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Introduction

Seed germination is the first and most important stage of plant establishment and subsequent successful
competition, which is affected by genetic and environmental factors. Temperature and soil water potential are the
most important environmental factors. Knowledge of environmental factors controlling seed germination
provides the possibility of predicting weed infestation. By obtaining information about the temperature and
moisture requirements of weeds, it is possible to manage them successfully. In recent years, the weed of herb-
robert has been raised as an invasive weed in rapeseed fields in Mazandaran and Golestan provinces. To
investigate the relationship between temperature and germination rate, various cardinal models such as dent-like,
segmented, and beta have been used. The purpose of this research is to determine cardinal temperatures in herb-
Robert and investigate the role of temperature and drought stress on some of its germination characteristics.

Materials and Methods

To investigate the effect of temperature and drought stress on the germination of herb-Robert (Geranium
robertianum L.) seeds, this study was conducted as a factorial experiment within a completely randomized
design. The experiment included 8 levels of constant temperature (5, 10, 15, 20, 25, 30, 35, 40 °C) and drought
stress in 6 levels (-0.2, 4 -0.0, -0.6, -0.8, -1 MPa) with 4 replications. Germinated seeds were counted up to 14
days after germination. Then indicators such as percentage, germination rate and time to reach 50% germination
were calculated. A dent-like regression model was used to determine the cardinal temperature.

Results and Discussion

The results showed that the constant temperature of 20°C has the highest percentage (98%) and germination
rate (6.019) under non-stress conditions (zero water potential). Also, germination was stopped at temperatures of
35 and 40 °C. The three-parameters regression model had good accuracy to describe the trend of cumulative seed
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germination percentage of herb-Robert. The results also showed that with the increase of drought stress, the
percentage and rate of germination decreased and at potentials higher than -0.8 MPa, germination stopped. At
zero potential (non-stress conditions), the minimum, first optimum, second optimum and maximum temperatures
were determined as 1.12, 18.83, 22.76 and 35.09 °C, respectively. With an increase from zero to water potential
up to -0.8 MPa, minimum temperature from 1.12 to 4.96, optimal temperatures from 18.83 to 22.76 to 10.51 to
20.63 and maximum temperature from 35.09 changed to 34.48 °C. The results showed that, in each osmotic
potential, with increasing temperature, the time to reach 50% germination decreased. On the other hand, with the
increase in osmotic potential, this time increased, which indicates a decrease in germination speed. In general,
the time to reach 50% germination from 0 to 0.4 MPa potentials started from 6 days and decreased to 3 days.
While at higher potentials (-0.6 and -0.8 MPa) it varies in the range of 6 to 8 days. These results indicate that the
germination ability of herb-Robert increases in the temperature range of 15 to 20 degrees Celsius at any water
potential. Based on the results of this experiment, there was no germination at the osmotic potential of 1 MPa. In
general, wild geranium is more tolerant to moderate drought stress (up to -0.6 MPa) in the temperature range of
17 to 22 degrees Celsius, and with increasing drought stress, at lower temperatures (10 to 20 degrees Celsius) its
presence will be more.

Conclusion
Based on the results of this study, the highest percentage and rate of seed germination occurred at 20°C.
There was no seed germination at temperatures of 35 and 40 °C and water potential of -1 MPa. With the increase
of water potential, the minimum temperature increased, the optimal temperatures decreased and the maximum
temperature decreased slightly. In general, due to the low minimum temperature, the probability of germination
and outbreak of this weed will be higher in colder seasons.

Keywords: Dent-like model, Germination rate, Optimal temperature



oln! pblS cbls> sbd iagh 4 il

https://jpp.um.ac.ir —
R

sy 3 s
PV o VBTl o) o ple VA e

Slnat oo 5 pcile Jlas S lales 5 J3ler o Sins 2 S5 G155 Los )

(Geranium robertianum) . i>

Tl Jeo bl =10 Kl (s =TT g3 (53 el pl = s dilae
VBN V/YE L 5 2 b

L CAVALVARIENE R A IC

CRVCLS

JusgiSl ©ppoe; otolojl (Geranium robertianum) oy slises jpacile )i il » (Sis 15 g lod b oy solitons
o lF e IF V) (Sis S pdaw £ g (3,5 e dya Fe XD X YO X D N ) b glod paw A L Bl MolS gyl LJB o
ol el stade s J)italel gl 55 0 ool S+ v+ JsSu Bl 5| (St i Jlesl el s plsl LS5 ¥ 3 (JSllSe =) —+/A
9038 )5 (alod bajloi 13 pme 53 yoiliny5 1> R e (85 JL8 ) VD (65 po )3 g o3l o il Ve b elly (Slo Al
oy daoyd 13l ol 2l Sl Gialojl gl il (gl 8,5 )18 (436 2 gy ey J09ySee YO (olidyy col VF) alids) w25,
b s gl s eolatwl (glaliy SemsySy Jde 5l JWud)l8 (slod cpuss (gly oo odlaiiw] (Sjalen duo 3 B & huwy loj Cide 9 (Sl
OB g Bl 53 (59) 53 ) FTVR) (Gialer Cam puo g (103 W) oy (i (sl 35 (8l a3 Vel (lod )3 (pding (Slined oS
o Cg 295 83 jloially duw Ggm)S) Juo b gt Sl 3,5 il a2 )3 Fe 50 slaled > ppiman g (ko o Jpuiley)
o Sl Co o g hoyd o JBllRe = A L) (Sis 15 (33l b palef] @l el g1 ly08 5 (Shised mazd (Sl 20>
A A 9 p9d Alske eyl Ak e (lod (A (g baaly8) i Jesly ) 0 gt Siailer (JSWLIRe =Y )3 g il (gl e 5l
a3 T35 4 VY I aaS (olod ¢ JISolilSo = /A b (g ansl il (2al55 b g 05 oy 3,5 5l a3 YO/+3 5 YYIVE ANAY ANY (5
YO/ 5l a i (glod 9 31,5 ol do 2 V/EY U Vo /Y I pgd digy slolod g 31,5 il a3 YY/VE BANAY 51 ol aipe slales ol 5 il
@ Jooia 3L)F lo a3 YY BV oled claodgame ;5 iy Shinesd (S5len o yinlejl gulis 4 dagi bbby 3,5 obo 45,0 VF/FA &
o 3 5yl (ol ol 5 (38l Jlis) ki (510> 039 (b b g ol ot b (JISbio +15) bagio K25 gl 5
M apde gl )3 1) (S 4 Jooxite (215 LS CullS Gl oo ((Suid (i85 4 (Sjlgr il 4 i L g 29 mld sk (535
b

Gl Jao o Sjaler sy cdinge glod 1805 sLdB]1g

Ol i cdgadio (owgd 8 oSl ¢ 65y9liS” 0aSuisls ‘5)9]?&9)?] 09,5 Sl g 5y slacdle pole (638> (goziild Lol g =Y 4 )
Ol g (o (el (5559l e p slacile pole (68> Y
(Email: e-izadi@um.ac.ir :Jstue sty —)

https://doi.org/10.22067/jpp.2023.78579.1103


https://jpp.um.ac.ir/
https://orcid.org/00000-0003-4784-6217
https://orcid.org/0000-0002-1974-8727
mailto:e-izadi@um.ac.ir
https://doi.org/10.22067/jpp.2023.78579.1103

VBT 5l o) olos YA wlo (05 y3LisS abus 9 pole) oyl il LS cbilis ol idgy 4y pis PP

Uy 5 1z ol ja sladile g 0 J5 sl ol
O 3 Slgie jp sbdile claaalS gy8 b 2sfin
SLaby @D dwwgi Gpbdile Jyus Olles Collae oj
el o e oo 31 S ikl aslisl S S
JUs)l8 slaled anulxs (BUhler, 2000) sl 30 jaslacile
b9y Led Jlio ) (Sl Cuopo X9y man i Bl 2 (S0l
3 b sla imgis (Kiyani, 2014) u] o clusds pow e
o1 plosl 5yn (slacile )5y Sials JUa)ls glales 350 aive;
SLac)ly> a2yd e slalods (oS glls iged (sl ol
e sl 4 ob plis jadile 465 (paix Giale Jud)lS
aupe sled (VFY) 4L sLes (Daucus carota L.) s
Stellaria media ) i3 (gly (FY/VF) iy slod (YY/AY)
ai i OMAY=VAEY) digs (Y/0A) asl Lo (L) Vill,
(Setaria glauca (L.) P. Beauv) s,; _alssy p3 sl (FV/V0)
Gl g (FF/AS) aiutin (FYIVO-YF/AY) aigs (VYY) b slos
AY/VY (oL sbs) (Conyza canadensis (L.) Crong) cuwl g
39 3, 5l damyd (FF/YY) aiii (VV/VF-YV/AF) a o
GldsS Al iy g 4y b (slod ¢ pizmen (Diayanat, 2019)
SYIYE XY s34, (Papaver somniferum L.) sl s
Kamkar et al., ) couwl oais )55 3,5 ol as )5 Y&/TY
srmcidle pShas g aig @l glod (500 Gialesl 0 (2012
4> YV VY & e (Ipomoea triloba L.) g 85 Lo
yo-baieass (Rizzardi et al., 2009) el oais 3,4l 5,5 5l
Bassia ) 5)ls jacile Sjales Jo)ls o)l dsys s
5| g aely (3 oLLS o) 48 cunl i )lgie (SCOparia L.
3,8 ol a2 00 U (ameS slod) 0,8 Bl 4 3 ¥/ sled
ol il ae glod 5 L3l G5l 4 B (4t (glod)
Jami-AlAhmadi & ) cowl eass (o)l55 31,5 ol a5 5 VF
(Kafi, 2007
Bl 3 sy Sliredd p2lee ol STy Coonl 4y a2gi |
oosad > Sl &S gle o g pliads 5 il il 1518
word )3 p2lee olS cpl JLaa ) slales 5 (Siailer sla S
Slox sla Shy | aladsa (gw)pn S b addlas cpl sl oo
U cou (Geranium  robertianum) isg Jlosed Hh
o1 plosl o] il Syl slaled (s (St A5 g Lod

doddo

19 4 p2le LS liicd appd (2B (LS He>
Sl Sha e Lol 5l (S g 3,0 ook cuenl b
s sbddde (g b b Slseds odlgils .(Zhou et al., 2006)
P pesmaddy 45 Cowl (LS hodlgls l dluss ¢ Al
Vol 03lgils cpl yls JiSTy e (6 pmne)S g dliine  Slys
» [(Keshavarz et al., 2013) il o 4555 YO+ 5 juis
Geranium ) i p S, e jracale 3 cla Jlw
ol wpalpe (LS g hsle sl (0 137 ¢l 50 5> (dissectum
Cle s gl j,acale 4ol )3 (Sohrabi et al., 2017) ¢l
Oloj CuddS 5 SB Bos )3 (8,5 )5 (a3 BlE g 039 (S0
Jb ol b (Sohrabi et al., 2017) wib o 30 o) Clgs @b, )
30 Geranium robertianum _ole pU L s opl 5,500 4655
leMbl Lol el oais sdaliin s liwl ol3S 550 5
285329 o polidanj 350 )3 Slaiz
S5 a3z g eelidanj ) (Sl glals e Sialse
28 o S8 |y Camon gy i)y ol 0 lacile 5 lalS
Jolos 3l cos (590900 AT y3 ol (Kamkar et al., 2008)
Los lae ol 3 45 35 (0 )18 59 9 Cug) o il il
oSl 4y o, o (KamkKar et al., 2008) 3, —ogo b
aleMbl asly o jppcale il ladisS adjmw g (Sjdle
1S onlyd oan] )y symcale Copie sla bgy drwgs (glp xels
505 sy &S Gl Jole oy Sope Le> ((Chauhan et al., 2006)
B 58t cos ) (Gl o dox ) jpp ladile 5 plals
odlawl 2y5 0 (sl Jio Lulul (yalS s g5y Lod il 3l ams 0
o> (Kamkar et al., 2012) cusl gjailes oloj s sly
Gy g9 )i g9y ile (Giailex S Shg p e Jelos il
QLS el 3 oren sl Jolo bod cg) (ol 51l oo (Sl
.(Jami-AlAhmadi & Kafi, 2007; Bradford, 2002) ¢!
aolys Lol clos duw Maiiny (slod ¢ A slod MaieS (glod
(aiw slod) dipin g (4l (slod) dieS slaled Laituwn  Sjalgs
Glisl (Siadle bl | it 5 S i ia & Atus glaled
ey o)) 3 aS cowl gles aig Lo 4 sy sl o3
Alvardo & Bradford, ) suw, e 555 e oy ydar 4 Sjale>
laiioils 5l S esiales Jln)l slaley ololis (2022

1- Base Temperature
2- Optimum Temperature
3- Ceiling Temperature



LY L sypde JLuo 5 sblos g gijdiles b Shg p Siud i g boo il iyl )Kon g Lo

{F dolee) 15 olizsl (59, 5 ,d) (3
T<To:<f (T) = ((T-Th)/(Tos-Th)) if Tb ()

f(T) = ((Te-T)/(Tc-Top)) if To, <T < T
if Toi< T<To f(T) =1
if T<TborT>Tcf(T)=0

slod Tor sl slod T ¢ Sjailes ey H(T) <o cplpo
St Bl e dindr slod iTe g pgd dise slod Toz ¢ Jsl aie
aulio g Jols slaodly il g jJUT (Jols gl Jolos
» (FLSD) s sine G5 0,508 gaf] (bl oSk
WY e e 5bal jl53le 5 5] o3kl b 2o s & Jlois! pdaw
JLa)ls slaled (s cpa sl i (33l sl A8 el
£ 3 o )laged wuy (sl 5 Sigma plot 12.5 ,138le 5 51 Jjaile
A o3kl ¥V S 58]

3§ 9t y3) (g el g Sl s (Sdid S g Los il
(el s yuu
Loyl e 51 g o Jawily dbod 1l e yialesl gubs obuly
34— (P<0.0001) 5 sme (i>g SMred Siale> Slaogas
2 iy (Ghaed (303 W) il o> i () J92)
L oS u odnlie oo (6 jeml Juwsly g 01,8 ol dojo Ve (slod
CpieS |V JSes) el glol o gxe BMEB] 4z )3 VO (sled
93,5 ol d> Ve slad ;0 55 (1o 8) (Sidley oy
¥eog¥0 slos s Lol JE wbEe =+ /A (g 50ml Jumilts
Bigle (Siailr 2o )d (el (S Jauily plos 53 31,5 (o 42>
3 PlSoman 3 (SISl Y (5ol Jurasliy 3 ) JS2) 05
89y Sladss gols () JSb) s saliin Jialy daled
4S5l Lss (Sophora alopecuroides L.) ol a5 ;acale
wldie (Gjaile> Sl JBwble = /7 (Suts 15 b jadile ol
Qo ¥V @ dop Vel Sidles dopy (S (0l580 L Ll wals
4 (Nosrati et al., 2017) yw) JKobKe =V  Si8 35 )
Sl S8l culie slod w0l plosl Glalllae ywluly S ok
sy gy Lo yiSTas w5 ol as 2 ¥ B0 o baydy g
A ais ya ol o, S luas B UV o basgS
)iy )3 (Sl Jros oS (Blo a3 0+ 5l 5YL o)l >
P il aBy yosuas 3 (Hejazi, 1994) s4i o aBgio
cadld YL claled jo S o)l 39z Jlain! cpl (5 YL (slaled
(5 4 bye sla 5T clleb alon 31 (Sslie (sl
»lazel cyiocen (Taassob-Shirazi et al., 2013) 55,5 asgio
2 e Jdb Dlgs e iSls (glod 3 Jidilen aBes aS Canl

W g, g g

AL oolas Wl 25k B )3 LS &gty Lislol )
(31,5 olw a> 3 Fo D Fe YO e N0 N D) cob slod prlaws
N oA e[S e fF V) e Sy S i
3 315 115 4o 0 S, 31 oy 5 ol S5 ¥ 5 (ISl
P oleF Gaeds g Jite oBiulojl 4 g (gy9lxen lundS il
Slatie Lo il 205 505 (15 o 225 ¥) Jlose
lojl oy sl g2 0lo £ 5l am y1y Cls 329 pas I Sl
S9EAS pyd Cu S g oy B Jolowe L ddds V ey laydy
ot il olel ol ) 50 s oo Ol b e 5
iy o 3 5 o3lital yia e ¥ a8 b il Bl SIS (sl
SLoyloss (220 ) y5line)) > sy c8)S 15 44 VO
Joeg)Sen Y0+ (Ll cslw 1Y) (alidg) @3 5 00 155 (oled
09 Blo 1 tlofl (b y> i8S L8 (4b p pe 2o
A Sidilen b il a5 Cgb o cglade I b diliey b yisd o0
Sy S8 zos il slme 9 (5)led 59, VU aliy) &9
Deng & COMMUL) 35 iy s (sin oo S J i) oz,
(1992

Loy 5edlS 5 Joe e ® bl O cilies (sl Jouily
S5 G5 sl Sl 5 45 B S5 51 L 5l ool
aliseo (glb lsly 4pts pskaiedy b ool e T ) 5 als
(Michel & Kaufmann, 1973) . salatw! § doles 3l (4 ol
P=-(1.18x10-2) C-(1.18 x10-4) C 2 + (2.67 x
10-4)CT+(8.39x10-7)C2T (1) aslo

2 JS Sl o C o]yl W obis )
bl oo 35 (o 423 e p L3 T g 32 o p)S o

S8l doyd g S5 e sl aled lajle 48
o el d (S9e0)S) Jas g waw i (jo)) Olo Blie )3 (red
W 0ald ol (Y dolee) St
G=Grmax/ (1+(X/Xs0)?) (v)

lgx duoyd ySls :Gmax o Sjdlen duoyd (G bslro (pl )
X g adolee s 0 ¢ S5algn Aoy B &y iy loj Xs0 ¢ S
bl oloj

(Maguire, 1962) »sSLe g, 4 5 (GR) Sjales s puo
W3,5 Aol ¥ doleo ookl b o
GR=Xi=1 Ni/Ti (v)

Slaws Ti g 5 yless 2 yd 035a5lgn 5oy dlias NI dldles ol
P9 gy b hylesd 59,

slasld Jae S Sy Je Sl Jad)l8 sbaled oy sl

Uilgs ey g bod oy dlasly (glys (Torabi, 2003) (Dent-like)



1PV ke ) o)lads YA wls (55,9l 2oluo g pole) (ol QLbLsf chblis b pdgh & s A

Copeland & Mc Donald, ) sib giales (5y9pe sboiyiiyy
(1995

(Geranium robertianum) owisg Glirowd (o554l Chf pw g 00,53 31 T Jnnuilly g Lod Wily51 (il g 4 50 - Jgun
Table 1- Analysis of variance the effect of temperature and water potential on the percentage and germination rate of Herb-
robert Geranium robertianum

) Olrg o (pSiluo
g 2abo &3l as > Mean of square
Source of variation Degree of freedom Pidles oy oilen s gun
Germination percentage Germination rate
L 7 1835.18™ 51.60"
Temperature
2 5 11836.6™ 23.57™
Drought
S x lod - -
1113. A1
Temperaturex Drought 3 36 315
e 144 15.8 0.041
Error
S 191
Total
e 22.76 19.54
C.V (%)

Aoy S Jloin] pdaws (3 (gl gxe *¥*
** significant difference at 1% level

Rumex) iy sl slaisS jo Jiailes doyd oy yidan a5 20,8
035 3, 5 Bl 4> YO B Ve sled 03905 ,> (Obtusifolius
slas aus 4> (Riemens Scheepens et al., 2004) ¢!
sl Joilns > S5ailes doyd oy yidin 0 (Cleome viscosa L)
A edalde o, 5 ol an 0 Ve gled jd (JKWLKe =Y - /¥
(Shirdel et al., 2016)
(g (SMrod (il Cas oy i a5 0l LS ol
Soid ii5 pae 9 0)S ol an 0 Ve glod 43 (5 )0 50 F/4Y)
ol Lajlow plw byl gxe O3] a5 05 sanlie (ylade )
e 3 55 39 9 e 118 Gialgn S e () US5)
A5 odbline JSKwbKo —+/A (g j0m! Jadlss g 3,5 ol dsyo V-
I lod Sl b il oy cptalof] b 4 a2 b () JSS)
FolVe slod jl g in)idl usgy oS ol d> > Ve 4y an )0 0
$9y = slasdllas jo () USKE) cusly ials ag) o5 il 4y
»olS ol sla i a0 555 Medicago scutellata L.
295 Sjales (31,8 Bl a3 YY/YY) Csllas (clod I 50 (glod
s eogdle glod I idy glaled ) 5 AiS (00 g8 >
.(Mahmoodi et al., 2008) slw, o bl al) 5 Jiale
L calisee plals o as cowl ool plis calisee Slidiss gols
Aol U g yinlidl Siales Sl woglle slod 4 yas o5

s gy 2U (g9, » (Diayanat, 2018) cols uiss pols

Amaranthus ) saulss wg)5 zU 4 (Amaranthue viridis L.)
Sy )3 odnled ugys 2l aS sy L (blitoides S.Watson
S & 8 G ug s 2l Jy 203 UVD (Kbl )
o9y gD 3 (St G YL Jeod oaimd UiS e ol 94
YL JrooS dn dagi b oS 00,8 ()15 (3 el ol 055
i 2 lag Joudly Yisinl o K25 G5 & ol w5 26
2R3 )50 )l Sas gblio 4w ug)S gl 4 Sl
VY (s om0l Jumniliy B (Sisymbrium irio) &b ,ouiss  sjailes
9 Il adlllas ol (Ray et al., 2005) cusls delsl JSuwlKe
Hyparrhenia hirta ¢, , (Chejara et al., 2008) l,Ken
5 JBE b =+ /00 (g 30ml Juwiliy 13 5ok Jiales &S by lis
= IXY (S omnl Jasily j3 48 (g ygbody s hBgre ol 5l pi
& 0 sl Joyd ials el yials s b 4 KK
by lize (LS ol ) cuiSlazme (ol Jouily Sl38)
; Ashraf & Harris, 2004) cul o (5,55 5 (6,505 yldie
» (Chachalis & Reddy, 2000; Hamayun et al., 2010
Ipomoea ) g 3ol yio (Sidiles dopd oy o (slaslllas
ods o )l35 31,5 il 4 3 YO 9 V- (cle> ,» (lacunose L.
sdalde 505 suis > (Oliveira & Norsworthy, 2006) cul



£

e jpide o)l sl 5 (Jidiles sba S ¢ (Sl (T g Lod il g (Ll

Gy R & ol |y (S 15 lalyd > (el oy
Do 3T Called 5 o ygeygn iy (ol ol (Sdglie slaclled
Slej Sde douis (D @b s Hb bwgy Ol Gl jd I3 51 )
Sbieo (il (Gjailer Copur g 4Bl GBI Sl ads; 795

.(Khakshor Moghadam et al., 2011)

Zahed et al., ) asb o galS Siales yiShas )] 5 58,5
e, w 3o (Centaurea solstitialis) »); pas 5 55 (2013
=15 o JSlle =¥ I (St G Gl b ol el
Zare et ) cowl 4l jzals joy 0,4 ¥ 4 W/ JKLLKe
(al., 2021
JEPRUSYBYFNE g PURINCRYONE
UiblS cle i daled Sidiley e g doyd p psllasls

) ST Jousliy
100 ab a She Water Potetial
90 \ § \ S0
\ \ .
80 % § @-0.2
AE 0 \ \ '
3 < % § m-0.4
= 60 \ \ .
Y. S \ N\ _
3 E %0 § \ K =-06
. = = B
B E 0 \ § S ®-0.8
S \ \ \ -
20 \ N N\
\ N \ K
\ \ N\
10 \ N\ \
] N §
5 10 15 20 25 30 35
(o1 F il 4 30) Lo
Temperature (C?)
7
ST Jeily
d
6 . Water Potetial
%‘ z S0
=
- #-0.
ﬁ; E 5 0.2
:_?‘ E A #-04
. =
vy E m-0.6
F 8
E‘E 3 %-0.8
A= -1
~n =
AN 2
20

35

(o1 F il 4 30) Lo
Temperature (C?)

(Geranium robertianum)  aisg (glorons (jdilsy G o g 2o yd 9 O Jawilly 9 o> (51 -Y IS
Figure 1- Effect of temperature and water potential on the germination percentage and germination rate of Herb-robert
(Geranium robertianum)



1PV ke ) o)lads YA wls (55,9l 2oluo g pole) (ol oLbsz chblis b pdgh & s Y-

L5 L Uy (ol sime gl JSwblSe —+ VD sl b (L.
5 o il g g0l U5 (2l g ol 5l e g el
Rahimi ) cul 4wl gl gro yoxs JSwbKe —+/0 Jouilss b
(& Kafi, 2009

553 lalllas > (Takasi et al., 2009) o ,LSon 5 wlSS
oiblS L as" W S Ly (Lactuca serriola) (isg 5508 (59,
Cowl a8l ialS Laley don o (il o yd ol Judlss
olod aiely (ol sy Ll L a8 ol L b ] ol ¢ prizren
@ls b e phalS 5 adl e (il 4 2B WgS (pl S
Kazerooni-Monfared et al., ) |,\Sen 5 3200 (595,55 a0
Y a i Ol el als L as sl gl 55 (2013
A T ) e 3l JS S il plo> ateh (JISuliSe
258l LSyl sl ials ol)8 ol dsyo Ve a0l 3 5l
o ity LS Ly 3l IS (54l ao 1Sl sles oS
a2 Ve dn jho Jadly )3 315 ole 423 Y0 5l 5 <8l ials
sy JElSo =) oty 3 31,5 b

g 0 2w jradide o) o gladdlae ulaly

S8l 2o )d g ey ] Junils LialS L (Cucumis melo)
5 ey A S Oyaopdy (SONrabi et al., 2011) cél ials
i 9 31,8 Bl dx 2 YO slod o dng s Sjdles oy
90,5 il s d YD clod o wdyb G 5l cdl Lials o
(S o3 5 s i JISl B = JF (S5 i
oy 5 ol da o ¥Fe o YO slalod o &S Jbs jo sl oids ot liin
iee a8 Gialn S g dop> (JBWLRe =+ /Y (iS4
Kazerooni-) ol,)Lses 5 3,aie Jg5,LS ol Lis |y Sjales
Sy g bod 31wy 4 (slaslllas j> (Monfared et al., 2013
(Orobanche aegyptica) s ,ae jJls |5 Sjales p (g 0m!
Aoy (el oy JialS L asm w8 (5155 sl plo]
o man sl JS ok (il ogllas (ples alals 5 gjalsx
(S50l Jemaslty LS (i iman il ilS (5l e 59
2 b S5l ey S g bawgie gy )3 ;36 g
Portulaca oleracea ) 4 5 oS Jjailes doyd 500 (slaalllas

Three-parameter sigmoidal model

Temperature = 5

Temperature = 10

Temperature = 15

60 — /’?‘AﬁA

100 * % XK K K K
e X x oooao
x Xk ¥ * X / — .o ==
80 - PR o /E_Q_QDDD */*/DD
faaBEE e
~_~ = a
& 60— e =4 _a A AAA /u oAb AL
< B et A O
5 40— ¥ / X XX " g% XX
2 . e XX X / % %
& 20- / [[.// SRR /'/ v b~
/s ) T a .
N g /é/t(x} v 2 e v
3 = 0- L4 l-F#’- uuuuuuuu o l-f—#‘--a: uuuuuuu o
: =
%‘ é Temperature = 20 Temperature = 25 Temperature = 30
el
Y = 100 — _ w K K K kR K
R * X
§3 o /* é_ﬂ_mﬂ o o0.0-0-0
E 80_ %
=
g
S .
A—A- AAN
40 ! / - X% X ! /—A—A- P T
/ { X / ! A X R XX * fgaEbEeaa
20 - [';X y/+/‘*"*_*_”‘* D/ ¥ //D/ AAAAAAAR
X/ rF s o i ¥ EOA L X XX X X X X
P At S ofsdddaet e o000 o| st le s ot TLEEETS

_*__*_*_zk_zk % Xk %k Xk
*/,_ﬁg_m_u_ﬂ_m_m
.p 0o
@

T | T T T T
25 50 75 10.0 125 235

50 7.5 10.0 125 25 50 7.5 100 125
Time (day)

| Water potential , O -1 + -0.8 X -0.6 A -0.4 0 -02 * 0|

L) o%)

(Geranium r O Jawily wisg (Slirond oo (55alga Mo yd Ol pundd Mgy &1 Siunsd 80l 4l (ygmm 55y Jdo (W31 =Y JSW
Figure 2- Fittiny uic wyisuc three-parameter egression model to the cumulative germination trend of Geranium robertianum
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Table 2- Effect of temperature and water potential on the cumulative germination percentage of Geranium robertianum and
parameters resulted from the three-parameter logistic model

Wlga woyd 00 & dw;y o)

ol HW) - g 8
‘W":”t“e: > s el < s ‘,::
potential Temperature Final germination  Time to reach 50 % of the Slope P value =
(Mpa) (&) (%) germination
(Day)
5 82.13 (1.056) 6.39 (0/072) 0.84 (0/062)  0.001 0.95
10 87.34(1.376) 4.63 (0/084) 0.54 (0/071)  0.002 0.93
15 93.33 (1.571) 4.27 (0/091) 0.53(0/079)  0.001 0.96
20 95.23 (1.194) 3.52 (0/063) 0.33(0/041)  0.005 0.94
0 25 74.69 (0.744) 3.38 (0/050) 0.31(0/033)  0.001 0.95
30 39.24 (0.635) 3.41 (0/095) 0.59 (0/082)  0.002 0.95
35 0 0 0
40 0 0 0
5 68.507(1.540) 6/150(0.123) 0.75(0.107)  0.001 0.96
10 77.136(1.901) 5/206(0.149) 0.819(0.129)  0.001 0.94
15 84.365(1.531) 4/684(0.092) 0/490(0.078)  0.005 0.04
20 88.916(0.693) 4/528(0.038) 0/431(0.030)  0.005 0.95
-0.2 25 65.255(0. 937) 4/387(0.073) 0/457(0.059)  0.003 0.95
30 35.273(0.629) 4/407(0.103) 0/638(0.089)  0.001 0.96
35 0 0 0
40 0 0 0
5 52.10 (1.174) 6.39 (0. 120) 0.84(0.102)  0.001 0.93
10 57.37 (1.510) 6.05 (0.144) 0.73(0/125)  0.001 0.94
15 57.76 (1.288) 5.86 (0.118) 0.61(0/103)  0.005 0.95
20 65.04 (0.682) 5.43 (0.050) 0.46 (0/041)  0.005 0.93
-0.4 25 44.13 (0.907) 5.50 (0.107) 0.57 (0/091)  0.003 0.94
30 22.61 (0.765) 5.70(0.23) 0.56 (0/0432)  0.001 0.96
35 0 0 0
40 0 0 0
5 31.527(1.222) 8.48 (0.196) 8.48(0.160)  0.005 0.95
10 38.176(1.055) 7.34(0.150) 0.98(0.128)  0.005 0.95
15 39.825(1.202) 6.88 (0.162) 0.82(0.139)  0.001 0.04
20 44.255(0.893) 6.85(0.104) 0.73(0.090)  0.001 0.94
0.6 25 32.631(0.325) 6.55 (0.045) 0.48 (0.037)  0.003 0.93
30 20.143(0.321) 6.53 (0.0321) 0.41(0.030)  0.001 0.93
35 0 0 0
40 0 0 0
5 0 0 0
10 21.07 (0.612) 8.42 (0.145) 0.76 (0.079)  0.001 0.93
15 20.54(0.397) 7.80 (0.908) 0.71(0.078)  0.005 0.94
08 20 22.64 (0.438) 7.71(0.0901) 0.68(0.077)  0.002 0.93
' 25 15.99 (0.260) 7.98(0./773) 0.76 (0.066)  0.001 0.96
30 4.92 (0.101) 6.91 (0.078) 0.38(0.083)  0.002 0.96
35 0 0 0
40 0 0 0

At 1 Sibe Hlae slas 5zl Job sluel i oaalie il daled Jl Sy gun ;> JBwble =) (goul Jouslsy ;0¥
*There was no germination at water potential of -1 Mpa in none of temperatures. Numbers in the parenthesis are the standard error of

mean.
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Table 3- Cardinal temperatures of Geranium robertianum germination based on the dent-like model in different water

potentials
2 ity RNCpI Js St sles 030 Wt (slod Ko 5lo R
Water potential Base Temperature of Optimum ~ Temperature of Optimum Ceiling Adjusted
(Mpa) temperature 1 2 temperature R?

0 112 0.32) 13.83 (0.37) 22.76 (0.41) 35.09 (0.37) 0.99

02 1.73(0.22) 6.90 (0.28) 21.88 (0.42) 35.13 (0.28) 0.98

04 2.13(0.37) 19.92 (0.17) 20.05 (0.25) 35.70 (0.12) 0.97

06 2.98 (0.41) 16.70 (0.36) 21.73 (0.29) 34.28 (0.26) 0.99

08 4.96 (0.28) 10.56 (0.34) 20.63 (0.33) 34.48 (0.44) 0.99

Al o Sl sl sllad ity J51s slacl
Numbers in parenthesizes are the standard error of the mean
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Figure 3- Fitting the dent-like model to determining the cardinal temperatures of Geranium robertianum at various water
potential
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