
Endocarp morphology as an aid for discriminating wild
and cultivated Mexican hawthorn
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Mexican hawthorn .
ABSTRACT
INTRODUCTION . The genus Crataegus includes a high number of species, although a certai n
confusion exists, due to apomixis and polyploidy . A study of the endocarp from Crataegus
mexicana Moc and Sessé was carried out in order to relate the domesticated or wild situatio n
of the plants to their origin in Mexico . MATERIALS AND METHODS . External and internal parameter s
were evaluated with an image analyser, and the multivariate analysis of the results was carrie d
out afterwards . RESULTS AND DISCUSSION . The obtained dendrogram grouped the accessions int o
two well defined groups . One of them included the domesticated material, from the Central pla-
teau of Mexico (Puebla and Mexico states), mostly thornless and with edible fruits . The othe r
was formed by the wild accessions, most of them from the state of Chiapas ; they have thorns
and characteristics related to rusticity, and were collected in mountainous areas . The principa l
component analysis showed that the three first components have a high cumulative varianc e
(90 .6%) . The three-dimensional plot also showed the existence of the two mentioned groups .
CONCLUSION . The obtained results evidence the utility of the endocarp morphology for charac-
terization of the hawthorn .
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La morphologie de l'endocarpe peut aider à discriminer les Crataegus
mexicana sauvages et cultivés .
RÉSUM É
INTRODUCTION . Le genre Crataegus comprend un grand nombre d'espèces, cependant, une cer-
taine confusion existe du Mit de l'existence d'apomixie et de polyploïdie . Une étude de l'en-
docarpe de Crataegus mexicana Moc et Sessé a été entreprise pour mettre en relation le s
formes domestiquées ou sauvages de cette plante avec l'origine de son installation au Mexique.
MATÉRIEL ET MÉTHODES . Des paramètres externes et internes ont été évalués a l ' aide d ' un analy-
seur d'images, et les résultats ont été ensuite soumis à une analyse multivariable . RÉSULTATS ET
DISCUSSION . Le dendrogrammme obtenu a scindé les accessions en deux groupes bien définis .
L'un d'eux regroupe l'ensemble du matériel domestiqué provenant du plateau central d u
Mexique (États de Puebla et de Mexico) ; ses plants sont presque sans épines et fournissent de s
fruits comestibles . L'autre groupe est formé par les accessions sauvages, originaires, pour l a
plupart, de l'État de Chiapas . Ces plants portent des piquants et ils présentent des caractéristique s
de rusticité ; ils ont été collectés en régions montagneuses . L'analyse en composantes principale s
a montré que les trois premiers axes avaient une forte variance cumulée (90,6 %) . La repré-
sentation des résultats en trois dimensions a confirmé l'existence des deux groupes déjà men-
tionnés . CONCLUSION . Les résultats obtenus mettent en évidence l'utilité de la morphologie du péri -
carpe pour la caractérisation des Crataegus mexicana .

MOTS CLÉ S
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NIETO-ANGEL ET AL

introductio n
The genus Crataegus includes a high num-
ber of species, although a certain confusion
exists, due to apomixis and polyploidy
(CRONQUIST, 1981 ; PHIPPS, 1983 ; NIETO-ANGEL
et al, 1993) .

LOUD ON (1838) grouped the genus into 14 sec-
tions, each one having common characte-
ristics . More recently, RLISANOV (1965) men -
tioned a total of 25 series that grouped the
different species of the genus .

EL-GAZAAR (1980), based on the leaf mor-
phology, geographical distribution and chro-
mosome number, grouped the Crataegus i n
two different subgenera : Crataegus and
Americanae. The subgenus Crataegus would
include two related sections : Oxyacanthae
and Azaroli. According to the mentioned
author, all the Eurasian species belong t o
the section Oxyacanthae or section Azaroli.
The subgenus Americanae would include
the rest of species, being a rather heteroge-
neous group . PHIPPs (1983) indicates tha t
not all the Eurasian species belong to th e
sections Oxyacantbae and Azaroli. Moreo-
ver, Plum's noted that EL-GAZAA R ' S division
of Crategus into two subgenera on the basi s
of the chromosome number is false, becaus e
all Crataegus have a base number of x=17 .

PHIPPS et al (1990 ). mentioned a total o f
186 species within the genus Crataegus, 6 9
from Eurasia and 117 from America . They
arranged them in 14 sections . The sections
Parvifoliae Loud, Cordalae Beadle ex
Egglest, Vin des (Beadle ex Sarg) Schneider ,
Microcarpae Loud, Lacrimatae (Phipps)
Phipps, Aestivales (Sarg) Schneider, Brevis-
pinae Beadle ex Schneider, Douçlasii Loud ,
Crusgalli Loud, Coccinae Loud only include
American species . The sections Sanguineae
Zabel ex Schneider, Hupehensis Phipps and
Cuneatae Rehder ex Schneider only include
Eurasian species . The section Crataegu s
(=Oxyacantbae Loud) was arranged in fiv e
series . One of them, Apiifoliae (Loud) Reh-
der, only has the American species Cratae-
gus mnarshallii Egglest . The other four onl y
include Eurasian species . These series ar e
Crataegus (=Oxyacanthae (Loud) Render) ,
Pentagvuae (Schneider) Rus, Azaroli (Loud)
Rehder and Pinnatifidae (Zabel ex Schnei-
der) Rehder .

The section Mexicanae Loud included tw o
series . The first one is Mexicanae (Loud )
Rehder and has three species : C Mexicana
Moc and Sessé from Mexico and Guatemala ,
Cstipulosa (HBK) Steud from Ecuador an d
Peru and C nelsonii Egglest from Mexico .
The second one is Henryanae (Sarg) Phipp s
and has only one species : C scabrifoli a
(Franch) Rehder from Yunnan (SE China) .

There is a theory (PHIPPs, 1983) that the sca -
brifolioid-mexicanoid stock crossed fro m
Asia to North America through the Bering ,
early in the Tertiary or the Miocene and
migrated to the South . This fact would
explain the minor diversification of the mexi -
canoid stock.

The genus Crataegus is mostly situated bet-
ween 30° to 50° N in latitude . although
plants can be located outside these limit s
(PHIPPS, 1983) . The Mexican Crataegus group
expands throughout the highlands of Gua-
temala and Mexico, and apparently belongs
to the species C mexicana . Cpubescens
(HBK) Steud non (C Presl) has been repor-
ted as a species that expands from Nort h
Guatemala to North Mexico, between appro -
ximately 13° and 40° N in latitude (PIUPPs ,

1983 ; NIETO-ANGEL and BoRYs, 1991a, b) .
According to some authors C pubescens and
C mexicana are synonymous (Prnnis, 1983 ;
NIESIURO-RocAS, 1990 ; PHtPPs et al, 1990) .

The Crataegus in Mexico presents a very
high variability for different characteristics .
The main interest of this genus is as an hor -
ticultural plant, either used as a rootstock, a s
an interstock or as a cultivar. Also the valu e
as forage, medicinal, ornamental or ecolo-
gical should be mentioned (BoRYs, 1989 ;
PAYNE et al, 1990; BoRYS and LEszcvwsl.A-BoRYs ,
1990 ; NIcro-ANGEL and BoRys, 1993a, b) .

The fruits were already used during the pre -
colonial period . Since 1824, this genus ha s
been commercially grown in differen t
regions of Mexico . At present, most of the
commercial plantations and backyard trees
are located in the states of Mexico and Pue-
bla, while wild plants are found in many
mountain regions of the state of Chiapas .

Fruits are consumed either as fresh fruit or i n
marmalades, jellies or syrups . They are also
used for extraction of pectin, preparation of
beverages, or extraction of medicinal prin-
ciples . In general, they have the same uses
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of the rest of the hawthorn species of China ,
North or South America (IIIGAREDA, 1984 ;
PAYNE et al, 1990) .

The genus Crataegus has a wide range of
adaptability to calcium in the soil . Also, a
marked variation exists in the flowering per-
iod, tree productivity, fruit quality, and com-
patibility as a rootstock for pear, quince ,
apple or even hawthorn trees (CRUZ-SAN-
PEDRO et al, 1984 ; NIETO-ANGEL et al, 1984 ;
HERRERA-GONZALEZ et al 1987 ; MEJíA-CALDERóN
et al, 1987 ; NIETO-ANGEL et al, 1987) .

In the present work, 20 wild and domesti-
cated accessions of Crataegus were studied
in order to assess their variability based on
the morphology of the endocarp, ie, the
most convenient plant material to be stored
at the germplasm banks .

A former list and preliminary evaluation o f
the accessions was carried out by NIETO -
ANGEL and BoRYS (1992), where the existin g
biodiversity of the plant material was evi-
denced, as a result of the measurements of
fruiting shoots and leaf area .

material and method s
The plant material used for the present work
(table I) was sampled from an arboretu m
located at the Chapingo University experi-
mental plots (Mexico) . All trees were grown
under identical conditions, and were 8 year s
old at the time of the study. This plant mate-
rial is a broad representation of the wild an d
cultivated Crataegus mexicana present in
two zones of Mexico .

The cultivated or domesticated accession s
are distributed in the central plateau o f
Mexico (Mexico State and Puebla), whil e
the wild ones come from different location s
of Chiapas, in the South of Mexico (table I) ;
one wild accession from Puebla was inclu-
ded for comparison . No cultivated speci-
mens from Chiapas have been detected .

From each accession, 25 well develope d
fruits were randomly selected, and the endo -
carp was separated and washed .

One piece of the endocarp from each fruit
was used for the study . Measurements were
carried out with parameters (table II; figure 1) ,
whose selection was made according to th e

Table I
Characterization of the accessions of hawthorns studied for their endocarp morphology in Mexico .

Code Accession number State where germplasm Type Thorn s
at the Chapingo germplasm bank was originally collected

1 G5 Chiapas Wild N o
2 G25 Chiapas Wild Yes
3 G28 Mexico State Cultivated N o
4 G40 Mexico State Cultivated N o
5 G48 Puebla Cultivated N o
6 G51 Mexico State Cultivated No
7 H2A4 Chiapas Wild Yes
8 H2A17 Chiapas Wild Yes
9 H2A20 Chiapas Wild Yes
10 H2A31 Chiapas Wild Yes
11 H3A5 Chiapas Wild Yes
12 H3A9 Chiapas Wild Ye s
13 H3Al2 Chiapas Wild Ye s
14 H3A24 Chiapas Wild Ye s
15 H4A35 Chiapas Wild Ye s
16 H5A33 Chiapas Wild Ye s
17 H9A41 Chiapas Wild Ye s
18 G45 Mexico State Cultivated Ye s
19 G27 Chiapas Wild Ye s
20 G32 Puebla Wild Yes

Fruits, vol 52 (5)

	

31 9
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Figure 1
Endocarp characteristics measured for discriminating wild and cultivated Mexica n
hawthorns. Abbreviations given in table ll .

320

	

Fruits, vol 52 (5)

characteristics of the endocarp, trying to eva -
luate the maximum of non-related measu-
rable characters .

Treatment of the results was carried out with
the NTSYS computer program (ROHLF, 1990) .

The data matrix was standardised, and the
similarity matrix was calculated with the dis-
tance coefficient . A cluster analysis was car-
ried out with the UPGMA (unweighted pair-
group method, arithmetic, average) . In
addition, PCA (principal components ana-
lysis) was used for the three-dimensiona l
representation .

results and discussio n
The external parameters maximum lengt h
(L) and outer perimeter (OP) reached maxi -
mum values for the accessions '3', '4', '5', '6 '
and '18', that correspond to the domesticated
Crataegus mexicana (table III) .

The evaluation of the fruiting shoots fo r
some genotypes from Chiapas, Puebla o r
Mexico (NIETO-ANGEL and BORYS, 1992) sho -
wed that the wild genotypes had shorte r
shoots and less foliar surface than the
domesticated ones . Hence, a correlation bet-
ween growth of the shoots and size of th e
endocarp exists .

The internal parameters measured– ; the tota l
area of the cross section (CSTA), the inner
perimeter (IP) and the area of the seed hol e
(SHA)– reached also the highest values fo r
the same accessions .

In a previous study (PÉREZ-MARTÍNEZ et al ,
1984), the percentages of endocarp with
seed reached values lower than 40% (les s
than 20% in most cases) for the varietie s
from Chiapas, up to values higher than 55% ,
even up to 96%, for the varieties from Pue-
bla or Mexico State . These values roughl y
correspond to the results obtained in th e
present study (table III) .

The percentage of holes and the percentag e
of seeds (table III) reached, in most of th e
cases, similar values, which indicates tha t
most of the holes have the correspondin g
seed inside . Exceptions to this are the acces-
sions with codes `9', 1 0', '12', `13', '14' and
'15', where less than 75% of the holes have
seed .

Table I I
Endocarp characteristics measured for discriminating wil d
and cultivated Mexican hawthorn .

Hawthorn endocarp characte r

Lateral view of the endocarp :
maximum length (mm )

Cross section of the endocarp :
Lower angle (° )
Longest lobe length (mm)
Shortest interlobe length (mm )
Outer perimeter (mm )
Cross section total area (mm2 )
Cross section total area (form factor ( 1 ))
Inner perimeter (mm )
Seed hole area (mm 2 )
Seed hole area (form factor ( I ) )
Number of lobes
Percent of endocarps with seed hol e
Percent of endocarps with seed

( 1 ) Form factor = (4sr area/perimeter)2

Abbreviation

L

a
LLL
SI L
O P
CSTA
CSTA ff
I P
SHA
SHA ff
NL

hole
see d

L
Lateral vie w

Cross-section view
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According to the results obtained, the low
percentage of germination of the wild haw -
thorns, that has been frequently mentioned i n
the Southern area, is probably due to th e
absence of seed rather than to a low viability .

The dendrogram of figure 2 shows the for-
mation of two main groups, that are sepa -
rated at a dissimilarity level of 1 .8 . One o f
them includes the domesticated species `3' .
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`4', '5', '6' and `18', and the other one th e
15 remaining wild species .

The results of the PCA show that the thre e
first components account for a cumulativ e
variance of 90 .6% (table IV) .

• Character eigenvector values along the firs t
three factors are summarised in table V . The
three attributes responsible for maximu m
separation along the first component are th e
seed hole area (SHA), the, inner perimete r
(IP), and the cross-section total area (CSTA) .
Along the second component, note the num-
ber of lobes (NI.), and, along the third com-
ponent, the lower angle (a) .

In figure 3, which represents the three -
• dimensional plot for the three first compo-

nents of the PCA, again two main group s
are visible, which confirms the previousl y
mentioned grouping . One of them include s

• the accessions with code numbers `3', `4', `5' ,
`6' and 18' (domesticated specimens), and
the other the wild ones . Within the firs t
group, number is rather separated fro m
the others .

The correspondence of both analysis sup -
ports the existence of the two groups, on e
with all the wild Crataegus, and the other
with the domesticated selections .

conclusion
The results of the present work show tha t
the endocarp is discriminant for characteri-
zation of the Crataegus sp . This part of the
fruit has the advantage of being stable and
easy to store . It can be concluded that the
analysed accessions are clearly groupe d
according to their cultivated or wild condi-
tion .
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La morfología del endocarpio es útil para la caracterización de las
accesiones de tejocotes silvestres y domesticados .
RESUMEN
INTRODUCCIÓN . Se llevó a cabo un estudio del endocarpio (le Crataegus mexicana Moc & Sessé ,
con objeto de relacionar el origen del material con la domesticación de la especie en México .
MATERIAL Y MÉTODOS . Se evaluaron los parámetros externos e internos del endocarpio con la ayuda
de un analizador de imagen, realizando posteriormente un análisis multivariante de los resul-
tados . RESULTADOS Y DISCUSIÓN . El dendrograma obtenido agrupó las accesiones en dos grupos
bien definidos : el primero está constituído por el material domesticado, procedente de l a
meseta central de México (estados de Puebla y México) . En él se incluyen las accesiones objeto
de utilización agronómica, generalmente sin espinas y con frutos que son utilizados para e l
consumo humano . El segundo grupo, más numeroso, está integrado por las accesiones sil-
vestres, la mayor parte de ellas procedentes del estado de Chiapas, que fueron recolectadas e n
zonas montañosas, siendo plantas silvestres, con presencia de espinas y con características
que indican su rusticidad . El análisis de los componentes principales muestra que los primero s
tres componentes tienen una alta variación acumulada (90 .6 11, o) . La representación tridimensiona l
también muestra la existencia de los dos grupos antes mencionados . CONCLUSIÓN . Los resulta -
clos obtenidos ponen de manifiesto la utilidad de la morfología ciel endocarpio para la carac-
terización del tejocote .

PALABRAS CLAVE S
México . Crataegus mexicana, recursos genéticos, procedencia, endocarpio .
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