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Table 1. Mean squares of temperature effect on germination traits of London rocket seed

solilax o

Mean of squares il yo oSilo

reigle grecof  SETRer  Gidhroen wab, b wdldd el b el 5o
S.0.V freedom ~ C¢rmination  Germination Radicle Hypocotyle  Seedling Seedlir}g
percentage rate length length length fresh weight
Temp:;ature 5 39.01% 0.1471 = 1.312%* 4.175% 8.376* 0.2831s
Error s 15 11.09 0.0023 0.0104 0.1006 0.198 0.1501
o po e )d
R - 9.17 4.06 14.72 10.75 14.31 0.031
C.V (%)

** Significant at 1% 7.

V sl mlaw o )L)GZM**

G Sl Ld Giallsr Sleogad n Lo SISl anslie ¥ Jgax
Table 2. Mean comparison of germination traits of London rocket seed

a>,0) Lo

&5 wlyz Sy

el o A s azyady; Job azadle Job azlS Jsb amlS 5 o
R AT (g 52 S (raskeo) (askeo) Grasheo) 5
Temperature ~ Germination  Germination rate . . .
. Radicle Hypocotyle  Seedling length ~ Seedling fresh
()] percentage (number/day) .
length (mm)  length (mm) (mm) weight (g)
10 6d 1.062 b 2.25be 6.75b 9.0 be 0.0011 a
15 18.75¢ 1.115ab 3.42 abc 9.0 ab 12.42 ab 0.0012 a
20 39b 1.167 ab 449 a 10.19a 14.68 a 0.0015 a
25 48 a 1.257 a 4.29 ab 10.09 a 1438 a 0.0015 a
30 33b 1.109 ab 1.94c 323¢ 517 cd 0.001 a

35,105 2,3 O eha 50 Sl (ygel el 5 K0S b gl sime BB (g o 10 S iie Bgy> (5]l slae
Means with same letters do not have significant differences with each other based on Duncan’s Multiple

Range Test (p<0.05).
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Fig. 1. Predicted (lines) germination rate of London rocket at different constant temperatures using
Intersected-line (a), Dent-like (b) and Quadratic polynomial (¢) models.
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Table3. Cardinal temperature of London rocket seed based on three non-linear regression models

Model Jss
Temperature (C) cblies Jash_} b ““fm Y ke leler =
Intersected-lines Dent-like Quadratic polynomial
4L Base 5.83 6.04 5.70
4t Optimum 22.80 23.96-24.80 22.42
ey Maximum 3791 38.12 38.29
o o y2 R adjusted 0.92 0.92 0.81
tas Slayo (2uSke ;3 RMSE 0.14 0.22 0.22
oy e og TAY 9 /AT L /AY ClT 4 Y Ao S el oals ool (LAY Jgux (o 4 jab Lo
iale Jus)ls slales o5l o Joo op e pblie bolhs sl Jue ;o sl dlupw Sle
5 Slalew wib o ablite bghs Jow &l aS> N CS A Y Ay Glaleas g aibe glais
olwss ablite bghas o sl Jas 51 (V- +8) o Ko P e s el Caws a4 YV 5 o/VY

Cicer ) o455 ol5 ol jow 3l ow slp asle Slbezaiz 5wl Glais ablite bghs sl Jow



e yalaS B § ppide 0y b youd Juo 9 (F34iler JUo )l slales i 105500 g (b, Sgiligs

32 Sl o) st 2Ulg Woe egadas
5o sladle copse o ol Jewily 5 Lo e
o 5 sl dle Copae o ol Hleoy)lS
Gl ands slaJoe dnwg o azalS ad e ()l
e ladile idl Copse Glagians JoSe a5
Silsz 5l 2T e Sl Sl Lo e
O ety i @ 5 eladile (0l s
OhKes g Lo)3) S o S5 a5 4
b by @is sl 2 mbsyaes Joe (Yoo
Pl s el ol Jeily 5 by,
YAYIYA 5y @ wgadw a0 YYIVA gleo
55 Sysly JKblEe VA 5 cels JSubiSe
Tobm )3 Sidilez Sy | patlh g ane oo
FoS o pe pl 4z 0 g adl e (S i it
Wibos (Fialsr S (092 S oaims lad Bk
Bl g pliale YY TSl 5 guse )
cle ol Gl @bg0ee oo 4 azg L (VoNF
Ay gy o b gl 55148 (Sas St s 550
Sty ol o 5o Gile (0l 45 055 e (S i

2o ke JSie H525 sl L

Sl ailbiwl) b of Jewily (obg,oun ool
oo o gl iS5l L (Gl g5yd Gl
JSbEs YAFIYA (55 4y gendes 42,0 YY/TA
b ool Joe il g JSbEe - VA 5 sl
S blie yo (Al Sialex S sbesls 4
mUgyae Jow as ol lis oads e Siale>
slaosls 4 (owlio B3lp 5l Jloy @iy 2 (e
@ a2y bl o3g Jloye3 p G iS5 Sjalse
S S g 5e e nl Gl mbo s oy
35 (g s Gy Mg g o] L lagpliul 41T a8
135S sla liwl i 0 ean] o j,e dale cpl aS
el il JSKine

3 Integrated Weed Managment
4 Cardoso and Bianconi

g oolaiwl Bglaie sloges o Ly o (arietinum
e 2 S Jae oy a1y wile plais Jas
QUize (Fp oS (Byme olS (pl Gab e
Sl Siailer St e 1y asle Glais slo Jow
Hordeum ) o4 «(Cardaria draba L.)
H. murinum ) _ise9> o (spontaneum Koch.
(VY s 5 cns) wlaisls caslis (L.

@ Jby mis sles p mUgyaee Joo aslsl )
slodenily ;o &b i Sl ao)s slacsls
clos 1 JSblEe /A 5 —+/F =+ /F Y Lo
JS8) al eols i3l w4z 0 YY/AS ag
Uy Sl (Jloj mbgynma Joao el oV
Erd slp o Jeuily alinh) al of Jeuily
az,0 YYIVA les jo &b iS4 (Gl
5 cele JSLEe YAFIYA o 4 usemdes
5 > Sluye (oSl Jdz g JSWLKe -V/VA
35810 180 5 1 ¥V i 4 Joe 0l e o
W5 T (S3ilex Gl maligaes Joe jloslinnl b ad
Jogl= (Melilotus  officinalis)  yudlols alS
& (Triticum aestivum) 33 4 (Secale cereal)
wolpo ol flis bl a5 sl oul seoS Cugb,
s PAAF AYITD i b 4 4565 dw ol (ol mabg,0un
5 e Geds byl sl o el JLIE $1/Y
itz S Bae > ifly Giwlyr S foges
T 86,008 g plin o) al oolatul ool o ies
3R I CIAY [PV [RCOWRIPVRUUR SNSVIV-IN 4 R
30 MBly Saler S glaosls 4 Ja> oole Juws
Jowe as ol flis ool gt Siailex S hlie
@ olbie Al 5l Jlep @8 2 e by
Cwl 00g Hlojet Al LSS Siailex sleesls
(s

s e 00Vl 20 b ol Lshas o
S oo (n e b Sl pe (:S0le 32 (0 %S
&b S redile Sl Juo)lS glales (s
odd oyglp diiiy g dg ieS oo il o
4z YYAN 5 YYA- BIAY 5 4 Joe ol bass

! Hoseini
2 Alimagham and Ghaderifar



£\

1¥RQ / Jgl o lous [ i Jlw [yl ! 50 s gy

1.00
0.80

]
4y S 0.60

0.00

E

JEPCS R e 4

Cumulative germination firaction

y _ 1.00 -0.2 MPa
& g
e
: / 4 S 0.60
b adl S E
— & ‘5 ?D 0.40
& - )
| of {2 0
i E
T T | 6 0.00
O ilo 236 300 400 500 100 200 300 400 500
[ DY ' e/l
Time/hour Time/hour
- 1.00
-0.4 MPa s -0.6 MPa
- E 0.80
i s
1 e § E 060
5 -~ 4y 3 0.40 ¢y~ -
. ED
/ 5. 2 f‘
L = P> 4
. < Y = 0.20 >~
o : &5
T - T T T 1 8 0.00 T = T T 1
0 100 200 300 400 500 100 200 300 400 500
cela/Ole ol Ol
Time-hour Time-hour
= 1.00
2 -0.8 MPa
Lg 0.80 -
1z
§ 5 0.60 -
2 g
:'E) ?D 0.40 -
53' 2
E 0.20 <
E
5 0.00 T T ]
0 100 200 300 500
Sl ka3
Time/hour

«.ri"j‘)f ‘Ja9‘|°5 g o oanlive )i°u‘° bl JL“)‘ &5 sl x Cl’ )’"“5l> BRY @}“‘9? )“5 6“"""‘5 4 MUS)‘*:-" [Tt ui’}‘)? -y JS"‘:'

TRy QL....\ 1) Ll « Mbb"\:ﬁ'“’ J_x‘,

Fig. 2. The fitted hydro time model to germination fraction of London rocket seed based on normal
distribution. Dotes represent observed germination and lines represent fitted models.
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Extended abstract

Introduction: London rocket is an important winter annual weed of the mustard family (Brassicaceae),
which is propagated by seed. Germination of a seed population in response to water potential reduction is
modeled using the concept of hydro time. This model has outputs that are physiologically and ecologically
meaningful. One of the presumptions of the Hydro time model is the normal distribution of the base water
potential among the seed population.

Materials and methods: In order to quantify the germination characteristics and determine the cardinal
temperature of germination of London rocket (Sisymbrium irio L.), an experiment was done in 2018 at
Science Research Branch, Islamic Azad University, Tehran, Iran. The seeds were placed at constant
temperatures (5, 10, 15, 20, 25, 30, 35, 40 and 45 °C). Germination percentage, germination rate, root length,
shoot length, seedling length and seedling fresh weight were evaluated. Intersected-lines, dent-like and
quadratic polynomial models were used to determine cardinal temperatures. London rocket seed germination
was tested across a range of water potential (0, -0.2, -0.4, -0.6 and -0.8 MPa) at the optimal temperature of
22.80 °C. The hydro time model, based on the normal distributions was fitted to data.

Results: Results showed that seed of London rocket did not germinate at temperatures of 5, 35, 40 and
45° C, and 25° C was the best temperature for seed germination (48%). The longest root length (4.49 mm)
was observed at 20°C, which did not have significant differences with temperatures of 15 and 25 °C. The
longest shoot length (10.19 mm) was obtained at 25 °C and there were not any significant differences among
this temperature and temperatures of 15 and 20 °C. Similar trend with the trait of root length was observed
for the trait of seedling length. The best model for estimating the cardinal temperatures in London rocket was
intersected-line model with respect to coefficient of determination and mean square error. According to the
intersected-lines model in London rocket, the minimum, optimum and maximum temperatures were
calculated 5.83, 22.80 and 37.91°C. According to the hydro-time model based on normal distribution, the
hydro-time constant and the base-water potential (which is a threshold for germination beginning) of London
rocket degree were 284.28 (MPa/h) and -1.18 (MPa) at 22.80 °C, respectively.

Conclusions: Knowledge of germination and emergence of weeds also helps to predict the potential
distribution to new habitats. The obtained coefficient of determination (0.94) between observed germination
and predicted germination showed that the hydro time model based on normal distribution fitted well to
germination percentage of London rocket seed. Due to the low hydrotime coefficient of this weed and the
drought problem that most provinces face, it is expected that this weed will become more problematic in
most provinces of Iran in the future.

Keywords: Germination rate, Hydro time constant, Intersected-lines Model, Root mean of squares of error

Highlights:
1- The best temperature for germination of London rocket seed is 25 °C.
2- The best model for estimating the cardinal temperatures in London rocket is intersected-line model
3- The hydro-time constant and the base-water potential of London rocket degree based on normal
distribution are 284.28 (MPa/h) and -1.18 (MPa) at 22.80 °C, respectively.
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