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ABSTRACT

Mimosa ephedroides is an endemic shrub from western Argentina. Knowledge on its
germination response to different environmental factors contributes to an efficient use of
this species in ecological restoration projects. This study aimed to examine different aspects
of the species germination. Seed quality and dormancy, optimum germination temperature,
effects of water and saline stresses (by using Mannitol and NaCl as osmotic agents, respec-
tively) and of seed storage time on seed viability and germination, were evaluated. Experi-
ments were carried out in controlled growth chambers. Germination percentage and mean
germination time were calculated. Results showed that seeds of this species have high
viability, low pre-dispersal loss and are non-dormant. Regarding abiotic factors, optimum
germination temperature ranged from 20 to 30 °C, while high germination percentages were
observed even at moderate and severe water stress (-1.12 MPa). Germination percentages
decreased when salinity increased over 300 mM NaCl. For short periods (up to 36 months),
seed storage at room temperature (18 °C) was adequate and did not affect seed viability or
germination. These results constitute important contributions to the autecological aspects
of this endemic species, supporting its incorporation in restoration projects and allowing
efficient use of its seeds in direct seeding or seedling production.
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RESUMEN

Mimosa ephedroides es un arbusto endémico del oeste de Argentina. El conocimiento
de la respuesta germinativa de esta especie ante distintos factores ambientales contribuye
a una utilizacion eficiente de la misma en proyectos de restauracién ecolégica. Este
estudio tuvo por objetivo examinar diferentes aspectos de la germinacion de esta especie.
Se evaluaron la calidad de las semillas y la dormicidn, la temperatura dptima de germi-
nacion y los efectos del estrés hidrico y salino (usando Manitol y NaCl como agentes osmd-
ticos respectivamente) y del tiempo de almacenamiento de las semillas en su viabilidad y
germinacion. Los experimentos se llevaron a cabo en camaras de crecimiento controlado.
Se calcul6 el porcentaje de germinacion y el tiempo medio de germinacidon. Los resultados
mostraron que las semillas de esta especie presentan alta viabilidad, bajas pérdidas pre-dis-
persién y son no durmientes. En lo que respecta a los factores abiéticos, la temperatura
optima para la germinacién se encontr6 entre 20 y 30 °C, presentando altos porcentajes
de germinacion incluso con estrés hidrico moderado y severo (-1,12 MPa). Los porcentajes
de germinacion disminuyeron con el aumento de los niveles de salinidad a partir de 300
mM NaCl. Durante periodos cortos (hasta 36 meses), el almacenamiento de las semillas a
temperatura ambiente (18°C) fue adecuado y no afect6 la viabilidad o la germinacion de las
semillas. Estos resultados constituyen un aporte al conocimiento de los aspectos autoecol-
gicos de esta especie endémica, apoyan su incorporacion para proyectos de restauracion y
permiten el uso eficiente de sus semillas en la siembra directa o la produccién de plantulas.

Palabras clave
dormicion de semillas e viabilidad e temperatura e estrés hidrico e salinidad e
almacenamiento e restauracion

INTRODUCTION

The Fabaceae family presents a wide variety of adaptations and lifestyles. Many species
of this family have been broadly used in restoration activities given their multiple ecosys-
temic benefits like food supply, carbon sequestration, soil fertility improvement, and under-
canopy favourable microclimatic conditions for other species establishment (18, 35, 40). The
genus Mimosa, belonging to the sub-family Mimosoideae and the Fabaceae family, comprises
over 530 species worldwide. Thus far, only 5% of these species have been studied, and many
aspects of their biology and ecology are still unknown (29). Only 56 Mimosa species have
been recorded in Argentina, most of which grow in the Mesopotamian region (30).

Mimosa ephedroides (Gillies ex Hook. & Arn.) Benth. is one of the few endemic species of
Mimosa that belongs to the phytogeographical province of Monte. Known by the common
names of “pichana negra” and “prendedor”, it constitutes a perennial aphyllous shrub with
photosynthetic stems and ephedral aspect, generally found in plains and dune areas, and
occasionally, in saline environments (25). Its geographical distribution covers the Argen-
tinean provinces of Catamarca, La Rioja, San Juan, San Luis and Mendoza, constituting this
last province, its southern dispersion limit (2). This xerophytic and psammophytic plant
may contribute to dunes fixation, and as a fodder and melliferous shrub (8, 12). Therefore,
its incorporation in restoration and conservation projects in arid areas is considered a
matter of interest. Unfortunately, information about its autecology is scarce.

In arid and semiarid areas, plant community recovery of degraded environments is
usually slow and unpredictable (5, 15, 28). Native shrubs play key roles in such ecological
restoration processes, since they contribute to the ecosystemic structural and functional
stability (19). Their use in restoration activities is recommended, as such species are highly
adapted to environmental difficulties, especially drought, low soil fertility, high tempera-
tures, and salinity (14). Furthermore, the nursery effect generated by these shrubs facili-
tates other species propagule recruitment (37).

Seed germination is a critical stage in plant life cycle, since along with environmental
conditions (such as climate and safe site), it constitutes a determining factor in the
successful establishment of seedlings (1, 16, 28). In seed-based restoration efforts, one
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of the main factors limiting seedling efficient production and establishment is related to
limited knowledge on seed biology of native species (20, 25, 38). In arid lands, transplanting
seedlings into the field is one widely used technique due to direct-sowing low success (7).

Seed dormancy is an extended adaptive strategy of native shrubs from arid lands,
increasing the possibilities of seedling survival in unpredictable environments (1, 14, 18).
A dormant seed does not germinate even under favourable conditions for germination (1).
Different authors have verified the existence of physical dormancy in seeds of Mimosa species,
due to impermeable seed coats (3, 4, 33, 38). Scarification is the most effective technique
for overcoming this type of dormancy (5, 29, 33). In this sense, the fact that species of the
same genus have similar dormancy traits, is often assumed. However, the presence of physical
dormancy should be tested for each species, since it may vary within families, genera, and
populations (41). Identifying dormancy and its proper rupture method, is fundamental to
efficiently spread a species. For this purpose, and for proper dormancy classification, seed
imbibition tests must be performed before pre-germination treatments (1, 17).

Seed quality determinations should be carried out before dormancy testing. Seed quality
assessment is aimed at obtaining information about the collected material concerning
viability, percentage of damaged seeds, and seed mass, among others (22). Regarding
non-viable seeds, abortion and predation are biotic factors that may represent large pre-dis-
persive losses for some species (46). Consequently, these factors might limit availability of
quality material for restorative tasks. In Mimosa species, pre-dispersal seed predation is
mostly due to insects of the Bruchidae family (3, 42, 44).

Seed mass constitutes a critical trait in plant life. Strong correlations among this trait
and seed germination, plant survival, and establishment have been identifyed (22). It may
vary significantly among different species within a genus, and among different populations
within a species (28). Therefore, to study this trait in local seed provenances, becomes
important for restoration tasks.

In arid areas, abiotic factors like temperature, water stress and salinity, trigger germi-
nation responses (5, 6, 27, 47). Knowledge on tolerance limits to these factors is essential
to understand the adaptive capacity of the species under such conditions (11, 28), contrib-
uting to efficient restoration improvement.

The range of germination temperature is related to the temperature intervals that char-
acterize the most favourable establishment time of year. This may vary throughout the distri-
bution area of the species (27). Water availability is the main environmental filter affecting
germination. Endemic and native species of arid and semiarid lands, typically present strat-
egies to tolerate or avoid such environmental filtering at their different stages of devel-
opment (10, 11, 28). Water potentials required for germination may vary greatly among
species from such areas. While a group of native plants produces seeds with low moisture
thresholds adopting risk-tanking strategies, others only germinate at high water potentials
(11). With regards to salinity effect on germination, osmotic effects and ionic toxicity are
generally evaluated with NaCl, most frequently found salt in saline environments (6, 26, 47).

Other factors influencing germination are seed storage periods and conditions (1,
17, 43). In ecological restoration projects, having available quantity and quality of plant
material, is necessary. As a result, in many cases, drawing on to ex-situ conservation of the
seeds for variable periods, is required. Species from the Fabaceae family do not significantly
reduce their viability or germination when stored in dry environments at room temperature
(~18°C) for short periods (< 5 years) (17, 43).

In order to ensure the most efficient use of native seeds in restoration activities, under-
standing the various factors that affect germination responses and seed quality, turns
necessary. Therefore, this study aimed to characterize M. ephedroides seeds, evaluate
the presence of seed dormancy and the effect of temperature, water and saline stresses
on germination percentages, as well as the effect of storage time at room temperature on
germination and seed viability.
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MATERIAL AND METHODS

Seed collection

Fresh mature fruits of M. ephedroides were randomly harvested in March 2016 from more
than 20 adult specimens. The collection area corresponds to the farmer household of “La
Majada”, located in Lavalle department, NE of Mendoza province (32° 21’ 59.4” S 67° 54’ 26.9”
W), phytogeographical province of Monte. Its climate is arid, with an average annual rainfall
of 159 mm, occurring mostly in summer (12). The average annual temperature is 18.3 °C,
the absolute minimum temperature in the coldest month (July) is -10 °C, and the absolute
maximum temperature in the warmest month (January) is 48 °C. Soils are typically torrid.

Characterization of the collected material

Seeds were manually separated from the pods and stored in wooden paper bags in dry
environment at room temperature (18+ 2°C). Five grams of Carbaryl were included in each
bag to prevent insect damage.

Seed mass, percentage of aborted and predated seeds, and seed viability were measured
to assess seed quality. Seed mass was determined by weighing six samples of 100 seeds.
Pre-dispersal seed loss was evaluated after randomly harvesting samples of four replicates
with 50 seeds. Seeds were classified as follows (44): well-formed and healthy (without
any evidence of predation and fully developed) (figure 1a); aborted (non-fertilized ovules
or underdeveloped seeds) (figure 1a), and predated (damaged tissues caused by insects)
(figure 1b). To ensure that well-formed seeds were not predated, they were cut in half,
getting rid of not emerged insects. Averages were expressed in percentages. Insects found
in the seeds were well preserved for later identification. Seed viability was assessed by
the Tetrazolium topographical test (TZ), with four replicates of 20 seeds each. All seeds
were hydrated for 12 h and then split in halves. Only those halves containing the embryo
were soaked in a 1.5% solution of 2.3.5 triphenyltetrazolium and then placed in a growth
chamber at 40 °C and darkness, for 1h. Finally, assisted by a stereoscopic magnifying glass,
those seeds with red-colored embryos were classified as viable.

lcm
b o
lcm

Figure 1. a) Well-formed and healthy seed (left), and an aborted seed (right) of M.
ephedroides b) M. ephedroides seed without endocarp and an adult bruchid inside.

Figura 1. a) Semilla bien formada y sana (izquierda), y una semilla abortada (derecha) de M.
ephedroides b) Semilla de M. ephedroides sin endocarpio y con un briquido adulto en el interior.
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Imbibition test

At the beginning of the experiment, dry seeds were weighed. Then, non-scarified and
mechanically scarified seeds (using a fine 220-grit sandpaper) were placed in Petri dishes
with tissue paper discs soaked in distilled water and incubated at 20 °C. Four replicates of
20 seeds each, were used. Later, all seeds were removed from the Petri dishes, dried with
tissue paper, and re-weighed on a precision analytical balance, at 2-hours intervals for 10 h
and then, after 20 h from the beginning of the assay. Seed moisture content was determined
gravimetrically (15).

Effect of abiotic factors on seed germination

General conditions

Germination assays were performed in 90 mm diameter sterile Petri dishes. They were
conditioned with three layers of filter paper saturated with the corresponding solutions for
each test. Seeds were disinfected with sodium hypochlorite (2 g/1 of active Cl) by complete
immersion for ten minutes and then rinsed three times with distilled water (20). Only those
well-formed and healthy seeds (figure 1a, page 142), were used. No pre-germination treat-
ments were carried out. Germination was assessed on a daily basis. Four replicates of 20
seeds each, were used for all treatments. Seeds were considered germinated when their
radicle reached 2 mm long (15). All germination trials lasted 15 days. Preliminary trials had
determined that seeds germinate equally under light or dark conditions (data not shown),
thus experiments were conducted under continuous darkness and constant temperature.

Final germination percentage (G) and mean germination time (MGT) were assessed for
each treatment. MGT was calculated as Merino-Martin et al. (2017):

MGT=(En*T)/En

Where:
n = number of germinated seeds per day
T = time measured in number of days

Temperature
Temperature tests were carried out simultaneously in four growth chambers with four
levels: 10, 20, 30 and 40 °C. Paper discs in Petri dishes were saturated with distilled water.

Water stress

Water stress was simulated by Mannitol solutions with the following water potentials:
0.0,-0.14,-0.56,-1.12,-1.50,-1.72 and -2.2 MPa. The desired concentration of Mannitol solu-
tions was calculated according to Fernandez and Jhonston (1986). Petri dishes were incu-
bated at 20°C, optimal temperature already determined in the temperature test.

Saline stress

Salinity effects on germination were evaluated with NaCl as osmotic agent. Solutions
were prepared with the following concentrations: 0 (control); 100; 200; 300; 400 and 500
mM. Petri dishes were incubated at the determined optimal temperature (20°C). After 15
days, viability of non-germinated seeds was checked by TZ test.

Effect of storage time

Seeds stored in a dry environment and at room temperature (18 + 2°C) were extracted
at 0; 6; 12; 24 and 36 months after harvest. Effects of storage time on viability, G and MGT
were tested according to the above-mentioned methods.

Data analysis

The experimental design was completely randomized. G and MGT data were analyzed
by one-way ANOVA. In order to meet analysis assumptions, germination percentages at
the end of the assay, were arcsine transformed. If significant differences were detected by
ANOVA, Tukey’s test with p< 5% was chosen for multiple comparison test. Analyses were
performed using Infostat Professional 2018 software (9). Untransformed data is shown in
all figures and tables.
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RESULTS AND DISCUSSION

Characterization of the collected material

Characterization of collected material constitutes a useful tool for restorative tasks (15),
allowing to estimate available seed quantity according to pre-dispersal loss, viability, and seed
weight. Table 1, shows such parameters for mature seeds of M. ephedroides, at harvest time.

Table 1. Mature seeds mass (g), viability (%,) and pre-dispersal seed loss by abortion and
predation (%) of M. ephedroides collected material (S.E. between parentheses).

Tabla 1. Masa de semillas maduras (g), viabilidad (%) y pérdida pre-dispersiéon por aborto
y depredacién (%) del material recolectado de M. ephedroides (D.E. entre paréntesis).

Parameter Value
Seed mass 0.025 (0.02)
Viability of well-formed seeds 97.5 (2.8)
Aborted seeds 12.0 (2.5)
Predated seeds 18.0 (1.5)

Concerning seed mass, environmental factors like rainfall, photoperiod, and temperature,
may influence this feature (24). M. ephedroides seed mass (table 1) was higher than that
recorded for other species of the same genus and from arid areas, such as M. luisana, M.
aculeaticarpa var aculeaticarpa, M. calcicola and M. lacerata (3, 29). Leishman and Westoby
(1994) pointed out that under low humidity, larger seeds present better seedling estab-
lishment. Moreover, Rubio de Casas et al. (2017) suggested that species with non-dormant
seeds would probably have heavier seeds than those with physical dormancy. Consequently,
this trait might have important implications for restorative tasks.

The Tetrazolium viability test is a useful tool for seed quality determinations. Due to lack
of seed testing procedures for some native species, to adjust concentrations of the agent used,
staining time, or seed pre-treatment, turns necessary (34). The chosen methodology resulted
to be adequate for viability assessment of M. ephedroides seeds. This species presents high
viability values (table 1), coinciding with other species of the same genus (29, 33, 38).

Insects collected from fruits and seeds of M. ephedroides were identified as bruchid
beetles (Chrysomelidae: Bruchidae) (Roig, pers. comm 2019) (figure 1b, page 142). For
different Mimosa species, bruchid damaged seeds may vary between 25-70% (3). Unlike its
congeners, M. ephedroides presented relatively low parasitized seed percentages (table 1),
(38, 42, 44). However, bruchid predation on M. ephedroides seeds, can significantly affect
germination (data not shown). For species of the Mimosoideae subfamily, pre-dispersal seed
predation by other insects of the Coleoptera order, such as apionids weevils, has also been
cited (46). Nevertheless, these insects were not found in the collected material. Concerning
pre-dispersal seed loss by abortion (table 1), this fact resulted to be similar to that found in
other species of the Mimosoideae subfamily from Monte desert (46).

Imbibition test

After 20 h, seed mass of non-scarified and scarified seeds showed substantial weight
increases of 61.90£1.42 % and 62.80+0.62 % respectively, but without significant differ-
ences between them (F=1.36; p=0.2873). After reaching this moisture content, the radicle
emerged. According to Parsons (2012), M. ephedroides is a fast-germination species since
under suitable conditions it germinates in less than 24 h after imbibition, meaning that,
M. ephedroides seeds have permeable coats, and thus, scarification treatments are not
required. These results were consistent with those found by Galindez et al, (2016) for other
Argentinean native legumes with no physical dormancy, but differed from those observed
in most species belonging to Mimosa, with physical dormancy given by one or more layers
of palisade cells (1, 3, 4, 26).

Revista de la Facultad de Ciencias Agrarias - UNCuyo | Tomo 53-1 - Afio 2021 144



a) Temperature; b)
Water stress simulated
with Mannitol; c¢) Saline
stress simulated with
NaCl and d) Seed storage
time at dry conditions
and room temperature.
Different letters show
significant differences
for Tukey at p < 0.05.

a) Temperatura; b)
Estrés hidrico simulado
con Manitol; c) Estrés
salino simulado con
NaCly d) Tiempo de
almacenamiento de las
semillas en condiciones
secas y a temperatura
ambiente. Letras
diferentes muestran
diferencias significativas
para Tuket a p<0,05.
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Effect of abiotic factors on seed germination

Temperature

Temperature had statistically significant effects on germination (F= 17; p<0.0001) and
MGT (F= 44.30; p<0.0001). Germination occurred from 10 to 40°C, in accordance with the
fact that Mimosa species germinate at a wide range of temperatures (3, 4, 26, 30). At 10°C,
the lowest germination percentage and the major MGT were recorded, showing significant
differences with the remaining temperatures (figure 2). Slower germination is probably
related to slower metabolic activity at that temperature (13).
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Figure 2. Effect of abiotic factors on germination percentage (G) (mean * SE) and mean
germination time (MGT) (mean * SE) of M. ephedroides.

Figura 2. Efecto de factores abiéticos sobre el porcentaje de germinacion (G) (media * EE)
y el tiempo medio de germinaciéon (MGT) (media = EE) de M. ephedroides.
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Optimum temperatures are those in which the highest germination percentages are
obtained, in the shortest time. For M. ephedroides, optimal temperatures range from 20 to
30°C. This range occurs during summer, with the highest water availability in the Monte
desert, allowing maximum seedling survival and establishment. These results were
consistent with those obtained for other native shrubs in the Monte Province (14, 15, 27,
37) and other Mimosa species from arid lands (3, 4, 29).

Water stress

Water stress had a significant effect on germination (F=78.69; p<0.0001) and MGT
(F=20.78; p<0.0001) of M. ephedroides. Germination percentage significantly decreased
for osmotic potentials lower than -1.5 MPa, while the highest MGT was observed at those
potentials. At-2.24 MPa, germination was completely inhibited.

Above -1.12 MPa, moderate to severe water stress, germination was greater than 90%,
evidencing remarkable tolerance to this stress factor (figure 2b, page 145). As for MGT, at
-1.12 MPa, germination almost doubled the control value (0.00 MPa), and even occurred
in a short period of time (MGT< 2 days). Rapid germination under drought allows for effi-
cient water use during the short period of availability. This germination-related trait has an
important influence during seedling establishment in restoration activities (21). According
to Duncan et al, (2019), this species presents a risk-taker strategy to achieve germination.
Therefore, the ability of M. ephedroides to germinate even under low water availability
makes it a promising species for seed-based restoration efforts in arid lands, where water
is the main limiting factor.

Similarly, drought tolerance during germination has been reported for other species of
the Mimosoideae subfamily, from the same distribution area of M. ephedroides. For instance,
germination of some Prosopis species is only significantly affected by osmotic potentials
under -1.4 MPa (6, 41). On the other hand, unlike the results obtained in the present work,
studies carried out with other Mimosa species of subtropical distribution indicate that their
germination is strongly affected under decreasing water potentials, suggesting probable
environmental adaptation. Germination of M. pudica and M. invisa decreases significantly
from -0.8 MPa and it is completely inhibited at -1.12 MPa (4), while for M. bimucronata
germination is significantly affected from -0.49 MPa (40). Li et al, (2013), postulated that
seed drought resistance could be linked to the accumulation of organic osmolytes, allowing
cell membrane functionality to be maintained.

Salt stress

Seed germination response of M. ephedroides to increased concentrations of NaCl, indi-
cated that germination (F=182.25; p<0.0001) and MGT (F=141.69 p<0.0001) were signifi-
cantly affected by saline stress. High germination percentages were observed up to 200
mM (figure 2c, 145). The salinity threshold, above which germination percentage and MGT
were significantly affected, was of 300 mM. Nasr et al,, (2012), pointed out that saline stress
during germination affects cell division and elongation, and therefore, mobilization of
essential reserves for this stage. Furthermore, under saline stress, seed reserves that could
be used for growing embryonic axis are used to repair damaged cells (45). Saline stress
increases MGT and reduces germination percentages, as shown by this study.

Likewise, under saline stress, other moderate salt tolerant legumes present similar
germination behaviors. For instance, germination of Mimosa invisa and Prosopis argentina
was significantly affected from 300 mM NaCl and inhibited at 400 mM NaCl (4, 47).
Conversely, high salt-tolerant species from Mimosoidea subfamily such as Prosopis alpataco
and Prosopis alba were able to germinate at >85% under 400 mM, while germination was
still not inhibited even at 600 mM NaCl (26, 47).

Seeds of glicophyte and halophyte species generally show higher germination rates at
low salt concentrations. However, seeds of halophyte species may remain viable at high salt
concentrations, constituting an adaptive characteristic (16). In the present study, seeds that
did not germinate at 300 mM NaCl or more, did not remain viable at the end of the exper-
iment, suggesting a glycophytic type of behaviour regarding this trait.
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Effect of storage time

In the present study, both recently harvested seeds and those stored at room temperature
for 6, 12, 24 and 36 months, presented high viability and germination percentages at
optimum temperature (figure 2d, page 145). These variables did not register statistically
significant differences from those at different storage periods (F=0.50; p=0.20). Seed
storage conditions of M. ephedroides caused no seed deterioration, neither secondary
dormancy processes. Besides, MGT was not affected by storage period (F=0.27; p=0.89).
These results match with those found by other authors for other species of Mimosoideae,
where seeds stored at room temperature remain viable for several years (20). For some
species of Mimosa, storage at room temperature for long periods can increase germination
or reduce MGT (32, 36, 47). These differences are probably due to physical dormant seeds
of some species that may become permeable to water after long storage periods (2, 36).
Nevertheless, in the present study, no differences were observed among these variables.

CONCLUSIONS

Several factors affect germination of M. ephedroides. Concerning the biotic factors
studied in this research, bruchid predation and abortion did not prevent the obtention of
quality and quantity material of this endemic shrub. Mature seeds of this species exhibit
high viability, have a permeable coat and germinate at high percentages under a wide range
of conditions. Therefore, physical dormancy or any other type of primary dormancy, were
ruled out. Moreover, dry storage at room temperature was an effective method for ex-situ
conservation of these seeds, at least, for up to 36 months. These characteristics facilitate
restoration programs with this species seeds.

Regarding germination responses of M. ephedroides to different abiotic factors, this species
resulted able to germinate in a wide range of temperatures and under moderate and severe
water stress. This constitutes an interesting adaptive strategy to the local environment. In the
Monte desert where rainfall is scarce and unpredictable, these features, plus its germination
behaviour could evidence that this species takes advantage of small pulses of precipitation to
germinate and probably, establish. However, M. ephedroides tolerates low salt concentrations
during germination, thus, multiplying it under more than 200 mM Na(l, is not recommended.
Besides, its usage in saline environments, would be restrictive.

Since M. ephedroides mature seeds are non-dormant, present high viability, and rapid
germination in a wide range of temperatures and water availability, this shrub is considered
a promising species for ecological restoration tasks, in arid lands. These findings constitute
an essential contribution to the knowledge of basic autecological aspects of this endemic
legume shrub from the Monte Desert. Moreover, they could assist an efficient use of native
seeds for direct seeding or seedling production. Future studies on seed provenances, factors
affecting direct seeding, and seedling pre-conditioning and transplanting techniques in
degraded environments, are required to improve the use of this species in restoration tasks.
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