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A new practical method able to identify wheat local landraces was implemented. It is based on comput-
erized image analysis techniques and statistical identification, for the first time on the basis of glumes
size, shape, colour and texture.
Ears of 52 different Sicilian wheat landraces were reaped for three consecutive years. Digital images of

the glumes were acquired, processed and analysed, measuring 138 quantitative morpho-colorimetic vari-
ables. The data were statistically analysed applying a Linear Discriminant Analysis. All the statistical com-
parisons, distinguished for systematic rank, given perfect identification performances; while an overall
percentage of correct identification of 89.7% was reached when all the landraces were compared all
together.
Finally, the identification system was tested with an unknown glume sample, later entirely identified

as Vallelunga, one of the Sicilian landraces.
This work represents the first attempt of wheat landraces identification based on glume phenotypic

characters, applying image analysis techniques. Considering the growing interest in local old wheat lan-
draces, strongly linked to the renewed appreciation in traditional and typical local products, the obtained
results support the application of the image analysis system not only for grading purposes, but also to
define the product traceability, in order to get a ‘‘market card” for wheat landraces.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Wheat (Triticum subsp.) is one of the main food sources in the
world. Its world production for 2016/17 is approximately expected
in 740 million tons, exceeding the 2015/16 record by 1.2%, and
covering about 15% of the world’s arable surface (FAO, 2017).
Durum wheat production reaches around 30 million tons in about
16 million hectares, accounting approximately 5–6% of the total
world wheat production (Cebola Lidon et al., 2014). It is commonly
grown in most of the countries around the world, although the
Mediterranean region produces about 60% of world durum wheat
production (Morancho, 2000), being the EU (Italy, Spain, France
and Greece) the leading global producer (Cebola Lidon et al.,
2014). On this scenario, south Italy is one of the regions historically
most voted to the cereal crops, where the durum wheat varietal
biodiversity is particularly high.

Sicily, with an area of 25,711 km2, is the largest island in the
Mediterranean sea and due to its geographical position and extre-
mely diversified ecological condition, always hosted an ideal envi-
ronment for the cultivation of cereals and in particular durum
wheat. This is due to the extreme variability of altitude and
pedo-climatic conditions, characterized by clayish to sandy fields,
by variable orography, distance from sea and wind regime
(Lombardo, 2004). Some socio-cultural aspects had also con-
tributed enriching the varietal heritage, such as the great amount
of invasions that, during the centuries, conquered wide Sicilian
areas, favoured by the strategic geographical position of the island.
All these conditions, together with the mass selection historically
conducted and the more recent genetic improvement programs
based on artificial crosses, had contributed to build the extremely
wide varietal panorama currently existing. On the other hand,
Sicily is known as ‘‘Republic granary” since III-II century b.C., as
reported by Caton the censor (234–149 b.C.).

In Sicily are currently cropped a few of tens of old and new
durum wheat varieties officially recorded and regulated with
national and communitarian protocols, but also many ancient lan-
draces or populations characterized by specific bio-morphological
traits and qualitative features (Spina et al., 2008; Sciacca et al.,
2014). A cropped variety or cultivar, is an intra-specific taxonomic
entity characterized by high level of homozygosis, specially for the
genes that control the selected traits, consequently, the individuals
belonging to the same variety show homogeneous morphological
and/or productive traits. Nevertheless, some differences in
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genetically controlled biochemical traits may exist within a same
variety (e.g. protein components) (Peruffo et al., 1985). These vari-
ations were defined ‘‘biotypes”. Differently from varieties, lan-
draces are natural populations put in cultivation and as such,
they are characterize by wide adaptability to various environments
including irrigated and dry land conditions (Jones et al., 2008;
Camacho et al., 2005). Considering all the abiotic factors, the high
probability of inter-population crosses and their heterozygosis
condition, from the genetic point of view, these populations result
to be more than a mixture of different pure lines (Zeven, 1998;
Landjeva et al., 2015).

Up to 100–150 years ago, the landraces were the only one kind
of wheat cultivar available for the farmers; afterward, knowledge
and new technologies launched the genetic improvement as
understood today. It reflected on a marked genetic and phenotypic
homogeneity, useful for the mechanization of many agronomic
practices; but it also reflected on a greater phenological synchrony,
helpful for the application of herbicides, pesticides and fertilizers.
Homogeneity also positively affects on the value of the productions
addressed to industry, and from the legal point of view, facilitates
the unequivocal varietal identification.

The extreme homogeneity also implicates the negative aspects
related to the biotic and abiotic stresses. Wild plants are indeed
unlikely subjected to epidemics and pathogenic attacks. Moreover,
changing old varieties genetically heterogeneous with new ones
certainly more homogeneous, damaging local populations, acti-
vates genetic erosion phenomena (Guarda et al., 2004; Newton
et al., 2010).

Broadly speaking, genetic improvement has always existed, but
what has changed in the last century is not only the nature of the
selection, but the nature and range of genetic variability (Frankel,
1970).

At the beginning of the XX century, in Sicily as well as in the rest
of the world, the strong interest in biodiversity conservation pow-
ered up the accurate search of cropped species germplasm. In Eur-
ope, many researchers started to collect ex-situ seed materials in
germplasm banks. Vavilov (1957), at time one of the most opera-
tive investigators, found many seed material belonging to culti-
vated plant species, establishing the origin and speciation centres
of a great part of the currently cropped species. Thanks to the work
of these scientists, a lot of endangered local varieties were saved
and currently made available for breeding programs and typical
products making.

In recent years, in Sicily as well as in the rest of Europe, the
attention paid to local and traditional productions and is growing,
especially in the agro-food sector. For economic, social and nutri-
tional reasons, this trend has led to the rediscovery and reuse of
landraces both of wheat and other crops, responding to requests
for more and more demanding market. The rising price of these
local productions and the consequent increased satisfaction of
farmers, is proving to be an interesting professional opportunities
also for young workers. Moreover, many recent studies testify
the high healthy and nutraceutical value of old landraces, both
for high amount of antioxidant compounds and for their natural
aptitude to organic production (Gallo et al., 2004; Pasqualone
et al., 2014; Migliorini et al., 2016; Lo Bianco et al., submitted for
publication).

This growing interest in local old landraces has inspired to find
effective and objective identification methods, able to distinguish
old landraces (Grillo et al., 2016).

In the recent past, many DNA-based methods have been set up,
for wheat-derived products, to trace cultivars in starting seed
stocks, semolina, bread and pasta (Pasqualone et al., 1999, 2000;
Fujita et al., 2009). Giancaspro et al. (2016) described the denatur-
ing high performance liquid chromatography technique for setting
up a single nucleotide polymorphism based method to achieve the
varietal traceability of the durum wheat cultivar ‘‘Timilia”, reach-
ing no very high but promising percentage of detection.

Anyway genetic approach is not the only one. Substantial work
dealing with the use of different morphological (size and shape)
features for classification of wheat grains and varieties has been
reported in the literature (Keefe and Draper, 1986; Zayas et al.,
1989; Barker et al., 1992; Arefi et al., 2011; Zapotoczny, 2011).
Modern phenotyping methods proved to be a helpful tool both in
plant identification and classification and in quality assessment
(Venora et al. 2009; Guevara-Hernandez and Gomez-Gil, 2011;
Smykalova et al., 2011, 2013). Pourreza et al. (2011) applied
machine vision techniques to classify nine common wheat vari-
eties based on seeds; while recently, Szczypiński et al. (2015)
implemented an identification system to discriminate among 11
barley varieties based on image-derived shape, colour and texture
attributes of individual kernels, reaching an accuracy included
between 67% and 86%. Many other researches, based on image
analysis technology, were recently conducted in order to distin-
guish wheat and other cereal varieties (Szczypiński and
Zapotoczny, 2012; Mebatsion et al., 2013; Chaugule and Mali,
2016). Although seeds and kernels proved to be the right matrix
to study in order to discriminate among varieties, problems arise
increasing the varietal sample amount and above all when no
genetically defined samples, such as populations or landraces, have
to be identified.

The aim of this paper is to establish a practical method based on
computerized image analysis techniques and statistical identifica-
tion capable to identify wheat local landraces, for the first time on
the basis of glumes size, shape, colour and texture.
2. Material & methods

2.1. Samples details

Ears of 52 different wheat local varieties or landraces were
reaped, at the time of maximum ripening, from the fields of the
Stazione Sperimentale di Granicoltura per la Sicilia, sited in Santo
Pietro – Caltagirone [37 �0701200N; 14 �3101700E; 313 m a.s.l.] (CT,
Sicily, Italy) (Table 1; Fig. 1). In order to include a widest morpho-
logical and environmental variability, the wheat ears were col-
lected during three consecutive years (2012, 2013, 2014).

From three to six ears were sampled and from two to four
glumes were removed from the spikelets of the ear middle section
and from the both sides of each ear. The glumes were stored at
room temperature under controlled conditions (20 �C and 50% RH).

Applying the same sampling approach, one more unknown lan-
drace, collected in 2015 from Gangi (PA, Sicily, Italy) in the Mado-
nie mountains (C-N Sicily), locally named ‘‘Nivuru”, was used to
test and validate the identification system.
2.2. Glume image analysis

Digital images of glumes samples were acquired using a flatbed
scanner (ScanMaker 9800 XL, Microtek Denver, CO) with a digital
resolution of 400 dpi and a scanning area not exceeding
1024 � 1024 pixel. Before image acquisition, the scanner was cali-
brated for colour matching following the protocol of Shahin and
Symons (2003) as suggested by Venora et al. (2009). Images con-
sisting of few wheat glumes were captured, disposing them on
the flatbed tray, distinguishing in right and left side of the ear
and used for the digital image analysis. Morpho-colorimetric fea-
tures were only measured for sound intact glumes, rejecting that
ones with broken beak or shoulder. A total of 4253 wheat glumes
were analysed.



Table 1
List of the 52 different wheat local varieties studied.

Code Variety/Landrace Species Sample amount

bb2 Bufala Bianca 02 T. turgidum L. 45
bd3 Bidì 03 T. durum Desf. 31
bia1 Biancuccia 01 T. durum Desf. 40
bivc Casedda (Bivona) T. turgidum L. 24
bnc2 Bufala Nera Corta 02 T. turgidum L. 28
bnl1 Bufala Nera Lunga 01 T. turgidum L. 35
brc-b1 Bufala Rossa Corta b01 T. turgidum L. 40
brl1 Bufala Rossa Lunga 01 T. turgidum L. 92
cat Capeiti T. durum Desf. 28
cal Cappelli T. durum Desf. 12
cas1pu Castiglione Pubescente 01 T. durum Desf. 98
cas3gl Castiglione Glabro 03 T. durum Desf. 49
chi1 Chiattulidda 01 T. durum Desf. 30
cic1 Ciciredda 01 T. turgidum L. 31
cot1 Cotrone 01 T. durum Desf. 90
cuc1 Cuccitta 01 T. aestivum L. 99
fce1 Francesone 01 T. durum Desf. 98
fl3 Farro Lungo 03 T. durum Desf. 95
fsa1 Francesa 01 T. durum Desf. 97
gig1 Gigante 01 T. durum Desf. 95
gio1 Gioia 01 T. durum Desf. 95
gir1 Girgentana 01 T. durum Desf. 90
giu1 Giustalisa 01 T. durum Desf. 86
ing2 Inglesa 02 T. durum Desf. 95
lin1 Lina 01 T. durum Desf. 95
mai1pol Maiorca di Pollina 01 T. aestivum L. 84
mai6 Maiorca 06 T. aestivum L. 76
mar2 Margherito 02 T. durum Desf. 90
mar6 Margherito 06 T. durum Desf. 97
mce2 Maiorcone 02 T. aestivum L. 76
m1a1 Martinella 01 T. durum Desf. 95
mm1 Manto di Maria 01 T. durum Desf. 95
pao2 Paola 02 T. turgidum L. 93
pav3 Pavone 03 T. durum Desf. 98
rea4 Realforte 04 T. durum Desf. 95
reg1 Regina 01 T. durum Desf. 93
rom2 Romano 02 T. aestivum L. 89
rsc9 Ruscia 09 T. durum Desf. 97
rus1 Russello 01 T. durum Desf. 81
russg8 Russello 13 SG8 T. durum Desf. 97
sca1 Scavuzza 01 T. durum Desf. 95
sco4 Scorsonera 04 T. durum Desf. 98
sem1 Semenzella 01 T. durum Desf. 98
sam3 Sammartinara 03 T. durum Desf. 144
sic1 Sicilia 01 T. durum Desf. 98
tim1 Timilia 01 T. durum Desf. 98
tre2 Trentino 02 T. durum Desf. 119
tri2 Tripolino 02 T. durum Desf. 80
tumsg3 Tumminia SG3 T. durum Desf. 94
tun1 Tunisina 01 T. durum Desf. 76
urr1 Urrìa 01 T. durum Desf. 88
val Vallelunga T. durum Desf. 191
UGS Unknown glume sample 54
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All the images were processed and analysed using the software
package KS-400 V. 3.0 (Carl Zeiss, Vision, Oberkochen, Germany). A
macro, specifically developed for the characterization of wheat
glumes was implemented to perform automatically all the analysis
procedures, reducing the execution time and contextually mistakes
in the analysis process.

In order to reach the highest discrimination power, this macro
was designed to compute 138 quantitative variables measured
for each analysed left and right glume (Suppl. Info. 1 and 2). In par-
ticular, it was possible to measure 20 features descriptive of the
glume surface colour and 18 parameters descriptive of the glume
size and shape. Moreover, 78 quantitative Elliptic Fourier Descrip-
tors (EFDs) were used to accurately describe the shape of the
glume, as described by Orrù et al. (2013). Finally, the macro was
kitted to compute 11 Haralick’s descriptors including the relative
standard deviations, as reported in Lo Bianco et al. (2015).
The 11 Haralick’s descriptors measured on each glume to math-
ematically describe the surface texture and all the other morpho-
colorimetric characters are available as supplementary informa-
tion (Suppl. Info. 1 and 2).

2.3. Statistical analysis

Row data were submitted to one-way ANOVA and Tukey’s was
adopted as multiple comparison test. Percentage data were previ-
ously normalized with arcsine root square transformation.

The data, obtained from image analysis, were used to built a
global database, including morpho-colorimetric, EFDs and Haral-
ick’s descriptors. Statistical elaborations were executed using SPSS
software package release 16 (SPSS Inc. for Windows, Chicago,
Illinois, USA), applying the same stepwise Linear Discriminant
Analysis (LDA) algorithm suggested by Grillo et al. (2012).
This approach is commonly used to classify/identify unknown
groups characterized by quantitative and qualitative variables
(Sugiyama, 2007), finding the combination of predictor variables
with the aim of minimizing the within-class distance and maxi-
mizing the between-class distance simultaneously, thus achieving
maximum class discrimination (Holden et al., 2011).

The selection of the original features is carried out by a stepwise
procedure. The stepwise method identifies and selects the most
statistically significant features among them to use for the seed
sample identification, using three statistical variables: Tolerance,
F-to-enter and F-to-remove. The Tolerance value indicates the pro-
portion of a variable variance not accounted for by other indepen-
dent variables in the equation. F-to-enter and F-to-remove values
define the power of each variable in the model and they are useful
to describe what happens if a variable is inserted and removed,
respectively, from the current model. This selective process starts
with a model that does not include any of the original morpho-
colorimetric features. At each step, the feature with the largest F-
to-enter value that exceeds the entry criteria chosen (F � 3.84) is
added to the model. The original features left out of the analysis
at the last step have F-to-enter values smaller than 3.84, so no more
are added. The process is automatically stopped when no remain-
ing morpho-colorimetric features increased the discrimination
ability (Grillo et al., 2012).

A cross-validation procedure was applied to verify the perfor-
mance of the identification system, testing individual unknown
cases and classifying them on the basis of all others (Gresta
et al., 2016).

All the raw data were standardized before starting any statisti-
cal elaboration. Moreover, in order to evaluate the quality of the
discriminant functions achieved for each statistical comparison,
the Wilks’ Lambda, the percentage of explained variance and the
canonical correlation between the discriminant functions and the
group membership, were computed. The Box’s M test was exe-
cuted to assess the homogeneity of covariance matrices of the fea-
tures chosen by the stepwise LDA while the analysis of the
standardized residuals was performed to verify the homoscedastic-
ity of the variance of the dependent variables used to discriminate
among the groups’ membership (Box, 1949). Kolmogorov-
Smirnov’s test was performed to compare the empirical distribu-
tion of the discriminant functions with the relative cumulative dis-
tribution function of the reference probability distribution, while
the Levene’s test was executed to assess the equality of variances
for the used discriminant functions calculated for groups member-
ship (Levene, 1960).

To graphically highlight the differences among groups, multidi-
mensional plots were drawn using the first three discriminant
functions or, alternatively, when the number of discriminant
groups n did not allow to obtain at least three discriminant func-
tions (n�1), the two available discriminant functions and the



Fig. 1. Geografical location of Santo Pietro site and pictures of wheat field plots in different phenological phases.
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Mahalanobis’ square distance values were used (Mahalanobis,
1936).

3. Results

A preliminary statistical elaboration step was given on the basis
of the current systematic classification. On this respect, all the
nomenclatural classifications currently accepted, reported in the
Wheat Genetic Resource Center of the Kansas State University
web page (http://www.k-state.edu/wgrc/wheat-tax.html), were
respected (Dorofeev et al., 1979; Gandilyan, 1980; Löve, 1984;
Kimber and Feldman, 1987; Kimber and Sears, 1987; MacKey,
1988; van Slageren, 1994) for the three studied taxonomical enti-
ties, but for an easy reading the last published one was here con-
sidered (Goncharov, 2011), distinguishing among T. aestivum L., T.
durum Desf. and T. turgidum L. The statistical comparison among
the three botanical entities were able to reach a cross-validated
correct identification of 100.0% (data not shown). The clear distinc-
tion among the groups is also highlighted by the 3D graphical rep-
resentation of this comparison, drown using the Mahalanobis’
square distance values together with the only two discriminant
functions implemented by the stepwise LDA (Fig. 2A). Moreover,
to graphically understand the normal distribution of the data used
to compare the varietal groups, the homoscedasticity assessment
of the variance of the used dependent variables were also con-
ducted. Fig. 2B and C shows respectively, frequency and dispersion
of the standardized residuals, while the Normal Probability Plot (P-
P) reports the comparison between the cumulative probability
expected and the observed one (Fig. 2D). The Kolmogorov-
Smirnov normality test (K-S) was also executed to verify the nor-
mal distribution of the data, giving significance values lower than
0.05.

The first comparison, implemented among the five landraces of
T. aestivum (Cuccitta [cuc], Maiorca di Pollina [mai1pol], Maiorca
[mai6], Maiorcone [mce2] and Romano [rom2]), allowed to per-
fectly identify the glume samples, without giving misattributions
among the tested landraces (Table 2).

Similarly, comparing the eight wheat landraces of T. turgidum
(Bufala Bianca [bb2], Casedda [bivc], Bufala Nera Corta [bnc2],
Bufala Nera Lunga [bnl1], Bufala Rossa Corta [brc2], Bufala Rossa
Lunga [brl1], Ciciredda [cic1] and Paola [pao2]), a perfect cross-
validated identification performance was reached, in spite of the
reduced glume sample amount (Table 3).

In order to assess the discrimination power of the implemented
statistical system, also for the 39 landraces of durum wheat, a third
comparative analysis was conducted. In this case, an overall per-
centage of correct identification of 89.7% was achieved (data not
shown), with performances ranged between 71.1% (Margherito
02 [mar2]) and 100.0% (Capeiti [cat], Cappelli [cal], Castiglione
Glabro [cas3gl], Martinella [mla1], Semenzella [sem1] and Trentino
[tre2]). Main misattributions were recorded for the landraces Bidì
[bd3] and Margherito 02 [mar2], erroneously classifying for
Margherito 06 [mar6] the 12.9% and 17.8% of the cases, respec-
tively (data not shown). Moreover, the landrace Gioia [gio1] was
mainly misidentified for Castiglione Glabro [cas3gl] in 11.6% of
the cases (data not shown). Other little misidentifications were
recorded between the landraces Timilia [tim] and Tumminia SG3
[tumsg3], and between the landraces Russello [rus1] and Russello
13 SG8 [russg8]. Not particularly significant mistakes were
revealed for the landrace Chiattulidda [chi1], exclusively misat-
tributed for Scavuzza [sca1] in 16.7% of the cases, and for the vari-
ety Biancuccia [bia1], correctly identified in 75.5% of the cases but
mainly misattributed to Sicilia [sic1] in 13.3% of the cases (data not
shown).

Finally, a comparative analysis, including all the studied lan-
draces together, was done to assess the system capability to dis-
criminate the wheat landraces regardless of the systematic
classification. Fig. 3 shows the 3D graphical representation of the
group centroids, only distinguishing in colour the partnership to
different systematic groups, for an easier reading. In this case the
overall performance of correct identification reaches the 93.7%,
with little misattributions reflecting the percentages reported for
the comparisons cited above (data not shown).

In Fig. 4, the glume samples of some of the studied landraces are
reported.

After having assessed the actual identification power of the sta-
tistical system based on glume morpho-colorimetric features, a
validation test was conducted adding into the system an unknown



Fig. 2. (A) Graphical representation of the discriminant scores of the three studied botanical entities of the genus Triticum; (B) histogram of the standardised residuals; (C)
dispersion plot of the standardised residuals tested with Levene’s test (F); (D) normal probability plot (P-P) tested with Kolmogorov-Smirnov’s test (K-S).

Table 2
Percentage of correct identification among varieties belonging to the T. aestivum L. species. In parentheses, number of seeds analysed. Bold values indicate the correct
identification performance.

cuc1 mai1pol mai6 mce2 rom2 Tot

cuc1 100.0% (99) – – – – 100.0% (99)
mai1pol – 100.0% (84) – – – 100.0% (84)
mai6 – – 100.0% (76) – – 100.0% (76)
mce2 – – – 100.0% (76) – 100.0% (76)
rom2 – – – – 100.0% (89) 100.0% (89)
Overall 100.0% (424)
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glume sample [UGS], in order to allow its identification and test
and validate the system. The 54 unknown glumes were entirely
identified as Vallelunga (data not shown).

In the evaluation of the parameters that more than other influ-
enced the discrimination process of the studied wheat varieties,
the most important variables chosen by the stepwise LDA were
related both to glume shape and surface colour. In Table 4 the best
five variables used by the system are reported. Although the LDA
was able to reach a very high percentage of correct identification,
the whole discriminant analysis had needed of 83 over the 138
measured variables to discriminate among the varieties, complet-
ing the discrimination process in 95 consecutive steps. Globally,
21 densitometric features descriptive of the seed surface colour
and textural, 13 morphological parameters descriptive of seed size
and contour shape, and 49 Elliptic Fourier Descriptors, were statis-
tically selected and used by the LDA (data non shown).



Table 3
Percentage of correct identification among varieties belonging to the T. turgidum L. In parentheses, number of seeds analysed. Bold values indicate the correct identification
performance.

bb2 bivc bnc2 bnl1 brc-b1 brl1 cic1 pao2 Tot

bb2 100.0% (45) – – – – – – – 100.0% (45)
bivc – 100.0% (24) – – – – – – 100.0% (24)
bnc2 – – 100.0% (28) – – – – – 100.0% (28)
bnl1 – – – 100.0% (35) – – – – 100.0% (35)
brc-b1 – – – – 100.0% (40) – – – 100.0% (40)
brl1 – – – – – 100.0% (92) – – 100.0% (92)
cic1 – – – – – – 100.0% (31) – 100.0% (31)
pao2 – – – – – – – 100.0% (93) 100.0% (93)
Overall 100.0% (388)

Fig. 3. Graphical representation of the discriminant scores of the group centroids,
for all the investigated wheat landraces. Different colours indicate the partnership
to different systematic groups (green: T. durum Desf.; red: T. aestivum L.; yellow: T.
turgidum L.). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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4. Discussion

Although the studied landraces, belonging to the species T.
durum and T. turgidum, may be grouped because both naked tetra-
ploids belonging to the same Dicoccoides Flaksb. section, a differen-
tiation between them was adopted due to their marked
morphological differences. Even though the three botanical entities
resulted perfectly distinguishable on the basis of the glume mor-
phology, this preliminary comparison was useful to facilitate the
discrimination among the wheat landraces.

The comparisons among the five landraces of T. aestivum and
among the eight landraces of T. turgidum proved the absolute effec-
tiveness of the system, although a highest number of glume sam-
ples for each landrace should increase the statistical significance
of the results.

Good identification performance was achieved also from the
comparative analysis among the durum wheat landraces, although
some little but significant misattributions testify the efficacy of the
method. It revealed some plausible similarities among the lan-
draces [bd3], [mar2] and [mar6]. Instead, the two landraces Bidì
and Margherito have origin from the N-African population ‘‘Jean
Rètifah”. In particular, Bidì (line 74) and Margherito were indepen-
dently selected, by genealogical selection (pure line), by Tucci
(University of Palermo) (De Cillis, 1935) and Santagati (University
of Catania), respectively. The name ‘‘Margherito” derives from the
town district of Ramacca (Catania) were, for the first time, this lan-
drace was tested (Prestianni, 1926). Nevertheless, probably this
population was already previously classified as ‘‘AP4” by the Tuni-
sian Botanical Service and known in Tunisia as ‘‘Mahmoudi” (De
Cillis, 1939). These landraces, considered as unique by Venora
and Blangiforti (2017) show differences form the phenological
point of view, specially for the precocity, characterizing and
spreading them in different areas of the island. Bidì, being later
in growth, spread in hill and high hill; while Margherito, as earlier
in growth, easily spread in plain and low hill. Moreover, the sam-
ples [mar2] and [mar6] used for this study, are two different acces-
sions of the same landrace Margherito. An important consideration
deserves ‘‘Cappelli”, another genealogical selection from the same
N-African population, registered by Strampelli in 1915 and only
recently spread in Sicily. Even though Cappelli shows very similar
morphological and biological characters to Bidì and Margherito,
and in spite of the reduced amount of analysed glumes, it was per-
fectly identified by the system. It is probably due to the narrow
genetic variability of the original selection of Strampelli, at that
time done following the severe protocol required to register the
variety.

Also the misattribution of the landrace [gio1] for [cas3gl] have
genealogical explanation. Indeed, it seems that the landrace Gioia,
described for the first time by De Cillis (1942), is a selection of the
landrace Castiglione, one of the most ancient Sicilian durum wheat
varieties, whose first historical note is dated back to the beginning
of the XIX century (Venora and Blangiforti, 2017). Moreover, the
both these landraces are historically spread and cultivated into
the same areas of the Sicilian backcountry, between the provinces
of Palermo, Agrigento and Enna.

Similar consideration is relevant for the misclassifications
revealed among [tim] and [tumSG3], and among [rus1] and [russ-
g8]. Tumminia SG3 is indeed the last intra-population selection of
the landrace Timilia, after ‘‘Timilia SG1” with black awns and ‘‘Tim-
ilia SG2” with white awns, derived by the genetic improvement
programs conducted by De Cillis during the 300s (Venora and
Blangiforti, 2017). Likewise, Russello SG8 is the last intra-
population of the landrace Russello, after ‘‘Russello SG7” selected
by De Cillis during his experimentations. Tumminia SG3 and Rus-
sello SG8 were both recorded at the Community Plant Variety
Office by the Stazione Sperimentale di Granicoltura per la Sicilia,
in 2007.

Regarding the misattribution percentages recorded for the two
landraces Chiattulidda and Biancuccia, partially identified as Sca-
vuzza and Sicilia, respectively, it is important to highlight the
reduced amount of glume samples in both the cases. For this study,
only 30 glumes of the landrace [chi1] and 40 glumes of the sample
[bia1] were available. This, together with the reduced peculiar phe-
notipical characters of the glumes of these landraces, is the reason
of these misidentifications that should have be considered not
significant.

From the last comparison, implemented among all the studied
landraces without distinguishing the systematic partnership, the
system preserved its identification capability, increasing the over-



Fig. 4. Representative glume samples of some of the landraces considered in the study.

Table 4
The best five variables over the 83 selected by the LDA for glumes identification. The
number of steps, feature name (according to the Supplemental Table S2), F-to-remove
and the Tolerance values are reported.

Step Feature F-to-Remove Tolerance

1 FD9 182.395 0.270
2 FD13 130.696 0.201
3 FD18 113.424 0.328
4 LMean 110.144 0.023
5 Rsd 86.904 0.012
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all percentage respect to the comparison exclusively conducted
among the durum wheat landraces. This was due to the high per-
formances achieved for the two other systematic groups (T. turgi-
dum and T. aestivum). In Fig. 3, the systematic groups are
highlighted and inside each, some relevant little groupings, genet-
ically or genealogically related, are identifiable. For instance, the
four turgidum Bufala [brc-b1], [bnc2], [bnl1] and [brl1] were very
closely collocated; as well as the two Maiorca [mai1pol] and
[mai6] and Maiorcone [mce2], and many durum wheat landraces:
[mar2], [mar6] and [bd3]; [gio1] and [cas3gl]; [rus1] and [russg8];
or [tim1] and [tumsg3].

The last analysis was conducted in order to try the identification
of the unknown glume sample [UGS] from Madonie mountains,
named ‘‘Nivuru”. This analysis allowed to test and validate the
effectiveness of the identification system, univocally identifying
all the unknown glumes as Vallelunga, without doubts or little
uncertainties, in spite of the high within variability of wheat lan-
draces or populations. This result is in accordance with Venora
and Blangiforti (2017), explaining that the landrace Vallelunga is
commonly named, in some regional areas ‘‘Regina Sammartinara”
(De Cillis, 1942), while in others ‘‘Nivuru”, although no official doc-
umentation exists about its origin.

Finally, considering the very good identification performance
recorded for each conducted comparison, in function of the high
variability included in the samples, derived from the four consecu-
tive years of reaping, it is appropriate to highlight the stability of
the glume morpho-colorimetric characters for identification
scopes.
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5. Conclusion

This work represent the first attempt of wheat landraces iden-
tification based on glume phenotypic characters, applying image
analysis techniques. The achieved results here discussed allowed
to demonstrate the usefulness of this discrimination system for
the identification and classification wheat landraces, notoriously
very difficult to do. The technique here proposed, conveniently sus-
tained by a conspicuous database, can be undoubtedly considered
a helpful identification tool both for commercial varieties and for
no genetically defined samples, such as populations or landraces.

Considering the growing interest in local old wheat landraces,
strongly linked to the renewed appreciation in traditional and typ-
ical local products, the obtained results support the application of
the image analysis system not only for grading purposes, but also
to define the product traceability, in order to get a ‘‘market card”
for wheat landraces. Food traceability is becoming increasingly rel-
evant, especially in terms of international trade. For the export and
import of food, the development of traceability systems has been
identified as a priority, mainly in connection with food safety.

Considering the heterogeneous nature of the wheat landrace
samples used in this study, in order to validate these preliminary
achievements, further trials will have to be conducted focusing
on the collection of new data, enriching the database with new
and accurate information, allowing to the system to give results
more and more reliable.
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