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ABSTRACT

Seed germination is critical for successful restoration in degraded desert ecosystems.
This study aimed to determine thermal requirements and tolerance limits to water
and salt stress of four key forage species: Aristida mendocina, Digitaria californica,
Pappophorum caespitosum, and Leptochloa crinita. Controlled laboratory experiments
were conducted to evaluate constant temperature regimes (5, 15, 20, 25, 30, 35, 40, and
45°C), one alternating-temperatures regime (45-15°C), water potentials (0, -0.38, -0.58,
-0.97, -1.30, -1.52, and -1.77 MPa) simulated with Polyethyleneglycol (PEG) solutions,
and NaCl concentrations (0.1, 0.3, and 0.5 M). We recorded final germination percentage
and germination rate (Maguire Index). The species exhibited different environmental
plasticity. L. crinita and P. caespitosum showed the broadest thermal ranges, achieving
optimal germination (>80%) between 25 and 35°C. P. caespitosum demonstrated the
highest tolerance to salinity and water stress, being the only species capable of germinating
in 0.5M NaCl solutions (20%) and at -1.77 MPa (20%). In contrast, *A. mendocina* and
*D, californica* were the most sensitive; the former restricted its optimum to 20-30°C, and
both reduced their germination by half with just 0.1 M NaCl.
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Germination of four Perennial Grasses from the Monte Desert

RESUMEN

La germinacion de semillas es una de las fases mas criticas para asegurar el éxito de
la restauracion en ecosistemas degradados de zonas aridas. El objetivo de este trabajo
fue determinar los requerimientos térmicos y los limites de tolerancia al estrés hidrico y
salino de cuatro especies forrajeras clave: Aristida mendocina, Digitaria californica, Pappo-
phorum caespitosum y Leptochloa crinita. Se realizaron ensayos controlados de labora-
torio evaluando: 1) temperaturas constantes (5, 15, 20, 25, 30, 35, 40, 45°C) y alternantes
(45-15°C); 2) potenciales hidricos (0, -0,38, -0,58, -0,97, -1,30, 1,52 y -1,77 MPa) simu-
lados mediante soluciones de Polietilenglicol (PEG); y 3) concentraciones salinas de NaCl
(0,1, 0,3 y 0,5 M). Se registro el porcentaje final de germinacion y la velocidad de germi-
nacién mediante el indice de Maguire. Las especies mostraron una clara diferenciacién en
su plasticidad ambiental. L. crinita y P. caespitosum presentaron los rangos mas amplios,
con germinaciones 6ptimas (>80%) entre 25y 35°C. P, caespitosum se destac6 por una alta
tolerancia salina e hidrica, siendo la tnica capaz de germinar en soluciones de 0,5 M de
NaCl (20%) y bajo un estrés hidrico de -1,77 MPa (20%), condiciones donde el éxito de las
demas especies fue nulo. Por el contrario, A. mendocina y D. californica resultaron ser las
mas sensibles; la primera restringié su 6ptimo a los 20-30°C y ambas redujeron su germi-
nacion a la mitad con sélo 0,1 M de NacCl.

Palabras clave
temperatura e sequia e NaCl e Pappophorum caespitosum e Digitaria californica e Aristida
mendocina » Leptochloa crinita » restauracion

INTRODUCTION

Seed germination and seedling emergence are critical phases for the successful
establishment of new plants in desert ecosystems. Only about 5 to 10% of seeds develop into
established seedlings (Kildischeva et al.,, 2016). Germination is influenced by genotype and
abiotic factors such as temperature, water stress, salinity, and photoperiod (Baskin & Baskin,
2014; Dagata et al, 2021; Guden et al., 2024; Gutterman, 1993; Okumus & Sekerci, 2024).

In deserts, germination relies on water availability to ensure subsequent seedling
growth (Bewley & Black, 1994; Corvalan Videla et al, 2021). Some desert species only
germinate after rainfall exceeding 12-15 mm. Furthermore, a 15 mm rainfall is more
effective at removing germination water-soluble inhibitors when it occurs over several
hours rather than in a single hour (Lundholm & Larson, 2004; Schwinning & Sala, 2004).
This provides seeds with a trigger mechanism that guarantees germination when soil
moisture supports seedling establishment and growth (Bewley & Black, 1994). For example,
Leptochloa crinita and Pappohorum caespitosum need 40 mm of water to trigger seedling
emergence (Greco et al., 2013; Sartor et al., 2024).

Soil temperature and salinity also influence seed germination. Seeds germinate
within a defined temperature range (Bewley & Black, 1994), and the time required to
reach maximum germination, ie., germination rate or germinative energy, varies with
temperature (Kigel, 1995; Mnif Fakhfakh et al., 2025). On the other hand, soil interface in
desert ecosystems is an extremely harsh environment. Intense solar radiation and low air
humidity cause water evaporation and rapid desiccation of the soil surface, facilitating salt
accumulation on or near the surface. This hinders germination in surface layers even after
rainfall events (Kigel, 1995, Baskin & Baskin, 2014). In this sense, seed sensitivity to saline
solutions constitutes one mechanism for seeds to detect when rainfall is sufficient (Bewley
& Black, 1994; Mansouri & Kheloufi, 2024, Singh, 2025; Nikolic et al, 2023).

Monte is a biogeographic province characterized by shrubby steppes composed of
Zygophyllaceae species, with an herbaceous stratum dominated by perennial grasses
(Roig, 1970a; Roig et al, 2009). Grass cover in the Monte Desert is affected by climatic
settings, particularly scarce, erratic, and highly variable rainfall (Noy-Meir, 1973;
Villagra et al., 2011), and by the presence of cattle and human-induced conditions
(overgrazing and fire). The C4 species Pappophorum caespitosum, Digitaria californica,
Aristida mendocina, and Leptochloa crinita are dominant perennial and summer-cycle
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species in the area (Cavagnaro, 1988). Given their distribution and nutritional quality, native
perennial grasses constitute an important forage resource for extensive livestock farming
(Guevara et al, 1997; 2009). At some places, fire, grazing, or deforestation has reduced
cover to less than 20% of its potential (Guevara et al, 1997, 2009; Marchi et al.,, 1991). In
this context, the addition of seeds is mentioned as a successful strategy for restoration in
arid livestock areas (Quiroga et al.,, 2018). Beyond their natural environments, these species
are gaining value for xerophytic gardens and as inter-row permanent cover in drip-irrigated
crops (Ferrari & Parera, 2015). Even considering these significant instances, knowledge
about germination conditions of these perennial species is scarce.

Although these perennial grasses coexist in arid and semiarid conditions, they inhabit
different soils and precipitation gradients. L. crinita is associated with clayey and saline
soils, D. californica and A. mendocina grow in sandy soils, and P. caespitosum is found in
sandy- loam and saline soils (Candia & Guevara, 1973; Flores et al, 2015; Roig, 1970b).
On the other hand, L. crinita, P. caespitosum, and A. mendocina inhabit areas with 100 to
600 mm of precipitation, while D. californica is frequently found between 300 and 600 mm
(Cabido et al, 1993). Habitat differences among these perennial grass species could be due
to different seed germination strategies.

Previous studies mention seed germination of L. crinita and D. californica under abiotic
stress (Ferrari & Parera, 2015). Meglioli et al,, 2024 studied temperature and light on
germination of L. crinita, P. caespitosum, and D. californica; Zabala et al, (2011) studied
temperature, seed weight, and maternal effects in L. crinita and L. pluriflora, while Marinoni
et al, (2018, 2022) registered seed germination under osmotic and saline stress and seed
coating (Meglioli et al, 2026). While one study observed germination of L. crinita and
Digitaria eriantha subjected to osmotic stress at different temperatures (Di Giambatista et
al, 2010), Quiroga et al.,, (2018) investigated the importance of rain and temperature on
the conserved climatic niche of L. crinita in North and South America. This underlines the
relevance of arid conditions in species adaptation.

Thus, germination strategies under different temperatures, water potentials, and salinity,
especially in these opportunistic species, ensure successful seedling establishment. To the
bestof our knowledge, no previous studies have assessed temperature effects on germination
of A. mendocina, nor seed response of A. mendocina. P. caespitosum and D. californica to
different saline solutions and water potentials. We aimed to describe germination responses
to temperature, salinity, and drought in the native perennial species Aristida mendocina,
Digitaria californica, Pappophorum caespitosum, and Leptochloa crinita.

MATERIALS AND METHODS

Seeds of Aristida mendocina, Digitaria californica, and Pappophorum caespitosum were
collected at the Experimental Field of the Centro Cientifico Tecnolégico (CCT), Mendoza,
Argentina. Seeds of Leptochloa crinita Genotype N°3 (Nacufidn) were harvested from the
genotype collection of the Facultad de Ciencias Agrarias (Universidad Nacional de Cuyo),
Mendoza, Argentina. Seeds were keptin paper envelopes, in the dark. Before the experiments,
D. californica, P. caespitosum, and L. crinita were threshed, while A. mendocina seeds were
directly sown. Seed viability was tested via the Tetrazolium test (ISTA, 2021) before
germination assays.

All germination assays were performed in 9 cm diameter Petri dishes, with cotton and
filter-sterilized paper discs on top. To avoid fungal infection, we moistened each disc with
10 ml of a 0.1% Benomyl solution in distilled water. We carried out all assays in darkness, using
incubators (Precision Scientific Model Inc. 818) with automatic temperature control (+0.1°C).

The emergence of a 1 mm radicle indicated germinated seeds. All trials lasted 10 days.
Germination was recorded as percentage of geminated seeds (%), and germination rates
were calculated using the Maguire equation (Maguire, 1962):

M=n1/tl + n2/t2+...+n9/t9

where:
n1,n2,..n9 = number of germinated seeds at each date.
And t1, t2,..t9 = times in days.
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Germination Assay at Different Temperatures

Seeds germinated in incubators at 5°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, and
50°C. The trial was completely randomized, with 5 replicates of 25 seeds per treatment
and genotype.

Germination Assay at Constant and Alternating Temperatures

Five Petri dishes with 30 seeds per species were placed in growth chambers under
the following treatments: a) 16 hours at 15°C and 8 hours at 45°C; b) continuous 30°C; c)
continuous 45°C.

Germination Assay at Different Water Potentials

The trial consisted of a completely randomized design with 4 replicates of 50 seeds per
treatment. All Petri dishes were placed in an incubator at 30°C. We conducted 8 treatments: a
control with distilled water and Polyethylene glycol (PEG) solutions. PEG solutions were
prepared at 143.18,213.64,267.98,313.88,354.36,390.99 g PEG L* distilled water. Osmotic
potentials at 30°C were -0.38, -0.58,-0.97,-1.3,-1.52, and -1.77 MPa, respectively. Ten mL of
each solution was initially added to each Petri dish.

Germination Assay with Saline Solutions

This trial was completely randomized with 4 replicates of 50 seeds per treatment. Petri
dishes were placed in an incubator at 30°C. We used 4 treatments: a control with distilled
water and 3 different Sodium Chloride (NaCl) solutions. Molal solutions of NaCl were 0.1,
0.3, and 0.5 mol kg, weighing 5.84 g/L., 17.53 g/L. and 29.22 g/L, respectively. Twenty mL
of the corresponding solution was added to each Petri dish. Osmotic potential at 30°C was
-0.47 MPa, -1.39 MPa, and -2.32 MPa, respectively.

Statistical Analysis

Final germination percentages were transformed via arcsine of the square root (arcsine
(yx) and germination rates were transformed with the square root (x + 0.5) to meet ANOVA
assumptions. Both variables were analyzed using ANOVA and Tukey test (p < 0.05).

RESULTS

Germination at Different Temperatures

None of the four species germinated at 5, 45, or 50°C (figure 1, page 5).

A. mendocina seed germination was 60-70% (maximum for this species) at 20, 25, and
30°C (figure 1, page 5). Germination reached 27% at 15°C, and 10% at 35 and 40°C on the
same date. Similarly, equal germination rates were recorded at 20, 25, and 30°C (table 1,
page 5), with significant differences from 15°C, 35°C, and 40°C.

D. californica seed germination was 64% at 35°C (maximum for this species), and 50%
between 25 and 30°C, with no significant differences among these treatments. At 20 and
40°C, 30% of seeds germinated, while only 15% germinated at 15°C (figure 1, page 5). The
highest germination rate was obtained at 25, 30, and 35°C (table 1, page 5).

P. caespitosum germination was 94% at 25°C, 89% at 35°C, 74% at 30°C, 67% at 20°C,
55% at 40°C and 24% at 15°C. Significant differences were observed at 25 and 35°C with
respect to the other treatments. Forty percent of the seeds germinated at 30 and 35°C on
day one of incubation, corresponding to the highest germination rates (table 1, page 5).

L. crinita achieved 95-100% at 25, 30, and 35°C on day 2 of incubation. On day 7, at 20
and 40°C, this percentage significantly dropped to 88%. On day 9 at 15°C, 69% of seeds
germinated, significantly differing from the other treatments (figure 1, page 5). Notably, a
high proportion of seeds from this species germinated on day 1 of incubation at 25, 30, and
35°C, with the highest germination rates at 30 and 35°C (table 1, page 5).
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Figure 1. Average percentage of germinated seeds (+ standard error) of Aristida
mendocina, Digitaria californica, Pappophorum caespitosum, and Leptochloa crinita
incubated at different temperatures (5, 15, 20, 25, 30, 35, 40, 45°C).

Figura 1. Porcentaje promedio de semillas germinadas (+ error estandar) de Aristida
mendocina, Digitaria californica, Pappophorum caespitosum y Leptochloa crinita incubadas
a distintas temperaturas (5, 15, 20, 25, 30, 35, 40, 45°C).

Table 1. Germination rates (Maguire Index + standard error) of Aristida mendocina,
Digitaria californica, Pappophorum caespitosum and Leptochloa crinita incubated at
different temperatures.

Tabla 1. Tasas de germinacién (Indice de Maguire * error estandar) de semillas de Aristida
mendocina, Digitaria californica, Pappophorum caespitosum y Leptochloa crinita incubadas
a diferentes temperaturas.

Temperature (°C) A. mendocina D. californica P. caespitosum L. crinita
Different letters indicate 15 0.80+0.10b 0.49 +0.09 ¢ 076 +0.14 e 2.63+0.68¢e
significant differences
between treatments 20 2.84+0.25a 2.40 + 0.23 be 3.82+0.30 d 8.25+0.72d
for the same species
atp < 0.05. 25 3.34+0.42a 5.66+1.02b 11.08 £ 0.67 b 18.41 £ 0.76 bc
Letras diferentes
indican diferencias 30 3.63+0.22a 6.04 +0.52 ab 13.05 £ 0.49 ab 23.30+0.58a
significativas 35 0.80£0.39b 9.55+1.59a 1431+0.73a | 20.90%0.91ab
entre tratamientos
para una misma 40 0.81+0.33b 5.00+0.82b 736 +0.74 ¢ 1590+ 1.15¢
especie a p < 0,05.

Germination at Constant and Alternating Temperatures

No germination occurred at 45°C. Alternating temperatures (15- 45°C) did not affect
germination in P. caespitosum (table 2, page 6). A. mendocina. and L. crinita showed
lower germination percentages when alternating temperature than under constant 30°C
(figure 2, page 6). Similarly, germination rates of A. mendocina and L. crinita decreased
by approximately threefold when seeds were incubated at alternating temperatures
under 30°C (table 2, page 6). D. californica seeds did not germinate due to fungal infection
in Petri dishes.
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Table 2. Germination rates (Maguire Index # standard error) of Aristida mendocina,
Pappophorum caespitosum, and Leptochloa crinita incubated at constant (30°C) and
alternating temperatures(15-45°C).

Tabla 2. Tasas de germinacién (Indice de Maguire * error estandar) de semillas de Aristida

mendocina, Pappophorum caespitosum y Leptochloa crinita incubadas a temperaturas
alternantes (15-45°C) y a temperatura constante (30°C).

Temperature (°C) A. mendocina P. caespitosum L. crinita
15 -45 2.65+0.47b 7.52+0.72b 5.63+1.06b
30 8.24+0.57a 2094 +1.70a 19.56 £ 0.66 a
100
I 45°C-15°C
8 = e a B 30°C
a

<
=
= 60 -
2 b
et
[
£ b
E 40
()
&)

20

0 =
A. mendocina P. caespitosum L. crinita

Perennial grasses

Figure 2. Average percentage of germinated seeds(+ standard error) of Aristida
mendocina, Pappophorum caespitosum, and Leptochloa crinita incubated at alternating
temperatures of 45 and 15°C, and at a constant 30°C.

Figura 2. Porcentaje promedio de semillas germinadas (+ error estandar) de Aristida
mendocina, Pappophorum caespitosum y Leptochloa crinita incubadas a temperaturas
alternantes de 45 y 15°C y a temperatura constante de 30°C.

Germination at Different Water Potentials

Final germination of A. mendocina was similar between -0.38 MPa and control conditions.
However, -0.58, -0.97, and -1.3 MPa solutions significantly decreased final germination. Null
germination was recorded at -1.5 and -1.7 MPa (figure 3, page 7). Under increasing PEG
solutions, germination rates decreased (table 3, page 7).

P caespitosum seeds germinated in all PEG solutions. Even at -1.3 and -1.7 MPa,
P. caespitosum achieved 60% and 20%, respectively (figure 3, page 7). Germination rates
followed the same pattern as final germination percentage (table 3, page 7).

Seed germination percentage in L. crinita significantly decreased compared to the
control, from -0.97 MPa onward, with no germination under -1.5 MPa (figure 3, page 7).
Germination rates decreased from -0.58 onward (table 3, page 7).

D. californica seeds did not germinate due to fungal infection in the Petri dishes.
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Figure 3. Average percentage of germinated seeds (+ standard error) of
Aristida mendocina, Pappophorum caespitosum, and Leptochloa crinita incubated at
different water potentials (control, -0.38, -0.58,-0.97, -1.30, -1.52, and -1.77 MPa).

Figura 3. Porcentaje promedio de semillas germinadas (+ error estandar) de
Aristida mendocina, Pappophorum caespitosum y Leptochloa crinita incubadas a diferentes
potenciales agua (control, -0.38 MPa, -0.58 MPa, -0.97 MPa, -1.30 MPa, 1.52 MPay -1.77 MPa).

Table 3. Germination rates (Maguire Index * standard error) of Aristida mendocina,
Pappophorum caespitosum, and Leptochloa crinita incubated at different water potentials.

Tabla 3. Tasas de germinacién (Indice de Maguire * error estandar) de semillas de
Aristida mendocina, Pappophorum caespitosum y Leptochloa crinita incubadas a diferentes
potenciales agua.

Water potential (MPa) A. mendocina P. caespitosum L. crinita
Control 11.37+198a 36.18+2.51a 36.15+1.71a
-0.38 477 £0.56 b 32.06+2.21ab 33.27+0.63a
-0.58 2.17 £ 0.68 bc 27.26 +4.42 abc 23.19+2.06b
-0.97 0.61+0.35c 17.93 £ 2.67 bed 9.79£0.96 c
-1.30 0.13+0.08c¢ 15.87 £3.53 cd 2.16+£0.62d
-1.52 00 d 12.52+3.99d 0.21+0.10d
-1.77 0+x0 d 458+1.47d 0.13+0.13d

Germination in Different Saline Solutions

Neither A. mendocina nor D. californica germinated at 0.3 and 0.5 M NaCl treatments
(figure 4, page 8). At 0.1 M, the percentage of germinated A. mendocina seeds was halved
compared to the control. The percentage of germinated seeds for control D.californica did
notreach 25%. Germination rates of both species at 0.1M were lower than the control (table
4, page 8).

Despite P caespitosum seeds incubated in 0.1 M NaCl reached equal germination
percentages as the control, their germination rate was slower (table 4, page 8). Significant
differences were found between 0.3, 0.5 M NaCl, and control treatments (figure 4, page 8).
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L. crinita seeds germinated (figure 4) in equal proportions and rates (table 4) in 0.1M and
distilled water. The 0.3 M treatment germinated 5.5%, and the 0.5 M had no germination.
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I 0.1M
a 3 03M
a a a [CJo5M
80 +
< a
<
=]
S 60
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Different letters g b
indicate significant E
differences between 5 404
treatments within each <o
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Las letras diferentes
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tratamientos dentro de | | |
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A. mendocina D. californica | P. caespitosum I L. crinita

Perennial Grasses

Figure 4. Average percentage of germinated seeds (+ standard error) of Aristida
mendocina, Digitaria californica, Pappophorum caespitosum, and Leptochloa crinita
incubated with different saline solutions (control, 0.1, 0.3, and 0.5M NaCl).

Figura 4. Porcentaje promedio de semillas germinadas (+ error estandar) de Aristida
mendocina, Digitaria californica, Pappophorum caespitosum y Leptochloa crinita incubadas
con diferentes soluciones salinas (control, 0.1 M, 0.3 M y 0.5 M NaCl).

Table 4. Germination rates (Maguire Index # standard error) of Aristida mendocina,
Digitaria californica, Pappophorum caespitosum, and Leptochloa crinita incubated in
different saline solutions.

Tabla 4. Tasas de germinacién (Indice de Maguire * error estadndar) de semillas de Aristida

mendocina, Digitaria californica, Pappophorum caespitosum y Leptochloa crinita incubadas
en diferentes soluciones salinas.

Different letters indicate
significant differences

between treatments Treatments (M NaCl) A. mendocina D. californica P. caespitosum L. crinita
for the same species
atp <0.05. Control 14.56 + 2.50 a 6.69 + 0.65 a 34.24+3.07a 28.22+196a
Letras diferentes
indican diferencias 0.1 3.87+0.73b 2.61+0.97b 24.42+229b 25.05+2.04a
significativas entre 0.3 0£0 b 0£0 6.37+1.20 ¢ 0.62+0.08b
tratamientos para
una misma especie 0.5 0+0 b 0£0 ¢ 2.99+0.78 ¢ 0£0 b
ap<0,05.
Di1ScUSSION

Germination of A. mendocina, D. californica, P. caespitosum, and L. crinita differs in
response to temperature, water potential, and salinity. P caespitosum and L. crinita
germinated at a wider range of temperatures, salinity, and water potential than A. mendocina
and D. californica. Besides, L. crinita germinated at a wider range of temperatures than
P, caespitosum, but the latter germinated at lower water potential and more saline solutions
than L. crinita. A. mendocina germinated at a narrower temperature range than the other
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species. These results may explain landscape-scale differences exhibited by these species
within the Monte Desert, where P. caespitosum and L. crinita inhabit saline soils and clay
or sandy textures, and A. mendocina and D. californica only inhabit sandy soils (Candia &
Guevara,1973; Roig, 1970; Vega Riveros et al., 2020).

These four perennial grasses germinate during the warm rainy season in the Monte
desert (Labraga & Villalba, 2009). The highest germination percentage of L. crinita was
recorded at 25, 30, and 35°C. Our data agree with previous reports of 85% at 28 and 35°C
(Zabala et al, 2011), 90% at 25 and 45°C (Di Giambattista et al, 2010), and 70% at 20, 25,
and 35°C (Meglioli et al,, 2024). We also recorded germination rates close to 90% at 20 and
40°C, showing slightly higher thermal tolerances than previously reported.

We obtained the fastest germination in darkness at 30 and 35°C, in accordance with
Meglioli et al, (2024) at 35°C. About 90% of P. caespitosum seeds germinated at 25 and 35°C,
but germination at 20, 30, and 40°C was between 55% and 80%. However, Meglioli et al,
(2024) reported the highest germination percentage at 30°C (74%).

The fastest emergences occurred at 30 and 35°C, as previously reported
(Megliolietal,2024). However, maximum germination percentages of D. californica occurred
at35°C, in contrast with Megliolietal, (2024), who reported dramatic germination decreases
at that temperature, and optimum at 25°C. Even after preventive Benomyl applications,
fungal infection of D. californica in our assays might explain lower germination percentages
than in previous studies (Ferrari & Parera, 2015; Meglioli et al., 2024). Aristida mendocina
germinated between 60-70% at 20, 25, and 30°C, its optimal range. Outside this range
(15, 35, and 40°C), germination significantly dropped. Notably, 45 and 50°C are lethal to all
species. Also, alternating temperatures reduced germination in A. mendocina and L. crinita,
compared to constant 30°C.

In the Monte Desert, perennial grasses establish in unusually wet years (Marone et al.,
2000). In sandy soils, L. crinita and P. caespitosum require a minimum pulse of 40 mm to
emerge (Greco et al, 2013; Sartor et al, 2024). Di Giambattista et al. (2010) conducted
L. crinita germination tests at osmotic potentials of 0 MPa (control), -0.5, -1, and -1.5 MPa
and under 17°C, 25°C, and 35°C, finding the highest germination percentages at 0 and
-0.5 MPa, sharply falling at -1MPa, regardless of temperature. Even using a finer scale, our
results were similar, showing maximum germination (80%) at 0, -0.38, and -0.58 MPa, close
to 50% at -0.97 MPa, and a sharp drop from -1.3 MPa onwards. Osmotic stress tolerance
during germination of this species is tightly related to seed weight (Marinoni et al, 2022).
Populations with heavier seeds produced heavier seedlings under osmotic stress.

P caespitosum was the most drought-tolerant species in the group, germinating at
all evaluated potentials, and reaching a remarkable 60% germination at -1.3 MPa while
maintaining 20% even at -1.77 MPa. In contrast, A. mendocina showed low tolerance
to water stress. Although -0.38 MPa showed no significant differences with the control,
germination dramatically declined at -0.58, -0.97, and -1.3 MPa, being completely absent at
-1.5 and -1.7 MPa. Variations in water stress tolerance among these species likely account
for their different distribution across the Monte landscape. In drying fine-textured soils,
water potential becomes more negative than in coarse-textured soils. Considering this, only
P, caespitosum and L. crinita could germinate in loamy or clayey soils.

Similarly, germination results at different salinities are consistent with the abundance of
P, caespitosum and L. crinita in saline soils. In this study, P. caespitosum was the only species
capable of germinating in high salt concentrations, achieving 50% germination at 0.3 M NaCl
and maintaining 20% at 0.5 M. At 0.1 M, germination percentage equaled control. L. crinita
at 0.1 M NaCl germinated at the same rates and speeds as the control. However, germination
was low at 0.3 M and null at 0.5 M. Similarly, at a slightly higher concentration (0.12 M),
Marinoni et al, (2018) observed a significantly lower emergence percentage than the
control, suggesting a strict tolerance limit for this species close to 0.1 M. On the other hand,
A. mendocina and D. californica proved to be salt-sensitive. At 0.1 M NaCl, their germination
percentage was lower than the control, and zero at 0.3 M and 0.5 M.

Theseresults were obtained under controlled laboratory conditions; therefore, responses
in natural environments may differ due to complex ecological interactions. Further studies
should consider multiple environmental interactions.
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CONCLUSIONS

Even considering the four perennial grasses studied are C4 photosynthetic types and
originated from the same phytogeographic region (Monte, Argentina), they showed different
temperature requirements and exhibited dissimilar germination tolerances to salinity and
water stress.

The four species germinated between 15 and 40°C. No germination occurred at 5 or
45-50°C. A. mendocina optimally germinated between 20 and 30°C, while D. californica,
P. caespitosum, and L. crinita had an optimal range between 25 and 35°C, with peaks at
25-30°C for A. mendocina and at 35°C for D. californica. In saline solutions, D. californica
and L. crinita did not germinate under high concentrations of 0.3 M and 0.5 M, while
P. caespitosum showed some tolerance in 0,3M and 0,5 M CINa solutions. Regarding water
potential, L. crinita and P. caespitosum germinated under moderate stress (approximately
-0.38 to -0.97 MPa), with P, caespitosum reaching 60% germination, even at -1.3 MPa.

Different germination traits explain species segregation in the Monte Desert. The
tolerant species P caespitosum and L. crinita inhabit clayey and saline soils, while the
sensitive A. mendocina is restricted to sandy ones. These findings allow for the optimization
of genotype selection aimed at ecological and productive restoration programs in
environments with varying levels of degradation.
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