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Spotted spurge, a C4 species, is a summer annual weed, introduced to the Golestan province of Iran
in 2006. A series of laboratory experiments were conducted at the Faculty of Agriculture, Ferdowsi
University of Mashhad, Iran, to evaluate the influence of environmental factors on seed germination
of spotted spurge. Seeds germinated over a constant temperature range of 25 to 45 C with a 14-h
photoperiod and at 30 to 50 C in continuous darkness. Seeds germinated at alternating day/night
temperature regimes of 25/15 to 45/35 C, with maximum germination (. 80%) at alternating day/
night temperatures of 35/25, 40/30, and 45/35C. Germination increased from 23.5 to 98% as water
potential increased from 20.6 to 0 MPa (control). Germination was . 85% at sodium chloride
(NaCl) concentrations up to 80 mM, with no germination at 160 mM NaCl. Germination was not
affected by pH, and it was . 95% at pH ranging from 4 to 9. The germination of seeds submerged
in water for a period less than 3 wk was . 60%, whereas no germination was observed after 9 wk of
submergence in water. The results of our study could help to develop effective management strategies
for this species. The results also suggest that spotted spurge could invade most tropical regions of
Iran.
Nomenclature: Spotted spurge, Chamaesyce maculata (L.) Small EPHMA; soybean, Glycine max
(L.) Merr.
Key words: Light, longevity in water, salinity stress, temperature, water potential.

Spotted spurge is a C4 summer annual herb from
the Euphorbiaceae family, and it is native to the
eastern United States (Pahlevani and Akhani 2011).
This weed contains a milky, sticky sap that is toxic to
some animals, and it can cause contact dermatitis in
human and animals (Molinar et al. 2009; Young
2012). Spotted spurge seeds are dispersed by an
explosive mechanism (autochory) in summer, and
those produced in autumn are dispersed by ants
(myrmecochory) (Ohnishi and Suzuki 2008). Wet
seeds are adhesive, hence, they easily stick to animal
feet, bird feathers, human feet, and vehicles and,
thus, are able to disperse widely (Anonymous 2012).

Spotted spurge was collected and reported in the
north of Iran in 2006 for the first time (Nasseh et al.
2006). Soybean fields in Golestan province were
infested by this weed, where it emerged simultaneously
with soybean. Spotted spurge generally has procum-
bent stems, but stems can grow erect when competing
for light with other plants. It reduces crop yield and

interferes with mechanical harvesting. Humidity from
the spotted spurge canopies is transferred to soybean
grains, and therefore, delays their drying process. The
reasons for the spread and survival of the weed in
Golestan province could be its adaptability to local
climate conditions and a lack of efficient herbicides for
its control (Savari-Nejad 2009).

Hope (1982) reported that spotted spurge
contains many of the characteristics required for
the longevity of a weedy plant to survive in
monoculture cropping systems. These characteris-
tics included (1) broad geographic range, (2) growth
adaptability to different temperatures faced within
this range, (3)superiority for mesophytic habitats,
(4) many seeds produced per plant, (5) sporadic
germination throughout the normal growing sea-
son, and (6) dormancy to ensure viable seed
maintenance in unfavorable environmental condi-
tions. Bararpour et al. (1994) reported that spotted
spurge densities of 5, 10, and 50 plants m21 in rows
reduced cotton (Gossypium hirsutum L.) seed yield
by 47, 57, and 85%, respectively.

When a species is introduced to a new area, seed
germination is one of the most critical phases in
plant development because it is when the weed can
compete for an ecological niche and influence the
success of an annual plant (Forcella et al. 2000).
Each plant species requires a specific range of
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environmental conditions for germination (Lu et al.
2006; Singh et al. 2012). The environmental factors
governing seed germination in arable soils are
temperature, light, water potential, and pH (Chau-
han and Johnson 2009, 2010; Chauhan et al.
2006a). However, there is very limited information
available regarding the germination characteristics
of spotted spurge. For instance, Baskin and Baskin
(1979) reported that spotted spurge requires high
temperatures of 30 to 35 C, whereas Hope (1982)
stated the optimum germination percentage at 25 to
30 C.

Spotted spurge has been problematic in current
years in the north of Iran, and no information, to
our knowledge, is available on the biology of this
weed in the climatic conditions of this region. The
information on seed ecology is crucial because it
could help predict the probability of its dispersal in
new areas in Iran, as well as adopt appropriate
management methods for its control. The objectives
of the present study were to evaluate the effects
of constant and alternating temperatures, light,
drought and salinity stresses, pH, and submergence
on germination of this invasive species. This
information provides a biological basis for under-
standing and estimating its invasive potential under
future climate changes.

Materials and Methods

Seed Source. Spotted spurge plants were harvested
from soybean fields of Kordkuy (36u799N,
54u109E) in Golestan province, Iran, with loam
soil during the growing season of soybean in the
summer of 2011. The plants were dried at room
temperature (25 6 2 C) for 7 to 10 d before
collecting seeds, and seeds were cleaned to remove
any extraneous plant or floral material using sieves.
Seed viability and dormancy were tested immedi-
ately after seed collection using 100 seeds in four
replicates. Germination percentage was . 90%,
and there was no dormancy in the collected seeds.
Seeds were stored in paper bags and placed in a
black plastic and kept in the cold room at 4 C until
initiation of the experiment. Experiments were
started in the fall (November).

General Information. Four replicates of 25 seeds
were placed in 70-mm-diam petri dishes on a layer
of Whatman No. 1 filter paper moistened with 5 ml
of distilled water or experimental solutions. Dishes
were placed in sealed plastic bags to minimize water
losses from evaporation. After that, dishes were

placed in an incubator at a constant temperature of
35 C, until otherwise specified. The photoperiod
was set at 14 h. The number of germinated seeds
was counted 14 d after the start of the experiment.
Seeds with a radicle of $ 2 mm length were
considered germinated seeds. The following equa-
tion (Maguire 1962) was used to calculate the rate
of germination:

Rs~
Xn

i~1

Si=Dið Þ ½1�

where Rs is the germination rate (germinated seeds
d21), Si is the number of germinated seeds on day i,
and Di is the number of days after the start of the
experiment.

Effect of Constant Temperature and Light on
Germination. Germination tests were conducted in
incubators set at constant temperatures of 15, 20,
25, 30, 35, 40, and 45 C. Photoperiod was set at
14 h. For germination in complete darkness, the
dishes were wrapped in two layers of aluminum foil,
and germination was counted daily in a dark room
with a safe green light. Fluorescent lamps were used
to produce a photosynthetic photon-flux density of
120 mmol m22 s21.

Effect of Alternating Temperature on Germina-
tion. Seed germination was evaluated at fluctuating
day/night temperatures of 20/10, 25/15, 30/20,
35/25, 40/30, and 45/35 C. Difference between
minimum temperature and maximum temperature
in April to September during recent years in the
region was about 10 C. Photoperiod was set at 14 h,
and it coincided with the higher temperature.

Effects of Drought and Salinity Stresses on
Germination. Germination, as affected by drought
stress, was determined at osmotic potentials of 0,
20.2, 20.4, 20.6, 20.8, and 21.0 MPa, prepared
by dissolving 0, 137.0, 199.0, 246.7, 286.9, and
323.3 g, respectively, of polyethylene glycol (PEG)
6000 in 1 L of distilled water (Michel and
Kaufmann 1973). The effect of salt stress on
spotted spurge germination was determined by
incubating seeds in dishes containing sodium
chloride (NaCl) solutions of 0, 10, 20, 40, 80,
120, and 160 mM.

Effect of pH on Germination. The effect of pH on
spotted spurge germination was studied using buffer
solutions with pH of 4 to 9. Solutions with pH
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levels 4, 5, and 6 were prepared using 0.1 M
potassium hydrogen phthalate, and solutions with
pH 7 and 9 were prepared with 25 mM borax.
Distilled water (pH 8) was used as a control. Buffer
solutions were adjusted to the appropriate pH using
1 M NaOH or 1 M HCl.

Seed Longevity in Water. To investigate the seed
longevity in water, the seeds were kept in 500-ml
beakers containing tap water at ambient conditions
of 25 6 2 C. The water was changed daily. One
hundred seeds were removed from the water every
7 d and placed in petri dishes for the germination
test to study the viability of seeds in water. Viability
of nongerminated seeds was tested with a 1%
tetrazolium chloride solution. Seeds showing a pink
to reddish color were considered viable.

Statistical Analyses. All laboratory experiments
were conducted in a completely randomized design
with four replicates. All experiments were repeated
twice. The experimental runs were not statistically
significant; therefore, the data from the two runs
were pooled before further analysis. Data on the
percentage of germination were transformed before
statistical analysis to ensure homogeneity of vari-
ance. Transformation of data did not improve
homogeneity; thus, ANOVA and regression analysis
were performed on the nontransformed percentage
of germination. The GLM procedure of Minitab
(version 16) was used to assess significant differences
among trials and treatments. Significant differences
among treatment means were identified by the
Fisher’s protected LSD test at the 0.05 level of
significance.

Regression analysis was used to evaluate the effect
of drought and salinity stresses and seed submer-

gence time on germination. Data were fitted to a
functional three-parameter sigmoidal model using
SigmaPlot 2008 (version 11.0). The applied model
was

G~Gmax= 1z exp { x{x50ð Þ½ �=Gratef g ½2�
where G is the total germination (%) at different
concentrations of salt and osmotic potential or
storage time in water, Gmax is the maximum
germination (%), x50 is the concentration or storage
time in water required for 50% inhibition of the
maximum germination, and Grate indicates the
slope.

Results and Discussion

Effect of Constant Temperature and Light on
Germination. Temperature and light both significantly
affected spotted spurge germination (P , 0.001).
Seeds germinated over a temperature range of 25 to
45 C with a 14-h photoperiod and at 30 to 50 C in
complete darkness. As temperature increased, both the
percentages and the rate of germination increased and
reached maximum at 35 C in light/dark and 45 C in
complete darkness (Figure 1).

Hope (1982) reported that the optimum tem-
peratures for spotted spurge germination were 25 to
30 C, and germination began at 15 C. In our study,
seeds started to germinate at 25 C and maximum
germination occurred at 35 C. Temperature is a
good indicator of the time of year, and it is,
therefore, implicated strongly in determining the
timing of germination (Fenner and Thompson
2005). Seed germination of this weed coincides with
the time of soybean seedbed preparation in the
Gorgan region (June and July). In recent years, the
average minimum temperatures in June and July in
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Figure 1. Effect of constant temperatures and light (light/dark and dark) on spotted spurge seed (A) germination percentage and (B)
germination rate. Vertical bars represent standard errors of the means.
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this region have been 21.6 and 24.2 C, respectively
(Table 1). Consequently, the weed adapted itself to
the new climatic conditions in this region.

In previous studies, maximum germination of
other tropical species from the Euphorbiaceae
family, such as wild poinsettia (Euphorbia hetero-
phylla L.), nodding spurge [Chamaesyce nutans
(Lag.) Small], cassava (Manihot esculenta Crantz),
and texasweed [Caperonia palustris (L.) St. Hil.],
also occurred at 35 C (Brecke 1995; Koger et al.
2004; Pujol et al. 2002; Serviss 1998). We also
observed that the germination temperature range of
spotted spurge is almost similar to Amaranthus
species (Ghorbani et al. 1999; Guo and Al-Khatib
2003; Thomas and Wilcut 2006).

The interaction of light and constant tempera-
tures had significant effects on the percentage
(Figure 1A) and rate (Figure 1B) of spotted spurge
germination (P , 0.001). In general, the effect of
temperature on germination was dependent on the
light regime. At the temperature regimes below
40 C, germination was greater (6 to 70%) in light
than it was in complete darkness (Figure 1A). There
was no significant difference in germination
between light regimes at 40 and 45 C. No
germination was observed at 50 C in the light/dark
condition, but 23% germination occurred in dark.
A seed may require light for germination at one
temperature but may not require it at another one.
For example, European white birch (Betula pendula
Roth) seeds require light at low temperatures but
not at high temperatures (Fenner 2000). In
contrast, damesrocket (Hesperis matronalis L.)
germination at cooler temperatures was extremely
low in the light conditions (Susko and Hussein
2008). As spotted spurge seeds require light at low
temperatures, crop residue on the soil surface can

reduce its germination by preventing light penetra-
tion (Ramakrishna et al. 2006), decreasing soil
temperature in the hot season (Jodaugiene et al.
2006) and moderating diurnal fluctuations in soil
temperature (Ghosh et al. 2006).

Varied germination responses to light have been
reported among different weed species. Molinar et
al. (2009) expressed that the spotted spurge seeds
need light for maximum germination. Wild poin-
settia did not require light for germination (Bannon
et al. 1978). Prostrate spurge (Euphorbia supina Raf.
ex Boiss.) germination in darkness was much lower
than it was in the light (Krueger and Shaner, 1982).
Texasweed seeds germinated in light and darkness,
although germination was higher in the light (Koger
et al. 2004).

Effect of Alternating Temperature on Germina-
tion. Spotted spurge seeds did not germinate at an
alternating day/night temperature of 20/10 C, but a
germination of 19.5% was recorded at a day/night
temperature of 25/15 C (Figure 2A). Maximum
germination (. 90%) occurred at alternating day/
night temperature ranges of 35/25, 40/30, and 45/
35 C. The germination rate increased with the
increase in the day/night temperature regimes from
25/15 to 40/30 C, and then declined at day/night
temperature of 45/35C (Figure 2B). Hence, the
rate of emergence is closely correlated with soil
temperatures (Chauhan et al. 2006b).

Spotted spurge germination was greater at high
and alternating temperatures. Because temperature
fluctuations are higher on the soil surface (Fenner
and Thompson 2005), and soil temperature and its
fluctuations reduce with increasing soil depth,
spotted spurge germination is expected to occur
when seeds are on or near the soil surface and
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Table 1. Average maximum (max) and minimum (min) temperatures (C) in the observed region of Gorgan, Golestan Province, Iran,
during 2006–2011.

Month

2006 2007 2008 2009 2010 2011

Max Min Max Min Max Min Max Min Max Min Max Min

Apr 21.4 11.9 19.0 10.6 24.4 12.0 18.6 8.9 19.7 11.2 21.8 11.3
May 26.9 16.0 28.4 15.3 27.4 15.4 26.5 15.9 28.6 16.7 26.5 17.1
Jun 33.5 22.2 31.5 21.4 30.5 20.2 32.6 20.8 35.4 23.1 31.7 21.9
Jul 32.4 24.1 33.0 22.6 33.3 23.7 33.7 24.2 35.9 25.6 36.4 25.1
Aug 36.3 24.0 34.8 24.0 35.1 23.8 30.2 22.0 35.2 24.1 31.7 23.6
Sep 30.6 20.2 31.6 19.8 31.0 20.8 28.7 19.3 31.8 20.0 28.8 19.6
Oct 23.4 12.7 26.5 13.8 24.0 14.6 26.3 14.4 25.1 16.1 22.4 12.9
Nov 18.3 8.0 18.9 8.5 18.1 7.8 18.0 8.6 22.7 8.6 17.9 7.7
Dec 12.1 4.0 13.2 3.1 12.7 3.7 15.6 6.2 18.5 5.6 12.4 2.9
Jan 15.0 3.1 8.1 22.7 12.0 1.8 14.9 4.9 13.3 4.2 12.1 2.6
Feb 13.7 3.4 12.2 2.4 15.0 6.0 12.6 6.0 11.4 3.7 10.1 1.3
Mar 14.8 6.2 22.9 9.1 18.7 7.4 15.7 7.5 15.3 6.0 14.7 4.3
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emerged on bare ground. In addition, temperatures
below a constant 25 C and alternating day/night
temperatures of 20/10 C were not desirable for
germination. Therefore, the distribution of this weed
may be restricted to tropical and subtropical regions.

Effect of Drought Stress on Germination. Spotted
spurge germination decreased from 98 to 23.5% as
water potentials decreased from 0 to 20.6 MPa,
and no germination was observed at 20.8 MPa.
Germination exceeded 80% at water potentials of 0
to 20.4 MPa (Figure 3). These results suggest that
the spread of spotted spurge is possibly restricted to
moist soils because of its inability to germinate
under low soil moisture conditions.

Water stress delayed the onset of germination and
the time to 50% germination increased from 4.3 to

11.8 d when water potential decreased from 0 to
20.6 MPa (Figure 4). One of the factors that control
seed imbibition is the differences in water potential
between the soil and the seeds. The seed imbibition
rate decreases with reducing water potential in the soil
and, subsequently, the germination rate decreases.

Similar to spotted spurge, sicklepod [Senna
obtusifolia (L.) H.S. Irwin & Barneby] (Norsworthy
and Oliveira 2006), garden huckleberry (Solanum
melanocerasum All.) (Zhou et al. 2006), and annual
sowthistle (Sonchus oleraceus L.) (Chauhan et al.
2006a) germination was completely inhibited at a
water potential of 20.8 MPa. Evans and Ether-
ington (1990) found that none of the wetland
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Figure 2. Effect of alternating day/night temperatures on spotted spurge seed (A) germination percentage and (B) germination rate.
Vertical bars represent standard errors of the means.

Figure 3. The relationship between water potential and seed
germination percentage (mean 6 SE) of spotted spurge. Seeds
placed in an incubator at 35 C with a 14-h photoperiod for 14 d.

Figure 4. Effect of water potential on cumulative germination
of spotted spurge seeds.
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species tested could germinate effectively at low
water potentials.

Effect of Salinity Stress. Different levels of salinity
had significant effects on spotted spurge germina-
tion (P , 0.001). Germination at , 80 mM NaCl
was . 85%, and it declined to 36.5% at 120 mM
NaCl and was completely inhibited at 160 mM
NaCl (Figure 5). Seedling growth reduced severely
at salt concentrations . 40 mM NaCl (data not
shown). These results indicate that, at high soil
salinity, a proportion of spotted spurge seeds may
germinate, but they may not grow vigorously. The
germination rate reduced with increasing salinity;
for example, the time for 50% germination (T50)
increased from 4.3 d at 0 mM NaCl (control) to
11.8 d at 120 mM NaCl (Figure 6).

Soils with electrical conductivity of 4 dS m21

(about 40 mM NaCl) are classified as saline soils
(USDA 1954). Salinity affects seed imbibition,
germination, and root elongation. The influence of
NaCl is a combination of osmotic and specific ion
effects (Katembe et al. 1998). NaCl reduces the rate
of seed imbibition by reducing water potential, and
thereby, the germination rate declines. The salinity
tolerance of spotted spurge was similar to garden
huckleberry, with germination of 20% at 120 mM
NaCl and no germination at 160 mM NaCl (Zhou
et al. 2006). However, its germination was more
sensitive than texasweed (Koger et al. 2004),
trumpetcreeper [Campsis radicans (L.) Seem. ex
Bureau] (Chachalis and Reddy 2000), annual
sowthistle (Chauhan et al. 2006a), and silverleaf

nightshade (Solanum elaeagnifolium Cav.) (Stanton
et al. 2012), which had germination percentages of
27, 20, 7.5, and 5%, respectively, at 160 mM NaCl.
Salt stress delayed the onset of germination of
Chinese sprangletop [Leptochloa chinensis (L.) Nees]
(Chauhan and Johnson 2008). The time to 50%
germination increased with increasing NaCl con-
centrations from 0 to 100 mM. The germination
rate of Salsola affinis C.A. Mey. also decreased with
increasing salinity (Wei et al. 2008).

Effect of pH. Spotted spurge germination was not
affected by the tested levels of pH (data not shown).
Germination was . 95% over a broad pH range
from 4 to 10. This characteristic has been observed
in several weed species, such as wild poinsettia
(Brecke 1995), buffalobur (Solanum rostratum
Dunal) (Wei et al. 2009), cadillo (Urena lobata
L.) (Wang et al. 2009), garden huckleberry (Zhou
et al. 2006), and texasweed (Koger et al. 2004). A
broad pH range for germination indicates that pH
should not be a limiting factor for spotted spurge
germination and such a trait would help this weed
species to colonize various habitats.

Longevity of Seeds in Water. Germination of
seeds soaked in water for a period shorter than 3 wk
was . 60%, whereas no germination was observed
after a soaking period of 9 wk (Figure 7). The
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Figure 5. The relationship between sodium chloride (NaCl)
concentration and seed germination percentage (mean 6 SE) of
spotted spurge. Seeds placed in an incubator with 35 C at 14-h
photoperiod for 14 d.

Figure 6. Effect of sodium chloride (NaCl) concentrations on
cumulative germination of spotted spurge seeds.
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nongerminated seeds were not viable. The germi-
nation rate increased after the seeds were submerged
in water for 1 wk. Thereafter, the germination rate
reduced with increasing time the seeds were in water
(Figure 8).

These results indicate that the seed longevity of
spotted spurge is relatively low in water. However,
seeds can be transferred by water and infest other
farms. Irrigation water is an important agent for
spreading of weed seeds. Water dispersal is
frequently blamed for the very rapid spreading of
some invasive aliens (Thebaud and Debussche
1991; Pysek and Prach 1993). Wilson (1980)
found seeds of 77 species in irrigation water, which
disseminated 48,400 seeds ha21 in the sampled
field. Comes et al. (1978) investigated seed viability
of 82 species of weeds and crops after being stored
in freshwater. They reported that 24 species did not
germinate after being stored for 12 mo in water,
whereas 27 species germinated after storage in water
for 60 mo. Leafy spurge (Euphorbia esula L.) and
prostrate spurge germinated 1% after being kept in
water for 60 mo. Creeping bentgrass (Agrostis
stolonifera L.) seeds did not lose their viability after
17 wk of being in water at 20 C, although their
germination percentage was reduced to 46% after
seeds were kept in water for 17 wk at 4 C
(Zapiolaand Mallory-Smith 2010).

In summary, the germination of spotted spurge
seeds occurred at warm temperatures. Determina-
tion of germination time can help to improve the
efficacy of herbicide application, tillage, and other
weed management strategies. It helps to coordinate
seedbed preparation with the cultivation time and
method. Because spotted spurge seeds require light at

lower temperatures, crop residue can reduce spotted
spurge germination. Also, fluctuating temperatures
promoted spotted spurge germination. So, a deep-
tillage operation that buries the seeds might inhibit
germination. Seeds geminated at water potentials less
than 20.8 MPa, indicating that it the weed was
sensitive to water stress. Thus, spotted spurge seeds
are expected to germinate in moist soils. Germina-
tion occurred in salinity below 160 mM NaCl
concentration. However, seedling growth was re-
duced severely at NaCl concentrations . 40 mM.
Therefore, it may be difficult for spotted spurge to
establish in saline soils. Germination was not affected
by pH. Seeds of this species can be expected to
germinate in soils with different levels of acidity.
Because seeds of this weed maintain their viability for
several weeks in water, they can remain viable in
flooded conditions and be dispersed by water safely.
The results of our study indicate that this invasive
weed species can spread by several methods, and it
will be able to invade most of the warm regions of
Iran that have moist soils.

Acknowledgments

We thank Mr. Mohsen Sabokkhiz and Mr. Sajad
Mijani for their great cooperation and Ferdowsi
University of Mashhad for its financial support.

Literature Cited

Anonymous (2012) Spotted spurge. Utah State University
Extension. http://www.extension.usu.edu/weedguides/files/uploads/
Euphorbiaceae.pdf. Accessed December 25, 2012

Baskin JM, Baskin CC (1979) Timing of seed germination in the
weedy summer annual Euphorbia supina. Bartonia 46:63–68

Weed Science wees-63-02-21.3d 4/5/15 07:28:44 508 Cust # WS-D-14-00162

Figure 7. Longevity of spotted spurge seeds in water. Vertical
bars represent standard errors of the means.

Figure 8. Germination rate of spotted spurge seeds stored in
water. Vertical bars represent standard errors of the means.

508 N Weed Science 63, April–June 2015



Bannon JS, Baker B, Rogers RL (1978) Germination of wild
poinsettia (Euphorbia heterophylla L.). Weed Sci 26:221–225

Bararpour MT, Talbert RE, Frans RE (1994) Spotted spurge
(Euphorbia maculata) interference with cotton (Gossypium
hirsutum). Weed Sci 42:553–555

Brecke BJ (1995) Wild poinsettia (Euphorbia heterophylla)
germination and emergence. Weed Sci 43:103–106

Chachalis D, Reddy KN (2000) Factors affecting Campsis
radicans seed germination and seedling emergence. Weed Sci
48:212–216

Chauhan BS, Gill G, Preston C (2006a) Factors affecting seed
germination of annual sowthistle (Sonchus oleraceus) in
southern Australia. Weed Sci 54:854–860

Chauhan BS, Gill G, Preston C (2006b) Seedling recruitment
pattern and depth of recruitment of 10 weed species in
minimum tillage and no-till seeding systems. Weed Sci
54:891–897

Chauhan BS, Johnson DE (2008) Germination ecology of
Chinese sprangletop (Leptochloa chinensis) in the Philippines.
Weed Sci 56:820–825

Chauhan BS, Johnson DE (2009) Germination ecology of spiny
(Amaranthus spinosus) and slender amaranth (A. viridis):
troublesome weeds of direct seeded rice. Weed Sci 57:379–85

Chauhan BS, Johnson DE (2010) The role of seed ecology in
improving weed management strategies in the tropics. Adv
Agron 105:221–62

Comes RD, Bruns VF, Kelley AD (1978) Longevity of certain
weed and crop seeds in fresh water. Weed Sci 26:336–344

Evans CE, Etherington J (1990) The effects of soil-water
potential on seed germination of some British plants. New
Phytol 115:539–548

Fenner M (2000) Seeds: The Ecology of Regeneration in Plant
Communities. Wallingford, UK: CABI. 410 p

Fenner M, Thompson K (2005) The Ecology of Seeds. 2nd edn.
New York: Cambridge University Press. 410 p

Forcella F, Benech-Arnold RL, Sanchez R, Ghersa CM (2000)
Modeling seedling emergence. Field Crops Res 67:123–139

Ghorbani R, Seel W, Leifert C (1999) Effects of environmental
factors on germination and emergence of Amaranthus retro-
flexus. Weed Sci 47:505–510

Ghosh PK, Dayal D, Bandyopadhyay KK, Mohanty M (2006)
Evaluation of straw and polythene mulch for enhancing
productivity of irrigated summer groundnut. Field Crops Res
99:76–86

Guo P, Al-KhatibK (2003) Temperature effects on germination
and growth of redroot pigweed (Amaranthus retroflexus),
palmer amaranth (A. palmeri), and common waterhemp (A.
rudis). Weed Sci 51:869–875

Hope JH (1982) Biology, Control and Spotted Spurge
(Euphorbia maculata L.) in Soybean. Ph.D dissertation.
Knoxville, TN: University of Tennessee. 67 p

Jodaugiene D, Pupaliene R, Urboniene M, Prankietis V,
Pranckietien I (2006) The impact of different types of organic
mulches on weed emergence. Agron Res 4:197–201

Katembe WJ, Ungar IA, Mitchell JP (1998) Effect of salinity on
germination and seedling growth of two Atriplex species
(Chenopodiaceae). Ann Bot (Lond) 82:167–175

Koger CH, Reddy KN, Poston DH (2004) Factors affecting seed
germination, seedling emergence, and survival of texasweed
(Caperonia palustris). Weed Sci 52:989–995

Krueger R, Shaner D (1982) Germination and establishment of
prostrate spurge (Euphorbia Supina). Weed Sci 30:286–290

Lu P, Sang W, Ma K (2006) Effects of environmental factors on
germination and emergence of Crofton weed (Eupatorium
adenophorum). Weed Sci 54:452–457

Maguire JD (1962) Speed of germination-aid in selection and
evaluation for seedling emergence and vigor. Crop Sci 2:
176–177

Michel BE, Kaufmann MR (1973) The osmotic potential of
polyethylene glycol 6000. Plant Physiol 51:914–916

Molinar RH, Cudney DW, Elmore L, Sanders A (2009) Pest
Notes: Spotted Spurge and Other Spurges. Davis, CA:
University of California ANR Publication 7445

Nasseh Y, Joharchi MR, Zehzad B (2006) Two new records of
the genus Euphorbia (Euphorbiaceae) for the flora of Iran.
Iran J Bot 12:78–80

Norsworthy JK, Oliveira MJ (2006) Sicklepod (Senna obtusifolia)
germination and emergence as affected by environmental
factors and seeding depth. Weed Sci 54:903–909

Ohnishi Y, Suzuki N (2008) Seasonally different modes of seed
dispersal in the prostrate annual, Chamaesyce maculata (L.)
Small (Euphorbiaceae), with multiple overlapping generations.
Ecol Res 23:299–305

Pahlevani AH, Akhani H (2011) Seed morphology of Iranian
annual species of Euphorbia (Euphorbiaceae). Bot J Linn Soc
167:212–234

Ramakrishna A, Hoang Minh T, Wani SP, Tranh Ding L (2006)
Effect of mulch on soil temperature, moisture, weed
infestation, and yield of groundnut in northern Vietnam.
Field Crop Res 95:115–125

Pujol B, Gigot G, Laurent G, Pinheiro-Kluppel M, Elias M,
Hossaert-McKey M, McKey D (2002) Germination ecology of
cassava (Manihot esculenta Crantz, Euphorbiaceae) in traditional
agroecosystems: seed and seedling biology of a vegetatively
propagated domesticated plant. Econ Bot 56:366–379

Pysek P, Prach K (1993) Plant invasions and the role of riparian
habitats—a comparison of 4 species alien to central Europe.
J Biogeogr 20:413–420

Savari-Nejad AR (2009) Study on the Biology and Chemical
Control of Spurge Weed (Euphorbia maculate L.) in Soybean
Fields in Golestan Province. MSc. dissertation. Tehran, Iran:
Islamic Azad University, Science and Research. 109 p

Serviss BE (1998) The Biology and Control Spurge (Euphorbia
spp.) in Cotton (Gossypium hirsutum). MSc. dissertation.
Mississippi, MS: Mississippi State University

Singh M, Ramirez AHM, Sharma SD, Jhala AJ (2012) Factors
affecting the germination of tall morningglory (Ipomoea
purpurea). Weed Sci 60:64–68

Stanton R, Wu H, Lemerle D (2012) Factors affecting silverleaf
nightshade (Solanum elaeagnifolium) germination. Weed Sci
60:42–47

Susko DJ, Hussein Y (2008) Factors affecting germination and
emergence of dame’s rocket (Hesperis matronalis). Weed Sci
56:389–393

Thebaud C, Debussche M (1991) Rapid invasion of Fraxinus
ornus L. along the Herault river system in southern France-the
importance of seed dispersal by water. J Biogeogr 18:7–12

Thomas WE, Wilcut JW (2006) Influence of environmental
factors on slender amaranth (Amaranthus viridis) germination.
Weed Sci 54:316–320

[USDA] U.S. Department of Agriculture Salinity Laboratory
(1954) Diagnosis and Improvement of Saline and Alkali
Soils: Agriculture Handbook 60, Washington, DC: U.S.
Government Printing Office

Weed Science wees-63-02-21.3d 4/5/15 07:28:46 509 Cust # WS-D-14-00162

Asgarpour et al.: Spotted spurge germination N 509



Wang J, Ferrell J, MacDonald G, Sellers B (2009) factors
affecting seed germination of cadillo (Urena lobata). Weed Sci
57:31–35

Wei S, Zhang C, Li X, Cui H, Huang H, Sui B, Meng Q, Zhang
H (2009) Factors affecting buffalobur (Solanum rostratum)
seed germination and seedling emergence. Weed Sci 57:
521–525

Wei Y, Dong M, Huang Z, Tan D (2008) Factors influencing
seed germination of Salsola affinis (Chenopodiaceae), a
dominant annual halophyte inhabiting the deserts of Xinjiang,
China. Flora 203:134–140

Wilson RG Jr (1980) Dissemination of weed seeds by surface
irrigation water in western Nebraska. Weed Sci 28:87–92

Young K (2012) Managing Spurge in the Landscape, Garden
and Turf. University of Arizona Cooperative Extension.
http://www.cals.arizona.edu/pubs/garden/az1572.pdf. Accessed
January 1, 2013

Zapiola ML, Mallory-Smith CA (2010) Soaking time and water
temperature impact on creeping bentgrass seed germination.
Weed Sci 58:223–228

Zhou J, Tao B, Deckard EL, Messersmith CG (2006) Garden
huckleberry (Solanum melanocerasum) germination, seed
survival, and response to herbicides. Weed Sci 54:478–483

Received October 18, 2014, and approved January 21,
2015.

Weed Science wees-63-02-21.3d 4/5/15 07:28:47 510 Cust # WS-D-14-00162

510 N Weed Science 63, April–June 2015



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


