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Abstract: Weeds can be one of the most severe threats to crop production, especially when they are
widespread and highly adaptable. Part of the adaptive strategy of plants is the ability to germinate in
different conditions. Germination is the first developmental phase of plant life and is fundamental
for its establishment. In this work, the germination of two populations of Datura stramonium L. at
two different sites in Croatia (one cropped, the other non-agricultural) was tested under a wide range
of salinity stress, 4, 8, 12, and 16 dS/m, and pH stress, values 1–9, at two temperature ranges of
15–25 ◦C and 18–30 ◦C. The results show that this species can tolerate high salinity, with a high
number of seeds germinating, even under the highest level of saline stress and especially at higher
temperatures: 21.7% of seeds germinated at 15–25 ◦C and 51.2% at 18–30 ◦C. D. stramonium also
appears to be quite acid tolerant, with a significant reduction in germination only at pH 2, and no
germination only at pH 1. Germination was always higher at higher temperatures, independently
of abiotic stress. Although there were some differences between the two populations in the final
germination percentages, they were similar in their responses to the abiotic stresses.

Keywords: jimsonweed; abiotic stress; germination; salinity; pH

1. Introduction

Weeds are a major concern in agricultural plant production, due to their competition
with crops for water, nutrients, light, and space. In addition, they can be an obstacle to
mechanical harvesting and hosts for pests, while some are toxic and can be harmful to
humans and animals [1,2]. All of these attributes are species-specific, which highlights the
importance of studying individual weed species in order to better understand the specific
problems they may pose to agricultural production and to seek solutions [3,4]. One of
the weed species that can cause great harm to both agriculture and human and animal
health is Datura stramonium (L.) [5–7]. This is an annual species belonging to the Solanaceae
family growing up to two metres in height. It can be branched, has large leaves shading
the soil, and has easily recognizable white trumpet-like flowers, from which are formed
fruits—spiny capsules—containing up to 30,000 dark, kidney-shaped seeds [5,8]. The
origin of this species is disputable and there are many different citations in the literature.
However, most papers claim its probable origins to be the tropical regions of Central
and South America and it is usually found in warm-temperate and subtropical regions.
D. stramonium has become a cosmopolitan weed and can be found in warm regions of
North, Central, and South America, Europe, Asia, Africa, and New Zealand, and in more
than 100 countries. It prefers open fertile fields but can also survive in sandy soils. It can
also be found in abandoned, ruderal sites from sea level to more than 2000 m a.s.l. [5,6,9,10].
The plants are aggressive colonizers of agricultural fields and compete fiercely with summer
crops, such as maize (Zea mays L.) and soybean (Glycine max L. [Merr.]), in many parts
of the world causing substantial losses [11–14]. In addition to the problems it causes in
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agriculture, this species is also known to contain tropane alkaloids, mainly scopolamine,
hyoscyamine, proline, atropine, etc. [15,16]. There are many reports of the harmful effects of
this species if ingested by humans or animals, with potentially fatal outcomes caused by the
aforementioned alkaloids [17,18]. Ingestion may be involuntary, as when parts of the plant
are mixed with other plants; for example, D. stramonium seeds can contaminate different
legumes and enter the diet or they can contaminate cereals that are subsequently ground
to flour and used in different meal preparations [19–22]. Ingestion may also be voluntary,
as this plant was, for centuries, used as a drug due to its hallucinogenic effects [19,23].
Unfortunately, this practice continues even today, adding to the notoriety of this plant
and necessitating stricter controls [21,23–25]. Due to the health-related issues surrounding
this plant, far more studies have been made on its chemical and medicinal properties than
on the problems it can cause in agriculture. D. stramonium has a high invasive potential
that is likely to increase with climate change, as reported in a study on the growth of this
species when exposed to rising CO2 [26]. In addition to increases in atmospheric CO2
concentrations, there are many other factors associated with climate change to consider
which may affect the spread of weed species, such as rising temperatures and variations in
the amounts and patterns of precipitation, increased soil salinisation, and changes to soil pH
levels. High levels of soil salinity induce stress in cultivated crops, negatively affecting their
growth and development [27,28]. Soil salinisation is one of the consequences of low rainfall,
the weathering of native rocks, rising sea levels, and poor agricultural practices, such as
irrigation with high-salinity water. Much of this is a result of climate change and rising
temperatures [29–32]. About 20% of arable land is estimated to be saline or salt-affected
and this could reach 50% by 2050 [33]. Other studies indicate that rising temperatures
in northern Africa and the Mediterranean may increase soil salinity [30]. Alterations
to rainfall patterns as a result of climate change may also alter the soil pH [34], which
can have significant effects on plant growth and development, as it influences substance
mobility and the availability of mineral elements and nutrients. These effects may be
positive or negative depending on a number of variables [35–37]. Given the importance
of understanding the behaviour of D. stramonium and its potential spread due to climate
change, the main aim of this study was to investigate the germination of D. stramonium
seeds at different salinity and pH levels and at different temperatures simulating spring and
summer conditions. Populations of D. stramonium were collected from sites with similar
environmental conditions, but under different types of management in order to determine
whether the latter also influences germination in the test conditions. The agricultural
soil population was collected from Šašinovec, while the undisturbed soil population was
collected from Ivanić Grad (henceforth Ivanić).

2. Results
2.1. Salinity

As Figure 1 shows, germination decreases as salinity levels rise and the trend is much
more accentuated at the lower temperature range of 15–25 ◦C than at the higher temperature
range of 18–30 ◦C (the salinity x temperature interaction is statistically significant, as shown
in Table 1). The final germination percentage (FGP) of the Ivanić population was generally
higher than the Šašinovec population, as can be seen in Figure 2 (the population factor was
statistically different for the two sites) (Table 1). Nonetheless, neither the population ×
salinity nor the population × temperature interaction was statistically significant, while the
salinity × population × temperature interaction was at the limit of statistical significance
(Table 1).

The germination patterns at different salinity levels (Figure 3) show a gradual for-
ward shift in the time of germination with increasing salinity in both populations and
for both temperature regimes, although the shift was more pronounced for the 18–30 ◦C
temperature regime.
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Figure 1. Final germination percentages (FGP) of D. stramonium at different temperature ranges
and salinity levels (data from the two populations were averaged). Vertical bars represent the
standard errors.
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Figure 2. Final germination percentages (FGP) of the two populations of D. stramonium (data from
the different temperature ranges and salinity levels were averaged). Vertical bars represent the
standard errors.
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Figure 3. Germination patterns of the two populations of D. stramonium in different temperature
ranges and salinity levels. The parameters estimated and the measures of goodness of fit are reported
in the Appendix A (Table A1).

2.2. pH

Like salinity, pH was also found to affect the final germination of D. stramonium
(Table 2). At pH 1, none of the seeds in either population germinated, and at pH 2, a little
under half of the seeds germinated, while at higher pH levels, FGP was always around
70–80%. There was also a significant difference in the pH × temperature interactions
(Table 2), with a lower FGP in the range of 15–25 ◦C (Figure 4). Again, the Ivanić population
had a higher FGP than the Šašinovec population, as can be seen in Figure 5. However, there
was no statistically significant difference in the pH× population x temperature interactions.

Table 2. The effects of pH, population, and temperature and their interactions on the final germination
of D. stramonium.

Factors p-Value

pH 0.0000
Population 0.0004

Temperature 0.0009
pH: Population 0.2724

pH: Temperature 0.0473
Population: Temperature 0.1859

pH: Population: Temperature 0.9648

The germination patterns at the different pH levels were very similar within the same
population and temperature regime, except at pH 2, which differed markedly from the
others, especially in the Ivanić population, with a delay in germination (Figure 6).
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It is interesting that this species was generally able to germinate at both very low and
very high pH levels, except when exposed to pH 1.
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3. Discussion

There are very little data in the literature on the effects of salinity stress on D. stramonium
germination. Nevertheless, some of the available data, despite not concerning germination
response per se, provides a useful reference for better understanding the results obtained in
this work [38–40]. Abdel Rahman et al. [39] tested growth and dry mass production at 2.5, 5,
7.5, 10, and 12.5 dS/m plus controls, while Niakan et al. [40] performed similar tests at 2, 4,
and 6 dS/m plus controls. In both studies, the researchers noted a reduction in shoot length
and the fresh and dry weights of the roots with increasing levels of salinity stress. These
results show that salinity tolerance decreases with increasing salinity, which is consistent
with the results for germination obtained in the present work. The authors also found
increased amounts of alkaloids in the plants exposed to salinity stress, which could be this
species’ strategy to survive salinity stress. Besides alkaloids, the accumulation of some
amino acids, such as proline, could also be part of this strategy [38–40]. Although data are
scarce in the literature, there is some information on other species of the Solonaceae family
that can tolerate some extreme salinity levels. Lycium humile, for example, can tolerate
salinity up to 60 dS/m and germinate [41], while some other species, such as Physalis
angulata and Physalis philadelphica var. immaculata, can tolerate up to 40 dS/m [42]. Even
though D. stramonium was not tested under such extreme conditions, given that it belongs
to the same family, it cannot be excluded that it might also be tolerant to such high levels
of salinity.

As with salinity, there are little or no data in the literature on the germination and
growth of D. stramonium at different soil pH levels. Nonetheless, some of the available
data seem to be in accordance with our findings. Demeyer et al. [43] found no differences
in plant growth between pH 5 and pH 7, except for the production of lower amounts of
alkaloids in the aerial parts of plants grown at pH 5. Similarly, Saenz-Carbonell et al. [44]
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found no significant reduction in the root growth of D. stramonium, even at a pH lower
than 3.5. However, they found that at low pH, there was increased production of alkaloids,
especially scopolamine, followed by hyoscyamine. They also noted that the production of
large amounts of these alkaloids increased the mean pH level, which therefore needed to
be readjusted [44]. This behaviour could explain the tolerance of this species to low pH,
which was also observed in the germination tests conducted in our work. Certain other
species of the Solonaceae family also exhibit similar resistance to pH levels, especially lower
values. Seed emergence of both P. angulate and P. philadephica var. immaculata was around
20% at pH 4 [42], while in some cultivated species of this family, such as Capiscum annuum,
emergence can be up to 55% at pH 3 [45]. It is interesting that some of the plants used for
soil remediation, such as Paulownia tomentosa, show little or no germination at pH 4 [46].
Given the results obtained in this experiment, D. stramonium could be considered a species
for soil remediation.

Regarding the different temperature ranges, several experiments [47,48] have shown
that D. stramonium germinates better at high or medium-high temperatures and becomes
stressed at extremely high or low temperatures. This would explain why the germination
percentage in the present study was higher in the higher temperature range. Weeds are also
known to be highly variable between populations, especially those that may co-occur with
arable crops, such as D. stramonium [49,50]. This would explain the differences between
the two populations tested in their final germination percentages and patterns while
responding similarly to the abiotic stresses to which they were exposed. The similarities
in behaviour of the populations also indicate little or no influence of soil management
on germination.

4. Materials and Methods
4.1. Seed Collection

D. stramonium seeds were collected in October 2020 from two different sites in main-
land Croatia, namely Šašinovec (45◦50′59.6′′ N 16◦09’53.9′′ E) and Ivanić Grad (45◦69′44.5′′,
16◦39′81.1′′). The seeds were cleaned, dried at room temperature, then stored in a refrigera-
tor (4 ◦C) until the start of the experiments. The two sites were selected for their relative
vicinity to each other and similar pedo-climatic conditions. The mean annual temperature is
around 11.6 ◦C, the mean annual rainfall is around 917 mm, and the soil pH is in the range
of 6 to 6.5 [51,52]. The two sites differ in their use, the Šašinovec site being agricultural,
while the Ivanić Grad site is undisturbed terrain.

4.2. Salinity Test

For the salinity test, four different levels of salinity were used expressed in dS/m
(decisiemens/metre): 4, 8, 12, 16; the control was distilled water. These levels are similar
to those used by [53]. It was decided to start at 4 dS/m, as this is the level at which the
soil is considered saline [54,55], and then go up to 16 dS/m, which is considered highly or
extremely saline soil [56,57]. The saline solutions were prepared by adding NaCl to distilled
water, and the salinity was determined by measuring the electrical conductivity with a
conductivity meter (XS Instruments COND 80, Giorgio Bormac s.r.l, Carpi, Italy). The seeds
were sown in 9 cm-diameter Petri dishes and the saline solution, or distilled water in the
case of the controls was added until the filter paper on which the seeds were subsequently
placed was fully imbibed. For each salinity level, four replicates of 50 seeds were used under
two temperature ranges. The Petri dishes were placed in climate chambers and exposed
to a 12 h:12 h light/dark photoperiod at 15–25 ◦C to simulate spring temperatures and at
18–30 ◦C to simulate summer temperatures. In each simulation, the lower temperatures
were maintained during the 12 h dark period, and the higher temperatures during the 12 h
light period. The light was a 75 lm/W neutral white light, the standard used in climatic cells.
Germination was monitored every 2–3 days and all germinated seeds were counted and
removed. The experiments were considered finished when all the seeds had germinated or
after 10 days without germination, as proposed by Baskin and Baskin [58].
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4.3. pH Test

To assess the effects of pH on germination, nine values of pH were tested, ranging
from 1 to 9. For the low pH values, HCl was added until the desired pH was reached; for
the high pH values, NaOH was added until the desired pH was reached. All pH values
were measured with a WTW 330 pH meter (WTW GmbH, Weilheim, Germany) at the
standard temperature of 25 ◦C, a similar method to that used in [59]. The experiment was
conducted in the same way as the salinity test, but using different pH solutions instead of
different saline solutions.

4.4. Statistical Analyses

To determine whether there were statistically significant differences in the final ger-
mination percentages (FGP) between the different salinity and pH levels, temperatures,
and populations of D. stramonium, a factorial ANOVA was performed. The assumption
of normality and homoscedasticity was verified before conducting the analysis. Germi-
nation time data were transformed into percentages of germinated seeds and a nonlinear
regression analysis was performed using the log-logistic cumulative distribution function:

GPt = 100/1 + eˆ(s·(log(t)) − log(t50)) (1)

where GPt is the germination percentage at time t, s is the slope at the inflection point, and
t50 is the inflection point corresponding to the time taken to reach 50% germination. All
statistical analyses were performed in the R environment [60].

5. Conclusions

This work brings to light some new and interesting information about one of the
most important weed species in various agricultural production systems. The information
presented here on the germination of D. stramonium under salinity, where this species
exhibited a high level of tolerance, and pH stress, where a significant reduction occurred
only at pH 2, is very important in understanding the behaviour of this species in different
soils. Considering that soil salinization and acidification problems will be enhanced by
climate change, our findings could also be useful in investigating the consequences of these
global changes for the future spread of the species and the problems it could cause for
agriculture, especially with regard to weed–crop interactions. Given that the populations
tested did not differ greatly in germination, it is possible that this species passes easily from
agricultural to undisturbed terrain and vice versa, which could add to its invasive potential.
Knowing the tolerance level of D. stramonium to different abiotic stresses might help farmers
make decisions on the crops or cultivars to be grown in different soils, especially saline or
acidic soils, where this species might outcompete some less tolerant crops or crop cultivars.
Information on germination could also be helpful for the cultivation of D. stramonium for
its medicinal properties. With the tolerance to abiotic stresses exhibited, this species might
be considered for cultivation in degraded areas becoming an additional source of income.
Further experiments are necessary to investigate the response of D. stramonium in its early
growth stages to these abiotic stresses.
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Appendix A

Table A1. Parameters of the log-logistic function for each population, temperature regime, and
salinity level.

Population Salinity Parameter Estimate SE p-Value Lower Limit Upper Limit r2

Ivanić
15–25 ◦C

4 dS/m
s −11.41 0.496 0.000 −12.40 −10.41

1.00t50 4.98 0.043 0.000 4.89 5.07

8 dS/m
s −5.23 0.770 0.000 −6.78 −3.68

0.93t50 6.27 0.190 0.000 5.89 6.65

12 dS/m
s −8.15 0.847 0.000 −9.85 −6.44

0.98t50 7.52 0.103 0.000 7.31 7.73

16 dS/m
s −14.60 4.650 0.003 −23.94 −5.27

0.95t50 10.91 0.171 0.000 10.57 11.25

Ivanić
18–30 ◦C

4 dS/m
s −8.07 4.559 0.049 −17.24 1.09

1.00t50 3.05 0.526 0.000 1.99 4.10

8 dS/m
s −8.23 1.383 0.000 −11.01 −5.45

0.99t50 3.87 0.037 0.000 3.80 3.95

12 dS/m
s −12.34 0.801 0.000 −13.95 −10.73

1.00t50 4.64 0.049 0.000 4.55 4.74

16 dS/m
s −7.59 0.870 0.000 −9.33 −5.84

0.98t50 6.13 0.085 0.000 5.96 6.30

Šašinovec
15–25 ◦C

4 dS/m
s −14.88 0.807 0.000 −16.50 −13.26

1.00t50 5.02 0.052 0.000 4.92 5.12

8 dS/m
s −9.69 0.682 0.000 −11.06 −8.32

1.00t50 5.75 0.032 0.000 5.68 5.81

12 dS/m
s −10.75 0.853 0.000 −12.46 −9.04

0.99t50 7.15 0.077 0.000 7.00 7.31

16 dS/m
s −6.29 1.252 0.000 −8.81 −3.78

0.89t50 11.09 0.398 0.000 10.29 11.89

Šašinovec
18–30 ◦C

4 dS/m
s −5.72 0.787 0.000 −7.30 −4.14

1.00t50 3.02 0.122 0.000 2.78 3.27

8 dS/m
s −5.08 0.502 0.000 −6.08 −4.07

0.98t50 3.88 0.063 0.000 3.75 4.01

12 dS/m
s −13.80 0.671 0.000 −15.15 −12.45

1.00t50 4.79 0.045 0.000 4.70 4.88

16 dS/m
s −11.67 0.913 0.000 −13.51 −9.84

1.00t50 5.97 0.018 0.000 5.93 6.00

Table A2. Parameters of the log-logistic function for each population, temperature regime, and pH.

Population pH Parameter Estimate SE p-Value Lower Limit Upper Limit r2

Ivanić
15−25 ◦C

pH2 s −5.59 0.379 0.000 −6.35 −4.83
0.98t50 6.22 0.080 0.000 6.06 6.38

pH3 s −3.79 0.287 0.000 −4.37 −3.22
0.99t50 3.51 0.075 0.000 3.36 3.66

pH4 s −2.99 0.230 0.000 −3.45 −2.53
0.99t50 2.76 0.110 0.000 2.54 2.98

pH5 s −3.75 0.554 0.000 −4.85 −2.64
0.99t50 2.73 0.182 0.000 2.36 3.09

pH6 s −3.49 0.416 0.000 −4.32 −2.66
0.99t50 2.72 0.153 0.000 2.41 3.02

pH7 s −2.60 0.217 0.000 −3.03 −2.17
0.99t50 2.83 0.135 0.000 2.56 3.10

pH8 s −3.18 0.20 0.000 −3.59 −2.78
0.99t50 3.01 0.08 0.000 2.84 3.17

pH9 s −5.29 0.37 0.000 −6.03 −4.54
0.99t50 4.08 0.05 0.000 3.99 4.17
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Table A2. Cont.

Population pH Parameter Estimate SE p-Value Lower Limit Upper Limit r2

Ivanić
18−30 ◦C

pH2 s −2.04 0.215 0.000 −2.47 −1.61
0.92t50 4.23 0.267 0.000 3.69 4.77

pH3 s −3.48 0.383 0.000 −4.25 −2.71
0.99t50 2.70 0.142 0.000 2.41 2.98

pH4 s −5.43 0.318 0.000 −6.06 −4.79
0.99t50 3.60 0.116 0.000 3.37 3.84

pH5 s −6.61 0.658 0.000 −7.92 −5.29
0.99t50 3.63 0.193 0.000 3.25 4.02

pH6 s −5.73 0.252 0.000 −6.23 −5.23
1.00t50 3.59 0.087 0.000 3.42 3.77

pH7 s −5.89 0.227 0.000 −6.34 −5.43
1.00t50 2.86 0.041 0.000 2.78 2.95

pH8 s −4.26 0.219 0.000 −4.69 −3.82
0.99t50 3.29 0.094 0.000 3.10 3.48

pH9 s −5.36 0.237 0.000 −5.84 −4.89
1.00t50 2.96 0.054 0.000 2.85 3.06

Šašinovec
15−25 ◦C

pH2 s −6.34 0.738 0.000 −7.82 −4.86
0.96t50 5.77 0.113 0.000 5.54 5.99

pH3 s −7.77 0.330 0.000 −8.43 −7.11
0.99t50 4.63 0.036 0.000 4.56 4.70

pH4 s −6.76 0.331 0.000 −7.42 −6.10
0.99t50 4.39 0.033 0.000 4.32 4.46

pH5 s −7.10 0.280 0.000 −7.66 −6.54
1.00t50 4.34 0.023 0.000 4.29 4.38

pH6 s −6.07 0.131 0.000 −6.33 −5.81
1.00t50 4.40 0.017 0.000 4.37 4.44

pH7 s −4.06 0.155 0.000 −4.37 −3.75
0.99t50 4.32 0.042 0.000 4.24 4.41

pH8 s −6.42 0.311 0.000 −7.04 −5.80
0.99t50 4.32 0.031 0.000 4.25 4.38

pH9 s −8.47 0.359 0.000 −9.18 −7.75
1.00t50 4.36 0.022 0.000 4.31 4.40

Šašinovec
18−30 ◦C

pH2 s −3.74 0.369 0.000 −4.48 −3.00
0.97t50 3.88 0.103 0.000 3.68 4.09

pH3 s −7.06 1.032 0.000 −9.12 −4.99
0.98t50 3.28 0.106 0.000 3.06 3.49

pH4 s −4.50 0.692 0.000 −5.88 −3.11
0.95t50 3.70 0.212 0.000 3.28 4.13

pH5 s −6.94 1.392 0.000 −9.72 −4.16
0.99t50 3.65 0.239 0.000 3.18 4.13

pH6 s −7.83 1.313 0.000 −10.45 −5.21
0.99t50 3.55 0.210 0.000 3.13 3.97

pH7 s −5.88 1.113 0.000 −8.11 −3.66
0.96t50 3.60 0.244 0.000 3.11 4.09

pH8 s −4.47 0.360 0.000 −5.18 −3.75
0.99t50 3.69 0.112 0.000 3.47 3.91

pH9 s −9.71 0.716 0.000 −11.14 −8.28
1.00t50 3.04 0.098 0.000 2.85 3.24

References
1. Zimdahl, L.R. Fundamentals of Weed Science, 3rd ed.; Elsevier: Amsterdam, The Netherlands, 2007; ISBN 9780080549859.
2. Radosevich, S.R.; Holt, J.S.; Ghersa, C.; Radosevich, S.R. Ecology of Weeds and Invasive Plants: Relationship to Agriculture and Natural

Resource Management; Wiley-Interscience: Hoboken, NJ, USA, 2007; ISBN 0470168935.
3. Chauhan, B.S. Grand Challenges in Weed Management. Front. Agron. 2020, 1, 1–4. [CrossRef]

http://doi.org/10.3389/fagro.2019.00003


Plants 2022, 11, 3259 11 of 12

4. Walsh, M.J.; Broster, J.C.; Schwartz-Lazaro, L.M.; Norsworthy, J.K.; Davis, A.S.; Tidemann, B.D.; Beckie, H.J.; Lyon, D.J.; Soni, N.;
Neve, P.; et al. Opportunities and challenges for harvest weed seed control in global cropping systems. Pest Manag. Sci. 2018, 74,
2235–2245. [CrossRef]

5. Weaver, S.E.; Warwick, S.L. The biology of Canadian weeds: 64. Datura stramonium L. Can. J. Plant Sci. 1984, 64, 979–991.
[CrossRef]

6. Parsons, W.T.; Cuthbertson, E. Noxious Weeds of Australia—W. T. Parsons, William Thomas Parsons, E.G. Cuthbertson—Google Kitaplar,
2nd ed.; CSIRO Publishing: Collingwood, Australia, 2001; ISBN 0643065148.

7. Breyer-Brandwijk, M.G.; Watt, J.M. The Medicinal and Poisonous Plants of Southern Africa, 2nd ed.; E & S Livingstone: Edinburgh,
UK, 1962.

8. Dave, Y.S.; Patel, N.D.; Rao, K.S. Origin, development and structure of spiny projections on the pericarp of Datura innoxia MILL.
Feddes Repert. 1980, 91, 89–93. [CrossRef]

9. Holm, L.; Doll, J.; Holm, E.; Pancho, J.V.; Herberger, J.P. World Weeds: Natural Histories and Distribution; John Wiley & Sons, Inc.:
New York, NY, USA, 1997; ISBN 0-471-04701-5.

10. CABI. Datura Stramonium. Available online: https://www.cabi.org/isc/datasheet/18006#06AEEF74-731A-4533-B46C-CC473
1C23936 (accessed on 7 June 2022).

11. Hagood, E.S.; Williams, J.R.; Schreiber, M.M. Growth Analysis of Soybeans (Glycine max) in Competition with Jimsonweed (Datura
stramonium). Weed Sci. 1981, 29, 500–504. [CrossRef]

12. Henry, W.T.; Bauman, T.T. Interference between Soybean (Glycine max) and Jimsonweed (Datura stramonium) in Indiana. Weed
Technol. 1991, 5, 759–764. [CrossRef]

13. Cavero, J.; Zaragoza, C.; Suso, M.L.; Pardo, A. Competition between maize and Datura stramonium in an irrigated field under
semi-arid conditions. Weed Res. 1999, 39, 225–240. [CrossRef]

14. Karimmojeni, H.; Rahimian, H.; Alizadeh, H.; Yousefi, A.R.; Gonzalez-Andujar, J.L.; Mac Sweeney, E.; Mastinu, A. Competitive
ability effects of datura stramonium l. And xanthium strumarium l. on the development of maize (Zea mays) seeds. Plants 2021,
10, 1922. [CrossRef]

15. Butnariu, M. An analysis of Sorghum halepense’s behavior in presence of tropane alkaloids from Datura stramonium extracts.
Chem. Cent. J. 2012, 6, 1–7. [CrossRef]

16. Cinelli, M.A.; Jones, A.D. Alkaloids of the genus datura: Review of a rich resource for natural product discovery. Molecules 2021,
26, 2629. [CrossRef]

17. Bouziri, A.; Hamdi, A.; Borgi, A.; Bel Hadj, S.; Fitouri, Z.; Menif, K.; Ben Jaballah, N. Datura stramonium L. poisoning in a
geophagous child: A case report. Int. J. Emerg. Med. 2011, 4, 1–3. [CrossRef] [PubMed]

18. Shebani, A.; Hnish, M.; Elmelliti, H.; Abdeen, M.M.; Ganaw, A. Acute Poisoning with Datura stramonium Plant Seeds in Qatar.
Cureus 2021, 13, e20152. [CrossRef]

19. Friedman, M.; Levin, C.E. Composition of Jimson Weed (Datura stramonium) Seeds. J. Agric. Food Chem. 1989, 37, 998–1005.
[CrossRef]

20. Mutebi, R.R.; Ario, A.R.; Nabatanzi, M.; Kyamwine, I.B.; Wibabara, Y.; Muwereza, P.; Eurien, D.; Kwesiga, B.; Bulage, L.;
Kabwama, S.N.; et al. Large outbreak of Jimsonweed (Datura stramonium) poisoning due to consumption of contaminated
humanitarian relief food: Uganda, March–April 2019. BMC Public Health 2022, 22, 1–10. [CrossRef] [PubMed]

21. Krenzelok, E.P. Aspects of datura poisoning and treatment. Clin. Toxicol. 2010, 48, 104–110. [CrossRef] [PubMed]
22. Disel, N.R.; Yilma, M.; Kekec, Z.; Karanlik, M. Poisoned after dinner: Dolma with datura stramonium. Turk. J. Emerg. Med. 2015,

15, 51–55. [CrossRef] [PubMed]
23. Forrester, M.B. Jimsonweed (Datura stramonium) exposures in Texas, 1998–2004. J. Toxicol. Environ. Health-Part A Curr. Issues 2006,

69, 1757–1762. [CrossRef]
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