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Table 1. Segmented, dent-like and beta models that were fitted to germination rate data for
determining cardinal temperatures. Ty, To, Tm, To1, Toz, and f, are base temperature, optimum
temperature, ceiling temperature, lower limit of optimum temperature, upper limit of optimum
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Table 2. Estimated parameters for the non-liner regression models for Beta vulgaris seeds (Brigita cultivar). Ty, To, Tm, To1, To2, fo,@aand b
are base temperature, optimum temperature, ceiling temperature, lower limit of optimum temperature, upper limit of optimum

temperature, minimum physiological hour requirement, 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.

Jowe &S g0 Al Glase Lo
Model Segmented Dent- like Beta
ey O0mM 40mM  80mM 120mM  160mM OmM 40mM 80mM 120mM  160mM OmM 40mM 80mM 120mM  160mM
(Parameters)
th 2.2 1.38 4.76 2.32 0.01 2.2 1.79 4.75 3.88 5 1.7 3.67 4.26 4.99 5
(2.22) (355) (2190 (372 (3.33) (0.79) (3.67) (2.27) (2.88) (0.74) (1.59) (8.22) (3.37) (0.09) 9.77)
to 24.19 26.93 23.04 20.48 20.94 - - - - - 25.69 26.12 24.82 20.11 16.47
(1.47) (204)  (191)  (2.96) (4.1) (0.61) (1.38) (1.53) 1.7 (2.14)
to1 - - - - - 20.29 22.9 20 15.69 10.01 - - - - -
(0.84) (4.94) (3.45) (3.87) (0.92)
to2 - - - - - 31.82 28.34 28.43 23.34 2491 - - - - -
(0.76) (3.1) (3.28) (6.57) (2.61)
tc 4473 41.25 42.39 43.68 40.5 43 41.25 41.19 40.68 40.85 42.89 40.15 40.19 40.31 40.52
1.97) (217) (75  (5.18) (5.11) (0.47) (2.19) (2.32) (5.29) (2.42) (0.36) (0.73) (1.01) (1.61) (1.59)
fo 58.04 69.82 80.66 153.11 231.2 70.53 77.43 96.82 174.56 286.95 68.6 81.02 96.69 180.31 262.56
(4.06) (726)  (8.18)  (23.2) (46.1) (2.08) (12.47)  (16.83)  (40.67) (30) (.7 (4.87) (7.83) (13.11)  (21.98)
a -0.0004  -0.00006  0.003 -0.00002 -0.00002 -0.00001  -0.0002 0.00007  -0.00002 -0.00002 0.004 0.00008  -0.00003 -0.00007 -0.00007
b 0.99™ 1.002™ 0.98" 1.002™ 1.002™ 1.002™ 1.001™ 0.99" 1.002™ 1.002™ 0.99" 0.99™ 0.92 0.9 1.001™
R2Adj
0.91 0.8 0.83 0.65 0.65 0.99 0.8 0.82 0.63 0.9 0.99 0.9 0.88 0.88 0.94
RMSE
0.003 0.009 0.009 0.01 0.01 0.001 0.007 0.006 0.009 0.004 0.001 0.002 0.002 0.003 0.003
CV % 9.54 14.67 14.72 18.34 22.43 4.12 9.42 8.53 16.51 7.43 411 3.34 4.76 4.56 3.21
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Table 3. Estimated parameters for the non-liner regression models for Beta vulgaris seeds (Shokofa cultivar). Ty, To, Tm, To1, To2, fo, @ @and
b are base temperature, optimum temperature, ceiling temperature, lower limit of optimum temperature, upper limit of optimum

temperature, minimum physiological hour requirement, 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

Jose &laSG g0 auile lass L
Model Segmented Dent- like Beta
NS omM 40mM 80mM  120mM  160mM omM 40mM 80mM 120mM  160mM omM 40mM 80mM 120mM  160mM
(Parameters)
th 2.61 2.42 4.75 2.35 0.01 2.61 2.42 4.75 3.82 5 211 2.88 4.64 5.05 5.65
(1.29) (3.41) (2.07) (3.32) (6.43) (0.31) (3.05) (2.39) (2.59) (0.12) (1.82) (5.13) (3.0.9) (0.04) (3.43)
to 24.23 24.81 22.69 20.35 21.13 - - - - - 26.01 26.28 24.29 19.71 16.11
(0.86) (2.15) (1.82) (2.62) (4.1) (0.82) (1.1) (1.66) (1.34) (2.26)
to1 - - - - - 22.13 22.27 22.26 15.91 9.86 - - - - -
(0.43) (4.19) (2.11) (3.53) (3.45)
to2 - - - - - 27.92 29.42 23.17 22.82 28..39 - - - - -
(0.34) (2.4) (20.4) (5.78) (34.65)
tc 43.42 42.48 42.14 42 40.81 43 40.94 42.13 42 40 42.94 40.03 40.17 40.87 39.94
(1.13) (2.67) (2.61) (4.17) (4.12) (0.24) (1.75) (3.02) (4.27) (65.43) 0.4 (0.57) (1.15) (1.2) (1.64)
fo 59.25 72.76 85.75  162.34 238.88 65.62 82.03 87.89 182.44 307.37 68.45 82.11 104.13 192.13 258.73
(2.57) (8.29) (8.39) (22.18)  (48.15) (1.04) (12.21) (16.83)  (37.41)  (89.76) (2.19) (4.68) (9.27) (10.89)  (24.76)
a -0.0002  -0.00004 0.001 -0.00003 -0.00003 -0.00002 -0.0001 0.00009  -0.00001 -0.00003 0.003 0.00006  -0.00005 -0.00009 -0.00008
b 0.99™ 1.003™ 0.97" 1.001™ 1.001™ 1.001™ 0.99™ 0.99" 1.003™ 1.003™ 0.9 0.99™ 1.0004"  1.002™ 1.002™
R2Adj
0.97 0.8 0.84 0.72 0.45 0.99 0.84 0.79 0.7 0.97 0.98 0.93 0.85 0.93 0.91
RMSE
0.004 0.008 0.007 0.009 0.02 0.004 0.006 0.008 0.007 0.004 0.001 0.002 0.004 0.003 0.005
CV % 4.64 8.12 7.17 9.23 16.76 3.14 8.09 7.63 8.94 4.72 3.15 4.68 5.97 5.66 5.66
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Table 4. Effect of different osmotic potentials on base temperatures of Shokofa and Brigitata
cultivar of Beta vulgaris seeds. Numbers in parentheses represent standard error of the mean

Yo o) (5,50 25 (Model) Jas
Salinity (mM) SlaSsg0 asile olais Ly
Segmented Dent-like Beta
Lz gses Lz gses Lz Bsses
Brigita Shokofa Brigita Shokofa Brigita Shokofa
0 2.2 2.61 2.2 2.61 1.7 2.11
(2.22) (1.29) (0.79) (0.31) (1.59) (1.82)
40 1.38 2.42 1.79 2.42 3.67 2.88
(3.55) (3.41) (3.67) (3.05) (9.39) (7.49)
80 4.76 4.75 4.75 4.75 4.26 4.64
(2.19) (2.07) (2.27) (2.39) (3.37) (3.0.9)
120 2.35 2.35 3.88 3.82 4.99 5.05
(3.32) (3.32) (2.88) (2.59) (0.09) (0.04)
160 0.01 -0.32 5 5 5 5.65
(7.43) (7.43) (0.74) (0.11) (9.77) (3.43)

,o (alilian et al,, 2005) .,Ken 4 oLLl>
95 Salsz Ly, cwyp g b sled Sylp 4 sladlas
Oyl alire Gl o jo w8 uiie 05 a8 ol s
$lp al slos as ols lis bl asllas o) jo 0zl y
o) sl az o YO LY/ 8 o altes o3l o Siails>
YY 5 VY loo jo aid uise )4 Jiailer as )0 0g e
collae sles Ll ogy Jlade o piog ol 5 Sile ax o
geito oS il az 0 YY LYY oles aals o Jjaile>
Ll 092y (Siailex e s (g ilin aS 0y

4l

ouds 350 slayally Sliis Wy ol Gl cax
5 i g 5 (B Ja0) Joo i pnnlin b
IR Goss G5 pln )0 ead el slayielly isy98
Ol yaasd Ny (o0 Sz S 50 4 bgy yo jlogei g 08,5
s sl oanlice LB Y 55 b (sla S5 )0 4 0b g
OBl (559 i b s b oglbae slos a5 olo ol
aalol jo s casline sl saig, aduw slos gl il
Slelw olasi (6,90 s Dol Gldl b as o 8 astie
L8l oli8l a8 janax o8 90 50 50 (Sojglen



OV-EVINVE Y] gl 0 los [omssly o [l s ligios o asle

OlBen 5 Sle

500 sl Jaw 4 Cans asle flads Jaw a5 asals )l
o i |y 2l el g Lo & (Fialsz ey 25T
iy 4l slos jrar aS il Gl Glaal iren S (oo
28,5 3 Ol Jewil 5t cou sad syl slales
Khodabakhshi et al., ) |, Ke2 5 cisulas imen
4 S 0350 (2910 ol (el e STy (2015
S Sy ladoe 5l eslatul L1y O sty g L
45 b (e GanS (pl 55 Widged (GilugeS (b3 d
U Lo glbgme jsba Sl Jls)l5 slales
i) iy Seiedse oo Wl 28,55 415 O Jomily
Gialidl cel WIPF U1 ity JISuLEs S als

8L
30
YVOAEX + - - £)0Yy = -
25 q o - AFFF 2R
28 20
¥ 5 5 ©
15
Y8 10
Vi, GE)
2k g Lz
Brigita
0
0 50 100 150 200
(VYoo (o) 590
Salinity (mM)

(o5 sl 4z 0) Leo

sl o 5l (Khalili et al., 2015) Koo § Jd>
30 Siiler ey carogl T (slaSTge g aisle lads Ly
ooliinl 0550 (229)3 LS (55 1 S9d RS 9 Led hlis
idged Bl Joe G Fealie plorear |y Ly Joe 5 wisged
5l Cod i 5 gl glod a5 sils bl puen
Seislsnr oo 3 4l sles Ll i S5 5 (590 clale
Sog 5 Ysehes YO o lBl Gl 4 Siailex
Gialdl el V50 5 zals o5 il az 0 VYD oo iy
ke ylad 1y
;I (Nozari-nejad et al., 2014) |, Ken 5 ol55,34
G s rogi g (SlaSTes 5 anle s Ly sl Joe
Ol cioges oolaiwl Ol Jouily g los Jilie yo Sjaile>

30

TYATAX T - Py =~
o5 © - AY$4 2R
& 20
(&)
S 15 ©
o
S 10 | LS
2 Shokofa
5
0
0 50 100 150 200
(Yo (o) 5590
Salinity (mM)

19l g Lanzms 2 o8y iy (gl Lt Jobo Lawgd oumol ey wogllao (slod 2 (59 (5 F1 -0 i
Figure 5. The effect of salinity stress on optimum temperature achieved by beta model for Shokofa
and Brigitata cultivar of Beta vulgaris seeds
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Figure 6. The effect of salinity stress on ceiling temperature achieved by beta model for Shokofa and
Brigitata cultivar of Beta vulgaris seeds
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Figure 7. The effect of salinity stress on f, achieved by beta model for Shokofa and Brigitata cultivar
of Beta vulgaris seeds
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Abstract

This study was conducted with the aim of investigating the effect of salinity stress and different temperatures
on germination and determining the cardinal temperatures of germination (basic, optimal and ceiling germination
temperatures) of two sugar beet cultivars. Experimental treatments included different levels of salinity stress (0,
40, 80, 120 and 160 mM) and different temperatures (5, 10, 15, 20, 25, 30, 35 and 40 °C). The three-parameter
sigmoidal model was used to determine the time to reach 50% germination. The results showed that temperature
and salinity stress had an effect on germination percentage and germination rate. In addition, the results showed
that with increasing temperature up to optimum temperature, the germination percentage and germination rate
increased, and with increasing salinity stress, the germination percentage and also the germination rate decreased.
The germination percentage and germination rate in Brigitta variety was higher than that of Shokofa variety.
According to the RMSE, CV, R?Adj, SE parameters, the beta model was the most suitable model for both sugar
beet cultivars. In the Brigitta variety, the base temperature is between 3.67 and 5 °C, the optimal temperature is
between 16.67 and 26.35 °C, and the roof temperature is between 40.10 and 40.89 °C, and in the shokofa variety,
the base temperature is between 2.88 and 2.80 °C. 5.65, the optimum temperature varied between 16.11 and
26.47 °C and the ceiling temperature between 39.94 and 42.94 °C. The obtained results showed that the
percentage and speed of germination in Brigitta variety under salinity stress conditions and different temperatures
was higher than that of Shokofa variety, but there was no significant difference between the two varieties in terms
of cardinal temperatures. Therefore, by using the output of these models at different temperatures, it is possible
to predict the germination speed at different potentials.
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