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ABSTRACT

One of the methods for breeding of fruit trees is the identification and selection of superior genotypes in
different regions. Owing to climate changes in the recent years and the urgent need to changing the pattern of
cultivation, it is essential to use adapted species to climatic conditions. Barberry is one of the plants that have
been naturally grown in some areas of Isfahan province. For accessing the promising genotypes of barberry in
Isfahan province, this research was carried out in the main areas of barberry growing. For this purpose, some
physiological and pomological traits of about 100 barberry genotypes from different regions of Isfahan province
were evaluated according to Union for the Protection of New Varieties of Plants descriptor. Evaluated traits were
recorded in each year in four stages, including the physiological dormancy of the tree, the flowering, the vegetative
growth of the tree as well as the ripening and harvesting time of berry stages from 2014 to 2016. According to the
results, seven genotypes were selected, including Dolat Abad, Semirom, Dehaghan, Red leaf, and Evergreen gen-
otypes as well as two wild genotypes. The results showed that the berry length ranged from 1.06 to 9 mm and the
berry width ranged from 0.4 to 5.2 mm. The dried barberry per kilogram of fresh berries was between 200 and
700 g. The leaf length and leaf width of the studied genotypes were in the range 26-81 and 9-26 mm, respectively.
The thorn length varied between 9 and 91 mm. The seed length and seed width were recorded in the range 0-4.5
and 0-2.6 mm, respectively. Dolat Abad and Dehaghan genotypes had the highest berry length and berry width,
respectively. The most dried barberry per kilogram of fresh berries belonged to these two genotypes. Evergreen
and Red leaf genotypes had the highest leaf length and leaf width, respectively. The highest seed length and
seed width were observed in two wild genotypes of collected barberry. The results of correlation analysis of
traits showed that tree growth vigor had a significant positive relationship with berry size, thorn length, seed
length, and seed width. Berry firmness had negative correlation with berry length and berry width. On the basis
of cluster analysis, genotypes were placed in three groups, so that genotypes from Dolat Abad, Semirom, and
Dehaghan regions were placed in a same group. Red leaf and Evergreen genotypes with ornamental applica-
tion were in another group, and two wild genotypes were also placed in the third group. Eventually, Dolat
Abad, Semirom, and Dehaghan genotypes were introduced as the promising genotypes because of seedless
berry with the highest berry length and berry width and the most dried barberry per kilogram of fresh berries.
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INTRODUCTION civilizations in the world (Heidari et al. 2009). This ge-

nus is the largest genus of the Berberidaceae family

Barberry (Berberis spp.) has been recognized and  that is usually diploid (2 n = 2 x = 28) and rarely tetra-

used as a medicinal plant in Iran and other ancient  ploid. The genus Berberis has about 450-500 species
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(Simpson 2006) and is distributed in the temperate
and subtropical regions of the northern hemisphere
and temperate regions of the southern hemisphere
(Ahmed et al. 2011). Barberry originates in East Asia
and has two diversity centers in Asia (Eurasia) and
the other in South America (Alemardan et al. 2013).
Barberry is tolerant to drought and cold condi-
tions and grows well in mountain areas with cold win-
ters (Alemardan et al. 2013). In the most agricultural
areas in Iran, water resources are inadequate and soil
and water quality is not appropriate, so the most areas
that allocated to the cultivation of barberry are not
suitable for the cultivation of a wide range of other
products. The cultivation of barberry for residents of
these areas has many economic benefits compared to
many other fruit trees, and the annual income of thou-
sands of people directly or indirectly depends on this
yield (Alemardan et al. 2013). Different types of bar-
berry are grown for uses such as medicinal, ornamen-
tal, and food. Its fruit is used in the food industry as
a natural colorant. Barberry and its main constitu-
ent, berberine, have been used in traditional medi-
cine for a long time (Mohammadzadeh et al. 2017).
Identification of different barberry species is dif-
ficult because of the high genetic and geographical
variations, inter-specific crosses and spontaneous mu-
tations (Rezaei et al. 2011). In the genus Berberis,
there is abundant hybridization between species of this
shrubby genus. Therefore, finding unmixed species is
difficult (Sodagar et al. 2012). Phenotypical traits are
the simplest markers that are directly evaluated genetic
diversity within or between populations to estimate
morphological differences without the need to com-
plex tools (Weising et al. 2005). The study of morpho-
logical characteristics and identification, collection
and evaluation of germplasm in breeding programs is
very important. Germplasm has been collected from
some fruit trees in Iran, such as almond (Sorkheh et
al. 2009), jujube (Ghazaeian 2015; Zeraatgar 2013;
Tatari et al. 2016), and quince (Abdollahi et al. 2013).
The first comprehensive program for identifica-
tion and collection of barberry native germplasm in
Iran was carried out in the southern Khorasan prov-
ince during 3 years to protect the genetic resources
and use in breeding programs. According to this, ge-
ographical location and important characteristics of
genotypes were recorded based on the descriptor.

Finally, 18 seeded genotypes and 2 seedless gen-
otypes were identified (Zeraatgar 2013). Bottini et al.
(2002) conducted some studies on the barberry genus.
The result of these studies showed a considerable var-
iation among barberry species. Kim and Jansen (1994)
studied morphological and molecular characteristics
of more than 40 barberry species. The results of the
studies showed that there are several species of bar-
berry in the world. Many of these species are seeded
and have no good edible quality, but they are im-
portant from the aspect of natural resources. Six spe-
cies of barberry (Berberis vulgaris L.) were collected
from the areas of Sivas province in Turkey. Analyzing
of the antioxidant capacity and their fruit biochemical
properties showed that these species are a rich source
of natural antioxidants (Ozgen et al. 2012).

Among the different species of barberry, B. vul-
garis has more economic importance (Heidari et al.
2009). Heidari et al. (2009) conducted some studies on
the genetic diversity of barberry populations in the
Khorasan province and separated different populations
by molecular and morphological markers. Jannatiza-
deh and Khadivi-Khub (2016) evaluated phenotypic
variations of 34 individuals of wild barberry (B. inte-
gerrima) and detected significant phenotypic diversity
between the studied accessions based on morphologi-
cal traits. In another study, 133 individuals of barberry
(B. vulgaris L. var. asperma) from different regions
of Khorasan-e-Jonoobi province from the eastern area
of Iran were evaluated using 36 morphological and
6 fruit chemical characters (Goodarzi et al. 2018).

In each country, it is important to study the
genetic diversity of a plant species for use in breed-
ing, conservation, and preventing genetic erosion
(Finetto 2001), so identification of local genotypes
to achieve genotypes with desirable characteristics
of a fruit, environmental adaptations, and tolerance
to biotic and abiotic stresses is very important.
The importance of this topic has increased with
global warming and reducing rainfall in the recent
years, so it is necessary to change the pattern of cul-
tivation and use of drought- and heat-tolerant plants.
Iran as well as Isfahan province is one of the pri-
mary areas of distribution and diversity of barberry
in the world. So far, most studies have been carried
out on the medicinal properties of this yield and little
information is available on the variation of edible
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barberry and wild species in Isfahan province.
Therefore, identification and evaluation of seeded
and seedless barberry genotypes in Isfahan province
are essential for use in future breeding programs.

MATERIAL AND METHODS

Collection site. In this research, the superior geno-
types of barberry in some regions of Isfahan prov-
ince, including Semirom, Dolat Abad, Dehaghan,
Isfahan city, and some regions in the west of Isfahan
province were evaluated from 2014 to 2016 for
3 years. In order to a preliminary study on morpho-
logical and pomological traits, about 100 different
barberry genotypes were evaluated in the first year
and in each region. These evaluations in each region
were carried out in four stages, including the physi-
ological dormancy of the tree, the flowering, the
vegetative growth of the tree, and the ripening and
harvesting time of berry stages. The main scale of
selection for genotypes was more production and
being seedless in edible genotypes. Selection crite-
ria for ornamental genotypes were their usability as
a hedge or fence in urban green space. The result of
these evaluations was the selection of seven distinct
genotypes. Geographical location of selected geno-
types, including latitude, longitude, and altitude was
recorded with the GPS device (Table 1).

Evaluated traits. For the 7 collected genotypes,
23 traits, including some vegetative, flower, and
berry traits, were recorded based on the Union for
the Protection of New Varieties of Plants (UPOV)
descriptor during 2015-2016. To measure the
dried barberry per kilogram of fresh berry, the ber-
ries of each genotype were harvested using scissors
and weighed separately and then were placed in the
laboratory conditions for a week and weighed

again. The weight of dried barberry was calculated
per each kilogram of fresh berry. Qualitative traits
(14 traits) were also recorded based on the UPOV
descriptor. The symbol and measurement unit of
recorded traits are presented in Table 2. The suckers
of selected genotypes in each area with sanitary and
quarantine principles were sent to the Agriculture
and Natural Resources Research Center of Southern
Khorasan Province (Birjand) for establishment of
barberry national collection.

Data analysis. Analysis of variance and mean com-
parison for quantitative traits was carried out by
SAS software (version 9.1) using Duncan’s test. De-
scriptive statistics, simple correlation between traits
(using the Pearson method), and cluster analysis
(the Ward method based on the squared Euclidean
distance) were performed using SPSS software
(version 15).

RESULTS AND DISCUSSION

Descriptive statistics
In this research, seven barberry genotypes were iden-
tified and collected from different regions of Isfahan
province, including three edible genotypes from
Dolat Abad, Semirom, and Dehaghan areas; two or-
namental genotypes from Isfahan city; and other gen-
otypes from the west of Isfahan province (Table 1).
The average of traits as well as the range and
coefficient of variation of quantitative traits in se-
lected barberry genotypes is presented in Table 3.
The greatest relative differences between maximum
and minimum values were obtained for dried bar-
berry per kilogram of fresh berries, thorn length, and
leaf length, which were not according to the results
reported by Jannatizadeh and Khadivi-Khub (2016).
They only evaluated wild genotypes.

Table 1. Characteristics of collection sites of barberry genotypes

Barberry type Collection site Latitude Longitude Altitude (m)
Edible 1 Dolat Abad 3248'39.9"N 51 40'44"E 1583
Edible 2 Semirom 3136'44.3" N 51 33'15.9"E 2464
Edible 3 Dehaghan 320755.4"N 51 38'56.3"E 1819
Red leaf The flower garden of Isfahan 322822.8"N 51 41'535"E 1599
Evergreen The flower garden of Isfahan 322822.8"N 51 41'535"E 1599
Zarafshani (wild) West of province 32 36'56.6" N 51 27'56.6" E 1631
Broadleaf (wild) West of province 32 36'56.6" N 51 27'56.6" E 1631
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Table 2. Symbol and measurement method of recorded traits based on UPOV descriptor

Characteristic Symbol of mezt\Js:Irtemen ¢ Measurement method
N e oy
Tree grovih habit ToH  coge  Oremelyuprght (1) iight(3) semispreacing (5.
Being Deciduous BD Code deciduous (1), evergreen (3)
Leaf length LL mm ruler (average of 10 leaves)
Leaf width LW mm ruler (average of 10 leaves)
Leaf shape LS Code narrow (1), oval (3), cordate (5), ovate (7), oblong (9)
Thorn length TL mm ruler (mean of 10 thorn)
Place of flower bud formation PFBF Code spur (1), one-year old branch, (3), both (5)
Flower color FC Code light yellow (1), yellow (3), orange (5), pink (7)
Flower size FLS Code small (1), medium (3), large (5)
Fruiting in isolation conditions  FIC Code low (1), intermediate (3), high (5)
Berry shape BS Code cylindrical (1), globose (3), semi-globose (5)
Color of ripening berry CRB Code pink (1), light red (3), dark red (5), dark blue (7)
Wax on berry wWB Code yes (1), no (3)
Berry length BL mm caliper (average of 10 berries)
Berry width BW mm caliper (average of 10 berries)
Berry size BRS Code small (1), medium (3), large (5)
Peduncle length PL mm ruler (mean of 10 berries)
D(;:cefdr ezzrt;:rr{/ per kilogram DPB ar digital scale
Firmness F Code soft (1), intermediate (3), firm (5)
Rate of juice RJ Code juicy (1), fleshy and low juicy (3), low juicy (5)
Seed length SL mm caliper (mean of 10 seeds)
Seed width SW mm caliper (mean of 10 seeds)

Table 3. Mean, range and coefficient of variation in studied traits

Characteristics CV (%) Standard deviation Minimum Mean  Maximum
Leaf length (LL) 38.61 18.15 26 47 81
Leaf width (LW) 34.49 5.96 9 17.28 26
Thorn length (TL) 90.26 30.43 9 33.71 91
Berry length (BL) 54.91 341 1.1 6.21 9
Berry width (BW) 59.53 2.03 0.4 3.41 5.2
Peduncle length (PL) 75.67 1.68 0.7 2.22 4.4
Dried barberry per kilogram of fresh berry (DPB)  23.43 127.24 400 542.85 700
Seed length (SL) 91.79 1.23 0 1.34 45
Seed width (SW) 94.36 0.67 0 0.71 2.6
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The coefficient of variation varied from 23.43
to 94.36%. The thorn length and the length and
width of berries and seeds as well as the peduncle
length traits had the coefficient of variation of
more than 50%. The traits with higher coefficient
of variation are more distinct between individuals
and are reliable markers for studying individuals
(Khadivi-Khub & Etemadi-Khah 2015). High var-
iation in tree growth habit and berry shape traits
was reported by Ahmed et al. (2013) who evalu-
ated 30 barberry genotypes from Pakistani regions.
Similarly, Rezaei (2009) reported a high variation
among lranian barberry genotypes. He observed
more variation in the number of berries in 1-year-
old branch, berry anthocyanin, and fresh weight
traits. However, in another study, variation in the
Iranian population of seedless barberry was re-
ported as about zero (Heidari et al. 2009).

Mean comparison

The analysis of variance showed that the evaluated
genotypes had significant differences in more stud-
ied traits, which is due to diversity in the studied
traits, so it is possible to select a genotype for dif-
ferent values of a trait (Table 4). The length and
width of a leaf were 26-81 and 9-26 mm, respec-
tively. The Zarafshani genotype had the lowest leaf
dimensions. The highest leaf length belonged to the
Evergreen genotype, and the highest leaf width was
related to the Red leaf genotype. It seems that gen-
otypes with lower leaf dimensions had lengthier
thorns. Ahmed et al. (2013) reported the leaf length
and leaf width in their investigated barberry ranged
from 96.9 to 66.7 mm and 33.1 to 25.8 mm, respec-
tively. The range of leaf length and leaf width in
barberry genotypes studied by them was more than
the values reported in the present study. Genetic and
environmental factors are responsible for leaf size
variation (Ahmed et al. 2013).

The length and width of the berries in the stud-
ied barberry were in the range 1.06-9 and 0.4-
5.2 mm, respectively. In another study, the berry
length varied from 9.75 to 7.12 mm, and the berry
width was in the range 4.34-2.65 mm (Ahmed et al.
2013). Goodarzi et al. (2018) also investigated on
the barberry genotypes in Khorasan-e-Jonoobi and
reported that the berry length and berry width were

in the range of 7.4-10.84 and 4.39-8.05 mm, re-
spectively, which was more than the means of the
berry length and berry width in this research. Orna-
mental genotypes had the least berry dimensions.
Lower berry length and berry width of the ornamen-
tal genotypes, including Red leaf and Evergreen, is
the main cause of this difference. Naturally, the
dried barberry per kilogram of fresh berries of the
Red leaf and Evergreen ornamental genotypes that
had lower berry dimensions was lesser than that of
other genotypes. Peduncle length was higher in gen-
otypes with more seed dimensions.

Qualitative traits of selected genotypes were
presented in Table 5. The tree growth habit of the
studied genotypes was similar to that of 30 genotypes
evaluated by Ahmed et al. (2013), who reported the
right, spreading and semi-spreading growth habit.
The range of berry color among the studied geno-
types in this research was less than that of barberry
genotypes examined by Ahmed et al. (2013). They
reported purple, blue, and violet colors for their gen-
otypes. Rezaei et al. (2011) reported that the seedless
genotypes collected from different regions of
Khorassan were red while the seeded genotypes had
various colors including dark blue, red, light red, and
reddish-dark. This color variation was not observed
in the seeded genotypes of the present research.

Although diversity evaluation is not reliable
only based on morphological traits, but some traits
in this research, such as leaf dimensions; length of
berries, seeds, and thorns; and leaf shape, can be
used as morphological markers for the identification
of barberry. Lacombe et al. (2003) used morpholog-
ical markers to study the genetic diversity of wild
grapes and compare their variation with other culti-
vars. Morphological data analysis did not show any
difference between wild grapes of different geo-
graphic regions (Lacombe et al. 2003), whereas in
the present study, two wild genotypes showed dif-
ferences with each other in thorn length, tree growth
habit, leaf shape, flower size, and color of ripening
berry traits.

Correlation of traits

The results of correlation among traits showed that
there is a significant correlation between some of
the measured traits (Table 6). A high correlation can

15
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be used to estimate other traits. There was a signifi-
cant positive correlation between tree growth vigor
with berry size and seed length and seed width. This
correlation is reasonable because, with increasing
tree growth vigor and increasing foliage, photosyn-
thesis increases and sufficient carbohydrates are
provided to produce flower bud and thus increase
the berry size. This process will continue until the
shadow of the tree leads to reduce photosynthesis
and carbohydrate production (Talaei 1999).

Trees with more thorn length had more seed
length and seed width. Similarly, a correlation be-
tween thorn length and seed dimensions has also
been reported in the jujube (Tatari et al. 2016). Jan-
natizaden and Khadivi-Khub (2016) reported
a positive correlation between the length and width
of the berries and seeds, whereas this correlation
was not observed in the present study. Berries with
more peduncle length had more seed length and
seed width.

Table 4. Mean of quantitative traits for seven barberry genotypes

Barberry type LL LW TL BL BW PL DPB SL SW
Dolat Abad 53b 19ab 20c 9a 5ab 0.9b 700a Ob Ob
Semirom 40c 21ab 15cd 7.6a 4.5ab 3.5a 600b Ob Ob
Dehaghan 53b 20ab 22¢ 8.6a 5.2a 0.8b 700a Ob Ob
Red leaf 45bc 26a 9d 1.06b 0.4c 0.7b 200c 0.5b 0.1b
Evergreen 8la 15hc 18cd 1.4b 0.7c 1.2b 200c Ob Ob
Zarafshani 26d 9c 9la 7.6a 4.4ab 4.1a 500d 4.5a 2.6a
Broadleaf 31d 11c 61b 8.2a 3.5b 4.4a 500d 4.4a 2.3a
Means in each column followed by the same letter do not differ significantly at 5% level of Duncan’s multiple range test
Table 5. Qualitative traits for seven barberry genotypes
Barberry type TV TGH BD LS PFBF FC FLS
Dolat Abad vigorous extremely upright deciduous oblong both yellow  small
Semirom vigorous upright deciduous oblong both yellow  small
Dehaghan vigorous upright deciduous cordate both yellow  small
Red leaf vigorous extremely upright deciduous cordate 1-year-old branch  yellow  small
Evergreen vigorous upright ever green narrow 1-year-old branch  yellow  small
Zarafshani  extremely vigorous upright deciduous ovate both yellow  small
Broadleaf extremely vigorous semi spreading  deciduous oblong both yellow  medium
Continuous table 5. Qualitative traits for seven barberry genotypes

Barberry type FIC BS CRB WB BRS F RJ
Dolat Abad intermediate globose lightred yes medium soft juicy
Semirom high globose lightred yes medium soft juicy
Dehaghan high cylindrical ~ lightred  yes medium soft fleshy and low juicy
Red leaf low cylindrical ~ lightred vyes small firm fleshy and low juicy
Evergreen intermediate  cylindrical  lightred  yes small firm low juicy
Zarafshani intermediate  cylindrical darkred no medium soft low juicy
Broadleaf intermediate  cylindrical  lightred no medium soft
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In general, it can be said that nonedible bar-
berry genotypes, which is seeded, have more thorn
length and seed dimensions. It seems that these gen-
otypes are evolutionary behind the domestic and ed-
ible genotypes. According to Moosazadeh et al.
(2015), if there is a positive correlation between two
traits in a plant, the breeding program is easier to
perform. Accordingly, in breeding programs, corre-
lations among vegetative and reproductive traits can
be used and early selection of seedlings before the
reproductive phase can be carried out.

Cluster analysis

Using cluster analysis, genotypes were classified into
five groups at five squared Euclidean distance based
on the Ward method (Fig. 1). In the first group, Dolat
Abad, Isfahan, Semirom, and Dehaghan genotypes
were placed. These genotypes are edible and had the
highest berry length and berry width, as well as the
highest dried barberry per kilogram of fresh berries.
The berries of these genotypes were seedless, semi-
globose, and juicy. Being deciduous, the vigorous
growth of trees, the formation of flower bud on both
1-year-old branch and spur, being the wax on the
berry, and large-sized berry with soft tissue were
other characteristics of this group. These three geno-
types were located in the same group despite being in
different locations. The cause can be attributed to
their similar origin or to the morphological changes
of seedlings after transplantation and cultivation in
new conditions (Khakdaman et al. 2007).

CASE 0 5 10 15 20 25
Label Fmmmm——— e - drmmmm——— e +
Doulat Abad w

Semirom _|

Dehaghan —l

Red leaf

Evergreen J

Zarafshani

Broad leaf J

Fig. 1. Grouping of 7 barberry genotypes based on meas-
ured characteristics by Ward method

The Red leaf and Evergreen genotypes placed
in the second group have ornamental application. In
these genotypes, flower buds were formed on 1-year-
old branches. Their berries had the lowest length and
width and were also firm, fleshy, and low juicy. The
least thorn length, the vigorous growth of the tree, the

lowest dried barberry per kilogram of fresh berries,
seedless, light red and cylindrical berry, being the
wax on the berry, and small size of berry were the
characteristics of the genotypes in this group.

Two wild genotypes were placed in the third
group. The berries of this group had the least leaf
length and width. The highest thorn and peduncle
length, large berry, being deciduous, the formation
of flower bud on both 1-year-old branch and spur,
and globose berry were the characteristics of the
genotypes in this group. The berries of these two
genotypes were seeded and had the highest seed di-
mensions. The tree vigor in these two genotypes
was more than that in other genotypes. Their berries
were low juicy, and there was no wax on the berry.

In the identification of barberry germplasm in
Southern Khorasan province, 20 different barberry
genotypes were identified, of these 18 genotypes
were placed in the seeded group and 2 genotypes
were seedless (Zeraatgar 2013). Using cluster anal-
ysis, 17 strawberry cultivars were distinguished
based on 14 morphological traits (Nielsen & Lovell
2000). Barberry genotypes of Khorasan were also
divided into four main groups (Rezaei et al. 2011).
Although the seedless cultivars were not placed in
a separate group, but similar to the present study,
they were placed in a separate subgroup. Regner et
al. (2004) did not observe a close relationship be-
tween wild and edible grape cultivars and geno-
types. In the present study, there was no relationship
between the edible and wild barberry genotypes.

Heidari et al. (2009) reported that B. inte-
gerrima is a dominant species in the west of Iran.
The results of morphological studies by Rezaei et al.
(2011) showed that B. vulgaris is very similar to
B. integerrima. Jafari & Gharaghani (2012) observed
the species that have the most relationship and the
genotypes that were placed in a similar species show
the most similarity in the results of cluster analysis.

The results indicated a high morphological di-
versity of studied genotypes of barberry. Seed propa-
gation and natural hybridization are the main reasons
for this variation (Jannatizadeh & Khadivi-Khub
2016). Furthermore, this considerable variability may
be mainly due to incompatibility. Self-incompatibility
is observed in both the seedless cultivars and wild
barberry (Alemardan et al. 2013; Ebadi et al. 2010).
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CONCLUSIONS

Diversity allows us to choose the superior gen-
otypes that adapted for the years in a region. The
recognition of vegetative characteristics and the
quantitative and qualitative traits of berry provides
the possibility to select and improve the genotypes
for cultivation. It also helps identify the genotypes
to protect them. Considering the studied traits, Dolat
Abad, Semirom, and Dehaghan genotypes were
more desirable and suitable for the establishment of
the orchard. Two Red leaf and Evergreen genotypes
are suitable for hedges or fences in urban green
spaces. These two genotypes can be used in breed-
ing programs of barberry, because of the production
of seedless berry. Two wild species of barberry in
Isfahan province are distributed in different regions
of west and southwest of Isfahan province and gen-
erally in most areas of Zagros. Wild barberries have
been exposed to weather changes, disease, and dif-
ferent stresses over time and have been able to cre-
ate a natural security by compatibility, so these gen-
otypes are likely to have genes related to different
stress tolerance that can be used in breeding pro-
grams. These genotypes must be conserved as valu-
able genetic resources.
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