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ABSTRACT

Hirschfeldia incana (L.) Lagr.-Foss, an exotic weed in Argentina, is well adapted to different climate, soil, and crop
conditions, and is particularly abundant in the southern region of Santa Fe province. The design of rational weed
management strategies requires detailed information on biotypes behavior and growth characteristics. The objec-
tives of this work were to study: 1) the phenology and growth, and 2) the germination response under varying light
and temperature conditions of different populations (L1 and L2) of H. incana from the southern region of Santa Fe
Province. Under semi-controlled conditions, seeds from L1 and L2 populations were used to assess phenological
parameters, growth, and seed production. In two additional experiments, we evaluated germination responses: Ex-
periment 1) assessed the effect of blue, green, red, and white light, and darkness on germination (populations L1
and L2); Experiment 2) evaluated the effect of temperature (7-29°C) on germination (populations L1, L2, and a
third population designated FH1). Plants from populations L1 and L2 exhibited similar phenological development
but differed in rosette diameter (20 + 3.3 cm vs. 26 + 2.4 cm, respectively), resulting in differences in leaf area and
greater silique and seed production output in the L2 population. In both populations, a photoblastic index near zero
indicated light-insensitive seeds. Seeds germinated across a broad temperature range above 10°C, with maximum
germination occurring between 19°C and 30°C. Additionally, H. incana seed viability declined two years after harvest.
Further research is needed to better understand the mechanisms regulating physiological dormancy in H. incana
and to develop strategies to enhance its germination independently of light.

Keywords: mustard weeds, cruciferous, photoblastism.

RESUMEN

Hirschfeldia incana (L.) Lagr.-Foss es una maleza exdtica en Argentina y se adapta bien a diferentes condiciones de
clima, suelo y cultivos. Es particularmente abundante en el sur de la provincia de Santa Fe. Es de interés estudiar los
biotipos locales que contribuyan a disefiar estrategias racionales de manejo de malezas. Los objetivos del trabajo
fueron estudiar: 1) la fenologia y el crecimiento, y 2) la germinacién bajo diferentes condiciones luminicas y térmicas,
de diferentes poblaciones de H. incana pertenecientes a la region sur de la provincia de Santa Fe. Se tomaron plantas
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de H. incana de dos lotes localizados en el departamento Caseros, provincia de Santa Fe, para obtener semillas (pobla-
ciones L1y L2). En condiciones semicontroladas, dichas semillas se utilizaron para evaluar parametros fenoldgicos,
el crecimiento y la produccidn de semillas de ambas poblaciones. En dos experimentos adicionales se evaluaron:
E1) el efecto de la luz azul, verde, roja y blanca, asi como de la oscuridad (poblaciones L1y L2), y E2) el efecto de la
temperatura (entre 7 y 29 °C), sobre la germinacidn de las semillas utilizando una tabla de gradiente térmico (pobla-
ciones L1, L2 y una tercera llamado FH1). Las plantas de las poblaciones L1 y L2 presentaron similar fenologia, pero
se diferenciaron en el didmetro de la roseta (20 + 3,3 cm vs. 26 + 2,4 cm, respectivamente), lo que generé un drea foliar
diferente, y una mayor respuesta de la poblacién L2 en produccién de silicuas y semillas. Para ambas poblaciones, el
indice de fotoblastismo fue cercano a cero, lo que indica que las semillas son insensibles a la luz. Las semillas germi-
naron en un amplio rango de temperaturas superiores a 10 °C y con valores maximos de germinacién de 19 °C a 30 °C.
Ademds, la viabilidad de la semilla de H. incana disminuyé dos afios después de la cosecha. Es importante continuar
con estudios que permitan comprender mejor los mecanismos que estan regulando la latencia fisioldgica en H. incana
y las estrategias para incrementar su germinacion sin depender de la luz.

Palabras clave: nabolsas, nabillo, cruciferas, fotoblastismo.

INTRODUCTION

Hirschfeldia incana (L.) Lagr.-Foss is an annual, facultative
biannual, or perennial species of Mediterranean origin, classi-
fied within the Brassicaceae family and considered exotic in
Argentina (SENASA, 2018; Troiani, 2016; Marushia et al., 2012).
Due to its morphological similarity to other species within the
same botanical family, it is often grouped with members of the
so-called “mustard family”, such as Brassica rapa L. (Turnip),
Raphanus sativus L. (Radish), and Rapistrum rugosum L. (Bas-
tard cabbage) (SENASA, 2018).

Hirschfeldia incana is worldwide associated with sub-humid
and arid climates, typical occurring with sandy and loose soils,
and not necessarily linked to cultivated areas (Cousens et al.,
1993; Marushia et al., 2012; Hani et al., 2017). However, Cou-
sens et al. (1993) noted that in Australia, the species predomi-
nates in the southern plateaus -regions characterized by lower-
temperatures, high rainfall, and undisturbed soils. In Argentina,
H. incana has been reported across much of the national te-
rritory (Flora del Cono Sur, 2024). Nevertheless, the literature
highlights three main and geographically distant regions where
the species is most frequently found: the southwest of Buenos
Aires Province, the center-east of Cérdoba Province, and the
south of Santa Fe province (Prina, 1995; Vigna and Mendoza,
2015; Ustarroz, 2017). In the south of Santa Fe Province, Cres-
po (2025) reported that H. incana is primarily associated with
agricultural fields under humid climates and silty soils, where it
grows alongside with crops -mainly soybeans, corn, and wheat-
almost entirely under no-till systems (Puricelli and Tuesca,
2017; AAPRESID, 2019).

Several strategies are carried out to control H. incana, with
herbicide application being the most widely used tool in current
agricultural production systems (Radosevich et al., 2007; Puri-
celli and Tuesca, 2017). However, relying almost exclusively on
herbicides for weed control has led to changes in plant commu-
nities under no-till systems (Puricelli and Tuesca, 2017). Moreo-
ver, the increased use -both in quantity and frequency- of spe-
cific herbicides has contributed to the emergence and spread
of herbicide-resistant biotypes (Vigna and Mendoza, 2015; Us-
tarroz, 2017). Despite its widespread global distribution, herbi-

cide-resistant H. incana biotypes have only been documented
in a few regions of Argentina. Biotypes resistant to 2,4-D and
metsulfuron-methyl have been identified in the southwest of
Buenos Aires Province (Vigna and Mendoza, 2015), while resis-
tance to glyphosate and 2,4-D has been reported in the central-
eastern region of Cérdoba Province (Ustarroz, 2017). Recently,
Crespo (2025) contributed to defining the distribution area of
H. incana in the northern sector of the core region of the Ar-
gentine Humid Pampas, with its epicenter in Caseros County,
southern Santa Fe Province. In this area, H. incana poses a sig-
nificant threat to crop production (Vigna and Mendoza, 2015;
Ustarroz, 2017). Therefore, studying the phenology and physio-
logy of these biotypes is a key step for understanding the bio-
logical mechanisms driving population dynamics in the region.
This knowledge is crucial for developing rational and effective
management strategies for the species.

As in the vast majority of spermatophytes, the seed is the pri-
mary unit of propagation for H. incana. Once released from the
mother plant, seeds may travel short or long distances befo-
re becoming buried and incorporated into the soil seed bank.
From that point on, they are subject to environmental factors for
variable periods until favorable conditions are given for germi-
nation and establishment. It is well known that environmental
factors such as humidity, temperature, and light can modulate
seed germination and subsequent plant development (Bewley,
1997; Mira et al., 2019). It has even been reported that within
the same species, seeds from different populations or geo-
graphic origins may exhibit distinct germination requirements
(Cousens et al., 1993; Acosta et al., 2021). Accordingly, stud-
ying the germination physiology of H. incana seeds in response
to environmental stimuli is a primary step for identifying the
conditions that promote successful germination and seedling
establishment. This represents the starting point for unders-
tanding the species’ population dynamics within the seed bank,
as well as its dispersal, colonization, and integrated manage-
ment (Radosevich et al., 2007). The objectives of the present
study were to investigate: 1) the phenology and growth, and 2)
the germination response under different light and temperature
conditions of H. incana populations from the southern region
of Santa Fe Province. The results will contribute to a better un-
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derstanding of local H. incana populations and support future
research on its biology and management. Furthermore, advan-
cing studies on morphological and phenological characteriza-
tion of the different H. incana biotypes is not only important for
expanding knowledge of the species itself but also critical for
its effective management and control within agricultural pro-
duction systems.

MATERIALS AND METHODS

Characterization of Hirschfeldia incana using phenological
parameters

Seed collection

In September 2018, field surveys were conducted along rural
roads in Caseros County, Santa Fe province, to randomly iden-
tify plots infested with H. incana. Plants from these plots were
sampled to obtain seeds. Two highly infested agricultural plots
(33° 3'53.50"S 61°24'12.48"W; 33° 2'17.99"S 61°21'25.51"W)
were selected and ten rosette-stage plants -with no more than
four fully expanded leaves- were collected from each site. The-
se were designated as populations L1 and L2. Each plant was
individually transplanted into a 10 L pots to complete its life
cycle. The growing medium consisted of a 3:1 soil-to-perlite
mixture. In February-March 2019, siliques were manually har-
vested from each plant, and were threshed to extract the seeds,
which were then cleaned to remove silique residues. The seeds
from each plant and population were stored separately at room
temperature in a cool, dry place.

Experimental setup

In November 2019, 20 seeds from each of the populations (L1
and L2) were sown in 3.5 L pots. Once seedlings developed 3-4
fully expanded leaves, seven seedlings from L1 and eight seed-
lings from L2 were transplanted —root system and surrounding
soil— into 15 L pots. These pots were placed outdoors under
natural light and temperature conditions, with supplemental
sprinkler irrigation, and were monitored until the end of the
growth cycle. The substrate used was the same 3:1 soil-to-
perlite mix. Between mid-February and mid-March, seeds from
each population were manually harvested. Weather data from
the Villarino Experimental Station (School of Agrarian Sciences,
UNR, Zavalla) indicated average monthly temperatures of 22.8,
23.3, 24.1, 23.5, and 23.1°C from November 2019 to March
2020, respectively.

Data recording and analysis

For each population, the percentage of seedling emergence
and days to emergence were recorded. For each individual
plant, days to the onset of stem elongation and flowering (ap-
pearance of expanded/visible petals) were recorded from the
day of germination. In addition, the following traits were mea-
sured: final rosette diameter, total number of leaves, number
of basal branches, number of racemes on the main stem, and
maximum plant height measured on the main stem. Moreover,
the weight of three 100-seed samples (P100) per plant was de-
termined to estimate the average seed production of L1 and L2.

Statistical analyses were conducted using InfoStat software,
version 2017 (Di Rienzo et al., 2017). All data were an analy-
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zed using analysis of variance (ANOVA) and mean compari-
sons were performed using Fisher’s least significant difference
(LSD) test (p=<0.05) (Di Rienzo et al., 2017).

Effect of light type and temperature on Hirschfeldia inca-
na seed germination

Experimental material

Seeds from populations L1 and L2 harvested in February-
March 2019 were stored at room temperature in a dark, dry
environment, protected from humidity and temperature extre-
mes. These seeds were used to assess the effects of light and
temperature on germination. In December 2020, additional H.
incana rosettes were collected from the same area where po-
pulations L1 and L2 were collected, forming a third population
designated FH1. These plants were cultivated under similar
conditions to L1 and L2, and in March 2021, siliques were har-
vested and cleaned to obtain seeds.

Experimental setup

Two experiments (E1 and E2) were conducted to evaluate
seed germination responses to different light wavelengths and
temperature regimes.

E1: Conducted in December 2019, this experiment evaluated
the germination of L1 and L2 seeds under four light treatments
and darkness. Light was supplied by 6 W LED lamps emitting
specific wavelengths: blue (440-500 nm), green (500-570 nm),
red (620-720 nm), and white (400-750 nm) (table 1). Each
treatment included three replicates of 30 seeds per population.
Seeds were placed in Petri dishes on filter paper moistened
with distilled water and incubated for 11 d at 25 + 2°C with a
12-hour photoperiod. In the dark treatment, dishes were wrap-
ped with aluminum foil and kept under the same temperature
and moisture conditions. Each replicate received only one light
treatment during the incubation period.

E2: Conducted in December 2020, this experiment asses-
sed germination across a thermal gradient. Initially, LT and L2
seeds harvested in February-March 2019 were tested, followed
by a second run using seeds harvested in February-March
2020. Germination was evaluated at 10 temperatures (10, 13,
16, 19, 21, 24, 25, 26, 28 and 29°C) using a thermal gradient
plate (table 1). Each treatment consisted of four replicates
of 11 seeds per population, placed on moistened filter paper.
This number of seeds was selected to ensure that the targe-
ted regime temperature was achieved for each sample, thereby
avoiding mixed temperature results. Distilled water was used in
all germination experiments. Incubation lasted 7 days without
supplemental light.

Data collection and analysis

A seed was considered germinated when radicle protrusion
through the seed coat was observed. In E1, germination was
recorded at 2, 3, 6, 7 and 11 d after starting incubation. In the
dark treatment, counting was performed on day 11 to avoid
light exposure. In E2, germination was recorded at the end
of the experiment (day 7). The results were expressed as the
percentage of viable seeds that germinated (%G) (Gonzélez-
Amaya et al., 2018).
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Light type Blue Green Red White Darkness
Wavelength (nm) 440-500 500-570 620-720 400-750 -
Thermal gradient S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Average temperature (°C) * 10 13 16 19 21 24 25 26 28 29

* |t represents the gradient of average temperatures set and expected on the gradient control plate.

Table 1. Light type and thermal gradient treatments used to germinate seeds of Hirschfeldia incana populations L1, L2 and FH1 for expe-

riments 1 and 2.

In E1, mean germination speed (VMG) and mean germination
time (TMG) were calculated using the formulas suggested by
Ranal and Garcia de Santana (2013), cited in Gonzalez-Amaya
etal. (2018):

VMG = ¥F_ 2

t=ig

where, n, = number of seeds germinated on day i; K = duration
of the germination test (days).

TMG = %f; "%
1

where, n, = number of seeds germinated on day i; t: days after
sowing when n, seeds germinated.

Additionally, the photoblastic index (FI) was calculated fol-
lowing Castillo et al. (2013):

_ (6o —6L)

IF= (GO + GL)

where, GO is the percentage of seeds germinated in darkness,
and GL is the percentage of seeds germinated in light.

Results from E1 and E2 were analyzed by ANOVA, and mean
comparisons were performed using Fisher’s LSD test (p<0.05)
with InfoStat version 2017 (Di Rienzo et al., 2017).

RESULTS AND DISCUSSION
Phenological characterization of Hirschfeldia incana

The phenological characterization was conducted on individ-
ual plants grown in pots and under semi-controlled conditions.
Seedling emergence was low in both populations, reaching
35% and 40% for L1 and L2, respectively. This low emergence

rate may indicate the presence of some degree of seed dor-
mancy, suggesting that additional stimuli and/or mechanisms
may be required to overcome germination constrains. No sig-
nificant differences (p<0.05) were observed between popula-
tions in the number of days required to reach key phenological
stages (emergence, stem elongation, and flowering) (table 2).
However, phenotypic differences were observed in several mor-
phological traits. The L1 population exhibited a significantly
(p<0.05) lower average number of leaves per plant and a small-
er average rosette diameter compared to L2, suggesting small-
er plant biomass in L1 compared to L2 (not measured). No sig-
nificant differences were found in plant height, the number of
basal branches, or the number of nodes in the main stem (table
3). The average number of total siliques per plant differed sig-
nificantly between populations (p<0.05), with L2 producing a
higher number of siliques (figure 1). In contrast, the proportion
of vain (aborted) siliques did not differ significantly between
L1 and L2, accounting for 11.3 + 4.5 and 10.6 + 2.9% of total
siliques, respectively. As a result, the L2 population showed
a significantly higher total seed production than L1 (figure 1).
Thus, a greater number of leaves and larger rosette diameter
observed in L2 plants (table 3) may have contributed to increa-
se leaf area and, consequently, enhanced light interception
and photosynthetic capacity. Since whole plant biomass could
not be measured due to the prolonged silique maturation pe-
riod and silique dehiscence, estimating the harvest index was
not feasible. However, rosette diameter and leaf number can
serve as proxies for plant biomass to approximate a partition
index. Using the number of leaves as a proxy, the L2 population
showed slightly better performance in terms of seed weight. In
contrast, using rosette diameter suggested that L1 was slightly
more efficient in seed and silique production (data not shown).
Further studies are needed to determine whether these trends
reflect plasticity traits among populations.

Days from transplant to:

Population Days from sowing to germination

Beginning of stem elongation

Beginning of flowering

L1 4+0.7 a

25¢1.8a

3722 a

L2 5t1.6a

24+1.4a

36t1.4a

Different letters in columns for each variable indicate significant differences (p < 0.05) according to Fisher’s LSD test.

Table 2. Days and standard error of mean to reach three different phenological stages of two Hirschfeldia incana populations (L1 and L2)

from the south of Santa Fe province.
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Main stem height N° of branches in the main stem
Population N° of leaves  Rosette diameter (cm)
(cm) In the base of the rosette Above the rosette
L1 11+0.8 b 20+3.3 b 84+7.4 a 3+0.8 a 11£0.4 a
L2 14%¥2.0a 26+2.4a 80+10 a 3t1.0a 11+1.7 a

Different letters in columns for each variable indicate significant differences (p<0.05) according to the Fisher’s LSD test.

Table 3. Morphological description of two Hirschfeldia incana populations (L1 and L2) from the south of Santa Fe province.
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Figure 1. Average seed production and number of full and vain siliques per plant of two Hirschfeldia incana populations (L1 and L2) from

the south of Santa Fe province.

The average P100 was 0.037 £ 0.0013 g and 0.0372 + 0.0029
g forthe L1 and L2 population, respectively, with no statistically
significant difference between them (p<0.05). In the L1 popu-
lation, P100 values ranged between 0.026 and 0.041 g, while
in L2 they ranged from 0.022 to 0.045 g. Based on the P100
values and the seed production per population (figure 1), the
average number of seeds per plant was calculated as 7,135 for
L1 and 10,075 for L2. Hani et al. (2017) reported that H. incana
can produce 14,000 seeds per plant when grown in isolation,
with P100 values ranging from 0.03 to 0.07 g. The growth con-
ditions in the present study differed somewhat from those in
Hani et al. (2017), particularly because the plants in our exper-
iment completed their cycle in pots, which may have restrict-
ed root development. Nevertheless, both studies report simi-
lar average P100 values and comparable seed production per
plant. Although the average number of seeds per plant varied
widely between the populations, P100 values remained similar.
This may be explained by the capacity of H. incana to produce
seeds in a wide range of sizes under certain conditions. The

presence of a greater number of smaller seeds can increase
the total seed number, while having little impact on the average
seed weight (P100).

Light and temperature effects on seed germination of
Hirschfeldia incana

Experiment 1: The germination response under light and dark
conditions was evaluated. After 11 days of incubation under
light, total germination differed significantly between popula-
tions (p<0.05), with higher germination in L2 (59 * 4%) than in
L1 (42 £ 3%). Germination was consistently higher in L2 across
all light treatments; however, significant differences (p<0.05)
between populations were only observed under blue and red
light (table 4). In L1, the highest germination occurred under
green light (53 + 7%), whereas in L2, it was under blue light (71
+ 6%). Both values were significantly higher than those under
dark conditions (L1: 38 + 2% and L2: 49 + 13%) (table 4). In a
similar study on Brassicaceae species, Cousens et al. (1993)
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Light type
Population Darkness
White Green Blue Red

L1 43t7 ab A 5317 aA 3612b B 38+10abB 38+2b A

" L2 5616 b A 61+2b A 71t6a A 57+3b A 49113 b A
L1 0.69+0.14aB 0.85+0.10aB 0.64+0.20aB 0.62+0.14aB 0.22+0.04b B
e L2 1.2140.10b A 1.44+0.06 a A 1.64+x0.23a A 1.2120.07b A 0.32#0.01cA
L1 4.46+1.38ab A 4.79+1.58 ab A 4.50£0.57b A 4.35+1.26 b A 7.59+1.88a A
e L2 3.34+x1.66a A 3.11+1.77aA 3.20¥1.99a A 3.45%1.52a A 6.91+3.02a A

Different small letters in lines for each population and variable indicate significant differences (p<0.05) according to the Fisher’s LSD test.

Different capital letters between populations in columns for each light treatment and darkness indicate significant differences (p<0.05)

according to the Fisher's LSD test.

Table 4. Effect of different types of light and darkness on the percentage of germination (PG), the average germination speed (germinated
seeds/d) (VMG) and the average germination time (days) (TMG) of two Hirschfeldia incana populations (L1 and L2) from southern Santa

Fe province.

reported that germination in darkness was generally half or
even less than that under light. Specifically, for H. incana, they
found a light preference for germination, particularly in seeds
from undisturbed soils (e.g., pastures), as opposed to seeds
from cultivated soils.

The VMG (velocity of mean germination) followed the same
trend as total germination (%G), being consistently higher in L2
than in L1 across all light treatments (table 4). Only in L2 did
VMG values differed significantly among light treatments. The
TMG (time to mean germination) was consistent with VMG
patterns and was always lower in L2 than in L1 under all light
conditions. Under darkness, TMG did not differ significantly from
light treatments, although this varied between populations (table
4). In L2 no significant differences in TMG were found between
light and dark treatments. In contrast, for L1, TMG under dark-
ness was statistically similar (p>0.05) to green and white light
treatments but differed significantly (p<0.05) from red and blue
light treatments (table 4). Nifio-Hernandez et al. (2020) related
small TGM differences in Amaranthus hybridus under different
light conditions to simultaneous germination of seeds under
both light and dark conditions. A similar pattern was observed in
H. incana in our study: although seeds began germinating after 7
din darkness and between 3 and 5 d under light, these values did
not differ statistically (p<0.05) between treatments.

Photoblastism is a phenomenon often associated with seed
persistence in the soil, acting as a strategy whereby small
seeds only germinate when close to the surface, where light
quality is sufficient for successful emergence before reser-
ves are depleted (Castillo et al., 2013; Osuna Fernandez et al.,
2017). The (IF) ranges from +1 (negative photoblastism, where
light inhibits germination) to -1 (positive photoblastism, where
light stimulates germination), with IF = 0 indicating not photo-
blastic (Castillo et al., 2013). In the present study, the IF values
were very close to neutral for both populations (-0.171 to 0.03
in L1 and -0.185 to -0.064 in L2), suggesting low sensitivity to

light and which supporting the similar germination percentages
observed under dark and white light conditions. For compari-
son, seeds of Eschscholzia californica Cham. and Amaranthus
hybridus, which had negative IF values, showed inhibited ger-
mination under light and improved performance in darkness
(Castillo et al., 2013; Nifio-Hernandez et al., 2020). These spe-
cies also showed a higher VMG in darkness (Nifio-Hernandez
et al., 2020). In contrast, in the present study, H. incana seeds
with near-neutral IF values exhibited lower VMG in darkness.
These results suggest that H. incana may require additional
environmental cues or specific light conditions for optimal ger-
mination, representing previously unreported behavior for this
species (Castillo et al., 2013).

Experiment 2: This experiment evaluated the germination
response to temperature. Germination of L1 and L2 seeds did
not exceed 5% across all temperature treatments. Tetrazolium
viability test (ISTA, 2016) confirmed that these ungerminated
seeds were non-viable (data not shown). It is important to
note that since the seed harvest (February-March 2019), ger-
mination had been tested at several point: during phenological
characterization studies (November 2019), Experiment 1 (De-
cember 2019) and Experiment 2 (December 2019 and 2020,
respectively). The low initial emergence (35% for L1 and 40%
for L2) and the moderate germination observed in E1 (42% for
L1 and 59% for L2) suggest the presence of intrinsic dormancy
mechanisms and/or specific germination requirements. These
results, together with the sharp decline in viability over time,
indicate short seed longevity, with viability nearly absent in E2,
two years post-harvest. These findings align with studies by
Mira et al. (2019) and Castro et al. (2015). Mira et al. (2019)
related H. incana seed viability loss to seed size and water con-
tent, highlighting that environmental conditions during seed
development can influence seed composition (e.g., lipid con-
tent), and hereby affect water levels and longevity. Meanwhile,
Castro et al. (2015) reported lower germination percentages
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in seeds harvested shortly before the experiment (47%) com-
pared to those stored for two years (61%), suggesting a dual
dormancy strategy in H. incana, where some seeds germinate
soon after dispersal, while others remain dormant to ensure po-
pulation persistence over time.

Given the low viability of the original pool of seeds, the Ex-
periment 2, temperature response, was repeated using seeds
harvested in February-March 2020. Germination increased with
temperature, reaching a maximum of 100% at 29°C (treatment
S10; table 5). Significant differences (p<0.05) were found
across three thermal ranges: S01 (10°C): 11% germination (G);
S02 - S03 (13-16°C): 70-77% G; and S04 - S10 (19-29°C): 90-
100% G (table 5). Thus, the lowest and highest temperatures
resulted in the lowest and highest germination percentages,
respectively. Intermediate germination (~50%) was inferred
between 10 and 13°C. Minimum and maximum temperature
thresholds for germination could not be precisely defined un-
der the conditions tested. Nonetheless, the methodology used
allowed to characterize germination response to temperature.
Notably, this experiment was conducted in the absence of light,
suggesting that temperature and light may act independently in
regulating H. incana germination, and confirming the species
broad thermal germination range. Castro et al. (2015) reported
consistent germination (80-82%) at temperatures between 20
and 35°C. However, these authors were unable to perform viabi-
lity tests due to small seed size. Cousens et al. (1993) similarly
found increasing germination of H. incana with temperature,
reaching 90% at 25-30°C, and 98% at 35°C. Their comparison
across Brassicaceae species demonstrate diverse temperatu-
re and light requirement for germination. For example, species
like Sinapis arvensis and Sisymbrium erysimoides required light
at low temperatures but maintained high germination in dark-
ness at higher temperatures.

;::;i'::: Mean temperature (°C)*  Germination (%)
S1 9.96 11.448.6d
S2 12.56 70.5%5.7 c
S3 16.22 77.318.7c
S4 19.02 93.2+4.4b
S5 21.22 97.7+2.3 ba
S6 23.74 97.7+2.3 ba
S7 25.02 93.216.8 ba
S8 26.34 97.7+2.3 ba
S9 27.76 93.2+2.3b
S10 29.04 100+0.0 a

Different letters indicate significant differences (p < 0.05) in germi-
nation percentage among temperature treatments along the ther-
mal gradient, according to Fisher’s LSD test.

Table 5. Average temperatures of each temperature measured on
the gradient plate and percentage of germination of viable seeds of
the Hirschfeldia incana FH1 population by treatment.
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The results in this study enhance our understanding of H. in-
cana, providing valuable information on plant phenology, seed
longevity, and germination behavior under different light and
temperature conditions. These environmental factors play a
significant role in modulating germination and subsequent phe-
nological stages (Cousens et al., 1993). Moreover, exploring the
regulation and natural control exerted by such factors contri-
butes to the development of integrated weed management
strategies by improving predictions of population dynamics in
response to environmental cues.

CONCLUSIONS

This study enabled the characterization of two H. incana po-
pulations from southern Santa Fe. Both populations exhibited
similar phenological development; however, differences in ve-
getative leaf area may have contributed to variations in silique
and seed production. An (IF) close to zero was recorded for
both populations, indicating that the seeds are light-insensitive
(i.e., neutral or non-photoblastic) and capable of germination
regardless of light presence. The results further demonstrated
that H. incana seeds can germinate over a broad temperature
range above 10°C, with optimal germination occurring between
19°C and 30°C. Additionally, a marked decline in seed viability
was observed two years after harvest. These findings unders-
core the importance of further research into the physiological
dormancy mechanisms of H. incana as well as strategies to
promote germination without reliance on light stimuli.
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