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Abstract. Canonical discriminant analysis (CDA) of morphometric data of buds, leaves.
and fruit, as well as isozyme analysis (esterase, peroxydase, and acid phosphatase) of leaf
samples, were used to identify eight male pistachio selections and 10 female pistachio
cultivars. According to the CDA, 77 % and 93% of the total variance was summarized by
the first three canonical discriminant functions for the female and male selections,
respectively. Fruit characteristics, particularly fruit fresh and dry weights and fruit
length, accounted for most of the discriminatory power for the female cultivars, while the
dimensions of the leaves, principally leaf rachis length, were the most effective discrimi-
nating characters for the males. Isozyme analysis showed a higher degree of polymorphism
in the male than the female genetic pool. Hence, using only three enzymes, it was possible
toidentify all of the male selections, but only 50 % of the females. Peroxidase polymorphism
clearly demonstrated the greater phylogenetic distance between ‘Kerman’ and the local
cultivars, as well as between *Cerasola’, a quite different cultivar with a reddish hull, and
the others tested. The combination of CDA and isozyme analysis enhanced the possibility
of uniquely identifying the female cultivars.

The pistachio trec, native Lo western Asia
and Asia Mmor. was introduced into ltaly
from Syria in A.D. 30 by the Romans (Mina
Palumbo, 1882). Its cultivation spread to Sic-
ily during the Arab domination (A.D. 827 to
1040). Despite the long cultivation period.
only a few cultivars of pistachio are grown in
Sicily. where the ltalian industry is located.
*Bianca’ is the main cultivar. with others rep-
resenting <3% of the cultivated area (Barone
etal.. 1985). Mostof these minor cultivars are
no longer grown commercially nor arc they
available in nurseries. Therefore. the genetic
reserve is being rapidly eroded. Nevertheless,
the Sicilian germplasm has some desirable
characteristics. such as color. flavor, and nut
quality (Caruso et al., 1986. 1987). Indeed.
Sicilian pistachios have long been appreciated
for the intense green of their kernels and rich.
oily nutlike tlavor (Woodroof, 1967).

As a part of a breeding research program
carried outatthe Univ. of Palermo, a germplasm
collection was established in 1984. including
‘Bianca’ and ‘Kerman® as standard cultivars.
together with cight indigenous cultivars and
eight unnamed male pistachio selections. As
the possibility of synonymy in such a collec-
tion could not be excluded, the varietal identi-
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fication of this plant material was recognized
as a problem of primary importance.

Inthe lastdecade. isozyme techniques have
been used to identity cultivars (Torres. 1983).
However. few attempts with pistachio are re-
ported (Arulsekar and Parfitt. 1986). Loukas
and Pontikis (1979) used pollen isozynies to
detect the degree of phylogenetic relationship
among various species and types of Pistacia.
but, because they were working with pollen.
they were limited to studying male genotypes.
Morerecently, Dollo(1991), using leat samples
from 22 species and cultivars of Pisracia grown

in Sicily. tound some cases of homonymy
within those accessions.

A promising method for cultivar identifi-
cation and classification is offered by the nu-
merical taxonomic approach (Rhodes et al..
1971). Some techniques of multivariate analy-
scs have been applied widely to discriminate
and classify cultivars and clones of several
fruit tree species (Alessandri and Casini. 1992:
Cruz-Castilloetal.. 1992: Gogorcena and Ortiz.
1993: Hillig and lezzoni. 1988:. Pcrez-
Gonzales, 1992). but no report for pistachio
was found.

The objectives of this study werc 1o assess
the usefulness of a multivariate statistical tech-
nique. i.c., canonical discriminant analysis
(CDA). and isozyme polymorphism for iden-
tifying pistachio cultivars and to determine if
synonymy exists in our collection. We also
wanted to detect the degree of similarity or
dissimilarity within the ltalian pistachio
germplasm.

Materials and Methods

Plant material. Two well-known female
cultivars, ‘Bianca’ (A) and “Kerman® (J). to-
gether witheightother putative distinet female
cultivars.i.e.. "Cappuccia’ (B). "Cerasola’ (C).
‘Ghiandalora® (D), *Gialla®™ (E). "Insolia” (F).
‘Pignatone” (G), Silvana’ (H), and "Tardiva’
(1). and cight unnamed male pistachio selec-
tions, grown in a germplasm collection at
Campobello di Licata (Ttaly 37°30°N). were
examined. The collection was established in
1984 in a randomized block design with 15
trees per cultivar and three trees per male
selection. All (rees were budded on P.
terebinthus scedling rootstocks and trained to
a vase shape. The main morphological and
phenological characteristics of this germplasm
have been described by Caruso et al. (1995).

Isozymes. Fully expanded leaves from the
median part of nonbearing shoots of 9-year-old
rees of cach female and male selection were
sampled in July and stored at —20C up to 1
week. A 0.5-g sample of frecze-dried leaves

Table 1. Standardized eanonical cocfficient (SCC) and correlation coefficient (r) between the first three
canonical discriminant functions (CDF,. CDF,, CDF.) and variables of the morphometric characters of
the female cultivars.

Canonical discriminant function

CDF, CDF, CDF,

Character SCC r scC r SCC r
Leaf rachis length -0.057 -0.001 0.239 0.259 —0.479 -0.316
Basal leatlet length 0.361 0.225 0.090 0.346 0.360 0.180
Basal leaflet width -0.069 0.199 0.437 0.450 0.061 -0.048
Central leatlet length -0.313 0.142 -0.440 0.216 0.431 0.119
Central leatlet width 0.085 0.182 0.159 0.444 0.155 -0.104
Apical leaflet length 0.248 0.228 -0.182 0.189 0.035 0.065
Apical leaflet width -0.050 0.121 0.397 0415 —.866 -0.277
Inflorescence bud length 0.315 0.414 0.193 0.233 0.359 0413
Inflorescence bud max diameter 0.020 0.311 -0.061 0.122 0.343 0.389
Intlorescence bud min diameter 0.157 0.340 0.259 0.213 -0.225 0.179
Inflorescence bud tresh weight 0.037 0.367 —0.061 0.194 -0.112 0.282
Inflorescence bud dry weight 0.331 0.379 0.212 0.188 0.237 0.297
Fruit length —0.446 -0.048 0.756 0.397 0.178 0.106
Fruit maximum diamelter 0.312 0473 —0.031 -0.138 -0.275 —0.322
Fruit minimum diameter 0.422 0.503 0.260 0.054 -0.362 -0.297
Fruit fresh weight 0.737 - 0.421 -1.053 -0.189 -0.166 -0.106
Fruit dry weight -0.597 0.186 0.396 -0.145 0.417 —(0.010
Variance explained (%) 43.85 2343 9.62
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was used. The extraction buffer (2 ml) con-
tained 50 mm TRIZMA base. an antioxidant
(Sigma ATI179). 10 mm MeClo 10 mum
diethyldithiocarbamic acid. 1 mm 2-
mercaptoethanol. and 1.0% polyethylene gly-
col (M 3500). The pH was adjusted to 8.0 with
0.1 ~ HCI. Samples were homogenized in an
Ultra-Turrax (Janke and Kunkel. Staufen. Ger-
many) homogenizer for 30 sec with
polyvinylpolypyrrolidone and centrifuged for
I5 min (18.100x g) at 4C; supernatant was
collected and centrifuged again. The follow-
ing extract was immediately used for electro-
phoresis. Amount ol total proteins was mea-
sured according to Bradtord (1976). A total of
25 pl/sample of extract was submitted to elec-
trophoresis in 12% polyacrylamide gel for
2.30 h at constant voltage of 120 V. 20 mA. at
4C. The gel clectrophoresis apparatus used
was the Mini Protean II (Bio-rad, Hercules,
Calif.). The enzyme systems studied were
csterase (EST). peroxidase (PER), and acid
phosphatasc (AcPH). Staining procedures were
as described by Shaw (1970). The entire pro-
cedure was conducted three times.

The results from isozyme analysis were
used tor producing two matrices of dissimilar-
ity between accessions. Based on these matri-
ces, the grouping of the accessions was made
by hierarchical cluster analyses by using nor-
malized percent disagreement as the distance
index and the complete linkage method, which
uses the most distant pair of objects. to com-
pute between-clusterdistances (farthestneigh-
bor). The hierarchy of clusters formed during
cluster analysis was illustrated as a dendro-
gram.

Multivariate analysis. Seventeen variables
tor each of the 10 females and 12 variables for
each of the eight male accessions were deter-
mined by at least 50 measurements for each
character (Tables | and 2). on samples ran-
domly collected from the entirc collection.
CDA was performed separately on the female
and male set of the morphometric data using
the MGLH procedure of the SYSTAT statisti-
cal package (Wilkinson. 1990). The discrimi-
nantpower of the obtained canonical discrimi-
nant functions was tested by checking pre-
dicted vs. actual group membership of each
observation. i.e.. by applying the obtained
canonical discriminant functions (CDFs) to
the sct of data and calculating the percentage
of cases correctly classified. Canonical scores
of major CDFs were submitted to analysis ol
variance (ANOVA). Means of standardized
canonical scores of the major CDFs were
plotted.

Results and Discussion

[sozymex. All the enzymes tested were
polymorphic. Isozvimes of PER were slightly
polymorphic. showing three banding patterns
for all female cultivars (Fig. 1) and five for
male selections (Fig. 2).

Esterases. All the male and the female
selections can be divided into five groups.
each with identical electrophoretic patterns.
Three male selections (M3. M7. and M9) and
three female cultivars (*Bianca’. ‘Cappuccia’,

HortScience., Vor.. 31(1), FEBRUARY 1996

Table 2. Means of standardized canonical scores of the tirst three canonical discriminant functions t CDF)
for the female cultivars.

Canonical discriminant function

Cultvar CDF/ CDF/ CDF.
A -0.324¢ 0515 de -1.021 ab
B 0.795d 0.083 ¢d 1.504 ¢
C -0.304 ¢ 25249 —-0.3535 he
D -0.803 ¢ 1.027 e 0.716d
E -0.528 ¢ 1.021e —0.979 ab
F -2.034 b -0.283 ¢ 0401 ab
G -0.431 ¢ -0.102 cd —0.341 bc
H 4651t -1.880 b -1.077 a
I 2111 0.224¢d 1.693 ¢
1 -3.185a -3187a 0.316cd
‘Mean separation within each column by Tukey s Hsv test (P < 0.01).
‘A = "Bianca’: B = *Cappuccia’: C = *Cerasola’: D = *Ghiandalora™ E = "Gialla’: F = “Insolia’s G =
‘Pignatone™: H = *Silvana™: [ = "Tardiva™: J = "Kerman’.
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Fig. . Schematic zymograms of peroxidase. esterase. and acid phosphatase isozymes in female pistachio
cultivars: A ="Bianca’: B = "Cappuccia™: C = "Cerasola’: D="Ghiandalora™; E = *Gialla’: F = "Insolia™:
G = "Pignatone’: H = "Silvana™: [ = "Tardiva’: J = "Kerman".
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Fig. 2. Schematic zymograms of peroxidase. esterase. and acid phosphatase isozymes in male pistachio
selections.
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and “Kerman’) were uniquely identified with
this enzyme system.

Peroxidases. Three female and five male
groups of selections were evident. This system
permitted full discrimination for ‘Cerasola’
and “Kerman'. Among the males. differing
patterns were shown by selections M3, M8,
M9, and M10.

Acid phosphatases. AcPhdistinguished six
uniform groups of male selections and only
three groups of female cultivars. With this
systemonly ‘Bianca’ could be discerned among
the females. Male selections M4, M7, M9, and
M10 were uniquely identified.

Using these three enzyme systems together,
it was possible to identify all eight male selec-
tions, but only these five of the 10 female
cultivars: ‘Bianca’, "Cappuccia’. "Cerasola’,
*Kerman'. and “Tardiva’. thus indicating a
more pronounced degree of polymorphism
among the male than among the female geno-
types. Hence. a relative degree of similarity
among the Sicilian pistillate cultivars is likely.
as evidence from the dendrogram of the stud-
ied accessions. based on the results of cluster
analysis, demonstrate (Fig. 3).

On the basis of these results, "Cerasola’
and “Kerman® proved to be fairly distant from
the other female cultivars, and MY from the
male selections. This result was expected.
considering their extremely different origin
and appearance. In contrast. a lower phyloge-
netic distance can be inferred between “Gialla®
and "Silvana’ andamong “Insolia’, ‘Pignatone’,
and ‘Ghiandalora’.

Multivariate analvsis. Canonical discrimi-
nant analysis for the female cultivars showed
that a satisfactory degree (77%) of the total
variance was summarized by the first three
canonical functions: i.e.. 44%. 23% . and 10%.
respectively (Table 1). All CDFs resulted in
significance at P < 0.01 by the kkelihood test.

As CDF, 1o CDF, accounted only for 23% of

between-cultivar variation, its contribution was
considered negligible: thus, only the first three
CDFs were further examined. Fruit fresh
weight, fruit dry weight. and fruit length had
the greatest discriminatory power in the first
two canonical functions, while apical leaflet
width and leaf rachis length (RALE) loaded
more on the third function. Nevertheless. the
correlation coefficients obtained did not allow
us 1o discern clearly the relative contribution
of each character on CDFs (Table 1).

With these three functions. it was possible
to clearly separate “Kerman® and “Silvana’
tfrom the others. since they are located at the
opposite extremes of function | (Fig. 4A).
Furthermore, ANOVA of canonical scores
confirmed this clear discrimination (Table 2).
‘Pignatone’. “Insolia’. and “Gialla® form a
compact group closely surrounding “Bianca'.
Separated from this group are ‘Cerasola’.
mainly for the second function; “Tardiva® and
‘Cappuccia’. both for the first function and the
third one; and. partially, *Ghiandalora’, forthe
third function.

About 93% of the total variance in the male
selections was summarized with the first three
canonical functions:i.e., 59%. 2 1% and 13%,
respectively (Table 3). All CDFs resulied in
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Fig. 3. Dendrogram of the studied accessions based on isozyme analyses. Metric distance calculated by

cluster analysis is normalized percent disagreement (complete linkage method—farthest neighbor).

B

Fig. 4. (A) Means of standardized canonical scores of the first three canonical discriminant functions (CDF)

for 10 female pistachio cultivars: A = *Bianca’: B = "Cappuccia’: C = *Cerasola”™; D = *Ghiandalora’:
E ="Gialla: F = "Insolia”: G = *"Pignatone’: H = *Silvana™: | = ‘Tardiva’: ] = ‘Kerman’. (B) Means of
standardized canonical scores of the first three CDFs for eight male pistachio selections.
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significance at P < 0.01 by the likelihood test.
exceptfor CDF-. The dimensions ot the leaves.
above all RALE. were the most separating
characters. Particularly. from negative to posi-
tive values ot function 1. RALE tended to
increase: basal leaflet width and the dimen-
sions of inflorescence bud loaded more on
CDF.: inflorescence bud fresh weight and
central leaflet width loaded more on CDF..
The male selection M9 was clearly separated
by the plot of the three CDFs (Fig. 4B. Table
4). while the remaining selections present a
scattered distribution, particularly along the
axis corresponding to CDF,. Thus. almost all
of these selections may be considered to be
fairly distinct from one another.

The discriminant power ot the canonical
functions obtained. as tested by checking pre-
dicted vs. actual group membership. was >70%
in almost all the accessions and particularly
high (>90%) for some female (*Kerman'.
“Silvana’, and “Tardiva’) and male (M5, M8,
and M9) selcctions (Table 5). Such values can
be considered satisfactory. since values of
only 50% have been considered eftective tfor
discriminating between cultivars (Alessandri
and Casini. 1992: Ueda and Okada. 1994). Our
results are consistent with those of isozyme
analysis for "Kerman'. "Cerasola’. and
“Tardiva’. which produced distinct patterns.
‘Ghiandalora’, “Insolia’. and "Pignatone’
formed a compact group. Furthermore. CDA
allowed us to discriminate between ~Gialla®
and "Silvana’. which were not distinguished
by isozymes.

These results demonstrate that combined
use of CDA and isozyme analysis is useful for
a rapid screening of P. vera germplasm and
evaluation of variation among male and fe-
male germplasm. This isozyme analysis. based
on the polymorphism of only three enzymes.
allowed identification of 50% of the female
cultivars and all male selections. A similar
percentage of identified accessions was ob-
tained with CDA, although with variation in
the group of recognized cultivars. Neverthe-
less. the combination of the two methods en-
hanced the possibility of uniquely identifving
the temale cultivars. Identification was diffi-
cult or impossible for the compact group of
‘Insohia’. “Pignatone’, and -Ghiandalora™.
Nevertheless. Dollo (1991) reported a differ-
ing isozyme pattern ot PGI for ‘Insolia’ and
"Ghiandalora’: thus. for “Pignatone”, possible
synonymy with ‘Insolia” or "Ghiandalora” can-
not be excluded. Together. CDA and the rare
enzyme patterns in "Kerman’. *Cerasola’, and
male sclection M9 confirm the greater phylo-
genetic distance of these genotypes from the
other accessions. ‘Kerman'. the primary
American cultivar obtained from an [ranian
seedling. belongs to a distinct geographical
pool (Joley. 1969): *Cerasola’ is characterized
by an extraordinary red pigmentation of the
hull, similar to that of ‘Red Aleppo’: while
M9. Jocally known as "Santangilisi’, is a puta-
tive hybrid between P. vera and P. terebinthus
(Bonifacio. 1942). The more pronounced de-
gree of polymorphism for staminate than for
pistillate accessions is probably due to a more
intense selection pressure excrted by growers

HortSciexce. Vou. 31(1), Fesruary 1996

Table 3. Standardized canonical coefticient (SCC) and corrclation coefficient (r) between the first three
canonical discriminant functions (CDF,. CDF.. CDF.) and variables of morphometric characters of the

male selections.

Canonical discriminant function

CDF, CDF, CDF,
Character SCC SCC r SCC r
Leaf rachis length 0.800 0.486 -0.150 0.029 0.178 0.167
Basal leaflet length 0.080 0.017 0.069 0.111 -0.795 -0.073
Basal leaflet width —-0.439 —-0.294 0.828 0.311 -0.044 0.286
Central leaflet length 0.387 0.067 -0.267 —0.117 0.187 0.331
Central leaflet width -0.276 -0.292 0.110 0.105 0.836 0.542
Apical lcafler length 0.630 0.013 -0.371 -0.232 0.109 0.305
Apical lcaflet width -0.769 -0.271 -0.275 -0.113 -0.024 0.418
[nflorescence bud length -0.346 0.066 -0.047 0.322 -0.979 -0.263
Inflorescence bud max diameter 0.087 0.302 0.331 0.579 ~0.013 0.043
Inflorescence bud min diameter 0.184 0.256 0.476 0.586 -0.080 0.031
Inflorescence bud fresh weight 0.309 0.23%8 —-0.062 0.443 0.991 0.134
Inflorescence bud dry weight 0.134 0.246 0.372 0.406 —0.038 0.046
Variance explained (%) 58.58 20.79 13.31

Table 4 Meuns of standardized canonical scores of the first three canonical diseriminant functions (CDF)

for the male selections.

Canonical discriminant {unction

Male selection CDF/ CDF/ CDFy
Mt 1.017 ¢ -0513¢ —-1.283 ab
M3 -0941 b 1.255d 1.094 de
M4 -0.878 b 1.013d —1.895a
M5 -2311a -2.450a 1450 ¢
M7 -0.986 b 2218e 0.726 d
M8 -2.356a —0.300 ¢ -0.189 ¢
M9 5.804 d 0.190 ¢ 0.991 de
M10 1.319 ¢ -1.677b -0.805 be

‘Mean separation within cach column by Tukey s HsD test (P < 0.01).

on the female trees and to the lack of seed
propagation that would confirm the statements
of many authors that vegetative propagation 1s
the only propagation method used by growers
(Bonifacio. 1942: Mina Palumbo, 1882). The
existence of arare isozyme pattern, if substan-
tiated by further research. might suggest the
existence of two distinct genetic pools within
the pistachio germplasm of Sicily. This hy-
pothesis could be explained by sequential in-
troductions of genetic material. the reddish
‘Cerasola’ from Syria by the Romans and the
Jater introductions by the Arabs. This sequence
would confirm Maggs™ (1973) statement that
Sicily can be regarded as a late, secondary.
center of pistachio genetic diversity.

Further investigation, extended to other
genolypes from various countries and other
enzyme systeims or DNA analysis techniques.
not susceptible to environmental influences,
would answer this question.
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