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Seed germination and seedling emergence of Gundelia
tournefortii L. in response to some environmental factors
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ABSTRACT

Gundelia tournefortii has long been considered a valuable me-
dicinal and edible plant in the Mediterranean areas. Seeds are
the main means through which G. tournefortii can propagate in
space and in time. The aim of this experiment was to evaluate
the impact of environmental factors on seed germination of this
wild medical and food plant. In this study, we investigated the
germination and emergence responses of seeds of G. tournefortii
collected from Kamyaran and Sonqor in western Iran to the
environmental factors of light, temperature, salt stress, water
potential, and sowing depth. The results showed that the opti-
mal temperature for germination was 20°C, with a maximum
germination percentage of about 70% for both populations. In
general, the two populations responded to the tested factor(s)
similarly. Light was not required for germination of G. tourne-
fortii. The species was tolerant to water stress (germinating more
than 50% under water potential up to -1.0 MPa), while sensitive
to salt stress. More than 50% of the seedlings of G. tournefortii
were able to emerge from depths more than 12 cm. According
to the results, rain-fed fields located in the western parts of Iran
are suitable for the planting of G. tournefortii.

Key words: water potential, salt stress, sowing depth, seedling
emergence.

Gundelia tournefortii es considerada como una valiosa planta
medicinal y de alimento en las zonas mediterraneas. Las se-
millas son el principal medio por el cual G. tournefortii puede
garantizar su permanencia en el espacio y en el tiempo. El
objetivo de este estudio fue evaluar el impacto de los factores
ambientales en la germinacion de las semillas de esta planta
medicinal silvestre. En este estudio, investigamos las respuestas
de germinacion y emergencia de semillas de G. tournefortii re-
colectadas en Kamyaran y Sonqor, ubicadas en el oeste de Irdn,
a los factores ambientales de temperatura, luz, estrés salino,
potencial osmoético y profundidad de siembra. Los resultados
mostraron una temperatura 6ptima de 20°C con un porcentaje
maximo de germinacién de aproximadamente 70% para ambas
poblaciones. En general, ambas poblaciones respondieron de
manera similar a los factores evaluados. La luz no se requiri6
para la germinacion de G. tournefortii. Las plantas fueron tole-
rantes al estrés hidrico (germinando mas del 50% bajo potencial
hidrico hasta -1,0 MPa), mientras que fueron sensibles al estrés
salino. Mas del 50% de las plantulas de G. tournefortii pudieron
emerger de profundidades de enterramiento de mds de 12 cm.
Acorde a los resultados, los campos de secano ubicados en la
parte occidental de Iran son favorables para la plantacion de
G. tournefortii.

Palabras clave: potencial hidrico, estrés salino, profundidad
de siembra, emergencia de plantulas.

Introduction

Gundelia tournefortii L., native to western Asia (Lev-Yadun
& Abbo, 1999), is a well-known edible and important
medicinal wild plant from the Asteraceae family (Vitek et
al., 2017). It is a native plant that grows naturally in some
regions of Iran, particularly in the rangelands of the west-
ern part (Karimzadeh et al., 2023).

This wild species has been used to treat a wide range of
diseases (Abu-Lafi et al., 2019; Han et al., 2022; Keskin et
al., 2022). The compounds found in G tournefortii have
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several pharmacological effects (Dastan & Yousefzadi,
2016; Hani et al., 2024). Furthermore, the flowers, leaves,
seeds and stems of G. tournefortii are used as food sources
(Konak ef al., 2017; Sarag et al., 2019).

Nevertheless, multiplication of this medicinal plant in
vitro and in vivo is challenging as its seeds are dormant
and need specific conditions to break dormancy and to
germinate (Mattana et al., 2022). Seed germination is one
of the most important steps in a plant’s life cycle, and the
transition from seed to seedling is a crucial event (Rajjou
et al.,2012). Temperature, light, moisture, salinity, and soil
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burial depth are the main environmental factors affecting
seed germination and seedling emergence (Mattana et al.,
2009; Nosratti et al., 2017).

Globally, seed germination and early growth of seedlings
are negatively affected by environmental stress factors,
especially drought and salinity (Llanes et al., 2016). These
stress factors inhibit plant growth and reproductive
development, leading to substantial reductions in crop
production (Nosratti ef al., 2023). Among environmental
factors, temperature has a major role in determining the
periodicity of seed germination and the distribution of the
species (Guan et al., 2009).

Seed culture is a cost-effective substitute for commercial
propagation methods and is now extensively used for the
commercial propagation of a wide range of plant species,
e.g, medicinal plants (Chen et al., 2016). Nevertheless, the
propagation of medicinal plants by seeds could be affected
by numerous abiotic factors such as temperature, light, salt
stress, and pH (Elhindi et al., 2016; Hesami et al., 2018;
Murch et al.,2004).

There is little research on the effect of environmental fac-
tors on G. tournefortii seed germination. A better under-
standing of the effect of these factors on seed germination of
G. tournefortii is required to create a better environmental
situation for its cultivation as well as its propagation under
controlled conditions. Hence, the aim of this research was
to study the impact of temperature, light, burial depth,
moisture, and salinity on the germination and seedling
emergence of G. tournefortii.

Materials and methods

Site and seed description

Mature secondary capitula, hereafter “capitula”, of two
populations of G. tournefortii were harvested from nearly
600 plants growing in pastures in Sonqor County (34°46'58”
N, 47°35'54” E), Kermanshah province, Iran, and Ka-
myaran County (34°47°43” N, 46°56’12” E), Kurdistan
province, Iran, during June 2022 (Tab. 1). Capitula were
considered mature when the plants of G. tournefortii had
turned yellow and completely senesced. All tests in the
present research were conducted using the seeds of both
populations of G. tournefortii (Sonqor and Kamyaran
populations).

Because of the low germination percentage observed
in preliminary tests (lower than 20%), the fruit com-
plex (i.e., the secondary capitulum or disseminule) was
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manually removed, leaving only the seed coat, which is a
thin, papery layer surrounding the embryo (Hind, 2013).
For both populations of G. tournefortii, the 1,000-seed
weight and 1,000-capitula weight were about 110 and 240
g, respectively.

TABLE 1. Precipitation and average daily air temperature of the study
site during the growth season of Gundelia tournefortii in Songor and
Kamyaran (Iran) in 2022.

Precipitation (mm) Temperature (°C)

Month Sonqor Kamyaran Sonqor Kamyaran
March 120 93.5 6.0 10.5
April 89.1 61.1 1.2 13.3
May 63.5 93.3 17.5 21.3
June 32.2 41.0 21.5 25.0

Germination test procedure

Five replicates of 20 seeds of G. tournefortii were put in 9
cm diameter Petri dishes containing two sheets of filter
paper (Whatman No. 1, Maidstone, UK) moistened with
9 ml of distilled water or treatment solution. All Petri
dishes were firmly wrapped with clear parafilm to reduce
evaporation and then placed in a germination chamber
(JAL TEB, model 200L) under a constant temperature of
20°C. The recording of germinated seeds was done when
the radicle appeared (2 to 3 mm), and the measurement of
this variable continued daily for two weeks.

Effect of light and temperature on germination

Constant temperature treatments during seed germination
consisted of 10, 15, 20, 25, 30, and 35°C under light/dark
or continuous darkness. To apply the light treatments,
Petri dishes with G. tournefortii seeds were sealed with
transparent polyethylene bags, while the dark treatments
were wrapped in aluminum foil. The light intensity in the
germination chamber was 150 umol m™ s using fluores-
cent lamps.

Effect of salinity on germination

Seeds of G. tournefortii were exposed to six levels of salt
stress using solutions containing 0 (control), 4, 8, 16, 32,
64,128, and 256 mM of sodium chloride (NaCl) (Payamani
et al., 2018). Treated seeds in Petri dishes were germinated
under conditions described in the procedure for the ger-
mination test.

Effect of water stress on germination

The effect of different water potential on seed germination
of G. tournefortii was assessed by incubating seeds in poly-
ethylene glycol (6000) solutions with osmotic potentials of
0.0 (distilled water), -0.1, -0.2, -0.4, -0.6,-0.8, -1.0, or 1.2
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MPa. The solutions were prepared based on the method
described by Michel (1983). Seeds of both populations
were then incubated in the light/temperature conditions
as described in the germination test procedure.

Effect of soil burial depth on seedling emergence

The influence of different burial depths of 0, 2, 4, 6, 8, 10,
and 12 cm on the appearance of G. tournefortii seedlings
was examined. Seeds were placed at the desired depth in
pots (25 cm in diameter by 15 cm in height), which were
filled with a soil mixture (24% sand, 33% silt, 37% clay,
0.57% of total organic matter, and a pH 7.0). For each
depth, 20 seeds were distributed on the surface of the soil
and then covered with the same soil mixture to reach the
desired depth. All the pots were placed in the greenhouse
at 25/18 °C with a 12-h photoperiod. Pots were watered as
needed to maintain sufficient soil moisture. Emergence was
recorded weekly for a month. Seedlings were considered
emerged when two fully developed leaves appeared on the
soil surface. Seedlings were carefully separated to avoid
soil problems after weekly measurement.

Statistical analyses

All trials, including those for soil burial depth, salinity, wa-
ter stress, light and temperature were conducted as a com-
pletely randomized design with factorial arrangement of
treatments with five replicates. The Kolmogorov-Smirnov
test using the statistical software SPSS showed that the data
are normal. Data were analyzed by the ANOVA procedure
in MSTAT-C, and the LSD (Least significant difference)
mean comparison test was applied. Regression analysis was
done on data achieved from NaCl and water stress sowing
depth experiments using the SigmaPlot software (v. 14.0,
SyStat Software, Point Richmond, CA, USA). Germination
percentages obtained from various concentrations of salt
or in water were fitted to the following functional three-
parameter exponential model (Nosratti et al., 2019):

Gmax/[1+(X/ XSO)Gra‘e] (1)

where G is the total germination (%) at each NaCl or os-
motic potential X, G,,,,, is the maximum germination (%),
X, is the NaCl concentration or osmotic potential required
for 50% reduction of the maximum germination, and G
is the slope.

rate

The seedling emergence percentage obtained at different
soil depths was fitted to the following two-parameter ex-
ponential decay model (Nosratti et al., 2019):

E e(-Erate.x) (2)

max

In this model, E is the final seedling emergence percentage
at burial depth x, E_,, indicates the maximum seedling
emergence (%), and E,,. is the slope.

rate

Results and discussion

Temperature and light

Seed germination of both populations of G. tournefortii was
not affected by light. Germination percentage increased
linearly with temperature up to an optimal temperature
(20°C), after which the germination rate declined (Fig.
1). Maximum seed germination percentage was achieved
when seeds were incubated at 20°C (69% for both Sonqor
and Kamyaran populations) (Fig. 1). In both populations,
germination declined further as temperature increased to
25°C. Negligible seed germination (20%) occurred at low
temperature (about 20 to 24%).
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FIGURE 1. Seed germination of two populations (Songor and Kamyaran)
of Gundelia tournefortii in response to temperature. Vertical bars rep-
resents the standard error of mean. Means with the same letter are not
significantly different according to the LSD test.

The results of this study indicate that the germination of
this medicinal species is limited during winter and sum-
mer in Iran. Seedlings of G. tournefortii typically emerge
in the early spring when temperatures range between 15
and 20°C in western parts of Iran. Similar to our results,
Mattana et al. (2022) concluded that the best temperature
for seed germination of G. tournefortii collected from
various areas of the Mediterranean was 15°C. Hence, it is
recommended to incubate seeds of G. tournefortii at 15 to
20°C temperature range for successful germination under
controlled condition.

Salinity
Seed germination of both populations of G. tournefortii
collected for this study decreased as salt concentrations
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increased, described well by a three-parameter logistic
model (P<0.001) (Fig. 2). The germination percentage was
43% and 39% at 64 mM of NaCl for the Sonqor and Ka-
myaran populations, respectively. Less than 5% germina-
tion was observed at 256 mM salinity in both populations
(Fig. 2). The mM concentration of NaCl necessary for 50%
reduction of the highest germination (Xs,) of G. tournefortii
seeds was 95 and 92 mM for the Sonqor and Kamyaran
populations, respectively.
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FIGURE 2. Seed germination of two populations (Songor and Kamyaran)
of Gundelia tournefortii in response to sodium chloride (NaCl) in the
germination media. Vertical bars represents the standard error of mean
(n=5) and the lines represent a three-parameter logistic model fitted
to the data.

Salinity, via increased osmotic pressure in germination
media, reduces water absorption by seeds, which in turn
affects metabolic and physiological processes that reduce
or prevent seed germination (Gupta & Huang, 2014; Tlahig
et al., 2021; Ugarli, 2020).

In general, the germination of G. tournefortii under dif-
ferent salinity stresses indicates that a higher percentage
of seeds can germinate in soils predominantly found in
western provinces of Iran, where NaCl concentrations in
the soil are less than 250 mM (Emadodin et al.,2012). Our
results suggest that G. tournefortii could not tolerate saline
soils like halophytes (salt-tolerant plants). Based on our
results, G. tournefortii can be considered a salt-sensitive
species (glycophyte) when compared with other species
(Ugarly, 2020).

Water potential

In both populations, seed germination decreased as water
potential decreased (Fig. 3). A sigmoid model accurately
described the germination of both populations in response
to water stress. Non-stressed seeds germinated more than
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70% for both populations, while germination decreased to
about 50% at -1.2 MPa. The water potential required for
50% inhibition of the maximum germination was -1.91
and -1.85 MPa for Sonqor and Kamyaran population,
respectively (Fig. 3).
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FIGURE 3. Seed germination of two populations (Songor and Kamya-
ran) of Gundelia tournefortii in response to a water potential (-MPa) in
germination media. Vertical bars represents the standard error of mean
(n=5) and the lines represent a three-parameter logistic model fitted
to the data.

As evident from the X, parameter, seed germination in
both populations of G. tournefortii was more tolerant to
water stress compared to other crops and medical plants
(Khojasted & Chahouki, 2013; Sheikh-Mohamadi et al.,
2018; Xiong & Zhu, 2002). These results show that G.
tournefortii is well adapted to water shortage during germi-
nation. Therefore, this medical species can germinate well
in rain-fed farmlands. The higher tolerance to water stress
by G. tournefortii is consistent with its natural distribution,
as this medical species frequently populates dryland range-
lands (Esbati et al., 2021; Khojasted & Chahouki, 2013).
Based on these results, it can be concluded that planting G.
tournefortii under rain-fed conditions is feasible.

Sowing depth

Seedlings of both populations of G. tournefortii emerged
favorably (higher than 60%) from sowing depths up to 6
cm (Fig. 4). Increasing burial depth reduced the emergence
percentage similarly for both Sonqor and Kamyaran popu-
lations. The maximum germination (68% for both popula-
tions) was observed for seeds located on soil surface, while
seeds buried 12 cm deep in the soil managed to emerge
seedlings in both populations (Fig. 4).

It is well documented that the seedling emergence of most
plant species decreases as seed burial depth increases in the

soil (Grundy et al., 2003). In general, the burial depth of
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FIGURE 4. Seedling emergence from seeds of two populations (Son-
qor and Kamyaran) of Gundelia tournefortii in response to burial depth.
Vertical bar represents the standard error of mean (n= 5) and the lines
represent a two-parameter exponential decay model fitted to the data.

most crop species is less than 15 cm (Kluyver et al., 2013).
Therefore, G. tournefortii is well suited for cultivation in
farmlands as a medicinal plant. The hypogeal germination
characteristic of G. tournefortii, where cotyledons remain
below the soil surface during seedling development, is the
main reason for its ability to emerge from deeper layers of
soil. Therefore, it doesn’t require extra force to penetrate
soil when compared with epigeal emergence in which
the cotyledons extend above the soil surface (Gardarin
et al.,2016). In addition, seeds of G. tournefortii are large
enough to support seedling emergence from greater depth.

Conclusions

There was only a slight and non-significant difference
in seed germination between the Kamyaran and Sonqor
populations in response to various environmental factors
evaluated in this study. Seed germination of G. tournefortii
at the very high and low temperature conditions exam-
ined in our study indicates its potential for cultivation
in a broad range of temperature conditions. Seeds of G.
tournefortii still germinated under high levels of osmotic
stress, while they were sensitive to salt stress. This sug-
gests that G. tournefortii has a capacity to be planted in a
broad range of farmlands, especially in rain-fed areas in
western provinces of Iran and other parts of the world af-
fected by drought stress and low concentration of NaCl in
the soil. The highest soil depth from which seedling of G.
tournefortii can emerge is higher than the typical depth of
regular tillage in Iran. Therefore, such information can be
valuable in developing its cultivating methods such as till-
age systems and best soil conditions. Furthermore, the data
obtained from this study may be helpful for development

of species-specific propagation protocols and ex situ con-
servation of G. tournefortii.

Acknowledgments

The authors thank Razi University (Iran) for supporting
this research.

Conflict of interest statement

The authors declare that there is no conflict of interests
regarding the publication of this article.

Author’s contributions

IN: conceptualization, research. MEGH: conceptualization,
writing, and editing supervision. HF: conceptualization,
visualization, writing, and editing. IN: conceptualization,
writing, and editing supervision. All authors have read and
approved the final version of the manuscript.

Literature cited

Abu-Lafi, S., Rayan, B, Kadan, S., Abu-Lafi, M., & Rayan, A. (2019).
Anticancer activity and phytochemical composition of wild
Gundelia tournefortii. Oncology Letters, 17(1), 713-717. https://
doi.org/10.3892/01.2018.9602

Dastan, D., & Yousefzadi, M. (2016). Volatile oil constituent and
biological activity of Gundelia tournefortii L. from Iran. Jour-
nal of Reports in Pharmaceutical Sciences, 5(1), 18-24. https://
brieflands.com/articles/jrps-147660.pdf

Elhindi, K. M., Dewir, Y. H., Asrar, A.-W., Abdel-Salam, E.,
El-Din, A. S., & Ali, M. (2016). Improvement of seed ger-
mination in three medicinal plant species by plant growth reg-
ulators. HortScience, 51(7), 887-891. https://doi.org/10.21273/
HORTSCI.51.7.887

Emadodin, I, Narita, D., & Bork, H. R. (2012). Soil degradation and
agricultural sustainability: An overview from Iran. Environ-
ment, Development and Sustainability, 14(5), 611-625. https://
doi.org/10.1007/s10668-012-9351-y

Esbati, M., Farzadmehr, J., Foroughi, A., Rahdari, M., & Rodrigo-
Comino, J. (2021). Assessment of the nutritional value of
Gundelia tournefortii during its growth stages as a key element
in the Senowbar rangeland ecosystem, Northeast of Iran. In-
ternational Journal of Environmental Science and Technology,
18, 1731-1738. https://doi.org/10.1007/s13762-020-02905-8

Gardarin, A., Coste, F., Wagner, M.-H., & Diirr, C. (2016). How
do seed and seedling traits influence germination and emer-
gence parameters in crop species? A comparative analysis.
Seed Science Research, 26(4), 317-331. https://doi.org/10.1017/
$0960258516000210

Grundy, A. C., Mead, A., & Burston, S. (2003). Modelling the emer-
gence response of weed seeds to burial depth: Interactions with
seed density, weight and shape. Journal of Applied Ecology, 40(4),
757-770. https://doi.org/10.1046/j.1365-2664.2003.00836.x

Guan, B., Zhou, D., Zhang, H., Tian, Y., Japhet, W., & Wang, P. (2009).
Germination responses of Medicago ruthenica seeds to salinity,
alkalinity, and temperature. Journal of Arid Environments,
73(1), 135-138. https://doi.org/10.1016/j.jaridenv.2008.08.009

Nosratti, Felegari, and Eghbal Ghobadi: Seed germination and seedling emergence of Gundelia tournefortii L. in response to some 5

environmental factors


https://doi.org/10.3892/ol.2018.9602
https://doi.org/10.3892/ol.2018.9602
https://brieflands.com/articles/jrps-147660.pdf
https://brieflands.com/articles/jrps-147660.pdf
https://doi.org/10.21273/HORTSCI.51.7.887
https://doi.org/10.21273/HORTSCI.51.7.887
https://doi.org/10.1007/s10668-012-9351-y
https://doi.org/10.1007/s10668-012-9351-y
https://doi.org/10.1007/s13762-020-02905-8
https://doi.org/10.1017/S0960258516000210
https://doi.org/10.1017/S0960258516000210
https://doi.org/10.1046/j.1365-2664.2003.00836.x
https://doi.org/10.1016/j.jaridenv.2008.08.009

Han, S., Ahmeda, A., Jalalvand, A. R., Lu, W., Zangeneh, M. M.,
& Zangeneh, A. (2022). Application of silver nanoparticles
containing Gundelia tournefortii L. leaf aqueous extract in the
treatment of microbial diseases and cutaneous wound heal-
ing. Applied Organometallic Chemistry, 36(12), Article e5491.
https://doi.org/10.1002/a0c.5491

Hani, N, Abulaila, K., Howes, M.-]. R., Mattana, E., Bacci, S., Sleem,
K., Sarkis, M., Saed Eddine, N., Baydoun, S., Apostolides, N.
A., & Ulian, T. (2024). Gundelia tournefortii L. (Akkoub): A
review of a valuable wild vegetable from Eastern Mediterra-
nean. Genetic Resources and Crop Evolution, 1-9. https://doi.
org/10.1007/s10722-024-01927-2

Hesami, M., Daneshvar, M. H., & Yoosefzadeh-Najafabadi, M.
(2018). Establishment of a protocol for in vitro seed germina-
tion and callus formation of Ficus religiosa L., an important
medicinal plant. Jundishapur Journal of Natural Pharmaceu-
tical Products, 13(4), Article e62682. https://doi.org/10.5812/
jjnpp.62682

Hind, N. (2013). 763. Gundelia tournefortii: Compositae. Curtis’s
Botanical Magazine, 30(2), 114-138. https://doi.org/10.1111/
curt.12027

Karimzadeh, H., Farhang, H., Rahimmalek, M., & Esfahani, M. T.
(2023). Spatio-temporal variations of extract produced and
fatty acid compounds identified of Gundelia tournefortii L.
seeds in central Zagros, Iran. Scientific Reports, 13(1), Article
7665. https://doi.org/10.1038/s41598-023-34538-5

Keskin, C., Baran, A., Baran, M. F., Hatipoglu, A., Adican, M. T,,
Atalar, M. N., Huseynova, I, Khalilov, R., Ahmadian, E.,
Yavuz, O., Kandemir, S.1., & Ettekhari, A. (2022). Green syn-
thesis, characterization of gold nanomaterials using Gundelia
tournefortii leaf extract, and determination of their nanome-
dicinal (antibacterial, antifungal, and cytotoxic) potential.
Journal of Nanomaterials, 2022, Article 7211066. https://doi.
org/10.1155/2022/7211066

Khojasted, F., & Chahouki, M. A. Z. (2013). Spatial patterns and
coexistence of the native forb, Psathyrostachys fragilis (Astera-
ceae) and the native invader, Gundelia tournefortii (Poaceae)
in a semi-arid rangeland of Iran. Polish Journal of Ecology,
61(2), 373-377.

Kluyver, T. A., Charles, M., Jones, G., Rees, M., & Osborne, C. P.
(2013). Did greater burial depth increase the seed size of do-
mesticated legumes? Journal of Experimental Botany, 64(13),
4101-4108. https://doi.org/10.1093/jxb/ert304

Konak, M., Ates, M., & Sahan, Y. (2017). Evaluation of antioxidant
properties of Gundelia tournefortii: A wild edible plant. Uludag
Universitesi, 31(2), 101-108. https://www.cabidigitallibrary.org/
doi/full/10.5555/20183140202

Lev-Yadun, S., & Abbo, S. (1999). Traditional use of A’kub (Gundelia
tournefortii, Asteraceae), in Israel and the Palestinian author-
ity area. Economic Botany, 53(2), 217-219. https://www.jstor.
org/stable/4256182

Mattana, E., Daws, M. I., & Bacchetta, G. (2009). Seed dormancy and
germination ecology of Lamyropsis microcephala: A mountain
endemic species of Sardinia (Italy). Seed Science and Technol-
o0gy, 37(2), 491-497. https://doi.org/10.15258/sst.2009.37.2.24

6

Mattana, E., Gomez-Barreiro, P., Hani, N. Y., Abulaila, K., & Ulian,
T. (2022). Physiological and environmental control of seed ger-
mination timing in Mediterranean mountain populations of
Gundelia tournefortii. Plant Growth Regulation, 97(2), 175-184.
https://doi.org/10.1007/s10725-021-00717-5

Michel, B. E. (1983). Evaluation of the water potentials of solutions
of polyethylene glycol 8000 both in the absence and presence
of other solutes. Plant Physiology, 72(1), 66-70. https://doi.
org/10.1104/pp.72.1.66

Murch, S.J., Peiris, S. E., Liu, C.-Z., & Saxena, P. K. (2004). In vitro
conservation and propagation of medicinal plants. Biodiversity,
5(2), 19-24. https://doi.org/10.1080/14888386.2004.9712725

Nosratti, I., Almaleki, S., & Chauhan, B. S. (2019). Seed germination
ecology of soldier thistle (Picnomon acarna): An invasive weed
of rainfed crops in Iran. Weed Science, 67(2), 261-266. https://
doi.org/10.1017/wsc.2018.74

Nosratti, I., Korres, N. E., & Cordeau, S. (2023). Knowledge of cover
crop seed traits and treatments to enhance weed suppression:
A narrative review. Agronomy, 13(7), Article 1683. https://doi.
org/10.3390/agronomy13071683

Nosratti, I., Soltanabadi, S., Honarmand, S. J., & Chauhan, B. S.
(2017). Environmental factors affect seed germination and
seedling emergence of invasive Centaurea balsamita. Crop
and Pasture Science, 68(6), 583-589. https://doi.org/10.1071/
CP17183

Payamani, R., Nosratti, I., & Amerian, M. (2018). Variations in the
germination characteristics in response to environmental
factors between the hairy and spiny seeds of hedge parsley
(Torilis arvensis Huds.). Weed Biology and Management, 18(4),
176-183. https://doi.org/10.1111/wbm.12165

Rajjou, L., Duval, M., Gallardo, K., Catusse, J., Bally, J., Job, C.,
& Job, D. (2012). Seed germination and vigor. Annual Re-
view of Plant Biology, 63, 507-533. https://doi.org/10.1146/
annurev-arplant-042811-105550

Sarag, H., Demirbas, A., Dastan, S., Atas, M., Gevik, O., & Eruygur,
N. (2019). Evaluation of nutrients and biological activities of
Kenger (Gundellia tournefortii L.) seeds cultivated in Sivas
province. Turkish Journal of Agriculture - Food Science and
Technology, 7(sp2), 52-58. https://doi.org/10.24925/turjaf.
v7isp2.52-58.3126

Sheikh-Mohamadi, M. H., Etemadi, N., Nikbakht, A., Farajpour,
M., Arab, M., & Majidi, M. M. (2018). Wheatgrass germination
and seedling growth under osmotic stress. Agronomy Journal,
110(2), 572-585. https://doi.org/10.2134/agronj2017.06.0364

Ugarly, C. (2020). Effects of salinity on seed germination and early
seedling stage. In S. Fahad, S. Saud, Y. Chen, C. Wu, & D.
Wang (Eds.), Abiotic stress in plants (pp. 211-231). https://doi.
org/10.5772/intechopen.93647

Vitek, E., Leschner, H., & Armagan, M. (2017). Gundelia tournefortii
L. (Compositae) — An approach. Annalen des Naturhistorischen
Museums in Wien. Serie B fiir Botanik und Zoologie, 119,
227-234. https://www.jstor.org/stable/26343210

Xiong, L., & Zhu, J. K. (2002). Molecular and genetic aspects of plant
responses to osmotic stress. Plant, Cell & Environment, 25(2),
131-139. https://doi.org/10.1046/j.1365-3040.2002.00782.x

Agron. Colomb. 42(1) 2024


https://doi.org/10.1002/aoc.5491%20%20
https://doi.org/10.1007/s10722-024-01927-2
https://doi.org/10.1007/s10722-024-01927-2
https://doi.org/10.5812/jjnpp.62682
https://doi.org/10.5812/jjnpp.62682
https://doi.org/10.1111/curt.12027%20%20
https://doi.org/10.1111/curt.12027%20%20
https://doi.org/10.1038/s41598-023-34538-5%20%20
https://doi.org/10.1155/2022/7211066
https://doi.org/10.1155/2022/7211066
https://www.cabidigitallibrary.org/doi/full/10.5555/20183140202
https://www.cabidigitallibrary.org/doi/full/10.5555/20183140202
https://www.jstor.org/stable/4256182
https://www.jstor.org/stable/4256182
https://doi.org/10.15258/sst.2009.37.2.24
https://doi.org/10.1007/s10725-021-00717-5%20%20
https://doi.org/10.1104/pp.72.1.66
https://doi.org/10.1104/pp.72.1.66
https://doi.org/10.1080/14888386.2004.9712725%20%20
https://doi.org/10.1017/wsc.2018.74
https://doi.org/10.1017/wsc.2018.74
https://doi.org/10.3390/agronomy13071683
https://doi.org/10.3390/agronomy13071683
https://doi.org/10.1071/CP17183
https://doi.org/10.1071/CP17183
https://doi.org/10.1111/wbm.12165
https://doi.org/10.1146/annurev-arplant-042811-105550
https://doi.org/10.1146/annurev-arplant-042811-105550
https://doi.org/10.24925/turjaf.v7isp2.52-58.3126
https://doi.org/10.24925/turjaf.v7isp2.52-58.3126
https://doi.org/10.2134/agronj2017.06.0364
https://doi.org/10.5772/intechopen.93647
https://doi.org/10.5772/intechopen.93647
https://www.jstor.org/stable/26343210
https://doi.org/10.1046/j.1365-3040.2002.00782.x

