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Table2- Estimation of cardinal temperatures and biological hours of germination in two linseed genotypes
(Golchin genotype and Line 286) using three nonlinear models (beta, segmented, and dent-like).

BEY
Model
Ly S5 g9 Wil gylass
Faolyly
Beta segmented dent-like
Parameter
Golchin Line 286 Golchin Line 286 Golchin Line 286
genotype genotype genotype
T, "C) 5.55+1.25 7.18+1.55 3.8+0.83 4.32+1.27 3.8%£0.55 4.07+1.03
T,("C) 23.81£0.76  24.22+0.86 23.85+0.8 23.15+1.41 - -
T, ("C) - - - . 21.25+1.13 20+1.86
T,,("C) - - - - 27.85+0.9 3221x1.4
T.(°C) 39.69+0.47 40.16x0.5 40.65+0.93  42.21%£2.04 39.97%+0.53  40.03%=0.78
F,(h) 19.77+0.77 19.25+0.72 16.42+0.73 16.44+1.22 18.86+0.91 21.92+1.48

iy Slelus slaws g arion slod ¢ SBBg8 aigs (sled ¢ ) dity (sleo i sloo sl slod i 4 Fy 9 T Top Ty Ty Ty

Ty, To, Tor, Toa, Tc, and Fq are the base temperature, optimum temperature, the lower limit of optimum temperature, the
upper limit of optimum temperature, ceiling temperature, and biological hours, respectively
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Figure 3- The relationship between temperature
and germination rate of two linseed genotypes,
Golchin genotype (--) and Line 286 (-).
Regression was made using three nonlinear
models: a, Beta; b, segmented; and c, dent-like.

YA G
286 line
O 35

Golchin cultivar

Germination rate (1/hour)

V] celaw) (G 4lgm s yu)

YA ¥
286 line
T 5>

Golchin cultivar

20

ws.g_ml.e Az 8) Lwd)
Temperature (OC)

30

Germination rate (1/hour)

Celw/)) (S5 4Slg> s )

40

50

AU ¥
286 line
Ol 55

Golchin cultivar

20
o gk > 53) Lod)

Temperature (OC)



VoY
VP [ gl o los [ @20 Jlw [ oyl p) 5 slasirg s

1y Slees 51 6o (o &5 Wad (5055 ol Jos Se Sy s b3)!
pgs adu, Jo led ;0 5 GYLR? Liw) 00,5 ags
(CV) &l pts o po 9 RMSE) Uas Slay o 255k
L o Bl Jlae Cales jo aiiils oo (528758
ST el (AIC) ST asls 5 p slaas

A aid S a8 Al asle g (AICE) e 2MLol

5 4SSg0 oy Ge S, sladse ln 265

Ot B Og S el polie aly p asle plass
(b g a ulps) cadosnlicn 5 odd S jin polie
Sl pgd ad; (AIRY) saipdol i oo
ol (CV) Ol s oo (RMSE) Uas Slay ye

S baslio oy Joo YAZ nY o o wlol oyl B B
92 b delio 5o £ J T 5 (AICC) oadipmamas ST Lasls (AIC) S5

5o omdls Bled 4 aiile plais 5 aSG g0 Juw
e O d o 9 9 e R . . . K
5 Ol i) O gl g0 slp Al eSls

s aiy, 5 YL (AQR™= +/38) oud pooeas yuess
Fom 09 S BT Jgaz oo polie ol & wosmin (TAF ¥

oy (RMSE= +/-+Y) lbs Clup xSl
2l Yl CEs S (CVE YY) Ol s
ol i slales jo (il e pu St
ST jasls (AIC) ST Lasls 3,k 5l ol

%LC) L: WLAA JJ.A &_)L?!.a.)‘ ‘U"&ﬁ)’ L)"l ) ool
b Joe Cads a5 S5 s b bl bl g0
lg. 9 0.39.3 w)‘ L)ﬁ"\) LQUT L_';"‘"’U“'“" 45 KW ul}b.:‘

bo Joie bewsys a bbb ga polie Koo olo a
5 & e Jae ol 8 5 (AICE) sud #3lol e ....)J‘. u| 5‘ 2 )Si‘u‘.. 2
B L o boo ol ol o coe O SO
Joe 5 b duglie o 45 sl s 4 ~AY/FY 5 -T/28 e e *
e o oV Jguz) o 180 adlae 5550 la o
D52 10,55 n s 7S e 5l s
L Jow wess o8 i o Jow 5l e

ald (S Gaigh) 99 (Fidiler ce g aiile Glaid 9 aASTge Ly bt il Juo duw (B3l b yolyl e — ¥ Jgu
YAS (¥ g oualS (29,

Table 3- Parameter estimation of three nonlinear models (beta, segmented, and dent-like) fitted to
germination rate of two linseed genotypes, Golchin and Line 286.

Joe Lo FUSPRY ailo gylais
Model Beta segmented dent-like
il R ww YA oY R ww YAS ¥ R H-*-'s-') YAS ¥
Parameter Golchin Line 286 Golchin Line 286 Golchin Line 286
genotype genotype genotype
a 0.001+0.001  0.0002+0.001 0.000-0.001 0.000+0.002 0.000-0.000 0.001+0.001
b 0.97+0.04 0.99+0.04 1£0.042 0.97+0.07 1+0.01 0.95+0.05
AdjR? 0.96 0.96 0.96 0.91 0.98 0.95
RMSE 0.003 0.003 0.003 0.006 0.002 0.004
Ccv 14.27 13.57 15.6 25.97 10.51 19.07
AIC -3.89 -3.96 -3.71 -2.71 -2.73 -1.49
AlCc -89.083 -89.61 -87.42 -78.42 -84.55 -73.5
0 0 1.61 11.19 4.49 16.18

5l pos aty, “RMSE wonsimdlol (ot iy AdTR” woniionslin 5 snds s molie (s sos (s sSy wtlys = D 5 @
AICC &glis A= 5 oatimemas ST Lasls 2AICE «Sl5T jasls ~AIC wlyois g5 =CV s by

a and b = Linear regression coefficients between predicted and observed values, AdjR*=Adjusted coefficient of
determination, RMSE = Root Mean of Squares of Error, AIC = Akaike Information Criterion, AICc = Corrected Akaike
Information Criterion, Ai=AICc differences.
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usitatissimum) genotypes to temperature
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Extended abstract

Introduction: Linseed (Linum usitatissimum L.) is a multipurpose crop and is cultivated to obtain oil,
fiber, and seeds. Under optimal moisture conditions, the temperature is considered an environmental factor
affecting the germination of this crop. Hence, knowing the cardinal temperatures can help farmers to predict
the successful germination, emergence, and even yield of linseed and help scientists to develop new cultivars
that are more tolerant to high temperatures. Therefore, this study was performed to determine the temperature
range and the cardinal temperatures of germination in two linseed genotypes.

Material and methods: The germination response of two linseed genotypes (Golchin genotype and Line
286) to nine temperatures (3, 5, 10, 15, 20, 25, 30, 35, and 40 Celsius degrees) was quantified in a CRD
based split-plot experiment with four replications. For this purpose, three nonlinear regression models (beta,
segmented, and dent-like) were used to fit to the data and select the superior model. The superior model was
selected using the Akaike information index (AIC), the modified Akaike index (AICc), and Ai.

Results: Findings showed that the beta model had the best performance in estimating the line 286
cardinal temperatures according to its lower AIC (-3.96), AICc (-89.61), and Ai (0). Accordingly, the base,
optimum, and maximum temperature as well as the number of biological hours estimated by this model for
Line 286 were 7.18, 24.22, 40.16 Celsius degrees, and 19.25 hours, respectively. In the Golchin genotype, the
beta model with the lowest AIC=-3.89 and AICc= -89.083 fitted better compared with the other models.
Nonetheless, considering Ai for beta which was respectively 0, 1.61, and 4.49 for beta, segmented, and dent-
like model, Beta and segmented models had a similar accuracy in estimation of cardinal temperatures for
Golchin genotype. These findings represent that the suitable temperature range for germination of the
Golchin genotype is 3.8- 23.85 Celsius degrees and the range of biological hours to 50% of germination
varied from 16.42 to 19.77 hours.

Conclusion: Overall, according to the results of this study, it is possible to predict the time to
germination under optimal moisture conditions using the beta model for Line 286 and one of the two beta and
segmented models for the Golchin genotype.

Keywords: Linseed, Germination rate, Regression model, Cardinal temperature
Highlights:
1. A suitable model was developed for a suitable prediction of the seed germination percentage of two
linseed genotypes (Golchin genotype and Line 286).
2. The cardinal temperatures for two linseed genotypes (Golchin genotype and Line 286) were

determined.
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