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Table 1- Parameters estimates, measures of goodness of fit and properties of statistical distributions used in the hydrotime models for germination of Phalaris
minor, Amaranthus retroflexus and A. blitoides

) . &y gyl &9 cb S
&gl s el Distribution parameters Distribution properties
s ol ydrotime ; B P ] ] e e
Species Distribution et 10 oKa i _.Ft. iRl &r.s RE ojlibisd Sl pMSE  AICe
Location (1)  Scale (5)  Shape (1) Mean Median Mode SD
Phalaris minor Zr_rw.. _ 103.5944.32  -1.20£0.03  0.35£0.02 - -1.20£0.03  -1.20£0.03 -1.20£0.03 0.35+£0.01 0.0877 -265.6
orma
S.,._ﬂ.,w__ 106.64+3.34  -1.52£0.04  0.37+0.03 0.93+0.07 -1.14+£0.02  -1.27+£0.03 -1.55+0.04 0.38+0.03 0.0706 -322.2
eipu
Juds = % "
104.63£3.75  -1.33£0.03  0.28+0.01 - -1.1740.03  -1.2320.03  -1.33+0.04 0.35+0.02 0.0769 -301.3
Gumbel
Amaranthus retroflexus zr_rm_ 20.4641.22  -046+0.01  0.25+0.01 - -0.46+0.01  -0.46+0.01 -0.46+0.01 0.25+0.01 0.0732 -249.9
orma
S_Lﬂu: 20.47+1.09 -0.86+£0.04 047£0.05 1.75£0.21 -0.44+0.01 -0.48+0.01 -0.75£0.03 0.28+0.02 0.0692 -262.8
eibu
el
B 20.62+1.08  -0.56£0.01  0.21=0.01 - -0.44+0.01 -0.48+0.01 -0.56+0.01 0.27+0.01 0.0690 -260.0
um
Amaranthus blitoides zc_r.x, | 75.9943.10  -0.06+0.01  0.42+0.01 - -0.06+£0.01  -0.06£0.01 -0.06+0.01 0.42+0.01 0.0164 -487.2
orma
EL.O.‘”W__ 76.61£2.57  -1.07+0.06  1.26+0.04 2.21+0.24 -0.05£0.01  -0.02£0.00 -1.17+0.14 0.20+0.11 0.0144 -507.9
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el
Gl 76.31+£2.71 -0.19£0.01  0.51x0.01 - -0.10£0.01  -0.01£0.00 -0.7640.06 0.38+0.04 0.0150 -503.8
um




A4 VWA /ol oyl 15l Jlo / ol s Slinios 5 pole

10 e
A ., T § G P08 BT E E:'E_‘_a':'_:ﬁ
[T s il e
S 1'- - F—— mrmrmame
08 e w20 X N N Seeem RN K x
O/ A W T
. ,&'A A a,4T4 A A A A A A A A4
5 ¥ i _
S ’ . . o0 o O O 0
T os ‘_L 2 i 4 _I|_’..J,.J-'
= 7 R ) Ao
8 ,\' ' > - S
] " o
£ os e & e
s | y
o N
vt oy
[
02 l‘,‘l‘ LA
1+ ¥
L
WG o
oo -l
1] 100 200 300 400 500
Imbibition time (h)
Water potential (MPa) ©0 +-02 = -04 &4 -06 0-08
B 1.0 o
ao ¥ @ ¢ 0. —
o T
+ -t -
. -
08 ¢ F w KR X
'_f F e o -® J—
» ’;;4- aet”d & 8 & 8 A Dok =N "4
g J 4 - : = et
% ’14_‘;? ' . ’..::I"II B BB a8 a o
06 ’ 0
£ =f ’m ,f' o
§ !f ! ,-' b
£ LT A
0.4 I 0 2
§ ]f: [ 4
1 ‘o
e ":‘I" /’
X 4
02 BE I
L B
/_' '] "
(A |
00 ol Ty 2
1] 100 200 300 400 500
Imbibition time (h)
Water potential (MPa) ©0 +-02 x-04 A-06 0-08
C 0 — = W8 E AR
- o gl B ==
o B B=¥ et SRBER
O 5o yommt o
O PR =
08 ’ o x AT X X M XK, e X O X M *
f.y K g et
,;&ﬁnﬁniaaanaag_,n_-h-—"a
' 7 !
§ o, . "
= 1 * - = 0 o s
B o8 ."‘-f L K. et D 0booao o
£ P 4 o.P
, ;
5 ,f d # o
B A "
£ A T B
E 04 # 2 L
I £ & i
g o+ 1 oas
‘
S W of =
o )ll'f i Ig
L
f.tf‘*.' ‘,/
U
00 a0
1] 100 200 300 400 500

Imbibition time (h)
Water potential (MPa) ©0 +-02 x -04 4-06 0-08

Sl oo S e iailga (Sloj 690 g ilits O (Gl Jumiliy )0 Y6 (sld )0y (roi Sjailger —) b

(©) Jol5 9 B) Jgwa9«(A) Jloyi malig o s oo
Figure 1- Cumulative germination of Phalaris minor seeds at various water potential and predicted germination time
course based on the Normal (A), Weibull (B) and Gumbel (C) hydrotime models
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Figure 2- Cumulative germination of Amaranthus retroflexus seeds at various water potential and predicted
germination time course based on the Normal (A), Weibull (B) and Gumbel (C) hydrotime models
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Figure 3- Cumulative germination of Amaranthus blitoides seeds at various water potential and predicted germination
time course based on the Normal (A), Weibull (B) and Gumbel (C) hydrotime models
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Abstract

Seed germination has been modeled extensively using hydrotime and hydrothermal time models.
Variation in time to germination arises from variation in base water potential within a seed population
that typically is modeled by a normal distribution. Here, the assumption of normality in the
distribution of base water potential was examined by germinating seed of Phalaris minor, Amaranthus
retroflexus and A. blitoides across a range of constant water potential (0, -0.2, -0.4, -0.6 and -0.8 MPa).
Three statistical distributions of Normal, Weibull and Gumbel were compared to illustrate the relative
variation of base water potential. The results showed that the estimated parameters of the hydrotime
model developed on the basis of Weibull distribution had more certainty than other distributions
(AICc=-322.2 for P. minor, AICc=-262.8 for A. retroflexus and AICc=-507.9 for A. blitoides). Values
of shape parameter suggest that the base water potential is right skewed for three species (A=0.93 for
P. minor, X=1.75 for A. retroflexus and 2=2.21 for A. blitoides). Based on the Weibull hydrotime
model, values of the hydrotime constant and water potential threshold for onset of P. minor seed
germination were estimated to be 106.64 MPa h and -1.52 MPa, respectively, for 4. retroflexus 20.47
MPa h and -0.86 MPa, respectively and for 4. blitoides as 76.61 MPa h and -1.07 MPa, respectively.
Due to the flexibility of the Weibull distribution, this model provides a useful method for predicting
germination and determining the distribution of base water potential.

Key words: Base water potential; Gumbel distribution; hydrothermal time model; Normal
distribution; Weibull distribution
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