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temperature and time conditions for their planting, a factorial experiment was carried out in
a completely randomized design with three replications in 2023 in the Seed Technology
Research Laboratory of the Gene Bank of Natural Resources of Iran. Three non-linear
regression models, including dent-like, segmented and beta, were evaluated at eight
temperature levels (5, 10, 15, 20, 25, 30, 35 and 40°C) to describe the response of the seed
germination rate of three Nepeta species to temperature. Statistical indices such as root mean
square error (RMSE) and coefficient of explanation (R?) were used to compare the models.
The results showed that the parameters estimated using the dent-like model for N.
haussknechtii including base temperature, optimal lower temperature, optimal upper
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EXTENDED ABSTRACT

Introduction

Various species of the genus Nepeta are medicinal plants
widely used in the food and pharmaceutical industries,
and their domestication and cultivation have led to a
reduction in the natural harvest of these species. The most
important factor in cultivating medicinal plants is high
seed germination and seedling establishment, especially
in the arid and semi-arid climate of Iran. Temperature is
one of the most important environmental factors that
affects the percentage and speed of germination. The
response of seed germination and emergence to
temperature and the identification of cardinal
temperatures (base, optimum, and ceiling) are studied to
develop predictive models for germination and
emergence, select appropriate planting dates, screen
species and genotypes for tolerance to low or high
temperatures, and determine geographic areas where
species or genotypes can successfully germinate and
establish. The response of seed germination to
environmental factors can be estimated by nonlinear
regression. This study was conducted to estimate the
cardinal temperatures and other parameters in relation to
temperature using three non-linear regression models
(segmented, dent-like and beta) to project the
germination rate and temperature relation of Nepata
haussknechtii, N. pogonosperma and N. glomerulosa
subsp. staffina.

Materials and Methods

To investigate the cardinal temperature of three
medicinal species of Nepata haussknechtii, N.
pogonosperma and N. glomerulosa subsp. staffina to
determine the appropriate temperature and time
conditions for their planting, a factorial experiment was
carried out in a completely randomized design with three
replications in 2023 in the Seed Technology Research
Laboratory of the Gene Bank of Natural Resources of
Iran. Three non-linear regression models, including dent-
like, segmented and beta, were evaluated at eight
temperature levels (5, 10, 15, 20, 25, 30, 35 and 40°C) to
describe the response of the seed germination rate of
three Nepeta species to temperature. Statistical indices
such as root mean square error (RMSE) and coefficient
of explanation (R?) were used to compare the models.

Results and Discussion

The results showed that the parameters estimated using
the dent-like model for N. haussknechtii, including base
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temperature, optimal lower temperature, optimal upper
temperature, ceiling temperature, R? and RMSE values
were 9.01°C, 20°C, 25°C, 36.21°C, 0.94 and 0.11,
respectively. For the segmented model in the N.
pogonosperma the base temperature, optimal
temperature, ceiling temperature, R? and RMSE values
were 9°C, 23°C, 36.14°C, 0.95 and 0.31, respectively;
and the beta model in the N. glomerulosa subsp. staffina
included base temperature, optimal temperature, ceiling
temperature, R? and RMSE values, which were 9.84°C,
24.95°C, 37°C, 0.99 and 0.03, respectively, had more
confidence. These results indicated that the best
germination conditions were achieved at 20 to 25°C for
N. haussknechtii, N. pogonosperma, and 25°C for N.
glomerulosa subsp. staffina, which are the optimal
germination temperatures. Temperatures higher than the
optimum temperature during seed germination can
prevent seeds due to stimulation of the biosynthesis of the
inhibitory hormone called abscisic acid and inhibit the
synthesis of the growth hormone called gibberellin. On
the other hand, it seems that the decrease in germination
at temperatures above 30°C in the seeds of the studied
species is due to destructive changes in essential proteins.
The decrease in germination at low temperatures is due
to a reduction of the amount of gas exchange and oxygen,
resulting in reduced cellular respiration, and also a
reduction in the production of the hormone auxin in the
root or seed embryo, which in turn inhibits the growth of
the seed embryo.

Conclusion

The results of the present study confirmed that in the
absence of other limiting factors (such as light and
water), seed germination of Nepeta species is highly
influenced by temperature. The different Nepeta species
studied have similar germination peaks due to similar
initial growth rates. In addition, the results showed that
the dent-like model in N. haussknechtii, the segmented
model in N. pogonosperma, and the beta model in N.
glomerulosa were the best models for predicting cardinal
temperature, which suggests that a fixed model cannot be
proposed for species of the same genus. According to the
findings, it can be concluded that all three species have
high adaptability for cultivation in more temperate
regions or months. Thus, it can be stated that the effect of
cardinal temperatures on seed germination is useful for
evaluating germination characteristics or establishment
potential of plant species and is of particular importance
in the process of plant domestication.

Ol o 658 5 psle 4,2

Vol.: 14, No.: 3, Autumn 2025

\FoF J:-;ti g a)l».ﬁt NF J.l>



https://doi.org/10.22092/ijsst.2024.366488.1538 VYA Sltn F o5l VF o9

\\(7 Rees
(@ O
N . , o
s““)& spc-ﬁ/ Olpl s S19Ud 9 pole b yui

S0 g g 6P el el el
g 4 g g ol A g

@ ol

ISSN: 2588-4638

(93, Y

G5 dw s Fi4lgr Tl Lo g Caar B it g ) S 2k
ks 4 N. glomerulosa subsp. staffina ¢ N. pogonosperma (Nepeta haussknechtii

fgs..\.olovia)T‘r gs‘ﬁ*"'CMéMﬁ"‘r eoljdg.u)}@cr éo!?ew‘ *‘@bul::g;dl.ang‘

.O\x“b‘jqjaéj))w@j;)&j}ﬂT‘QL&.ﬁ}JQLﬁ}M‘)}ﬁSd\f}Bﬁ?Quﬁ:ﬁw};ﬂ“;ﬁ&};i_)l:id\:.\
.o\xt‘o\ﬂs“5;),%@};}u;ij‘gu,a,gouju‘,,:Sc'\f)qu;?c;u,z,;W;.,“)L_;l;.ﬂl.v
.olj_\m,«:cw‘uus@);,jjchoMoujuc)ﬂdlf,uﬁ?ou@wycﬁ,u,;r

Q‘j_\ QC; tQ‘J.GJ ali.i&‘b t@.:.]a CLA E) GJJ)L;S o\f-\g.fa‘b LCJELJ C}L«" 3 C,&b) a})f ¥

Ao DMl o>

- £

VR 0/YY 18b 5 & sb

VOV 185550 Fu b
VEY/VAY L gy S 56

N. pogonosperma MNepata haussknechtii L 4 5 g 9,5 4;}? aw G50l JlsylS les cw s sl
53 JoosSh aleT gl cals’ ol Gl 5 sles Lyl 5 xi 5 N. glomerulosa subsp. staffina
b e 05 Sl Lk (655955 Do o la3T 55 VEY Jlu s LSS ¥ s ngu;imfob Y

WSl ety A0 ) gles b a3 il 5 51453 (SO Jals (Jast 2 (S 85 Jo a b 21 D)
‘el g sppe st Ly 65 sl S50l o el G 5 51 (51,5 5l s o YD 0 YO OY
Lo _ .
e S R s g5 5 RMSE) il )l 455 gl gy e (LT (sla L 51 8515 o)
b gles oLz
los /01 by sles L il 0l Jus N. haussknechtii « 8 55 515 olis b A eolial bdds 4w, i
e sl glos _
cae slos 4RMSE 5R? ,5e 551 8 mlw a3 ¥E/VY Gt sl 5 YO SB35 ogllas (slos ¥+ Sl o llas
JlusylS sles Wooskks gles A ol sles U 1455 95 Jas N, pogonosperma u)f BERIVARREIVA) U gt
4_:}? BENS) ¢ /Y K + /40 g‘.:.?‘; a RMSE E) R? Q\J:n 3 ﬂf&iﬁu 4= YZNF Caa ‘SLﬁ} E)
J}Zuo O g3

psalehil@gmail.com

a5 ¥V Cadw Lo s YF/A0 Collae glos A/AF 4Ly sles L Ly Jue N. glomerulosa subsp. staffina
>l>QU.JUL.L»J'TJ_lc_w.x:ﬁleJ}iﬁdj:Lﬁoh:‘..b\jl VA NCRVAL %;gRMSE;RZjNJfJGL»

.muﬁm@;uﬁ@ld\,m@mg,l&,g&ﬂw@wwgmuaﬁ&kgdw;ﬁ

tallie oyl 4 Uikl 0920

Salehi Shanjani, P., Javadi, H., Rasoulzadeh, L., Falah Hoseini, L., & Mamedi, A. (2025). Evaluation of nonlinear regression
models to describe seed germination response of three species of Nepeta haussknechtii, N. pogonosperma and N. glomerulosa
subsp. staffina to Temperature. Iranian Journal of Seed Science and Technology, 14(3), 73-88.
https://doi.org/10.22092/ijsst.2024.366488.1538

Iranian Journal of Seed Science and Technology Ol ok 65l 5 psle 4,2

Vol.: 14, No.: 3, Autumn 2025 VPP 5ol oF ol O F Al


https://doi.org/10.22092/ijsst.2024.366488.1538
https://portal.issn.org/resource/ISSN/2588-4638
mailto:psalehi1@gmail.com
https://doi.org/10.22092/ijsst.2024.366488.1538
https://orcid.org/0000-0003-4537-2791
https://orcid.org/0000-0002-5805-6539
https://orcid.org/0009-0007-2655-6700
https://orcid.org/0009-0005-0048-6578
https://orcid.org/0000-0003-3237-0877

. rd 1 .. . . PR . . . é .
kS a5 G50 g Gl S L b 1 G e S Sade L5 vs

3 G380 o RIS Jalse S5 1 55 sy (S ks
(Ueno, 2003) ol odis odaline O gllan (los 31 iy slabes
4l slales L OLLE C Bl 5 b e e

S5 s by 5 g ale (TC) et 5 (TO) o sllas «(Th)
los L pd o 4l Il s,l8 glales Ol sie 4 G slales
led e s S o e L 5 (41 Sl
e 38l OT 5l it 5 a8 o j 4 S Sl e
O 33 Giwler & ol plostoslhs glos 53,5 o
aals 4 ¢ Jiale Jls, 8 lales syls 1) e o i
Ol alas 5 315 Ko ALS 88 e 65
D NG I S ERCER T S AP RSt
(Alvarado & Bradford, 2002) &l e ‘pemid |5 458lE
@iy b Sl ST 0T j3 S3aler Hldie &S sles ausls
(Ellis et al., 1986) 1S o ;i L ZoiS 5 b S g5
a6 S sleod Gi6le S 5 ollae (Bl (sles
.Qami Al-Ahmadi & Kafi, 2007) ¢l &glaze Calides
s S S50l Sl g 350 55 303 sl i) S
35 29013 5 e ooy ollS ! P il
Adam et al.,, 2007; Bannayan et al., 2006;) s,is

Golmohammadzadeh et al., 2022; lannucci et al., 2000;
Jami Al-Ahmadi & Kafi, 2007; Mamedi et al., 2022;

.(Najafi, 2001; Rabiei et al., 2017; Taher Abadi et al., 2015
«uls > 45 Kochia scoparia oS 34l Jlus,l8 slales
3T Sl amy5 00 5 YF VIO Jols syl (ST, oles s
el (Gt g Cghln sl slas 6l s 5 a)
5 0Ly Gues s .(Jami Al-Ahmadi & Kafi, 2007)
Sl gt ) » 5> (Bannayan et al., 2006) of,Sen
Sl OT 3 (Sl Ol osils QLS I (galdws Sl s
SIS Sl a3 ¥ B Y aals 55 Silse des 45 o b
slwa s 5 (Nepeta binaludensis) s gl slwaisy sl
&l 58 Slow 453 Y+ 110 (Nepeta crassifolia) (s ,J!

31 8 o 4,3 ¥ 110 ((Zataria multiflora) 31 4 ok 5T

! Basic
2 Ceiling
3 Optimum

Iranian Journal of Seed Science and Technology

Aodo
Sy SRR Sl Rl s S e b
‘50L>- CJ‘;‘w‘;&ﬂdj‘)bc}u‘.:?}ﬂ)‘.{jeaﬁg'))v\ﬁ
q@suaf.mpmu&wsu”b@wéﬁ
13 5 1de S 33 8 ol DL I Lk gy i
b e lgT 818 5 (o5l sl o (Alietal., 2011) za
Sy 3 F ala S ol Cank jlo il , tals
WLl (ALE (5050558 53 (35 5 p ke o515 OWLE
3ok Y S5aler 2sls OLLS CiS s ele oy g
St das 5 St Glgn 5 OT y3 05 4 amalS Sl a
G o ol ol il Gy G5 Al ady) Lyl -0 addllee
A e Sl Calzzes olen 5 OT Ll 51,6l
.(Parmoon et al., 2015)

3 boygs o 3 Sl 5 S Ol 4 d S5l
S5 et s sb 4 e Jul e S L0 LS (S5
e 5 0T 3l ey 5l |5 4l 0s s OT il 5,0
o7 e 3 (S L (Alvarado & Bradford, 2002) 1S .
jub‘jsdnjo.k_&uwh)ubdjm\f)kaJﬂ‘f
Brodford, 2002; ) 5,135, 56 Sjaler Ce w5 Loy
sene d= U Les 51581 L .(Jami Al-Ahmadi and Kafi, 2007
Spb o diwlS Sl S w6 phe U
4 $i% e = e Sslie 251y . (Mwale et al., 1994)
(o sllae d U les 21580 L ST ol s ol 4 Calidee (glales
Sl e 5T gl 28Ty SIS QTGJ @ ur,_;T Clad
JUs & 1) 558l o Sy 5 A3 3 5 ol ) 457 L 0
\7,9.-}.6}:;VS&‘}DEJ&GL&LAJLJQ'JJ}}‘.DJ‘J
s STy ol e el 5 b 5T (S s U
(alilian etal., 2004) > 32 o J34) s> Lo > JalS ameiys
ﬁlﬁdhb.ﬁ).\h)i:@jdﬂﬁi&ﬁ USA\SW}AASCMA‘
=S sl (Bradford, 2002) 55 b o o sles los

Ol o 658 5 psle 4,2

Vol.: 14, No.: 3, Autumn 2025

\FoF J:iti g a)l.«.ﬁz NF J.1>



\44

OLSes 5 Slsils s

45; aw Jo )8 slales s (sl (Dent-like) dslepls
s N. pogonosperma N. haussknechtii s 5 (o5,

3 wbs Ll 3 0l U ol N. glomerulosa subsp. staffina

35 e 2,15 OBLE ) CBlS (glp 1y clie Sl

by 25959 3Mg0
Lﬁ--’)b 4\:}?4__»&‘))& GJQ‘}’- L{,&S‘) ‘s_aﬂjjj"k..aw
s N. pogonosperma MNepata haussknechtii L. s

3 b ,—w) ol sl y)ls 4 N. glomerulosa subsp. staffina
Ll s s bl e Siale Ja)ls gles o 5 (LS
33 Sl b 6 s s 5ST6 ) o 4 A2ST
5855 Dl o8 zgla3T 53 VErY Jlw 3 1S5 4 o
o 2050 058525 8 il Ol b e 05 $SOL
FrofOar O A0V ) mhaw iia o bes ful s
ol sles 3 K 5SSl a3 &S 03 (51,8 slow ax s
S8l Lo s ioled s 8 Jlesl 20/ glbs L oS
N Odbeay 58, Dsea (a9 araly; 75 5)
"ng/Nex100" Jge 3 5 G534 Vs Aoy (23 S plowil 53,
4 S 5 sldas Ny 5 03540 o (sla, s sldad N aSTAs e bws
ol 5l g4l s s (Ellis & Roberts, 1981) Cowl ol
i 595 3 0334 g (sla,db sl Ni &S T s 4 'Y ni/di"
(Agrawal, 2004) | islejT gor 3w Sy A di
Sl L 5 do s a5 ls Anglie 5 ilisls 4 5
A& el saSS 1l 5 L Sl sy
25 S S 5 dde w3 Jls,l8 glales pon gl
ST Lly, ol s (Kamkar et al., 2012) w3 § oslic .l
sl glos Tor el glos To e tale3T (slos) 41555 Lo 520
ey i glos Te 5 G55 o pllan slos Toz ¢ Sl

il g 5l 8 Sl e

s, «Thymus kotschyanus) (s;,—JI s sT &l =
4 (Achillea millefolium) of,sls s s (Rubia tinctorum)
St o s O S5 bl hlasT el s
© (Sl g glbe wl) a8 lales cles 5 Jjail
o) il 5l 315 Sl am s YOO 5 VA F/F s s
&lp 1S Sl a5 ¥0 5 YAA &/F 5 (Plantago ovate)
L5 |l (Plantago psyllium) ¢S a)ls 45,8
ks S Gl siale 4L sls (Tabrizi et al., 2013)
Foeniculum ) <L 31, «(Anethum graveolens) & 5% o 5,15
¥ 5 ) b s 5 4 (Trachyspermum ammi) oL 5 5 (vulgare
Boroumand Rezazadeh ) el s i, 8 31 8 slo a5
.(& Koocheki, 2006

byds Giale sw b Jde Sl 6l aigs slabes s
(Soltani et al., 2013) w il o 3L 3,50 AE s S o
I8l O daly 70 Gl ol sladie S ilsee 15
b ol 4 015 or T ez 51l 0 o3lizal Les 5 ol
5 (Dent-like) 45k ol 5 «(Segmented) 14K 5 55 «(Beta)
o5 ol Sl &S 5505 o il (Beta modified) asl o sl
5 Jla,ls el wile S5 s e (slls &7l oyl
Oy (81 36 3550 €55 P gm Slolo slims 5 G54l s
S.Qame et al., 2004) Co | 54 G4l 5l g0 - Ao 5 4
23 i 31 i ST 95 ags sbles and (gl A5l OIs Jobe
03 8 oslinul glos Calibes - gl s 5 G362
s Ganjeali et al. (2011) .(Tolyat et al., 2014) - |
5550 ol Od e (3ledie (5l il Ol 5 (51 &S g5 el
4 1y le=0ls e 5 L5 I Calides (gla Gos 5 Lales s
3 S B a oS I DS G Sy 53 5 e Ol g

Sladiie (i 3l (G ol el I O
5 (Segmented) (1SS 53 «(Beta) Ly Jos b pw S,

FM) =0 -T)/(Ty —T,) if T, <T <T,

Dent-like
(AsLeols)

D) = (T~ )T, ~To) if Ty <T <T,
fF(M)=1if T, <T <T,,

f(T)=0if T<T, or T,<T

Iranian Journal of Seed Science and Technology

Ol 5y 65 5 psle 4 00

Vol.: 14, No.: 3, Autumn 2025

\\c'\c}'::.\._:: AN cJL«.& AF .ll>



. rd 1 .. . . PR . . . é .
kS a5 G50 g Gl S L b 1 G e S Sade L5 VA

(M) = (T =T,)/(T, —T,) if T, <T <T,

Segmented ToT ..
(51455 53) =1 T,<T<T,
f(T)=0if T<T,orT,<T
((TC_TD)JC
- - (TofTb)
Beta f(T)ZE(T Tb)J((TC T)j
(L'b) (TO _Tb) (rc _To)

if T=>=T and T <T,

f(T)=0if T<T,or T=>T,

38 Slogas (518 e amy5 Fr 5 ¥ X (YO (Y
sy ol 1y dwm s &K ga—w »> N. haussknechtii 4,

(Y Jsus)

L™
OT &3l o5 9 N. haussknechtii (o lbod gewls
A0 1 @) Los s ine 31 il 4525 5l ol ol

Calzes glales ;5 N haussknechtii i, jjale co w5 doys il ls 452 mE ) dsr

Table 1- Results of variance analysis of germination percentage and rate of N. haussknechtii
seeds under different temperatures

St e 35T a3 S8l Ay 38 e
S.0vV df Germination % Germination rate
)L«J
. 7 5369.09** 36.75**
Treatment
los
16 13.2 0.149
Error
ekt 6.82 135
CV % ' '

**: Significant at 1 percent.

i 538 Sl gz 31 & il 4y ¥ w les ol 3l
Lol alS (gl gme ol Lol S sl a3 YO (glos 4
N. S 540 Slas guas 31 8 Blo a3 YD 4 Los il 58
L aS osb 4 (sl 2als (6,05 gae 5k 4 haussknechtii
Aoy Wi G5alsm Ao 3 35 Sle 4y YO 4 Les Ll 3l
R T P PR P A S TH P v
S w gidl e Ao o :\qu:.il..» a3 ¥ a a5 Y0 G s
Grrs 03 5me 3 N. haussknechtii ;4 -l sl .3l tals
bty Sialer oUls sl 8 Slwar n YO Y 31 oles
b b o v e (512 N. haussknechtii «” 8 ol 5 s

s, oYL Lg;\fju)g;.ifg;.:l{lé Jdime g2 5 T

Iranian Journal of Seed Science and Technology

WS cl:.n 23 Gol3 e

Ol 015 o () JS8) Slios o S0be neslin gl ol

N. Ld g4l Lo 3ol 8 sle w5 g sles 3485 S
a3 V4 a5l les oI #L 55 e e haussknechtii
ST DT TP VR PP AP PH RSN [ gyt B
NG P W R P GO IN L FN AR VS EHPE SN ISR £
S8 Ao 53515 e ams Y 500w les il L s
Y0 bs (LIBIL.S3L LIBl Gialer So
A3 b ol sime Dsll G54l Lk 5 o ys 31 S Sl
Loy ol 1L aSSyshoy (i 15 am Yo )3 Gl Cas e
Ao oy b b 54l A3 5 S Slw am,5 Y0 5 Y0

\g.&\iﬁlﬁlmQﬁ@jﬁ!ﬁ@ﬂ}(u).ﬂ“)

Ol o 658 5 psle 4,2

Vol.: 14, No.: 3, Autumn 2025

\FoF J:ili g a)l.«.ﬁz NF J.1>



V4 O 5 Sleils Slo

Y JK&) wsb o N. haussknechtii 5> N. haussknechtii gls ) Sjal s (2T (g5l oS
SYYY Ol les cANY w0l los 5145 95 Ja s by g dile OILs (614S 93 sla Jke ¢SS L Calides (glales
4 RMSE 3 R? Ol :‘J?‘_g’l.;\_w a3 Y/ ) Caw glos Gl /oY al glos diibe—0luis Jde 3.l S esls 55l
Moo S o wam g bds o b Y 5 /AT S Caiw gl 5 YO B o gl gles ¥+ Shisw gllas
s pl S af 0lg o RMSE S5 yldie il 5 R? 5+/AF 5 5 4 RMSE 5R? ,5lis 531 & 5l 4o 53 Y9/Y)
lales 5,57 5 51 g 28 550, C53 (145 g Je 4y s 3 dde pl (YL Cis eiaspl i oS ""i’)fs‘:‘u:‘:’ VAR
(¥ JK2) 5415 N haussknechtii 54 Js s, s il Lyl lales oo i s Laesls 551,

N. haussknechtii

a a
100 9
@ 90 a Gp Q R
%‘; ) a 3 —;:
s 80 b Gr 7 <
A @
5 70 6 <
2 60 s 3
c

8 50 Z
= A 4 =
= 40 2
g 2 3 F
a 30 d a2
2 5 c 4 2 8
o 20 !
& . 1 g

e d d e 0

0 = d 0
T5 T10 T15 T20 T25 T30 T35 T40

Temperature (°C)
Calses slabes 55 N. haussknechtii )4, s34l (G ce w5 (GP) Ao 5 S0ke awlin ) S8
(.L&LLSA )\JLSL;u GJDT Q}L&J slasOlis Q}Uﬁn g_))J’-)

Figure 1- Mean comparison germination percentage (Gp) and rate (Gr) of N. haussknechti seeds under different
temperatures (different letters indicate statistically significant differences).
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Table 2- Results of variance analysis of germination percentage and rate of N. pogonosperma
seeds under different temperatures
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temperatures (different letters indicate statistically significant differences)
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Table 3- Results of variance analysis of germination percentage and rate of N. glomerulosa
seeds under different temperatures
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