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Abstract

False jagged-chickweed (Lepyrodiclis holosteoides (C.A. Mey.) Fenzl ex Fisch. & C.A. Mey.)
is an invasive weed species distributed in many regions of Iran. Scientific knowledge about
the biology and ecology of false jagged-chickweed is rare. In a series of laboratory experiments, the effect of chilling treatments, potassium nitrate (KNO3), gibberellic acid (GA3),
concentrations, temperature regimes, and sowing depths on seed germination and breaking
seed dormancy of false jagged-chickweed was studied. In two field experiments the phenology of false jagged-chickweed and winter wheat (Triticum aestivum) was also compared.
Chilling treatment for 15 days, a KNO3 concentration of 30 µmolar and a GA3 concentration of 144 µmolar increased germination percentage and germination rate. However, chilling treatment for 15 days did not increase germination rate as well as the KNO3 and GA3
treatments. A quadratic polynomial model predicted that the optimum temperature giving
the maximum germination percentage was 22°C. Seedlings emerged in a range of sowing
depths from 0 to 8 cm, while no seedling emergence occurred at sowing depths greater
than 10 cm. Based on a Gaussian model, the optimum sowing depth was predicted to be
3.9 cm. False jagged-chickweed required higher growing degree days (GDD) for seedling
emergence than winter wheat, while the flowering stage of false jagged-chickweed occurred
earlier than winter wheat. Results achieved in the present study are of interest not only for
studying other life cycle aspects of this species but also as basic information for developing
management strategies.
Keywords: chilling treatment, GA3, growing degree days (GDD), KNO3, sowing depth

Introduction
False jagged-chickweed (Lepyrodiclis holosteoides
(C.A. Mey.) Fenzl ex Fisch. & C.A. Mey.) is a dicotyledonous annual weed. It has a creeping and sprawling
growth habit at its early life stages, while it grows rapidly
and overtops crops such as winter wheat (Triticum aestivum) at the end of its life cycle (Rabeler 1992; Minbashi Moeini 2011). False jagged-chickweed is native to
southwestern and central Asia (Rabeler 1992), however,
it has been introduced into other parts of the world
including Europe, Asia, and the USA (Rabeler 1992;
Minbashi Moeini 2011; Annonymous GP 2020). It is
considered to be a noxious weed species in 46 states of

the USA (Annonymous GP 2020; Annonymous USDA
2020) and Iran (Deihimfard et al. 2018). False jaggedchickweed is one of the invasive weed species distributed in wheat and canola (Brassica napus L.) cropping
systems in many regions of Iran, especially in Karaj and
Shahriar districts (Minbashi Moeini 2011; Deihimfard
et al. 2018). It has a substantial effect on wheat and
canola yield production, so that 17 and 22 false jaggedchickweed m–2 can cause up to 33 and 41% yield reduction in wheat and canola, respectively (Minbashi Moeini M. unpublished data). The yield reduction of crops
might be due to lack of selective and effective herbicides
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for controlling false jagged-chickweed. However, little is
known about the biology and ecology of false jaggedchickweed (Yaghoubi et al. 2011).
Comprehensive knowledge about the biology and
ecology of the life cycles of weed species plays an important role in integrated weed management programs
such as time of herbicide application, type of tillage
system, etc. Seed germination is a key stage in the life
cycle of plant species, such as false jagged-chickweed.
Lack of scientific information about germination traits
of false jagged-chickweed is also an obstacle for obtaining further knowledge about the other growth stages
of this invasive weed species and is important for developing management programs. This basic information about seed germination can be useful for growing
normal weed seedlings in research projects, where we
want to decipher other aspects of weed biology. For instance, growing similar size weed seedlings is necessary
whenever we want to evaluate the response of weeds to
herbicides and crop density. Accordingly, finding the
best weed seed dormancy breaking treatments and optimizing the above-mentioned growth conditions are
very important in weed science.
Many environmental, physical, and chemical factors affect seed germination and dormancy. Seed prechilling, potassium nitrate (KNO3), and gibberellic
acid (GA3) are the most commonly used treatments
for promoting seed germination and releasing seed
dormancy. For instance, it was reported that GA3,
KNO3, and chilling treatments increased the germination percentage of Papaver dubium L., P. rhoeas L.
(Golmohammadzadeh et al. 2015), hoary cress (Cardaria draba (L.) Desv.) (Rezvani and Zaefarian 2016),
muskweed (Myagrum perfoliatum) (Honarmand et al.
2016), and Solanum americanum Mill. (Forte et al.
2019). Seed germination of weed/crop seeds could
also be influenced by temperature and sowing depth,
as reported for many weed species (for instance see
Bakar and Nabi 2003; Begum et al. 2006; Guillemin
and Chauvel 2011; Elahifard and Derakhshan 2018;
Forte et al. 2019). Knowledge of the optimum germination temperature, the optimum time of seedling
emergence, and the optimal sowing depth of false
jagged-chickweed has practical implications in selecting the best tillage time, the appropriate tillage system,
the proper application time of soil applied herbicides
and the suitable crop sowing time. Awareness of phenological development stages of crop and weed species
is also very important for developing optimum timing
of management strategies including the proper application time of foliar applied herbicides to ensure sufficient performance or time of crop harvesting to lead
to a decline in weed seed return to the soil seed bank.
To date, little research has been done to determine
the biological and ecological requirements for seed
germination of false jagged-chickweed. In addition,

little is known about the phenological stages of this
troublesome species. Therefore, the objectives of the
present study were to: 1) find the best chemical (KNO3
and GA3) and chilling treatments on seed dormancy
breaking, 2) determine the optimum germination
temperature, 3) determine the optimal sowing depth
for seedling emergence, and 4) investigate comparative phenological development stages of false jaggedchickweed and winter wheat.

Materials and Methods
Plant material and seed germination
procedure
In mid-July 2017, seeds of false jagged-chickweed were
collected from a winter wheat field in Shahriar area of
Iran (35°40’37’’N, 51°48’29’’E, 1160 meters asl.). Seeds
were collected from about 15 mother plants. The field
had been under winter wheat cultivation for at least
three years. The seeds were stored for two weeks at room
temperature (approximately 25°C) under dry conditions
(relative humidity of 40−50%) until the start of laboratory and field experiments in early September 2017.
As a standard procedure in all experiments, 50 seeds
of false jagged-chickweed were placed on two layers
of filter paper (Whatman No. 1) in 12.0 cm diameter
Petri dishes. The Petri dishes were then saturated with
10 ml of different solutions such as distilled water,
KNO3, and GA3 according to different experiments.
There were four replications per treatment. The Petri
dishes were incubated in a growth chamber under different conditions based on the aims of the experiments.
The growth chamber provided a 16/8-h day/night photoperiod with a photosynthetic photon flux density of
185 µmol · m−2 · s−1. The number of germinated seeds
was counted every day for 21 consecutive days. A seed
was considered as germinated when the radicle was
visible (around 2 mm), then removed from the Petri
dishes. Germination percentage (%) and germination
rate (seed day−1) were calculated by Equation 1 and
Equation 2, respectively (Ranal and Santana 2006;
Ranal et al. 2009).

ik1 Ni
 100, (Eq. 1)
n
seeds in day i;
where: Ni − the number of germinated
 k Ni
 ik1 Nand

percentage
100,
k −Germination
the last time
of germination,
n − the total
Germination rate   in1 i ,
number of seeds in each Petri dish.
Ti
Germination percentage 

N
(Eq. 2)
Germination
rate   k i ,
n  Tmax  Tmini 1
GDD  i 1 
 Ti Tbase ,
 of2germinated

seeds in day i;
where: Ni − the number
k − the last time of
germination, and Ti − day i when
n  Tmax  Tmin 
GDD  
  Tbase , x  c 2 
i 1  were recorded.
the germinated
seeds
Seedling emergence = a 2 exp 0.5  
 ,
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Seedling emergence = a  exp  0.5  
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Effect of chilling, KNO3, and GA3
on breaking seed dormancy
In order to determine the effect of chilling, potassium
nitrate (KNO3), and gibberellic acid (GA3) on breaking seed dormancy of false jagged-chickweed, an experiment with 11 treatments was conducted based on
a completely randomized design with four replications.
The freshly harvested seeds were exposed to chilling
treatments (i.e., in a refrigerator at 4 ± 1°C in the dark)
for 5, 10, 15 and 20 days, GA3 treatments at three different concentrations of 144, 288 and 433 µmolar, and
KNO3 treatments at three different concentrations of
10, 20 and 30 µmolar. Four Petri dishes saturated with
10 ml distilled water i.e., without any further treatment
were considered as control treatment.

Effect of constant temperature
on seed germination traits
In order to determine the optimum germination temperature of false jagged-chickweed, the germination of
seeds was tested at eight constant temperatures: 2, 5,
10, 15, 20, 25, 30 and 35°C. The experiment was based
on a completely randomized design with four replicates i.e., four Petri dishes. The Petri dishes were placed
in a growth chamber at 16/8-h day/night photoperiods using a photosynthetic photon flux density of
185 µmol · m−2 · s−1.

Effect of alternating temperature
on seed germination traits
The influence of fluctuating day/night temperature
on germination of false jagged-chickweed was evaluated. Seeds were incubated at three different alternating temperature regimes including 15/5, 15/10 and
20/10°C (day/night) with 16/8-h day/night photoperiods and a photosynthetic photon flux density of
185 µmol · m−2 · s−1. In addition, a constant temperature

of 20°C with the previously mentioned photoperiod
was evaluated alongside the three alternating temperature regimes. The 20°C temperature was considered as
the control treatment based on our preliminary experiment, where the highest germination was observed.
The experiment was a completely randomized design
with four treatments, and four replications per treatment giving a total of 16 Petri dishes.

Effect of sowing depth
on seedling emergence traits
A pot experiment was carried out to estimate the optimum sowing depth (i.e., the best sowing depth giving
the highest seedling emergence) of false jagged-chickweed. Four similar size seeds were sown in plastic pots
(30 cm height) filled with field soil. The seeds were
sown at 11 depths (0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
25 cm) with a similar distance between seeds. The pots
were placed in a greenhouse at 15/10°C (light/dark)
with 16/8-h day/night photoperiods. The pots were irrigated two or three times a week. The emerged seedlings were counted regularly for a period of up to three
months. The pots were arranged based on a completely
randomized design with eight replications.

Comparative phenology of false
jagged-chickweed and winter wheat
Comparative phenology of false jagged-chickweed and
winter wheat (cv. Pishtaz) was studied in two fields located at Karaj, Iran and Shahriar, Iran, during the growing
season of 2017−2018. Geographical and climatic information as well as soil characteristics of the two locations
are presented in Tables 1 and 2. Both wheat fields were
naturally infested with false jagged-chickweed.
The date of principle phenological stages of wheat
and false jagged-chickweed, including seedling emergence, leaf development, tillering, stem elongation,
booting, flowering (anthesis), fruiting, ripening and

Table 1. Geographical and climatic information of the two fields
Location

Longitude

Latitude

Altitude
[m]

Min
temperature
[°C]

Max
temperature
[°C]

Precipitation
[mm]

Karaj

50°56’27’’E

35°46’23’’N

1,312

−20

40

247.3

Shahriar

51°50’27’’E

35°40’52’’N

1,160

−19

42

224.5

Table 2. Soil characteristics of the two fields
Organic matter
[%]

pH

EC
[dsm–1]

Soil
texture

N
[%]

P2O5
[ppm]

K2O
[ppm]

Karaj

0.58

7.50

4.54

loamy clay

0.012

17

367

Shahriar

0.61

7.30

5.23

loamy

0.024

19

456

Location
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seed shedding was recorded twice a week within three
quadrates (2 m–2) that were placedk randomly.
 Ni
 i 1daily
 100,
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The
minimumpercentage
and maximum
temperatures
n
were collected from the nearest meteorological stations
to calculate accumulated thermal units (GDD, growing
N
Germination
rateGDD
  ik1wasi ,estimated using
degree days).
Accumulated
T
Equation 3 (McMaster and Wilhelm i1997):
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k
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test at the p <i 0.05
1 Ni probability level.
 100,
Germination
n
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tion rate) Germination
of false jagged-chickweed
rate   ik1 i , was described by
Ti model in order to
a quadratic polynomial regression
determine the optimum germination temperature. The
 T determined
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optimumGDD
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using a Gaus in1  max min   Tbase ,


2 Equation
sian model as described
in
4.
2

 xc 
Seedling emergence = a  exp  0.5  
  , (Eq. 4)
 b  


where: a − the maximum seedling emergence (i.e.,
the peak of the bell-shaped curve), x − sowing depth,
c − sowing depth at which the maximum seedling
emergence occurs and b − the slope of the curve around
the inflection points. The curve is bell-shaped and shows
two inflection points around the maximum value. The
regression models were selected through the F-test and
Akaike Information Criterion (AIC) where the model
having the lowest AIC was considered to be the best fitted model. Statistical analysis and plots were made using
R statistical software (R Core Team 2013). The add-on
“agricolae” package was used to separate means using
Fisher’s protected least significant difference (LSD) test
at the 0.05 probability level (R Core Team 2013).

Table 3. Analysis of variance (mean squares) for the effects of
different dormancy breaking treatments (chilling, KNO3, and GA3)
on germination traits (germination percentage and germination
rate) of false jagged-chickweed (Lepyrodiclis holosteoides)
Mean square
SOV

df

germination
percentage

germination
rate

Treatment

10

304.1*

151.7*

Error

33

39.9

1.8

7.9

14.2

CV [%]

*significant at the 0.01 probability level
SOV = source of variation; CV = coefficient of variation

significantly. Germination percentages ranged from
57.5% to 90.5% depending on the treatment (Fig. 1).
The highest and lowest germination percentages
were recorded in the chilling treatment for 15 days
(Chil-15) and control treatment (Ctrl), respectively.
However, there was no statistically significant difference in germination percentage between the
Chil-15, Chil-10, Chil-20, and KNO3 concentration of
30 µmolar (KNO3-30). The GA3 concentrations showed
a similar effect on germination percentage. Even
though there were no significant differences in germination percentages between KNO3 treatments, increasing KNO3 concentration tended to increase germination percentage.
The effects of treatments on germination rate are
presented in Figure 2. The GA3 and KNO3 treatments
significantly increased germination rate, while the
chilling treatments did not affect germination rates except for the Chil-5 and Chil-10 (Fig. 2). The highest

Results
Effects of chilling, KNO3, and GA3
on seed germination traits
One-way ANOVA showed that germination traits
including germination percentage and germination
rate were influenced by treatments (p < 0.01, Table 3).
All treatments increased the germination percentage

Fig. 1. Effects of different dormancy breaking treatments including potassium nitrate (KNO3 concentrations of 10, 20 and
30 µmolar), gibberellic acid (GA3 concentrations of 544, 288
and 433 µmolar) and chilling treatments (Chil. for 5, 10, 15 and
20 days) on final germination percentage of false jagged-chickweed (Lepyrodiclis holosteoides). Different letters indicate significant differences (p < 0.05) between treatments. Bars represent
standard error
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Fig. 2. Effects of different dormancy breaking treatments including potassium nitrate (KNO3 concentrations of 10, 20 and
30 µmolar), gibberellic acid (GA3 concentrations of 144, 288
and 433 µmolar) and chilling treatments (Chil. for 5, 10, 15 and
20 days) on germination rate of false jagged-chickweed (Lepyro
diclis holosteoides). Different letters indicate significant differences
(p < 0.05) between treatments. Bars represent standard error

and lowest germination rates were observed in the
GA3–144 µmol and the untreated seeds (Ctrl), respectively. Even though the GA3 and KNO3 treatments increased
the rate of germination, no clear trend was observed between the concentration and the germination rate.

Effects of constant temperature
on seed germination traits
One-way ANOVA showed that germination percentage and germination rate were influenced by temperature (p < 0.01, Table 4). As the temperature treatment
is a quantitative treatment, a comparison of temperature treatments is incomplete and meaningless. So,
a regression analysis was made to make interpolation
and find the best temperature for germination of seeds.
It was found that the germination percentage followed
a quadratic polynomial trend model over the increasing temperature (Fig. 3). The estimated temperature
providing the highest germination percentage i.e.,

Table 4. Analysis of variance (mean squares) for the effects
of different temperatures on germination traits (germination
percentage and germination rate) of false jagged-chickweed
(Lepyrodiclis holosteoides)
Mean square
SOV

df

germination
percentage

Temperature

7

411.1*

48

32.9

Error
CV [%]

17.7

*significant at the 0.001 probability level
SOV = source of variation; CV = coefficient of variation

germination
rate
26.3*
0.36
14.9
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Fig. 3. Effects of different temperature treatments on germination
percentage of false jagged-chickweed (Lepyrodiclis holosteoides).
A quadratic polynomial model was fitted to the data. The highest
germination percentage was estimated to be 40.75% at 22°C

the optimum temperature for germination, was 22°C
(Fig. 3). The quadratic polynomial model predicted
that germination percentage might be 40.75% at 22oC.
This meant that increasing the temperature from 2 to
22°C increased germination percentage and temperatures higher than 22°C decreased germination percentage of the seeds.
Similar to the final germination percentage, the
germination rate followed a quadratic polynomial
trend model over the temperature levels (Fig. 4). The
quadratic polynomial model predicted that the highest germination rate i.e., 6.1 seeds day–1 might occur at
24.7°C (Fig. 4). It is worth noting that, at the estimated
optimum temperature for germination percentage (i.e.,
22°C), the germination rate was 6.0 seeds day–1, which
is similar to the estimated optimum temperature for
germination rate i.e., 6.1 seeds day–1.

Effects of alternating temperature
on seed germination traits
One-way ANOVA showed that both germination
traits including the final germination percentage and
the germination rate were influenced by alternating
temperature regimes (p < 0.01, Table 5). The highest
germination percentage (76.5%) was observed at the
constant temperature (20°C), while there were no statistically significant differences between alternating
temperature regimes (Fig. 5). As it was observed for
the final germination percentage, the highest germination rate (23.6 seed germination day–1) occurred at the
constant temperature (20°C). The lowest germination
rate was recorded at the alternating temperature regime of 15/10°C (Fig. 6).
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Fig. 4. Effects of different temperature treatments on germination
rate of false jagged-chickweed (Lepyrodiclis holosteoides). A qua
dratic polynomial model was fitted to the data. The highest germination rate was estimated to be 6.1 seeds day–1 at 24.7°C

Table 5. Analysis of variance (mean squares) for the effects of
alternating temperatures on germination traits (germination
percentage and germination rate) of false jagged-chickweed
(Lepyrodiclis holosteoides)
Mean square
SOV

df

germination
percentage

Treatment

3

1066.0*

12

137.8

3.9

22.4

12.9

germination
rate

Fig. 6. Effects of alternating temperature regimes on germination
rate of false jagged-chickweed (Lepyrodiclis holosteoides). Dif
ferent letters indicate significant differences (p < 0.05) between
treatments. Bars represent standard error

Effects of sowing depth
on seedling emergence traits

*significant at the 0.01 probability level
SOV = source of variation; CV = coefficient of variation

Seedling emergence of false jagged-chickweed was affected by sowing depth as it was illustrated in Figure 7.
There was a nonlinear relationship between the sowing
depth and the final seedling emergence so that a Gaussian model was fitted to the data. It meant, increasing

Fig. 5. Effects of alternating temperature regimes on germination
percentage of false jagged-chickweed (Lepyrodiclis holosteoides).
Different letters indicate significant differences (p < 0.05) between
treatments. Bars represent standard error

Fig. 7. Effects of sowing depth on seedling emergence of false
jagged-chickweed (Lepyrodiclis holosteoides). A Gaussian model
was fitted to the data. The highest seedling emergence occurred
at 3.9 cm sowing depth, representing the optimal sowing depth
for seedling emergence

Error
CV [%]

312.4*
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sowing depth from zero to 4 cm increased final seedling emergence, while sowing depths greater than 4 cm
decreased the final seedling emergence. Importantly,
no seedling emergence was observed at sowing depths
equal to or greater than that of 10 cm. The Gaussian
model predicted that the highest final seedling emergence occurred (54.2%, i.e., the a parameter) at the
sowing depth of 3.9 ± 1.4 cm. It meant that the optimum sowing depth for false jagged-chickweed was
around 3.9 cm (Fig. 7).

Comparative phenology of false
jagged-chickweed and winter wheat
The GDD required to reach the seedling emergence for
false jagged-chickweed and winter wheat were slightly
different in both locations (Fig. 8). Overall, false jagged-chickweed seeds needed higher GDD for seedling
emergence than winter wheat, where the GDD for
seedling emergence of wheat (Zadoks 10) ranged from
154 to 160°C d, while it was 186 and 190°C d for false
jagged-chickweed in Shahriar and Karaj, respectively
(Fig. 8). The two-leaf growth stage (Zadoks 12) occurred simultaneously when the thermal unit ranged
from 251 to 263°C d for both species (Fig. 8), meaning
that the growth rate of false jagged-chickweed accelerated and compensated for the delayed seedling emergence. The GDD required to reach the six-leaf growth
stage for false jagged-chickweed was 449 and 460°C d
in Shahriar and Karaj, Iran, respectively. On the other
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hand, the six-leaf stage of false jagged-chickweed occurred when winter wheat was almost at the tillering
stage (Zadoks 21), i.e., the tillering stage of winter
wheat (Zadoks 21) initiated after the GDD reached
420 and 433°C d in Shahriar and Karaj, respectively.
The GDD of winter wheat to reach the third-tiller stage
(Zadoks 23) was registered between 584 and 608°C d
in the two locations. The first detectable node of winter wheat coincided with the development of the first
buds in false jagged-chickweed, when the mentioned
growth stages occurred after the GDD reached 1,150 to
1,180°C d (Fig. 8). Moreover, the GDD of winter wheat
needed to reach the second detectable node stage was
between 1,171 and 1,261°C d in the two locations. The
flowering stage of false jagged-chickweed started much
earlier than winter wheat, where it was between 1,390
and 1,420°C d, while for winter wheat it was found to
be between 1691 and 1736°C d.

Discussion
Effects of chilling, KNO3, and GA3
on seed germination traits
Several studies have examined the effect of environmental and managerial factors on seed germination and dormancy breaking of many plant species, as we did here. Similar to our results, naturally
chilled seeds of Datura ferox (fierce thornapple) had

Fig. 8. Comparative phenological development stages of winter wheat (Triticum aestivum) and false jagged-chickweed (Lepyrodiclis
holosteoides) based on thermal units (GDD, growing degree days) and days after planting (DAP) in the two studied locations, Shahriar,
Iran (A) and Karaj, Iran (B)
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higher germination than non-chilled seeds (Dorado
et al. 2009). Chilling also promoted germination of
other weed species including Cardaria draba (L.) Desv.
(hoary cress) (Rezvani and Zaefarian 2016), Euphorbia
esula L. (leafy spurge) (Foley 2004) and Raphanus raphanistrum (wild radish) (Malik et al. 2010). All three
KNO3 concentrations promoted final germination of
false jagged-chickweed as with previous studies which
showed that various concentrations of KNO3 increased
germination of several species such as Solanum rostratum Dunal (buffalobur) and C. draba (Rezvani and
Zaefarian 2016; Wei et al. 2010). Applying pre-chilling
with GA3 provided the highest germination percentage in Helianthus tuberosus L. (Jerusalem artichoke)
(Puttha et al. 2014). A concentration range of GA3
(288–1,152 µmolar) increased germination of Erica
andevalensis Cabezudo & Rivera (Rossini Oliva et al.
2009). Rezvani and Zaefarian (2016) showed that GA3,
KNO3 and pre-chilling promoted the germination percentage of hoary cress. All the mentioned studies confirm our results.
In contrast to our results, Mighani and Khordostan
(2019) found that GA3 did not promote the germination percentage of false jagged-chickweed. It is worth
noting that Mighani and Khordostan (2019) applied
low concentrations of GA3 (30 and 60 µmol), while
here in this study a higher concentration of GA3 which
ranged from 144 to 433 µmol was used. So, the contrasting results by Mighani and Khordostan (2019)
might be due to the low concentration of GA3.
The obtained results in this study can be used as
basic information for growing similar size false jaggedchickweed seedlings in greenhouse and field studies,
whenever we want to evaluate the response of false
jagged-chickweed to herbicides, crop density, etc. Accordingly, a KNO3 concentration of 30 µmolar and
a GA3 concentration of 144 µmolar were two of the best
dormancy breaking factors among all of the evaluated
treatments, as they increased both germination percentage and germination rate.

Effects of constant temperature
on seed germination traits
The approximated optimum germination temperature of false jagged-chickweed (22°C) in this study
was almost in accordance with the estimated optimal
temperature (20°C) for a seed lot of false jagged-chickweed collected from Alborz province, Iran, where the
maximum germination was 74% (Deihimfard et al.
2018). The difference in final germination of false
jagged-chickweed between the present study and the
study by Deihimfard et al. (2018) is not surprising,
as variability between different seed collections exists
(Marshall 2019). It was also reported that variability in
germination is common among populations and seeds

collected in different years (Andersson and Milberg
1998). As we found in this study, seed germination of
false jagged-chickweed reduced dramatically at temperatures higher than 22°C. Mighani and Khordostan
(2019) reported that germination of a false jagged-chickweed biotype was reduced by up to 50% when
the seeds were grown at 30/21.5°C in comparison with
25/20°C. Also they reported that seed germination of
false jagged-chickweed reduced dramatically, up to
5%, at temperatures higher than 35°C (Mighani and
Khordostan 2019). This means that distribution of false
jagged-chickweed can be limited to temperate climates
and it may not be able to distribute to hot climates. In
addition, the estimated optimum germination temperature allows us to grow false jagged-chickweed seedlings in a greenhouse and thus obtain further information about this species.
Effects of alternating temperature
on seed germination traits
Even though we did not find any differences between
alternating temperatures, Mighani and Khordostan
(2019) reported that the highest germination of false
jagged-chickweed occurred at the alternating temperature regimes of 25/20 and 18/10°C. It is worth noting
that Mighani and Khordostan (2019) did not compare
the constant temperature of 20°C (i.e., the control treatment we used in this study) with the mentioned alternating temperatures. In the present study, the alternating temperature of 20/10°C was the best one among the
alternating temperature regimes considering both final
germination and speed of germination (Figs 5 and 6).
However, in accordance with the results of our previous study, the constant temperature of 20°C caused the
highest germination rate and percentage. These results
are also of great importance for growing the seedlings
of false jagged-chickweed under controlled conditions
such as a greenhouse and a growth chamber. It is worth
noting that seeds of plants never ever are faced with
a constant temperature under real field conditions.
Seeds are exposed to alternating temperatures due to
day-night alternating temperatures in the field and
adapt to conditions allowing them to maintain their
generations in the future. So, the best temperature for
laboratory studies is the constant temperature of 20°C,
while in greenhouse and field studies we suggest the
alternating temperature of 20/10°C.

Effects of sowing depth
on seedling emergence traits
We found that sowing depths greater than 4 cm decreased the final seedling emergence of false jaggedchickweed, so that at sowing depths equal to or greater
than 10 cm seedling emergence did not occur. Our

Mehdi Minbashi Moeini et al.: Germination biology and phenological development stages …

results are in accordance with the results presented
by Mighani and Khordostan (2019) where at 9 and
12 cm sowing depths seedling emergence of false jagged-chickweed were 1.66% and 0%, respectively. Benvenuti et al. (2001) showed that seedling emergence of
20 weed species was totally inhibited at seedling depths
greater than 12 cm. As it was mentioned, the optimum
sowing depth of false jagged-chickweed was 3.9 cm,
while Mighani and Khordostan (2019) showed that the
optimum planting depth for false jagged-chickweed
was 1 cm. The contrasting results might be due to different types of soil used in the present study and the
study conducted by Mighani and Khordostan (2019).
It is worth noting that, seedlings of false jagged-chickweed can emerge easily from soil depths greater than
3 cm (Sarhaddi et al. 2019). In addition, Mirtaheri et al.
(2015) showed that seedling emergence of false
jagged-chickweed was similar in a range of sowing
depths from 0.5 to 4.5 cm. Emergence of seedlings
from a soil depth between 4 and 5 cm, somehow suggests that false jagged-chickweed might be a light
insensitive, i.e., neutral photoblastic species for seed
germination, since any light penetration beyond 10
mm may not be significant (Tester and Morris 2006).
However, it is suggested to evaluate the sensitivity of
false jagged-chickweed seeds to light in further studies. It should be noted that experimental protocols
such as sensitizing seeds to light must be taken into
account to evaluate the sensitivity of seeds to light.
The estimated optimum sowing depth (3.9 cm) can
be used to grow normal and healthy seedlings of false
jagged-chickweed in greenhouses, growth chambers and fields, where we want to study this species
in more detail. In addition, as seedling emergence
did not occur at sowing depths greater than 10 cm,
which implies that deep moldboard ploughing might
(>10 cm) be used as a weed management tool for suppressing seedling emergence, while shallow tillage
might favor seedling emergence. However, it is suggested to test this hypothesis under field conditions
in future studies.

Comparative phenology of false
jagged-chickweed and winter wheat
Despite a delay in seedling emergence of false jaggedchickweed in comparison to emergence of winter
wheat, the vegetative growth rate of false jagged-chickweed was faster than winter wheat in both locations
with the same climate conditions. Accordingly, it
is expected that false jagged-chickweed might have
more potential for obtaining common resources (e.g.,
water and nutrients) than winter wheat. Importantly,
as most of the broad-leaved herbicides such as bromoxynil + 2,4-D (Buctril Universal®) and bentazone +
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+ dichlorprop (Basagran DP®) are used at the two- to
the four-leaf stages of weeds in winter wheat (Zand
et al. 2017), it might be concluded that the chemical
control of false jagged-chickweed must be done before
reaching the early tillering stage of winter wheat i.e.,
before the GDD reached 420 and 433°C d in Shahriar and Karaj, respectively. It is worth noting that the
GDD required for certain growth stages may differ
from cultivar to cultivar as stated by Salazar-Gutierrez et al. (2013). Indeed, from the results it can be
concluded that the flowering stage of winter wheat
coincided with the development of fruit in false jagged-chickweed. Consequently, thanks to acceleration
of the reproductive processes, false jagged-chickweed
seeds could ripen and shed earlier than winter wheat
seeds allowing them to utilize it as an efficient survival mechanism.
As it was mentioned, false jagged-chickweed is
a serious weed species in canola, so it is suggested
to study the comparative phenology of false jaggedchickweed and canola in future studies. This knowledge can allow us to use available herbicides at appropriate times even though the lack of selective and
effective herbicides for controlling false jagged-chickweed in canola is a problem.

Conclusions
To sum up, the results achieved in the present study
are very important not only for studying other life
cycle aspects of false jagged-chickweed but they also
can be applied in developing management programs
of this invasive and problematic weed species. The
chilling treatment for 15 days, KNO3 concentration of
30 µmol and all of GA3 concentrations increased the
germination percentage of false jagged-chickweed. For
promoting seed germination rate, a KNO3 concentration of 30 µmol and a GA3 concentration of 144 µmol
were the best treatments. The results concluded that
false jagged-chickweed seeds can germinate in a range
of temperatures from 2 to 35°C, while the optimum
temperature was 22°C. False jagged-chickweed seeds
can germinate in a range of sowing depth from 0 to
8 cm, while the optimum soil depth was 3.9 cm. These
results can be used for growing false jagged-chickweed
in a greenhouse and filed, whenever we want to decipher other characteristics of this weed species. Importantly, it was found that no germination can occur at a sowing depth greater than 10 cm. Moreover,
false jagged-chickweed seeds required higher GDD for
seedling emergence than winter wheat, while the flowering stage of false jagged-chickweed occurred much
earlier (i.e., at a lower thermal time around 300°C d)
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than winter wheat. Accordingly, as broad-leaved herbicides such as bromoxynil + 2,4-D (Buctril Universal®)
and bentazone + dichlorprop (Basagran DP®) are used
at the two- to the four-leaf stages of weeds in winter
wheat, it might be concluded that the chemical control
of false jagged-chickweed must be done before reaching the early tillering stage of winter wheat i.e., before
the GDD reached 450°C d.
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