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Abstract

The effects of different temperatures and priming on seedes germination of two lentil genotype (Robat and Calposh) were
investigated to determine their cardinal temperatures. The seed germination reaction at constant temperatures includes 5, 10, 15,
20, 25, 30 and 35 degree centigrade was evaluated as a factorial experiment in a completely randomized design with four
replications. Different priming treatments that primed for 16 hours includes: control (non-priming), Gibberellic Acid (C19H2206)
100 mg.I"t, Potassium Nitrate (KNO3s) 500 mg.I%, Zinc Sulfate (ZnSO4)100 mg.I%, Dayan Seed Solution four ml.I? and
Hydroperiming. Germinated seeds were counted every day. Then, cumulative germination percentage and 50% germination rate
were calculated and the cardinal temperature diagrams of seed germination of two lentil varieties were plotted based on three
regression models (Intersected line, Quadratic Plynomial and Dent- Like). The results showed that cumulative germination
percentage and 50% germination rate were significantly affected by priming, genotype, priming time, interaction of priming and
genotype, priming and time. The highest percentage of cumulative germination was obtained in interaction of Robat genotype at
10 °C. The highest germination rate of 50% was obtained in the interaction between Calposh genotype and Gibberellic Acid.
Among the models, the dent-like model had higher correlation coefficient (R2), corrected Akaike Information Criteria (AlCc)
and AlCc differences (Ai) was introduced as the best model. According to this model, the base temperature, lower optimum
temperature, optimum upper and maximum values for Robat genotype were 0.46, 23.82, 30.50 and 36.98, respectively, and for
Calposh genotype 1.44, 23.46, 30.30 and 36.87 °C. In generally, Robat genotype is cold tolerancer than the Calposh genotype
and has a lower base temperature and Robat genotype had higher vigor seed. Finally, the priming could reduce the cardinal
temperatures of both genotypes and increase their germination ability at the lower temperatures.
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Table 1- Analysis of variance (mean square) effect of cultivar, priming and priming time on cumulative

germination percentage and 50% germination rate of lentil seed

N 35T a3 UESCE I PH PPN S8l oy 00
S.0.V Df Cumulative germination percentage 50% germination rate
w0 1 2292° 0.00016
Genotype
Kl " .
o 7 63180 0.037
Priming
Les . .
5 1955 0.00058
Temperature
S 7 1488" 0.00047*
Temperaturex Genotype '
Sl X 555 .
L 5 354 0.00057
Primingx Genotype
Lasx df:.,_.‘.il,;
- 35 460" 0.00022"
TemperaturexPriming
losx Saml X 555
Temperaturex Primingx Genotype 35 389" 0.00018"
Temperaturex Priming x Cultivar
s
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Error
H I
e 20.7 22.7
CV (%)

* Significantly at level of 0.01
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Table 2- Interaction effects of genotype and temperature on cumulative germination percentage and 50%

germination rate of lentil seed

a)les e (S8l A S Aoy 0 F
Treatments Cumulative germination percentage 50% germination rate
GLE Sl s s b, S ) SIS
Temperature °C Robat Calposh Robat Calposh
0 0.00 0.00" 0.00' 0.00'
5 982 85.8% 0.0177 0.013¢
10 98.32 86.5b¢ 0.029¢ 0.025¢
15 97.7% 79.8¢ 0.054% 0.050¢
20 8gP 70.2¢e 0.071® 0.067°
25 64¢°f 71.8¢ 0.0732 0.071%
30 62.2 68¢-f 0.057¢ 0.051¢
35 7.969 14.79 0.005" 0.019

L,lus LSD 05037 ool 2 o3 gty Jlazm| pebans 53 (551 me S35 &S 2n 9 - (1,13 Sl e 5 Do o 5o
In each column and treatment, the characters with a common language did not have a significant difference in the

probability level of 5% based on the LSD test
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Table 3- Interactions of priming and temperature on cumulative germination percentage of lentil seed

Priming X! Al &S o OLls Hds J gloes Sy Oy el Ol SV PN dals
Le> Gibberellic Dayan seed Zinc Potassium Hydro
. . . 2 Control
Temperature (°C) acid solution sulfate nitrate priming
0 0.009 0.00¢ 0.009 0.009 0.00¢ 0.009
5 93.02 94.0° 91.0% 95.0? 87.5%¢ 91.0%
10 89.02°¢ 93.0? 95.0? 92.5% 94.52 90.5%
15 87.02°¢ 86.0%¢ 90.5% 90.5% 84.0%¢ 94,52
20 77.5¢ 84.0%¢ 86.5%°¢ 60.54 83.5%¢ 82.5%¢
25 55.0¢ 57.54 84.07¢ 61.5¢ 574 92.5%
30 53.0¢ 62.04 80.0% 57.54 56.0¢ 82.07¢
35 10.91% 0.509 18.5¢f 0.09 10.5 27.5°

L i LSD 05037 ool 2 o3 gty Jlaz| pebans 53 (51 me S35 &S 2n 9 o (sl,1s Sl e 5 Do o 5o
In each column and treatment, the characters with a common language did not have a significant difference in the

probability level of 5% based on the LSD test.
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Table 4- Interactions of Priming and Temperature on 50% germination rate oflentil seed

—

eg-;ﬁ-i‘j; Lol S Obls ody Jgloes . ol Sz Siasl 34

Priming Gibberellic  Dayan seed %” - Prc;;a;sium Hyd.ro o~
L - . Zinc sulfate - i Control

Temperature °C acid solution nitrate priming

0 0.000" 0.000" 0.000" 0.000" 0.000" 0.000"
5 0.027" 0.014°° 0.016" 0.016" 0.015°% 0.012ra
10 0.027%m 0.025'm 0.0294 0.0294 0.284 0.021%°
15 0.060" 0.05597 0.053¢7 0.057" 0.055¢" 0.034k
20 0.074% 0.071%°¢ 0.70°¢ 0.074® 0.070%¢ 0.057%¢
25 0.073® 0.070%¢ 0.073® 0.069%4 0.0772 0.071%¢
30 0.060%¢ 0.050" 0.045! 0.052M 0.064°" 0.053¢91
35 0.024" 0.0035% 0.011rd 0.000" 0.014°° 0.018™P

.4,lu LSD 03T ol o3 ety Jlaz| b 55 (613 e S5l &S 2o o - (611> Dlio Hlas 5 O 2 5
In each column and treatment, the characters with a common language did not have a significant difference in

the probability level of 5% based on the LSD test.
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Fig 1- Effect of interaction of genotype and priming on the rate of 50% germination of lentil seed.
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Table 5- Effects of cultivar, temperature and priming on cumulative germination percentage of lentil seed

Kl Al &S Ol 5y J e Sy O g PRIRCHES Kiasl 55k als
Priming Gibberellic acid Dayan seed solution Zinc sulfate Potassium nitrate Hydro priming Control
o
= N 8 8 N 8 8 N 8 3 N 8 8 8N 8 8 N 8 8
38 I8 2 I8 32 Jg FE Ig FE I§ 2 Jg HE
g @ S x 3 @ 3 @ 3 x 3 @ 3
2
0 0.00 0.004 0.004 0.00 0.004 0.004 0.00¢ 0.0014 0.004 0.00 0.00¢ 0.00¢
5 99.0%  87.0*  98.0® 90.0%¢ 97.0°¢  85.0° 100? 90.0%¢  95.0%¢  80.0°"  99.0®  83.0%9
10 99.0®  79.0%"  98.0%® 88.0%¢ 98.0°  92.0*  98.0° 87.0*° 98.0®° 91.0*¢ 99.0*%  82.0°9
15 99.0° 75.0% 98.0%® 74.0% 98.0°  83.0*9 97.0*° 84.0°9 96.0*°¢ 72.0%  98.0%  91.0°°
20 92.0*  63.0™M  97.0°° 71.0% 96.0*¢  77.0°"  50.0"  71.0°" 950%¢ 720  98.0° 67.0%
25 50.0"  60.0"  51.0%" 64.0™ 86.0  82.0°9  47.0"  76.0%" 610" 53.0"  89.0*°  96.0*¢
30 37.0m 69.08  45.0m™ 79.04" 77.0%"  83.0* 64.0™ 510" 61.0'™ 51.0<" 89.0*  75.0%
35 9.75M 12.07 0.004 1.00% 0.004 37.0™ 0.004 0.001 0.004 21.0®  38.0™  17.0™

L,lus LSD 03037 ool 2 o3 gty Jlaz| gebans 53 (5ol me S35 &S 2n O o (1,13 Slis o 5 O g o 5o
In each column and treatment, the characters with a common language did not have a significant difference in the

probability level of 5% based on the LSD test.
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Table 6- Effects of cultivar, temperature and priming 50% germination rate of lentil seed.

Smsl Al S e Obls 54 J slos S35 Dl g el S Kmil 354 Aals
Priming Gibberellic acid Dayan seed solution Zinc sulfate Potassium nitrate Hydro priming Control
[S)
s 2w 2w 2 uB 2 uwB s u B s v B
" = 3 ] v 8 . O y 8 . O v 8 . O 8 . QO 8 . O
S 8 %F 8 %F & %% g %5 qg 3% g %%
g O o O o o [$)
D
=
0 0.020"-4 0.01474 0.017v-4 0.01200-¢ 0.016"4 0.015x4 0.018-4 0.015v4 0.017"-4 0.0132dd 0.0147% 0.010%¢¢
5 0.027%¥ 0.026%* 0.026%* 0.025" 0.029™ 0.029"" 0.034% 0.025% 0.028"" 0.029"" 0.025%% 0.017v4
10 0.058%" 0.061* 0.061%¢ 0.049™° 0.055" 0.050™° 0.057™ 0.057™ 0.057"" 0.056"" 0.041°" 0.027%Y
15 0.072*¢ 0.076*° 0.073*¢ 0.068*' 0.072%¢ 0.062°* 0.079° 0.070*¢ 0.071°f 0.070*¢ 0.059"™ 0.055"
20 0.072*¢ 0.074*¢ 0.074* 0.067%1 0.070*f 0.076%® 0.078* 0.060¢" 0.078* 0.075%® 0.067%1 0.076%®
25 0.057™" 0.0641 0.045™4 0.056™" 0.046™4 0.047™° 0.070*f 0.034% 0.058™ 0.0709" 0.069*" 0.036%
30 0.010%¢¢ 0.038°* 0.000% 0.007%%e 0.000% 0.0234° 0.000ee 0.000% 0.000% 0.028** 0.021% 0.016"4
35 0.020"4 0.014%% 0.017v% 0.0120-< 0.016"- 0.015*% 0.018"% 0.015% 0.017v% 0.013% 0.014%% 0.010%¢

&, LSD Q}A)‘Tu«utﬂM):@lecb»)h_g)\:&u;;)wS)mesl)\:QW)u;)o};w,a):
In each column and treatment, the characters with a common language did not have a significant difference in the

probability level of 5% based on the LSD test.
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Table 7- Estimated parameters for the Intersected-lines, Quadratic polynomial and Dent-like models for
germination of seed of lentil genotype Rabat

byl Js,ls les 1S s Sladba el byl Js,ls sles G Slakas i slalLs
Cardinal Intersected- Quadratic Dent- Cardinal Intersected- Quadratic Dent-
Treatment  temperature lines model polynomial like Treatment  temperature lines model polynomial like
(°C) model model (°C) model model
T 0.76 1.48 0.30 T 0.40 171 0.56
h=] To 27.02 19.00 - £ To 28.00 21.75 -
[S) —_
A © -
3 2 Tor - - 20.01 3 £ Tor - - 20.25
A © '3
- Tor - - 28.46 xa To - - 29.43
¥ )
\g g T. 36.00 36.52 36.00 JL i Te 35.00 41.79 35.00
o) o
<] Tep range S Tep range
X 35.24 35.04 35.70 2 35.40 40.08 34.44
(TC‘Tb) o (TC‘Tb)
R? 0.90 0.90 0.97 R? 0.94 0.94 0.99
AIC -16.8 -19.9 -19.4 AIC -16.8 -24.7 -20.8
AlCc 25.2 22.1 -12.7 AlCc 25.2 17.3 -14.1
Ai 37.9 348 0 Ai 39.3 315 0
Th 0.72 1.67 0.77 To 0.06 1.76 0.54
c
2 T 2353 20.75 - = T 2717 20.25 -
23 > E
- Tor - - 19.83 S g Tor - - 22.46
18 3 g
2 <= To2 - - 26.81 <] To2 - - 28.16
3 2 f
:’.‘: a Te 35.36 39.83 35.00 \4‘ H“G Te 35.00 38.75 35.00
o ! a8
ko] Tep range ] Tep range
o 34.64 38.16 34.23 [ 34.94 36.99 34.46
DC; (Tc'Tb) (TC-Tb)
R? 0.93 0.93 0.95 R? 0.97 0.97 0.98
AlC -16.8 -19.2 -194 AIC -195 =214 -20.8
AlCc 25.2 22.8 -12.7 AlCc 22.5 20.6 -14.1
Ai 37.9 355 0 Ai 36.6 34.7 0
To 0.60 1.62 0.56 To 0.16 1.64 0.46
° To 23.48 19.75 - To 28.96 29.50 -
B —
3 35 To1 - - 20.00 - % Tor - - 23.82
I » )
3 o
- 2 To - - 2733 | 1 © To - - 30.50
3 N 3=
5) B Te 35.52 37.88 35.00 § Te 37.14 57.36 36.98
o
o Tep range Tep range
34.92 36.25 34.44 36.98 55.72 36.52
(Te-Tw) (Te-Tw)
R? 0.95 0.95 0.98 R? 0.99 0.99 0.99
AIC -19.2 -22.3 -20.8 AIC -239 -25.0 -27.3
AlCc 22.8 19.7 -14.1 AlCc 18.1 17.0 -20.6
Ai 36.9 338 0 Ai 38.7 37.6 0

QD) ST s 5 (AICC) 0kt roenas ST SN lan ¢ (AIC) ST LSl Jlnn ¢ S35 slsTeP range

Tep range= Ecologycal range, Akaike Information Criteria (AIC), corrected Akaike Information Criteria (AlCc) and
AlCc differences (Ai)

AR
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Table 8- Estimated parameters for the Intersected-lines, Quadratic polynomial and Dent-like models for
germination of seed of lentil genotype Calposh

bl Js,ls les &1 55 Sladboz i sl b, les Js,l8 sles 1S 93 Slakas i slalLs
Cardinal | d Quadratic Dent- Cardinal | d Quadratic Dent-
Treatment  temperature ntersected- olynomial like Treatment  temperature ntersected- olynomial like
P lines model PO/ P lines model POy
(°C) model model (°C) model model
Ty 111 1.63 1.09 T 0.84 1.57 0.84
(5]
g To 22.63 17.25 - E To 22.36 18.75 -
)% uw S
- T 20.00 ’i») % To 20.11
— L | [
3 8 To2 - - 27.99 X g T2 - - 2352
o 18
\%\ < Te 46.34 32.87 42.37 JL - Te 35.21 35.93 35.21
o ()
= Tep range §. Tep range
8 (Te-To) 45.23 31.24 41.28 8 (Te-Ty) 34.37 34.35 34.37
R? 0.93 0.93 0.94 R? 0.95 0.95 0.95
AlC -16.8 -19.2 -19.4 AlC -19.2 -19.2 -20.8
AlCc 25.2 22.8 -12.7 AlCc 22.8 22.8 -14.1
Ai 37.9 355 0.0 Ai 36.9 36.9 0.0
- To 0.37 1.89 1.19 Th 0.18 1.75 0.84
o
= To 27.36 17.75 - E To 27.67 17.75 -
%3 v E
5 g Tou - - 2043 | =% Tos - - 21.47
& e
b = Tz - - 28.86 0= Tz - - 29.38
[ 3T
30 Te 35.94 33.61 35.94 g; < Te 37.77 33.73 37.77
2 o W ©
3 8 Tep range v 2 Tep range
35.57 31.72 34.75 < 37.59 31.98 36.93
g (T & (Te-Ty)
R? 0.92 0.92 0.97 R? 0.95 0.95 0.95
AlC -16.8 -20.7 -19.4 AlC -19.2 -21.3 -20.8
AlCc 25.2 21.3 -12.7 AlCc 22.8 20.7 -14.1
Ai 37.9 34.1 0.0 Ai 36.9 34.9 0.0
To 0.18 1.48 0.18 To 1.44 2.14 144
@ To 24.55 16.75 - To 24.98 27.50 -
v S ©
33 Tou - - 2421 | E Tos - - 23.46
» Q % 8
3& N To - - 24.91 DL Te - - 30.30
= 3 @
% é’ T. 38.50 32.02 38.50 4 T%— Te 37.10 52.86 36.87
] O
Tep range Tep range
O
(TeTo) 38.33 30.53 38.33 (Te-To) 35.66 50.72 35.42
R? 0.99 0.99 0.99 R? 0.95 0.90 0.95
AIC -25.2 -25.2 -25.4 AlIC -16.8 -16.8 -20.8
AlCc 16.8 16.8 -18.8 AlCc 25.2 25.2 -14.1
Ai 35.6 35.6 0.0 Ai 39.3 39.3 0.0

A ST s 5 (AICCE) 0 o ST SleMb! Hlna ¢ (AIC) ST SleMbl jlre ¢ S50551 salsTEP range

Tep range= Ecologycal range, Akaike Information Criteria (AIC), corrected Akaike Information Criteria (AlCc) and
AlCc differences (Ai)
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Fig. 2- The relationship between germination rate (R50) and temperature (°C) using a Intersected-lines model
in lentil (a), (b) of Robat genotype and (c), (d) Kalposh genotype
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GA= Gibberellic acid, DSS= Dayan seed solution, ZS= Zinc sulfate, NP= Potassium nitrate,

HP= Hydroperiming and C= Control

Slesd S S 55 93 o > aiy Sl s o YL
SLasles doas e LS 48 s ol Sl pke

LI o b slales 55 1) 35 S o e Sial

)sqgQ)lFL?JadJ_:JY'JQLQL?}SQ
53 3 0T sty S o ol b Smily by o 55

5 kd Jool Sl b Kl led 1 2508 (5

Y



\‘ﬂ*/\‘_}bﬂﬁ)}j_ﬁ'l{./“aJu/AAb/Q‘ﬂ‘J-b‘_;)}U}r}l&Qj&a

0.090 - e ORobat- GA
‘%0.075 ] o Observed ... :redlcl;d o Robat- DSS
S - +Robat- Z§
1, 20060 4 d
1 £0.045 A
3 o
’?3 -;[].030 1

'EU.OIS 1 \o

©0.000 ———

0 5 10 15 20 25 30 35 40 45
Temperature (°C) L
a

~0.090 - s adalle ol swm 0 Calpoosh- GA
= o QObserved ... Predicted o Calpoosh- DSS
=0.075 4 o

+ Calpoosh- ZS

(S s e

15 20
Temperature (°C) L

c

25 30 35 40 45

e
Lo ec

Ob&.@.ﬁh} 6)>T

0.090 - odiodalle ol o e X Robat- NP
% ¢ Observed .. Predicted ARobat- HP
20075 1 ®Robat- C
0000 4 f+—+—r—

0 5 10 15 20 25 30 35 40 45
Temperature (°C) Ls
b

0,090 - ] X Calpoosh- NP

E 007 o Observed _.Predlcted! ACalpoosh- TP
L g 0.060 - X 4 # Calpoosh- C
pev
& E0.045 4
15
V£ 030 |

20,015 -

L]

7 0-000 T T T T T T ™ T 1

0 5§ 10 15 20 25 30 3 4 4
Temperature (°C) Ls
d

Ly w53 (0) @) jods 55 55 433 Glalazdir Jo ol (51,5 5o a3 3) Les 5 (R50) S0l sy oy dlal, ¥ IS
Sl Css ) (O 5
Fig. 3- The relationship between germination rate (R50) and temperature (°C) using a Quadratic polynomial
model in lentil (a), (b) of Robat genotype and (c), (d) Kalposh genotype
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GA= Gibberellic acid, DSS= Dayan seed solution, ZS= Zinc sulfate, NP= Potassium nitrate,
HP= Hydroperiming and C= Control
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Fig. 4- The relationship between germination rate (R50) and temperature (°C) using a Dent-like model in
lentil (a), (b) of Robat genotype and (c), (d) Kalposh genotype
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GA= Gibberellic acid, DSS= Dayan seed solution, ZS= Zinc sulfate, NP= Potassium nitrate,
HP= Hydroperiming and C= Control
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