germination in barley seeds at high temperatures was also investigated and the
results indicated that non-germination at high temperature was partly due to the induction of secondary
dormancy and at some extent related to the seed death after being exposed to high temperatures. The
germinability and seed deaths respectively increased and decreased exponentially as duration of seed
imbibition at high temperatures increased. On the other hand, induction of secondary seed dormancy
followed a normal distribution, so that as imbibition duration at high temperatures increased, the
capacity for dormancy induction first increased and then decreased.

Keyword: Germination cardinal temperature, Germination rate, Temperature sensitivity, Thermo-
dormancy, Thermo-inhibition
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