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Resumen

En Poaceae, la semilla o propagulo comercial consiste de
espiguilla o didspora: cariopside (Cs) + bracteas accesorias:
normalmente glumas, lemas, paleas y, en ocasiones,
especifico de especie, ramas modificadas, las cuales tienen
efecto sobre la germinacion, influyen el manejo requerido y
portanto la calidad biologica de la semilla. La eliminacion de
bracteas accesorias con o sin clasificacion de Cs por tamafio
es una alternativa no documentada en el establecimiento de
praderas de temporal. El objetivo del estudio fue evaluar la
germinacion sembrando cada 30 dias, Cs clasificadas de
pastos, dos nativos y dos introducidos, obtenidas a partir de
diasporas comerciales al inicio del experimento (Cs base
-CsB) o cada 60 dias (Cs testigo-CsT), durante 15 meses;
similarmente, evaluar la emergencia de plantulas a partir de
diasporas. Los propagulos (diasporas o Cs) se evaluaron de
febrero2010amayo 2011, enlaboratorio. Las especies nativas
eintroducidas incluyeron Bouteloua gracilis, B. curtipendula,
Cenchrus ciliaris y Chloris gayana, respectivamente. A
partir de didsporas, se eliminaron bracteas accesorias y las
Cs resultantes, se separaron con tamices, en grandes (CsG),
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Abstract

In Poaceae, the commercial seed or propagule consists of
the spikelet or diaspora: caryopsis (Cs) + accessory bracts:
usually glumes, lemurs, paleas and sometimes species
specific, modified branches, which have an effect on
germination, and influence the management required and
therefore the biological quality of the seed. The removal
of accessory bracts with or without Cs classification by
size is an undocumented alternative in the establishment
of rain-fed praires. The objective of this paper was
to evaluate germination by sowing every 30 days, Cs
classified from pasture, two native and two introduced,
obtained from commercial diaspores at the beginning
of the experiment (Cs base -CsB) or every 60 days (Cs
control-CsT), for 15 months; similarly, to evaluate the
emergence of seedlings from diaspores. The propagules
(diasporas or Cs) were evaluated from February 2010 to
May 2011, in laboratory. Native and introduced species
included Bouteloua gracilis, B. curtipendula, Cenchrus
ciliaris and Chloris gayana, respectively. From diaspores,
accessory bracts were removed and the resulting Cs were
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medianos (CsM) y chicos (CsCh). Se sembraron, en base a
semilla pura viable, tanto los diferentes tamaiios de Cs, sobre
papel humedo, como didsporas, a 1cm de profundidad, en
peat moss. El comportamiento de la germinacion se analizo
mediante regresion logistica con la rutina Logistic de SAS.
En las especies evaluadas, mayor tamafio de Cs se relacion6
con mayor germinaciony las covariables beneficio y tiempo
de almacenamiento fueron significativas (p< 0.001). La
germinacion en pastos nativos tendié a disminuir con el
tiempo, contrariamente a introducidos y la germinacion fue
mayorenrelaciondirectacon el tamafio delaCs. La viabilidad
se conserva mejor manera al mantener la Cs con bracteas
accesorias; pero, en especies introducidas eliminar éstas,
increment6 la germinacion.

Palabras clave: Boutelouagracilis, Bouteloua curtipendula,
cariopsides clasificados, semilla de pastos.

Introduccion

La semilla comercial de pastos para zonas aridas se
comercializa como estructura de dispersion o propagulo
(diaspora o espiguilla); la cual, consiste del caridpside (Cs)
contenido en bracteas accesorias: gluma, lema, palea y
ramillas modificadas, dependiendo de laespecie; lo anterior,
dificulta su manejo para la siembra, dado que el tipo de
estructuras que contienen a la Cs influencian tanto la pureza
fisica como la calidad biolédgica de la semilla a utilizar en
la siembra (Enriquez-Quiroz y Quero-Carrillo, 2006). El
incremento de la densidad y vigor de gramineas perennes
deseables en los agostaderos es una necesidad sentida
en las zonas aridas de México (Quero-Carrillo, 2015), lo
anterior, debido a que el deterioro del suelo enrespuestaala
reduccion de la cobertura vegetal en estas zonas, resulta de
varias causas, destacando el sobrepastoreo, deforestaciony
apertura de tierras al cultivo (SEMARNAT, 2008).

En el desierto chihuahuense de México, los pastizales cubren
el 15% o menos de la superficie original (PMAR, 2012). Por
tanto, al tratar de recuperar areas de pastizal, la industria de
semillas debe ofrecer al productor maxima calidad genética,
fisica y biologica, aspectos influenciados por el ambiente de
produccion, cosecha, benecio y almacenamiento (Probert y
Hay,2000). Unindicadorsolido de calidad incluye purezafisica
(% de semillas botanicas -Cs- en 100 diasporas), valor cultural
no apreciado a simple vista, a diferencia de otros cultivos
comercializadas en México y el mundo (Quero et al., 2007).
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separated with sieves into large (CsG), medium (CsM)
and small (CsCh). They were sown based on viable
pure seed, the different sizes of Cs, on wet paper, as
diaspores at 1 cm depth, in peat moss. The behavior of the
germination was analyzed by logistic regression with the
Logistic routine of SAS. In the evaluated species, larger
Cs size was associated with higher germination and the
covariables benefitand storage time were significant (p<
0.001). Germination in native pastures tended to decrease
with time, contrary to introduced ones and germination
was higher in direct relation to the Cs size. The viability
is best preserved by maintaining the Cs with accessory
bracts; but in introduced species germination increased
when they were eliminated.

Keywords: Bouteloua gracilis, Bouteloua curtipendula,
classified caryopsids, grass seed.

Introduction

Commercial grass seed for arid zones is marketed as a
dispersal or propagule structure (diaspora or spikelet);
which consists ofthe caryopsid (Cs) contained in accessory
bracts: glume, lemma, palea and modified twigs, depending
on the species; making its sawing management difficult
due to the type of structures that contain Cs that influences
both the physical purity and the biological quality of the
seed to be used in planting (Enriquez-Quiroz and Quero-
Carrillo, 2006). The increase in the density and vigor of
desirable perennial grasses in the settlement is a felt need
in the arid zones of Mexico (Quero-Carrillo, 2015), due to
the deterioration of the soil in response to the reduction of
the vegetable cover In these areas, resulting from a number
of causes, including overgrazing, deforestation and land
opening for crops (SEMARNAT, 2008).

In the Chihuahuan Desert of Mexico, grasslands cover
approximately 15% or less of their original area (PMAR,
2012). Therefore, in trying to recover pasture areas, the seed
industry must offer the producer maximum genetic, physical
and biological quality, which are aspects influenced by the
production environment, harvesting, profit and storage
(Probertand Hay, 2000). A solid indicator of quality includes
physical purity (percentage of botanical seeds -Cs- in 100
diaspores), a cultural value impossible to see with the naked
eye, unlike other crops marketed in Mexico and the world
(Quero et al.,2007).
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En zonas de escasa precipitacion en México, los pastos
nativos mas representativos del desierto chihuahuense
incluyen Banderita y Navajita (Rzedowski y Rzedowski,
2001) y entre los introducidos, el mas propagado es Buffel,
con aproximadamente cuatro millones de hectareas (Alcala,
1995); del cual, en Sonora se han establecido 2.4 millones
de hectareas (Ibarra et al., 2005) y con amplio potencial de
invadir, por siembra o no, a regiones menores a 800 msnm,
del desierto chihuahuense.

Otro factor importante es la latencia de semilla; la cual, es
caracteristica de plantas silvestres para sobrevivir ambientes
adversos (Hilhorst, 1995; Zhongnan y Norton, 2009) e indica
el estado en que la planta u 6rgano retiene su desarrollo en
condiciones adecuadas de crecimiento (Hilhorst, 1995). La
latenciaen pastos puede serexpresadaen el embrion o impuesta
por tejido circundante (Simpson, 1990; Hilhorst, 1995; Tian
etal.,2002). En Tripsacum dactyloides L. Tian et al. (2003),
probaron la influencia del pericarpio y bracteas accesorias
sobre la latencia y encontraron que al escarificar Cs, todas
aquellas viables lograron germinar. En pastos introducidos
como Buffel, donde lalatencia se encuentra presente tanto en
el embrion como por influencia de las estructuras florales, la
germinacion posteriora 18,48 y 12 meses de almacenamiento
fue de 94%, 35% y cero (Winkwoth, 1963; Palma-Rivero,
2000; Martinez et al., 2014), respectivamente.

Para determinar nuevas oportunidades de mejora del
establecimiento de pastos (Poaceae), la germinacion por
tamafio de Cs con tiempo diferencial de beneficio, respecto
al tiempo de cosecha, en comparacion a diasporas, no
ha sido documentada. El objetivo del presente trabajo
fue evaluar la germinacion, cada 30 dias, en Banderita,
Navajita y en Buffel y Rhodes en Cs beneficiadas y
clasificadas, tanto al inicio del experimento como cada 60
dias, similarmente, evaluar laemergencia, cada 30 dias, de
la siembra de didsporas, tanto en dos pastos nativos como
en dos introducidos.

Materiales y métodos

El experimento se realiz6 de febrero 2010 a mayo 2011 en
condiciones de laboratorio en el Campus Montecillo, Colegio
de Posgraduados, Estado de México. Elmaterial experimental
consistio de dos especies nativas del desierto chihuahuense:
Navajita Bouteloua gracilis (Willd. ex Kunth) Lag. Ex Griffiths
y Banderita Bouteloua curtipendula (Michx.) Torr. y por otro

Inlow-precipitation zones in Mexico, the mostrepresentative
native pastures of the Chihuahuan Desert include Banderita
and Navajita (Rzedowski and Rzedowski, 2001), and
among the introduced ones, the most widely propagated is
Buffel, with approximately four million hectares (Alcala,
1995); of which, in Sonora, 2.4 million hectares have been
established (Ibarra et al., 2005) and with great potential to
invade, by sowing or not, regions smaller than 800 masl, of
the Chihuahuan Desert.

Another important factor is seed latency; which is
characteristic of wild plants to survive adverse environments
(Hilhorst, 1995; Zhongnan and Norton, 2009) and indicates
the state in which the plant or organ retains its development
under adequate growth conditions (Hilhorst, 1995). Grass
latency can be expressed in the embryo or imposed by
surrounding tissue (Simpson, 1990; Hilhorst, 1995; Tian
etal.,2002).In Tripsacum dactyloides L. Tian et al. (2003)
tested the influence of the pericarp and accessory bracts on
latency and found that when Cs were scarified, all viable
germs were able to germinate. In pastures introduced as
Buffel, where latency is present both in the embryo and
by influence of floral structures, germination after 18,
48 and 12 months of storage was 94%, 35% and zero
(Winkwoth, 1963; Palma-Rivero, 2000; Martinez ef al.,
2014), respectively.

In order to determine new opportunities for improvement
of pasture establishment (Poaceae), the germination by
size of Cs with differential time of benefit, regarding
harvest time, in comparison to diaspores, has not been
documented. The objective of this paper was to evaluate
the germination, every 30 days, in Banderita, Navajita
and Buffel and Rhodes in beneficiated and classified Cs,
both at the beginning of the experiment and every 60 days,
similarly, to evaluate the emergence, every 30 days, of the
sowing of diasporas, both in two native pastures and in two
introduced pastures.

Materials and methods

The experiment was carried out from February 2010 to May
2011 under laboratory conditions at Montecillo Campus,
Postgraduate College, Estado de Mexico. The experimental
material consisted of two native species of the Chihuahuan
Desert: Navajita Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex
Griffiths and Banderita Bouteloua curtipendula (Mich.) Torr.
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lado, dos especies introducidas de A frica a México, Buffel
Cenchrus ciliaris L., variedad Americano, Sin. Comun o
T4464 y Rhodes Chloris gayana Kunth, variedad Bell.
La semilla, tanto de pastos nativos como introducidos,
fue adquirida tal como se comercializa en el mercado, en
enero 2010; por tanto, se sembro en base a semilla pura
viable, para uniformizar la oportunidad de germinacion o
emergencia (Cuadro 1).
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and on the other hand, two species introduced from Africa
to Mexico, Buffel Cenchrus ciliaris L., American variety,
Sin. Common or T4464 and Rhodes Chloris gayana
Kunth, Bell variety. Seed, both native and introduced,
was acquired as marketed on the market in January 2010;
therefore, it was planted on the basis of viable pure seed,
to standardize the germination or emergency opportunity
(Table 1).

Cuadro 1. Tratamientos de germinacion al utilizar diferente unidad de dispersion a diferente tiempo de beneficio, asi
como viabilidad y germinacion en pastos forrajeros.
Table 1. Germination treatments using different dispersion unit at different time of benefit, as well as viability and

germination in forage pastures.

Especie Tratamientos Tamafio de cariopside  Prueba de viabilidad Total de p ruePas de
germinacion
Cada pna de cuatro 1) Diaspora Inicial y cada 120 dias 16, en 1nte1"valos de 30
especies evaluadas dias
2) Cariopsides base Chico, mediano y Tnicial y cada 120 dias 16,en 1ntel:valos de 30
(CsB) grande dias
3) Cariopsides Chico, mediano y , Ocho, en intervalos de
testigo (CsT) grande Cada 120 dias 60 dias

Diasporas= cariopsides mas bracteas accesorias: glumas, lema, palea, ramillas modificadas y aristas, segun la especie; cariopside= CsB, material base, obtenidos al
inicio del experimento y almacenados; cariopsides testigo= CsT, obtenidos cada 60 dias a partir de material experimental original.

Preparacion del material experimental

Al inicio del estudio, se caracterizaron las semillas para
determinar humedad, la cual, fue de 11.5 a 12%, rango
considerado como idoneo para sualmacenamiento comercial
(FAO, 2011). Posteriormente, con tapete y almohadilla de
caucho corrugadoy friccion manual, se eliminaron bracteas
accesorias del Cs: gluma, lema, palea, ramillas modificadas,
segun la especie, hasta obtener, al inicio del experimento,
0.5kgde Cs(CsBase; CsB)y 100 g cada 60 dias (Cs testigo;
CsT),decadaespecie, las cuales se colocaron enrecipientes
plasticos con tapa y se almacenaron en condiciones de
laboratorio. Para clasificar Cs, se tomo al azar un niumero
considerable de semillas botanicas para medir largo, ancho
y grueso (mm de diametro) con vernier manual y, con ayuda
tamices, se separaron; para Buffel y Banderita, las medidas
de criba o tamiz fueron 0.5, 0.59 y 0.7 mm para Cs chicos
(CsCh), medianos (CsM)y grandes (CsQG), respectivamente.
ParaNavajitay Rhodes, los tamafios de tamices fueron 0.42,
0.5y 0.59 mm, para CsG, CsM y CsCh, respectivamente.

Preparation of the experimental material

Atthebeginning oftheresearch, the seeds were characterized
for moisture, which was 11.5 to 12%, a range considered
suitable for commercial storage (FAO, 2011). Later, with
arug and a pad of corrugated rubber and manual friction,
accessory bracts were removed from the Cs: gluma,
lemma, palea, modified twigs, according to the species,
until at the beginning of the experiment 0.5 kg of Cs (Cs
Base, CsB) And 100 g every 60 days (control CsT), of
each species were obtained, which were placed in plastic
containers with lid and stored under laboratory conditions.
To classify Cs, a considerable number of botanical seeds
were takenrandomly to measure length, wide and thick (mm
in diameter) and were separated with manual vernier and
using sieves; for Buffel and Banderita, sieve measurements
were0.5,0.59 and 0.7 mm for small (CsCh), medium (CsM)
and large (CsG) Cs, respectively. For Navajitaand Rhodes,
sieve sizes were 0.42, 0.5 and 0.59 mm, for CsG, CsM and
CsCh, respectively.
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Una vez clasificadas las Cs, tanto en CsB o como CsT,
se seleccionaron aquellas en buen estado y se eliminaron
danadas yralladas conayuda de microscopio estereoscopico.
Posteriormente, tanto CsB, CsT, diasporas y recipientes
plasticos contapa, se desinfectaron con solucion de hipoclorito
comercial al 0.6% por 3 min, se enjuagaron conaguadestilada
y se secaron a la sombra con flujo ligero de aire, durante 24
h, dispuestas sobre papel en mesas de trabajo en condiciones
ambientales de laboratorio. Posteriormente, se coloco a los
propagulos por especiey ensucaso, por tamaflo, enrecipientes
identificados a la sombra, en ambiente seco y fresco.

Posteriormente, de cada tamafio y especie por propagulo, se
tomaron 50 semillas en cuatro repeticiones para determinar su
viabilidad conlatécnicadel tetrazolioal 0.1%; paralo cual, los
200 Cs se embebieron en agua destilada durante 10 h'y con el
microscopio estereoscopico, se disectd cada Cs, de tal modo
que las estructuras del embrion fueran expuestas a la solucion
del tetrazolio. La lectura se realiz6 12 h después del contacto
conlasoluciony seevaluarondeacuerdoalatincion mostrada:
rojo intenso a rosa fuerte: viables; rosa palido a blanco: no
viables. El resultado de viabilidad para CsB fue valido para
pruebasde germinacion en cuatrointervalos de 30 dias; en CsT,
fue valido para dos intervalos de 60 dias y en diasporas, valida
para cuatro intervalos de 30 dias (Andreoli y Vilela, 2007).

Unavezconocida laviabilidad por tratamiento, se procedié a
sembrar cuatro repeticiones de 100 semillas en base a semilla
pura viable, ya sea en Cs clasificadas o diasporas. Antes
de la siembra, se desinfectaron las charolas plasticas con
hipoclorito comercial al 0.6%, durante 3 min y se secaron a
la sombra por 3 h. La siembra en Cs clasificadas se realizo
en cajas plasticas transparentes con tapa (20%10%7 cm) y
con flujo ligero de aire, con la técnica sobre papel filtro
humedecido. La siembra de diasporas serealiz6 en charolas
(40%25+%10 cm) sin tapa, a 1 cm de profundidad, en peat
moss humedo. Las charolas sembradas con Cs clasificadasy
didsporas, se mantuvieron en camara de ambiente controlado
con flujo ligero de aire, 24 h de luz fluorescente a 22 £2 °C.
Se irrigo a las Cs clasificadas cada 24 h, con 8 mL de agua
destilada por debajo del papel filtro y, a diasporas, cada 72
h con 100 mL de agua destilada, mediante aspersion.

Establecimiento del experimento y analisis de datos

Se realizaron 16 pruebas de germinacion en CsB y didsporas
conintervalo de 30 dias; mientras que, para CsT, serealizaron
ocho pruebas con intervalo de 60 dias. En pastos nativos en
siembras con Cs, se evaluaron 12 tratamientos (Cuadro 1)

Once the Cs were classified, either in CsB or CsT, those
in good condition were selected and damaged ones were
removed and grated using a stereoscopic microscope.
Subsequently, both CsB, CsT, diaspores and plastic
containers with lid were desinfected with commercial
hypochlorite solution at 0.6% for 3 min, rinsed with
distilled water and dried in the shade with light air flow
for 24 h, then they were arranged on paper in work tables
under laboratory environmental conditions. Subsequently,
the propagules were placed by species and, if appropriate,
by size, in identified containers in the shade, in a dry and
fresh environment.

Subsequently, of each size and species per propagule, 50
botanical seeds were taken in four replicates to determine
their viability with the 0.1% tetrazolium technique; for which
the 200 Cs were soaked in distilled water for 10 h and with
the aid of a stereoscopic microscope, each Cs was dissected
in such a way that the embryo structures were exposed to
the tetrazolium solution. The reading was performed 12 h
after contact with the solution and were evaluated according
to the staining shown: intense red to pink: viable; pale pink
to white: not viable. The viability result for CsB was valid
for germination tests at four 30-day intervals; in CsT, it was
valid for two 60-day intervals and, in diaspores, valid for
four 30-day intervals (Andreoli and Vilela, 2007).

Once viability was known by treatment, four replicates of
100 seeds were carried out on the basis of viable pure seed,
eitherin classified Cs or diaspores. Before sowing, the plastic
trays were disinfected with commercial hypochlorite at 0.6%
for 3 min and dried in the shade for 3 h. Sowing in classified
Cs was carried out in transparent plastic boxes with a cover
(20%10*7 cm) and with light air flow, with the technique on
wet filter paper. Diaspora seeding was carried out in trays
(40 #2510 cm) withoutalid, 1.0 cm deep, in wet peat moss.
The trays seeded with classified Cs and diaspores were kept
in controlled environment chamber with light air flow, 24 h
of fluorescent lightat 22 +2 °C. Classified Cs were irrigated
every 24 h, with 8 mL of distilled water underneath the filter
paper and, to diasporas, every 72 h with 100 mL of distilled
water, by means of sprinkling.

Establishment of the experiment and data analysis

Sixteen germination tests were carried out in CsB and
diaspores with a 30 days interval; while, for CsT, eight tests
were performed with a 60-day interval. Twelve treatments
(Table 1) were evaluated in CsB, 6 with the combination
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en CsB, 6 con la combinacion de dos especies (Banderita y
Navajita) con tres tamafios de Cs (CsCh, CM y CG)y, por otro
lado, seis en CsT con la combinacion de dos pastos nativos
(Banderitay Navajita) con tres tamafios de Cs, obtenidas cada
60 dias. Asi mismo, en pastos introducidos, 12 tratamientos
en siembras con Cs, seis con CsB con la combinacion de dos
pastos (Buffel y Rhodes) con tres tamafios de Cs (chicos,
medianos y grandes) y seis con CsT, con la combinacion de
Buffel y Rhodes, con tres tamaiios de Cs (chicos, medianos
y grandes). Otros tratamientos consistieron Cs envuelta aun
con bracteas accesorias o unidades de dispersion completas
en dos pastos nativos (Banderita y Navajita) y por otro lado,
dos pastos introducidos (Buffel y Rhodes).

La variable de respuesta en siembras con Cs clasificadas fue
germinacion de plantulas normales, la cual se registr6 cada 24
h, durante 15 dias (ISTA, 1996). En siembras con diasporas, la
variable de respuesta fue emergencia de plimulas y se registro
cada 24 h, durante 25 dias (ISTA, 1996). Se consideraron
plantulas normales aquellas que germinaron con plimula y
radicula, aun conligeros defectos y,endiasporas, con desarrollo
satisfactorio de plimula (ISTA, 2012). La variable respuesta
se modeld usando una variable aleatoria con distribucion
Bernoulli (p), dado que para cada semilla en prueba solo hay
dos resultados posibles (la semilla germina o no germina).

La distribucion Bernoulli, depende del parametro p que en
este caso corresponde a la probabilidad de germinacion. La
probabilidad de germinacion puede depender de covariables,
en este caso tiempo, beneficio (eliminacion de bracteas
accesorias) y especie de pasto. El problema se reduce a
determinar si las probabilidades de germinacion cambian
en funcion de estas covariables. Un modelo ampliamente
utilizado para este tipo de problemas es el de regresion
logistica (Hosmer y Lemeshow, 2000).

log (1_—pp) =x'B

Donde: x= vector de covariables (por ejemplo tiempo,
tamafio de semillas, Cs, etc.) y = vector de parametros
desconocidos y corresponden al efecto de las covariables.
El modelo de regresion fue ajustado utilizando la rutina
logistic del paquete estadistico SAS (SAS Institute Inc.,
2009). La bondad de ajuste del modelo se probé mediante
laestadistica D de Somers (Somers, 1962). Lasignificancia
delos coeficientes deregresion asociados a las covariables
se probo al utilizar la prueba de razon de verosomilitudes
generalizada y la prueba de Wald (o= 0.05).
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oftwo species (Banderita and Navajita) with three sizes of
Cs (CsCh, CM and CG) and, on the other hand, six in CsT
with the combination of two native pastures (Banderita
and Navajita) with three sizes of Cs, obtained every 60
days. Twelve treatments with CsB, six with CsB with the
combination of two pastures (Buffel and Rhodes) with
three sizes of Cs (small, medium and large) and six with
CsT, with the combination of Buffel and Rhodes, with three
sizes of Cs (small, medium and large). Other treatments
consisted of Cs still wrapped with accessory bracts or
complete dispersion units in two native pastures (Banderita
and Navajita) and on the other hand, two introduced grasses
(Buffel and Rhodes).

The seedling response variable with classified Cs was
normal seedling germination, which was recorded every
24 h for 15 days (ISTA, 1996). In sows with diaspores,
the response variable was emergence of plums and it was
recorded every 24 hours for 25 days (ISTA, 1996). Normal
seedlings were those that germinated with plumule and
radicle, even with slight defects and, in diaspores, with
satisfactory plumule development (ISTA, 2012). The
response variable was modeled using arandom variable with
Bernoulli (p) distribution, since for each test seed there are
only two possible outcomes (the seed germinates or does
not germinate).

The Bernoulli distribution depends on the parameter
p, which in this case corresponds to the germination
probability. The probability of germination may depend on
covariates, in this case time, benefit (removal ofaccessory
bracts) and pasture species. The problem is reduced to
determine if the probabilities of germination change
according to these covariates. A widely used model for
this type of problem is logistic regression (Hosmer and
Lemeshow, 2000).

og (-] =

Where: x= vector of covariables (eg. time, seed size, Cs,
etc.) and = vector of unknown parameters and correspond
to the effect of covariables. The regression model was
adjusted using the logistic routine of the SAS statistical
package (SAS Institute Inc.,2009). The goodness of model
fit was tested using the Somers D statistic (Somers, 1962).
The significance of regression coefficients associated with
covariates was tested using the generalized likelihood ratio
test and the Wald test (a=0.05).
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Resultados y discusion

Especies nativas

La germinacion mostr6 diferencia entre tratamientos (p<
0.001; Figura 1). Posterior a 16 intervalos de 30 dias, la tasa
de germinacion disminuy6 tanto para CsB como CsT en cada
tamano de Cs (CsCh, CsM y CsQ). Para pasto Navajita, en
CsB (Figura 1a), la germinacion disminuy6 39,26 y 24 (UP)
y, lareduccion en germinacion fue menor en CsT, respecto a
CsB (Figura 1b)con 33,22y 16 UP, respectivamente. Enpasto
Banderita, paraCsB (Figura 1c), fuede 35,19y4 UPy,en CsT
(Figura 1d); similarmente, lapérdida fue menor,con 20,15y 7
UP, respectivamente. La germinacion de las Cs almacenadas
con bracteas accesorias, hasta el momento de su siembra, en
CsM y CsG, mantiene mayores niveles de germinacion para
todas las fechas de siembra en el periodo evaluado.

Lascurvas de germinacion predichas porelmodelo logisticoen
pastosnativos alolargo de 16 pruebas de germinacion (Figura
1), indican que la germinacion disminuira en mayor medida,
amenor tamafio de Cs, tanto en Navajita como en Banderita,
ya sea en CsB o CsT; es decir, a mayor tamafio de Cs es una
ventaja al momento de la siembra, por la calidad alcanzada
por lasemilla. Por tanto, manejar la produccion de semillay el
beneficio de la misma con procesos de seleccion por tamatfio
de Csresultaen mayor germinacion almomento delasiembra.

En pastos nativos, a medida que se increment6 el tiempo de
almacenamiento, se observd menor germinaciéon a menor
tamafio de Cs, tanto para CsB como CsT y por especie
evaluada. Springer etal. (2001),en T dactyloides, indican que
la viabilidad y germinacion en Cs de mayor peso y tamatio, es
mayor, en comparacion a aquella observada en CsCh; de igual
modo Pérez et al. (2006), en maiz, encontraron que a mayor
peso y longitud de semilla, mayor vigor, lo que se refleja en
mayor cantidad de materia seca de la parte aérea de plantulas
durante los primeros dias de establecimiento. Similarmente
Lopez- Castafiedaet al. (1996), enplantas de trigo, demostraron
que amayor peso de Cs se obtienen plantas con mayor peso de
raizy area foliar, lo que puede resultar en mayor sobrevivencia
de plantulas ante la sequia intraestival, ademas de mayor
crecimiento inicial; tedricamente, puede incrementar el éxito
de establecimiento de plantas en praderas de temporal.

El modelo logistico en pasto Navajita mostro diferencia
en germinacion entre tamafos de semilla y, las covariables
tiempo y beneficio, fueron significativas (p< 0.001; Figura

Results and discussion

Native species

Germination showed a difference between treatments
(< 0.001; Figure 1). After 16 intervals of 30 days, the
germination rate decreased for both CsB and CsT in each
size of Cs (CsCh, CsM and CsG). Germination decreased
by 39, 26 and 24 percentage units (UP) in CsB (Figure 1a)
and the reduction in germination was lower in CsT than in
CsB (Figure 1b) with 33, 22 and 16 UP, respectively. For
CsB (Figure 1c¢), this reduction was 35, 19 and 4 UP, and
in CsT (Figure 1d); Similarly, germination loss was lower,
with 20, 15 and 7 UP, respectively. The above is indicative
that the germination of the Cs stored with accessory bracts,
until the time of their sowing, in CsM and CsG, maintains
higher germination levels for all the sowing dates in the
evaluated period.

The germination curves predicted by the logistic model
in native pastures along 16 germination tests (Figure 1),
indicate thatthe germination will decrease to a greater extent,
to a smaller size of Cs, either in Navajita or Banderita, or
in CsB or CsT; i.e. larger size of Cs is an advantage at the
moment of sowing, by the quality reached by the seed.
Therefore, managing the seed production and its benefit
with selection processes by size of Cs results in greater
germination at the time of planting.

In native pastures, as the storage time increased, lower
germination was observed atlower Cs size, for both CsB and
CsT and by species evaluated. Springer et al. (2001), in T.
dactyloides, indicate that viability and germination in Cs of
greater weight and size, is higher, compared to that observed
in CsCh; likewise Pérez et al. (2006), in maize, found that
at higher weight and seed length, greater vigor, which is
reflected in higher amount of dry matter of the aerial part of
seedlings during the first days of establishment. Similarly,
Lopez- Castafieda et al. (1996),in wheat plants, showed that
a higher weight of Cs yield in plants with greater root and
leaf weight, which can result in greater seedling survival in
the intra-drought period, in addition to higher initial growth;
theoretically it can increase the success of establishment of
plants in rain-fed meadows.

The logistic model in Navajita grass showed a difference
in germination between seed sizes and, time and benefit
covariables were significant (p< 0.001; Figure la; Figure
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1a; Figura 1b); similarmente, mostré un coeficiente de ajuste
de datos de 83%, dadas las mismas covariables; por otra
parte, la germinacion de CsG super6 a aquella observada
para CsCh y CsM en 23 y 2.7 veces, respectivamente. El
efectodebeneficiar (liberacion de Cs) mejoro la germinacion
cuatro veces, también el modelo indica la disminucion de
germinacion deuna UP cada 30 dias. En Banderita, el modelo
logro clasificar de manera correcta 75% de los datos, dadas
las covariables tiempo y beneficio (Figura 1c y Figura 1d);
ademas, se observo diferencia en germinacion entre tamafos
y las covariables fueron significativas (p<0.001). Dadas las
covariables mencionadas, al comparar germinacion entre
tamafios de Cs, la germinacion en CsG es 5.7 veces mayor, en
comparacionaCchy 1.3 veces mayor, en comparaciona CsM.
Por otro lado, la germinacion de pasto Banderita fue mayor
en comparacion a pasto Navajita en 1.3 veces (p<0.001).

Adrian Raymundo Quero Carrillo et al.

1b); similarly, it showed a coefficient of data adjustment
of 83%, with the same covariables; on the other hand,
the germination of CsG exceeded that observed for CsCh
and CsM in 23 and 2.7 times, respectively. The effect of
benefiting (release of Cs) improved germination four
times, also the model indicates the decrease of germination
of a UP every 30 days. In Banderita, the model was able
to correctly classify 75% of the data, given the time and
benefit covariables (Figure 1¢ and Figure 1d); In addition,
differences in germination between sizes and covariates
were significant (p<0.001). Given the covariates mentioned,
when germination is compared between Cs sizes, the
germination in CsG is 5.7 times higher, compared to Cch
and 1.3 times higher, compared to CsM. On the other hand,
the germination of Banderita grass was higher in comparison
to Navajita grass in 1.3 times (p<0.001).
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Figura 1. Germinacién observada y predicha de tres tamaiios de cariépsides de Bouteloua curtipendula (1ay 1b)y B. gracilis (1c
y 1d) durante 16 meses, con intervalo de 30 dias y para cariépsides testigo (obtenidos cada dos meses) en laboratorio.
CsCh= caridpsides chicas; CsM= cariopsides medianas; CsG= caridpsides grandes.

Figure 1. Observed and predicted germination of three caryopsid sizes of Bouteloua curtipendula (1a and 1b) and B. gracilis (1c
and 1d) for 16 months, with a 30 day interval and for control caryopsids (obtained every two months) in laboratory.
CsCh = small caryopsids; CsM = medium caryopsids; CsG = large caryopsids.
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Especies introducidas

Contrariamente alo observado paranativas, la germinacion
aumentd conforme el tiempo de evaluacion, en cada
tamafio de Cs (Figura 2), se observaron diferencias entre
tratamientos (p<0.001 ). Para CsB en Buffel (Figura 2a),
la germinacion (inicial menos final) para Csch, CsM y
CsG se increment6 51, 67 y 66 UP , respectivamente;
lo anterior, es indicativo de marcada capacitacion del
embrion; mientras que, para CsT de Buffel (Figura 2b), la
germinacion aumentd en 26, 62 'y 64 UP para CsCh, CsM
y CsG, respectivamente lo cual, es ligeramente menor, en
comparacion con CsB (p<0.001). Lo anterior, es indicativo
de que en Cs de Buffel no existe diferencia entre beneficiar
la semilla al momento de siembra o desde el inicio del
experimento, almacenando las Cs en condiciones frescas
y secas, como aquellas de laboratorio, en este caso.

En Rhodes, la germinacion se incremento al eliminar
bracteas accesorias desde el inicio del experimento (CsB;
Figura 2c) la cual, para CsCh, CsM y CsG fue 48,31y 13
UP mayor, respectivamente, mientras que, en CsT (Figura
2d), 1a germinacion también se incremento para CsCh, CsM
y CsG, en42,20y 7 UP, respectivamente. Por tanto, mayor
germinacion ocurrio en CsB en los tres tamafios de Cs, tanto
en Buffel como en Rhodes; sin embargo, amayor tiempo de
almacenamiento tanto Buffel como Rhodes, los CsT pierden
latenciay, al final de las pruebas de germinacion, la cantidad
deplantulas normales es ligeramente menor, en comparacion
aaquellas observadas para CsB. Contrariamente a las otras
tres especies evaluadas, en Rhodes, se observo mayor
germinacion en CsBy CsT amenor tamafio de Cs; lo anterior,
puede ser informativo sobre la capacidad de Rhodes para
consolidar semilla viable a pesar de las condiciones de estrés
que pudiera enfrentar el cultivo en la fase reproductiva,
durante la fase de campo en produccion de semilla.

Se observé mayor germinacion a mayor tiempo de
almacenamiento en pastos introducidos y cuando se
eliminaron las bracteas accesorias al inicio del experimento
(CsB),lagerminacionaumento (Tian et al.,2002); lo anterior,
esindicativo delaexistencia deinhibidores de germinacionen
el embrion (Simpson, 1990); ademas, las bracteas accesorias
son una barrera hidrofobica donde la lignina, polisacaridos
y pectinas fendlicas contribuyen a determinar el caracter
impermeable de la cubierta seminal e impiden la difusion de
agua para la imbibicion (Castillo y Guenni, 2001) y a mayor
tiempo de almacenamiento (mayora 18 meses), ladormancia
secundaria disminuye en pastos como Buffel (Butler, 1985).

Introduced species

Contrary to what was observed for natives, germination
increased according to the time of evaluation, in each
size of Cs (Figure 2), differences between treatments
were observed (p< 0.001). For CsB in Buffel (Figure
2a), germination (initial minus final) for Csch, CsM and
CsGincreased 51, 67 and 66 UP, respectively; the above,
is indicative of marked training of the embryo; while
for CsT of Buffel (Figure 2b), germination increased at
26, 62 and 64 UP for CsCh, CsM and CsG, respectively,
which is slightly lower, compared to CsB (p<0.001). The
aboveis indicative that in Buffel Cs there is no difference
between the benefit of the seed at the moment of planting
or from the beginning of the experiment, storing the Cs in
fresh and dry conditions, such as those in the laboratory,
in this case.

In Rhodes, germination increased by removing accessory
bracts from the beginning of the experiment (CsB; Figure
2¢) which, for CsCh, CsM and CsG were 48, 31 and 13
higher UP, respectively, whereas in CsT (Figure 2d),
germination was also increased for CsCh, CsM and CsG at
42,20and 7 UP, respectively. Therefore, higher germination
occurred in CsB in all three Cs sizes, in both Buffel and
Rhodes; however, for alonger storage time both Buffel and
Rhodes, CsT loses latency and, at the end of germination
tests, the amount of normal seedlings is slightly lower,
compared to those observed for CsB. Contrary to the other
three evaluated species, in Rhodes, greater germination was
observed in CsB and CsT to smaller size of Cs; the above
may be informative about Rhodes' ability to consolidate
viable seed despite the stress conditions that the crop could
face inthe reproductive phase during the field phase in seed
production.

The germination was higher during storage in introduced
pastures and when the accessory bracts were removed
at the beginning of the experiment (CsB), germination
increased (Tian et al., 2002); The above, is indicative
of the existence of inhibitors of germination in the
embryo (Simpson, 1990); In addition, the accessory
bracts are a hydrophobic barrier where lignin, phenolic
polysaccharides and pectins contribute to determine the
impermeable nature of the seed coat and prevent the
diffusion of water for imbibition (Castillo and Guenni,
2001) and longer storage time (more than 18 months),
secondary dormancy decreases in pastures like Buffel
(Butler, 1985).
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La eliminacion de bracteas accesorias ha sido evaluado por
Anderson (1985), en T. dactyloides, donde obtuvo semilla
y posteriormente la escarifico de manera fisica con tapete
y almohadilla de caucho corrugado y encontr6é que se
incremento la germinacion de 5 a40% y de 10 a90%. En el
presente estudio, eliminar bracteas accesorias incremento
la germinacién, lo que es conveniente cuando se conjuntan
buenas condiciones de siembra (agronémicas y climaticas),
ya que las plantulas maximizarian el uso de humedad para
llegar a edad adulta y evitar exponerse a rapida evaporacion
durante la sequia interestival, ademas de desarrollar
estructuras de fotosintesis y asimilacion eficiente de
nutrientes para la posible competencia con maleza de mayor
tamafio y capacidad de crecimiento (Zhuang et al., 2010).

Eliminar bracteas accesorias y clasificar Cs en pastos nativos
tuvo marcadas diferencias, en Cs T, la germinacioénaintervalo
de 30 dias para Cs Ch, CsM y CsG, en Navajita fue 58, 73 y
82% yparaBanderita 62,82y 91%, respectivamente; mientras
que, laemergencia al sembrar a intervalos de 30 dias fue 78%
y en Banderita, 87%. Tian et al. (2002), en T. dactyloides
variedad Pete, encontraron, a 14 dias pos siembra, mayor
germinacion al escarificar Cs (80%), contrastando con Cs sin
escarificar (8%) y diasporas (2%). La pobre germinacion en
Cs chicos en pastos nativos esta relacionada con bajo vigor
(Culleton et al., 1991); mientras que, en introducidos, éste se
asocio con latencia de semilla. Por tanto, para siembras en
campo Ellisy Roberts (1980), Naylor (1982), Larsen y Bibby
(2004), mencionan que el proceso de produccion, cosecha,
almacenamiento y beneficio de semilla son importantes para
mantener la mejor calidad bioldgica de ésta y lograr mayor
cantidad de plantulas por m? ya establecidas en campo.

En pastos introducidos, el analisis con el modelo de regresion
logisticaindico diferencias en germinacion entre tamafos de
Cs, las covariables tiempo y beneficio fueron significativas
(»<0.001)y la germinacion de plantulas normales es mayor,
conforme avanzael tiempo dealmacenamiento (Butler, 1985).
En Buffel, elmodelo logra clasificar de manera correcta 75%
de los datos, dadas las covariables tiempo y beneficio, la
germinacion incrementa en 2.2 veces cuando se eliminan
bracteas accesoriasy seincrementa 1.2 veces cada 30 dias. Asi
mismo en Buffel, al comparar la germinacion entre tamafios
de Cs, el CsG mostro6 1.8 y 1.5 veces mayor germinacion en
comparaciona Cchvs CsM, respectivamente. En Rhodes, el
modelo logra explicar 82% del comportamiento de los datos
en las curvas de germinacion dadas las covariables tiempo y
beneficio, la germinacion incremento 6.5 veces al eliminar
bracteas accesorias e incrementa 1.1 veces cada 30 dias. La
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The removal of accessory bracts has been evaluated by
Anderson (1985),in T dactyloides, where seed was obtained
and later scarified it physically with mat and corrugated
rubber pad and found that germination increased from 5
to 40% and 10 to 90%. In the present study, eliminating
accessory bracts increased germination, which is desirable
when good planting conditions (agronomic and climatic)
are combined, since the seedlings would maximize the use
of moisture to reach adulthood and avoid being exposed to
rapid evaporation in addition to developing photosynthetic
structures and efficient nutrient assimilation for possible
competition with weeds of larger size and growth capacity
(Zhuang et al.,2010).

Inthe case of Cs Ch, CsM and CsG, the germination of Cs
Ch, CsM and CsG in Navajita was marked by differences
inCs T, with 58,73 and 82%, and for Banderita 62, 82 and
91%, respectively; while the emergence when planting
at 30-day intervals was 78% and in Banderita, 87%. Tian
et al. (2002), in T. dactyloides pete variety, found, at 14
days post sowing, greater germination by scarifying Cs
(80%), contrasting with uncured Cs (8%) and diaspores
(2%). Poor seed germination in small native grasses is
associated with low vigor (Culleton et al., 1991); while,
inintroduced ones, this was associated with seed latency.
Thus, for field plantings Ellis and Roberts (1980), Naylor
(1982), Larsen and Bibby (2004), mention that the
production process, harvest, storage and seed benefit
are important to maintain the best biological quality of
the seed and to obtain more quantity of seedlings per m?
already established in the field.

In introduced pastures, analysis with the logistic
regression model indicated differences in germination
between Cs sizes, time and benefit covariables were
significant (p< 0.001) and germination of normal
seedlings was higher as storage time progressed (Butler,
1985). In Buffel, the model manages to correctly classify
75% of the data, given the time and benefit covariables,
germination increases by 2.2 times when accessory bracts
are removed and increased by 1.2 times every 30 days.
Also in Buffel, when comparing germination between Cs
sizes, CsG showed 1.8 and 1.5 times higher germination
in comparison to Cch vs CsM, respectively. In Rhodes,
the model manages to explain 82% of the behavior of the
data in the germination curves given the covariables time
and benefit, the germination increased 6.5 times when
eliminating accessory bracts and increases 1.1 times
every 30 days. The germination of CsG, compared to
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germinacion de CsG, comparada con Cschy CsM fue 16 y
2.7 veces mayor; por tanto, a mayor tamafio de Cs, mayor
germinacion. La germinacion observadapara Rhodes fue 1.4
veces mayor en comparacion a aquella observada en Buffel.
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Csch and CsM, was 16 and 2.7 times higher; therefore,
to a bigger size of Cs there is greater germination. The
germination observed for Rhodes was 1.4 times higher
than that observed in Buffel.
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Figura 2. Germinacién observada y predicha de tres tamaiios de cariopsides en Cenchrus ciliaris (2a'y 2b) y Chloris gayana (2¢cy
2d) durante 16 meses, intervalo de 30 dias y para cariopsides obtenidos cada dos meses en laboratorio. CsCh=cariopsides
chicas; CsM= cariopsides medianas; CsG= cariopsides grandes.

Figure 2. Observed and predicted germination of three caryopsid sizes in Cenchrus ciliaris (2a and 2b) and Chloris gayana (2¢
and 2d) for 16 months, 30 days interval and for caryopsids obtained every two months in the laboratory. CsCh= small
caryopsids; CsM=medium caryopsids; CsG= large caryopsids.

Las curvas de germinacion predichas por el modelo
logisticoalolargo de 16 intervalos (Figura2a, 2d), indican
que la germinacion aument6 a mayor tamafo de Cs tanto
en Buffel como en Rhodes y al ultimo intervalo de haber
evaluado la semilla, se presenta la mayor germinacion
en ambos pastos; sin embargo, de acuerdo a las curvas
de germinacion predicha para ambas especies, las curvas
probables de germinacion disminuiran.

The germination curves predicted by the logistic
model along 16 intervals (Figure 2a, 2d), indicate that
germination increased to a larger size of Cs in both Buffel
and Rhodes and at the last interval of having evaluated the
seed, the highest germination in both pastures is shown;
however, according to the predicted germination curves
for both species, the probable germination curves will
decrease.
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Emergencia en didsporas

En especies nativas hubo diferencias en emergencia (Figura
3a); lacual disminuyd al avanzar el tiempo de almacenamiento
(< 0.001); en Navajita, disminuy¢ seis UP y en Banderita,
10 UP. La emergencia de Banderita fue 2.6 veces mads, en
comparacion a aquella de Navajita. Al respecto Simpson
(1990) y FAO (2011), mencionan que a mayor tiempo de
almacenamiento de semillas en general la germinacion se ve
afectaday mayor cantidad de plantulas anormales germinaran.
En pastos introducidos (Figura 3b), se observé diferencia en
emergencia (p<0.001) y una pendiente positiva, al avanzar el
tiempo dealmacenamiento (p<0.001); Buffel aument6 38 UPy
Rhodes, 43 UP. Laemergenciade Rhodes fue 1.9 veces mayor
en comparacion a aquella de Buffel, Harty et al. (1983), en
Panicummaximumy Butler (1985), en Buffel mencionan que
la germinacion en pastos con latencia, la germinacion aumenta
posterior acuatro meses de almacenamiento, en Panicumspp.,
posterior a 12 meses y en Buffel, posterior a 18 meses.
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Diaspore emergence

Differences in emergence were observed in native
species (Figure 3a); which decreased with the time of
storage (p< 0.001); in Navajita, it decreased six UP and
in Banderita, 10 UP. The emergence of Banderita was 2.6
times higher, compared to that of Navajita. In this regard,
Simpson (1990) and FAO (2011) mention that the more
time of storage would affect germination, and the greater
the number of abnormal seedlings will germinate. In
introduced pastures (Figure 3b), difference in emergence
(»<0.001) and a positive slope were observed, as storage
time (p< 0.001) advanced; Buffel increased 38 UP and
Rhodes, 43 UP. The Rhodes emergency was 1.9 times
greater than that of Buffel, Harty et al. (1983), in Panicum
maximum and Butler (1985), in Buffel mention that the
germination in grasses with latency, the germination
increases after four months of storage, in Panicum spp.,
after 12 months and in Buffel, after 18 Months.
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Figura 3. Emergencia observaday predicha de semilla con bracteas accesorias, en Bouteloua curtipendula (3a) y B. gracilis (3a);
asi como en Cenchrus ciliaris (3b) cv. Comun y Chloris gayana cv. Bell (3b), a lo largo de 16 pruebas con intervalos de

30 dias en laboratorio.

Figure 3. Observed and predicted emergence of seed with accessory bracts, in Bouteloua curtipendula (3a) and B. gracilis (3a);
as well as in Cenchrus ciliaris (3b) cv. Common and Chloris gayana cv. Bell (3b), along 16 tests with 30 days intervals

in laboratory.

En pastos nativos, el modelo logré clasificar 63% de
cada uno de los casos de semilla como emergida o noy en
introducidos, el modelo logistico ajusto apropiadamente,
80% de cadauno de los casos de semilla como germinada o
no. Las curvas de germinacién predichas en pastos nativos
disminuyen en poca medida, lo que indica que la viabilidad
de la semilla boténica se conserva cuando se almacena con
bracteas accesorias, mientras que, en pastos introducidos

In native pastures, the model managed to classify 63% of
each ofthe cases of seed as emerged ornotand in introduced,
the logistic model properly adjusted, 80% of each of the
cases of seed as germinated or not. The germination curves
predicted in native pastures to be diminished to a small
extent, indicating that the viability of the botanical seed
is conserved when stored with accessory bracts, whereas
in introduced pastures the emergency curves indicate that
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las curvas de emergencia indican que la latencia impuesta,
tanto por el embrion como por bracteas accesorias, es menor
conforme avanza el tiempo de almacenamiento i.e. ocurre
una capacitacion para la germinacion.

Conclusiones

La germinacion de plantulas normales en pastos nativos fue
mayoramayortamafo de cariopside y éstadisminuy6 amayor
tiempo de almacenamiento. En especies nativas, se obtiene
mayor cantidad de plantulas al almacenar pormayortiempo las
cariopsides dentro de las bracteas accesorias. Pasto Banderita
tuvo mayor germinacion a cada tamafio de caridpside, en
comparacion con Navajita. En pastos introducidos, eliminar
bracteas accesorias al inicio del experimento se manifesto en
mayor germinacion en comparacion con la conservacion de
¢éstasy los porcentajes de germinacion fueron mayores amayor
tiempo de almacenamiento y mayor tamafo de caridpside.
Pasto Rhodes mostro mayor germinacion en comparacion con
Buffel. El manejo de la latencia del propagulo a utilizar tiene
influencia en la germinacion e incrementa la germinacion en
especies nativas e introducidas.
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