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The purpose of this research was to determine whether hybridization
between Amelanchier denticulata. (H.B.K.) Koch and Amelanchier nervosa
(Decaisne) StandL occurs in Oaxaca, Mexico, and to evaluate components of yield
and germination characteristics and seed dormancy of Amelanchier denticulata.
Amelanchier

nervosa

and

Amelanchier

denticulata

samples

and

morphological characters were used to define matrices of individual plants (rows)
and characters (columns), which were then analyzed through ordination procedures.

Likely hybrids were separated between the two species in the first two ordination

axes, suggesting a hybrid origin of three collections: Teotitlán (1), Teotitlán (2),
and Ixtlán.

Components of yield were evaluated in Amelanchier denticulata
collections. Data analyses showed that fruit and seed production varied across years

and collections. There was a negative relationship between altitude and fruit size,
and there was positive relation between fruit size and average temperature 30 days

prior to harvesting. A negative relationship was found between seed weight and

altitude as well as between soil pH and seed weight, whereas positive relationship

was found between maximum temperatures 30 days before harvest and seed
weight. The mean number of seeds per fruit ranged between 0.9 and 1.9.

Laboratory evaluations showed that a hard seed coat was absent in seeds of

all collections. The optimum seed germination temperature was at 20°C. Fresh
seeds were germinated at 20°C, which was the optimum germination temperature,
and data analyses were by using binomial logistic regression and a quasi-likelihood

model. Collections were grouped according to dormancy proportions: (a) < 0.10,
(b) between 0.10 and 0.25, and (c) > 0.50. The higher elevation collection had the

highest proportion of dormant seeds (0.62), germination was slow and highly
variable; lower elevation collections had a low proportion of dormant seeds (<

0.15), and germination was rapid. In fresh seed of the SuchixtlánlYanhuitlán
collection (2263 m altitude), dormant seed proportions reduced from 0.62 to 0.29

after 14 days of prechilling. In this collection, dormant seed proportions dropped
from 0.62 to 0.08 after storing fresh seeds four months at room temperature (2 1°C);

while, in the SuchixtlánlSinaxtla collection, reduction of dormant seeds was from
0.25 to 0.04 (2185 m altitude).
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Morphological Variability and Seed Dormancy of Amelanchier (Rosaceae)
Grown in Oaxaca, Mexico
CHAPTER 1

Introduction and Literature Review
Number of species
The American species of Amelanchier are known as shadbush, juneberry,
serviceberry, sarvice-berry, sugarplum (Standley and Steyermark 1946; Correl and
Johnston 1970) sarviceberry, sarvis, maycherry, shadblow, shadberry,
shadblossom, shadflower, shadwood, sugar pear, wild pear, lancewood, boxwood,
Canadian medlar, bilberry, snowy mespilus, saskatoon (Jones 1946) and cerezo
rojo (Standley 1930). In the Mixteca Oaxaquefia region, people name Amelanchier

denticulata as tiaxistle or tlaxistle de barredero, and in Central Valleys and in the

north of Oaxaca as yagalan. Amelanchier nervosa is named as tiaxistle de vara.
This genus is native to North America, Europe, Northern Africa,
Southeastern and Eastern Asia (Forest Service U.S. Department of Agriculture
1984). There are about 35 species of deciduous unarmed trees or shrubs (Standley

and Steyermark 1946; Cone! and Johnston 1970; Forest Service U.S. Department
of Agriculture 1984; Robertson et al. 1991). Two or three species grow in Mexico
(Standley and Steyermark 1946).

Habitat
Species of Amelanchier colonize different successional habitats, such as

stream corridors, forest margins, and areas recently disturbed by erosion, fire, or
human activity (Campbell et al. 1987; Dickinson and Campbell 1991; Young and
Young 1992; Dibble et al. 1998). They grow in a wide range of soil types but do
not tolerate excessive soil moisture (Harris 1970). Amelanchier is an early to midsuccessional free and shrub of low thickets, barrens, river shores, and forests

(Dibble 1995). This genus extends into Central America (Standley and Steyermark
1946).
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Amelanchier denticulata, a perennial with cool-season growth (Hatch Ct al.
1990), is widely distributed in mountainous country including southern Texas,
Mexico, Guatemala, Honduras, and Costa Rica (Standley and Steyermark 1946;
Hunt and King 1978; Missouri Botanical Garden

w3-Tropicos 2004). In Mexico,

this species has been found in Chiapas, Distrito Federal, Guanajuato, Nuevo Leon,
Puebla, Tamaulipas, San Luis Potosi, Coahuila, Veracruz, Hidalgo, Mexico State,
Oaxaca, Sonora and Chihuahua (Jones 1945; Missouri Botanical Garden

w3-

Tropicos 2004). This species characteristically is found in dry woods and rocky
slopes at elevations of 1 300-2 300 m (Hunt and King 1978).

Amelanc/ijer nervosa has been collected in Mexico and Central America in
the following states: Nuevo Leon, Tamaulipas, San Luis Potosi, Chiapas, Tabasco,
and Oaxaca, Mexico (Standley 1922; Jones 1945; Missouri Botanical Garden

w3-

Tropicos 2004); Zacapa and Huehuetenango, Guatemala; and El Paraiso, Honduras

(Jones 1945; Missouri Botanical Garden w3-Tropicos 2004).

Hybridization in Amelanchier
Interspecific hybridization consists of mating between individuals from
genetically distinct populations and is used for mating between species (Hufford
and Mazer 2003; Judd et al. 2002). In Amelanchier, interspecific hybridization is

very common and occurs naturally between species, and may be integeneric
(Robertson et al. 1991; Campbell and Wright 1996; Judd et al. 2002) (Figure 1.1),
with sexual and apomictic Amelanchier species (Weber and Campbell 1989).

Campbell et al. (1985) presented the first evidence of apospory -the development of
a somatic cell of the megasporangium into a megagametophyte (Campbell et al

1987)- and pseudogamy fertilization of the polar nuclei to stimulate embryo
development without fusion of egg and sperm- in Amelanchier. Gene flow may

occur between facultative apomictics reproduction of successful genotypes
asexually with occasional generation of novelty by sex- and between apomictics

and fully sexual individuals (Campbell et al. 1987; Campbell et al. 1991). Wiegand
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(1935) cited that over limited areas hybrid individuals show all maimer of
combinations of the characters of two parental species.
A. bartramiana

A. arborea

A. humilis

A. sanguinea

A. wiegandii

A. stolonfera

A. laevis

A. canadensis

Figure 1.1. Natural hybridization of Amelanchier species in eastern United States
(Campbell and Wright 1996).

Interspecific hybridization may range from production of hybrid swarms to

apparent isolation ofF l's (Campbell et al. 1991). A hybrid swarm forms a
continuum in the morphological space between the two parents (Campbell and
Wright 1996). Using morphological characters in species of Amelanchier, Dibble et
al. (1998) concluded that cryptic hybridization could be present in Duck Brook,
Maine, U.S.A.

The progeny of the hybrids lean to one parent or the other (Wright 1973);

they do not persist very long with the parental forms in the next generations and
tend to disappear (Wiegand 1935). However, Weber and Campbell (1989) found
several apparent age classes of hybrids, showing that hybridization takes place

repeatedly over time. In the Maloideae, floral development may be under taxon and
specific environmental control. The time of anthesis varies in species, which
reduces hybridization in sympatric taxa (Campbell et al. 1991). On the other hand,
apomixis may accumulate high heterozygosity because its origin is often through
hybridization. So, the recombination of highly heterozygous apomicts may produce
extensive phenotypic variability. Also, recurrent hybridization between genetically
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diverse parental individuals may lead to a more variable population than a single
hybridization (Campbell and Dickson 1990).

A. bartramiana and A. laevis populations grow together, the morphological
intermediate plants belong to Amelanchier X neglecta. Reciprocal crosses of A.

barframiana and A. laevis confirmed the possibility of hybridization between those
populations (Weber and Campbell 1989). Cruise (1964) cited intermediate
individuals between A. laevis and A. arborea, and between A. laevis and A.

canadensis, but not between A. arborea and A. canadensis. Rieseberg and Ellstrand
(1993) pointed out that hybrids can exhibit a mosaic of parent, intermediate, and
extreme characters.
Based on six morphological measurements, Campbell and Dickson (1990)

were able to distinguish the variability between A. bartramiana (sexual), A.laevis
(apomictic), and Amelanchier X neglecta (hybrid). From six morphological
characters, the PCA analysis separated A. laevis, Amelanchier "erecta", and
putative hybrids (Campbell and Wright 1996).
Campbell et al. (1997) used morphological characters to compare the

partitioning of variation between populations of A. bartramiana - a sexual speciesand A. laevis - a facultative agamosperm species. They confirmed a higher variation

between sexual populations compared to facultative agamosperm populations. A.
laevis showed significantly greater variation among population in taxonomic mixed
sites (with two to four other species of Amelanchier) than taxonomically uniform
sites. They stated that A. laevis is an allopolyploid species and may have numerous
and independent origins.

Nomenclature and description
Early Mexican collections of Amelanchier denticulata were described as

Cotoneaster denticulata by Kunth and as Crataegus inermis and C. minor by Sessé
and Mocino (Hunt and King 1978). Decaisne in 1874 described Amelanchier

nervosa as Cotoneaster nervosa, and Standley as Amelanchier nervosa (Standley
1922).
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Amelanchier nervosa is considered to have eight synonyms, and
Amelanchier denticulata has ten (Appendix A). Jones (1945) described these
species as Malacomeles nervosa, and Malacomeles denticulata. Phipps et al. (1991)
used the same nomenclature. Jones (1945) pointed out that Decaisne in 1874

treated Malacomeles as a section of Cotoneaster, but later it was considered as a
new genus. Malacomeles is composed of the Greek malakos, "soft", and meles,
"apple" (Jones 1945).
Robertson et al. (1991) differentiated the two genera Amelanchier and
Malacomeles. The conmion traits are the pseudoberry type fruits (Robertson et al.
1991), but Malacomeles differs in the barely connate carpels (Robertson et al.
1991; Robrer et al. 1991), markedly coriaceous leaves, suborbicular petals

(Robertson et al. 1991), and evergreen habit (Campbell et al. 1995). Standley and
Steyermark (1946) considered Amelanchier nervosa a variety of Amelanchier

denticulata. Another species is recorded from northern Mexico as Malacomeles

paniculata (Rehder) Phipps (Phipps et al. 1991).
Amelanchier denticulata varies in leaf size, tomentum, and denticulation
(Hunt and King 1978). The plant is substantially different from most of the usual
Amelanchier species of the United States (Standley and Steyermark 1946).

Differences between Amelanchier denticulata and Amelanchier nervosa are in the
Table 1.1.

The DNA sequences of Amelanchier denticulata (as Malacomeles
denticulata) are deposited in the GenBank from the DNA Internal Transcribed
Spacer (ITS) with 459 bp (Campbell et al. 1995).
The basic number of chromosomes in Amelanchier is 17, but there can be a
secondary series of polyploids with 2n = 34, 51, and 68 (Jones 1946). Dibble et al.
(1998) cited that all Amelanchier agamosperms are tetraploids (2n

68).

Seed dispersal is almost entirely by animals and birds and takes place as
soon as the fruit ripens (Forest Service U.S. Department of Agriculture 1984).
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Table 1.1. Characters and measurements of Amelanchier denticulata and
Amelanchier nervosa
Character

i

Amelanchier
nervosa

Amelanchier denticulata

Jones (1945)

Jones (1945)

Hunt and King
(1978)

Standley
(1922)

Plant height (m)

1-3

1-3

3-10
5-15
Tomentose
below
Acute, truncate,
mucronate
When present 48 on each margin
4-10
Glabrous or
pubescence
2-4

9
10-20
10-23

1-3 5

Leafwidth(mm)

1-25

8-25
15-50

Leaf length (mm)
Leaf pubescence

Leaf apex shape
Teeth per cm
Lateral veins
Rachis
pubescence
Petiole length
(mm)
Pedicel length
(mm)

Tomentose below

Tomentose
below
Mucronate,
truncate, acute

Acute, mucronate
7-9
10-15

3-7

5-10

3-6

3-5

2-4

Sepalwidth(mm)
Sepaliength(mm .

2.5
2

2-2.5

3

Petal width (mm)

5

3

Petallength(mm)
Number of
stamens

.

20

2.5
16-20

4-5
5-6
20

Style iengt h (mm )

2.5-3

Style number
Ovary summit
pubescence
Flowers per
inflorescence
Receptacle-tube
pubescence

Fruit diameter
(mm)

Fruitlength(mm)
Seed length (mm)
Seed width (mm)

3

3

2.5-3
2

5

Densely whitetomentose

Densely whitetomentose
3-4

3-4

Glabrous

Tomentose

6-8

7-10

8-10
5-6

10-12
4.5

Tomentose
(most
specimens
glabrous)

Glabrous

8-12

8-10

3.5-4

3

Reproduction and seed dormancy in Amelanchier
The subfamily Maloideae has long been considered to be of hybrid origin
(Phipps et al. 1991; Robertson et al. 1991). Evans et al. (2000) do not agree with
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this hypothesis. They pointed out that the allopolyploid origin of Maloideae
remains umproven.
Interspecific hybridization may have played an important role in generating

new taxa inAmelanchier (Campbell et al. 1991; Dibble et al. 1998). Robertson et
al. (1991) cited that extensive hybridization between genera and subgeneric groups
in Maloideae reflects weak barriers rather than evidence of evolutionary relation.

Phipps et al. (1991) hypothesized that the original maloid was successful
because of its general phenotype, pome fruit, probable potential for facultative
apomixis, and rich amphidiploids inheritance. There is a strong association between
polyploidy and apomixis, and polyploidy has been reported in about 63% of the
species of the subfamily Maloideae (Campbell et al. 1991).

Seed dormancy

The mechanisms of seed dispersal, dormancy, and longevity increase the
probability of a species to encounter favorable conditions for establishment
(Angevine and Chanot 1979), and it is not as critical in perennials as in annuals,
where the dormant seed is the crucial link between generations (Wiesner 1999).
These mechanisms may be related to seral position (through the plant succession),

life form (herbaceous, shrub, or tree), dispersal ecology, or a combination of these
and other factors (Meyer et al. 1995).
The genotype affects the plant adaptation to its habitat. Under optimal

conditions, only a portion of the seed population will germinate in one rain event or
in one season (Gutterman 1992). Similarly, Venable in Meyer et al. (1995) cited

that delayed germination may be of two kinds: (a) response to predictable
environmental cues, and b) function of seed population persistence in the seed
bank. In the same sense, Barbour et al. (1999) cited that transient seed pools (seeds,
which die or germinate within a year) have little impact on the population; and
persistent seed pools (seeds accumulated for a longer period) are characteristic of
short-lived plants in unpredictable habitats and perennials that germinate in
response to some unpredictable event.

Types of dormancy

Seed dormancy may be natural, induced, and enforced. Natural dormancy is

the inability of seeds to germinate under favorable conditions immediately upon
removal from the parent plant. Induced dormancy is an acquired condition caused
by some experience afterripening conditions (e.g., drought). Enforced dormancy
(equivalent to exogenous dormancy) is an inability to germinate due to an
environmental restraint (Harper 1977). Baskin and Baskin (2001) cited dormancy
as endogenous and exogenous. Endogenous dormancy includes physiological
(physiological inhibiting mechanism of germination), morphological (undeveloped
embryo), and morfophysiological (including both). Exogenous dormancy includes

physical (seed coat impermeable); chemical (germination inhibitors); and
mechanical (woody structures restrict growth).
Whatever the cause of the dormancy, it allows a diversification or strategic
germination behavior (Angevine and Chanot 1979) that appears to be almost
exclusively under maternal control via the seed coat or other structures (Roach and

Wulff 1987). The seeds are a remarkable mixture of up to four (in angiospenns)
genetic tissues: (a) the embryo that contains equal representation of maternal and
paternal genotypes; (b) the seed coat or testa and any accessory structures, which
are of strictly maternal origin (Westoby 1981; Roach and Wulff 1987; Meyer and
Pendleton 2000); (c) the endosperm, usually triploid that contains two complements

of maternal genes and usually one of the paternal genes, depending on the plant
family (Westoby 1981; Meyer and Pendleton 2000); and (d) sometimes a trace of

the female gametophytes (Westoby 1981). So, it is difficult to know whether the
absence of germination is due to seed coats or embryo dormancy (Come and

Thêvenot 1982). These authors suggest isolating the embryo for any study of
dormancy. Thus, embryo dormancy is a very complex phenomenon controlled by
internal and external factors acting simultaneously to create a physiological state

reflected in the ability or inability to germinate. Meyer and Pendleton (2000) found
in Purshia

tridentata

multiple levels of control for low temperature requirements,

including testa, embryo, nuclear, and probably endosperm genotype. These authors
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added that the maternal control allows seeds of an individual plant to have similar
chilling requirements, and the multiple paternities under open pollination will
permit maximal variation in mean germination time at low temperature.

Seed dormancy and preconditioning effects
Seeds of about two-thirds of the species of the temperate-zone woody plants
show some dormancy (Kramer and Kozlowski in Kolowski and Gunn 1972).

Dormancy is complex because each species has different requirements for
overcoming dormancy (Wilson 1970). Wester (1995) wrote that for a complete

understanding of dormancy, one must consider seed physiology and environmental
conditions experienced by the maternal plant before and during seed development.
Seeds, from various locations or those collected at different times in the

same place, germinate at different percentages even under the same dormancy
braking treatment. The reasons for this variation are based on genetic and
environmental effects, which affect the mother plant during the time of plant
development and seed maturation (preconditioning) (VonAbrams and Hand 1956;
Baskin and Baskin 1973; Gutterman 1992).
Seed germination is influenced by environmental conditions experienced by
the mother plant (Gutterman 1992, 1993), which can cause structural changes in the
seed; and, in most cases, these changes occur in the seed coat or other structures
covering the embryo (Baskin and Baskin 2001). In addition, maternal effects can

also influence the sensitivity of seeds due to environmental conditions. The
environmental effects acting directly on the seed are often difficult to separate from
those acting on the mother and subsequently on the seed (Roach and Wulff 1987).

Baskin and Baskin (2001), after analyzing 3 580 species, concluded that
with decreases in precipitation and temperature (increase distance from the equator)
in the tropical/subtropical region, non-dormancy decreases and dormancy
increases; physiological dormancy is the most important in all species included
(i.e., trees, shrubs, lianas, and herbs).
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In general, higher temperatures during seed maturation result in seeds with

higher rates of germination (Baskin and Baskin 1973; Gutterman 1992). On the
other hand, those from regions with the lowest temperatures during seed maturation
result in lower germination rates. In other words, the lower the temperature during
seed development, the higher is the level of dormancy (Roach and Wuiff 1987). In

Penstemon, Meyer et al. (1995) found that populations from colder habitats (where
early winter germination presents high risk to seedlings) have habitat-specific
chilling requirements that delay germination until late winter or early spring. With

Betulapapyrfera collected from Alaska to West Virginia, Bevington (1986) found
that northern seed sources had thinner and more translucent pericarps than southern
seeds, and therefore germinated more rapidly at lower temperatures.

Collections of Artemisia tridentata ssp. vaseyana from warm winter sites
germinated more rapidly than collections from cold winter sites in all chill
treatment regimes (Meyer and Monsen 1991). Studying 36 populations of 13
species of Penstemon, Meyer and Kitchen (1994) found that seeds from habitats

with warm winters and short periods of snow cover germinated more quickly than
seeds from habitats with cold winters and prolonged periods of snow cover; and the
chilling period needed for germination was inversely related with the temperature
in the winter (i.e., lower winter temperature a higher period of chilling).

Effect of altitude in germination and dormancy
Meyer et al. (1989) working with several collections of Chrysothamnus
nauseosus found that collections belonging to different subspecies but from the
same location generally showed similar germination responses to temperature.

Conversely, collections of subspecies with wide ecological amplitude showed a
wide range of responses. Collections from warmer sites germinated rapidly,
whereas collections from cold, higher altitude regions germinated more slowly.

Differences in germination patterns between years within populations argue for

some environmental effects on seed dormancy. Similarly, some populations that
flower and produce seeds over extended periods may produce seeds with
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differences in germination; these patterns could be caused by differences in
environmental conditions (temperature and photoperiod) during ripening (Baskin

and Baskin 1973; Meyer et al. 1989). Collections made later in the season
germinated significantly faster than collections made early in the season (Meyer et
al. 1989). The seed produced by individuals that flower in the extreme range may
be a selective advantage in years with unusual weather patterns (Meyer et al. 1989).

In rowan (Sorbus aucuparia), Barclay and Crawford (1984) found that there
were differences in seed size and seedling emergence between populations with
respect to altitude. Seed formation and development are affected because of the
shortening of the growing season with increase in altitude. Penstemon strictus from
higher elevations and at the northern range limit for the species was characterized
by high primary dormancy and long chill requirement (Meyer and Kitchen 1994).

Makhnev and Makhneva (1979) found differences in dormancy in Betula nana and

Betulapubescens. Dormancy was higher for seeds from the upper tundra than for
seeds from the sub-"goltsy" (highlands in Siberia and Far East) and mountain forest
belts.

Dome (1981) collected seeds of Chenopodium bonus-henricus from
populations at several altitudes. He found that germination decreased with
increasing elevation and the optimum temperature for percentage germination was
20°C for all seed samples, and the common optimum germination ability decreased

as the altitude of collection increased. There was no relation between seed weight
and altitude, but there was a positive correlation between germination percentage
and the daily temperature recorded 30 days preceding harvest. Similarly,

VonAbrams and Hand (1956) found in Rosa hybrids, the stratification requirements
depend on the mean daily temperatures during the 30-day period preceding harvest.

In other species, the last 5 to 15 days of seed maturation is the critical time, with
even small differences in temperature affecting germination (Gutterman 1992).

Additional results in Chenopodium bonus-henricus showed that the seed
coat thickness and polyphenol content increased as altitude increased, which
affected the lower percentage of germination. Additionally, as low temperature and
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high rainfall are often associated, especially at high altitude, there existed a
negative correlation between germination and precipitation (Dome 1981).

Seed coat

The seed coat is a physical and chemical barrier to protect the embryo and
other components of the seed against adverse environmental conditions, leaching
out nutrients or inhibitor substances from the seed, and protect the seeds from
infection and deterioration caused by microorganisms (Mohamed-Yasseen et al.
1994; Ungar 1987).

Those seeds that are enclosed within hard seed coats provide a mechanical

impediment to germination (Dickinson and Campbell 1991). But also, the hard seed
coat is impermeable to water and gases (Mayer and Poijakoff-Mayber 1982) due to

the often fatty or waxy inner and outer cuticle layers and one to several layers of
thickened protective cells. This could be the most important physiological role of
the coat (Wester 1995). Additionally, the coat protects the seed from mechanical
injury, microorganisms, and insects; and it may be important in seed dispersal
(Bhatnagar and John, Fahn and Werker in Wester 1995). The characteristics of
seed coat hardness are due to genetic factors and are also affected by environmental
conditions (Ladizinsky 1985).
It is generally thought that a hard seed coat is an undesirable characteristic

because it is accompanied by resistance to germination and undesirability for
consumption (Mohamed-Yasseen Ct al. 1994). While this assumption may be valid
for crops, a hard seed coat is an advantage in wild species. The thickness of the
seed coat or presence of inhibitors in the seed coat will maintain dormancy in the

seed until environmental conditions are such that seed germination can take place
(Ungar 1987).
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RATIONALE OF SIGNIFICANCE
Natural resources are severely degraded in Oaxaca State, Southern Mexico.
The most damaged areas are located in the Mixteca Oaxaquefla and the Central

Valleys regions. Among the most important causes of this degradation are high
stocking rate and traditional range management practices. Communities manage
their own rangelands. However, they do not have regulations to control the
stocking rate, animal distribution, and types of animals. In general, they do not
have programs to reduce the impact of overgrazing.
For decades, various governments and communities have carried out several
rehabilitation projects including reforestation, terraces, and exciosures for domestic
animals. People have planted exotic species, many of which are arboreal. These
species have low growing rates, and usually are not adapted to the environmental

conditions. It is expected that reforestation will be more successful and quicker if
the species planted include native shrubs. Promoting more than one stratum of
vegetation will create habitats that could enhance the establishment of other plant
species. Using this alternative, native species may play an important role because
they are more adapted to the local ecological conditions than exotic species.

Amelanc/ijer denticulata is a native shrub that should be considered for
reforestation in Oaxaca. This species reproduces both by seed and vegetatively. The
seed germinates slowly and sporadically (Hunt and King 1978). These

characteristics affect plant production, especially if seed production is low in wild
populations. Because of its range of adaptation and forage production during the
dry season, Amelanchier is of particular interest. Information about this species is
very limited. Therefore, in order to include Amelanchier in reforestation practices,

information is required about collections, seed production and quality, and seed
germination characteristics.
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PROJECT APPROACH
The goal of this project is to improve knowledge of native plant species for
rehabilitation projects in Southern Mexico. Identifying collections adapted to
specific environments will be useful for local reforestation programs. Using native
species could be advantageous because regional people know and use these species.
For example, Amelanchier produces hard and resistant stems, used for making

brooms or tools, and the plant is identified as a browsing species for goats. In the
past, people bent the stems and put them in as corner reinforcements in adobe

houses. The "topiles" (people responsible for pueblo security) used the stems as
billy clubs. However, local people usually do not know about reproduction and
management of native species.

Research focused on these questions:
1.

Based on morphological characters, is there evidence to hypothesize that
intraspecific hybridization between Amelanchier denticulata and
Amelanchier nervosa is occurring in southern Mexico?

2. Does Amelanchier have physical (seed imbibition) and/or physiological
seed dormancy?

3. How could dormancy be broken and germination improved?
4. How does after-ripening affect dormancy and germination?
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OBJECTIVES
1.

To compare the morphological variability of populations of Amelanchier

located in different environmental conditions in the North, Central Valleys, and
Mixteca Oaxaquefla, Oaxaca, Mexico.

Goats and sheep continuously graze and browse forage species, including

Amelanchier denticulata, growing in common rangelands. This species is a small
shrub that grows in open areas, shrublands, forests, and eroded areas on steep
slopes throughout a range of altitudes, and on soils with high pH. Close to the
villages, goats and sheep browse this species, and the plants grow in scrub form.
The species shows morphological variability in leaf form, plant size, and fruit size,
as well as differences in flowering and fruiting time. This research will concentrate
on gathering information about the morphological variability of Amelanchier,

which will be useful to test the hypothesis of hybridization between Amelanchier
denticulata and Amelanchier nervosa.

2) To evaluate yield components in Amelanchier denticulata, including fruit size,
fertile and infertile seeds per fruit, and seed weight and size.
3) To determine whether seed coats affect seed imbibition of Amelanchier

denticulata.
4) To determine optimum temperature for seed germination (under laboratory
condition) of eight collections of Amelanchier harvested at different altitudes in
different growing seasons.

5) To determine the type and level of dormancy in freshly harvested seeds of
Amelanchier collections from Oaxaca.

6) To determine the effect of prechilling treatments on breaking the dormancy of
fresh seeds of Amelanchier.

7) To determine the effect of after-ripening on dormancy and germination of
Amelanchier from seed harvested in 2004.

Ifi
Seeds of Amelanchier species in the United States require long periods of
stratification to break dormancy (Young and Young 1992). These species grow in
higher latitudes with colder winter temperatures compared to the conditions of
southern Mexico. Ecological characteristics in Oaxaca should affect seed
germination and dormancy of Amelanchier differently than those found in the
Unites States.

After-ripening affects the germination percentages and dormancy. Evaluation of
these effects is important for seed storage and management.
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CHAPTER 2

Characteristics of the Study Area
Location
The study area was located in the State of Oaxaca, Mexico (Figure 2.1). It
included three regions: North, Central Valleys, and Mixteca Oaxaquefla. The

municipalities were Ixtlán de Juarez, San (Sn.) Juan Chicomezuchitl, and Santa
(Sta.) Catarina Ixtepeji in the North; Teotitlán del Valle, Santa Ana del Valle, and
San Pablo Huitzo in Central Valleys; and Asuncion Noehixtlán, Santo (Sto.)

Domingo Yanhuitlán, San Bartolo Soyaltepec, Magdalena Jaltepec, Santa Catarina
Tayata, Santiago Tejupan, San Marcos Arteaga, and San Juan Bautista Suchitepec
in Mixteca Oaxaquefla (Table 2.1).

Physiography

Most of the area is mountainous. Throughout the Mixteca Oaxaquefia, about
80% of the area is hilly, 10 % rugged mountain land, and 10 % narrow and
irregularly shaped valleys (Spores 1967; Romero et al. 1986). The soils are shallow
and the texture varies from sandy, sandy loam, loam, sandy clay loam, sandy loam,
and clay.

Climate
The area is temperate and the average monthly temperature in eight sites

varies from 14.8° to 20.3°C. Sto. Domingo Yanhuitlán and El Mirador Tejupan
record the lowest temperatures; and the highest temperatures are registered in San
Pablo Huitzo, Tlacolula, Teotitlán del Valle, and San Pedro y San Pablo
Tequixtepec. The lowest temperatures are from December to January in all the sites
and the highest temperatures from April to May (Appendix B).
The rainy season is during the summer and according to the climate diagrams of the
sites (Appendix B), there are three areas of precipitation: (a) the first area has an
annual precipitation rate of more than 900 mm per year. This area
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Figure 2.1. Geographical location of the State of Oaxaca,
Mexico, and three regions where Amelanchier
denticulata, Amelanchier nervosa and probable
hybrids were collected. The map was produced
with ESRI database and points recorded in the
field.

Table 2.1. Municipalities, sites, geographical locations, altitude, and name of Amelanchier collections those were included in the
components of yield, germination and dormancy, and morphological studies.
Region
Municipality (County)
Site of collection
Collection
Lat.
Long.
Altitude (m)
name
North
Ixtlán de Juarez
Cuachirindó
Ixtlán
17°20.l5' 96°29.58'
2149
Sn. Juan Chicomezuchitl
Xia
San Juan
17°18.22' 96°3 1.16'
1745
Santa Catarina Ixtepeji
Reynoso
Ix tepeji (1)
17°15.23' 96°32.34'
2055
Larompa
{xtepeji (2)
l7°l7.83' .96°32.6l'
1986
Central Valleys
Teotitlán del Valle
El Palomar
Teotitlán (1)
17°3.84' 96°30.92'
1862
Teotitlán (2)
l7°3.84' 96°30.85'
1859
Santa Ana del Valle
Site 1
Santa Ma (1) 1 7°l .37' 96°28. 13'
2113
Site 2
Santa Ana(2) l7°2.21' 96°28.28'
2341
San Pablo Huitzo
Camino Jayacatlan
Huitzo
l7°19.84' 96°52.64'
2017
Mixteca
Madalena Jaltepec
El Mogote
Jaltepec
17°19.37' 97°14.39'
2114
Oaxaquefla
Asuncion Nochixtlan
Huauchlla
Huauclilla
1 7°28 22' 9707 21'
2403
Quilitongo
Quilitongo
1 7°28.53' 97°l 0.19'
2348
Nochixtlán
Nochixtlán
l7°27.42' 97°l 1.25'
2228
Suchixtlán, Sinaxtla
La Concha
Such./Sinx.'
17°30.32' 97°l8.70'
2185
Sto. Domingo Yanhuitlán
Limites Chachuapan
Such.fYanh.2
17°30.65' 97°18.62'
2263
Jazmin
Jazmin
l7°28.97' 97°22.32'
2343
Sn. Pedro y Sn. Pablo Teposcolula
Ticuiti
Ticuiti
l7°30.26' 97°23.57'
2532
Sn. Bartolo Soyaltepec
San Pedro Aflaile
Soyaltepec
17°30.31' 97°22.79'
2294
Santiago Tejupan
El Mirador
Tejupan (1)
1 7°41 .21' 97°24.04'
2430
ElConejo
Tejupan(2)
l7°41.38' 97°24.77'
2430
Santa Catanna Tayata
Loma de Catanno
Tayata (1)
l7°2l 38' 97°32 63'
2212
La Laguna
Tayata (2)
17°2 1.53' 97°32.30'
2249
Sn. J. Bautista Suchitepec
Guadalupe Cuautepec Suchitepec
1 8°1 .95'
97°41 .00'
2067
Sn. Marcos Arteaga
Carretera Tonala
San Marcos
l7°43.56' 97°54.16'
1803
Such./Sinx.: SuchixtlánlSinaxtla; 2 Such./Yanh.: SuchixtlánlYanhuitlán; Sto.: Santo; Sn.: San.
.

.

1

25

includes Ixtlán (in the North), Jaltepec and Tayata (Mixteca Oaxaquefla) (INEGI,
1984a,b). The growing season in this area is from May to November and the dry
season from December to April; (b) the second area has an annual average
precipitation of between 600 and 700 mm. This area includes San Pedro y San
Pablo Tequixtepec, El Mirador Tejupan, San Pablo Huitzo, and Sto. Domingo

Yanhuitlán. The growing season is from May to October and the dry season from
November to April; and (c) The third area has an annual precipitation of less than
550 mm, and includes Tlacolula and Teotitlán del Valle. These sites have a shorter
growing season from May to September and a longer dry season than the other
sites. In these three zones of precipitation, there is a short dry period in July and

August. This dry period is more important in the third zone. Frequency of
precipitation is also variable among sites and years. For example, precipitation was
lower and less frequent in 2004 than 2003 (Appendices C, D, and E).

Vegetation

The phanerogamic flora of Mexico is about 220 families. The number of
genera is approximately 2 410, and the vascular plant species is estimated to be
22 800 (Rzedowski 1993). This diversity is related to the complex geologic history,

and climatic variation. Mexico is influenced by a subtropical high-pressure area. A
prevailing northeast trade wind, altitudinal variation (0 to 5 000 m), and the two
major realms (the Nearctic and Neotropical) meet in the country (Bobbink and Heil
2003). The Mexican state of Oaxaca has the highest number of species, which has

been broadly estimated at 9 000 phanerogamic species (Rzedowski 1993). In
addition, anthropocentric activities have promoted great species diversity. In the
common areas of San Pedro y San Pablo Tequixtepec, Huajuapan de Leon, CruzCruz et al. (2001) collected 361 species, grouped in 240 genera, and 69 families.

The study area was less than 11 000 ha. Families with the higher number of species
were Fabaceae (44), Poaceae (53), and Asteraceae (44). In Tiltepec, Teposcolula,
Mixteca Alta, 363 species were collected in an area of 2 263 ha (Cruz-Cruz
unpublished data). In this small area, three new species were found, Ageratina

cruzii B. Turner and A. kochiana B. Turner (Turner 1992), and Rhamnus

calderoniae Fernández (Fernández-Nava. 1996). The common area of the last
conmiunity was highly disturbed by agriculture activities, deforestation (fire wood
extraction), and grazing of small domestic animals (Cruz-Cruz 1992).
The following types of vegetation are found in the study area (Rzedowski
1978):

(a) Tropical deciduous forest. The forest develops up to 1 900 m of altitude
with an annual average temperature between 20° to 29°C. The rainy season is in

summer; the annual precipitation varies between 600 and 1 200 mm. The trees of
this type of vegetation shed their leaves during the dry season (5 to 8 months). This
vegetation is found on hillsides and steep slopes. The forest is dense and its height

ranges from 8 to 12 m. Some species of this vegetation are Ceibaparvfolia,
Bursera spp., Acacia cochliacantha, Lysiloma divaricata, Lysiloma microphylla,

Leucaena microcarpa, Prosopis palmeri, Yucca spp, genera of Cactaceae including

Coryphanta, Escontria, Ferocactus, Mammilaria, Myrtiiocactus, Opuntia,
Pachycereus, and Stenocerus; several genera and species of Poaceae including
Andropogon, Aristida, Bouteloua, Muhlenbergia,and Paspalum; some shrubs are

Dalea bicolor, Cercocarpus macrophyllus, Eysenharthiapolistachia, Cnidosculus
urens, Dodonaea viscosa and others. This type of vegetation is found in the
Mixteca Baja and Central Valleys.
(b) Oak forest. This type of vegetation is found up to 2 800 m of altitude.
The annual average temperature ranges between 12° and 20°C and the annual

precipitation between 350 and 2 000 mm. The oak communities are from 2 to 30 m
in height. Some species shed their leaves during the cold season. In the Mixteca
region, dense communities are not common because the species are an important
source of energy (firewood) for cooking. Deforestation was the main factor that
reduced the area of this vegetation. Presently, extensive areas are eroded with a few
dispersed individuals in the Mixteca region. In the area of Ixtlán, this type of
vegetation is in good condition and association with oak and pine is very common.

Some species of oak are Quercus crassfolia, Q. rugosa, Q. magnolifolia, Q.
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castanea,

Q.

conspersa,

Q.

acuqfolia, Q. liemannii,

Q. fel4,ensis,

Q. schenckiana,

Q. urbanii, Q. glaucoides, and others. In dry areas, Quercus species are mixed

with Juniperusfiaccida. It is very common to find Quercus mixed with species of
Pinus, e.g., Pinus teocote, P. montezumae, P. cembroides, P. oaxacana, and others.
(c) Pine forest. Pine-oak forest is very common in the area. Pine forest is
found between 1 500 and 3 000 m, where the temperature is between 100 and 20°C.

The annual precipitation is between 600 and 1 000 mm. The height of the forest is
around 8 to 25 m and is not very dense. The forest may be dominated by only one
species but mixtures with oak are very conmion. This type of vegetation is more
common in the north of Oaxaca and some areas in the Mixteca region. Some of the

species are Pinuspatula, P. pseudostro bus, P. ayacahuite, P. oaxacana, P.
ponderosa, P. lawsonii, P. leiophylla, and others.
(d) Grasslands. This type of vegetation is found in areas with annual

precipitation between 300 and 600 nun with a long dry season (more than 6
months). This vegetation is distributed in areas of the Mixteca and Central Valleys.
The altitude is between 1 700 and 2 500 m. Some species are Agrostis thy rsigera,

Andropogon gerardi, A. wrightii, A. barbinodis, A. cirratus, A. saccharoides, A.
aff Mysurus, Aristida adscensionis, A. hintonii, A. longiseta, A. ternipes,
Bouteloua bromo ides, B. hirsuta, B. triaena, B. williamsii, Brachiaria meziana,

Buchloe dactyloides, Cenchrus incertus, Chioris virgata, Digitaria calfornica,
Enneapogon desvauxii, Eragrostis cilianensis, E. intermedia, E. mexicana,

Heteropogon contortus, Hilaria belangeri, Lasiacis nigra, Leptochloa dubia,
Lycurusphleoides, Microchloa kunthii, Muhienbergia capilaris, M curt4iendula,

M robusta, M aff robusta, M emersleyi, M rigida, Oplismenus burmannii,
Panicum hallii, Paspalum acuminatum, P. notatum, P. plicatulum, P. setaceum,
Pentarrhap his polymorpha, Poa compresa, Rhynchelytrum repens, Schizachyrium

aff brevfolium, Setaria geniculata, S. lutescens, S. macrostachya, Sporobolus
indicus, Tragus berteronianus, Trichachne calfornica, and Triodia grandflorum.
All these species were collected in the common rangelands of San Pedro y San

1;1

Pablo Tequixtepec, Huajuapan de Leon in the Mixteca Baja (Cruz-Cruz et al.
2001).

(e) Shrubland. This type of vegetation is found in the Mixteca Alta. It likely
developed in old fields, and today those areas are highly eroded. The altitude is

more than 2 100 m and the annual precipitation is from 600 to 700 mm. The annual
average temperature is around 16°C. Some species are Acacia aff tequilana, Acacia

schafflieri, Calliandra grandflora, Amelanchier denticulata, A. nervosa, Dalea
bicolor, D. aff zimapanica, D. greggii, D. versicolor, D. versicolor var. involuta,

Desmodium grahamii, Dodonaea viscosa, Eysenharthiapolistachia, Indigofera

hartwegii, Leucaenapulverulenta, Marina neglecta, Mimosa biuncfera, Mimosa
lacerata, Rhynchosia discolor, Rhus standleyi, Rhamnus mucronata, Satureja
mexicana, Arctostaphylos pungens, Cercocarpusfothergilloides, and Ceanothus
caeruleus. These species were collected in shrubland areas of Santa Maria Tiltepec,
Teposcolula, Oaxaca (Cruz-Cruz unpublished data; Cruz-Cruz 1992).

Soil erosion
The major area of soil degradation is located in the Mixteca and Central
Valleys. In the Mixteca Oaxaquefla, the plant cover is less than 25% in some areas

with dispersed patches of shrubs growing on the top of knolls (Cruz-Cruz et al.
2001). Romero et al. (1986) stated that the erosion is high in 59% of the area with a
soil loss rate of more than 50 ton ha1

yeaf1

(Figure 2.2).

According to Flannery (1983), dry farming began somewhere before 5 000

B.0 throughout the Oaxaca-Puebla region. Under the pressure of population
growth, vast areas of forest were cleared from hills and slopes, hastening erosion.

As gullies began to cut through to the endeque' , soil began to wash down the
gullies into the narrow drainages, converting some of them from V-shaped to Ushaped valleys. It probably was a major phenomenon until the Postclassic

Natividad phase (A.D. 1000-1530).

Layer of caicrete, hispanized Mixtec endeque, hispanized Nahuati caliche

The Mixtecs (the native culture settled in the area) developed the lamabordo system for growing annual crops which was described by Spores (1969):

"... constructing stone and rubble dikes designed to trap water and
eroding soils as they descended the natural drainage channel that
extended from the mountain to the valley floor during the period of
heavy summer runoff."

Figure 2.2. Soil erosion in the Valley of Nochixtlán, close to Santo Domingo
Yanhuitlán.
The lama-bordo system had its maximum development during the Natividad Phase
(A.D. 1000 to 1520-35). However, after the Spanish conquest, much of the system
fell into disuse and began to erode uninterrupted (Flannery 1983). Kirkby (1973)
calculated that since the Spanish Conquest of the Nochixtlán Valley, Mixteca Alta,

the rate of erosion was 10 mm year'.
Spores (1969) concluded,

"... the disastrous erosion so apparent in the Nochixtlán Valley
today was not simply the result of deforestation, intemperate grazing,
or agriculture that followed the Spanish conquest, but that it was in
part intentionally induced and encouraged by pre-Hispanic Mixtec
farmers who wanted to expand and improve the lama-bordo terrace
system."

Research exists stating that the first contact of Spaniards with
Mixtecs was in early 1519 (Romero 1994), and the effective occupation did
not occur until the late 1530's (Spores 1993).

Common rangelands and animal production
In the Mixteca Oaxaquefla, land tenure is about 90% common, 5% private
and 5% ejido. Communities manage their common resources through a Natural

Resource and Land Tenure Administration called Comisariado de Bienes
Comunales. The common property in the Mixteca Oaxaquefia shares two

characteristics (David et al. 1990): (a) excludability (control of access). Farmers
hold land as full ownership croplands, which they manage, sell, or bequeath to their
descendants. (b) Subtractability, each user is capable of subtracting from the
welfare of other users. The nature of the common resources allows that the
exploitation level by one user adversely affects the ability of exploitation by
another user.

During 1990's, the Federal Government modified the

Article of the

Mexican Constitution, and started with a land reclamation program. Farmers
acquire land certificates for their croplands. In addition, they acquire a certificate

that gives them the rights to use the common forest and rangeland, but it doesn't
specify the location, extension, and management. In the past these rights were de

facto.
During the colonial period, Spaniards promoted raising goats in the area
(Romero 1994). Populations of goats and sheep steadily increased since 1540, but
the rate of increase was higher in the middle of the seventeenth century. This
tendency changed because of the following factors: (a) Spain demanded more food;
(b) the population of native people declined to its lowest level, and croplands were

abandoned; and (c) the Spaniards were more interested in raising goats and sheep
on those abandoned lands (Romero 1990).

The Mixtecs found this activity attractive. However, because of the
increasing animal population, the forage available per animal unit decreased. At the
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present time, overgrazed land is a common characteristic of rangelands that
occurred due to the continuous heavy grazing (Figure 2.3). Grazing exceeded the
recovery capacity of the forage plants and increased the deterioration of the grazing
lands (Vallentine 2001). Range degradation has become a permanent phenomenon.

Disturbances such as deforestation, farming, and grazing change plant
communities, ranging from completely denuded areas to those that are a few and
small pristine; these latter communities exist in remote areas in the Mixteca
Oaxaquena.

Range degradation looks like concentric circles. Soil erosion is severe near
the villages and it reduces gradually farther way. People in the communities agree
that some plants are disappearing in those areas. This problem has been attributed
to goats. However, there are other factors in this process that could be more
important, such as high animal population, mixed herds, sedentary pastoral system,
age of herders (children and elders travel shorter grazing routes), and physiographic
characteristics of the area. Vegetation cover has a direct relationship with range
condition in the area (Cruz-Cruz et al. 2001).

Figure 2.3. Common rangeland degradation in San Pedro y San Pablo Tequixtepec,
Huajuapan de Leon, Oaxaca.
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The physical and chemical characteristics of the soil restrict the success of
natural recovery or artificial restoration practices. Soils have lost their potential
production in the degraded areas. Under this condition, it is probable that a state

change has occurred. These areas have crossed a threshold where the integrity of
the ecological processes has changed, and the ecological sites have different
potential sets of plant communities (Strigham et al. 2003). Community rangelands
are managed without control as to stocking rate, animal distribution, animal type,
etc. The stocking rate and the traditional management have contributed to the

rangeland degradation. This problem was defmed by Hardin (1968) as "the tragedy
of the commons." Rangeland management is not a priority for community, state
and federal programs.

The State of Oaxaca recorded the highest goat production in Mexico in
2001 (SAGARPA 2001) and the Mixteca region was the most important area in the

state. The population of sheep and goats was 223 465 and 592 501 in 1998,
respectively (Anonymous 1998). Of those animals in the state, sheep and goats
comprised 52%. Given those populations and the rangeland area, the stocking rate

was 3.8 ha Animal

Unif1

(AU), not including cattle. According to COTECOCA2,

the proper stocking rate should be 9 ha AU1, but it could be larger in some areas.
Farmers have small mixed herds. The average herd size in San Pedro y San
Pablo Tequixtepec, Huajuapan de Leon, Mixteca Baja is 13 head of cattle, 59 goats,
3 sheep, and 1 donkey or horse (Cruz-Cruz et al. 2001). In Santa Maria Tiltepec,
Mixteca Alta, the herd composition and size is 2 head of cattle, 17 goats, 15 sheep,
and 2 donkeys (Cruz-Cruz 1992). Mixed herds improve forage utilization but the
stocking rate increases and consequently the rangelands become highly degraded.
In the Mixteca Baja, the dominant animals are goats and cattle whereas in the

Mixteca Alta they are goats and sheep. In this last sub-region, farmers tend to
increase sheep and reduce goat numbers basically because sheep are easier to herd.

Herders are usually women, elders, or boys. The traditional movement of their
2

Comisión Técnico Consultivo para la Determinación Regional de Coeficientes de
Agostadero.
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animals is from household to rangeland back to household every day (Cruz-Cruz
1992; Cruz-Cruz et al. 2001).

Restoration programs in the Mixteca Oaxaqueiia started with Comisión del

Papaloapan in 1947 and Comisión delBalsas in 1960 (Ruiz 1996). Both of these
included practices like reforestation, terraces, exclusion for domestic animals, and
social organization. The success was very limited. The same author evaluated the

reforestation in the area of this region and concluded that (a) it was not adequately
planned to reduce erosion; (b) Pinus oaxacana (a native species) had high growth,
cover, and organic matter production; (c) Cup ressus lindleyi, Casuarina

equisetfolia, and Eucalyptus spp. (non-native species) did not succeed; (d) Pinus
cembroides and Pinus halepensis (non-native species) should not be used; and (e)
more species should be tested for reforestation.
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CHAPTER 3
Fruit and Seed Production of Amelanchier denticulata (Rosaceae) From
Oaxaca, Mexico
SUMMARY
Fruit and seed production in Amelanchier was variable among years, within
and among collections. The collection of Teotitlán (1) produced fruit even in dry
years. Amelanchier denticulata develops in a range of ecological conditions
including temperature, precipitation, soil pH, carbonates, CEC, nutrient
availability, and disturbance. Fruit size variation was not significant within
branches and plants but was among collection sites. Fruit size and altitude was
negatively correlated. There was significant difference in fruit size between years
that was related to the amount and distribution of precipitation. Dry weight of 100
seeds was more variable among collections than within collections. A negative
relationship was observed between seed weight and altitude, which was only
significant at P = 0.12. Soil pH and seed weight were negatively correlated and a
positive correlation was found between seed weight and maximum temperature 30
days before harvest. Collections from lower elevations had a large proportion of big
seeds. Only one collection had large seeds at high elevations. Fruits produced close
to the main stem of the plant had more viable seeds per pome than those produced

towards the branch tip (P < 0.05) but there was no difference between branches at
the top or bottom of the plant. The total number of seeds per fruit among
collections per year of harvest was significantly different. It varied from 0.9 to 1.9
seeds per fruit. The most frequent number of seeds per fruit was one and the
number of undeveloped seeds per fruit was three. The conclusion of this research is
that Amelanchier develops in a wide range of ecological conditions, but fruit and
seed production is highly variable within and among collections and years.
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INTRODUCTION
Amelanchier spp. belongs to the Maloideae subfamily that differs from
Rosideae, Spiraeoideae, and Amygdaloideae (Rosaceae subfamilies) in their base
chromosome number, flower and fruit characteristics (Rohrer et al. 1994). Flowers
in Maloideae are actinomorphic, with each flower containing five calyx lobes, five

petals, and five to sixteen stamens. Maloideae has two to five carpels, which are
fused together and to the surrounding floral cup resulting in an inferior ovary
(Robrer et al. 1994). Its fruit is a small pome (10-15 cm in diameter) approximately
spherical, soft and fleshy, various colors, and maintaining the remnants of the calyx
(Phipps et al. 1991; Rohrer et al. 1994). The dispersion mechanism is through
endozoochory by birds and small mammals (Dickson and Campbell 1991).

Amelanchier has a racemose inflorescence, white flowers, five carpels with
one ovule per carpel, fruit red-purple to black or yellow in one species, very fleshy
fruit with a nearly uniform texture and no cartilaginous core, parietal false septa
developing between seeds from same carpel, hard seeds with a thick seed coat, and
2 ovules per locule (Robertson et al. 1991). The number of seeds per fruit ranges
from one to ten and is variable among fruit within the plant; some empty seeds are

nearly fully developed but without an embryo (Gorchov and Estabrook 1987). In

Amelanchier alnfolia, the reasons for the low number of seeds per fruit are
unknown (Pierre and Steeves 1990).
The fruit in Amelanchier are often produced in abundance from manyflowered inflorescences (Dickinson and Campbell 1991), and the fruit of some
northern species are juicy and edible (Standley and Steyermark 1946).

Amelanchier denticulata has a small ellipsoidal pome, of 10 to 12 mm in
length, and 7 to 10 mm in diameter. The color is pink, and it is juicy, and sparsely
hairy. The calyx lobes are persistent. The seeds are obliquely oval, from 4 to 5 mm
in length and brown in color (Hunt and King 1978).

Amelanchier reproduces sexually and asexually (apomixis and vegetative)
(Campbell et al. 1985; Weber and Campbell 1989). In Oaxaca, Amelanchier

denticulata produces seed and reproduces vegetatively. This species grows in
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patches in degraded areas. Species with this type of reproduction are best adapted
in environments where flowering is infrequent and seedling establishment is a rare
event (Lamber et al. 1998). A. denticulata has asynchronous fruit maturation, which

was found mA. arborea (Gorchov 1985, 1988). The trees required 17 to 33 days to
ripen 95% of their fruit. In this species, asynchrony was more influenced by the
variance during fruit development time.
Fruit and seed production in Amelanchier in Oaxaca is variable within and

among collections and years. De Silva et al. (2000) cited that plant and
environmental factors that influence fruit size are more variable within the tree than
among canopies. The most important environmental factor is light, which changes

within a tree and directly affects the fruit growth. Light increases the
photosynthesis on leaves and probably increases the temperature around the fruits
(De Silva et al. 2000).

Seed yield is determined by several components, such as the number of
fruit, the number of seeds per fruit, and the biomass per seed. Variation of these
components and their relationship will help to determine the regulation of total

yield (Winn and Werner 1987). The seed production per individual plant is defined
by the plant size, the proportion devoted to seeds, and the mean seed weight
(Harper 1977). This author suggested that seed size is the least plastic component,
but if change in size occurs, it is an adaptive polymorphism of the species.

However, this rule is not always valid. In Prune/la vulgaris, Winn and Werner
(1987) found that the biomass per seed was the least important yield component

that regulated seed production within populations. Seed mass of the perennial
species Sesbania drummondii was less variable than annual species (Marshal et al.

1985). On the other hand, seed weight was highly variable in Purshia fridentata.
This variation was within individuals (63.15%), among plants (29.11%) and among
sites (7.74%) of collection (Krannitz 1997). Seed production variation among

individuals within the population is affected by microenvironment (Winn and
Werner 1987).
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Seed mass and seed number is negatively related (Marshal et al. 1985). The

number of seeds are limited by the number of ovules produced; the quantity and
quality of pollen transferred (pollen limitation); the amount of nutrients and
phothosynthate available for allocation to fruit and seeds (resource limitation);

herbivores, predators, and diseases; and agents of the physical environment (Lee

1988). There are several factors that affect abortion of ovules. In Cryptanthaflava
seed abortion is not a strategy to increase seed size (Casper 1984). This

phenomenon is related to the time of seed maturation, the position within the fruit,
the time of fruit initiation, the position of the fruit in the inflorescence, and the
pollen source (Lee 1988).
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OBJECTIVE
The purpose of this research was to evaluate yield components in

Amelanchier denticulata including fruit size, fertile and infertile seeds per fruit,
seed weight and size. Seed availability is one of the most important components in

reforestation programs. Seed production (within and among collections, and years)
and quality (i.e., viability, purity, seed size homogeneity) are basic information
necessary for these programs to succeed. For example, seed size affects final

germination percentage, rate of germination, seedling vigor, temperature of
germination, depth of seedling emergency (Piatt 1973; Springfield 1973), and rates

of shoot and root growth (Baker 1972). In Oaxaca, Amelanchier denticulata is a
native shrub that grows in diverse environments, including degraded and infertile
soils. Under those conditions, fruit and seed production is variable among sites and
years. In spite of this problem, Amelanchier may play an important role in

rehabilitation projects in local areas because "native species have a very long
history of genetic sorting and natural selection by the local environment" (Brown
and Amacher 1999). But we do not know about seed collection, time of harvest,
seed quality, and seed production and management of this species.

The null hypothesis tested was as follows:

H0: Collections of Amelanchier in Oaxaca do not have differences in their
component of yield (i.e., fruit size, seeds per fruit, seed weight and size).
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MATERIALS AND METHODS
Field survey
A field survey was carried out during Summer, 2002. During this survey, 20
sites were visited throughout northern, Central Valleys, and northwestern Oaxaca.
Those sites included forest, shrublands, and shrubland-grasslands. Grasslands are
lands formerly occupied by shrub or forest communities, or abandoned croplands.
Samples were taken systematically every 10 m on transects, which were laid out

perpendicular to the slope and separated between 50 and 100 m from each other.
The length (mean = 538 m) and the number of transects (1-4) depended on the
extension and shape of the sampled site. 1 936 points were sampled and individuals
of A. denticulata were found in 527 points (Figure 3.1). Wherever plants of A.

denticulata were found, a soil sample of approximately 200 g (0 to 5 cm depth) was
taken beside the plant. All the organic matter (litter) was removed from the soil
surface before sampling. From this sample, pH was measures with a Cardy Twin

pH meter. Slope was estimated using PM-5, an optical reading clinometer, in every
point where A. denticulata plants were found. Plant height was measured from the
ground to the uppermost branch of the patch. Plant cover was estimated with two
perpendicular measurement of the plant crown diameter (Muller-Dumbois and
Ellenberg 1974).

Data analysis included multiple linear regression. The response variable

was the logarithm transformation of the ratio of the distance between plant length1
of transects (the ratio of frequency). Plant frequency was inversely related to this
ratio. For interpretation, the results were back transformed.

Collections included for fruit size and seed per fruit evaluation
The collections included in 2003 were Teotitlán (1) and Teotitlán (2),

Huitzo, Santa Ana (1), Ixtlán, Jaltepec, SuchixtlánlSinaxtla and
SuchixtlánlYanhuitlán. In 2004, Teotitlán (1), Ixtlán, Jaltepec, SuchixtlánlSinaxtla

and Suchixtlánlyarihuitlán were harvested (Table 3.1).
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Figure 3.1. Field survey included 35 transects and 1 936 systematic points located every 10 m on transects. Amelanchier denticulata was
found in 527 points. Table shows municipalities, sites sampled, and range of altitude. The map was produced in Arcview, based
on the Marco Geodesico Municipal (INEGI 2003), and the points were recorded during the field survey in 2002. Units on map
are in meters.
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Table 3.1. Number of fruits sampled and fruit measurements of several collections of Amelanchier denticulata harvested in 2003
and 2004 in Oaxaca, Mexico.

Collections
Year of
Fruit characteristics harvest Teotitlán (1) Teotitlán (2)

Number of fruits
sampled

2003
2004

150
1257

2003
2004

10.33±0.16

2003
2004

9.63 ±0.10
8.57±0.08

2004

0.46 ±0.02

150

Huitzo

Santa Ana (1)

150

150

Ixtlán

Jaltepec

Suchixtlán /
Sinaxtia

Suchixtlán I
Yanhuitlán

63

240
313

127
281

237

8.39 ±0.10

7.61 ±0.09
6.27 ±0.28

7.49±0.07
6.24±0.24

8.36±0.23
7.46±0.10

9.24 ±0.11
8.11 ±0.11

6.75 ±0.11
5.52 ±0.30

6.73 ±0.09
6.04 ±0.14

7.46 ±0.18
7.41 ±0.09

0.35 ±0.01

0.17 ±0.02

0.17 ±0.01

0.32 ±0.01

260

145

Fruit width (mm)

(Mean±SE)

Fruit length (mm)
(Mean±SE)

Fresh fruit weight
(g fruif') (Mean±SE)

10.49±0.16 8.19±0.23

8.38±0.26

8.91 ±0.11

8.63 ±0.14 7.41 ±0.16

7.6 ±0.19

9.82±0.19
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Fruit and seed sampling in 2003
In every collection, four to eight representative plants were sampled. They
were located in similar slopes, altitudes, soil characteristics and vegetation types.

The distances among shrubs were variable but close enough to guarantee similar
environmental conditions.

Fruit was harvested randomly at the most exposed area of the shrub. The
number of fruit per collection varied from 63 to 240 (Table 3.1). For every fruit, the
width and length were measured with an electronic caliper. Seed production was

evaluated by counting the number of fertile seeds (plump seeds) and undeveloped
seeds (shrunken seeds) per fruit.

Sample size for 2004

To determine the sample size (fruit planf' and plant collection') in 2004,
data from six collections harvested in 2003 was used to estimate fruit width
variability within and among shrubs (Table 3.2).
The standard error (± SE) was less than 10% of the mean within and among

plants. The SE reduced as the sample size increased (Figure 3.2). Therefore, 30
fruit per plant was an appropriate sample size to estimate fruit width variation
within plant.

Variation among plants was higher in SuchixtlánlYanhuitlán and Huitzo.
The relationship between SE of fruit width and number of plants sampled is shown
in Figure 3.3.

Table 3.2. Mean ±SE (standard error) of fruit width within and among shrubs in eight Amelanchier denticulata collections
harvested in 2003.
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Figure 3.2. Standard error (SE) of fruit width and number of fruit of eight
shrubs of Amelanchier denticulata. Jaltepec 2003.
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Figure 3.3. Standard error of fruit width and number of plants of six
collections of Amelanchier denticulata harvested in 2003.
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Fruit and seed sampling in 2004

In order to evaluate fruit size variability within and among plants in 2004,
the sample size was based on the results of 2003 and the method in Broom et al.
(1998), Tustin and Hirst (1988), and De Silva et al. (2000). Four to five plants were
sampled per collection. Some plants sampled in 2004 were not the same as 2003,

because they had been damaged or they did not produce fruit in this year. The
criteria to choose the plants in 2004 were the same as in 2003.
Plants of Ixtlán and Teotitlán (1) were taller (plant height was 2.6 to 2.8 m)

and developed more branches than Jaltepec, SuchixtlánlSinaxtla, and
SuchixtlánlYanhuitlán collections (plant height was 1.2 to 1.65 m). Plants of Ixtlán

and Teotitlán (1) were divided in half into upper and lower parts. The number of
branches was counted in each part. The branch unit was the last productive branch
part (tertiary or quaternary) and attempts were made to use the same size of branch
in the entire plant. At the lower and upper parts, three branches were chosen
randomly in Teotitlán (1) and two in Ixtlán. Thus, for every shrub, six and four
branches were sampled, respectively. Every branch was divided in half into the
upper and lower parts.
Since fruit maturation was asynchronous, the collections were harvested
three times in two weeks, with the exception of Ixtlán (only once). In every harvest,

the same fruit maturity indicators were used (e.g., fruit completely red, pink, or
dark pink). All the ripened fruits were picked up and counted. It was impractical to
use a random or systematic sampling method (Cochran 1977) for several reasons:

(a) low fruit production (few fruit) in some collections, (b) asynchrony in fruit
ripening, (d) few fruit inside the canopy, and (c) bird consumption. The birds often
consume the fruit even before it is ripe.

The fruit from each upper and lower branch was weighed immediately after
harvest. Fruit was stored in Ziploc bags in the refrigerator, waiting no more than
three days to measure fruit width and length, and the number of fertile and
undeveloped seeds. All the fruit harvested was measured for fruit width and length.

Deformed fruit was excluded. Shrunken or flat seeds (infertile) were defmed as

i:3

undeveloped. Fertile seeds were those that were completely filled. Pierre and
Steeves (1990) used the same criterion.
To estimate the number of seeds and number of undeveloped seeds per fruit,

the deformed and pest-damaged fruit (due to birds and/or worm of insects) were
excluded. Damaged fruit was not included because it was difficult to know if seeds
affected by worms of insects were fertile or undeveloped.
To evaluate variability within plants in Jaltepec, Suchixtlán/Sinaxtla and
Suchixtlán/Yanhuitlán, the number of stems per plant were counted, and three were
chosen randomly. The stems were not divided in upper and lower parts or inside or

outside the canopy. The stems had few long branches, and the productive part of
the branch was short, adding the low fruit production in the canopy. The
management and measurements of the fruit were the same as in the Teotitlán (1)
and lxtlán collections.

Seed weight and size
Seed weight and size were evaluated from the seed harvested from several

plants (> 10 plants per collection) in 2002, 2003, and 2004. Those seeds were used
for germination and dormancy studies. The collections included were, Teotitlán (1),
Teotitlán (2), Ixtlán, Santa Ana (1), Suchixtlán/Yanhuitlán, Suchixtlán/Sinaxtla,

Huitzo, Jaltepec, Tayata (2), Tejupan (1), and Ixtepeji (2). Dry seed weight per
collection was estimated with three to four replications (depending on the seed
availability) of 50 random seeds after drying for 24 hours at 100°C. Weight was in
grams and extrapolated to 100 seeds.
Seed size was measured using three screen sizes: 2.6 16, 2.007, and 1.65 1

mm round opening. Four replications of 100 seeds per collection were screened.
The proportion per each size was based on the total weight of 100 seeds.

Ecological variables
In the area of each collection site, ground cover was measured with 5
randomly placed quadrants of 0.25 m2. The percentage of ground cover was

49

estimated by recording live vascular plants, standing dead vegetation, litter,

rock/gravel, and bare ground (Pellant et al. 2000). Compound soil samples were
taken from 0 to 15 cm depth. In the sites of El Palomar, Teotitlán and El Mogote,

Jaltepec, soil depth was 12 cm and the C-horizon was immediately present, or even
exposed at the soil surface. Five points were located randomly throughout the area
of collection for soil sampling. In every point, debris and litter was removed on the

soil surface to avoid contamination of soil samples. A shovel was used for digging
and sampling a slide of soil from the hole. The soil collected on the border of the
shovel was eliminated, allowing the center-most portion of the section to be

sampled. The five samples from every collection site were dried, homogeneously
mixed, and screened with a 2 mm sieve. Approximately 1.5 to 2 kg of soil was sent
to the national laboratory of soil fertility and plant nutrition in 1NIFAP-Mexico,
Campo Experimental Bajio.
Soil analysis included: particle size analysis, soil density, field capacity,

wilting capacity, pH, total carbonates, organic matter (OM), nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), iron
(Fe), zinc (Zn), manganese (Mn), and cation exchange capacity (CEC) (Appendix

F). Water availability was the difference between field capacity and permanent
wilting point.

Maximum and minimum temperatures were recorded daily, and hourly with
recording thermistors Hobos (Onset Computer Corporation), and precipitation after
every occurrence of rain with gauges. This equipment was located in safe areas

because of the risk of theft.

Data analysis

Data was subjected to analysis of variance to detect variability within
individual shrubs for Teotitlán (1) and Ixtlán collections. The following model was
used:
jk =

p +

+

+

+ (bc)

+ (ac) +

eIJk
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where p is the mean;

a1

is the random effect for plant; 1, is the fixed effect for

position in plant; Ck is the fixed effect for position in branch;

(bc)Jk, (ab)

and

(ac)lk

are the interaction effects; and eUk is the random experimental error. The reduced
model included only the main factors without interactions.
To find whether variation among collections was significant in fruit width,
length, and weight; number of seeds and undeveloped seeds per fruit, the following
model was used:
= p + a1 + elk

where p is the mean; a is the random effect for collection; and

euk is

the random

experimental error. Replication was nested within collection. The Tukey test (P <
0.05) was used for pairwise comparison (Kuehi 2000), with confidence intervals at
95% of probability.

Frequency distributions of the number of seeds per fruit and undeveloped

seeds per collection were determined. To find the relationship between altitude and
fruit and seeds variables; and ecological variables and seed weight, a correlation
analysis was performed (Ramsey and Schafer 2002). Significance of correlation
was determined by the t-distribution and the formula:

r)/

2]

where r = correlation coefficient.
n = Sample size

To find out relationships between altitude and fruit size and dry seed weight, linear
regression was used for each year of harvest.

For the analysis between dry seed weight, CEC, and pH, the following
collections were included in 2002: Teotitlán (1), Ixtlán, SuchixtlánlYanhuitlán,

Tayata (2), and Tejupan (1); in 2003: Teotitlán (1) and Teotitlán (2), Ixtlán, Santa
Ana (1), SuchixtlánlYanhuitlán, Huitzo, Jaltepec, SuchixtlánlSinaxtla, and Tayata
(2); and in 2004: Teotitlán (1) and Teotitlán (2), Ixtlán, SuchixtlánlYanhuitlán, and
Jaltepec.
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RESULTS
Field survey

Altitude was correlated positively with the ratio of frequency in shrublands
areas. The median ratio of frequency increased 1.007 times as elevation increased

by one meter. A 95% confidence interval for this multiplicative effect was 1.0005
to 1.014. In rangeland areas with a high plant density (with many individuals

around the sampled points), the median ratio of frequency was 0.51 times as high
as in rangeland with less density (i.e. with few plants of Amelanchier around the
sampled points). A 95% confidence interval was 0.35 to 0.76.

According to the analysis, browsing had a negative relation in the median
ratio of frequency. In areas where moderate browsing was registered, the median
ratio of frequency was 0.72 times as high as in light browsing condition. A 95%
confidence interval for this multiplicative effect, holding all other variables fixed,

was 0.55 to 0.93. In high browsing conditions, the median ratio of frequency was
0.65 times as high in light or no browsing conditions. A 95% confidence interval
for this multiplicative effect, holding all other variables fixed, was 0.48 to 0.89.

Under high and moderate browsing conditions, A. denticulata develop in
higher density and in a larger patch. This suggests that browsing may induce
vegetative reproduction of this species. At this time, there is not enough
information to answer this question.
In addition to these results, plant morphology variability was observed as

well as variation in flowering and fruiting time. Populations growing in Ixtlán and
Mixteca have been classified as Amelanchjer denticulata var. denticulata, and also
as Amelanchier denticulata. Probably in the study area, the same populations have
been classified with a different epithet. Amelanchier nervosa was collected in El
Jazmin, Yanhuitlán (lat 17°29.02'N, log 97°21.86'E), and Santiago Huauclilla,
Nochixtlán (lat 17°26.16'N, log 97°2.50'E) Oaxaca. These samples were classified
as Amelanchierpsilantha C.K. Schneid (Herbarion Nacional, Instituto de BiologIa,
UNAM, Mexico 2003). This species was not found in taxonomic references.
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Sites and collection characteristics
According to their ecological characteristics, sites of collections were

placed into four groups: 1) Cuachirindó Ixtlán; 2) La Laguna Tayata, Camino
Jayacatlán Huitzo, La Concha SuchixtlánlSinaxtla, LImites Chachoapan
Suchixtlán/Yanhuitlán, and El Mogote Jaltepec; 3) El Palomar Teotitlán; and 4) El
Mirador Tejupan and Santa Ana Site 2.
The ecological characteristics of the first group were high content of P (40.7

mg kg'), Mg (768 mg kg1), and Fe (70.1 mg kg1); high CEC (28.9 cmol kg1),
plant cover (139%), and litter (77%); absence of rocks on the soil surface; very low

bare soil (3%); medium acid soil (pH = 6); and an O horizon present
(approximately 14% of the ground cover). It was the least disturbed site. Trees and
shrubs were the dominant component of the vegetation. The high stratum was
dominated by pine and oak, and at the intermediate stratum by several shrubs

including Amelanchier denticulata and Cercocarpus sp.
The Ixtlán collection was found also in open areas (La Poza, west slope)
dominated by Amelanchier and grasses. Both sites (Cuachirindó and La Poza) were

close to each other, and differed in altitude by only 73 m. In closed vegetation
(Cuachirindó), the fruit of Amelanchier ripened at the end of September to the

beginning of December in 2002, but it was at the middle of October to the end of
November in 2003. Fruit maturation occurred one month earlier in La Poza than in
Cuachirindó in 2003. La Poza site was not included in the taxonomic, germination,
and dormancy studies.

The second subgroup had the following distinctive characteristics: high
water availability (19.8 to 25.6%); low soil density (0.94 to 1.08 mg cm3); mildly
alkaline (pH = 7.5 to 7.8), high carbonates (5.08 to 64.1%), and CEC (26.9 to 31.8

cmol kg1); and low Mg (72.6 to 104 mg kg1). The sites of El Mogote Jaltepec, La
Concha SuchixtlánlSinaxtla and Limites Chachoapan SuchixtlánlYanhuitlán had
high percentages of bare soil (58 to 74%).
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The plants in the Jaltepec collection grew in shrubland areas. Fruit ripened
at the beginning of September in 2003 and 2004. The collection of
SuchixtlánlYanhuitlán had low fruit production and was very susceptible to pest

damage in 2002 and 2004. Contrarily, in 2003 fruit production was high and fruit
started to ripen at the beginning of September. The collection of
Suchixtlán/Sinaxtla was near to SuchixtlánlYanhuitlán but showed differences in
leaf color; goats apparently did not browse plants as intensively as in the
SuchixtlánlYanhuitlán collection. The area of LImites Chachoapan
SuchixtlánlYanhuitlán and El Mogote Jaltepec are highly eroded.

Individuals of the Tayata (2) collection were in dispersed pine forest
vegetation. They had high fruit production during 2002, very low production during
2003, and no production in 2004. Fruiting was at the beginning of September in

2002 and at the beginning of October in 2003. The collection of Huitzo had similar
morphological characteristics as that of the SuchixtlánlSinaxtla collection. Shrubs
were growing at the edge of patches of oak forest. Fruit production was at the
beginning of September in 2003 and there was no production in 2004.

The third group included only El Palomar Teotitlán site. It was completely
separated from the rest of the sites. The distinctive characteristics of this site were
low altitude (1862 m), and relatively high average temperature (20°C); low water

availability (14.4%), strongly acid (pH

5.3), OM (2.9%) compared to the other

sites, P (1.94mg kg'), and CEC (10.2 cmol kg1); medium Ca content (1814mg
kg1); and high percentage of rocks on soil surface (2 1%). This site also had very
shallow soil (depth 12 cm), and vegetation that was dominated by shrubs and
dispersed oaks.

There were two sympatric collections at this site: Teotitlán (1) and Teotitlán
(2) (Figure 5.3). They were different on a variety of characteristics (Tables 5.5 and
5.6) and fruit color (reddish) and fruit sweetness. Fruit ripened during September
in 2002, 2003, and 2004.

The fourth group included Santa Ana Site 2 (close to Tiacolula) and El
Mirador Tejupan. The distinctive characteristics of this group were high altitude
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(2341 to 2430 m), and low precipitation (547 to 654mm); slightly acid (pH = 6.1 to

6.2); low P (1.94 to 6.41 mg kg), high content of Mg (782 to 955 mg kg), and Fe
(44.8 to 53.6 mg kg5; and high bare soil (37 to 65%), low percentage of litter (4 to
23%); and medium to high content of K (261 to 284 mg kg').
The Santa Ana (1) collection was found in a low elevation, while Santa Ana
(2) collection was located in a high elevation and in an open area surrounded by

oak forest. Fruit maturation was at the end of September in lower elevations and the
beginning of November in higher elevations in 2003. The collection of Tejupan (1)
was growing in degraded areas with dispersed oak trees and short grasses. Fruit
maturation occurred from the middle of September to the beginning of November
in 2002, and it did not produce fruit in 2003 and 2004. Goats and sheep commonly
browsed Amelanchier in El Mirador Tejupan.
Fruit width

Using both the full and reduced model in Teotitlán (1) and Ixtlán, there was

no significant difference (P> 0.05) in fruit width regardless of its position in the
shrub or in the branch (Figure 3.4).
10.0

9.5

Lower
plant/lower
branch

Lower
plant/upper
branch

Upper
plant/lower
branch

Upper
plant/upper
branch

Position in plant

Figure 3.4. Fruit width according to plant and branch position of fruit in the
Teotitlán (1) collection harvested 2004. There was not significant difference
among means (P> 0.05). 95% confidence interval.
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Variation of fruit width among plants is shown in Table 3.1. The SE was
less than 10% of the mean in both years of sampling. The same tendency was found

in fruit length. The frequency distributions of the two collections with bigger and
smaller fruit are shown in Figures 3.4 and 3.5. Both of these collections showed

normal distribution when frequency was plotted against fruit class width. The fruit
width in Teotitlán (1) varied between 6.06 to 11.97 mm, mean 8.91 mm± 0.11 SE
(Table 3.1 and Figure 3.5). The median and mode for this collection were 9 mm
and 9.2 mm, respectively.
The range of fruit width in the Jaltepec collection was from 4.4 mm to 8.6
mm, mean 6.27 mm ±0.28 (Table 3.1). The median and mode were 6.5 nmi and 6.7

mm respectively (Figure 3.6). Fruit size variation was almost two fold within both
collections. In Teotitlán (1), 70% of the fruit was distributed between 9 and 10 mm
width; in Jaltepec, 95% of the fruit was between 6 and 8 mm wide.
There was a statistically significant difference in fruit width among

collections (P < 0.05) (Table 3.3). Collections of Teotitlán (1) and Ixtlán had large
fruit width in 2003 and in 2004. The lowest significant values were found in the
collections of Jaltepec and SuchixtlánlSinaxtla in both years. The same tendency

was found with fruit length (Tables 3.1 and 3.3). Fruit width and altitude were
negatively correlated in 2003 (r = -0.70, P = 0.05) and 2004 (r, = -0.58, P =
0.31). The relation between these variables was similar in both years, but only 5
collections were included in 2004 compared to 8 collections in 2003 (Figure 3.6).

According to the linear regression model, for every meter the altitude
increases the fruit width decreases 0.006 mm (Figure 3.7). The effect of altitude in
the fruit width was statistically significant (P = 0.05).
The amount and distribution of precipitation between years varied within
and among sites (Appendices C, D, and E). Those variations were important 30
days before harvest (Figure 3.8). In this 30 day window, the average precipitation
over all of the sites in 2004 was only one third (mean 62.2 mm ± 11.6) of that
which occurred in 2003 (mean 187.8 mm ± 25.7). This variation could affect the
smaller fruit size in 2004 (7.8 mm) compared to 2003 (9 mm) (P < 0.05).
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Figure 3.5. Frequency distributions of fruit width of Amelanchier denticulata
harvested in Teotitlán (1) collection in 2004 (n1097).
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Figure 3.6. Frequency distributions of fruit width of A. denticulata harvested in
Jaltepec collection in 2004 (n=3 13).

Table 3.3. Fruit width and length, fresh weight of fruit, dry weight of 100 seeds, number of mature seeds and undeveloped seeds
per fruit. Means with the same letter do not significantly differ from each other (Tukey, P < 0.05).

HSD= Honestly Significant Difference
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Figure 3.7. Plot between altitude and fruit width means of eight A.
collections harvested in 2003 (r = -0.70, P = 0.05).

denticulata

Fresh fruit weight

Fruit weight within plants was not statistically significant (P> 0.05) in
Teotitlán (1) and Ixtlán. Among collections this variable was statistically different
(P < 0.05) (Table 3.3). The Teotitlán collection had heavier fruit, and Jaltepec and
Suchixtlán/Sinaxtla had the lightest fruit. Fruit weight of Jxtlán and
SuchixtlánlYanhuitlán were similar (Tables 3.1 and 3.3). Fruit width and fruit

weight were highly correlated (r = 0.97, P < 0.05).
There was a strong relationship between fruit weight and Ca (r, = -0.90, P

<0.05), and total carbonate (r, -0.88, P < 0.05) (Figure 3.9).
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Figure 3.8. Plot between fruit width average and precipitation 30 days before
harvest in four collections of Amelanchier denticulata.

Seed production
Test weight

The dry weight of 100 seeds is shown in the Tables 3.3 and 3.4. Dry seed
weight was significantly different among sites, and it was consistent among harvest
years (Figure 3.10). The collection of Suchixtlán/Yanhuitlán had the lowest dry
seed weight in the three harvest years. It was not significantly different with
SuchixtlánlSinaxtla in 2003, and Jaltepec in 2003 and 2004. Those three collections
are located in similar ecological conditions.

Table 3.4. Mean (SE) of dry seed weight, seeds fruif1, and undeveloped seeds
denticulata harvested in three years in Oaxaca, Mexico.
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Figure 3.9. Plot of fresh fruit weight of five A. denticulata collections harvested in
2004 and total carbonates (%). TT(1): Teotitlán (1) (n = 5); IX: Ixtlán (n =
4); SY: SuchixtlánlYanhuitlán (n = 5); SS: SuchixtlánlSinaxtla (n = 4); and
JL: Jaltepec (n 4). 95% confidence interval.

There was a negative relationship between altitude and dry seed weight in
the three years of harvest. However, according to the correlation and linear
regression analyses, this relation was not significant (P = 0.12) (Figure 3.11).
Considering the percentage of bare soil as an indicator of disturbance, the
sites of La Concha SuchixtlánlSinaxtla, LImites Chachoapan
SuchixtlánlYanhuitlán, El Mirador Tejupan, and El Mogote Jaltepec were highly
disturbed. The percentage of bare soil was from 58% to 74% in 2003. The

relationship between dry seed weight and disturbance was not significant

(r, = -0.55, P> 0.05).
The dry seed weight was highly correlated with the average temperature

(2003 samples, r, = 0.87, P = 0.02) and maximum temperature 30 days before

harvest (2003 samples, r = 0.85, P = 0.03) (Figure 3.12).
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Figure 3.12. Plot between maximum temperature (°C) 30 days before harvest and
dry weight of 100 seeds of six A. denticulata collections harvested in 2003
and 2004.
Seeds were heavier in the site with higher temperature (two collections from
Teotitlán), while seed weight was less in sites with lower temperature.
There was negative relationship between CEC and dry seed weight (e.g.,
2003 production,

= -0.63, P = 0.07).

The relationship between dry seed weight and soil pH was significant (e.g.,
2003 production,

= -0.75, P = 0.02) (Figure 3.13). La Laguna Tayata, LImites

Chachoapan SuchixtlánlYanhuitlán, La Concha SuchixtlánlSinaxtla, and El Mogote
Jaltepec had slightly alkaline pH, whereas it was moderately acid in Cuachirindó
Ixtlán, and strongly acid in El Palomar Teotitlán (Appendix F).
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Figure 3.13. Plot between soil pH and dry weight of 100 seeds of ten A. denticulata
collections harvested over three years. Soil pH was measured in 2003.

Seed size

Seed size varied among collections. Figure 3.14 shows the seed size

proportion of six collections in two years of production. The proportion of big
seeds (Screen # 2.616) was higher in the collections of Teotitlán (1), Teotitlán (2),
and Tayata (2) than the other collections. Similar high proportion of intermediate
seed size (Screen #2.007) was found in the collections of Ixtlán,

SuchixtlánlYanhuitlán, and SuchixtlánlSinaxtla. Finally, a higher proportion of
small seed size (Screen # 1.65 1) was found in Ixtlán, SuchixtlánlYanhuitlán, and
SuchixtlánlSinaxtla (Figure 3.14).
Seeds per fruit

The number of seeds per fruit was not significantly different in the lower
and upper positions of the shrubs, but it was statistically significant in the position
on the branch (Table 3.5). The mean value of the lower position on the branch was
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1.73 ± 0.13 seeds fruif', and in the upper position 1.2 ± 0.09 seeds fruif1 in
Teotitlán (1). In Ixtlán, these values were 1.43 ± 0.13 and 0.89 ± 0.13 seeds fruif',
respectively.
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Figure 3.14. Proportion of seed size of six collections of Amelanchier denticulata
per year of production.
In the Teotitlan (1) collection, the mean value of undeveloped seeds per
fruit on the branch was 2.35 ± 0.09 in the lower position and 2.64 ± 0.09 in the
upper position. The same tendency was found in Ixtlán: 2.57 ± 0.13 undeveloped

seeds fruif' in lower position and 3.13 ± 0.13 undeveloped seeds fruif' in the upper
position. Thus, there was an inverse relationship between total number of seeds per
fruit and number of undeveloped seeds per fruit according to its position on the
branch.
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Table 3.5. Source of variation and level of significance for number of fertile seeds
and number of undeveloped seeds per fruit according to the lower and the
upper positions in the plant, and on the branch of two collections of
Amelanchier denticulata.

Source of variation
Level of significance
Ixtlán
Teotitlán (1)

Lower vs. upper position in:
Plant

seeds fruit

Undeveloped seeds
Branch

seeds

fruit1

NS

NS

NS

NS

fruit1

**

*
*
Undeveloped seeds fruit
£No significant difference (P> 0.05); ** P < 0.01; * P < 0.05.

There was significant difference in the number of seeds fruity among

collections in both years of evaluation (P < 0.05) (Tables 3.3 and 3.4). The number
of seeds per fruit was less in 2004 than in 2003. However, the lowest significant

value in 2004 was for Suchixtlán]Sinaxtla (0.92 seeds fruit') and the highest for

Teotitlán (1.26 seeds fruit') (Table 3.3).

Distribution offertile and undeveloped seeds per fruit
Distributions of number of seeds per fruit varied among collections. In
general, one seed per fruit was more frequent in 50 to 72% of the fruit examined
(Figure 3.14). Only Suchixtlán!Yanhuitlán recorded 32% of two seeds per fruit.
Three collections had four seeds per fruit: Ixtlán (1.9%), Teotitlán (1) (0.7%), and
SuchixtlánfYanhuitlán (0.7%). Two collections had low percentage of the

maximum recorded three seeds per fruit: Jaltepec (1%), and SuchixtlánlSinaxtla
(0.9%). A high percentage of fruit without seeds was found in Ixtlán (22.3%),
Teotitlán (1) (17.7%), and SuchixtlánlSinaxtla (17.1%) (Figure 3.15).
The number of undeveloped seeds was significantly higher in
SuchixtlánlSinaxtla (mean 3.16 ± 0.10). The means of the other sites were not
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significantly different (Tables 3.3 and 3.4). Three undeveloped seeds per fruit were
more frequent in all the collections. Those proportions were: Ixtlán, 50.5%;

Jaltepec, 75.7%; SuchixtlánlSinaxtla, 73.9%; SuchixtlánlYanhuitlán, 55.1%; and
Teotitlán (1), 49.2%.

DISCUSSION
Fruit production was highly variable among years and collections of
Amelanchier denticulata. During the three years of harvest, collection of Teotitlán
(1) produced fruit every year even with low precipitation in 2004 (36.6 mm, 30

days before harvest), whereas the fruit production of the other collections in the
same years was very low or none. Variation of fruit production in Amelanchier may

be related to several factors such as: (a) prolifically reproduction once in several
years ("mast years") (Lambers et al. 1998); (b) distribution and availability of
resources (i.e., moisture and nutrient); and (c) effect of environmental factors (i.e.,
frosts, grazing, and drought) (Winn and Werner 1987; Dumie 1999).

The abundance of flowers and the amount of them that become mature fruit
was not quantified. However, it was evident that, in some sites of collection,
flowering was abundant but fruiting was very low or absent. Undoubtedly, genetic
and environmental factors control fruit production in Amelanchier. In Catalpa
speciosa, Stephenson (1980) stated that fruit abortion is due to three possibilities:
(a) high fruit initiation, due to an unusually large number of successful pollinations,

(b) the extra fruit are an investment in the possibility of an exceptional growing
season, and (c) excessive fruit production has been selected to give the parent more
possibility of offspring maturing. Guitan et al. (1996) concluded that the surplus
flowers within each inflorescence seem to be a common strategy among fleshyfruit-producing plants.

Amelanchier denticulata grows in diverse environments. The collections of
Teotitlán (1) and Teotitlán (2) grow in very shallow (< 10 cm) and sandy soil
(66.4% of sand), low water available for plats (14.4%), strongly acid soil (pH =
5.3), low CEC (10.2 meq/lOOg), low precipitation (36.8 mm 30 days before

harvest), very low phosphorus content (1.94 ppm, P-Bray), and relatively high
average temperature (20°C). On the other hand, the collections of
SuchixtlánlYanhuitlán, SuchixtlánlSinaxtla, and Jaltepec were located in very
degraded areas with low nutrient availability (P, Fe, Zn), mildly alkaline soil (pH =
7.6 to 7.8), lower temperature (16 to 17°C) relative to Teotitlán collections, and low

precipitation during fruit development. Conrad, in Brown and Amacher (1999),
defines adaptation as a genetically controlled process of modifying structures and

physiology in response to environmental conditions. Amelanchier is the product of
natural selection under the ecological conditions of the study area over a long
period of time. Thus, collections of this species would be appropriate to restore
environments such as those described in this study.
Kirkby (1972) suggested that the Nochixtlán valley would be tree-covered,
and the high erosion is due to running water. Thus, bare soil, high erosion, and pH
are indirect indicators of factors that affected the yield components. Therefore, in
the Mixteca Oaxaquefla region, a high percentage of bare soil and high erosion are
symptoms of severe changes in the ecological processes (water cycle, energy
capture, and nutrient cycling) (Whisenant 2002). This degradation influences
distribution and the availability of resources for fruit and seed production, which
are variable among habitats (Winn and Werner 1987) and years.

High soil pH could be related to a high concentration of total carbonates
(range 5 to 64.1%) and high values of CEC in SuchixtlánlYanhuitlán,
Suchixtlán/Sinaxtla, Tayata (2), and Jaltepec (Appendix F). Hydrolysis of CaCO3,

however, is limited by its relatively low solubility and tends to produce a pH not
higher than 8 to 8.2 (Hausenbuiller 1985). In contrast, low pH was registered in El
Palomar Teotitlán with low total carbonates (0.19%). Organic matter content was
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high in all the sites (2.56 to 10.6%), but these values may be high because the
laboratory analysis included only the soil that was screened with a mesh of 2 mm.

The pH correlates with nutrient availability because the negative charge on
clay and humus particles increases as pH increases and consequently the CEC
(Bonan 2002). A significant relationship was found between soil pH and CEC

among sites (r = 0.80, P < 0.05) (Appendix F). The CEC increases with
decreasing particle size in clay soils because of the major surface area (Hunt 1972).

This relation was observed in SuchixtlánlSinaxtla, SuchixtlánlYanhuitlán, and
Jaltepec because of high clay content rather than high content of organic matter.
The geology of the first two sites belongs to Formación Yanhuitlán, and the last site

(Jaltepec) is similar. This substratum has red and cream colored layers of
montmorillonite clay (2:1 layering) and poorly consolidated silt (Ferrusquia 1976).
This material is highly brittle and susceptible to erosion (Kirkby 1972). When wet,

it expands (Hunt 1972) and can be easily removed by water. In some areas, water
erosion has removed the topsoil, leaving a layer of carbonates with low infiltration
making it difficult for plant establishment. Under this condition Amelanchier grows
in patches that were apparently vegetatively produced.

Nutrients are more available under near neutral pH than acid or alkaline. In
high pH, Fe, Mn and Zn are less available (Hausenbuiller 1985). On the other hand,
in acid soils Ca, Mg, K, P, N, Mo, and Bo are limited (Bonan 2002). Nutrient
availability under a high concentration of calcium carbonate and consequently high
pH could affect fruit size and dry seed weight (Figures 3.9 and 3.13). Sites with
high soil pH such as La Concha SuchixtlánlSinaxtla, LImites Chachoapan
SuchixtlánlYanhuitlán, La Laguna Tayata, and Camino Jayacatlán Huitzo may
have problems with Fe, Zn, and P availability. Under these conditions,
Amelanchier may satisfy its resource demand by one or more of the following
possibilities: (a) Amelanchier may be a nutrient-conserving species (Aerts and Peijl
1993); (b) its deep root system removes nutrients from lower soil horizons

(Whisenant 2002); (c) the symbiotic association with mycorrhizal fungi that
facilitates the plant growth under limited supply of phosphorus and water (Lambers
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et al. 1998); and/or d) Amelanchier modifies physical and chemical properties of
the soil beneath the canopy (Tiedemami and Klemmedson 1973).

Fruit position in the plant and on the branch did not have any significant
effect on fruit width in the collections of Teotitlán (1) and Ixtlán. In apples on the
lower tier limbs, fruit weight increased from the base outwards, but this trend was

opposite in the upper tier (De Silva et al. 2000). These authors found that light
within the canopy is an important factor that affects fruit size. The limbs of the

plants in Ixtlán and Teotitlán (1) extended almost horizontally. The amount of light
in the canopy was probably enough for photosynthesis that supplied photosynthates
for fruit development.

The sampling method used in this research could not identif' fruit size
variability due to the pattern of flowering (and consequently fruiting) of raceme
inflorescence (Pierre and Steeves 1990; Diggle 1995), type of shoot or light levels
through the canopy (De Silva et al. 2000). Diggle (1995) cited that fruit size

variability depends not only on competition for resources, but also on where the
ontogeny of the organism occurs. In wild species, the number of fruit generally is

fewer than the number of flowers (Lambers et al. 1998). In the field, it was very
conmion to find infructescence with individual fruit. It would affect no difference
in fruit size within plant and branch because of less resource competition.

Therefore, it would be important to know the relation between flowering and fruit
maturation in Amelanchier denticulata because fruit size is affected by stage of
maturation. A common strategy in fleshy-fruit producing plants is to produce a
large number of flowers and a few mature fruit (Guitian et al. 1996).
The regression analysis between fruit width and altitude (Figure 3.7)
accounted for 49% of the variability of the fruit width. This relation includes

basically the negative relationship between altitude and temperature because of the
positive relation between maximum temperature 30 days before harvest and fruit

width (r

0.79, P = 0.06 in 2003, and r,

0.65, P = 0.23 in 2004) was found.

Precipitation could be another important factor that affected fruit size in 2004. The
pattern of reduction in fruit width was similar among collections between years
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(Figure 3.8). Probably, the sampling method used also influenced this variation
(the sampling method included more source of fruit size variation in 2004).
Asynchrony of fruit production in Amelanchier was cited by Gorchov

(1985, 1988). Collections of Amelanchier denticulata in Oaxaca had the same
pattern (Figure 3.16). This characteristic does not allow the plant to compete
intensively for resources as a synchronous species (Lee 1988). Several hypotheses
have suggested that asynchrony is an adaptation to increased reproductive success
(Gorchov 1985). Some collections had wide ranges of fruit maturation (e.g., Ixtlán,
Tejupan (1), and SuchixtlánlYanhuitlán), whereas others had narrow (e.g.,
Teotitlán (1), Jaltepec, Tayata (2), and Huitzo) (Figures 3.17).
Seed size (dry weight) was very similar among years and within collections.
Collection of Teotitlán (1) showed less variation in dry weight of 100 seeds even

with the low precipitation in 2004 (Figure 3.10). This fmding supports the
statement of Harper (1977) that seed size is one of least plastic yield components.
This author suggested that under different stress conditions, most plants
overproduce the number of seeds and by abortion reduce the number that develop

and control the seed size. This variation restriction may be related to strong
selection on seed mass (Winn and Warner 1987). However, collections of Jxtlán,
SuchixtlánlYanhuitlán, and Jaltepec reduced dry weight of 100 seeds in a similar

way in 2004. This reduction was an indicator that these collections could be more
susceptible to low precipitation during seed development in 2004 (Appendices C,

D, and E). Castro (1999) found the same response in maternal plants in Pinus
sylvestris. He suggested that this response was influenced by the genetic
constitution of the maternal plant.
The proportion of seed size varied among years within collections (Figure

3.14). These differences could be related to environmental variation during seed

development and maturation, and genetic factors (Piatt 1973). Seed size is
important on the basis of the germination percentage, seedling establishment,

dispersion, and microhabitat location. Variability in seed size has ecological

Figure 3.16. Fruit ripening of Amelanchier denticulata in the SuchixtlánlYanhuitlán
collection.

Figure 3.17. Fruit ripening of Amelanchier denticulata in the Teotitlán (1)
collection (probable hybrid).
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advantage in the area. At the sites of collection, precipitation occurs during

sunmer, but in July and August the amount and frequency of events are reduced.
Reduction of precipitation is conmion during these two months (Appendix B).

Under this unpredictable environment, seed size variation may have greater overall
fitness. Larger seeds may germinate and develop their root system faster, whereas
small seed may be located in more suitable environmental conditions.
The collections of SuchixtlánlYanhuitlán, SuchixtlánlSinaxtla, Jaltepec, and
Tejupan (1) are subjected to several stress factors including environmental (soil
condition and moisture availability), and browsing. In the area where these

collections develop, goats and sheep browse the plant mainly during the period in
which less forage is available. Defoliation has been demonstrated to have a
negative effect in fruit size, number, and seed size (Stephenson 1980). Under these
conditions, the plant probably developed a strategy for producing smaller seeds in
order to disperse into higher quality microsites (Banovetz and Schemer 1994). In
the germination test, collections of SuchixtlánlSinaxtla and SuchixtlánlYanhuitlán
had deeper dormancy than the other collections (Chapter 4, this study). These two
factors (seed size and dormancy) may contribute to these collections thriving
successfiully in worse conditions and under unpredictable environments (i.e.

available moisture, physical, and chemical characteristics of the soil). Furthermore,

vegetative reproduction contributes to ensure that the species grow, reproduce, and
tolerate animal disturbance.

The collections of Tejupan (1) (altitude 2430 m) had small seeds in 2002. In
high elevation, the length of the growing season decreases and the plants are small
due to this effect (Tejupan, 1.14 m). Reduction in phothosynthate available is
reflected in smaller seeds in higher elevations (Baker, 1972).
The collection of Tayata (2) is located at relatively high elevation (altitude,

2224 m) and in more humid areas than the collections of SuchixtlánlSinaxtla, and
SuchixtlánlYanhuitlán, which have similar altitudes. Probably, the Tayata (2)

collection has developed the strategy for bigger seeds because of moisture
availability and habitat condition (i.e., the seed was collected under pine forest

vegetation). Shady conditions may influence the plant by increasing seed weight
(Salisbury 1942; Baker 1972; Leishman and Westoby 1994).

Negative correlation between mean seed weight and altitude has been found
(Baker 1972; Barclay and Crawford, 1984). The same pattern was found with seed
weight in the collections of Amelanchier (Figure 3.11). The Teotitlán (1) and
Teotitlán (2) collections had heavier seeds during the years of evaluation and the

Ixtepeji (2) collection had intermediate seed weight in 2004 (Table 3.3). In lower
elevations temperature is higher with low precipitation. Those collections are more
subjected to low precipitation (Appendix B), and the sandy soil in El Palomar
Teotitlán does not have high moisture holding capacity. Probably, these collections

have developed bigger seeds in order to increase the probability for surviving dry
germination conditions (Banovets and Schemer 1994). In this environment, the
seed requires a rapidly developing root system (Baker 1972), ensuring successful
seedling establishment (Copeland and McDonald 2001).
Seeds of Amelanchier in the area produce mucilage (layer of complex
carbohydrates on the seed coat) that becomes sticky when wet. Apparently, the
Teotitlán (1) collection produces more mucilage than the other collections. This
characteristic (a) facilitates seed dispersion because seeds cling to materials they

touch; (b) increases seed imbibition; (c) increases the seed

soil contact; and (d)

makes the path of oxygen diffusion longer before reaching the embryo (Copeland
and McDonald 2001). The most important function of mucilage is for plant
establishment because it helps anchor seeds and the root system can penetrate the
soil (PijI 1982; Sorensen 1986). In the germination tests, seeds of Teotitlán (1)
collection presented the highest fungi damage. Mucilage perhaps enhances fungi
infection.

Casper (1984) stated that among flowering plants, the mode of dispersal and
fates of seeds (or entire dispersal units) following their release from the parent plant
may be major selective forces on the number of seeds produced per flower.

Amelanchier has developed fleshy fruit that facilitates its dispersion by birds
(McAtee 1947). In the field, it was very common to find fruit eaten by birds even
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before the fruit ripened. In Amelanchier, birds disseminate fruit and seeds from the
parent plant and remove fruit pulp improving seed germination (Robinson 1986).
The number of seeds per fruit also is affected by the number of ovules per
ovary, seed abortion due to lethal genes, competition for maternal resources, or
pollen source (Lee 1988). This author cited that pollinators move upward on
inflorescence and that basal fruit may be more likely than distal ones to receive
crosspollination.

Variability of number of seeds per fruit was more important within the

branch than within the plant (Table 3.5). The major number of seeds per fruit in
lower position on the branch could be related with the following possibilities: First,

the number of fruit per infructescence. Maybe there were fewer fruit per
infructescence in lower than in the upper part of the branch. Larger numbers of fruit

per infructescence increase competition among reproductive sinks, which in turn
increase seed abortion (Lee 1988). Second, the fruit in lower position are closer to
available resources than the fruit located at the tip of the limbs. Fruit with more

than one seed in Cryptanthaflava tended to be closer to the main stem where more
available resources probably existed (Casper 1984). Third, the fruit on the lower

branch could be formed earlier and became stronger sinks than the fruit that
developed later (Lee 1988). hi two species of Epilobium, StOcklin and Favre (1994)

found that fruit developing within a stem still competed for resources during fruit
ripening resulting in seed abortion. Abortion could be a means of redistributing
resources to other components of seed yield (Casper 1984).

In 2004, the mean number of seeds per fruit among collections ranged from
1 to 1.4. Weins et al. (1987) suggested that selection for single seed fruit might
occur in species with fleshy fruit. They concluded that genetic load and

developmental selection provide the best explanation for fruit and seed set
reduction, and only in extreme and unpredictable environmental perturbations (i.e.,
drought) do they affect seed or fruit set.
Contrary to crops, natural vegetation may have positive or independent

relationships among yield components (Winn and Werner 1987). For example, seed
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production can vary in response to changes in resource availability within a season
or during plant development (Winn and Werner 1987; Stöcklin and Favre 1994). In

these sites, moisture availability could be one of the most important factors that
affected the number of seeds per fruit between years because precipitation was

infrequent and low in 2004 compared to 2003 (Appendices C, D, and E), based on
the finding that Amelanchier requires less than 33 days to ripen 95% of its fruit (it

was found in Amelanchier arborea in higher latitude, Gorchov 1985). In

Amelanchier alnfolia, McGarry et al. (1998) divided the fruit development in three
stages in relation to growing degree days (GDDs). They found that in the last stage
of development, fruit had exponential growth from 590 GDDs to harvest maturity.

Thus, a good indicator for low moisture availability effect on fruit and seed
development was the amount and frequency of precipitation 30 days before harvest
(harvest maturation). The effect was not only found between years but also among

collections. Evidence of drought effect occurring during seed fill was found by
Dombos et al. (1989). It reduced yield, seed number, seed mass, and germination in
soybean.

Amelanchier has sexual and asexual reproduction that may affect the
number of seeds per fruit. Apospory and pseudogamy have been demonstrated in A.

laevis (Campbell et al. 1985). These authors found that pollen tubes enter at least
some mature ovules but the apparent absence of pollen tubes entering other ovules

may explain the reduced seed set. In pseudogamy, pollination may stimulate
embryo development by the fusion of a sperm nucleus with the endosperm nucleus
(Grant 1981; Campbell et al. 1985). Exclusively sexual reproduction has been

found in A. bartramiana, which is a self-incompatible species (Campbell et al.
1987; Weber and Campbell 1989).

Another factor that may affect the number of seeds per fruit is plant size. In
two species of Epilobium, Stöcklin and Favre (1994) found that plant size
significantly affected the number of fruit, number of ovules, and seeds per fruit.
These components increased from small to large plants. Individuals of Teotitlán (1)

and Teotitlán (2), and Ixtlán collections were taller than individuals of the other
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collections and they had bigger fruit and higher number of seeds fruif1. Winn and
Warner (1987) cited that seed production is regulated in large part by the same
environmental factors that influence plant size. Bigger plants may also have more
photosynthetic area that supplies more resources for fruit and seed development.

Baker (1972) found that the greater the proportion of vegetative to seedproducing
parts, the larger the seeds. Plant sizes of the collections of SuchixtlánlSinaxtla,
Suchixtlán/Yanhuitlán, Tejupan (1), and Jaltepec are not affected by environmental
factors only but also by browsing animals. Animals remove photosynthetic tissue
that may affect yield components.
The number of seeds per fruit affects fruit weight. Teotitlán (1) and
Teotitlán (2), and Ixtlán recorded bigger and heavier fruit than the other collections.

They also had the higher number of seeds per fruit. On the other hand, Jaltepec and
SuchixtlánlSinaxtla had the smaller fruit and the lower number of seeds per fruit.
The same relation was found in Vaccinium corymbosum, Amelanchier arborea

(Gorchov 1985), and Amelanchier alnfolia (McGarry et al. 1998). Gorchov (1985)
found that the seed number not only affected fruit size but also the time of fruit
development. Fruit with more seeds developed more rapidly and ripened earlier.

Weins et al. (1987) attributed this mechanism to the major hormone produced by
the greater number of developing ovules resulting in faster growth rates and/or
greater sink capacity for nutrients. They added that fruit with greater number of
developing ovules outcompete those with fewer ovules when resources are limited.

Hormones may stimulate vascularization of the pedicel, which may increase the
delivery of photosynthates to the fruit (McGarry et al. 1998), thus providing an
explanation for the seed and fruit size relationship. These authors found that the
seed number is more critical than seed size in determining fruit size.

CONCLUSION
Fruit and seed production in Amelanchier denticulata is variable within and
among collections and over time. For example, Teotitlán (1) collection produced
fruit even in dry years, in contrast to Tejupan, which produced only one out three

years. Fruit size was negatively related to altitude, while positive relation was
found between fruit size and average temperature 30 days before harvest. Variation

in fruit size was significantly different between years that was related to the amount
and distribution of precipitation. Dry weight of 100 seeds was more variable among

collections than within collections. A significant negative relationship was found
between seed weight and altitude, soil pH and seed weight; a positive relationship
existed between seed weight and maximum temperature 30 days before harvest.
The variation in the number of seeds per fruit was not significant within individual

plants, but was significant with regard to position on the branch. The mean number
of seeds per fruit varied between 0.9 and 1.9. One developed seed per fruit was the
most frequent, while there were frequently three undeveloped seeds.
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CHAPTER 4
Seed Dormancy and Germination of Amelanchier denticulata (H.B.K.) Koch
Grown in Oaxaca, Mexico
SUMMARY
Seeds of eleven collections of A. denticulata were harvested through a

range of altitudes (1 859 to 2 430 m) in 2002, 2003, and 2004. This research was
done to determine the following parameters: optimum temperature of seed
germination under laboratory conditions, presence of physical and/or physiological

dormancy, effect of prechilling in freshly harvested seeds, and the effect of afterripening on seed dormancy. The results found that seed weight increased between
94% and 142% after soaking the seeds in water for 72 hours, suggesting that the
seed coat is not a physical restraint to water uptake. Temperature regimes of 20°,
15°/25°, and 25°C were used for germination evaluation. The highest proportion of
germination was achieved at 20°C and the lowest at 25°C. Seeds of A. denticulata

presented physiological dormancy. Collection from the highest elevation (2263 m)
had high proportion of dormant seeds (0.62), while collections from lower

elevation (<2 000 m) had low proportions (<0.15). Prechilling the freshly
harvested seeds from the high elevation collection at 5°C for 28 days reduced the

proportion of dormant seeds threefold (from 0.62 to 0.18). Prechilling the seed of
the other collections reduced their germination variability and increased their speed
of germination. After 4 months of storage at room temperature, the initial seed
dormancy of collection from the highest elevation dropped from 0.62 to 0.08, while
the rest of collections reduced their proportions to less than 0.04.

INTRODUCTION
Germination inAmelanchier is epigeous (USDA 1948). The species found
in the United States have embryo dormancy (Crocker and Barton 1931; USDA
Forest Service 1985; Young and Young 1992). Researchers and handbooks
recommend prechilling the seeds to break dormancy. The species of Amelanchier
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require different period of stratification. The prechill treatment at 10 to 3°C in A.
alnfoIia ranges from 90 to 180 days (USDA 1948; Peterson 1953; McLean 1967;
Weber et al. 1982; USDA Forest Service 1985; Young and Young 1992), in A.

utahensis 45 days (USDA Forest Service 1985), i. arborea between 90 and 120
days (USDA 1948; Young and Young 1992), in A. canadensis 120 days, in A.

florida 30 to 90 days, and in A. laevis 60+ days (Young and Young 1992).

Weber etal. (1982) stratified unscarified dormant seeds ofA. alnfolia for 3
and 5 months; the percentages of seed germination were 34% and 73%,

respectively. With prechill treatments in boxes filled with vermiculite moistened

with 0.2% potassium nitrate or distilled water mA. alnfolia, Stidham et al. (1980)
found that regardless of substrate-moistening agent or duration of prechill, the seed
germination was less than 5%. They indicated that perhaps treatments other than
moist prechill are required to germinate seeds of this species.

Species of Amelanchier may have impermeable seed coats as in A. alnfolia
(Weber et al. 1982) and scarification with concentrated sulfuric acid is
recommended to improve seed germination (USDA 1948; Hilton et al. 1965;

Weber et al. 1982; Young and Young 1992). This treatment may reduce the need
for prechill (USDA Forest Service 1985).), or inactivate or destroy inhibitors

(Hilton et al. 1965). Seed scarification of A. alnfolia with sandpaper plus
stratification for 90 days had 4% emergence. The seeds were sown in loam soil in
greenhouse conditions (Peterson 1953).

McLean (1967) does not recommend seed scarification mA. alnfolia.
Animal ingestion may be beneficial in Amelanchier, since the animals provide a
dispersal mechanism and remove the fruit pulp from the seeds. This removal

enhances the percentages of seed germination in Amelanchier (Robinson 1986).
The presence of chemical substances in the seed coat has been found in
Amelanchier (Hilton et al. 1965). These researchers applied extracts from seeds of
Amelanchier and Sorbus to germinating vegetable seeds and seedlings of two
woody species. They noticed that the extract of Amelanchier had more allelopathic

effect than Sorbus. The presence of compounds strongly inhibits cell division and
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expansion. In order to test the promoter/inhibitor hypothesis of seed germination,
scarified seeds were held under cold running water for 24 hours (Weber et al.
1982). This treatment did not improve seed germination.
The optimum temperatures of germination are variable among species: In A.

alnfolia it is 20°-30°C (USDA Forest Service 1985), in A. arborea, A. canadensis,
and A. florida alternating temperatures 20°/30°C; in A. laevis 20°C (Young and

Young 1992); and mA. utahensis 10°130°C (USDA 1948; USDA Forest Service
1985). In some species, germination occurs at low temperatures after the seeds
break dormancy. A. alnfolia is able to germinate at 2° to 3°C (USDA 1948) and A.

utahensis at 6°C (USDA Forest Service 1985).
The seeds of some species do not germinate immediately after harvest. The
germination percentage of these seeds increases gradually until they become highly
germinable. This time period that must pass before the seed will germinate is

termed its "after-ripening" requirement (Young et al. 1984). These authors cited
that this type of dormancy is attributed to immature embryos. Seeds of A.

canadensis stored for three months at room temperature and those stratified at 1°
and 5°C for three months (Croker and Barton 1931) had germination of 38% and
28%, respectively, compared to 0% in the control.
Based on this review, Amelanchier has embryo dormancy, which is variable

within species, among species, and through place of collections. The prechill
treatments range between one and six months. In the same species, the seed coat
may be impermeable and also able to germinate without any scarification treatment.
The temperatures of germination are variable. They may be as low as 2°C and as
high as 3 0°C. It is important to point out that the species found in the literature are

from high latitudes and have cold winters; in contrast, in southern Mexico

temperatures are warmer. Therefore, research is needed in species of Amelanchier
that grow in Oaxaca, Mexico in order to know the physical and physiological

characteristics of the seeds. This information will be useful for including the
species in reforestation programs.

The questions that this research tried to answer were as follows:

(I)

Does hard seed coat limit seed imbibition inAmelanchier denticulata?

(2)

What is the optimum temperature for germination under laboratory
conditions?

(3)

Do Amelanchier denticulata collections from Oaxaca have embryo
dormancy?

(4)

Is prechilling treatment necessary for breaking dormancy of fresh seeds?

(5)

How do seed dormancy and germination change with after-ripening?

OBJECTIVES
To determine whether seed coats affect seed imbibition of
Amelanchier denticulata.
To determine optimum temperature for seed germination (under
laboratory condition) of eight collections of Amelanchier, harvested
at different altitudes in different growing seasons.

.

To determine the type and level of dormancy in freshly harvested
seeds of Amelanchier collections from Oaxaca.
To determine the effect of prechilling treatments on breaking the
dormancy of fresh seeds of Amelanchier.

To determine the effect of after-ripening on dormancy and
germination of Amelanchier from seed harvested in 2004.

NULL HYPOTHESES
H01: Seeds of Amelanchier denticulata do not have a hard seed coat.

H02: Germination rates and extent of Amelanchier from Oaxaca is equal between
15° to 25°C.

H03: Seed of Amelanchier denticulata does not have embryo dormancy.

H: Prechilling treatments do not increase the percentage of germination.

H05: Stored seeds under room temperature do not improve their germination

percentages over time.

MATERIALES AND METHODS
Amelanchier collections
The seeds of Ame/anchier collections were harvested at several sites located
at different altitudes (ranging from 1 859 to 2 430 m) in the State of Oaxaca,

Mexico. These sites were located during the field survey in 2002 and the ecological
characteristics are shown in Chapter 3.
Eleven collections were included, five were harvested in 2002, nine in
2003, and seven in 2004. The collections were from three regions: (a) two from the

North, Ixtlán and Ixtepeji (2) (altitude was from 1 986 to 2 149 m); (b) four from
Central Valleys, Teotitlán (1), Teotitlán (2), Santa Ana (Site 1 and Site 2), and

Huitzo (altitude ranged from 1859 to 2341 m); and (c) five from the Mixteca
Oaxaquefla, Tejupan (1), SuchixtlánlSinaxtla, SuchixtlánlYanhuitlán, Jaltepec, and
Tayata (2) (altitude was from 2185 to 2430 m) (Table 2.1).

Temperature and precipitation
Daily minimum and maximum temperatures and precipitation were
recorded during the growing season in some sites between September 2002 and
September 2004.

Fruit harvest
The sites of collections were visited several times to estimate the harvesting

maturity of fruit and seeds. It was necessary because A. denticulata presents
asynchronous fruit maturation (e.g., Ixtlán collection had the longest period of
harvesting). Before harvest, fruit were sampled to verify that seeds were mature and
ready to be collected. The visual indicators for mature fruit were pink, dark pink, or
red color; soft consistency; and white pulp. During maceration, the seeds were
easily removed from the fruit. Mature fruit was easier to harvest than immature
ones. Immature fruit were removed with pedicel; sometimes when the fruit was
picked up, the internal structures (carpels and seeds) and pedicel remained in the
plant. The indicators for seed harvest maturation were seeds completely brown, or
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dark brown, and filled. Usually, infertile seeds were smaller and flat. In some cases,
immature and mature seeds were found in the same fruit. Immature seeds were still
green and light brown.

Amelanchier denticulata produces fleshy fruit. During harvesting, the fruit
should not be piled to avoid fruit fermentation, which affects seed quality.

The fruit harvest was from September to December (Figure 4.1). For each
collection, at least 10 patches (several plants growing together) or individual plants
were included. Plants were close enough to guarantee similar ecological conditions.

Seed cleaning and storage
The fruit was macerated the same day it was harvested; otherwise, the fruit
was spread in a thin layer overnight. In this case, fruit was maccrated immediately
in the following day. The mass of mixed fruit was washed with water to separate

the seeds from the pulp. The lightweight seeds were removed by flotation (Hilton et
al. 1965). Heavy and filled seeds remained at the bottom of the container. Finally,
screens (1.5 x 1.5 mm) were used to separate the seeds.

The seeds were air dried in a shaded place. They were cleaned by hand to
remove immature, sterile (flat seeds), and insect damaged seeds. The seed produced
in 2002 was stored in envelopes (6% to 10% moisture content) at room temperature
from October 2002 to June 2003, and, thereafter, the seeds were stored in Ziploc
bags at 5°C. The seeds harvested during 2003 were stored at room temperature (6%

to 16% moisture content) until December 10, 2003, and, thereafter, the seeds were
stored in Ziploc bags at 5°C. The seeds of 2004 were stored at 9°C for 2 to 14 days
immediately after they were dried. Then, they were imported from Mexico to
Oregon State University and stored at 5°C.

Preliminary study
A preliminary study was conducted with seven representative collections
and eight dates of harvest (Table 4.1). This study had the following purposes: (a)

Year of
2004

2003

2002

September

Collections
Jaltepec
SuchixtlánlSinaxtla
Suchixtlánfyanhuitlán
Teotitlán (1)
Teotitlán (2)
Ixtlán (Cuachirindó)
Ixtepeji (2)
Jaltepec
Huitzo
Santa Ana (2)
SuchixtlánlYanhuitlán
Teotitlán (1)
Teotitlán (2)
Ixtlán (La Poza)
Ixtlán (Cuachirindó)
SuchixtlánlYanhuitlán
Tejupan (1)
Tayata (2)
Teotitlán (1)
Ixtlán (La Poza)
Ixtlán (Cuachirindó)

--

October

Months
November

December

-

-

-

Figure 4.1. Fruit harvest between September and December in 2002, 2003, and 2004 of Amelanchier denticulata collections in
Oaxaca, Mexico. The range of fruit maturity may be longer that it appears in the graph (e.g., fruit maturity was longer
in 2004).
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verify presence or absence of physical and/or physiological dormancy, (b) evaluate
the effect of prechill on dormancy, and (c) evaluate the seed germination at 200,
25°, and 15°/25°C.

Table 4.1. Collections of Amelanchier denticulata included in the preliminary
study. Seeds of these collections were harvested in 2002 and in 2003.

Date of harvest (mo/d
Collections

2002

2003

Teotitlán (1)
Teotiflán (2)
Huitzo

9/15

-

Ixtlán
Tayata (2)
SuchixtlánlYanhuitlán

10/19
9/7
-

9/11

Tejupan(1)

10/1

-

-

9/8
9/13
10/16
-

The germination percentage was recorded by counting normal seedlings.

Normal seedlings had a long primary root, long and healthy hypocotyls. The size of
root and hypocotyl were proportionally equivalent, and healthy. These criteria were
used when seeds were germinated at 20° and 1 5°/25°C. To avoid the risk of fungal

infection at 25°C of germination, seeds were recorded as germinated when the
radicle emerged from the seed coat.
Seed of the same collections used in the laboratory (Table 4.1) were sown

in the greenhouse. This experiment was established in order to determine if
seedlings develop leaves even if they do not shed their seed coat. Every collection
included two replications with 50 seeds each. The test was for 44 days.

Results of the preliminary study
a) The seeds of Amelanchier imbibed. The seed coat did not restrict water uptake.
b) Seeds germinated significantly higher at 20°C than at 1 5°/25°C.

c) Germination percentages differed among collections (P < 0.05).
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d) The speed of germination was significant higher (P < 0.05) at 20°C than
15°/25°C and 25°C.
e) Prechill treatments increased the speed of germination significantly (P < 0.05)

in the SuchixtlánlYaithuitlán collection at 20°C and 15°/25°C. Seed germination

was not increased significantly after 28 days of germination (Figure 4.2).

70
"p
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19

21

24

26

28

31

33

35

Days of germination
Prechilling for 14 days

-

-0--- Control

Figure 4.2. Percentages of normal seedlings in the SuchixtlánlYanhuitlán collection
of A. denticulata in the preliminary study. The seeds germinated at 20°C
for 35 days. 95% confidence interval.
f)

28 days of prechill increased the speed of germination only in the
SuchixtlánlYanhuitlán collection.

g) The highest percentage of ungerminated seeds was found in the
SuchixtlánlYanhuitlán collection germinated at 1 5°/25°C.

h) The Huitzo collection had high percentage of germination at 25°C, and the
prechill treatment reduced the percentage of germination.
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Moisture content
Moisture content (MC) was determined before germination tests. MC was
estimated with four replications of 50 seeds placed at 100°C for 24 hours. Each
sample was weighed before and after they were dried. The MC was calculated with
the following formula:

MC (%) = [(Fresh weight - Dry weight) /Fresh weighfl x 100
Speed ofgermination

The rate of germination was calculated with the germination rate index
(GRI) as follows (Maguirre 1962):

G1

Gi

GRI= ----------------------------- +...+

Days of the first count

Days of final count

where GRI is the summation of the germination percentage (G) for each day,
divided by the number of days since the germination test started. This formula was
used in the preliminary study. In the following evaluation, a corrected germination

rate index (CGRI) was calculated. The GRI was divided by the final germination
percentage and multiplied by 100 (Evetts and Bumside 1972; Hsu et al. 1985).
These authors cited that CGRI compares the relative speed of germination and does
not confound speed and percentage of germination as the GRI does.

Seed Viability by TZ test

Seed viability was evaluated in seeds harvested in 2004. This evaluation
was performed using the TZ test (AOSA TZ Handbook 2000), which helped to
quantify the initial dormant seeds per collection. The TZ test also was used at the
end of the standard germination tests to evaluate ungerminated seeds. In both cases,
the seeds were cut longitudinally to facilitate the penetration of the TZ solution.
The samples were placed in 1% of 2, 3,5-triphenyl-tetrazolium chloride (TTC)
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viable, while improperly stained or unstained seeds were considered non-viable
(AOSA TZ Handbook 2000).

Group of experiments #1
Does hard seed coat limit seed imbibition in Amelanchier?
Objective: Determine whether seed coats affect seed imbibition of A. denticulata.
H01:

Seeds of Amelanchier do not have a hard seed coat.

Imbibition (I) was used to evaluate whether seed coats of Amelanchier

restrict water uptake. Hard seeds would not imbibe because water and air could not
penetrate the seed coat. For this evaluation, seeds harvested over the three years
(2002-2004) were included. Four replications of 50 seeds per collection were
imbibed for 72 hours at room temperature (20.5°C). Seed samples were imbibed in

petri dishes with blotter paper moistened with tap water. Percentage of increased
weight was calculated based on the dry seed weight:

I (% absolute value) = [(Dry weight Final weight)/Dry weight] x 100

The following collections were included in this evaluation: Ixtlán, Teotitlán
(1), Teotitlán (2), SuchixtlánlYanhuitlán, Suchixtlán/Sinaxtla, Jaltepec, Huitzo,
Ixtepeji (2), Tayata (2), Tejupan (1), and Santa Ana (1).
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Group of experiments #2
What is the optimum temperature for germination under laboratory conditions?
Objective: Determine optimum temperature for seed germination (under laboratory
condition) of eight collections of A. denticulata harvested at different
altitudes and in different growing seasons.
H02: Optimum temperature of germination in Amelanchier from Oaxaca is not
between 15° and 25°C.

Collections and treatments
Eight collections of A. denticulata were included to evaluate the optimum
temperature of germination. The seeds harvested in 2002 were stored in dry
conditions for 19 to 22 months (at room temperature

20°C for 9 months, and

thereafter at 5°C in Ziploc bags), and the seeds harvested in 2003 were stored for 8

to 10 months (at room temperature

20°C for one to three months depending on

the date of harvest, and thereafter at 5°C in Ziploc bags) (Table 4.2).

Table 4.2. Site characteristics and dates of harvest of eight collections of
Amelanchier denticulata. Temperature and precipitation of La Laguna
Tayata were taken from isohyets and isotherms of May-October and
November-April (IIsIEGI 1 984a,b), and the data from Tlacolula were
included for Santa Ana Site 1.
Date of

Average

Altitude
Site

Collection

El Palomar

Harvest**

Temperature Precipitation
pp
p

Vegetation

J'J2
9/28

9/29

Teotitlán (1)
Camino Jayacatlan Huitzo

1862

20.0

563

5.3 Oak-Shrubs

2017

20.3

634

7.5

Oak

-

9/13

Site 1

Santa Ana (1)
Jaltepec
Ixtlán

2113

20.1

547

-

Shrubs

-

9/21

2114

16.9

1537

7.6

9/3

17.1

978

6.0

Shrubs
Pine-oak

-

2149

Tayata (2)

2224

16.0

950

7.6

Pine

9/7

10/6

Such./Yanh.*

2263

18.4

698

7.8

Shrubs

9/11

9/23

Tejupan (1)

2430

15.8

654

6.2 Oak-Grasses 10/15

El Mogote
Cuachirindó

La Laguna
Limites
Chachoapan
El Mirador

*suchixtlalllyanhuitlan; **

month/day

11/12 11/7

-
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According to the preliminary study, the most collections achieved higher
germination at 20°C than at 25° and 1 5°125°C. Only Huitzo had higher germination

at 25°C. SuchixtlánlYanhuitlán had the lowest germination at 25°C. Based on these
results, seeds of all collections were germinated at 20°, 1 5°/25°, and 25°C in three

different germinators (one for each temperature).
Seeds were germinated in petri dishes with blotter paper moistened with tap

water. Normal germinated seeds were assumed when the radicle emerged through
the seed coat (Meyer and Monsen 1991; Copeland and McDonald 2001) at least 2

mm length. Abnormally germinated seeds were those that developed hypocotyl first
instead of the root system; the root system was brownish (dead cells), or deformed.

Germinated seeds were removed every day after counting for 28 days. At the end of
evaluations, ungerminated seeds were subjected to TZ test.

A replication was a petri dish with 25 or 50 seeds (depending on the seed
availability). Thus, there were 15 treatments in the 2002 (3 temperatures x 5
collections), and 21 treatments in the 2003 (3 temperatures x 7 collections). Each
treatment had four replications.
Only viable seeds were included in analyses of temperature tests, dormancy
and prechill treatment evaluations, and after-ripening effect. The response was a

proportion of germinated and ungerminated seeds. The total viable seeds were not
always the same among treatments because of dead and empty seeds. Thus, data
were analyzed by using binomial logistic regression and a quasi-likelihood model
(Ramsey and Schafer 2002). The model was as follows:
Log[/(m
Where:

V1

X1

y)]13o+fllXl+fl2X2

+fi3(x1 *x2)

= ungerminated seeds
germinated + ungerminated seeds
= Collections
= Temperatures

Drop-in-deviance F-test was used to test the hypothesis whether /33

0.

The speed of germination data were analyzed by using a completely
randomized design, based on the following model:

yyi=p+ai+bi+(ab)ü+e
i=1,..,n

j=1,...,b k=1,...,r

where p is the great mean, a is the fixed effect of temperature, b3 is the random
effect of the 1th collection, (ab) is the random interaction effect, and eyk is the

random experimental error.

Group of experiments #3
Do A. denticulata collections from Oaxaca have embryo dormancy?
Objective: Determine the type and level of dormancy in freshly harvested seeds of
A. denticulata collections from Oaxaca.
H03: Seed of Amelanchier denticulata does not have embryo dormancy.

Collections included
Dormancy of fresh seeds was studied with seeds harvested between
September 2 and September 13, 2004. The collections were Teotitlán (1), Teotitlán
(2), Ixtlán, Ixtepeji (2), Jaltepec, SuchixtlánlYanhuitlán, and SuchixtlánlSinaxtla.
The control treatments were collections harvested in 2003.

Fruit harvesting and seed management in 2004
The procedure for fruit harvest and seed management in 2004 (cleaning and
drying) was the same as the previous two years of harvest. The seed moisture
content (MC) estimated immediately after harvest and seed cleaning varied from
40% to 60%. MC was between 10% and 12% (based on dry weight) immediately
after the seed arrived at the OSU seed laboratory (14 to 24 days after harvest). The
seed samples were stored at 5°C in Ziploc bags.
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Dormancy evaluation
Dormancy of fresh seeds was evaluated immediately after the seeds arrived
at the seed laboratory. The seeds did not have any previous treatment. This
evaluation quantified the initial dormancy of Amelanchier collections.
Seeds were germinated at constant 20°C in petri dishes with blotter paper

moistened with tap water. The same criteria used in group of experiment # 2 were
used for normal and abnormal germinated seeds. Germinated seeds were removed
every day after counting for 28 days. At the end of evaluations, ungerminated seeds
were subjected to TZ test.
Every collection had four replications of 25 or 50 randomly selected seeds,
depending on seed availability. The samples did not have any previous treatment.
Data was analyzed by using binomial logistic regression and a quasilikelihood model. The model was as follows:
r(y.

Log[

'

+0.5)!
/(m1

(y1

0.5))1 = fib + fiiXi
+

Where: Y= Dormant seeds
germinated + dormant seeds
X., = Collections
Some replications or treatments did not have dormant seeds. So, 0.5 was

added to the numerator and denominator because logit function is undefined at zero
values (Ramsey and Schafer 2002).

The speed of germination data was analyzed by using a completely
randomized design, based on the following model:
y = 1u + b +

i 1,..,n
where

k= 1,...,r

is the great mean, b is the random effect of the

random experimental error.

th

collection, and eg is the
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Group of experiments #4
Isprechilling treatment necessary for breaking dormancy offresh seeds?
Objective: Determine the effect of prechilling treatments on breaking the dormancy
of fresh seeds of Amelanchier.

H: Prechillmg treatments do not increase the percentage of germination.

Effect ofprechiiing on stored seed
The preliminary study showed that prechilling increased the speed of seed
germination in the SuchixtlánlYanhuitlán collection. In order to verify this
performance in other collections (Table 4.3), seed of 2003 samples (stored for 8 to
10 months in dry condition at 5°C) were prechilled at 2°C for 14 and 28 days.

Controls were the same collections without a prechill treatment. Thus, there were
12 treatments (4 collections x 3 prechill treatment including the control) with four
replications. Each replication was a petri dish with 50 seeds.
Table 4.3. Six collections of Amelanchier and dates of harvest included in the
evaluation of the prechilling effect on dormancy and germination.

Date of harvest (mold)
Collections

Teotitlán (1)
Jaltepec
Ixtlán
Ixtepeji (2)
Suchixtlán/Yanhuitlán
Santa Ana(2)

2003
-

9/23
11/7
-

9/23
11/7

2004
9/13
9/5

9/8
9/9

Seed germination took place at constant temperature of 20°C for 28 days in

petri dishes with blotter paper moistened with tap water. Normal germinated seeds
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were assumed when the radicle penetrated the seed coat and was at least 2 mm
length. Criteria for abnonnally germinated seeds were the same as the dormancy
evaluation. Germinated seeds were removed every day after counting. At the end of
the evaluation, ungerminated seeds were subjected to TZ test.

Effect ofprechiiing on fresh seeds
Fresh seed samples harvested in 2004 (Table 4.3) were prechilled at 5°C for
7, 14, 21, and 28 days. A previous evaluation of prechill at 5°C showed better
results than at 2°C. The controls were the seeds of the collections stored in dry
condition at 5°C. Petri dishes with blotter paper moistened with tap water were

used for the prechill treatment. A paper towel was placed on the top of seeds to
maintain them in a humid environment. All the prechill treatments started at the
same time. After each prechill treatment ended, the seeds were removed and placed
at 20°C for the germination tests.

In the germination evaluation, the number of seeds per petri dish was 25 or
50 depending on seed availability. Each treatment had four replications. Every
prechill treatment was an experiment with 32 dishes (4 collections x 4 replications
x 2 (control and prechill treatment)). This group of dishes was placed in the same
germinator at the same time. The criteria for normal and abnormal seed
germination were the same as described before.

Data was analyzed by using binomial logistic regression and a quasilikelihood model. The model was as follows:
)Ii =

+ fliXi + fl2X2 + fl3(X1 * X2)

i

Where: l'i = Dormant seeds
germinated + dormant seeds
X., = Collections
X2 = Prechilling treatments
Indicator variables were created for prechilling treatments and collections.

Drop-in-deviance F-test was used to test the hypothesis whether fl = 0.

103

The analysis compared the effect of prechill treatments with the initial

evaluation of dormancy. In this analysis, Teotitlán (1) was not included because it
did not have dormant seeds after 14 days of prechill.
The speed of germination data were analyzed by using a completely
randomized design, based on the following model:
yyk

=p+ai+bj+(ab),+eyi

i1,..,n j=l,...,b kl,...,r
where p is the great mean, a is the fixed effect of prechill treatment, b3 is the
random effect of thejth collection, (ab) is the random interaction effect, and eyk is
the random experimental error.

Group of experiments #5
How do seed dormancy and germination change after-ripening?

Objective: Determine the effect of after-ripening on dormancy and germination of
Amelanchier from seed harvested in 2004.
H05: Stored seeds under room temperature do not improve their germination

percentages over time.

The germination evaluation of fresh seeds of 2004 samples was the base
line to determine the effect of after-ripening on seed dormancy. This base line was

compared with the results found in the following two evaluations: two and four
months after fresh seed dormancy evaluation.
Immediately after the seed arrived at the OSU laboratory, the samples were

stored in manila envelopes at room temperature (2 1°C and RH 45%). The seed of
the following collections were included in this evaluation: Teotitlán (1), Teotitlán
(2), Ixtepeji (2), Ixtlán, SuchixtlánlSinaxtla and SuchixtlánlYanhuitlán.
Seeds were germinated at a constant temperature of 20°C in petri dishes

with blotter paper moistened with tap water. Number of seeds per petri dish varied
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between 25 and 50 depending on seed availability. Normal germinated seeds were
assumed when the radicle penetrated the seed coat and was at least 2 mm length.

Criteria for abnormally germinated seeds were the same as the initial dormancy
evaluation. Germinated seeds were removed every day after counting for 28 days.
At the end of the evaluation, ungerminated seeds were subjected to TZ test.

Data were analyzed by using binomial logistic regression. The model was
as follows:

Log[( + 0.
Where:

+ 0.5))

= fib

+

fiiXi + fi2X2 + fi3(X1 * X2

= Dormant seeds
= germinated + dormant seeds
Xi = Collections
= Stored treatment
Y1

Some replications or treatments did not record dormant seeds. So, 0.5 was

added to the numerator and denominator because logit function is undefined at zero
values (Ramsey and Schafer 2002). Indicator variables were created for time of
stored and collections. Drop-in-deviance F-test was used to test the hypothesis

whether /33=0.
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RESULTS
Seedling development in the preliminary study
After 45 days of evaluation, some seedlings did not shed their seed coats in
some treatments in the preliminary study. These seedlings were unable to develop
the hypocotyl peg to open the cotyledons. This abnormality was higher (P < 0.05)
at 1 5°/25°C than at 20°C. In some cases, the hypocotyl and cotyledons developed,

and the root system was enclosed in the seed coat or developed slowly or poorly.
Most of this abnormality was found in the Tejupan (1) collection seeds (5%). The
seeds of this collection were gathered at the highest elevation in the study area
(Figure 4.3).

Figure 4.3. Abnormal seedlings of Amelanchier denticulata with the root system
enclosed in the seed coat.
Fungal infection was more severe at 25°C than at 20°C. The fungal damage

maybe exacerbated because of seed susceptibility, the long time to germination, the
high temperature, and the high relative humidity. The collections of lxtlán and
SuchixtlánlYanhuitlán visually were less infected. Perhaps mucilage makes the
seeds more susceptible to fungal infection because it appeared that the sticky seeds
in the Teotitlán (1) collection were more damaged.
In order to know if seedlings were able to develop leaves, seeds of the same
collections evaluated in the laboratory were sown under greenhouse conditions.
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Seedlings started to emerge 20 days after sowing. At the end of the evaluation (44
days after sowing), the percentages of germination ranged between 84% and 86%,
except in the Teotitlán (2) (59%) and Huitzo (74%) collections in the 2003 seeds.
Low percentages of seedlings without leaves were recorded in the Ixtlán (2%) and
Teotitlán (2) (5%) collections in the 2003 seeds. The greenhouse experiment
showed that seedlings of Amelanchier denticulata were able to develop leaves even
if they did not shed the seed coat in the early stage of seedling development.

Does hard seed coat limit seed imbibition in Amelanchier?
The seed imbibition per collection and year of harvest is shown in Figure
4.4. The seed dry weight increased 120.1% ± 3.17 over all collections after soaking
the seeds in water for 72 hours at room temperature. The range of imbibition

percentages was from 94% to 142%. The seeds of the Santa Ana (1) (98%) and
Jaltepec (101%) collections had the lowest (P < 0.05) increase in values in the 2003
seed samples. In the other collections, there was not a significant difference in the
percentages of imbibition. Collections with bigger seeds tended to absorb

proportionally more water than collections with smaller seeds (r = 0.38, P 0.30).
Percentages of seed imbibition and altitude did not have strong correlation (r = -

0.49, P= 0.12) (Figure 4.5).
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Figure 4.4. Weight of 50 seeds of Amelanchier collections (2002-2004) before (dry weight) and after soaked for 72 hours at
room temperature. Such-Yanh: SuchixtlanlYanhuitlan; Such-S mx: SuchixtlánlSinaxtla.
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What is the optimum temperature for germination under laboratory conditions?
For seed samples harvested in 2002, the logit of the proportion of
germinated seeds from five collections at three temperatures of germination, is
shown in Figure 4.6. The odds of seeds germinating were the highest at 2 0°C. In
contrast, germination odds reduced at 1 5°/25° and 25°C. The logistic regression

analysis found significant difference in the interaction among collections and
temperatures of germination (The drop-in-deviance F-version test for the
interaction term, P = 0.003). This analysis also showed that the germination odds
reduced 8% to 32% under 15°/25°C and between 20% and 50% under 25°C
compared to germination at 2 0°C. The proportion of seed germination of the

Teotitlán (1) collection was the least affected. This collection was located in a
lower altitude.
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Figure 4.6. Proportion of germinated seeds in logit scale of five collections of A.
denticulata germinated at 20°C (.), 1 5°/25°C ( ), and at 25°C (o) for 28
days. The seeds were harvested in 2002 and stored for 19 to 22 months.
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Table 4.7. Proportion of germinated seeds in logit scale of seven collections of A.
denticulata germinated at 20°C (.), 15°/25°C ( ), and at 25°C (o) for 28
days. The seeds were harvested in 2003 and stored for 8 to 10 months.
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For seed samples harvested in 2003, the variation of the proportion of
germinated seeds was similar compared to samples of 2002 (Figure 4.7). The dropin-deviance F-version test showed a significant (P = 0.00 17) effect of the

interaction between collections and temperatures of germination. The odds of
germination reduced 13% to 44% under 15°/25°C and between 10% and 73% at
25°C compared to germination at 20°C. Reductions in germination odds were larger

with 2003 collections in comparison to the 2002 samples. The Santa Ana (1)
collection presented the minimum odds of germination (0.29) at 25°C. In contrast,
Huitzo had the highest proportion at the same temperature (0.87) (Figure 4.7).
At 20°C, seed germination started seven days after the test began and was
highly variable among collections. Germination increased rapidly until 17 days;
thereafter, it slowed down, in contrast to the behavior seen at 1 5°/25°C and 25°C

(Figure 4.8). The highest cumulative percentage of germination (92%) was found at
20°C in the 2002 seeds. This value was less (89%) in the 2003 seeds.
At 15°125°C and 25°C, seed germination started between 10 and 11 days.
The speed of germination was higher at 20° than 15°/25° and 25°C. At 20°C, 50%

of the seeds germinated 12 days after placing the seeds in the germinators, and at
1 5°125°C this percentage occurred after 22 days. At 25°C, 50% of the seeds

germinated after 25 days in the 2002 seeds, and this percentage was not ever
reached in the 2003 seeds. Seed germination was more variable at 15°/25° and 25°C
than at 20°C (Figure 4.8 and Appendix G).

Among collections at 20°C, 50% seed germination was attained at different
periods. For example in the 2003 seeds, 50% seed germination in Huitzo and
SuchixtlánlYanhuitlán occurred 11 days after the germination test started, whereas

in the Santa Ana (1) and Tayata (2) collections, this percentage was reached at 15
days (Appendix H).
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Figure 4.8. Germination percentages over all collections of Amelanchier
denticulata at 20°C (A), 15°125°C (o), and 25°C (.) for 28 days. The seeds
of five and seven collections were included in 2002 and in 2003,
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Among all collections at 15°/25°C and 25°C, the germination was slow, and
cumulative germination percentages were lower than at 20°C (Appendices H, I, and
J). The lowest germination values were recorded at 25°C (Appendix J). The seeds
of the Santa Ana (1) collection were the most affected (Figure 4.7).
In the three temperatures of germination, fungal infection was high in the
seed of the Teotitlán (1) collection. The percentages of dead seeds ranged from 5%

to 16% in the 2002 samples and were between 28% and 40% in the 2003. In the
remaining collections, the percentages were between 2.3% and 7% in the seeds of
both years.

Effect of temperature on ungerminated seeds
The proportion of ungerminated seeds is the difference between viable

seeds and the proportion of germinated seeds (Figures 4.6 and 4.7). Thus, across all
collections, the proportion of ungerminated seeds was higher at 1 5°/25°C, and 25°C

than at 20°C. The results were similar in both years. The variability of
ungerminated seeds among collections was higher in the 2003 samples than in the
2002 seeds (Appendix G).

Speed of germination
The speed of germination per collection at three temperatures of
germination is shown in Tables 4.4 and 4.5.

The average speed of germination over all collections was significantly
higher (P < 0.05) at 20°C than 15°/25° and 25°C in both years (Tables 4.4 and 4.5).

The Teotitlán (1) collection had the highest value in the 2002 seeds; and Huitzo,
Teotitlán (1), and Suchixtlánlyanhuitlán had the highest values in 2003.
The difference in CGRIs over all collections between 1 5°125°C and 25°C

was not significant in both years. However, the Ixtlán collection increased its CGRI
at 15°/25°C to 25°C in the 2002 sample (Table 4.4). In 2003, a significant reduction
was found in the speed of germination at 15°/25°C and 25°C in the collections of
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Teotitlán (1) and Suchixtlán/Yanhujtlán (Table 4.5). The rest of collections did not
indicate significant reductions in the speed of germination for these two
temperatures.

Table 4.4. Speed of germination (CGRI) of five collections of A. denticulata at
three temperatures of germination. The seeds were harvested in 2002 and
stored for 19 to 22 months.

Collections
Teotitlán(1)
Ixtlán
Tayata(2)
SuchixtlánlYanhuitlán
Tejupan(1)

Corrected germination rate index (CGRI)
Germination temperatures (°C)
20
15/25
25
Mean1
9.6
8.2
7.9
8.8
8.3

5.9
5.1

5.9
5.9
6.0

7.1
6.5
6.3
6.8
6.7

5.8
6.3
5.2
5.8
5.7

8.6a
5.8b
5.8b
'There was not significant difference among collections (F> 0.05)
2
of interactions were not significantly different (Tukey test, F> 0.05)
3There was significant difference in the interaction between temperature
versus collection (Tukey test, P < 0.05; HSD = 0.71).
Mean2

Table 4.5. Speed of germination (CGRI) of seven collections of A. denticulata at
three temperatures of germination. The seeds were harvested in 2003 and
stored for 8 to 10 months.
Corrected germination rate index (CGRI)

Germination temperatures (°C)
Collections
Teotitlán(1)
Ixtlán
Tayata(2)
SuchixtlánJYanhuitlán
Huitzo

SantaAna(1)
Jaltepec

20
9.62

15/25
5.9

8.5

5.1

6.9

4.9
5.9
6.2
4.8
5.5

9.3
9.8
6.8
8.5

25
5.1

5.2
4.3
4.8
5.7
4.2
4.8

Mean1
6.9ab
6.3b
5.4c
6.7ab
7.2a
5.3c
6.3b

8.5a
4.9b
5.5b
1Means with the same letter are not significantly different (Tukey test, P < 0.05)
2
There was significant difference in the interaction between collection
versus temperature (Tukey test, P < 0.05; HSD = 0.73).
Mean1
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In the CGRI among collections in 2002, there was not significant difference

(F> 0.05) across all temperatures (Table 4.4). On the other hand, there was a
significant difference in the CGRI in 2003 (Table 4.5). The highest CGRJs were
found in the collections of Huitzo, Teotitlán (1), and SuchixtlánlYanhuitlán, and
the lowest CGRIs were found in the Tayata (2) and Santa Ana (1) collections.

Do A. denticulata collections from Oaxaca have embryo dormancy?
Seed viability by TZ and germination test
The TZ test results showed that the fresh seeds of four collections had high
percentages of seed viability. These percentages were as follows: Teotitlán (1)
95%, Jaltepec 100%, Ixtepeji 97%, and SuchixtlánlYanhuitlán 98%. The remaining
seeds were abnormal and dead seeds. Results found in the germination tests were
similar to the TZ test (Table 4.6).

Table 4.6. Percentages of seed viability of fresh seeds of seven Amelanchier
denticulata collections harvested in 2004. The evaluation was through
germination tests. Four 2003 samples were used as controls.

Germination Dormancy Seed viability
Collections
Fresh seeds 2004
1
Teotitlán(1)
2 Teotitlán (2)
3 Jaltepec
4 Ixtlán
5 Ixtepeji(2)
6 Suchixtlán/Yanhuitlán
7 Suchixtlán/Sinaxtla
Controls 2003
8 Teotitlán (1)
9 Jaltepec
10 Ixtlán
11 SuchixtlánlYanhuitlán

77
87
85
75
93
38
67

66
95
95
94

1Seed viability = Germination (%) + Dormancy (%

11.9
6.6
13.5
9.2

4
58.3
21.6
0
0.5
1.5

0.5

89
94
99
84
97
96
89

66
96
97
95
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Dormancy offresh seeds

The odds of germination and dormancy of freshly harvested seeds are shown in
Figure 4.9. Four 2003 samples were used as controls.
The odds of dormant seeds ranged between 0.05 and 0.62 in the fresh seeds.

The SuchixtlánlYanhuitlán collection had the highest significant proportion of
dormant seeds (mean = 0.62, P = 0.03), while, according to the logistic regression
analysis, there was not significant difference among the other collections. The odds

varied between 0.02 and 0.25. The controls presented the lowest proportion of
dormancy.

The SuchixtlánlYanhuitlán and Suchixtlán /Sinaxtla collections with high
dormancy had high germination variability in contrast to the others (Figure 4.10).
The relationship between altitude and germinated and dormant seeds is
shown in the Figure 4.11. Based on this graph, there is not a linear relation between

altitude and germinated and dormant seeds. The maximum percentages of
germination were found in the collections growing close to 2 000 m altitude.
Beyond this altitude, the percentages of germination decrease as altitude increases,
and below 2 000 m, the seed germination decreases as altitude decreases.
Therefore, a quadratic regression model could be the most appropriate (Ramsey and
Schafer, 2002) for estimating germination as a function of altitude.

The speed of germination was significantly different among collections (P <
0.05). The SuchixtlánlYanhuitlán collection had the lowest CGRI in fresh seeds,
but in 2003, the CGRI of this collection was the second highest (Figure 4.12).
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Is prechiiing treatment necessary for breaking dormancy offresh seeds?
Effect ofprechill on seeds stored under dry and low temperature conditions
The effect of prechilling treatments on seeds stored under dry and low
temperature (5°C) conditions was evaluated in five collections of A. denticulata.
The percentages of ungerminated seeds are shown in Table 4.7.
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Figure 4.12. Speed of germination (CGRI) of fresh seeds of seven Amelanchier
denticulata collections harvested in 2004. Four collections harvested in
2003 were included as a control. The seeds were germinated at 20°C for 28
days. Means with the same letter are not significantly different (Tukey test,
P < 0.05).
Table 4.7. Ungerminated seed percentages of five collections of A. denticulata
harvested in 2003. The seeds were stored for 8 to 10 months in dry and low
temperature (5°C) conditions.
Percentages of dormant seeds

Prechill treatment (days)
Collections
Jaltepec
Ixtlán
Suchixtlán/Sinaxtla
Suchixtlán/Yanhuitlán
Santa Ana(2)
Mean

Control
0.3
2.1

2.0

14
0.5
2.1
1.5

Mean
0.5

0.0
0.5

1.3

1.1

1.1

5.4

0.6
1.2

1.6

2.2

0.7

0.4
1.4
1.3
1.2
2.5
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According to these results, there were very low percentages of
ungerminated seeds among collections and prechilling treatments. Only the Santa
Ana (2) collection had 5% of ungerminated seeds in the control treatment. The rest
of the collections had less than 2% of ungerminated seeds.

Effect ofprechill on the speed ofgermination in stored seeds
In stored seeds, the prechill treatments significantly affected the speed of
germination among prechilling treatments (P < 0.00 1), collections (P < 0.01), and
the prechill treatment by collection interactions (P < 0.00 1) (Table 4.8 and

Appendix K). The SuchixtlánlSinaxtla had the highest CGRI (P < 0.05), and the
Santa Ana (2) collection had the lowest CGRI among collections. Over all
collections, the prechill treatment at 28 days had the highest CGRI and the control
had the lowest.

Table 4.8. The effect of prechilling treatments in the speed of germination (CGRI)
on five collections of Amelanchier denticulata after storage in dry low
temperature (5°C) conditions between 8 and 10 months.
Corrected germination rate index (CGRI)

Prechill treatment (days)
Collections

Control

Jaltepec
Ixtlán
SuchixtlánlSinaxtla
SuchixtlánlYanhuitlán
Santa Ana (2)

8.lfgh1

i.j

a

Mea&

l0.Ode
12.3b
1O.lbc
7.9gh
10.3cd
15.la
11.lab
9.3def
12.3b
15.4a
12.3a
8.8efg
11 .Sbc
14.5a
11.6ab
6.8h
8.9efg
11 .8b
9.2c
Mean1
8.2c
1O.6b
13.8a
'Means with the same letter are not significantly different (Tukey test, P <
0.05)

The relationship between CGRI and prechill was as follows: the longer the
prechilling treatment, the higher the CGRI. The interactions were significantly
different because the CGRI in the Ixtlán collection increased with 14 to 28 days of
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prechill treatment. The prechill treatment effect was almost additive in the seeds of
the other collections (Appendix K).

Prechil effect on dormancy offresh seeds
The odds of dormant seeds under prechill treatments are shown in Figure
4.13

According to the logistic regression analysis and the drop-in-deviance test,

there was significant difference (P < 1 0) in the interactions between collections
and prechilling treatments in the odds of dormancy.
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Figure 4.13. Proportion of dormant freshly harvested seeds of four Amelanchier
denticulata collections under different prechill treatments. The seeds were
harvested in 2004 and germinated at 20°C for 28 days.

The most important effect of prechill treatments was found in the
SuchixtlánlYanhuitlán collection. This collection was located in the highest altitude
(2 263 m) among the collections included in this evaluation. The proportion of

121

dormant seeds decreased significantly after 7 days of prechilling (P = 0.005)
compared to the initial evaluation test without any prechilling treatment. The

proportion of dormant seeds dropped from 0.61 to 0.18, a threefold change. In the
other two collections in Figure 4.13, no prechilling effect was observed.
The Teotitlán (1) collection after 14 days of prechilling did not have
dormant seeds. Therefore, it was not included in the logistic regression analysis.
The Jaltepec collection maintained its proportion of dormant seeds between 0.11
and 0.20 throughout the prechill treatments. Ixtepeji (2) and Teotitlán (1)
collections had a similar initial proportion of dormant seeds (Figure 4.9). Both are

located in lower altitudes than the others. However, the Ixtepeji (2) collection
maintained its low proportion of dormant seeds through out the prechilling
treatments. The proportion was between 0.04 and 0.08.

In the SuchixtlánlYanhuitlán collection, the proportion of odds of dormant
seeds decreased linearly with longer prechilling periods. After 14 days of prechill,
the cumulative percentages of germination increased almost twofold compared to

the control (from 38% to 70%) (Figure 4.14). Variability in germination was higher
in the control and with seven days of prechill than the other prechilling treatments.
The other collections showed low germination variability throughout the prechill
treatments (Appendices L and M, and Figure 4.14).

Speed ofgermination in fresh seeds
The speed of germination was significantly higher in the collections located

in lower altitudes (Teotitlán (1) and Ixtepeji (2)) than those located in higher
altitudes (Jaltepec and SuchixtlánfYanhuitlán). The speed of germination also
increased as the prechilling treatments increased (P < 0.05) (Table 4.9).
The interaction between collections and prechilling treatments for CGRI are

shown in Table 4.9 and Appendix N. The speed of germination increased
significantly as the time of prechilling treatment increased in all collections. The

highest values of CGRI were recorded for Ixtepeji (2) and the lowest values were
found in the Suchixtlán/Yanhuitlán collection.
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seeds were germinated at 20°C for 28 days after the prechilling treatment.

123

Table 4.9. Effect of prechill treatments on the speed of germination (CGRI) of
fresh seeds of four Amelanchier denticulata collections. The seeds were
germinated at 20°C for 28 days.
Corrected germination rate index (CGRI)

Prechill treatment (days)
Collections

Control

Teotitlán (1)
5.5hi1
Jaltepec
5.8ghi
Ixtepeji (2)
6.9efg
SuchixtlánlYanhuitlán 5.Oi

7

14

21

28

6.6fgh
6.3fgh
8cde
5.8ghi

7.5def
6.3fgh
8.6bcd
6.6fgh

8.8bc
6.8efg
9.4ab

9.7ab
8.Ocde
1O.5a

7.2ef

6.9efg

Meana

7.6ab
6.6b
8.7a
6.3b

Mean3

5.8c
6.7bc
7.3abc
8.lab
8.8a
Means with the same letter are not significantly different (Tukey test, P < 0.05)
2
Significant difference across prechilling treatments (Tukey test, P < 0.05)
3Significant difference across collections (Tukey test, P < 0.05)

How do seed dormancy and germination change after-ripening?
After-ripening effect on dormant seeds of seven collections of A.

denticulata is shown in Figure 4.15.
The proportion of dormant seeds declined as time of storage increased.
According to the logistic regression analysis and the drop-in-deviance test, there
was significant difference (P = 0.03) in the interaction between time of storage and
collections in the proportion of dormant seeds. The most significant effect was
observed in the Suchixtlán/Yanhuitlán collection. The odds of dormant seeds

dropped from 0.6 (fresh seeds) to 0.08 after 4 months of storage. The odds of the
SuchixtlánlSinaxtla decreased from 0.25 to 0.04. The rest of collections did not
show a large difference because of the low proportion of dormancy in fresh seeds.
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Figure 4.15. After-ripening effect on seed dormancy of seven collections of A.
denticulata. Samples were stored at room temperature (2 1°C and average
relative humidity = 45%) for two and four months and germinated at 20°C
for 28 days.

DISCUSSION
Seedling development
Abnormally germinated seeds did not develop their root systems first. This
abnormality was found in Eucalyptus paucJ1ora and E. delegatensis when the
seeds were cut on the cotyledonary end or cut on one side of the seed (Bachelard
1967). In these species, the seed coat was a mechanical impediment for normal

germination and the cut stimulated the emergence of the hypocotyl. The causes of
this abnormality in Amelanchier are not possible to define with the result of this
study.
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Seedlings of some collections did not shed their seed coats during the

germination test. The reasons were perhaps an inadequate temperature of
germination, a genetic problem, or some other causes. Thus, the indicators for
normal seedling evaluation may include the length of the hypocotyl, the health of
the cotyledons, the development of an appropriate root system, and the proportion
between the root system and the hypocotyl. These indicators are suggested in other
species of Amelanchier in the Seedling Evaluation Handbook (ASOSA 2003).

Does hard seed coat limit seed imbibition in Amelanchier?
The seed coat may obstruct or facilitate the leakage of electrolytes, and the

penetration of water, salts, gases; or it can be a physical restraint of the embryo
(Meyr 1996). This research demonstrates that the seed coat of all Amelanchier

collections facilitates water uptake because of the following evidence: (a) the seeds
increased their weight after soaking in water for 72 hours; (b) visually, the seed size
increased; (c) there was an absence of hard seeds after soaking; (d) in the TZ tests,

the seeds were soft and easily cut; and (e) the root system was able to penetrate the
seed coat during the germination tests. Thus, the seed of the Amelanchier
collections growing in southern Mexico do not need scarification to improve the
seed germination as has been suggested in other species. Such as Amelanchier

laevis where scarification with concentrated sulfuric acid for 15 minutes improved
germination (Hilton et al. 1965). Seed scarification also is suggested for some
species of Amelanchier in the woody-plant seed manuals (USDA 1948; Young and
Young 1992).

What is the optimum temperature for germination under laboratory conditions?
Probably, the seed germination at high temperatures was reduced because of
the imbalance between the oxygen available to the embryo and the oxygen demand
during the germination process (Come and Tissaoui 1973). These authors added
that seeds are more sensitive to thermic conditions if their coat contains phenolic
compounds because those chemicals fix dissolved oxygen on its way to the

126

embryo. This phenomenon may happen in seeds of Amelanchier because Hilton et
al. (1965) proved that the seed coat contains inhibitors. High temperature also has

negative consequences because a seed may progressively lose its ability to
germinate (Come and Tissaoui 1973).
In contrast to other species of Amelanchier (USDA 1948; USDA Forest

Service 1985; Young and Young, 1992), collections of Amelanchier denticulata
germinate in a very narrow range of temperatures. The highest percentages of
germination of all the collections were found at 20°C, while germination dropped at
15°/25°C and at 25°C (Figures 4.6 and 4.7). The results in alternate and high

temperature showed that collections of Amelanchier are able to germinate at a
wider range of temperatures after long periods of storage (19 to 22 months)
(Appendices I and J).

The optimum temperature of 20°C could be related to the average
temperature in June for most of the sites. In this month, the average temperature
among the sites varies between 16.4°C to 22°C. Over all the sites, the average
temperature drops 1.2°C from May to June when precipitation is frequent and high

(Appendix B). Optimum temperature and moisture availability will promote seed
germination and seedling establishment. On the other hand, high temperature even
with moisture availability will reduce seed germination. Thus, high temperature is

important ecologically because it could be a cue for seeds to germinate, thereby
ensuring seedling establishment and success. A similar result was found in Celtis

pallida and Acacia smallii. Seed germination decreased linearly with increasing
temperature (Fulbright et al. 1995). C. pallida was more abundant under Prosopis
glandulosa instead of adjacent interspaces because the optimum soil temperatures
under P. glandulosa coincide with the peak rainfall month, whereas high soil
temperatures in interspace reduce germination.
At 20°C, seeds stored more than 8 months had better germination, which

was evident among all the collections (Appendix H). The number of days of seed
germination among collections was wider in 2003 samples than in 2002 samples
(Appendix H). This difference could be related to after-ripening effect: the longer
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the storage, the quicker the germination. After-ripening effect was also observed at
1 5°125°C and 25°C. The collections harvested in 2002 had higher percentages of

germination than the 2003 samples (Appendices I and J).

There was no relationship between altitude and speed of germination, and
altitude and germination percentage in the three germination temperatures. The
long dry storage and the effect of after-ripening most probably changed the

physiological characteristics of the seeds. Thus, the relation between altitude-speed
of germination and altitude-germination percentages weakened. This weakness was

more pronounced in the 2002 seeds. However, the seed harvested in 2003 still had
differences in the germination percentages and speed of germination (Appendices

H, I, and J, Table 4.5). Those differences could not be related to altitude per se but
to local climate and site-specific factors that influenced the seed development
(Baskin and Baskin 1973; Bevington 1986).

Do A. denticulata collections from Oaxaca have embiyo dormancy?
According to the TZ test and the standard germination tests, the percentages

of viability of fresh seeds were high (> 84%) (Table 4.6). Those percentages of
viability did not have a relation to altitude, unlike what was found in Sorbus
aucuparia (Barclay and Crawford 1984). Probably, the low precipitation 30 days
before harvest (93 mm) affected the viability percentages of fresh seeds in the
Ixtlán collection (84%). This collection had 96% viability in seeds harvested in
2002 (20 months after harvest) and 98% viability in seeds harvested in 2003 (8
months after harvest, 258 nmi of precipitation 30 days before harvest) (Table 4.6).

Among the controls (Table 4.6), the least percentage of viability was found
in the Teotitlán (1) collection (66%); whereas the Jaltepec and
SuchixtlánlYanhuitlán collections had high viability (> 95%). Seeds of these three

collections were stored for one year under the same conditions (three months in
manila envelopes at room temperature and nine months in Ziploc bags at 5°C

temperature) (Table 4.6). Based on these results, the collections of Amelanchier
have different percentages of viability as soon as the seed is harvested and in stored
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seeds. Most probably, the environment during seed development and maturation
among collections and among years affects the seed viability.

Fungal infection was more evident in the Teotitlán (1) collection during the
germination tests. Probably, the seeds of this collection deteriorate quickly and the
seed coat facilitates the electrolyte leakage, therefore lessening the fungal infection.

Another possibility may be that the seed coat is not resistant enough to avoid the
effect of exocellular enzymes and toxin produced by the microorganisms
(Mohamed-Yasseen et al. 1994). These authors pointed out that microorganisms

might increase electrolyte leakage due to the damage to the cell membrane and seed
integuments. Mechanical damage during our experiments could not be a cause of
fungal infection because the seeds of all collections were equally managed and
carefully handled throughout fruit harvest, seed cleaning, and storage.

The seeds of natural populations of Amelanchier denticulata collections
present physiological dormancy. The level of dormancy in fresh seeds was variable
among collections. Thus, the collections included in this study could be divided
into three groups based on proportion of dormant seeds: (a) collections with less

than 0.1, (b) collections presenting between 0.1 and 0.25, and (c) collections with
more than 0.5. Odds of dormant seeds were lower in collections from low
elevations (Ixtepeji (2) and Teotitlán (2)). In contrast, the highest proportions of
dormant seeds were recorded in collections collected in higher elevations
(SuchixtlánlSinaxtla and SuchixtlánlYanhuitlán). The proportions of germination
of collections from higher elevations were highly variable (Figure 4.10 and 4.11).

The collections with high proportions of dormant seeds also germinated slower

than collections with low proportion of dormant seeds (Appendix 0). Similar
results were found in mountain big sagebrush (Meyer and Monsen 1991). In this
case, collections from habitats with long, severe winters germinated slowly and
incompletely, and collections from habitats with short, mild winters germinated
rapidly and completely. In natural conditions, the high variability of seed
germination guarantees the survival of the population (Ernst et al. 1988).
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The genotype and the environment conditions (e.g., temperature, length of
growing season, light quality, soil nutrients, and soil moisture) significantly affect
seed dormancy and germination (Baskin and Baskin

1973;

Silvertown

1984).

However, to determine the causes (genetic or environmental) for any difference in
the seed germination and dormancy, the populations should be grown in a uniform
environment (Baskin and Baskin

1973).

The SuchixtlánlSinaxtla, SuchixtlánlYanhuitlán, and Jaltepec collections

grow under high disturbance and severe environmental conditions (e.g., poor and
shallow soils, high pH, animal browsing). In order to guarantee the survival of the

populations, they have developed the following characteristics: (a) vegetative
reproduction, (b) asynchrony of fruit maturation, (c) small seeds, (d) high
dormancy, (e) slow germination, and (f) high germination variability. In these
collections, the seed is not the overriding resource for survival, but the seed is
important to maintain the genetic variability, facilitate the dispersion of the species,
reduce competition among the new seedlings and parent plants, and increase the
colonization of new suitable habitats. The small seeds indicate that these
collections develop in open areas with low competition. For commercial plant

production, the seeds of these collections should be subjected to prechilling
treatment to reduce the germination variability, and increase the percentages and
speed of germination. Silvertown (1984) cited that organisms possessing dormancy,
perenniality, dispersal, or iteroparity may successfully inhabit unpredictable
environments.

Collections from lower elevations have developed the following

characteristics: (a) big seeds, (b) low or no dormant seeds, and (c) quick
germination. In the collection sites, temperature is high with low precipitation and

shallow and sandy soils. Under these conditions, the seed should germinate quickly
and develop its root system rapidly in order for seedling establishment to succeed.
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Is prechiiing treatment necessary for breaking dormancy offresh seeds?
Only the SuchixtlánlYanhuitlán collection had a statistically significant

response (the proportion of dormant seeds decreased threefold). This collection had
the highest percentage of initial dormancy (Figures 4.9 and 4.13). Based on the

results found, the collections from less than 2 200 m have a low percentage of
dormancy and therefore the prechill treatment is not necessary to improve

germination; while with collections from higher elevations (>2 200 m), 14 days of
prechill almost doubles the percentages of germination (Figure 4.14). For the
practical application of these results, the seeds of Amelanchier collections should
be prechilled for 14 days. This treatment significantly will improve the percentages
of seed germination from higher elevation; and in all the collections, reduce the
germination variability and increase the speed of germination (Figure 4.14).

How do seed dormancy and germination change after-ripening?
In Amelanchjer collections included in this research, the initial seed

dormancy was broken after the samples were stored for four months at room
temperature (21°C). Similar result was found in A. canadensis. This showed that
three months of storage increased the percentage of seed that genninated and
decreased length of the prechill treatment (Croker and Barton 1931).

Results found in the germination temperature tests, after-ripening study, the
initial evaluation of germination, and the prechill treatments in fresh and stored
seeds may be related to the environmental conditions present at collection sites.

The dry season is long (from November to May) and the average temperature is
higher than 10°C in the winter season (Appendix B). In the dry season,
physiological changes would occur in Amelanchier seeds that reduce the embryo

dormancy. Consequently, at the beginning of the rainy season, high temperatures
(25°C) rather than dormancy may play important role in controlling germination.

Elevated temperature was also the overriding factor preventing germination of
winter annuals during summer (Baskin and Baskin 1971).
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If we establish the relationship between the results found under laboratory
condition and natural conditions in the site of collections, seeds of Amelanchier

denticulata used in this study are able to germinate in the first rainy season after
ripening. However, temperatures higher than 25°C may reduce seed germination,

and because of the slow and sporadic seed germination (mainly collections from
higher elevations), the seed bank may persist for the next season.

CONCLUSSIONS
Amelanchjer dent iculata does not have hard seed coat. This conclusion was
supported by the following evidence: (a) the dry seed weight increased between

94% and 142% after soaking the seeds in water for 72 hours; (b) visually, the seed
size increased; (c) there was an absence of hard seeds after soaking; (d) in the TZ
tests, the seeds were soft and easily cut; and (e) the root system was able to
penetrate the seed coat during the germination tests.

Amelanchjer denticulata collections included in this study germinate in a
narrow range of temperatures. The highest percentages of germination were found
at 20°C, while germination reduced at 15°125°C and 25°C. Seed stored for a longer

time (19 to 22 months) germinated over a wider range of temperatures. The speed
of germination was significantly higher at 20°C.

Collections presented different percentages of viability as soon as the seed
was harvested (> 84%). The seed of collections had physiological dormancy. Based
on the proportion of dormant seeds, the collections were divided into: (a) less than
0.10, (b) between 0.10 and 0.25, and (c) more than 0.50. The odds of dormant seeds

occurring were low (<0.15) in collections from lower elevations (<2 000 m),
while collections from higher elevation (2 263 m) had a high proportion of dormant
seeds (0.62). Germination was highly variable in collections from higher elevation,

and collections with high proportions of dormant seeds germinated slower than
those with a low proportion of dormant seeds.
SuchixtlánlSinaxtla, Suchixtlán!Yanhuitlán, and Jaltepec had the following

characteristics in common: (a) vegetative reproduction, (b) asynchronous fruit
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maturation, (c) small seeds, (d) high dormancy, (e) slow germination, and (f) high
germination variability. In contrast, Teotitlán (1), Teotitlán (2), and Ixtepeji (2)

have the following characteristics: (a) bigger seeds, (b) low or no dormant seeds,
and (c) quick germination.
The proportion of dormant seeds decreased threefold in the
Suchixtlán/Yanhuitlán collection, which had the highest percentage of initial

dormancy, after 28 days of prechilling. Prechill treatment improved percentages of
seed germination in collections from higher elevation, and in all collections,
reduced the germination variability and increased the speed of germination.
The initial seed dormancy of collections was broken after storing the seeds
for four months at room temperature (2 1°C). The odds of dormant seeds occurring

in the SuchixtlánlYanhuitlán collection dropped from 0.6 (fresh seeds) to 0.08,
while those of the SuchixtlánlSinaxtla collection decreased from 0.25 to 0.04.
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CHAPTER 5
Morphological Variability and Intraspecific Hybridization of Amelanchier
(Rosaceae) From Oaxaca, Mexico
SUMMARY
In northern, Central Valleys, and northwestern Oaxaca, Amelanchier

denticulata grows in open and disturbed conditions, while Amelanchier nervosa
grows in moderately or lightly disturbed zones. In some regions, both species occur
in sympatry. This research was focused on finding morphological evidence to
determine if interspecific hybridization is occurring in these two species. Samples
were collected in a range of environmental conditions and levels of disturbance.
The morphological characters recorded were vegetative, flowering, and fruiting,
which were analyzed with ordination procedures. Principal component analysis
(PCA) and discriminant analysis (DA) were used to separate the two species and
the likely hybrids in the first two ordination axes. Four hypotheses were tested with
Multi-response Permutation Procedure (MRPP) analysis for significant differences:

among three likely hybrids, and among two species of Amelanchier and the likely
hybrid group. Differences in the morphological characters of the two species
clearly separated them in the first two axes. Two collections: Teotitlán (1) and

Ixtlán had similar characteristics, and they were placed between the two species in
the 2-D character space. In the Teotitlán site, two probable hybrids (Teotitlán (1)
and Teotitlán (2)) presented differences in various quantitative characters. Thus,
this research suggests a hybrid origin of three collections of Amelanchier: Teotitlán
(1), Teotitlán (2), and Ixtlán. Probably, Ixtlán originated from a different A.

denticulata ecotype than the two collections from Teotitlán.
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INTRODUCTION
Morphological variability ofAmelanchier
Amelanchier comprises small trees and shrubs with unspecialized, white,
pentamerous, animal-pollinated flowers, and fleshy, animal-dispersed fruits
(Campbell and Dickson 1990). Some species are aposporus and pseudogamous
(Campbell and Wright 1996; Campbell et al. 1985, 1987, 1991; Dibble et al. 1998).

Amelanchier has great variability (Jones 1946) resulting from hybridization
and polyploidy (Campbell et al. 1987). The extraordinary variation of its foliage
makes taxonomic studies difficult (Jones 1946; Harris 1970; Dibble 1995). Its

variability may create confusion for classif'ing the species (e.g., as a hybrid rather
than a true species) (Jones 1946). Factors such as altitude and moisture affect the
appearance of the plant. The leaves of young shoots are usually much larger with
more diverse shapes and types of indentation (Jones 1946); the serration of the leaf
blade margin is variable, and often as varied within a species as between species
(Cruise 1964).

The best and most reliable taxonomic characters on Amelanchier are related

to the morphological characteristics of flowers and fruit, such as the number of
carpels, the length and degree of fusion of the styles, the amount of pubescence at
the top of the ovary, the number of stamens, the shape and size of the petals, and
the shape, size, and direction of growth of the calyx-lobes, as well as the character
of the inflorescence (Jones 1946; Cruise 1964).

Weber and Campbell (1989) recorded 14 morphological characters of
Amelanchier bartramiana, Amelanchier laevis and Amelanchier X neglecta. They
found that petiole length, angle of leaf base, petal length, number of flowers per
inflorescence, fruit length, fruit width, and number of teeth per centimeter of the
leaf margin were the most important characters to separate the taxa in their
principal component analysis. Dibble et al. (1998), using 11 morphological
characters, were able to distinguish Amelanchier "rubra".
In a study of the evolutionary origin of Maloideae (Amelanchier belongs to
this subfamily), Phipps et al. (1991) included in their cladistic analysis 36
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characters: 9 vegetative, 6 inflorescence, 11 floral, and 10 fruiting characters.

Rohrer et al. (1991) used 18 quantitative characters of fruits of 173 species of
Maloideae. This analysis resolved a consistent group including Amelanchier,

Malacomeles, Paraphyllum, and Eriobotrya in their phenogram.

Hybridization and Disturbance
The effect of hybridization on taxonomic complexity in Amelanchier
depends on morphological distinctness, disturbance, and the extent of in
reproduction the first and later generations. Some hybrids are easier to distinguish
than others (Campbell and Wright 1996).
Hybridization in Amelanchier is common and strongly related to
disturbance (Wiegand 1935; Dibble et al. 1998). Hybridization increases the

taxonomic complexity of the genus, mainly if ecological disturbance is persistent
enough to permit the formation of hybrids (Campbell and Wright 1996). In Maine,
eastern United States, the percentage of natural hybrids in a disturbed site was 45%
(Weber and Campbell 1989). Hybridization, apomixis and polyploidy are highly
correlated in Amelanchier (Campbell et al. 1987). For example, 88% of the species,

with chromosome count available, contains polyploid individuals (Campbell and
Wright 1996). Apomictic species of Amelanchier colonize disturbed areas, and
colonization may be facilitated by its apomixis and self-compatible reproduction

(Campbell et al. 1987). These authors added that since apomixis is associated with
polyploidy the species is able to adapt to higher elevations and latitudes.

Importance

ofAmelanchier

in Oaxaca

A field survey in summer 2002 and results of this study found that in the
southern Mexican state of Oaxaca, Amelanchier denticulata (H.B.K.) Koch and
Amelanchier nervosa (Decaisne) Standl. develop under diverse environmental
conditions including open areas, shrublands, forests, eroded areas on steep slopes,
and in poor soil with high pH. These species grow between 1 700 and 2 500 m in
altitude and in a range of annual precipitation between 550 and> 900 mm.
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Amelanchier denticulata is found in more disturbed environmental conditions than
A. nervosa. But, sympatric populations of both species are found in some regions.

The area of Oaxaca is highly disturbed by people and domestic animals.
Under these conditions, A. denticulata presents morphological variability in leaf
form, plant size, and fruit size, as well as differences in flowering and fruiting time.

Amelanchier denticulata could be a potential species to reforest degraded
areas in Oaxaca and an important source of forage for goats and sheep during the

dry season. But, information about this species is very limited. We do not know
ecotypes suitable for massive plant production. For this reason, research is needed

to identify the most appropriate collections that would be adapted best to specific

environmental conditions. Hybrids may have desirable characteristics such as
hybrid vigor.

The questions for this research are two fold: Based on morphological
characters, is there evidence to hypothesize that intraspecific hybridization between

A. denticulata and A. nervosa is occurring in natural populations in Oaxaca,
Mexico? Is there any relationship between morphological variability of these
Amelanchier populations and environmental variables?

OBJECTIVE
Our objective was to compare the morphological variability of collections
of Amelanchier located in different environmental conditions in Northern, Central
Valleys, and Northwestern Oaxaca, Mexico.
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MATERIALS AND METHODS
Populations sampled
Collections of Amelanchier were sampled throughout an imaginary transect
from the North to the Northwest Oaxaca in a range of altitude (Table 5.1 and
Figure 5.1).
Table 5.1. Collections of A. denticulata, A. nervosa, and likely hybrids, altitude,
and number of plants collected per site. The collection sites are located in
Figure 5.1. Site names, collections and municipalities are listed in Table
2.1.

Number of plants
A.
Probable
Altitude denticulata nervosa hybrids
A.

Codes Site
IT (1) El Palomar

Collection
Teotitlan (1)

TT2)ElPa1omar

Teotitlán2)
SantaAna (1)

SA
RI
SC
IX
HZ
QN
NO
SS

SY
JL
SO
TJ
TI
CT
LT
SM

Site 1

Reynoso
Xia
Cuachirindó
Camino Jayacatlán
Quilitongo
Nochixtlán
La Concha
Limites Chachoapan
El Mogote
San Pedro Anafle

San Juan
Ixtlán
Huitzo
Quilitongo
Nochixtlán
Suchixtian/Smaxtia
Suchixtian/Yanhuitlan
Jaltepec
Soyaltepec

ElMirador

Tejupan(1)

Ticuiti
Loma de Catanno

Ticuiti
Tayata (1)
Tayata (2)
San Marcos

LaLaguna
Carretera Toanalá

Ixtepeji(1)

1862
1859
2113
2055
1745

2149
2017
2348
2228
2185
2263
2114
2294
2430
2532
2212
2249
1803

5
5

7

2

5

1
1

5

5

5
3
8
5

5
8

8

1

5
5

5
2
1

During the summer of 2003, plants were collected twice: once in anthesis
and again in fruiting stages. Every sample was labeled with its field information,

pressed with a plant press, and dried using a lamp drier. The numbers of samples
(plants) per collection included in this

study

are shown in Table 5.1. In some areas,

A. denticulata grows as extended and dense plants, which in this study was
considered an individual. hi every collection site, five to eight plants or patches
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Figure 5.1. Collections sites of A. denticulata, A. nervosa, and likely hybrids in Oaxaca, Mexico. The map was produced with
ESRI database and the points recorded in the field. Geographical locations are in decimal degrees and the scale in
kilometers. The collection codes, altitude, and number of samples per collection are listed in Table 5.1.
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were sampled. The plants were not sampled randomly because not all plants were
flowering.

The hierarchical structure of the data was as follows: the big scale was
collection and the small scale a plant. The analysis was at the plant level to
maintain most of the morphological variation.

Morphological characters

Morphological characters were those measured in previous studies of
Amelanchier (Cruise 1964; Weber and Campbell 1989; Campbell and Dickson
1990; Campbell et al. 1997; Phipps et al. 1991; Campbell and Wright 1996; and

Dibble et al. 1998). The characters included vegetative, flowering, fruiting, and
seed traits. A total of 24 characters are listed in Table 5.2. Nine characters were

recorded from the flowering stage: petal length (PTLN), petal width (PTWD),
number of stems (STNM), style length (STLN), sepal length (SPLN), sepal width

(SPWD), inflorescence length (INLN), flowers per inflorescence (FLRS), and
receptacle pubescence (RCPB); eleven from the fruiting stage: leaf width (LEWD),

leaf length (LELN), petiole length (PELE), teeth per cm of leaf margin (TEED),

leaf length subtending the inflorescence (LFLN), pedicel length (PDLN), fruit
length (FRLN), fruit width (FRWD), petiole length (PELN), leaf apex (LEAP), and

number of seeds (NMSD); and four characters were measured in the field during

the first sampling time: plant height (PLHG), stems per individual (STMS),
diameter of stem (DIAM), and plant cover (PLCB). In five samples of A. nervosa
and three samples of A. denticulata, the characters TEED and LFLN were recorded
from the flowering stage samples.

Samples with missing data (e.g., flowers, fruits, and seeds unavailable) and

characters that did not change between species were excluded in the analyses.
These characters were not listed in Table 5.2. Every cell in the matrix was the
average of five replicates, except the characters PLHG, PLCB, and STMS. FRLN
and FRWD were the average of 5 to 30 fruits randomly taken per individual. These

characters were measured with an electronic caliper (CVF Supply Company). The

Table 5.2. Character codes and names of 23 quantitative and one qua]
Nuni.
Code
Character
Units or states

ical characters of Amelanchier measured in the field and in the laborator

Comments

Source

1

PTLN

Petal length

mm

Measured with dissected microscone and micrometer.

2

PTWD Petal width

mm

Measured with dissected microscope and micrometer

a,b,c d I

3

STNM Number of stamens

Count

Flowers were dissected and stamens counted using dissected microscope.

a,c

4

STLN

Style length

mm

Flowers were dissected and the style measured with the micrometer.

5

SPLN

Sepal length

mm

Measured with dissected microscope and micrometer.

6

SPWD

Sepal width

mm.

Measured with dissected microscope and micrometer.

7

LEWD Leaf width

mm.

Fully formed leaf measured with the micrometer or caliper.

a,d,e,f
a,d,e,f
a,e,f
b

8

LELN

Leaf length

mm.

Fully formed leaf measured with the micrometer or caliper.

b

9

PELE

Petiole length

nun.

Fully formed leaf measured with dissected microscope and micrometer.

b

10

TEED

Teeth per cm of leaf margin Count

Mature leaf, from the middle to the apex.

b,d

11

LFLN

mm.

Usually the

f

12

LEAJ'

Leaf length subtend
inflorescence
Leaf apex shape

Percentage

Percentage of acuminate and emarginated leaves.

13

STMS

Stems per individual

Count

2 m apart the clump edge of stems was considered an individual.

f

14
15
16

PLCB
PLHG
DIAM

Plant cover
Plant height
Diameter of stem

m2
cm.

f

mm.

Estimated from average of two perpendicular diameters
From the ground to the uppermost branch of the shrub plant.
10 or all the stems (if < 10) per clump at 5 cm above ground measured with the caliper.

17

PDLN

Pedicel length

mm.

Lowest fruiting from last bract to fruit base measured with micrometer.

18

INLN

Inflorescence length

mm.

From the base to the top of the inflorescence measured with caliper.

19

FLRS

Flowers per inflorescence

Count

Including single or multiple flowers per inflorescence recorded in the laboratory.

b,c

20

FRLN

Fruit length

mm.

Fruits randomly taken in plants in the field and measured with electronic caliper.

21

FRWD Fruit width

mm.

Fruits randomly taken in plants in the field and measured with electronic caliper.

b,c,e,f
b,c,e,f

22

PELN

mm

Lowest fruiting pedicel from insertion on inflorescence to fruit base measured with the
micrometer or electronic caliper.
Number of seed per fruit, which were used for fruit measurements.

Pedicel length

last leaf subtending the inflorescence.

f
d,e,f
d,f

NMSD Number of seed
Count
24
RCPB Receptacle pubescence
Qualitative
Qualitative measurement during flowering stage: 1 dense, 2 moderate, 3 sparse, 4 lacking
Source: (a) Jones (1946); (b) Weber and Campbell (1989); (c) Phipps et al. (1991); (d) Campbell and Wright (1996); (e) Campbell et al. (1997); (f) Dibble et al. (1998).
23
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same fruits were used to count the number of seeds (NMSD). In two plants of A.
nervosa, the LFLN was the mean value of this character from the other A. nervosa

samples. These two values were estimated in order to avoid the effect of missing
data in the ordination procedure.

The RCPB was converted to a binary (0/1) variable before the ordination
procedures.

In the laboratory, a dissecting microscope with an ocular micrometer and an

electronic caliper were used for measuring the morphological characters. LEWD

and LELN were obtained from representative, fully-formed leaves, excluding
apical leaves. The number of teeth per centimeter was counted from the upper half

of one side of a mature leaf. The specimens were stored in cabinets and measured
in the herbarium of Oregon State University.

Flowers were sampled directly in the field and preserved in alcohol (10%
concentration) to avoid damage and facilitate the management and measurements in
the laboratory. Methods used for character measurements are shown in Table 5.2.

Hypotheses tested

Four null hypotheses were tested (Table 5.3); in every case, the hypothesis

was that there is no difference between or among groups. The first hypothesis
compared differences among groups of likely hybrids. In the site of Teotitlán, two

likely hybrids develop in sympatric populations, which were named Teotitlán (1)

(Cl in Table 5.3) and Teotitlán (2) (C3 in Table 5.3). The C3 had missing
flowering data; therefore, it was included only for testing the hypotheses H01 (Table
5.3).

Hypotheses

H02

and

H03

included samples of A. denticulata and two likely

hybrids, Teotitlán (1) and Ixtlán. These hypotheses differed in the number of
morphological characters. These tests evaluated the sensitivity of characters in
order to separate the likely hybrids from A. denticulata in character space. These

ordination procedures were steps needed to run the subsequent ordination that
included both Amelanchier species and the likely hybrids.
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Hypotheses

H04

compared three groups: A. denticulata, A. nervosa, and

likely hybrids. This analysis included 15 characters.

Matrices for testing the hypotheses
Hypotheses H01 was tested with a matrix of 15 plants (rows) x 16 characters

(columns) (characters 7-18 and 20-23, Table 5.3). This matrix did not have
flowering characters. Hypotheses H02 and H03 considered the matrices of 72 plants

x 21 characters (characters 1-16, 18-21, and 24) and 72 plants x 15 characters
(characters 1-15), respectively.

Table 5.3. Comparison of morphological variability among groups. C1=Teotitlán
(1), C2=Ixtlán, C3=Teotitlán (2), Ad=Amelanchier denticulata, and
An=Amelanchier nervosa. Hypotheses tested: Ho: there is no difference
among groups. Data were analyzed with MRPP and Euclidean distance
measures. A=chance-corrected within-group agreement and P=probability
of type I error under the null hypothesis of no difference among groups.

li

hypothesis

Groups
Among likely hybrids

n: 5per each C
1

Cl vs. C2 vs. C3

0.16

4x106

0.15
0.13

<i07

Among species and likely hybrids

2
3

n. Ad=62; CJ+C2=1O
Ad vs. C1+C2 (21 characters)
Ad vs. Cl and C2 (15 characters)

<i

n:Ad-25;An=20; C1+C2-10
4

Ad vs. An vs. Cl and C2 (15 characters
0.28
<10
The following characters were included for testing the hypotheses:
H01: 7-18 and 20-23; 1L2: 1-16, 18-21, and 24; H03 and H04: 1-15.
See Table 5.2 for characters. n=sample size

According to the results of hypotheses

}1o2

and H3, the ordinations

separated 10 samples that differed in morphological characters in the first two PCA

axes in character space. These axes explained 50% of the total variation (Figure
5.5). Based on this result, 25 plants of A. denticulata randomly were selected to

define a new matrix and to improve the balance between the number of sample
units of the two species. To test the

H04,

the matrix was 55 plants x 15 characters

(characters 1-15). The matrix included 25 plants of A. denticulata, 20 plants of A.
nervosa, and 10 likely hybrid plants. Raw data is shown in Appendix P.

Data analysis

The morphological characters were measured on different scales and the
coefficient of variation in characters (columns) was also high (252%). In order to

put the variables on an equal footing, data were relativized by the standard
deviation within morphological characters (columns). This relativization equalized

variance (1) as well as means (0) of the morphological characters. Each new value

represented a number of standard deviations from the mean (McCune and Grace
2002). A correlation analysis showed a high correlation coefficient among various

morphological characters. An initial analysis in PC-ORD (McCune & Mefford
1999), Nonmetric Multidimensional Scaling (NMS: Kruskal 1964; Mather 1976)

and Principal Component Analysis (PCA) had similar ordinations of plants in
species space. In the NMS, Euclidean distance, 50 runs in real data, 50 runs in
randomized data, and "forced to 3-D" solution were used. The Monte Carlo test

showed significant reduction of stress in the real data in comparison to the
randomized data (P = 0.02). PCA analysis was based on the correlation matrix of

morphological characters. Therefore, PCA was used to identify hybrids, and the
likely hybrids from the two species of Amelanchier in character space. Proportion

of variation explained per each axis was compared with the broken-stick model.
Eigenvalues larger than those produced by a broken-stick model were significant.
The significant axes contained more information than expected by chance. Only the
first two PCA axes were interpreted without rotation.
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Outliers were identified by using the frequency distribution of average
Euclidean distances between sample units in character space. Plant samples did not

have 2.3 standard deviations larger than the grand mean of distances between
sample units. These samples were not removed because they did not have undue
influence on the ordination.

For testing the null hypotheses, sample groups were defined according to

the ordination in the first two PCA axes. The Multi-response Permutation
Procedure (MRPP) analysis was included as a statistical test (Mielke 1984). This

nonparametric analysis tests the hypothesis that there is no difference among the
groups. PC-ORD and Euclidean distance were used for this analysis. The statistics'
p-value

and the chance-corrected within-group agreement (A) described

heterogeneity within the groups.

The three groups defined by PCA (A. denticulata, A. nervosa, and probable
hybrids) were subjected to stepwise discriminant analysis (DA) and using the SPSS

version 11.5. DA maximizes the among-group variation relative to the within-

group variation (McCune and Grace 2002). DA identified the most important
characters that separate the groups and determined misclassified samples. Two
functions were interpreted and discriminant function coefficients were represented

by b. Chi-square test was used for significant difference among species and likely
hybrids on the two functions.

Environmental matrix

The environmental matrix was 55 sample units x 13 environmental
variables. Environmental variables were recorded in every site of collection and
included ground cover, browsing effect, habitat, plant density, and disturbance. The

ground cover was estimated with five randomly placed quadrants of 0.25 m2 in the

collection sites. The percentages of ground cover included live vascular plants,
standing dead vegetation, litter, rock/gravel, and bare ground. The browsing effect

of domestic animals was evaluated as presence (P) or absence (A) of browsed

plants. The type of habitat was identified according to the level of disturbance:
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highly disturbed (i.e., eroded areas and shrubland/grassland), moderately disturbed
(i.e., shrubland, forest/shrubland, and forest/shrubland/grassland), and lightly

disturbed (i.e., a forest) (Figure 5.2). Plant density of Amelanchier was recorded as

a categorical variable. The three categories were defined visually based on
individuals observed at the collection sites: dispersed (few individuals), dense
(several individuals), and very dense (very many individuals). Disturbance was

evaluated on a scale of 0 to 5. Zero indicated no visible disturbed area and five
indicated a highly disturbed area. The criteria for this evaluation included whether

or not the species was present, soil cover, browsing of domestic animals, erosion,

human activities, and plant appearance (e.g., scrub plants that were highly
browsed).

DNA content evaluation

Samples of A. denticulata, A. nervosa, and likely hybrids were used to
estimate their nuclear DNA content expressed as fluorescence intensity (Table 5.4).

Table 5.4. Altitude, number of replications, and means of fluorescence intensity
(DNA content) of A. denticulata, A. nervosa, and probable hybrid
collections. Flow cytometry method was used.
Collections

Altitude (m)

Number of Fluorescence intensity
(Mean ± SE)
replications

Probable hybrids
Teotitlán (1)
Teotitlán (2)
Ixtlán
A. denticulata
Tayata (2)

Tayata(l)
Jaltepec
Santa Ana(l)1
Tejupan
Suchixtlán/Yanhuitlán
A. nervosa
Santa Ana(1)1
Jazmin
Ixtlán
Ixtepe1ji (1)

1862
1859
2149

2249
2212
2114
2113
2430
2263
2113
2343
2149
2055

3

2
2
3
3

2
3

2
3

4
2
1

2

These samples were collected at the same site.

49.59±0.92
59.07±1.03
60.15±1.45
47.30±1.02
44.20±0.78
48.10±0.00
44.50±0.34
56.70±0.55
54.40±1.62
54.26±0.99
54.00±2.00
50.90
50.95±0.85
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A. Oak forest,
Soyaltepec

B. Shrubland,
Teotitlán (1)

Figure 5.2. Level of degradation in the study area: (A) forest vegetation, slightly
disturbed conditions; (B) shrubland, moderately disturbed conditions
by cattle grazing and fire wood collection; (C) shrubland vegetation
mixed with grasses, highly disturbed conditions, high erosion, and
plants of A. denticulata are browsed by goats and sheep.
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Flow cytometer was used to evaluate nuclear DNA content in the Oregon
State University Seed Laboratory. Seeds (approximately 25 seeds, depending on

the seed availability) of A. denticulata, A. nervosa, and probable hybrids were
germinated in petri dishes at 20°C for 27 days. The procedure follows the protocol
available for ploidy evaluation in the seed laboratory. One replication represented 4

to 6 young seedlings chosen from a petri dish for each collection. The embryonic
leaves were chopped with a razor blade in 1.3 ml of extraction buffer (Cystain IJV

Precise P) for 30 sec and incubated for 1.5 mm. The chopped leaves were filtered

with a 30-.tm mesh nylon filter and added 700 ml of DAPI (4', 6-diamidino-2phenylindole dihydrochloride hydrate). The sample was agitated with a vibrator for
about 15 sec and placed in the flow cytometer (Partec GmbH). The flow cytometer

was calibrated with a trout erythrocyte DNA control and a diploid sample of
ryegrass. After each determination, the flow cytometer electrodes were carefully
cleaned with distilled water to avoid contamination. The flow cytometer operated at

gain 440 V and a speed of 0.80 il s.
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RESULTS

Quantitative characters
Teotitlán (1) and Teotitlán (2)
These two collections are found in El Palomar Teotitlán site and develop in
sympatric populations (Figure 5.3).
TE(2)

Li

TE

. TB (2)
2)

.O
..

-

Figure 5.3. Plant collected and distribution in the field of the probable hybrids
Teotitlán (1) and Teotitlán (2). The points were located with ArcView,
based on the Marco Geodesico Municipal (INEGI 2003) and the points
recorded in the field.

Teotitlán (1) had larger means in some characters, which were statistically
significant (Tables 5.5 and 5.6).

Table 5.5. Comparison of morphological characters between Teotitlán (1) and
Teotitlán (2). Two-sample t-test for statistical significance was used (n=5
each collection). See Table 5.2 for character codes.

Morphological character
LELN
PELE
FRLN
LEAP
PELN
STMS

0.030
0.002
0.001

0.020
0.003
0.030
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These characters were LELN, PELE, FRLN, and LEAP; while Teotitlán (2)

had large means of PELN and STMS. Field observation showed that these
collections differed in their fruit sweetness, and leaf and fruit color, which were not
recorded in this study.

Amelanchier species and likely hybrids
Means and coefficient of variation of quantitative morphological characters
are shown in Table 5.6. STLN, SPLN, STMS, FRWD, and PLCB were higher in A.

denticulata than in A. nervosa. In contrast, the 17 remaining characters were higher

in A. nervosa than in A. denticulata. NMSD was similar in both species. PTWD,

STMN, SPLN, FRLN, NMS, and FRWD were larger in Teotitlán (1) and Ixtlán
collections than in both species. Teotitlán (2) had the lowest percentage of LEAP.

Hypotheses test: Comparison among species and likely hybrids
The three likely hybrids presented significant differences among them (H01:

A = 0.16, P =

4x107)

(Table 5.3). The relatively low value of the A shows

heterogeneity within groups.

Most of the morphological characters in A. denticulata had lower means
than the likely hybrids

(H02

and

H03)

(Table 5.6). These differences resulted in a

statistical significance with 21 characters (A = 0.15, P = < 1 0) or 15 characters
(A = 0.13, P = < 1 Ø7) (Table 5.3). The relatively low A statistic indicated moderate
heterogeneity within groups. This heterogeneity was expected in A. denticulata.

In the H04 (A = 0.28, P = < 10), the morphological characters of the groups
formed by the two species of Amelanchier and the likely hybrid group differed and
demonstrated significant difference (Table 5.3).
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Table 5.6. Means (coefficient of variation) of 23 quantitative characters
(untransformed) for 25 individuals of A. denticulata (otherwise indicated),
20 samples of A. nervosa (otherwise indicated), and 5 per each collection
from Ixtlán and Teotitlán (1) and Teotitlán (2).

Codes

A. denticulata

Ixtlán

Teotitlán (1)

PTLN
PTWD
STNM
STLN
SPLN
SPWD
LEWD
LELN
PELE
TEED
LFLN
LEAP
STMS
PLCB
PLHG

38(84)

38(21)

38(18)

44(105)

5.3 (24.5)
70.0 (39.6)
34.1 (51.9) 13.6 (24.3)
14.3 (104.2) 7.7 (37.5)
197.5 (33.4) 282.0 (14.7)

DIAM

15.3(20.9)

PDLN

Teotitlán (2)

A. nervosa

3.7(6.2)

4.6(3.5)

4.5(2.9)

4.5(9.8)

14.2 (14.0)

16.8 (2.9)

17.7 (2.9)

15.4 (10.8)

3.6(9.2)

3.3(3.3)
2.4(4.6)

3.5(8.9)

2.3 (11.7)

3.0(3.0)
2.5(6.4)

2.0 (12.0)

19(79)

26(69)

26(42)

26(135)

6.8(19.1)
11.1(19.1)

10.5(7.5)
14.2(7.4)
3.4 (10.0)
1.1(41.8)
7.9 (29.1)
72.0 (15.2)

10.6(6.0)
18.0(10.0)
5.0(8.2)
0.52(88.5)
12.2 (18.9)
88.0 (20.3)
14.0 (59.3)
9.7 (44.3)
263.0 (17.0)

11.6(10.9)
15.7(4.6)
3.9(10.0)
0.7(68.6)
10.6(15.5)
40.0(93.5)
30.8(68.2)
7.6(30.1)
3 10.0(14.1)

15.5(23.2)
27.1 (20.0)
5.3 (22.1)
1.6(86.9)
14.7 (38.8)
100.0 (0)
8.3 (77.1)
6.8 (53.7)
376.6 (14.9)

21.1(12.5)

27.0(12.6)

24.4(15.0)

25.3(30.4)'

1.5(50.0)

1.8(48.3)

1.8(30.0)

2.3(36.5)

4.8(49.4)1

INLN

95(221)

140(184)

132(90)

202(295)2

FLRS

2.0(36.0)

4.7(9.8)

3.6(7.8)

7.5(38.3)2

FRLN

6.9(9.6)

9.2(2.7)

9.6(2.9)

8.6(3.5)

8.9(10.1)

FRWD

7.5(10.5)

9.8(4.3)

10.3(4.3)

10.5(3.4)

7.3(14.9)

PELN

5.5(27.3)

5.0(28.4)

6.1(19.5)

8.7(9.0)

11.0(42.7)

NMSD

1.2(28.3)6

1.9(20.5)

1.8(15.0)

2.9 (20.3)

0.92(1.2)

2.0(15.0)
1.2(40.0)
Number of samples to estimate the average: '=iS, 2=17, 3=7, =14, 62, and 7=iO
See Table 5.2 for character codes.
Ordination of likely hybrids

The likely hybrids had morphological differences that separated them in the

first two PCA axes in character space (Table 5.5, Figure 5.4). Strong positive
correlations existed between Axis 1 and the following characters: LELN (r = 0.88),
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PELE

(r

= 0.83), LFLN

(r

= 0.7), and DIAM

(r

= 0.66). These characters were the

most important in the separation of Teotitlán (1) towards the right side of Axis 1.

Positive correlations were between Axis 2 and the following characters: PELN
(r

= 0.9), FRWD

(r

= 0.71), STMS

(r

= 0.68), and LEWD

(r

= 0.64). These

characters separated Teotitlán (2) towards the upper side of Axis 2. These results

supported the differences in means (Table 5.5) between these two collections,
which were clearly apart in the ordination (Figure 5.4). Ixtlán was grouped on the

left side of Axis 1, but the group was more dispersed than the other two likely
hybrids. This collection had lower means of PELE, LFLN, STMS, DIAM, and
PELN (Table 5.6). Axis 1 explained 24.7% of the total variation; Axis 2, 23.7%;
and Axis 3, 13.8%. These axes were stronger than expected by chance.
P11116
P11113

P9114

PELN
ST

P11116

FRWD
LEWD

c'J

P1113 1

LELN

Cl)

><

TEED

P11198

A

\LEAP
FRLN
P828

.

Pit 30

.

P1195

A
P1196

A

P1197

A
Axis 1

Figure 5.4. Plot of five samples each of Teotitlán (1) (dark circles), Teotitlán (2)
(open diamonds), and lxtlán (blue triangles) collections for the first two

PCA axes. The plot was rotated 1100. The joint plot represents the
morphological characters, and the vectors indicate the strength and direction

of the correlation with the ordination axes. See Table 5.2 for character
codes.
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Ordination of A. denticulata and likely hybrids
Differences between the morphological characters of A. denticulata and the

likely hybrids separated them in the first two PCA axes. Samples with 21 (Figure
5 .5A) and 15 characters (Figure 5.5B) were separated similarly in the first two PCA
axes.

The following characters had strong correlation with Axis 1: FRLN
(r = 0.89), SPWD (r = 0.77), FRWD (r = 0.82), RCPB1 (r = 0.78), PELE
(r 0.79), DIAM (r = 0.71), LELN (r 0.81), LEWD (r = 0.82), and LFLN
(r 0.76). These characters separated the likely hybrids on the right side of Axis 1.
Morphological characters correlated with Axis 2 were STMS

(r = 0.67), ATNM

(r = 0.71), PLCB (r = 0.60), and PTLN (r = 0.57) (Figure 5.5A).
Axis 1 explained 37.1% of the total variation and

Axis

2, 12.8%. They were

stronger than expected by chance.

Variability of scores in the first two PCA axes within collections is shown
in Table 5.7.

Three collections of A. dent jculata had low variation in both axes:
Quilitongo, Tayata (1), and Jaltepec. The other collections were highly variable in
Axis

2. Nochixtlán collection presented the highest standard deviation (Sd), which

was evident in Figure 5.5A. The likely hybrids had relatively low Sd. Collections

of A. nervosa were variable in

Axis

1, except the Santa Ana (1) collection, but it

included only two samples (Table 5.7 and Figure 5.6).
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Figure 5.5. Plot of 62 plants of A. denticulata (12 collections), 5 plants each of
Teotitlán (1) (dark diamonds), and Ixtlán (crosses) for the first two PCA

axes: A) ordination with 21 characters, and B) ordination with 15
characters. The joint plot represents the trend of the morphological
characters. The vectors indicate the strength and direction of the correlation
with the ordination axes. See Table 5.2 for character codes.
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Table 5.7. Standard deviation (Sd) of scores of the first two PCA axes per
collection. According to Figure 5.5A for A. denticulata and likely hybrids
and Figure 5.6 for A. nervosa.

Standard deviation
Collections
A. denticulata
Suchixtlán/Sinaxtla
SuchixtlánlYanhuitlán
Ixtepeji(1)
Quilitongo
Nochixtlán
Soyaltepec
Tayata(2)
SantaAna(1)*

Axis 2

0.69
0.33

1.42
1.45
1.46

1.00

0.47

.0 . 91

0.47
2.11
1.03
1.33
0.95
0.97
0.62
0.6 .

0.53
0.97

0.36
0.36

1.18

0.88
0.23
0.81
0.60
0.63

Huitzo
Jaltepec

Tayata(1)
Probable hybrids
Teotitlán(1)
Ixtlán
A. nervosa

Axis 1

.

Tejupan (2)
Ixtlán

0.93
0.72
1.06
1.37
SantaAna(1)*
0.21
0.78
Ticuiti
0.94
0.35
A. denticulata and A. nervosa were collected at the same site

In the ordination with 15 characters (Figure 5.5B), the following characters

were strongly and negatively correlated with Axis 1: LEWD (r = -0.87), LELN

(r = -0.89), PELE (r = -0.84), LFLN (r = -0.79), SPWD (r
(r = -0.66), and RCPB (r

-0.68), PTWD

-0.79). These characters separated the samples of the

likely hybrids on the left side of the first ordination axis from the samples of A.
denticulata on the right side. The characters PTLN (r = 0.58), STNM (r

0.75),

and STMS (r = 0.62) were positively correlated with Axis 2. Individuals growing in

a large patch were located in the upper right-hand portion of Axis 2. Only SPLN (r

= -0.785) was negatively correlated with

Axis 3. Axis

1 explained 33.4% of the
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total variation, Axis 2, 15.7%, and Axis 3, 11.0%. According to the broken-stick
model, the first two axes were stronger than expected by chance.

Ordination of Amekinchier species and likely hybrids

The two species of Amelanchier have large differences in their
morphological characters (Table 5.6). These differences contributed to their

separation in the 2-D character space (Figure 5.6). The similar values of
morphological characters of Teotitlán (1) and Jxtlán collections (Table 5.6) grouped

them together between the two species in the first two PCA axes (Figure 5.6). The

likely hybrids did not overlap the other two species. Samples of A. nervosa were

found on the left side of Axis 1 and only one plant was close to the A. denticulata
samples. Amelanchier denticulata plants were found on the right side of Axis 1 and
spread out along Axis 2.

Strong negative correlation existed between

Axis

1 and the following

characters: LELN (r = -0.942), LEWD (r = -0.915), PELE (r = -0.892), SPWD
(r = -0.859), PLHG (r = -0.845), LFLN (r = -0.8 19), and PTWD (r = -0.79 1).
2 was negatively correlated with the characters STNM (r = -0.547), STLN

Axis

(r = -

0.573), and PLCB (r = -0.63 6) (Appendix Q). Axis 1 was stronger than expected by

chance according to the broken-stick model. This Axis explained 46.9% of the total
variation and Axis 2, 11.7%.

Introducing the categorical variable receptacle pubescence (RCPB) in the
PCA causes the likely hybrids to be separated into the lower position of Axis 2 and

in the center of Axis 1 (plot not shown). The correlation between this character and
Axis

2 was r = 0.951. The best separation of the species and the likely hybrids

occurred after deleting this character.

Discriminant analysis selected 10 morphological characters (Appendix R).

The first function was highly related with the following characters: LELN (b =

1.253), PTLN (b = 0.805), PLHG (b = 0.671), SPLN (b = -1.06), PELE (b =

-

0.861), and STMS (b = -0.608). They contributed to separating A. denticulata (left

side) and A. nervosa (right side) along Function 1 (Figure 5.7). The following
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characters had negative relation with Function 2: PTWD (b = -1.155), STNM (b =

-0.941), SPLN and (b = -0.747); and positive with PTLN (b = 0.84), STLN (b =

0.832). Those characters separated the probable hybrids and the two species of
Amelanchier along the second function. The first function explained 74% of the

variation, and the second 26%. The original grouped samples were conectly
classified. The two functions presented significant difference (P = <10-s) between
species and likely hybrids.
.
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Figure 5.6. Plot of the first two PCA axes of 25 plants of A. denticulata (dark red
circles), 20 plants of A. nervosa (symbols and collections in legend), and
five plants each of likely hybrids: Teotitlán (1) (dark red triangles) and
Ixtlán (dark red diamonds). The receptacle pubescence (RCPB) character
was not included in the analysis in both cases. See Table 5.2 for character
code.

Species and environmental variables

Environmental gradients were related with the scores of species and the
likely hybrids in the first two PCA axes. Axis 1 was positively correlated with
DENS (r = 0.468), HABT2 (r = 0.497), and MANU (r = 0.437), and Axis 2 with
DIST1 (r = 0.560), LITT (r = 0.538), HABT1 (r = 0.456), and VAPL (r

0.403)
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(Figure 5.8). Thus, A. denticulata grows densely in highly disturbed shrublands,
whereas A. nervosa develops sparsely in lightly disturbed vegetation. Additionally,
A. denticulata is found in regions with domestic browsers. On Axis 3, there was no
strong relation between the ordination axes and environmental variables.
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Figure 5.7. Plot of the two DA functions. A. denticulata (25 samples, black
squares), A. nervosa (20 samples, red squares) and probable hybrids (10
samples, blue squares).

DNA content evaluation

There was positive relationship (r = 0.79, P = 0.06) between the amount
of DNA of A. denticulata samples and altitude (Figure 5.9).

The flow cytometry method produces a histogram that shows fluorescence
intensity, which is proportional to the amount of DNA, in the Axis X and number
of cell analyzed in the Axis Y (Appendix S). From this result, the mean values of
fluorescence intensity were plotted (Figure 5.10). Most of samples of A. denticulata
had lower DNA content than the two probable hybrids Teotitlán (2) and Ixtlán. The
probable hybrid Teotitlán (1) was located between the two species of Amelanchier.
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Figure 5.9. Plot between
fluorescence intensity
(DNA content) and
altitude of six A.
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Figure 5.10. Plot of fluorescence intensity (DNA content) of six A. denticulata (0),

five A. nervosa (A), and three probable hybrid (U) collections.

DISCUSSION

Quantitative characters
Morphological differences between A. nervosa and A. denticulata are clear.

This study documented the high morphological variability of these two species.
The samples were taken in a wide range of environmental conditions (i.e., altitude,

soil types, temperatures, precipitation, and disturbance regimes). The results
showed that major morphological variability was found in the vegetative characters
(Table 5.6), which was reflected in higher coefficient of variation values.

Amelanchier denticulata is a perennial and a relatively small plant (<2 m

height). This species has vegetative reproduction and is more abundant in open
areas. In the most disturbed conditions, the plant develops several stems and forms

large patches (average cover = 14.3 m2). A complementary study found that A.
denticulata produces small seeds (5.4 mg seed1) with high dormancy in collections
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from higher elevations. Its perenniality, and its sexual and vegetative reproduction
may be biological adaptations of this species for successful survival in infertile and
shallow soil. In addition, the species is under permanent disturbance by people and

domestic animals. This species is found in more closed plant communities (e.g., a
forest), but not as dense, large patches, as would be the case in open areas. On the

other hand, A. nervosa is a taller plant (> 3.5 m height), with fewer stems, and
usually grows in less disturbed conditions. In open and highly disturbed areas,
individuals of this species are unlikely to be present. Most of the morphological
characters measured bad higher values than A. denticulata (Table 5.6).

Teotitlán (1) and Teotitlán (2) grow sympatrically (Figure 5.3). The site is
close to an unpaved road, moderately disturbed and dominated by shrubs and oak
species. People extract firewood and graze their cattle in this communal area. These

two populations presented differences in their quantitative (Table 5.5) and
qualitative characters (e.g., fruit sweetness, and leaf and fruit color). Teotitlán (2)

and Ixtlán have more similarity in their quantitative characters (Table 5.6 and
Figure 5.5).

The collections of likely hybrids presented less variability compared to the
two species (Table 5.7). The means of their morphological characters were placed
in between both species of Amelanchier. In this case, the sample size was smaller

and the environmental conditions within the collection sites were less variable.
Teotitlán (1), Teotitlán (2), and Ixtlán populations grow under different ecological

conditions. The first two collections are found at a lower elevation (1860 m),

shallow soil (< 15 cm depth) strongly acid (JH = 5.3), high annual average
temperature (20°C), and low annual precipitation (560 mm). In contrast, the third

collection is found at a higher elevation (2 149 m), deeper soil (> 15 cm depth),

medium acid (pH = 6.0), lower annual average temperature (17°C), and higher

annual precipitation (> 900 mm) (Appendix B and F). In addition, they are
separated by a 3 000 m mountain range. Despite differences in habitats, the three
populations had very similar means in their quantitative morphological characters
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(Table 5.6). In the regions where the two likely hybrid collections are found (Figure
5.1), individuals of A. nervosa and A. denticulata grow together.

Hybridization in Amelanchier species has been documented in eastern
United States (Cruise 1964; Campbell and Wright 1996; Dibble et al. 1998), which

may occur repeatedly over time (Weber and Campbell 1989). The three likely

hybrids found in this study present fairly uniform and distinctive character
combinations (Grant 1981). They may be created by hybridization and perpetuated

by agamospermy (Grant 1981; Campbell and Wright 1996; Campbell et al. 1997).

In six of seven taxa of Amelanchier studied (Campbell et al. 1997), agamospermy

is facultative, and meiosis is mostly bypassed in the formation of seeds but some

are produced sexually. Also, agomespermy may block interspecific gene flow
(Dibble et al. 1998). This could be the reason why the probable hybrids did not
have high morphological variation (Table 5.6).

Comparison among likely hybrids and species
The likely hybrids presented statistically significant differences, which were

demonstrated by the A statistic and the p-values (ILi) (Table 5.3). The two
populations of Teotitlán presented significant differences in several morphological
characteristics (Table 5.5) even though they grow together.

According to the MRPP analysis, the morphological characteristics of A.

denticulata differed significantly from the morphological characteristics of the
likely hybrids (Table 5.3) (A

0.13, P < 10)

(H02

and

H03).

The quantitative

characters differed even more strongly between species of Amelanchier and the
likely hybrids (A

0.28, P = < 10) (H). A high value of A was not expected

because of the high variability within these species. This shows that regardless of
the number of characters included in the ordination and MRPP analysis, there will
be significant differences among species and likely hybrids (i.e., H02

- H).

165

Ordination of likely hybrids

The ordination of samples in the first two PCA axes, the likely hybrids
separated into three groups. This result demonstrated that the two collections of
Teotitlán have morphological differences. This was supported also by the t-test
(Table 5.5). Thus, Teotitlán (2) could be another likely hybrid. In the germination

tests, the speed of germination and dormancy were similar in both Teotitlán
collections. Perhaps, these two collections originated from the same parents but in

two hybridization events and reproduced by agamospermy. Teotitlán (2) was not

included in the ordination of the two Amelanchier species because of missing
flowering data.

Ordination of likely hybrids and A. denticulata

Both genotypic and environmental factors likely influence the great
morphological variability among and within collections of A. denticulata (Figure

5.5 and Table 5.7). The morphological variation may be phenotypic plasticity.
Campbell et al. (1997) suggested that similar genotypes could be translated into
different phenotypes. Although, collections of A. denticulata generally had high

variability (Figure 5.5 and Table 5.7) three of them (Quilitongo, Tayata (1), and
Jaltepec) did not present high variation (Table 5.7). These results suggest that A.

denticulata may have both asexual (less variability) and sexual (high variability)

reproduction. Apomicts tend to show less intrapopulation variation than sexual
populations (Campbell and Dickson 1990; Campbell and Wright 1996).

The DNA content evaluation of several collections of A. denticulata found a

positive relationship between the amounts of DNA in the nucleus of the plant cells
of various collections and the altitude (Figure 5.9). Campbell et al. (1987) cited that

polyploidy facilitates the development of the species in high elevations and in
highly disturbed conditions, and apomixis is almost invariably associated with
polyploidy (e.g., 88% of the species, for which chromosome numbers exist, contain
polyploid individuals) (Campbell and Wright 1996).
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Including 21 characters, the two hybrids were separated from A. denticulata

because of their differences in leaf, flowering, and fruiting characters (Figure
5.5A). With 15 characters, the leaf characters were the most important (Figure

5.5B). The two likely hybrids also differed in the presence of the qualitative
receptacle pubescence (RCPB). Amelanchier nervosa lacks receptacle pubescence
in contrast to A. denticulata plants that develop at or close to the collection sites of
the likely hybrids.

Ordination ofAmelanchier species and likely hybrids

To separate species and likely hybrids, the characters that were highly
correlated with the first two PCA axes differed from the characters highly
correlated with the two PA functions. The difference may be related to the fact that

PCA represents relationships among plants, while DA focuses among groups
(McCune and Grace 2002). In the latter, the groups were clearly separated along
the two DA functions (Figure 5.7). In the PCA, there was one sample of A. nervosa

close to A. denticulata (Figure 5.6) that was not seen in the DA functions (Figure
5.7).

There is controversy in the literature about the two species of Amelanchier

growing in this part of Mexico. Taxonomists classified both as different species
(Standley 1922; Jones 1945; Hunt and King 1978), but Standley and Steyermark
(1946) considered A. nervosa as a variety of A. denticulata. This research, however,

demonstrates that the species differ in most of their morphological characters

(Table 5.6). In the ordination analysis and discriminant analysis, they were
separated in the first two PCA axes and functions, respectively (Figures 5.6 and
5.7). Also, this study hypothesizes the likely origin of three collections. The Ixtlán
collection has been classified as A. denticulata var. denticulata (Missouri Botanical

Garden-w3-Tropicos 2005), while the Teotitlán collections are not found in
taxonomic references. In the probable hybrids, some qualitative characters, which

were not recorded in this study, looked different in the field (e.g., leaf color, and
fruit color). Therefore, the origin of Jxtlán and the two collections of Teotitlán may
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be from the hybridization of A. nervosa and different A. denticulata ecotypes. The
probable hybrids from Teotitlán are geographically separated from Ixtlán collection
by a high elevation mountain range (3 000 m).

The intermediate position of the likely hybrids in the ordination was related

to their intermediate morphological characteristics. However, the intermediate
characters in hybrids would depend on the nature of the genetic control and the
environmental interaction. Characters controlled by one or few genes will not be

intermediate in the F 1 (Rieseberg 1995). The DNA content evaluation showed a

continuous relative difference among A. denticulata, A. nervosa, and the likely
hybrids (Figure 5.10). It is possible that collections of A. denticulata from higher
elevation and the probable hybrids are polyploids, which had higher values of DNA

content. However, the average of three samples of Teotitlán (1) were located
between A. denticulata and A. nervosa. This could be a sampling error or this
hybrid is the F1 between these two species. More studies are needed to determine
the ploidy levels of the two Amelanchier species and the probable hybrids.

Amelanchier and environmental variables

Amelanchier denticulata is abundant in open and highly disturbed areas.

Here, this species develops vegetatively forming dense groups. This asexual

reproduction may be an advantage for this species to tolerate continuous
disturbance. In contrast, the three likely hybrids and A. nervosa were not collected

under these extreme disturbed conditions. Probably, these collections are less

tolerant to frequent and intense disturbance and/or because of their infrequent
vegetative reproduction. However, the result of this research cannot conclude that

vegetative reproduction is absent in these collections. In the field, plant size was
not as extensive as A. denticulata. Based on this discussion, perhaps hybridization

occurs in the following possibilities: (a) disturbance occurs and promotes
hybridization and, thereafter, disturbance is infrequent and/or moderately intense.

Robinson (1982) found hybrid swarms of Amelanchier taxa in disturbed and
intermediate habitats; (b) inappropriate conditions for

F1

seedling establishment
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(Dibble et al. 1998) and (c) under moderately disturbed conditions, where the new
individuals are able to establish and A. nervosa still grows.

CONCLUSIONS
The results showed that hybridization between A. denticulata and A.

nervosa is occurring in moderately disturbed conditions in Oaxaca. The probable
hybrids were Teotitlán (1), Teotitlán (2) and Jxtlán. It is likely that Ixtlán collection

originated from a different A. denticulata ecotype than the two Teotitlán
collections.

The morphological variability of A. denticulata collections is most probably

related with genetic variations. This genetic variability may be an advantage to
reforest degraded areas, mainly in the Mixteca Oaxaquefia region. In contrast, the
probable hybrids presented less morphological variation compared to A. denticulata

collections. However, according to components of yield and germination tests

(Chapter 3 and 4, this study), the probable hybrids found in Teotitlán had
distinctive characteristics (e.g., fruit

and seed production and speed of

germination). Those characteristics could be advantageous for reforestation
purposes, although additional information is required (e.g., evaluation of the
probable hybrids in different environmental conditions to define their range of
adaptation).
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CHAPTER 6

Management Implications and Recommendations
The research conducted and observations made throughout the study area in
Oaxaca, Mexico coupled with the research done in laboratories and growth
chambers at Oregon State University leads to ideas about the use of Amelanchier

denticulata for restoration. Summarized below are recommendations and
management implications. Some are made with confidence while others will

require further testing and verification. In any case, much more is now known
about this species than before.

Reforestation with Amelanchier denticulata
Amelanchier denticulata has potential for restoration of degraded areas in
Oaxaca because it has the following characteristics:

(a) Native species. Amelanchier denticulata is a native species that grows in
both protected and highly disturbed conditions across a wide altitudinal

range (1682 to 2524 m). It tolerates great edaphic variation in soil type
(e.g., shallow, sandy, and clay soils), pH (strongly acid to moderately
alkaline soil pH), and precipitation (550 to > 900 mm annually).

(b) Browsing species. Plants of this species persist in areas with heavy
browsing by sheep and goats.

(c) Forge production. Amelanchier denticulata is an evergreen species and a
source of forage for domestic animals in the dry season (November to

May). Forage at this time of year is in short supply and this plant may be
important throughout the communal rangelands in the Mixteca Oaxaquefla

region. Thus, Amelanchier denticulata could be a fodder reserve if
established, nurtured, and managed correctly.

(d) Vegetative reproduction. Where use of the plant by animals and villagers
is heavy, such as in the Mixteca Oaxaquena region, this species can form
large and dense stands of individuals that were probably produced
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vegetatively. Communal rangelands of Jaltepec, Nochixtlán, Yanhuitlán,
and Tejupan contain patches like this that continue to persist, covering and
protecting the soil.

(e) Amelanchier denticulata is used for a variety of purposes. In addition to
its use as browse for animals, people have traditionally used Amelanchier

denticulata to make brooms and tools. Stems of the plant are resistant to
breakage and local people use them for a variety of applications.

(f) Soil conservation. The field survey found that large and dense plants in
highly degraded zones were able to trap and stabilize soil under their

canopy. This characteristic is enhanced through vegetative reproduction of
Amelanchier denticulate which produces thickets or a coppice. This
capacity for soil stabilization and soil conservation is one of the most
important advantages when compared to plantations of exotic singlestemmed tree species.

It is therefore proposed that Amelanchier denticulata and tree species
should be planted in mixed crop/agroforestry plantations. Establishing more than
one stratum of vegetation should have both ecological and economical advantages,
such as: (a) diversifying economic benefits to stakeholders (e.g., timber, wood for
tools, firewood, and forage); (b) reducing the lag time period between the

investment of establishment of a plantation and the returns that accrue with use.
Because shrubs have higher growing rate and shorter time to maturation than tree
species, they could be used for various purposes within a few years after planting;
(c) diversifying habitats that facilitate the establishment or colonization of other
native plant species; and (d) increasing the soil cover and reducing the impact of

water erosion. Since Amelanchier denticulata develops large, dense thickets, it can
reduce sheet, rill, and gully erosion on hilly sites (e.g., Mixteca Oaxaquefla and
Central Valleys regions).
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Seed collection and treatment
Seed production in Amelanchier denticulata is variable within and among
populations, and across years. We identified four zones each with distinct
ecological and environmental characteristics: (a) Ixtlán, (b) SuchixtlánlSinaxtla,
SuchixtlánlYanhuitlán, and Jaltepec, (c) Teotitlán del Valle, and (d) Santa Ana del
Valle and Tejupan.

Our observations during seed collection and testing phases of this project
led to the following recommendations for seed collection that are as follows:
1.

Fruit ripening. The range of fruit maturation is variable among sites. The
Ixtlán population has a wide range of fruit ripening, October to December. In
Suchixtlán/Sinaxtla, Suchixtlán/Yanhuitlán, and Jaltepec, fruit ripening occurs
between September and October and in Teotitlán, fruit matures in September.

Plants growing in Santa Ana del Valle and Tejupan had fruit that ripens
between September and November. Fruit maturation ranges vary across years
and are affected by the amount and frequency of precipitation as well as

temperatures. It is therefore necessary to have a flexible seed collection
strategy that employs trained local people to collect seed at the proper time.
2. Harvest timing indicators. In order to ensure optimal viability of collected

seed, fruits should be harvested when they are mature. The indicators for fruit
harvest maturity are as follows: fruit completely pink, dark pink or red color
with a soft consistency, and white pulp. Mature fruits are easier to harvest than
immature ones. If one tries to harvest immature fruits, the fruit is removed with
the pedicel or the internal structures and pedicel remaining on the plant. During
maceration, mature seeds are easy to extract from the fruit pulp, in contrast to
immature ones, which are difficult to separate. The indicators for seed harvest
maturity are as follows: seeds completely brown or dark brown, and completely
filled. Before harvest, we need to sample and open mature fruits to look at the
seed color. Sometimes we find completely mature and immature seeds in the
same fruit.
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3. Fruit management. Amelanchier produces fleshy fruits. Therefore, during fruit

harvesting, we should use an appropriate container to avoid fruit piling, which
increases temperature and spoils the fruits. Fruit piling may therefore reduce the
quality of seeds (e.g., viability). Fruit maceration for seed extraction should be
done immediately after harvest; or the fruit may be spread in a thin layer in
shady conditions. In this case, maceration needs to be done immediately on the
following day. Before seed extraction, immature, deformed, and pest damaged
fruits are removed to obtain the best seeds.
4. Seed cleaning and drying. Unfertile seeds are flat and usually smaller than

fertile seeds. The easiest way to separate unfertile seeds is by water flotation.

Heavier seeds sink at the bottom of the container, while lighter seeds float. The
seeds are dried in a shady place to reduce seed moisture content to 6%-l0%.
During seed drying, we need to remove immature, pest damage seeds, and inert

materials. Seed damage by pests (worms of insects) is distinguished by a small
hole on the seed coat. Usually, these seeds do not float.
5. Seed production. Different collections produce different number of seeds per

fruit. For example, SuchixtlánlSinaxtla and Jaltepec collections produce one
seed per fruit in 75% of the fruits; in contrast, Teotitlán (1), Ixtlán, and
SuchixtlánlYanhuitlán produce one seed per fruit in 50% of the fruits, and two
seeds per fruit between 20 and 30% of the fruits.

6. Seed treatment to improve germination. To improve germination percentages
of freshly harvested seeds, the following treatments may be applied: (a)
prechilling the freshly harvested seeds for at least 14 days at 5°C (seed
germination percentages are increased in collections from high elevations,

germination variability is reduced, and the speed of gennination is increased);
or (b) fresh seeds should be stored at room temperature (2 1°C) for 4 months to

allow the after-ripening to overcome dormancy and improve germination.
7. Seed storage. For safe storage, dried seed should be stored in hermetic

containers at low temperature (5°C). Low moisture content, low relative
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humidity and low temperature help maintain the seed viability and vigor for
longer period of time.
8.

Germination test. The optimum temperature for germination under laboratory
conditions is at 20°C for 28 days.

9. Fungal infection. The Teotitlán (1) collection is susceptible to fungal infection.
To reduce damages, seed disinfection or sterilization previous to germination is
required.

Plant production for reforestation
Seedling growth is slow in Amelanchier denticulata. Therefore, evaluating

plant development under nursery condition is important. It is proposed a study that
will determine the time requirement for optimal plant size for transplanting.
In order to obtain the highest percentages of plant establishment in the field,

plants should be transplanted instead of directly seeded. Direct seeding will
probably be ineffective because of pest damage, slow germination rate, and high
germination variability. The combination of these characteristics with the slow
seedling growth, and the unpredicted weather conditions at the beginning of the
rainy season will probably reduce plant survival. However, we still recommend
testing methods for direct seeding in the field with a previous seed treatment (e.g.,

prechilling), seedbed preparation, and seeding at the beginning of the rainy season
(June) because it could reduce establishment costs on sites with uniform
environmental conditions and deeper soils. We suggest that an agricultural
economist should evaluate the reforestation costs and risks using various seeding

and transplanting methods. In addition, it is necessary to evaluate reforestation
through transplantation of plants obtained via vegetative reproduction. This method
may ensure completion of plant establishment and forage production in a shorter
time. The risk of using vegetative reproduction is that genetic variability is reduced
and there will probably be an increase in plant production and management costs.
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Further research
Taxonomic study
Based on the morphological characteristics of the species included in this
study, three probable hybrids were identified: two collections from Teotitlán and
one from Ixtlán. In order to validate the hybrid origin of those collections,
additional studies are required, such as:

(a) Estimating the number of chromosomes. The ploidy by cytometry study
showed that the two species of Amelanchier and the probable hybrids might
have different chromosome numbers. Counting the number of chromosomes

will help to identify the ploidy level of our samples and find a relationship
with their DNA content.

(b) DNA analysis would help to define the phylogenetic origin of the two
species populations and the probable hybrids.

(c) Field studies in the hybrid zones could identify differences in ecological
characteristics between probable hybrids and parents.

(d) A conmion garden approach at a number of sites throughout the region will
be useful for separating genotypic from phenotypic characteristics of
populations. It is possible that Amelanchier species are plastic and change

their morphological characteristics under different environmental
conditions.

Seed germination and dormancy
Amelanchier denticulata has asynchronous fruit maturation. In some
populations,

fruit

ripens from September to December (e.g., Ixtlán). The prechill

treatment may vary according to date of harvest because of differences in
environmental conditions during the seed maturation. Freshly harvested seeds from
Tejupan (1) and Santa Ana (2) were not included in the dormancy evaluation.

These collections are from the highest altitude. Prechill treatment and time of
storage (after-ripening) to break dormancy may differ in these collections and
should be studied.
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Germination and dormancy of Amelanchier nervosa was not evaluated in
this study. For seed collections, we recommend the sites of Laromapa and Reynoso
Ixtepeji (altitude 2000 m), Tejupan (2400 m), and Ticuiti San Pedro y San Pablo
Teposcolula (2500 m).

Range of adaptation
It is required to define the range of adaptation of collections included in this
study, mainly the probable hybrids. This evaluation could be through a common
garden or reciprocal transplanting among sites of collections. These studies are
important because of the great ecological variation in Oaxaca. For example, the

probable hybrid Teotitlán (1) grows in shallow (12 cm depth), and strongly acid
soils (pH = 5.3), with low precipitation (550 mm). The plant architecture is
adequate for wood and forage production. However, to recommend this probable
hybrid for reforestation, the range of ecological adaptation should be defined.

Community participation
The results of this research should be presented to all communities where

seeds were collected. This is important because: (a) people of communities are the
main beneficiaries of the research results; (b) these people should be the primary
promoters of native species establishment in their reforestation projects; (c) the
seed collections sites are located in communal areas of communities, which
hopefully will supply the seed demand in the future; and (d) we need to train people
on all the processes of seed collections, seed management, plant production, and
plant establishment.
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APPENDICES

APPENDIX A. Synonyms of Amelanchier nervosa and Amelanchier denticulata
Synonyms

Publication

Amelanchier nervosa (Decaisne)

Contr. U.S. Nat!. Herb. 23: 337. 1922

Stand!.

Amelanchier denticulata var. nervosa C.K.
Schneid
Cotoneaster nervosa Decaisne
Amelanchier denticulata var.psilantha C.K.

I!!. Handb. Laubho!zk. 1: 744. 1906

Nouv. Arch. Mus. Paris 10: 177. 1874
Ill. Handb. Laubholzk. 1: 743. 1906

Schneid.

____

___aster denticulatavar.jqoliay

Schneid.)

07
Repert. Spec. Nov. Regni Veg. 3: 183.

Nagelia denticulata var.psilantha (C.K.
Schn
C.K.Sçhneid.

........................

1907

____________

Jour. Arnold Arb. 16: 449. 1935
Madroflo 8: 38. 1945

Malacomeles nervosa (Decne.) G.N. Jones
Amelanchier denticulata
(H.B.K.) Koch

1: 183. 1869
Nov. Gen. & Sp. 6: 169. p1 556. 1823
Dendrol.

Cotoneaster denticulata H.B.K.

NagelzadenticulataLind!
rataegus minor Sessé & Moc.
rataegusinermis Sessé&Moc.

_____

Bio!. Central Am. 1:3 Q 1880
Repert. Spec. Nov. Regni Veg. 3: 183.

C.K.Schneid..19

Nagelia denticulata var. nervosa (C.K.

_____

Ng4tic4y_

_____I

______

Amelanchierpringlei Koehne in Gattung. Pomac
inWissen.

Amelanchier denticulata var. denticulata
Mespilus denticulata Sprenge!

Source: Standley (1922); Jones (1954); Hunt and King (1978)

Bot Re 31 Misc 40 1845
P1. Nov. Hisp. 84. 1888
P1. Nov. His2. 84. 1888
MadrofIo 8: 36. 1945
Bot. Reg. 31 Q4isc.): 40:. 1845
Rep. Spec. Nov. 3: 181 1907
Beil. Progr. Falk-Realgymnos. Berlin 95:
25. 1890
Ill. Handb. Laubholzk. 1: 743. 1906
Syst. Veg. 2: 505. 1825
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APPENDIX B. Average temperature and precipitation per site in Oaxaca, Mexico.
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APPENDIX B (continued)
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APPENDIX C. Daily distribution of precipitation from June to day of harvest in
Santo Domingo Yanhuitlán.
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APPENDIX D. Daily distribution of precipitation from June to day of harvest in
Ixtlán.
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APPENDIX E. Daily distribution of precipitation from June to day of harvest in
Teotitlán dl Valle.
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APPENDIX F. Results of soil analysis of different sites where A. denticulata collections were found in Oaxaca.
Sand

Collection

ii

jy Silt

Carbonates OM

N

(mgkg

P
1rngJsg

K
(mg kg

4g

Ca

(rngJg'1 fflgJg

Na
1:rnzica

Fe

Zn

(rngjcg-' (mg kg

Mn

CEC

gjg' (emol kg

Cuachirindé

Ixtlán
Teotitlán (1) and

51.0 33.0 16.0

6.0

0.18

4.6

19.6

40.7

221.0

4389

768.0

20.8

70.1

2.12

El Palomar

Teotitlán(2)

66.4 18.3 15.3

5.3

0.19

2.9

35.7

1.94

87.1

1814

99.4

29.6

46.5

0.42

14.9

10.2

ElMogote

Jaltepec

58.4 24.3 17.3

7.6

18.5

6.5

30.8

8.83

165.0

6001

166.0

17.0

10.4

0.26

10.2

31.8

LimitesChachoapanSuch.-Yanh.'

47.0 23.0 30.0

7.8

5.08

4.8

35.7

10.6

171.0

5163

72.6

17.0

2.72

0.30

12.8

26.9

LaConcha

Such.-Srnx.2

38.4 34.3 27.3

7.7

31.9

2.6

17.1

5.35

262.0

5401

104.0

15.9

4.35

0.31

11.6

28.6

ElMirador

Tejupan

56.4 24.3 19.3

6.2

0.92

3.3

18.2

1.94

261.0

3159

782.0

31.3

44.8

0.53

40.0

23.0

LaLaguna

Tayata

60.4 20.3 19.3

7.6

64.1

10.0

23.8

8.83

245.0

6010

91.8

14.5

28.6

0.90

31.2

31.4

Camino Jayacatlán Huitzo

61.0 15.0 24.0

7.5

49.7

10.6

26.6

10.6

194.0

5799

87.9

19.5

28.9

1.77

29.1

30.3

Site(2)

72.4 12.3 15.3

6.1

1.47

3.3

19.6

6.41

284.0

2431

955.0

26.2

53.6

0.86

15.1

20.9

SantaAna

SuchixtlanlYanhuitlan; bSuchixtlán/Sinaxtla

33.8

28.9

Sample preparation: Soil samples were ground with a urethane and steel mill and sieved with 2 mm mesh for particular size analysis and 0.5 mm mesh for
fertility analysis.

Determination

Method used

pH
Texture
Organic matter (OM)
Inorganic N

Potentiometer, 1:2 in water.
Bouyoucos method
Waildey-Black method
Distillation (extraction with KC1 and distillation
with MgO and Devarda alloy)
Bray P-i, Bray P-2, or Olsen

Phosphorous (P)

Determination
Na
CEC and base saturation
Carbonates
Micronutrients (Fe, Mn, and
Zn)

Method used
Atomic absorption
Ammonium acetate (NIH4OAc) method
Acid neutralization
DTPA

Soil analysis was carried out in the national laboratory of soil fertility and plant nutrition of INIFAP-Mexico, Campo Experimental Bajio.
00
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APPENDIX G. Box plots showing the percentages of germinated (A) and
ungermnated (B) seeds over all five collections of Amelanchier
denticulata at three temperatures of germination. The seeds of five
collections were included in 2002 and seven collections in 2003.
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APPENDIX H. Cumulative percentages of germinated seeds of five, and seven
collections of Amelanchier denticulata placed at constant
temperature of 20°C for 28 days. The seeds were harvested in 2002
and in 2003, respectively.
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APPENDIX I. Cumulative percentages of germinated seeds of five, and seven
collections of Amelanchier denticulata placed at alternate
temperatures of 1 5°125°C for 28 days. The seeds were harvested in
2002 and in 2003, respectively.
90

2002
80

x-

_x-x::: x

XX---

70
60

0
a
.

50

40
30
20
10

0
7

8

9

10

II

12

13

14

15

16

17

18

20 21 22 23 24 25 26 27 28

19

Days of germination

£ Ixtian
- - K- -- Suchixtian/Yanhuitlan

Teotitlan (1)

XTayata (2)
O---Tejupan (1)
100

90
80
70

0

60

0

a
0

50

40
30
20
10

0
7

8

9

10

II

12

13

14

15

16

17

18

19

20 21 22 23 24 25 26 27 28

Days of germination

Teotitlan (1)
A

I

Tayata(2)
Huitzo
Jaltepec

X

Ixtlan
Suchixtian/Yanhuitlan

---0--- SantaAna(1)

190

APPENDIX J. Cumulative percentages of germinated seeds of five, and seven
collections of Amelanchier denticulata placed at constant
temperature of 25°C for 28 days. The seeds were harvested in 2002
and in 2003, respectively.
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APPENDIX K. Effect of prechill treatments on the speed of germination (CGRI) of
six collections of Amelanchier denticulata. The seeds were stored
for 9 to 10 months in dry and low temperature (5°C) conditions. The
statistical significance among means is shown in the Table 4.8.
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APPENDIX L. Seed germination and dormancy percentages of freshly harvested
seeds of four collections of Amelanchier denticulata with different
prechill treatments. The seeds were germinated at 20°C for 28 days.
95% confidence interval.
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APPENDIX M. Germination percentages of Jaltepec (A) and Ixtepeji (2) (B)
collections after subjecting the seeds to four prechill treatments. The
seeds were harvested in 2004 and germinated at 20°C for 28 days.
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APPENDIX N. Speed of germination of freshly harvested seeds at different
prechill treatments of four collections of Amelanchier denticulata.
(HSD= 1.27). Seed samples were harvested in 2004. 95% confidence
interval.
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APPENDIX 0. Cumulative germination of freshly harvested seeds in seven
collections of Amelanchier denticulata germinated at 20°C for 28
days.
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APPENDIX P. Raw data of 15 quantitative and one qualitative morphological characters of 25 samples of A. denticulata (1-6, 12-26, 3235), 20 A. nervosa (36-55), and 10 likely hybrids (7-1 1, 27-31) collected in Oaxaca, Mexico. Table 5.2 for character codes.
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APPENDIX P (Continued)

Number Sample** PTLN PTWD STNM STLN SPLN SPWD PLHG STMS LEWD LELN PELE TEED LFLN LEAP PLCB RCPB
971,
29
37
4.4
16.2
2.9
2.3
2.4 300
16
801
10.4 13.5
3.7
0.6
6.2
9.5
1
30
98
3.8
4.7
16.6
3.1
2.4
2.8 340
16
10.5 15.1
3.3
1.2
7.7
5.9
80
1
31
99
3.9
4.7 16.6
2.9
2.6
2.6 230
10
11.7
15.4
3.7
0.8
11.9
60
4.3
1
32
127
3.8
4.1
14.2
3.9
2.2
1.9
160
50
5.7
8.6
2.3
0.2
5.1
60
52.8
4
33
128
4.2
15.6
3.7
3.8
2.3
2.0
120
50
5.5
7.7
2.0
0.6
5.0
60
34.4
4
34
129
38
37 160 38 24
20 190
50
55 91
22 06
45
60
225
4
371
35
130
4.0
17.0
3.5
2.2
2.0 140
50
5.1
10.0
2.7
0.4
4.7
80
10.8
3
36
11.
4.3
4.8
15.5
3.8
1.7
2.7 380
9 16.6, 27.9
5.9
3.0
8.0
100
9.2
4
37
12
4.6
5.2
18.0
4.0
1.9
3.1
455
16.1 24.7
9
5.2
2.2
13.0, 100
8.3
4
38
13
5.1
5.2
16.7
4.0
1.2 16.5*
1.9
2.9
430
9
15.2 25.1
5.4
100
4.3
4
39
14
4.0
4.6 17.2
3.5
1.7
2.7 350
8
13.1
21.7
4.6
0.3
15.0
100
10.2
4
571
40
15
4.2
16.4
4.2J
3.6
1.6
2.2, 340
11
15.0 24.2
1.8
12.0
100
4.5
4
41
35
4.3
3.8
17.8
3.4
1.9
2.0 400
14
5.2
8.9
2.3
0.6
5.4
100
18.1
4
42
38
3.9
15.3
4.1
3.5
2.0
2.3
420
8
17.0 28.2
5.5
1.4
15.0
100
6.2
4
43
39
3.8
3.5
16.0
2.9
1.8
1.9
350
12
15.8 26.6
4.8
2.0
16,2!
7.8
4
. 'P
44
40
41
43 158 36 22
29 450
6
178 299
58
08
115 100
86
4
45
41
3.3
4.0
12.7
2.8
1.9
2.4 380
10
17.0 27.4
5.0
2.8
27.7 100
7.5
4
46
42
4.9
15.8
5.1!
3.8
2.3
2.8, 500
12
17.5
29.8
5.7
2.8
16.6
.. 0
9.6
4
47
61
4.4
4.2
14.6
3.6
2.2
2.5
220
3
16.1
30.4
2.9
0.8
17.7
100
1.1
4
48
81
4.7
4.7
15.6
3.2
2.1
2.6 320
7 15.0 27.6
5.6
3.0
10.7
100
4.7
4
49
82
4.5
4.41
16.8
3.5
2.2
2.8 450 .
30
15.3
28.3
5.6
3.2
6.7100
8.3
4
56165*
50
100
49
48 162 36 26
27 390
10
166 286
54
100
57
4
51
122
4.7
4.6
12.6
3.7
2.0
2.6 340
3
15.8 27.5
5.6
0.6
11.7
100
8.3
4
52
123
4.5
4.5
14.4
3.4
2.1
2.6
370
3
19.1
27.5
5.7
0.8
14.71 100
4.0
4
53
124
5.0
4.9
14.2
3.8
2.3
3.3
410
2 20.6 33.4
5.8
0.8
24.8
100
5.7
4
125
4.5
4.4
14.0
3.5
2.1
2.6 350
2
19.6 35.0
54
6.2
0.2
13.0
100
4.5
4
55
126!
2.81,
5.0
12.6
4.7
3.6
2.1
350,
2
8.5 31.7
7.9
0.2
22.5
100:
2.4
4
values; **Sample numbers are the same as specimen numbers in the Herbarium of Oregon State University
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APPENDIX Q. PCA analysis of A. denticulata (25 samples), A. nervosa (20
samples) and likely hybrids (10 samples). The ordination included
15 characters (Figure 5.6). See Table 5.2 for character code.

Pearson and Kendall Correlations with Ordination Axes N= 55
Axis
2

1

PTLN
PTWD

STNM
STLN
SPLN
SPWD
PLHG

STMS
LEWD
LELN
PELE
TEED
LFLN
LEAP
PLCB

-.652
-.791
-.250
.041

.302
-.859
-.845
.744
-.915
-.942
-.892
-.325
-.819
-.588
.416

3

li
.425
.625
.062
.002
.091
.738
.713
.554
.838
.888
.796
.105
.671
.346
.173

-.422
-.519
-.145
.023
.158
-.593
-.681
.602
-.742
-.781
-.724
-.262
-.678
-.511
.175

-.389
-.251
-.547
-.573
.290
-.204
-.088
-.464
.108
.082
.022
.317
.118
-.175
-.636

.152
.063
.299
.329
.084
.041
.008
.215
.012
.007
.000
.101

.014
.031

.404

-.326
-.130
-.291
-.456
.237
-.152
-.071
-.253
.133
.133
.029
.257
.108

-.138
-.468

-.412
.097
.516
-.676
-.415
.114
.081
.137
.033
-.088

-.010
.369
-.014
-.155
.261

.170
.009
.266
.457
.172
.013
.007
.019
.001
.008
.000
.136
.000
.024
.068

-.322
.095

.422
-.505
-.254
.109
.066
.142
-.007
-.071
-.021
.242
.023

-.087
.348

APPENDIX R. Discriminant analysis tables. See Figure 5.7.

Summary of Canonical Discriminant Functions.
Eigenvalues

Function

% of
Eigenvalue Variance
20.98(a)
74.0

Cumulative %

Canonical
Correlation

74.0
0.977
7.37(a)
26.0
100.0
0.938
(a) First 2 canonical discriminant functions were used in the analysis.
1

2

Summary of Canonical Discriminant Functions.
Wilks' Lambda

Test of
Function(s)

Wilks'
Lambda

suuare

1 through 2

0.005
0.119

247.726
100.944

2

ff
20
9

g?.

0.000
0.000

Standardized Canonical Discriminant Function Coefficients.

Function

Character
PTLN
PTWD
STNM
STLN
SPLN
PLHG
STMS
LELN
PELE
TEED

1

0.805
0.128
0.336
-0.476
-1.060
0.671
-0.608
1.253
-0.861
-0.105

2
0.840
-1.155
-0.942
0.832
-0.747
0.314
0.432
0.435
-0.497
0.510
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APPENDIX S. Histogram produced by flow cytometry method to estimate nuclear
DNA content.
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