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ABSTRACT: Temperate forests are heterogeneous because of their variable
topography which causes that environmental variables are different between slopes.
The availability of microsites for seed germination is crucial for natural regeneration.
Secondary vegetation removal (weeding) is practiced in Central Mexico’s forests as
part of silvicultural practices. To evaluate its effects on germination we performed an
experiment with microsite types of different orientations South/North (S/N) and
with/without secondary vegetation (Undisturbed/Perturbed) (US, UN, PS, PN). Light
(global site factor [GSF] and red/far-red [R/FR] ratio), soil temperature, moisture,
pH, nitrogen (Ni) and germination of two shrub species were measured at 24
microsites. Results were analyzed with generalized linear models, variation
coefficients and Kruskal-Wallis tests. Light values exhibited higher values at US
because South-facing sites receive higher solar radiation than North-facing ones and
because canopy gaps were larger. R/FR ratios were significantly different between U
and P, and N and S microsites; the highest values were registered at PS microsites
because of their orientation and because of the absence of understory vegetation,
which filters light. Soil temperature was the highest at PS and PN. Soil moisture was
the highest at UN and US because secondary vegetation avoids soil moisture loss.
Germination percentages of both species were the highest at US because secondary
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species have high light and soil moisture requirements. pH, soil moisture and GSF had a
significant effect on Ageratina glabrata, while pH, Ni, soil temperature and moisture were
significant for Senecio angulifolius. This practice can have negative effects on shrubs species
germination. We do not recommend weeding, because it can have negative effects on shrub
species germination.

Key words: Microsite; light and moisture; forest management; slope orientation.

RESUMEN: Los bosques templados son heterogéneos por su topografia variable lo que causa
que las variables ambientales sean diferentes entre laderas. La disponibilidad de micrositios
para la germinacion es crucial para la regeneracion natural. La remocidon de vegetacion
secundaria (chaponeo, deshierbe) se practica en bosques del centro de México como parte de las
practicas silvicolas. Para evaluar sus efectos en la germinacion establecimos micrositios de
diferente orientacién (Sur/Norte), con/sin vegetacion secundaria (Sin Disturbio U/Perturbado P)
(US, UN, PS, PN). La luz (factor de sitio global [GSF], tasa de luz rojo/rojo lejano),
temperatura, humedad, pH, Nitrogeno (Ni) del suelo y germinacién de dos arbustos fueron
medidos en 24 micrositios. Se utilizaron modelos lineales generalizados, coeficientes de
variacion, pruebas de Kruskal-Wallis para el andlisis. La luz fue mayor en US porque los sitios
orientados al Sur reciben mayor radiacion solar que aquellos al Norte y porque los claros del
dosel fueron mayores. R/FR vario significativamente entre micrositios Uy P, y entre Ny S; los
mayores valores se registraron en PS por su orientacion y ausencia de vegetacion secundaria,
que filtra la luz. La temperatura fue mayor en PS y PN. La humedad fue mayor en UN y US
porque la vegetacion secundaria evita su pérdida. La germinacion de ambas especies fue mayor
en US porque estas especies tienen requerimientos altos de luz y humedad del suelo. El GSF,
pH, y humedad tuvieron un efecto significativo para Ageratina glabrata. La temperatura,
humedad, pH y Ni lo tuvieron para Senecio angulifolius. No recomendamos el chaponeo porque
puede tener efectos negativos en la germinacion de semillas de arbustos.

Palabras clave: Micrositio; luz y humedad; manejo forestal; orientacion de la ladera.

INTRODUCTION

Fir forests are very heterogeneous (Canham et al., 1990), one reason is that they are usually
located in mountainous landscapes. For example, south-facing slopes are warmer in the
northern hemisphere (Stuart et al., 1988), because of the higher incidence of solar radiation than
in north-facing slopes, which makes microsites facing south warmer and less humid (Méndez-
Toribio et al., 2016). According to Méndez-Toribio et al. (2016), information on how this
topographic asymmetry affects microclimate has been examined for temperate forests, but it has
not been studied in terms of germination of secondary species. Secondary species such as
shrubs have been recognized as very important in ecological succession because they contribute
to maintaining soil moisture (Chaneton et al., 2010) and serve as nurse species for protecting
conifer seedlings (Castro et al., 2002; Rodriguez-Trejo, 2006). Germination and establishment
of secondary species are crucial for forest regeneration and will respond to environmental
variables, such as the light that reaches the forest floor through canopy gaps, soil temperature,
moisture (Matlack, 1993) as well as the structure and texture of forest floor that often represents
an obstacle for seeds for reaching the soil (Benvenuti and Mazzoncini, 2019). Although
secondary species have been reported as abundant or common under some perturbation regimes
(Calderdén and Rzedowski, 2005); the characterization of safe microsites for their germination
might be important for conservation plans (Evans and Young, 1984; Martinez-Orea et al.,
2019). Not only slope orientation but also some disturbances can influence microsites causing
differences in moisture, temperature, and light compared to conserved sites (Linding and
Zedler, 2002; Martinez-Orea et al., 2019). For example, Chen et al. (1999) found differences in
air temperature of up to 6 °C between conserved sites and forest edges in a Pseudotsuga
menziesii forest in North America (Washington).
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Seed germination of angiosperms occurs under different light regimes; part of the response to
these regimes depends on phytochrome A, which absorbs light of different wavelengths
according to its configuration and to light in microsites, and this interaction will affect
germination (Orozco-Segovia and Sanchez-Coronado, 2013). Anthropogenic disturbances, in
particular some forest management practices (Fowler, 1988), such as control and suppression of
understory vegetation, might affect the degree of suitability of microsites for germination
(Martinez-Orea et al., 2019). Secondary vegetation control (weeding) is a silvicultural practice
aimed to reduce or minimize competition between shrubs or grasses with conifer seedlings,
although it has been suggested that the presence of some shrubs and herbs in the understory
could ameliorate the microsite environment for tree regeneration of some species such as Pinus
palustris (Rodriguez-Trejo, 2006). Some secondary species of pine-oak mountainous areas in
Mexico have been reported to germinate in high percentages after fire, especially those with a
physiological dormancy, as a consequence of being exposed to fire products such as smoke
(Zuloaga-Aguilar et al., 2011). According to Gonzélez et al. (2013) gradual cutting of trees has
been related to regeneration in some forests, because soil is prepared for seed germination of
several species, but not specifically shrub species. However, weeding as a silvicultural practice
has been reported to cause a decrease in the germination of shrubs such as Symphoricarpos
microphyllus in fir forests in central Mexico mainly due to low soil moisture contents
(Martinez-Orea et al., 2019). Nevertheless, microsite suitability has not been measured for
shrub germination by comparing microsites on north and south-facing slopes, with and without
secondary vegetation (as part of forest management) in fir forests of Central Mexico. Ageratina
glabrata and Senecio angulifolius are important shrub species in fir forests of this region
(Avila-Akerberg, 2002). They belong to the most diverse group of flowering plants in Mexico
(Asteraceae) (Villasefior, 2003) and are associated with montane systems (Cabrera-Rodriguez
and Villasefior, 1987); they have been recognized as crucial in forest regeneration after
disturbance (Bonilla-Valencia et al., 2017a).

Objectives

The objectives of this work are (1) to measure the germination response of two shrub species:
Ageratina glabrata and Senecio angulifolius in different microsites that differ according to their
location at different slope orientations (South, North, S, N) and under a forest silvicultural
practice that consists in eliminating understory vegetation (weeding) (Undisturbed, Perturbed,
U, P) and (2) to measure their germination response to different light qualities in growth
chambers, and seed viability over one year of storage.

MATERIAL AND METHODS

Study area

The Magdalena River Basin (MRB) is located southwest of the valley of Mexico at an altitude
ranging from 2,570 to 3,870 m. This basin is part of the remnant natural vegetation and soil
conservation area of Mexico City (Avila-Akerberg et al., 2018), covering an area of 3,100 ha. It
includes three vegetation types: oak forest (2,700-2,900 m a.s.l., 166.8 ha of which 90%
corresponds to tree and 60% shrub covers); Abies religiosa (Kunth) Schltdl. and Cham. (fir)
forest, the greatest in extension in this site (2,900-3,650 m a.s.l, 1,071 ha of which 90% is
covered with trees); and pine forest (3,650 m a.s.l., 1018 ha of which 60% corresponds to tree
cover) (Avila-Akerberg et al., 2018). The MRB is located at 19°13'53"/19°18'12" N and
99°14'50"/ 99°20'30" W. The fir forest is dense, with its canopy reaching 40 m, and herbaceous
and shrub layers are also present, exhibiting a height between 2 and 3 m, with shrub species
such as Acaena elongata L., Ageratina glabrata (Kunth) King & Rob., Senecio angulifolius
DC., S. barba-johannis (DC.) H. Rob. and Brettell (Avila-Akerberg, 2002; Calderén and
Rzedowski, 2005). The soil type is humic andosol at most of the forest sites (Santibafiez-
Andrade et al., 2015).
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The climate is temperate subhumid, with a summer rainy season and winter rains. The mean
annual temperature is 14°C (minimum 6°C, maximum 20°C), and the annual precipitation is
between 950 and 1,300 mm (Alvarez-Roman, 2000; Garcia, 2004). November to January are
the coldest period of the year, with temperatures of 6°C, and the warmest period is from March
to September at 18°C (Dobler-Morales, 2010).

This fir forest has a structure with herbaceous, shrub and tree layers and it is permanently
affected by human disturbances, such as deforestation, farming, cattle raising, tourism and
induced fires (Avila-Akerberg et al., 2018). In addition, as a forest silvicultural practice, the
forest’s owners eliminate understory vegetation (weeding), an activity that might represent
another important anthropogenic disturbance factor. They cut all shrubs and herbs, usually
some roots remain, especially of those shrubs that have deep roots or many stems (such as
Ribes ciliatum and Senecio barbo_johannis).

Study species

The studied species were the shrubs Ageratina glabrata (H.B.K.) King &Rob. and Senecio
angulifolius (DC) (Asteraceae); their fruiting is synchronic during the dry season (Bonilla-
Valencia et al., 2017b), and they produce anemochorous dry fruits (Martinez-Orea et al., 2014).
Both shrubs are among the most abundant shrub species in the studied area (Avila-Akerberg,
2002), and they colonize successional sites in fir forests in Central Mexico (Calderén and
Rzedowski, 2005).

Microsite characterization

In the Abies religiosa forest of the MRB we selected a directed sampling: we established
microsites according to silvicultural practice and slope orientation. Microsites were
representative and comparable (because community people had just practiced silvicultural
practices there). Twelve microsites (1 m?) were set on south-facing slopes, half of them (six)
were undisturbed (US- non weeded), and the other six were perturbed (PS-weeded) due to
silvicultural practices (removal of secondary vegetation, weeding). On north-facing slopes,
twelve microsites were established, six were undisturbed (UN-non weeded) and other six were
perturbed (PN-weeded). This sets up a design of 24 microsites established at an altitude
between 2,932 and 3,170 m.

We characterized microsites in terms of environmental variables such as light, soil temperature
and moisture, nitrogen (Ni) and pH, since these variables can influence species germination and
they can be modified by slope orientation and forest management. Light availability at the
microsites was quantified from nine hemispherical photographs at each microsite taken 1 m
above the ground (NIKON D80 equipped with an EX SIGMA 4.5 fisheye lens, 1.28 DC DSM)
free of sun glare following Messier and Puttonen (1995) methodology. These photos were
analyzed using the Hemiview canopy analysis software (ver. 2.1), which estimates the global
site factor (GSF, MJm2yr?). In addition, in order to describe light quality, red/far-red (R/FR)
light ratios were registered with a radiometer (Skye Instruments, SKR 100, United Kingdom) at
five random spots of each microsite at the soil level. Light data were measured during one day
after the sowing of seeds (at all microsites) from 10:00 to 17:00 local time, according to
Vazquez-Yanes et al. (1990) methodology. Means of the five measurements of the R/FR ratio
were calculated and plotted for different hours during the day. At each microsite, one data
logger (easy LogUSB-ONSET) was set to register the soil moisture content and temperature
every day, and at each hour during April 2016. The soil pH and nitrogen contents were
analyzed from a mixed sample (200 g) from three soil samples collected in April from each
microsite.

Germination tests in microsites

Mature fruits (achenes, from now on named seeds) of A. glabrata (2 + 0.02 mm long) and S.
angulifolius (3.3 = 0.023 mm long) were collected from 30 individuals per species on March
27, 2016 (dispersal season). Five days after collection, three cloth bags (8 cm x 8 cm; 0.3 mm x
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0.3 mm mesh) were filled with 50 seeds each (150 seeds/microsite/species), and they were
sown randomly at microsites (2 cm depth). Three extra bags of 10 seeds were sown at each
microsite; one of them was exhumed after one week and the other two after two weeks to check
germination, but these seeds were not included in the analysis. Once germination was registered
(two weeks after sowing), all bags were exhumed, and the germinated seeds (emerged radicles)
were counted.

Tests in growth chambers

One day after seeds were collected in the field they were sown in growth chambers, for this, six
hundred seeds were disinfected in sodium hypochlorite (1%) for three minutes. They were
subjected to different light qualities (darkness, white, red far, and red light) in Petri dishes in a
germination chamber (controlled conditions as experimental design) (Nuaire model 1-36LL,
EUA) at 22°C/20°C, 16/8 photoperiod. Dishes were sealed with a plastic film (Egapack,
Mexico) to maintain humidity. Three Petri dishes (replicates, of 9 cm diameter each) with
humid absorbent paper (previously sterilized, as a substrate) per light treatment and with 50
seeds each were set in a growth chamber under: (1) white light (WL; photon flux density (PFD)
= 33.21 umoles m%s?, R/FR = 1.73); (2), red light (RL; PFF = 5.18 pmoles m%s?, R/FR =
3.39), (3) far-red light (FRL; PFF = 1.2 umoles m%s?, R/FR= 0.05), and (4) darkness (D). PFD
between 400 and 700 nm was measured with a quantometer (Apogee, model MQ-200, Apogee
Instruments, Inc., Logan, UT, USA), and the R/FR ratio (R = 640 - 670 y RL = 690 - 748 nm)
was measured with a radiometer SKR-100 (Skye Instruments, Scotland). For the treatment with
RL Petri dishes were set inside a red plexiglass box (3 mm thick, 48 x 32 x 8 cm, Series 2424
Rohm and Hass, Mexico). For the FRL treatment, Petri dishes were set in a red plexiglass box
with a cover of blue plexiglass (same dimensions of the red box, Series 2423). For the treatment
in darkness, Petri dishes were covered with aluminum foil. All Petri dishes and plexiglass boxes
were set in the mentioned germination chamber equipped with fluorescent lamps (OSRAM de
17 watts and 60% RH). For 30 days, every third day we registered germination under WL, and
one month after being sown, we registered germination in the other light treatments.

Viability tests

The fraction of the seeds that was not used in growth chambers or planted in microsites was
subjected to a tetrazolium test in 2016, following the method proposed by Moreno-Martinez
(1996), immediately after collection and one year after storage (2017). Storage was carried out
in paper bags in boxes kept in dark conditions and a mean temperature of 16°C to evaluate seed
viability one year later.

Data analysis

Microsite characterization was performed using the values of the environmental variables: light,
soil temperature and moisture, nitrogen (Ni) and pH; microsites were grouped in microsite
types for their analysis: US (undisturbed -non weeded-, south oriented), PS (perturbed -weeded,
south oriented), UN (undisturbed -non weeded-, north oriented), PN (perturbed -weeded-, north
oriented). In order to find differences in microsites according to their values of environmental
variables and their significant effect on the study species germination, we carried out a
generalized linear model (GLM) (performed with package glm2), where the response variable
was the number of germinated/not germinated seeds (Marschner, 2018); the type of distribution
applied was binomial (error: binomial, link function: logit) for R software (Crawley, 2012; R
Core Team, 2015). Variation coefficient values [VC] were calculated for each microsite type;
these values were then compared through a Z test (Zar, 1999) for the R/FR ratios. A Kruskal-
Wallis test was performed to determine whether the microsite had an effect on the germination
values per species (Stat Soft STATISTICA 8.0 2007). For the germination tests in growth
chambers, germination percentages were calculated. These germination percentages were
transformed with the arcsin of the square root (Zar, 1999) and were related to time using a
sigmoid exponential function: y = a/(1+(b*xc)) for an adjustment to the curves with Table
Curve 2D 5.01 (AISN, Chicago IL, EUA) software, in order to calculate lag time and
germination rate for each species.
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RESULTS

Germination responses of shrub species at microsites

In general, (considering all microsites) Ageratina glabrata exhibited a slightly higher
germination percentage (X = 16.32 + Standard Error = 0.72) than Senecio angulifolius (x =
14.26 £ S.E. = 1.09). In microsites both species showed the highest germination percentages at
US (19.83 + S.E. = 0.85, 19.11 + S.E. = 1.4 respectively, table 1). The Kruskal-Wallis test
revealed significant differences due to the effect of the microsite on the germination
percentages of A. glabrata (H = 40.42, p = 0.013). In contrast, no effect of the microsite was
found for S. angulifolius (H = 28.75, p = 0.18). However, the GLM analysis showed differences
in microsite variables such as soil Ni, pH, temperature, and moisture and FSG for S.
angulifolius and in pH, soil moisture and FSG for A. glabrata at different microsite types.

Soil pH and nitrogen (Ni)

The microsites with the highest soil pH (X = 6.06 + S.E. = 0.1) were the US, whereas the PN
microsites exhibited the lowest values (x = 5.79 + S.E. = 0.08). The highest soil Ni mean values
corresponded to PN microsites (X = 0.63 # S.E. = 0.07%), whereas the lowest values
corresponded to UN microsites (X = 0.5 + S.E. = 0.07%), (table 1). The effects of pH and Ni at
UN microsites and of pH at PN microsites were significant for the germination of S.
angulifolius. For A. glabrata, the effects of pH at UN microsites were also significant (table 2).

Table 1. Values (means + Standard Error) of environmental variables and germination percentages of Ageratina
glabrata and Senecio angulifolius at four microsite types in the Abies religiosa forest in the Magdalena river basin,

Mexico City.
Microsite pH Ni Temp Moist GSF R/FR G % G %
type A.glabrata  S.angulifolius
us 6.06+0.01  0.58+0.02 11.41+0.16 66.51+0.16 450+12  1.72+0.14 19.83+0.85 19.11+1.4
UN 5.92+0.02 0.5+0.07 9.99+0.04 68.07+0.17 236+9.6  1.2840.06 15.11+0.57 11.05+0.77
PS 6.03+0.14  0.55+0.02 12.24+0.03 57.52+0.15 13449.1 1.30+0.14 16.43+0.62 15+0.78
PN 5.79+0.07  0.63+x0.07 11.46+0.16 64.64+0.16 143+4 0.72+0.05 13.91+0.85 11.9+1.4

Ni (soil nitrogen, %), Temp (soil temperature, °C), Moist (soil moisture, %), GSF (global site factor MIm-2y!), R/FR
(red/far red ratio), G% (germination percentage) at four microsite types: US (undisturbed -non weeded-, south
oriented), PS (perturbed -weeded-, south oriented), UN (undisturbed -non weeded-, north oriented), PN (perturbed -
weeded-, north oriented).

Light in microsites

For the GSF and the R/FR ratios, the highest values were registered at US microsites (X = 450 +
S.E. =12 and x = 1.72 + S.E. = 0.14, respectively, table 1). The effects of the GSF variable at
UN were significant for the germination of A. glabrata (table 2).

At all microsites, the R/FR values varied statistically throughout the day (H = 26.8, p < 0.0001)
(fig. 1). The greatest VC value was found at the PS microsites [VC = 1.02], whereas for the
other microsites, the variations were smaller: UN [VC = 0.85], US [VC = 0.82], PN [VC =
0.67]. Between microsites statistical differences in the VC values were also found: UN and PN
(2=2.1>0.73,p<0.05), UNand PS (Z=1.3>0.95,p<0.05,PSand US (Z=2.4>0.95p =
0.03), PS and PN (Z = 1.17 > 0.48, p < 0.05), and US and PN (1.30 > 0.48, p = 0.01). The
exception was the comparison between the UN and US microsites (Z = 0.85 < 1.24, p = 0.31).
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According to the GLM analysis, R/FR ratios at microsites did not show significant effects on
the germination of the studied species.

Table 2. Results of the GLM (Generalized linear model) analysis for environmental variables for Ageratina glabrata
and Senecio angulifolius at four microsite types in the Abies religiosa forest in the Magdalena river basin, Mexico City.

Species Microsite pH Ni Temp Moist GSF
type

A. glabrata us

UN -2.63(0.7)** -2.42(0.01)* 2.7(0.7)**
PS
PN

S. angulifolius uUs -2.14(4.38)* 1.9(4.94),p= 0.05
UN -2.25(0.05)* 3.94(0.018)***
PS
PN -2.4(2.15e+00)* 2.3(1.41e+02)*  2.3(1le+02)*

Ni (soil nitrogen, %), Temp (soil temperature, °C), Moist (soil moisture, %), GSF (global site factor MIm2y1), and
for G% (germination percentage) of Ageratina glabrata and Senecio angulifolius at four microsite types: US
(undisturbed -non weeded-, south oriented), PS (perturbed -weeded-, south oriented), UN (undisturbed -non weeded-
, north oriented), PN (perturbed -weeded-, north oriented). Asterisks indicate significant differences at p<0.05 (¥),
p<0.005 (**). Only values of variables that had a significant effect are shown.

----- UN —US sesnne PN — .PS
2.5 -

1.5 -

R/FR

09:00 10:30 13:30 16:30
Day time

Fig. 1. MeanzStandard Error values of R/FR ratios at four microsite types in the Abies religiosa forest in the
Magdalena river basin:US (undisturbed -non weeded-, south oriented), PS (perturbed -weeded-, south oriented), UN
(undisturbed -non weeded-, north oriented), PN (perturbed -weeded-, north oriented), SE bars are shown.

142



POLIBETANICA . _ .
NUam. 48: 135-150 Julio 2019 ISSN electronico: 2395-9525

Soil temperature and moisture at microsites

All microsites differed in their soil temperature and moisture mean values. PS exhibited the
highest temperature (X = 12.2 + S.E. = 0.03°C) and the lowest soil moisture value (x=575%
S.E. = 0.15%). The UN microsites had the lowest mean temperature (x = 9.9 £ S.E. = 0.04°C)
and the highest mean value for soil moisture (X = 68 + S.E. = 0.17%), (table 1). The effects of
the variables of temperature and moisture at PN and UN microsites, were significant for the
germination of S. angulifolius, while at UN maoisture had a significant effect on the germination
of A. glabrata (table 2).

Germination responses to different light qualities in growth chambers

Ageratina glabrata showed the highest percentages of germination under white light (WL),
while S. angulifolius showed the highest percentages under far-red light (FRL) (table 3).
Viability percentages decreased from 85% to 75% from 2016 to 2017 for A. glabrata and from
80% to 75% for S. angulifolius.

Table 3. Mean values + Standard Error of germination percentages, lag time and germination rate of the two shrub
species from the Abies religiosa forest in Magdalena river basin, under different light qualities in germination
chambers. WL (White light), RL (Red light), FRL (Far red light), D (Darkness). Values of Lag time (Days),
Germination rate and viability percentages are included for 2016 and 2017.

Species/light quality Ageratina glabrata Senecio angulifolius

WL 58.7+1.2 27.3+3.6

RL 248+ 1.3 10.1+£13

FRL 327132 39.7+37

D 38.7+1.8 19.4+1.6

Lag time 3.5+0.46 4.01£0.15
Germination rate 6.8 +0.81 5.31 + 3.07
Viability (%) 2016 (a) and 2017 (b) ()85, (b)75 ()80, (b)75

DiscussION

The environment surrounding seeds in the soil partially determines seed fate. According to
some authors, in small seed species (~3 mm long, such as the studied species), a microsite may
be no more than a few centimeters in diameter (Fowler, 1988). Microsites do not form a
continuum in a forest, and differences in micro environmental variables will arise due to forest
complexity at different scales, which can occur naturally but also, they can be influenced by
some silvicultural practices and disturbances (Caviedes and Ibarra, 2017; Martinez-Orea et al.,
2019).

Light in microsites is a signal for seed germination and is a highly variable environmental
factor (Messier and Puttonen, 1995). At the soil level, light in microsites can be modulated by
three factors: canopy gap size, slope orientation (Ritter et al., 2005), and by the
presence/absence of secondary vegetation as observed in this study. Despite its removal by
silvicultural practices, P microsites exhibited the smallest values of the GSF and R/FR ratio;
therefore, weeding did not increase their values. This is related to the fact that gaps were larger
at U than at P microsites, which was measured not only through the GSF, but through the
visible sky fraction value (U1 = 0.21 > P[1 = 0.088), and also because in the former, the trees
grow separately due to previous selective tree cutting due to management plans and also due to
illegal deforestation (Cantoral et al., 2009). It was evident that S microsites were the highest in
light. This concurs broadly with Stuart et al. (1988) and Ackerly et al. (2002) who also reported
higher values of diurnal insolation at S than at N sites in a Californian chaparral, as occurs in
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the Northern Hemisphere. For a tropical dry forest in Mexico, Méndez-Toribio et al. (2016)
also reported higher light levels (16% more) in slopes south-facing. As R/FR ratio values were
the smallest at PN microsites, the amount of FR light there was higher; despite these
differences, R/FR ratios did not have statistical effects for any species. However, GSF did show
significant effects for A. glabrata meaning that as most secondary species, it is highly
responsive to gap openings (Redwood et al., 2016), where all types of light are present, besides
in UN microsites the intermediate values of FSG are significantly related to intermediate values
of germination of this species.

In terms of the light requirements for the germination of both species, S. angulifolius showed
the highest germination percentages in FR light conditions in growth chambers. Other shrub
species in this study area have been reported to germinate in high percentages in FR light as
well (Martinez-Camacho et al., 2018; Martinez-Orea et al., 2019). In field conditions,
germination was the highest for both species at US microsites, where RL values were higher
than FRL. This result was related to the fact that conditions in nature are obviously more
heterogeneous than those in controlled environments and the R/FR ratios vary not only along
day as our results pointed out, but also depending on the gap size and the understory species
composition (Vazquez-Yanes et al., 1990; Pearson et al., 2003). We assume that there was a
broader gradient in the intensity and in the spectral quality of the light at US microsites caused
by the higher heterogeneity in foliage (provided by the secondary vegetation species), litter and
on the soil surface where seeds were. This photoblastic response is observed particularly in
small seeds (Jankowska and Daws, 2007), such as the seeds of our study species, in the order of
0.032-0.23 mg, fresh weight (Millberg et al., 2000).

There is a wide variety of R/FR values among forests and under different gap sizes. For
example, according to Endler (1993), R/FR values close to 1.15 correspond to small gaps in
temperate forests of North America and are similar to those in our study, specifically at the P
microsites. According to Martinez-Camacho (2015) and Endler (1993) R/FR values between
0.99-1.13 correspond to small gaps. According to Pearson et al. (2003), large gaps are between
1.18 and 1.5, and small gaps are around 0.92. Based on these authors, all our microsites
correspond to large gaps, which is understandable if we consider that this is a forest constantly
affected by anthropogenic disturbances mainly illegal and sometimes planned wood harvesting
(Avila-Akerberg et al., 2018). It is interesting to note that the maximum of RL peak was
reached in PS microsites close to midday. This result might be due to the absence of herbs and
shrubs; therefore, light is only filtered by the canopy.

For light availability at the soil level, canopy gaps and slope orientation are the main factors,
but for light quality, the absence of understory vegetation may play an important role because it
filters light and may buffer drastic light changes (Vazquez-Yanes et al., 1990). Our results are
consistent with those of Messier and Puttonen (1995), who found significant effects of
understory species on light dynamics at the soil level. Nevertheless, it is difficult to understand
the threshold of the R/FR ratio values required for maximum germination in field conditions
(Pearson et al., 2003).

Another environmental variable that affects germination is temperature. According to Pearson
et al. (2003), fluctuations in temperature of 1 to 2°C, such as those observed at our US
microsites, can act together with low R/FR ratios to stimulate germination. Therefore, the
highest germination percentages of both species at US can be explained because it was at these
microsites, where variations in mean temperature were observed (the second lowest and the
highest mean temperatures) during the study month, intermediate mean temperatures. Finch and
Leubner (2006) mention that seeds of some species can turn their sensitivity to a determined
light quality depending on temperature. If we also consider that US microsites were the highest
in soil moisture (required for seed imbibition), the mentioned conditions of light, moisture and
temperature must have been related with the highest percentages of germination for both
species at US.
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Forest gaps, slope orientation and silvicultural practices have a strong effect on microsite soil
temperature and moisture. Microsites north-facing receive less input of solar energy than south-
facing ones, which is why they are generally cooler and moister (Martinez-Orea et al., 2019) in
the northern hemisphere, were the study forest is located. This result has also been reported
before by Méndez-Toribio et al. (2016) who found that south-facing sites are 2°C warmer than
north-facing sites in a seasonally dry forest in Mexico, and by Haase (1970) and Chen et al.
(1999), who reported higher temperatures and lower values for soil moisture on south-facing
slopes in the mountains of Arizona.

In our study, the differences in these variables were also associated with disturbance because
the PS microsites were the highest in temperature and the lowest in soil moisture, while UN
were the highest in soil moisture and the lowest in soil temperature. In general north-facing
microsites showed smaller values of temperature (1.08°C less than S microsites) and higher
values of moisture (4% more humid than S microsites), and this was significantly related to
seed germination, for the case of S. angulifolius this was particularly important because lowest
values of soil temperature and the highest of moisture seem to have negatively affected its
germination, which occurred at UN microsites. Luna-Bautista et al. (2015) indicate that logging
modifies richness, diversity and composition of the tree strata (shrub and herbaceous) and since
understory is the largest contributor to diversity it is important to assess it, because it helps
giving a better explanation of the total plant diversity of the forest ecosystem.

Our study site has been reported as highly variable in terms of soil moisture conditions,
exhibiting 15% more soil moisture at sites under small gaps than at sites under larger gaps
(Bonilla-Valencia et al., 2017a, 2017b). There was 9% more soil moisture under larger gaps,
corresponding to the U microsites, because secondary vegetation exerts a protective effect
against the loss of humidity (Chaneton et al., 2010). It seems that this disturbance together with
slope orientation has stronger effects on soil moisture and temperature than the size of canopy
gaps as has been observed by other studies in this site (Martinez-Orea et al., 2019).

After weeding, an increase in the availability of some nutrients in the soil may occur. Nitrogen
(Ni) contents can increase, and lower values of pH can be observed after a sudden deposition of
plant material (Raulund-Rasmussen et al., 2008), especially at humid microsites (Brown et al.,
1996). Our results showed these patterns slightly, as the highest Ni was registered at PS
microsites, but the pH values and germination percentages of both species were intermediate.
Low values of pH and high values of Ni (in the form of nitrites and nitrates) have been reported
to lixiviate seed coats and cause seed germination in some species (Pons, 2000). This has been
observed in annual species in a Californian chaparral (Keeley and Fotheringham, 1997), as well
as in some weeds (Peishi et al. 1999). Nevertheless, pH values were the lowest at PN
microsites, but Ni values were intermediate, with intermediate germination values for S.
angulifolius and the smallest for A. glabrata. Germination seemed to respond to the variation of
these variables and not necessarily to their highest or lowest values according to the GLM. For
some species, Bell et al. (1999) reported inhibition of germination by high concentrations of
soil nitrates on Oenothera stricta (Onagraceae), while for some Asteraceae such as
Leucochrysum fitzgibbonii and Crasipedia sp nitrates influenced germination positively in
Western Awustralia. The highest values of germination for both species occurred at US
microsites, where high values of pH and intermediate of Ni were found and it was in US
microsites where pH and Ni had significant effects on S. angulifolius germination. It is
important to consider that more than one variable has an effect on germination; it is the result of
several variables and their interaction at microsites.

The clearest trend in our data indicates that since the study species are secondary, their
germination is highly determined by light availability, high soil moisture and temperature
variations (Baskin and Baskin, 1998; Milberg et al., 2000) due to gap size, slope orientation,
and the availability of secondary vegetation as seen in other shrubs of temperate forests
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(Martinez-Orea et al., 2019). And the effect of this silvicultural practice on soil pH and Ni and
how these variables affect seed germination needs further research.

The germination percentages of both species in the microsites were under 20%. The
temperatures at the time of the experiment were in the range of 9.99-12.4°C, and both species
have been shown to reach 80-100% of germination under 20-25°C (Walck et al., 1997; Royal
Botanic Gardens Kew, 2019). Although seeds were sown when mature and right after collection
and during dispersal times, the best temperatures for germination are most likely reached in
June, when temperatures of 20-25°C have been recorded (Vazquez-Santos et al., 2019 in press)
at this study site and when soil moisture values reach 100%, during the onset of the rainy
season, therefore seed germination can vary between seasons independently from seed maturity
(Baskin and Baskin, 1998). Although seeds of many species will germinate at constant
temperatures, the germination of many shrub species increases due to temperature fluctuations
(Zambino, 2010; Martinez-Orea et al., 2019). Another factor that could explain the low
germination percentages registered could be the presence of primary seed dormancy. These
species are orthodox (Royal Botanic Gardens Kew, 2019), so their seeds can be stored in a soil
seed bank, this is why it is important to maintain organic matter on the forest floor (Mackenzie
and Naeth, 2010). These seeds may remain viable for some time on the forest soil, according to
Radford and Cousens (2000). Although rapid germination (in the first 15 days after sowing) has
been registered for some Senecio species (as in our study), some are known to remain viable in
the soil for up to eight years, especially in disturbed habitats with good light availability.
Perhaps approximately 20% of our seeds were quiescent because they germinated in two weeks
after sowing, and the remainder was most likely dormant. Kadereit (1984) and Ren and Abbott
(1991) found that some Senecio species produce a greater proportion of seeds that are dormant,
although at least 30% of them can germinate within 28 days after sowing.

CONCLUSIONS

Based on our results we do not recommend weeding and consider this silvicultural practice as a
disturbance because it can negatively affect the availability of safe microsites for the
germination of some shrubs, like the study species. This practice should not be carried out
especially in south-facing slopes, because they are naturally warmer and less humid than north—
facing slopes and after weeding a loss of soil moisture and an increase in temperature can arise.
We recommend a planning on weeding, and if it is done, it should not be frequent in sites where
it has already been practiced. Although the germination percentages were low at all microsites,
the loss of soil moisture can be a post disturbance variable that might risk the germination of
these species. A. glabrata germination in north-facing microsites seemed to be affected
negatively by this disturbance, which was probably related to the lowest pH values registered
there. S. angulifolius germination seemed to be less successful in north-facing microsites;
however, if weeding is implemented frequently, then the changes in the microsite might affect
germination negatively. More studies regarding microsite suitability for secondary species
germination are required in terms of specific disturbances, since environmental variables can
respond uniquely to particular forest management, and so may biological processes, such as
germination. The seeds of these species can be stored for at least one year because they can
maintain their viability in good percentages.
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