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Abstract

Ferocactus pilosus [(Galeotti ex Salm-Dyck) Werdermann] is a cactacea known as biznaga,
which shows slow growth and is listed as a species at risk of extinction. The objective of the
present study was to carry out an in vitro test in order to study the effect of chemical treatments
and growth regulators, as promoters of seed germination collected in two consecutive years. The
chemical products studied were H.SO4 and H202 and as the AGs, AIA and ANA phytoregulators,
under different immersion and concentration times, respectively. The allocation of treatments was
under a completely randomized design. For 30 days, the number of seeds germinated every 2
days was recorded and the standard germination was determined. Logistic regression was used to
study the effect of the study factors on the proportion of germinated seeds. The standard
germination of the biznaga is 82% with the H2SO4 treatment, while the germination of the seed
starts between 2 and 6 days after sowing in both years and the representative logarithmic phase is
between 8 and 20 days with H.SO4 in 2015. The biznaga seeds sampled in 2016 show greater
slowness to cover the initial phase of germination, covered in 16 days. The application of H2SO4
shortened the germination time by 4 days and increased the standard germination by 82%, while
the H2O kept the standard germination constant (£50%) and the germination response time was
found between 6 and 10 days after the germination, planting in vitro.
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The arid zones occupy almost a third of the planet’s surface and are represented by hyper-arid,
arid, semi-arid and sub-humid zones, with a diversity of soils, fauna, flora, water balance and
human activity. There are 2 900 species of Cactaceae worldwide (Bravo-Hollis and Schneivar,
1999), while the American continent groups 2000 species (Jiménez, 2011). Of these, 1500
species develop in almost 56% of the Mexican territory (Hernandez, 2006), with 73 and 78% of
generic and specific endemism (Guzman et al., 2003) and 35% are threatened (Hernandez and
Godinez, 1994). Ayudaran con las cosas de México

In this situation, there is the capercaillie [Ferocactus pilosus (Galeotti ex Salm-Dyck)
Werdermann], distributed in Coahuila, Durango, Nuevo Leon, San Luis Potosi, Tamaulipas and
Zacatecas (Bravo-Hollis and Sanchez-Mejorada, 1991). Which is subject to intense pressure for
the collection and destruction of their habitat (Alanis and Velazco, 2008), which has forced it to
modify structure and population density. In addition, its spread is limited it is vulnerable to
predators and depends on nurses, competes with other species, suffers pathogen attack and is
affected by temperature, humidity, light and soil (Lara et al., 2016). Consequently, it is a species
at risk and under special protection (DOF, 2010), which is why it is necessary to recover and
conserve its populations.

The ecological and biological knowledge of F. pilosus is scarce: little explored sexual
reproduction, slow germination rate, poor establishment of seedlings and slow growth
(Mandujano et al., 2007). Therefore, sexual reproduction under controlled conditions has been
explored through the use of chemical compounds and growth regulators. In this way,
Ferocactus has achieved 70 to 90% germination of the seed immersed 1.5 min in HCI (Navarro
and Gonzalez, 2007), which also accelerates the germination rate of F. histrix (Navarro et al.,
2008). It also reached 80% of standard germination by immersing the seed in gibberellic acid
(Rojas-Arechiga and Vazquez-Yanes, 2000). On the contrary, indole acetic and
naphthaleneacetic acids do not promote the germination of F. histrix and F. latispinus
(Amador-Alferez et al., 2013).

The propagation by seed of the biznaga would be convenient for obtaining individuals with better
genetic characteristics (Ortiz-Hernandez and Carrillo-Salazar, 2012), therefore, it is suggested to
increase knowledge in seed germination (Sanchez-Villegas and Rascon-Chu, 2017), critical stage
for the survival of F. pilosus. The objective of this work was to demonstrate that the application
of chemical products and regulators of plant growth, represent an efficient means to increase the
speed and standard germination of seeds of Ferocactus pilosus collected in two consecutive
years.

The fruit collection was carried out in the common Estanque of the Walle, Miquihuana,
Tamaulipas, Mexico (23° 34’ 15 north latitude and 99° 51° 24” west longitude), at 1 560 meters
above sea level. The climate is dry, annual precipitation of 350 to 500 mm and average
temperature of 17 to 19 °C. The soil is Calcaric Regosol (Rc) of alluvial origin (SPP-INEGI
1983). Among the vegetation, Yucca filifera, Larrea tridentata and Agave lechugilla (Mora-
Donjuan et al., 2014). The selection of individuals for fruit collection was made according to
number (<10) and length of shoots (<1.5 m), in July 2014. Randomly selected 50 physiologically
mature fruits that were kept between 4 and 5 °C by 30 days.
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Seed extraction was carried out manually: the pulp was compressed against a mesh of 1 mm
opening, with constant rinsings of drinking water. They were then distributed on brown paper
until dried, at room temperature (25 °C) and stored in waxed envelopes until October 2015.
That same year, another fruit harvest was made with the same protocol of 2014, and the seeds
were preserved until October 2016. Seed selection was made considering the morphology
parameters, color of the testa, without apparent damage and viability, the latter being
measured with the precipitation/flotation test in distilled water reported by Emongor et al.
(2004).

Germination tests were carried out under aseptic conditions in the laminar flow hood (ESCO,
model AVC-4D2). The seeds were subjected to a cleaning process consisting of immersion for
10 min in 70% alcohol (Purex, Mexico), followed by three washes with sterile deionized water
in Petri dishes with 5 min stirring. They were then immersed in a 15% sodium hypochlorite
solution (Cloralex, Alen, Mexico) for 5 min, then washed in sterile deionized water as
mentioned above.

The drying was carried out on absorbent paper before starting with the pre-germinative
treatments which consisted of 1) chemical reagents: a) immersion in hydrogen peroxide
(H202) at 3.34% for 10, 20 and 30 min in 2015 and 2016; b) sulfuric acid (H2SO04) at 97.30%
for 5, 10 and 15 minutes in both years; and 2) plant growth regulators (RCV): a) gibberellic
acid (AGs); b) indole acetic acid (AlA) and; c) naphthaleneacetic acid (ANA). In the latter,
the seeds were immersed for 30 min in concentrations of 125, 250 and 500 ppm in both years
of collection. The control treatment consisted of soaking the seeds in sterile deionized water
for 30 min. The combination of the treatments allowed to obtain 16 in total for both years of
collection.

The first germination experiment was established in October 2015. The Petri dishes were
sterilized in autoclave (All American, 1941X, USA) at 1 atm. of pressure for 30 min. Each Petri
box represented the experimental unit and was composed of 25 seeds and repeated four times.
The boxes were incubated in a growing room with a relative humidity of 70% and a temperature
of 25 +2 °C, photoperiod of 16 h light (30 pmol m2 s) per 8 h dark, emitted by cold-light
fluorescent lamps (lllux, T5 Mod. 1 4100 °K, 50 W/120 V). The humidity in the Petri dishes was
maintained by adding 10 ml of sterile deionized water every 48 h for 25 days, to recover the
water consumed or lost, after counting the germinated seeds.

Germinated seed was considered, when exhibiting rupture of the testa and radicle emergence of
1 mm (ISTA, 2011). The second germinative experiment was carried out in September 2016
following the same procedure as in 2015. The statistical analysis included the logistic
regression or binary regression in order to study the effect of the study factors: chemical
compounds and phytoregulators, immersion time, concentration and years of collection on the
proportion of germination. For this, the GENMOD procedure of the SAS ver program was
used, 9.1.3 (SAS, 2007). The probabilistic model that is supposed to model the number of
germinated seeds was that of the Binomial Distribution, with a logarithmic league function
(Myers et al., 2002).
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The model used is:

P(Y =1|x)

o0 1 Py =1]%)

=B, + B, X, +...+[3pxp

Where: P(Y =1]| x) is the probability that a seed will germinate given the study factors (x), Y=
binary variable (1 germinate, 0 not germinate), B, +B,x, +...+ /X is a function that reflects the

effect of factors x;and Bi are the associated parameters.

The chi-square test (x?) verified specific differences between treatments. The choice of the best
treatment was made by orthogonal contrasts according to the GENMOD procedure (De Menezes
etal., 2016).

Latency is a strategy that seeds have to ensure germination when environmental conditions allow,
however, this can be broken by the use of chemical compounds or RCV (Flores and Jurado,
2011) that help water imbibition and activation of cellular metabolism. The analysis of the
maximum likelihood estimator of the logistic regression, for the year 2015, indicated that sulfuric
acid was the compound that presented the highest percentage of germination (82%) of biznaga
(p< 0.01) in comparison to the other treatments, including the control (Table 1, Figure 1).
Likewise, in 2015 sulfuric acid as a pre-germinative treatment of biznaga seed, improved the
germination time at the beginning of the 6™ day and later stabilized until reaching 82% of
germination; however, this behavior was different in the remaining treatments where germination
started on the 9" day and stabilized after the 20" day, reaching 59% germination.

Table 1. Analysis of the estimation of the maximum likelihood parameter in the binomial
distribution test due to the effect of chemical compounds and phytoregulators on the
standard germination of biznaga seed in two years.

oot 2015 2016
reaiments Ve EE pZ VE EE JZ
H202 20.09 0.17 03 071 0.12 315°
H2SO4 0.39 0.13 8.99 -0.53 0.11 235"
AGs -0.06 0.17 0.13 -0.71 0.12 315"
AIA 0.05 0.15 0.14 1.21 0.17 46"
ANA 0.27 0.19 2.8 -0.47 0.1 20.6 "
H.0 -0.59 0.11 26.2" -0.17 0.04 15.9*

VE= estimated value; EE= standard error; %?>= Chi square; "= significant (o< 0.05).

This type of response could be due to the biological phenomenon that normally occurs in seeds
that germinate under environmental conditions of aridity (Jurado and Flores, 2005). That is, the
germination of the seed would express the dependence of soil water retained among soil particles,
minimal but fundamental compared to that required by other plant species (Loustalot et al.,
2014). The greatest germination response is due to the scarification of the testa by the corrosive
action of sulfuric acid (Flores and Jurado, 2011), morphological situation that favors the flow of
water to accelerate the imbibition and the germinative process (Navarro and Gonzalez, 2007).

694



Rev. Mex. Cienc. Agric. vol.9 num. 3 April 01 - May 15, 2018

100
90
80

§2015 [@m2016

70

7

N
\

Germinacion estandar (%)

\
§
N\
.
.
§

Testigo Peréxido de  Acido sulfrico Acido giberélico Acido Acido
hidrégeno indolacético naftalenoacetico
Tratamiento

Figure 1. Effect of chemical pre-treatments and growth regulators on the standard germination of
seeds of Ferocactus pilosus sampled in 2015 and 2016. The lines indicate the standard
deviation.

It has been observed that among the diet of species such as Neotoma sp., Scelophorus sp., Corvux
corax, Melanerpes aurifrons and Campylorhynchus brunneicapillus are the fruits of biznaga or
cabuches (personal observation) and that in turn contribute to the dispersing action
(endozoocoric) of seeds. Therefore, the immersion of the seed in sulfuric acid simulates the
scarification process that occurs in the digestive tract of these and other vertebrates, thus favoring
germination (Escobar and Huerta, 1999).

In 2016, the germination of the seeds treated with pre-germinative compounds started
approximately on the 2" day of sowing, but with a slow germinative response until the 18
day. The RCV, gibberellic acid presented higher percentage of germination (48%) than the
remaining treatments (p< 0.01) and the control (Table 1). The differential effect of AGs on
the germination response was slightly higher with 9% higher than the control (39%) and it
was maintained from the beginning of germination. This same effect was reported in seeds of
F. acanthodes, F. wislizeni, Echinocereus viridiflorus (Deno, 1994), Stenocereus griseus
(Martinez-Cardenas et al., 2006) and in the case of Harrisia fragrans, at a higher
concentration (1 000 ppm) of AGs (Dehgan and Pérez, 2005) obtained better response in the
percentage of germination.

In this sense, AGs improves germination through the hydrolysis of starch in the endosperm and
promotes cell division in the meristematic tissues. It has been suggested that it can replace other
stimuli such as light and temperature to initiate germination (Sanchez-Villegas and Rascon-Chu,
2017) and increases the germination response in seeds with some type of latency, that present
physiological barriers or that have remained stored for long periods of time (Amador-Alférez et
al., 2013).
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The differences observed in the percentages of germination between 2015 and 2016 for H2SO4
(Figure 2) is attributed to variations in the thickness of the seed heads, which would allow greater
or less resistance to scarification by this compound and presence of seeds with degrees of
polymorphic latency within the same fruit or latency at the embryo level (Sanchez et al., 2015). It
has been documented that H2SO4 in diluted solutions stimulates and accelerates the germination
time, because it softens the membranes of the seed coat that may be suberized or impregnated
with substances that make them impervious to water and oxygen.
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Figure 2. Accumulated germination of seeds of Ferocactus pilosus sampled in 2015 and 2016 and
pre-treated with chemical compounds and growth regulators.

These variations in the positive germinative response have been reported in species of
Mammillaria zephyranthoides (Navarro and Juarez 2006), M. myxtax (Navarro et al., 2010) and
M. mainiae (Sanchez-Villegas and Rascon-Chu, 2017). Another effect due to the use of
compounds with scarification properties is the inactivation of enzymes related to germination
(Martinez-Cardenas et al., 2006). In this study, it was detected that a time of immersion greater
than 10 min in H2SOs4, caused necrosis and death of the newly emerged radicle; therefore, it is
suggested to reduce the concentration and immersion time of F. pilosus in H2SO4 at 1.5 min
(Navarro and Gonzalez, 2007).
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The pre-germinative compounds applied in F. pilosus seeds in both years, decreased the
germination time of approximately 10 to 3 days with respect to the control (Figure 1 and 2). The
thickness and chemical composition of the seed coat may interfere with the water permeability in
the seed and affect germination; this interference has been reported in cactus seeds (Navarro and
Deméneghi, 2007), where the term physical latency is used to refer to the absence of germination
as a result of water impermeability due to the seed coat. It has been suggested that F. pilosus
presents hydration memory (Contreras-Quiroz et al., 2016a).

That is, after the seeds are dispersed in the field, they remain on the surface of the soil exposed to
discontinuous hydration cycles being a key factor in the dynamics of desert plants, as an adaptive
strategy to postpone germination in arid areas where climatic conditions are unpredictable, with
annual rainfall less than 500 mm and that rainfall in a short time can produce a physiological
effect in seeds with different degrees of dormancy synchronizing their germination in an
accumulated way (Contreras-Quiroz et al., 2016a, 2016b).

Therefore, an advantage of the seed is to accelerate germination, due to the short time that the soil
surface can retain moisture. The time and percentage of germination seems to be similar to what
occurs when using H2SO4 or continuous application of H20, in the same way that it responds with
discontinuous hydration (Contreras-Quiroz et al., 2016a). So the seeds of biznaga under natural
conditions require a disperser to soften the testa (gastric juices) and take advantage of the scarce
rainwater retained in the soil particles to germinate (Loustalot et al., 2014; Sanchez-Villegas and
Rascén-Chu, 2017).

Conclusions

According to the results obtained in this study, the germinative response of the seeds is variable;
however, the chemical compound H2SO4 favors germination up to 82%, while the RCV, GAs
provides 48% germination, slightly higher than the control.
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