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Abstract

This study was done to evaluate different nonlinear regression models to describe the response of germination rate and to
determinate the cardinal temperature of four ecotypes of Cuminum cyminum (Cumin) seeds. This experiment was
arranged in the form of three-factor factorial completely randomized design with 4 replications at the Agronomy
Laboratory (Aburaihan College, University of Tehran) in 2011.The seeds were treated with different temperatures (0, 5,
15, 25, 35 and 45 °c) and the germination rate were calculated. The result showed that the temperature had a significant
effect on germination rate of all plants. The segmented model was superior compared to other models in ecotypes of
cumin since the minimum amount of AICc and maximum value of Adj R? were related to this model. Base (Th),
optimum (To) and ceiling (Tc) temperatures were predicted with appropriate models. Ty, T,, and T, for Khorasani
ecotype were 0, 11.4, 25 °C; for Krmani ecotype were 0, 11.5, 28.9 °C, for Jandaghi ecotype were 3.1, 9.6, 27.1 °C and
for Esfahan ecotype 0, 10.1, 35.5 °C, respectively. It was concluded that this model can be used to quantify response of
cumin seed germination to temperature and to obtain the proper cardinal temperatures of germination.

Keywords: Cuminum cyminum, germination rate, nonlinear regression model, cardinal Temperatures.

* Email: mohammad1700@yahoo.com


mailto:mohammad1700@yahoo.com

Q‘)&QJ& E) ‘_g.\.v'))' c.ﬁ\j e

& = 3L 5,5 slales .(Nerson, 2007) .l
aslis Jls,) 8 slales Olge Cod oy 554l g
«(Tm) Plis glales aiws aw a9 Cnl ol
Slod 23 55 p el (TM) ;STla> 5 (To) < sllas
e s aS das glales STus 5 fSlas
Cad g 540l 0T 51 YL 5 5wl slales
23 S8l oS Sl glos cosllas glos 9555 o0
At s ) S Ol o el S
el ST >y el G
J=>1,+ 51 ¢SS 2 (Alvarado and Bradford, 2002)
men NSl o Sl g Sles el ALS
5 ke OLaLS 53 G54l (sl Los o pllas d
Lal el S glite 458 S5 ki 015 (omas
Sl ol T o itate Slallas ol 51 4T
Sde 5 L g p o ghan S YL L Sl atel
[(Brady and weil, 2002) >,l> aw 50 5340 e

i Wy Ol o 5 558 g 2S5 (g
sboul Cg 5o JLosy)l8 labes cslis o Les 4
PR OAd o 5 (Sl (e glade
Lagsss s Laas S 58 comle S 5 b
1 o s VL L il Glles 4 e 2
L sl e g5 b e S buT 3 &8 oLl
N PRER SN PP JECE P
.(Mwal et al., 1994; Ramin,1997)

g (5Led 03,57 Sty (g1 Jlsl 3 Slaaos
Salvia sclarea ade> ;I Calises QL»L:? PR E Pt
«(Demiriezen et al., 2007) ¢S  «(Kumar et al., 2012)
(Socolowski et. al., 2004) Jacaranda mimosifolia
o4 plLoil (Eslami et al., 2008) Sy Cale

!

oﬁ)wﬁ)ch.ujébm\J))\ﬁbjb

DOI: 10.22034/1JSST.2017.113217 A+

.

A0

Cuminum cyminum L. oode pU L G o
a0 3le) 5 )8 &l Ol 0,5 1 Jame aUS
e 9 ol_"f&l\.:)b [de ys odias r&bﬁ)‘}l&{ 059
(Moraghebi et al., 2009) &l &1 =1 513l oL
353 0 53bo 5 S OT 5l g3k polae e ,a
(=20 s 05,8 sd g 6l OT o 5me s 5
agyls a5 O35S 53 059 (IS sla It
Sladlas Tl osh ool o, 5 (G ph GL.;
Q>)5T&il_; g0y s e LA siate
Ok A5 «(Roman-Romos et al., 1995) { g3
Agnihotri and ) ¢ ;S'L .5 «(Aruna et al., 1992)
Garg and Siddiqui, )G')U Js 5 (Vaidya, 1996
(Agrawala et al., 1968) ;& s 5 1531 5 (1992
OLays @l o b 53 olE pl s 51ss 8
(Zargari, 1990) 5 3 o» oslinul 7l
4S5 el DLl (e dl o sl G4l
jjujuﬁ,swijy\fjié
sl o amalE Db s 55 S Al S
4 diy 5l ad> e sl (De Villiers et al ,,1994)
35 o o B e il SU S s
3 aS dele a5, opl 5l (Anda and Pinter,1994)
e Gl IS 5 Lo e A G b
4 s 58 malE 5l (o515 5 el il
53 sllanls Lol s S5 8 e s Shee el
e oS sy sl Sl o 5 S50l 0593 sb
S8l al b Bl e Fege LB ol e e
emes Ll 5 ) mwg 03 gdos 53 Clie 9 O g

NS 3 Y PR g - - J—

.(Brar et al.,1991; Jacobsen and Bach.,1998)

55 Sl ol 53 g sl ol 51 S s



M DOI: 10.22034/1JSST.2017.113217

ws a8 B s il e )6 bee Ol
& pw dwslws 3| ey (Soltani et al., 2002)
Gu)‘é\& 54) &) 'l Ol 5 3l Sl
St Dl o (51 (F ) L 5 (Y
Jlus,l8 slales s g Loy Julae 5 Shasl e
o3lawl 053 4l g 59 (ais 5 o sdlae carly (glos)
Ny

$sbazsl Codle L (Dent-Like) (slasts o

S i‘.u AL.G- 4}3' ,_,.JQ‘)’_.,GJ(D)
:(Soltani et al., 2006)
(T —Tb)
f(t}=m Th<T =Tol M)
(Te—T)
flo) = Tc—ToD) To2 < T =Tc
fl=1 Tol< T =To2
fltd=0 Te=TorT=Tc

ol Cwdle L (Segmented) (145 g b
:(Soltani et al., 2006) (S)

(T —Th)

fle) = To—Tb) Th<T=To )
(Tc—T)

e = Tc —To) To<T=Tc

fl=o0 Te=T orT=Th

(B) syl e L (Beta) L o

:(Soltani et al.,2006)

(Tc—Ta)

_ (T—-Th) (Te-T) Tec—Th)| @
f(t)_l((To—Tb)x(TC—Tb)) ¢ ] Th<T<Tc

¥)

floo=o0 Te=T orT=Tb

slesTh alls,y slos Lo e TG‘}? BL

! Dent-like
2 Segmented
®Beta

...)J@):MJ?)‘_;LAJJAAJ{)K

S oz ST oml gl 5 s e
S e ey 0 B b e B S
Lo ool 5 w05 Calides sla s ST 554l g

il o Ja, 8 slales 5557 5

lbvfog) 9 019.0

s ey o lesT s Gadew o]

s Yl s Ol o iils Olow 5
D o) Cadobes glos 25 Jals iolo3T gls,les
Crb B s (LS Sle a3 FO Y0 (Y0 V0
LS S STE 6l ) STF L bslar SlS
5 Gz (oS (Gl F) s ) ()l
el sla S baw s gl slasles g (Slgan!
53 (011D s5sls OWLE &S 515 S e s s
S (S5l 53 g sl s 8 g Olginsl
35l 5 Bl &5 s 51 85 o 5l s e 0
ST 55 555 dmw Sdee a5 33,8 e sy
=y ey sdo sde Ve e sl
S Slwd Gl m s ey Slo LB )
23 o5Lees s 53 5 CiS edl Gsied s
YY) SislesT Jsb 5o s enls 15 L5 5y 50 (gles
s LSl bie OT b o a4 3L Oy 53 (s,
Cb 8 Dy sy 035 dler slasdy ioles
ke VoSl a4 arale s g B (G540 Hlme
Ol g sla 4 (Rahemi Kariziki et al., 2012) s 5
L yd s o Lases 1 G 5led (i 03
by 57 a0 00 il by s 51 G54l
(Khalili et al., 2014) T Gz w\Vvr sde H 0
e S o sl m gles slajles ST s
5405 8 Al 0L ilie 53 Gialer 0y



Qb&o}s E) ‘_gw\.v')j c.ﬁ\j e

L s0i b blE sl &S SLisleT 53 (8 dslee)
ol e SSIST ot L Il &S S
dcwloes V adslas Lo 5 a5 5 45 0 o5lazal (AICC)
olleSl Dlay o ¢ s0mea RSS g0 3 (il )5 0355
5 53 0dd 5557 5 sl 2l b 31w K 3 gaw S5

Al o Lk gei b L& sluasn

R55
AlC =n x ln(—]+7><f{'
*#)
RSS IxKx(K+1)
AICc=—2><ln(—)+2><K+—
n n-K-1 V)

el 0T Sl s s 1 ool il

*led 03 o5 yad (55 4l oy 4 S
a3 U S Ao )3 S5 o 5 e S
3 ol s (1 Jsit) 3 5 15 o)~
23 Ol ;05 b 5 0s ;S5 L U G
Slaman 353 5 Yy (o DL alE
Page et al., 2006; Soltani et al., 2006; ) »,ls

.(Naylor, 2007

DOI: 10.22034/1JSST.2017.113217 AY

(low sl (gles Tolio g lbas (sles TO asly
Al o ot led TC 5 B 9o o gllas (slas TO2
LS bl s S eslinal Ly Ladis 551
B PR TR B P -) Cl_?u'\ SigmaPlot 11.0 <M
ol b i g ol odaline Ol il sladue
Lot S0l 35 iy ) S8 Ly o 5505
(R? adj) odd peomai i o 5 5 (RMSE)
d,yf QY:&»}H;WIQ%JJ@SQ;(QJ
R? adj )J:.ig}_fRMSE Az a . Lsd e dnlow
i e Bl Sl S sy
godalin slae 5 5 4 Ypred 5 Yobs .Coslaosls

(Soltani et al., 2006) Lol g0 okl g i

[ =n

1
RMSE = I; Z(y obs — ypred)?
| i=1

A ()

Y (v obs — ypred)®

Réadj=1— ¥ ':_‘J" Dbs_}'rclbs:]: )

ST Lol 5l ddes o ze oLl gl
.(Burnham and Anderson, 2002) J_& eslew! (AIC)
S 5S AIC laas j\c\fc\v\fﬁ (WJdbe 55 duslas s

Je 025 Sl 55 bed Hled S G e 5 5sds G5 4l Ao s bl 4 e =Y Jsd
Table 1. Analysis of variance cumin seed germination of four ecotypes influenced by temperature treatment

S0V df Ecotype Ecotype Ecotype Ecotype
o - Khorasan Kerman Jondagh Esfahan
Rl IR PSR TR JUER (S PO (SRR |
Treatment

s 5 934.825** 213.100** 449.90** 483.66**

Erorr

s 18 131.925 25.23 11.90 21.93
CV (%)
- 24.48 9.33 8.19 8.41
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Figure 1. The relationship between germination rate and temperature Segmented model in ecotypes Khorasan
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