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There are three horticultural races
of avocado (Persea americana Mill.)—
Mexican, Guatemalan, and West In-
dian. These races have several com-
mercially important distinctions such
as climatic adaptation, annual vs. al-
ternate bearing tendencies, and fruit
ripening season. To differentiate be-
tween these races, Popenoe (1920) de-
veloped a taxonomic key based on a
limited number of leaf and fruit char-
acteristics (see Table 1). Since that
time, additional racial descriptors have
been suggested by Hodgson (1950),
Ruehle (1963), and Bergh (1975).

Because many of the characteristics
used in Popenoe’s key (1920) can be
expressed quantitatively, it is possbile
to derive racial classifications of avo-
cado cultivars by numerical methods.
The first such avocado “numerical tax-
onomy” was made by Anderson (1969).
He classified a Mexican and Guate-
malan racial hybrid population on the
basis of a few leaf characters using
a pictorialized scatter diagram tech-
nique. An example of a pictorialized
scatter diagram is seen in Figure 1.

Plotting cultivars according to their
average internode length and fruit
stem length (represented by the X and
Y axes respectively) indicates certain
similarities amongst some Mexican
and Guatemalan hybrids.

Rhodes, et al. (1971) have demon-
strated the use of multivariate statis-
tical techniques for determining an
avocado cultivar’s racial classification.
They used principle component anal-
ysis to classify 38 avocado cultivars
using quantitative data for 67 morpho-
logical characters. Principle compo-
nent analysis produces scatter dia-
grams which represent the projections
of cultivars into one or more axes
like Anderson’s pictorialized method
(1969), however principle component
analysis differs in the sense that each
axis carries quantitative aspects of
more than one character. The dia-
gram in Figure 2 illustrates the spatial
relationships of the 38 avocado culti-
vars based on their morphological
characteristics. The analysis placed
the Mexican and Mexican-Guatemalan
and Guatemalan-Mexican hybrid cul-

Table 1. Popenoe’s key (1920) to the avocado races.

A. Leaves anise scented: skin of fruit thin and soft.................... Mexican Race

AA. Leaves not anise scented: skin of fruit thick

B. Surface of fruit usually smooth: skin leathery, usually not
more than 1/16 inch thick; seed coats frequently distinct,
the outer one adhering to wall of seed cavity; cotyledons

oftenrough ...................

........................ West Indian Race

BB. Surface of fruit usually rough or warty: skin brittle, granu-
lar, 1/16 - 3/16 inch thick; seed coats adhering closely to

the nearly smooth cotyledons .. ...

........................ Guatemalan Race
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Fig. 1. Pictorialized scatter diagram illustrating racial differences of the Guatemalan and
Mexican races of the basis of two metric characteristics; fruit stem length and average
internode length. Key (The predominant race is listed first): A = Guatemalan, B =
Guatemalan-Mexican, C = Mexican-Guatemalan, D = Mexican.
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Fig. 2. Scatter diagram illustrating the projection of 38 avocado cultivars unto the first two
principle component axes. These axes account for a majority of the phenotypic variations
observed within this limited germplasm collection. Key (the predominant race is listed
first): A = Guatemalan, B = Guatemalan-Mexican, C = Mexican-Guatemalan, D = Mexi-
can, E = Mexican-West Indian, F = West Indian-Mexican, G = West Indian, H = West
Indian-Guatemalan, I = Guatemalan-West Indian.
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Table 2. Names and presumed racial types of the cultivars used in this study.
The predominant racial type is listed first. (Key: G = Guatemalan, M =

Mexican, W = West Indian).

Code Cultivar Parentage Presumed Race
OTU 1 Ajax Open pollinated seedling GxW
OTU 2 Areu w
OTU 3 Areu seedling \\Y
OTU 4 Avila Chance seedling w
OTU 5 Black Prince WxG
OTU 6 Blake scedling Chance seedling GxW
OTU 7 Booth 5 Chance seedling GxW
OTU 8 Booth 7 Open pollinated seedling GxW
OTU 9 Booth 8 Open pollinated seedling GxW
OTU 10 Brogdon Mx W
OTU 11 Catalina w
OTU 12 Chandler WxG
OTU 13 Courtright MxW
OTU 14 Ettinger MxG
OTU 15 Harris Open pollinated seedling G

of ‘Wagner’ cultivar
OTU 16 Hass G
OTU 17 Hickson GxWwW
OTU 18 Lawhon w
OTU 19 Lounsbury G
OTU 20 Lula Open pollinated seedling GxW

of ‘Taft’ cultivar
OTU 21 Major GxW
OTU 22 Mexican seedling M
OTU 23 Monroe GxW
OTU 24 NT-4 Mx G
OTU 25 Nadir Possibly hybridized with WxG

a Guatemalan type
OTU 26 Nezahualcoyotl Mx G
OTU 27 Peterson w
OTU 28 Pollock w
OTU 29 Reinecke 1 G x M
OTU 30 Reinecke 12 Gx M
OTU 31 Ruehle Open pollinatzd seedling w

of ‘Waldin’ cultivar
OTU 32 Schaff Wx G
OTU 33 Tappen WxG
OTU 34 Taylor G
OTU 35 Tonnage Open pollinated seedling G

of ‘Taylor’ cultivar
OTU 36 Trapp AY%
OTU 37 Waldin w
OTU 38 Winter Mexican GxM
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Fig. 3. Dendrogram illustrating the systematic relationships between 38 avocado cultivars.
Tke three clusters found at level —0.3839 represent the three avocado races (see text).
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tivars in the lower right quadrant.
The Guatemalan cultivars and the
Guatemalan-Mexican and Guatemal-
an-West Indian hybrid cultivars ap-
pear in the upper right quadrant. The
West Indian and West Indian-Guate-
malan hybrids are scattered through-
out most of the lefthand portion of the
diagram. This example serves to dem-
onstrate principle component analy-
sis” efficacy in distinguishing avocado
races.

Rhodes, et al. (1971) also used clus-
ter analysis to racially classify avocado
cultivars. Cluster analysis provides a
discrete representation of the system-
atic relationships within a given set of
cultivars. Assuming that the relation-
ships amongst the cultivars has a hier-
archical structure, the authors used an
average-link hierarchical clustering
scheme to classify the same 38 avo-
cado cultivars earlier examined by
principle component analysis. Rela-
tionships or similarities between pairs
of avocado cultivars were expressed
quantitatively as correlation coeffi-
cients. The hierarchical clustering
scheme then takes individual or “mu-
tually exclusive” cultivars or clusters
(groups) and forms larger clusters de-
pending on their similarity. The proc-
ess continues reiteratively until only
one cluster remains. The hierarchy of
clusters formed during cluster analysis
is usually illustrated as a tree-like
structure called a dendrogram. Figure
3 contains a dendrogram representing
a hierarchical classification of the 38
avocado cultivars listed in Table 2.
The three clusters formed at level
—0.3839 reflect the predominant racial
classifications of the cultivars. From
top to bottom, the first 12 cultivars in

Figure 3 (OTU O1 -OTU 34) repre-
sent the predominantly Guatemalan
cultivars, the next 13 cultivars (OTU
02-OTU 20) represent the predomi-
nantly West Indian cultivars, and the
last 13 cultivars (OTU 06 - OTU 38)
represent the predominantly Mexican
cultivars.

All of the above numerical methods
can be used to racially classify avo-
cado cultivars. The same methods also
illustrate the phenotypic (and presum-
ably genetic) diversity that exists with-
in the avocado germplasm complex.
This suggests that numerical classifi-
cation methods like these could be
used by geneticists to select diverse
breeding stocks for use in avocado and
other fruit breeding programs.
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