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ABSTRACT

The models based on thermal-time concept are useful tools for predicting germination in relation to time
and temperature. In this study, conducted in 2016 at Ramin Agriculture and Natural Resources
University, thermal-germination model was developed based on seven probability distribution function
(Logistic, Weibull, Gumbel, Loglogistic, Inverse-Normal, Log-Normal and Gamma) and predicted
germination time courses by these models for two spring oilseed rape cultivars (RGS003, Sarigol) were
compared with the Normal thermal-germination outputs. Germination test were conducted at eleven
constant temperature regimes of 8, 12, 16, 20, 24, 28, 32, 33, 34, 35 and 36 °C. Results indicated that the
Log-Normal thermal-germination model gave best fit to germination time courses of both cvs. RGS003
(AlCc=-1173) and Sarigol (AlCc=-1180). Based on the outputs of this model, base temperature for
germination of cvs. RGS003 and Sarigol were estimated to be 5.85 and 5.60 °C, respectively. The
suboptimal thermal-time to initiate germination were predicted as 118.40 °C h in cv. RGS003 and 120.00
°C h in cv. Sarigol, While thermal-time required to complete germination at supra-optimal temperatures
were estimated to be 29.07 °C h in cv. RGS003 and 31.47 °C h in cv. Sarigol. Also, both oilseed rape
cultivars showed thermoinhibition beyond averaged temperature of 33.17 °C. Estimated parameters in this
study can be used in crop simulation models.

Keywords: Thermoinhibition; Log-normal distribution; Cardinal temperatures; Thermal-germination
model, Spring rape.
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Figure 1. Cumulative seed germination (circles) of oilseed rape cv. RGS003 at various constant temperatures and
fitted thermal-time models (solid lines) based on different probability distribution functions.

o)jiﬁ (el (ugaadas 4> 0 YOO) aiils Orsg)
EF) W IVA G LB sl Joe sl 2
celis gk £5,3 YEYAR U (Sitead 5
&=58 23 an () Jsaz) g e (LIS 0 595)
i >l slogss 5o 5o M doeeal 8 o alS
S Xl )laa b X jgome b (e (onie 995

Lo s Grax 8,513 RGS003 53, (&l

Sy yita +[AA L5 4127 ey cilie sl Jos
S e S ygum o8, ol sl Th opuicran
By OAD B OIVY ey slo, S leg sl Joe ol
3 e 0551 Sind 5 Jloy ol S0l



A VAV 5l o 8,Les FA 850 o)l nl ely; LS psle

NUWW IRY P4 SR TR P SR LN S ST PE S R
YYNY e s)bel slogsor 5o sl e Azl 3
15 dmil b ol 0 511 ywgmanks a3 FYIEO b
) la—ie sles Lo ool » (e sla e
lo )3 (el oo o Les ol 4o 4 sas o lis
JI 3158 slales 1o 5 (Teemax) <ol Grax Jolso
St el eSSl 2l iy
it Jlei>l ais €98 ) di 0 9510 im0 o
S0 s A 355 5 Lpagdas 4203 VEY b /YA
wleSole; Jos (V Jsoz) 05 ;i FIYO L
laJocs o1 5l e 5 (AICCE -1180) LS
AICC=) Jels 5 osSne Jlo b slogjoi » (e
=) 5lez 5l 6,58 (e (1177
AICC= =) Loy olo,S ole; Joko ainils J5 i,
30 G eS Sds Lo Jue , 50 a4 Cad 35 (1138
S5 ) Jouz) cdls 03, ool (Siailexr (i
Jome @ i Fs)be 03 )00 (jailex aneion (V
ol o Sy5l s A L /A8 ey ale,S ol
Al 6loime B ole S lej Lo Jas
DI o g cdlas 0929 1515 o3, cpl (sl Tp 0,91 0
Glo o aid o Gy (gedw A 0 O/FO U
3 Slame 0510 Sl 5 Jloy ol S ol
(el Gwgds 4> 0 YYT sq0) ails Orsg)
o i = Syl o8 sl M il 9
ot Lm0 YEPIPO oo LslS oS e
3550 sl Or) L) a1 9,90, o 0,491 10 el
L5 (opSine Jla ey VVVF e ey LnJs
psiie (LalS 3389) Sl gl &2 ,0 Y1 1/5A
L 0/0) o 2lo,S ke Jow 4 dias 01 9515 0
oo M 08Ty 5 el pogaaades &0 YFO/Y -
(Y Jsdz) g2 yeiio TEENNA L+ /YA
B 90y 56 08, 50 B il 3
By VVAY L YAYY sy Lo oo oo o ine
w8y ool @l (¥ Jgaz) s 0y5l Cels Gugpndas
338l Simd 5 Jlo 3 2l S by sl Jos
(spmbs By YEIYY) sils Toqag) 51 oo
Jolas JoalS b5 5le; S sl 5 g ] 3

o o151 a8 polie b X ol sl (o @98
Mesgaran et al., 2014; ) oo o olii |, cul
3o My Azl 8ol sl (Derakhshan et al., 2016
S samsplas Lagjos (nl (e la e
Br0) (=5l el sl 5L )90 2loS ol
Jbeiol g595 & 5l Brg) 4zl ol (SS9 oo
5o 035alsz slaydy S ol ST S (g5 Sl
CIYF x Gmax) doa—iin 31 /Y7 590> 5 O7(g=Ha1
JelS o S les Juta 5oy il 3 gBlg 0
Derakhshan ) aas oo ;lis |y Or(g) 595 9w Hlade
&9 9 4 dian 01 dzuiul,d 5 4l (et al., 2016
DY s sl Lo Joce yo oslizl 5,50
cles Gugdis 82,5 YYAFY 15 (Jlo 5Ss) a2)s9)
e M Bl B 05 e (S S5 59
O 2l S obey Jome ot @je8 95 4 din
1901 BTy 85000 .0l 3450, YAV E 15 +/F)
> Seid g Jloy @ig p (e sla e
o> aziwlyd an Jloio| slaas i ;0 5 61 55l
J992) 09-5oe (e M 9 O1 il 3 95 52 85l
WS ol F- Siasle> slo Jos (s ()
RGS003 o3, glyms Orc 51 L 51 (6l omins
oy YAIVY Jolse nSilis jsboay 5 s s
o=l Sl () Jgu) wd (dmien Selo (mganals
Syt Sl 5 Jloys (e 5 oo csloJe o0
(o gammdas 4> 10 YE/FY) aiils Teg) 5l Slaen
aS aes e ol |y oles Tsg) o Jow cpl o
e, 80 3 (il ale)S (Swlosl anl
=l Koo e 09l oo svaline Curex slayd
Ol g aS aes oo lis ) slaain sles axinl 3
om0 b ()do e (Siadlyx Jls Les
lice 5 RGS003 o3, (sl My &l 3 ol Ginax
35913 Ggemmabes 20 YEN G Jolao JoslS 0598
o=l 0yl 5SS 5 oo me jabany &5
So— le S Sialsr slaae ;o gl azmiul
Joe ;0 Mo dziul B s slales jo . (Y Jgux)
g 93 oo Ol |y Tog @ie de Josl8 (2le Sl
S Lo 1 o a S il glaag sles Slo



ay

“BLI811D UOITRWLIOU] 8)1BXY =9D1V ‘10413 alenbs uea|y 1004=3SINY Uonngrisip sainyesadwal wnwixew Jo Jaisweled adeys =2y ‘(D) uonnquisip
sainjeladwia) WINWIXeW JO UONBIASP pJepurls =20 {(D,) uonnguisip sainjeladwa) wnwixew Jo Jaaweled uoneoo = ((D,) uone|ndod pass Jo uolneulwlsh 9405
11gIyul 01 ainyesadwisl winwixey =092) ‘(Y 9,) sainressdws) [ewndo-eidns 1e uoneulwab a3e|dwod 01 palinbal awin-fewlayl =>Lg ‘uonngLisip swil-jewssyl jewndo-gns
Jo Ja1swesed adeys =Ty ‘(Y D,) UOINQLISIP SW-[eway) [ewndo-gns JO UOIRIASP prepuels =0 ‘(Y D,) uonnguisip awn-fewJay) fewndo-gns Jo Jaiaweled uonedo|=r
‘(Y Ds) sainreiadwsal rewndo-gns 1e uoiejndod pass Jo uoeuIWwIab 040G Jo) palinbal awn-jewssyl =919 {(D,) aimeladwsa) aseg =9 ‘uoleUIWILH WNWIXep ="*Vo),

&= & rrp of” SR 0@ Fries oY= e A e e 0]y 15 e

ESD | el g fomr (€ Sorin 5009 2= 6ty fige £ e Bty (oCky mpHeD)s 2= o o SR 00je S By (o ey )
&y of” EOR (@50 (K o R OLg= (05O RO 1) oo Lol of ey Frxl (€ or Ay (¢F &g mpr e e0); (099 ) = 00 Fp—iry 9
™20y Ti= ¢y ige £0R (0 0™ (K or A¥ry (oFp e mz0); To= o0 | €0 (om@ fCo® (0 e Ay (Fmy o o) Ty=
# XRUy= ZE)0p (e Firps 0| = 019 fp (oF g opribe); (09)1g= (g Foqi® wblo 5T €9 L L g ol | covdn 700 o coqeS (¥ o Ay (Fomp o6

4.._..»; pJ) U"‘ lef 02 0)5|).3 (Y J5...\:>) KW ‘))9‘)1'

Ooga—snds &z > YY/OY L5 YYNY s (Teiomax)

(¥ Jgoz) o9

0pII- 75600 OFYT  PO0OFHE'0  EI°0FESEE - I1117¢6'1€ T0FLY0  96'6F6L'LIT  OEFF69°TIE - £0°0709°  10°0¥860 euuef)
0811- 126070 0I'0FES'0  T0'0FIT0  TTO0F9I'EE ) PITFLY'IE 60°0¥8T°0  €E0FISC  L6'6F00°0TI 5 PO'0F09°'S  10°0FL60 [euLIoN-50]
LLTT= 72600 8ETH8YY  SI0FEET  TTOFIIEE = PITF8YIE SFOITPPE  PPSFOIS9T  90°8FOFTIT £ PO'0F09°'S  10°0FL60 [BULION-3S19AU]
SLII- £760°0 99°0F6T€  PTOFSI'T  PTOFET'EE S IIy'Ie 66°1786'c  IE'8FIS8PT  16'8¥81'811 = PO'0F6S’S  10°0¥L6'0 anstoj30y
LLTT= #7600 = W0FIE0  €0°0F60'E - EITFTIE - 6LTFPI'T9  PUEFSYERE - PO'0FI9C  T0°0¥L6'0 [pquing)
L9T1- 676070 90°0799'T  £0°0F00°T  ST'0F6b'EE - w6l CUOFEL'T  LI'SFI0°0ET  69°TIF90°CST - PO'0FE9'S  10°0¥96'0 nqA
0pII- 75600 = W00FLE0 - SO0FIEPE  SI'TFLO'0E - W0'TFEL'TY - EOPFO9ELE  SO'0F6S'S  10°0FL6°0 nsIB0
8E11- $S60°0 ¥ £0°0FK9°0 - S0'0FTIEE  TUIFETIE & EUEFSSIL e 8PEFBEELE  PO'0FOS'S  10°0FL6°0 [euLION
0J o) O (pY (pY (Y (pY )

NIV IS t t ul sy ) I I I (0s)1 1 )

soamyeiaduia) feunndo-vadng soamyeaadua) [eumdoqng uoynqysia
1] JO $s9Upoos) (slapureted ppojy

w2l S ol sladus )3 Jizl g8 @l s pao )8 ol e 5 las

WYY B 1) ey ole S le; Jore as

4= ,0

£

"salnjeadwial JUBISUOD 01 asuodsal ul [oBLIeS "AD
adeJ paas|I0 JO S8SIN0J B} UOITeUILISH 01 Pallly S|9POW BLIl-[eWIBY) J0J B8 1) JO SS8UP00D pue Sa1ew11ss Jalsweled 'z a|qel
e e
[ 4 H e el € ol S (0 K19 v (D K0 e fe bl (o Kl ) (@8 (7 of o 2



Ay VAV 5l o 8,Les FA 850 o)l nl ely; LS psle

Logistic thermal-time model

1.0 R ©5000000000000600
00
S 08 °
k3]
o
= 0.6
c
Qo
& 044
E
o 0.2
0]
0.0 - s
T T T T T
0 100 200 300 400
Time from the beginning of incubation (h)
Gumbel thermal-time model
1.0
ooooooooooooococcc
S 08
k3]
e
= 0.6
c
L2
g 04
E
T 0.2+
Q
A S
0.0 | BT
T T T T T
0 100 200 300 400
Time from the beginning of incubation (h)
Loglogistic thermal-time model
c
2
©
o
=
c
8
T
k=
£
03
Q
T T T T T
0 100 200 300 400
Time from the beginning of incubation (h)
LogNormal thermal-time model
c
S
3
©
£
c
S
©
£
E
E
[0}
(O]

0 100 200 300 400
Time from the beginning of incubation (h)

Germination fraction

Germination fraction Germination fraction

Germination fraction

Normal thermal-time model

000000000000

Temperature
o8
+12
x 16
4 20
n 24

T T T T
0 100 200 300 400
Time from the beginning of incubation (h)

Weibull thermal-time model

T T T T
0 100 200 300 400
Time from the beginning of incubation (h)

InversNormal thermal-time model
1.0

0 100 200 300 400
Time from the beginning of incubation (h)

Gamma thermal-time model

T T T T
0 100 200 300 400
Time from the beginning of incubation (h)

&5 2 e @bo)S Oloy Gladas (il g (Boyls) 55LsS culi slales jo JS (o)l o8, IS (oo Gjalle ¥ S
Figure 2. Cumulative seed germination (circles) of oilseed rape cv. Sarigol at various constant temperatures and fitted
thermal-time models (solid lines) based on different probability distribution functions.
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Figure 3. The relationship between observed (symbols) and predicted (line) sub-optimal thermal-time for different
germination fractions of oilseed rape cv RGS003 (A) and Sarigol (B) based on the Log-Normal thermal-germination

model.
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Figure 4. Probability distribution function of the predicted sub-optimal thermal-time for the thermal-germination

model based on the Log-Normal distribution for oilseed rape cv RGS003 (A) and Sarigol (B). Vertical lines from left
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