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Fig 1. The trend of changes for germination (in petri dish) and emergence (in
soil) of Hordeum spontaneum seeds at different water potentials at growth
chamber temperatures of 15 "C (a) and 25 "C (b)
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Table 1. Coefficients of the fitted sigmoidal model for germination and emergence data of Hordeum spontaneum at
different temperatures and water potentials
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Fig 1: The trend of changes for
germination (in petri dish) and
emergence (in soil) of Lactuca
serriola seeds at different water
potentials at growth chamber
temperatures of 15 'C (a) and 25 'C

(b)

LS b s s T ool 3k
AT o Ol )3 g Ll3gae o
I3 bl a5 il gl bl S
SU Cow Ol Oboj Law e Sy 5 K
s s (F Jpde) S8 8 15 Jlie
<l 68 as e slaesls bl
Mﬁﬁwt{@,\:;uf;bowsz},
g0 43 gae G e Obe§ bow g0 g Ol e
Lo 5 Odd s Ao ys LT ol I
Ao y3 Colg 3 53 Is dme OLd e Ol
AU S Ol Ol Lo e 5 O G
I3 bl a5 il gl bl S

(i) A



e 33 O e S 3550 s S ST O 5,57

ol S ol 5 bales 53 oy (6528 Olii s 5 S5 8l Slaesls ol asls 351, ‘5.1._5}&“ Jes ol 8 Y Jgt
Table 2. Coefficients of the fitted sigmoidal model for germination and emergence data of Lactuca serriola at
different temperatures and water potentials

Sl s R R el z
i ¢ s ) STEUS NS
(o1 Zsla) (ISl 80 Ok R .
Ph-
Temperature Watey o o
0 potential a (%) Xo (Cd)
(MPa)
33 4l
S 0 96.3+£0.55 104044 44.6+0.50
Germination
15 ity -0.045 955413 149£1.03  66.9+1.0
Emergence -0.172 76.5£1.21 14.1£1.18 70.0+=1.8
33 4l
T 0 79.9+0.48 6.6:039  31.7:045
Germination
2 Sty -0.045 77.9+0.42 13.5£044  54.8£0.50
Emergence -0.172 58.3+0.43 12.2+0.58 52.5+0.66
|
S 0 60.9+0.27 574026 32.9+031
Germination
3 Lt -0.045 32.940.15 9.1£031  54.4£0.36
Emergence -0.172 20.0+0.25 9.8+0.9 49.7£1.02

(sl o Sla o :S0Le slael) 5 aciale 68 53 MET) 0 s Ol o sze 5 (B) O s o 53 slaasls uilisls 4 2 o J ool

Table 3. Analysis of variance for emergence percentage (E) and mean emergence time (MET) of two weed

species (mean squares)

035 s a8
a3 Hordeum spontaneum Lactuca serriola

S ilee b7 Olej bomsie OB s oy

S.0.v (1) OA8 jow Ao ys O o O o O3 Lo s

df E (%) MET E MET (day)
(day) (%)
oS
S 2 72 0.4 14 0.96
Block 3
(A8 &b - . ns
U 20080 707 4.7
Planting date (A) 212
B, LT alols - - -
e 11.6™ 40.5 926 21.3
Irrigation interval (B)
2z i1 ok s
e 4 25.6™ 10.6 189 ™ 0.82™
A*B
o
16 28 0.18 81 1.6

Error

Solsgme pte ™ 5t 55) ezl gl 53 Sls g™
** significant at 1% probability level and ™ non-significant
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Table 4: Mean comparison for interaction effect of planting date and irrigation interval on emergence
percentage (E) and mean emergence time (MET) of the two weed species

[ SEX

ST alobs Hordeum spontaneum

s
Lactuca serriola

;..:K@JU

ioati RECRRWSN
Planting date ﬂ:;fﬁ:l’: ’(7) T o e ol hege (D) OAE e ey Ot e Ol Lo st
) MET (da E (%) MET (day)
E (%) y) o y
i 71.7°% 10.6 ¢ 41.3% 14.7°%
1 ii 77.7 15.1b 46.7 15.4
iii 77.3 17.7a 36.3 17.3
i 88.3 13.1¢ 51.7 14.7
2 ii 83.3 16.6 b 56.3 15.0
iii 89.0 18.6a 28.3 16.9
i - - 50.0 15.0
3 ii - - 343 16.5
iii - - 23.0 19.1

.;)u,uwt;\;@,;,,usji:,\gpJpg,fL;b\;d%it:“o,:.u,a,@tf@,uﬁws
* at any planting date and column, the means with the same letter(s) do not differ significantly
g5 sl e lize 313
$ the interaction effect was non-significant
55 Cdn 5 g cam ST ol e s iil 5l i LT dols
Irrigation intervals: 3-day irrigation interval (i), 5-day irrigation interval (ii) and 7-day irrigation interval
(iii)
.sT,.:S_,ZeC,ﬁ.ﬁ:_)l_ga:_;_;_,én—&ﬁ.«‘?}&flf;:)(@'—ﬁr)ﬁ@K@)U)QQT}#.:)A?);Z\‘}Yﬂ c...z\f‘@,l;
The 1, 2 and 3 planting dates for H. spontaneum were in October and November (no third planting date)
and for L. serriola were in March, April and May, respectively.
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Fig 3. The trend of changes for Hordeum spontaneum emergence (%) as plotted against hydrothermal time at two
planting dates of October (a) and November (b) and three irrigation intervals in the field: 3-day irrigation interval
(1), 5-day irrigation interval (ii), 7-day irrigation interval (iii). The points indicate the observed data and the lines

represent the fitted sigmoidal model.
fitted
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Table 5. Coefficients of the fitted sigmoidal model for emergence percentage data of two weed species in the field as plotted against hydrothermal time
at three irrigation intervals and three planting dates

o3 STy

Hordeum spontaneum Lactuca serriola

s .QCG e sl 2 Cv ol Aol Cc&pf_ Aol A:C&uf_ Aol Cv ol Aol A:vrhgfu_ ol Qﬁv%gfﬂ Aol
. Model Irrigation Irrigation Irrigation Irrigation Irrigation N
Planting date coefficients interval ) interval (i) interval (ifl)  interval (i)  interval iy  Lrieation interval (iii)

A 72.8+1.30 78.4+0.85 77.8+0.54 41.2+0.81 46.0+1.08 38.0+1.41

| B 20.0+1.43 23.5+0.98 30.8+0.87 8.7£0.61 15.2+1.4 17.0+1.53
Xo 164.7£1.67 271.4+1.16 384.2+1.02 43.3+0.0 98.8+1.7 143.3£2.12
R? 0.99 0.99 0.99 0.99 0.99 0.98
A 112.0£1.1 97.6+3.96 92.6+1.44 50.8+0.7 56.2+1.2 27.0+0.34

) B 13.9+1.68 28.9+1.80 14.8+0.74 7.5+0.64 15.5¢1.3 19.51.16
Xo 84.6+3.82 181.6+3.23 208.1£0.81 51.7+0.0 94.2+1.7 178.0+1.40
R’ 0.99 0.99 0.99 0.99 0.99 0.99
A - - - 51.1+0.99 35.2+0.9 21.3+0.53

3 B - - - 15.0+0.6 14.8+0.3 10.3+1.19
Xo - - - 150.0+1.0 179.2+1.0 158.4+1.5
R? - - - 0.99 0.99 0.99

Gy o Silam IS Ke) 0o 700 (51 55 3550 (oS 2T 03 Ko 5 e a2 B o) 0k jow 1t A
A: maximum emergence (%), B: constant model coefficient, Xo: thermal time required for 50% emergence (‘C-days-MPa)
e s gy e T Aol (i) 5 (1) (i) ol o
Irrigation intervals: 3-day irrigation interval (i), 5-day irrigation interval (ii) and 7-day irrigation interval (iii)
.(.mmﬁ(,hﬁuu_u&Vtmi.»?_rﬂnvu&»ﬁ%in&&?z(,b_w.ﬂtcvorf\tcdwi%i A Bl b
The planting dates 1, 2 and 3 for H. spontaneum were in October and November (no planting date 3) and for L. serriola were in March, April and May,
respectively.



IFA Olewl VYV dly =Y o)l — ¥ 0,95 « (155 SOyl (S s g5 4 i

100 -
¢ Trigation interval (i)
80 1 o Irrigation interval (ii)
v Irrigation interval (iii)
60 4
g
53
1 5
Be) ol
S
T g
o
0 50 100 150 200 250 300 350
100 1
®  Imrigation interval (i)
%0 | o Tmrigation interval (ii)
v Irrigation interval (iii)
60 1
40 1
20 A a
0 +erancppermiery® , , , ,
0 50 100 150 200 250 300 350

(oot Kl oy IS ) b B T 0
Hydrothermal time (MPa-'C -days)

ang >l S @Sl gles gy ST ele
23S sk e ol S 3y 0s3 0 Gl
D3 dsgha e Say dw LT 4ol Hles
a3 ole il S &l 55 sl Sl
sam ol dloboole 3555 5 LT alod
35 iy 5ol ag slos 3l S S ey
Gl T ol aw a5 ol Ciiigusyl 55 Iy
los cpoysp ole 5y s LT alob
s 685 g slod edgdou 5 ST

Sl Ol &Sl edd 518 s

100
*  [rrigation interval (i)
o Irrigation interval (ii)
80 1 v Irrigation interval (iii)
60 4
40 A
20 A
0 .
0 350

Ol blae p> i (6818 O s o 3 05y F IS
(9)@:;;}4(Jl)wl¢$l§'@)u‘wﬁd_bf&T
Y g0y ES)L;{TWBMJDL‘(C)CJ.HA)‘}
o odalive (slaosls Ll& ey 50 )3111 }11 d g b

Wl ol osls 35 ‘_;Jfri‘w Js b s
Fig 4. The trend of changes for Lactuca serriola
emergence (%) as plotted against hydrothermal
time at three planting dates of March (a), April
(b), May (c) and three irrigation intervals in the
field: 3-day irrigation interval (i), S5-day
irrigation interval (i) and 7-day irrigation
interval (iii). The points indicate the observed
data and the lines represent the fitted sigmoidal
model.
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Fig 5. The trend of changes for soil temperature and moisture at three irrigation intervals (3-day
irrigation interval (i), 5-day irrigation interval (ii) and 7-day irrigation interval (iii)) and different

planting dates (April to August, October, November and March)
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Introduction:

Seed germination and emergence are the key events that determine the success of
a weed species in an agro ecosystem. They are influenced by many environmental
factors such as temperature, pH, light, salinity and moisture (Chauhan & Johnson,
2008). Temperature plays a major role in determining the periodicity of seed
germination, emergence and the distributions of weed species (Guan et al., 2009).
Also, osmotic stress can reduce, delay or prevent germination (Zhou & Deckard,
2005). An understanding of weed development is needed to design effective weed
management programs. A better understanding of the biology of seed germination
and emergence could contribute to the development of weed management
technologies to help counter those undesirable shifts in weed populations. The
hydrothermal time models have been widely applied to describe the germination
responses of seeds to temperature and water potential. This study was aimed to
predict the time and maximum seedling emergence of two weed species, wild

barley (Hordeum spontaneum Koch.) and prickly lettuce (Lactuca serriola L.).
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Materials & Methods:

Different temperatures (15, 25 and 35°C) and water potentials (-0.045 and
-0.172 MPa) in full factorial experiments laid out in a completely randomized
design with four replications were investigated in laboratory conditions. In the
field, two planting dates (October and November) for H. spontaneum seeds and
three planting dates of March, April and May for L. serriola and three irrigation
intervals: once every 3 days (i), once every 5 days (i1) and once every 7 days (iii) for
the two species as full factorial experiments laid out in a completely randomized
block design with three replications were investigated. To express the trend of
changes in the emergence process, hydrothermal time model was fitted and the
base temperature and water potential were calculated. Then, MPa-"C-days required
for emergence was calculated using the base temperature and water potential and
soil moisture and temperature.

Results & Discussion:

The results of the laboratory experiments showed that the maximum germination
percentage for wild barley was 95.9 and 83.7 %, which occurred at 15 and 25°C,
respectively and for prickly lettuce was 96.3, 79.9 and 60.9 %, which occurred at
15, 25 and 35°C, respectively. The highest and lowest emergence percentages of
92.6 and 66.3% in wild barley were recorded at 15°C, -0.045 MPa and 25°C, -0.172
MPa, respectively. These values for prickly lettuce were 95.5 and 20.0 %, which
were recorded at 15°C, -0.045 MPa and 35°C, -0.172 MPa, respectively. Thermal
time required for germination of wild barley at 15 and 25 °C was 43.8 and 65.1
‘C-days, respectively and for prickly lettuce at 15, 25 and 35 °C was 44.6, 31.7 and
32.9 "C-days, respectively. The highest and lowest thermal time required for 50%
emergence of wild barley were 209.6 and 99.8 °C-days, which occurred at 25 "C,
-0.045 MPa and at 15°C, -0.172 MPa, respectively and for prickly lettuce were
70.0 and 49.7 "C-days, which occurred at 15°C, -0.172 MPa and at 35°C, -0.172
MPa, respectively. The results of the field experiment showed that the highest
emergence percentage for wild barley and prickly lettuce was 97.6 and 56.2% that
occurred in November at the 3- day irrigation interval and in April at the 5-day

irrigation interval, respectively. The lowest emergence percentage for wild barley
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and prickly lettuce was 78.2 and 21.3% that occurred in October at the 3- day
irrigation interval and in May at the 7-day irrigation interval, respectively. The
longest hydrothermal time to achieve 50% emergence in wild barley was 384.2
‘C-days-MPa in October at the 7-day irrigation interval and in prickly lettuce was
179.2 * in May at the 5-day irrigation interval. The shortest hydrothermal time to
achieve 50% emergence in wild barley was 84.6 °C-days-MPa in November at the
3-day irrigation interval and in prickly lettuce was 43.3 °C-days-MPa in March at
the 3-day irrigation interval.

Keywords: Water potential, soil temperature, weeds, seed emergence, MPa-"C-days
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