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Abstract 

Background Several species of the genus Ziziphus are used worldwide for their medicinal and therapeutic proper-
ties. The present study aimed to investigate the phenotypic variation of five species of the Ziziphus genus, including Z. 
jujuba Mill. (25 accessions), Z. mauritiana Lam. (25 accessions), Z. spina-christi L. (25 accessions), Z. nummularia L. (10 
accessions), and Z. xylopyrus Willd. (10 accessions) from Markazi, Sistan-va-Baluchestan, and Khuzestan provinces, Iran.

Results The investigated accessions have significant differences in terms of all the measured as revealed using 
analysis of variance (ANOVA, P < 0.01). The range of fruit weight was 0.43–1.29 g in Z. jujuba, 17.85–29.87 g in Z. mau-
ritiana, 0.94–3.44 g in Z. spina-christi, 0.93–2.02 g in Z. nummularia, and 0.91–3.02 g in Z. xylopyrus. All the measured 
traits showed significant and positive correlations with each other. Multiple regression analysis (MRA) results showed 
that fruit length, stone width, stone weight, stone length, and fruit width have significant effects on fruit weight, 
and thus their fluctuations have a significant effect on increasing or decreasing fruit weight. The accessions were 
grouped into two main clusters using hierarchical cluster analysis. The first cluster (I) included all the accessions of Z. 
mauritiana, while the second cluster (II) contained the accessions of the rest species forming two sub-clusters.

Conclusion Based on the commercial characters, accessions no. 12, 13, 17, 23, and 24 in Z. jujuba, accessions no. 3, 
9, 17, 18, 20, 22, and 23 in Z. mauritiana, accessions no. 5, 6, 8, 13, 19, 22, and 24 in Z. spina-christi, accessions no. 3, 7, 
and 9 in Z. nummularia, and accessions no. 2, 4, 7, and 10 in Z. oxyphylla showed the highest fruit weight and thus can 
be suggested as superior for cultivation or use in breeding programs due to having larger fruits.

Keywords Breeding, Ziziphus, Phenotypic variation, Correlation, MRA

Introduction
Several species of the genus Ziziphus are used world-
wide for their medicinal and therapeutic properties. In 
India, China, South America, South Africa, and the Mid-
dle East, some species of the Ziziphus genus are applied 
to treat diseases. Five species of the genus Ziziphus, 

including Z. jujuba Mill., Z. nummularia L., Z. mauri-
tiana Lam., Z. xylopyrus Willd., and Z. spina-christi L. 
are distributed in most regions of the world, including 
Iran [1].

Z. jujuba (jujube) is a thorny tree that is resistant to 
cold and heat. The adaptability of this tree against harsh 
climatic conditions and soil type has caused its cultiva-
tion to develop in cold regions. Z. jujuba grows on poor-
quality land and produces a relatively satisfactory result. 
Z. jujuba tree grows better in hot and dry climates, but 
it can also tolerate low winter temperatures of -29 ˚C [2]. 
Z. jujuba has different biological activities and has higher 
medicinal and nutritional value [3]. Since ancient times, 
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in traditional Chinese medicine, dried fruits of this spe-
cies have been used to treat tumors [4]. Also, in tradi-
tional Iranian medicine, the fruit of this species is used to 
eliminate cough and reduce blood pressure [2].

Z. mauritiana (Indian jujube) originated from tropical 
regions in South and East Asia and its height may reach 
15 m. Its fruit is mostly available fresh in the market. Z. 
mauritiana needs a lot of light and low humidity, and its 
heat requirement is high. It also needs loamy to loamy 
and deep sandy soils with neutral to slightly alkaline pH. 
Z. mauritiana is traditionally used to treat various dis-
eases. Its fruit extract is used for skin health [5] and also 
to reduce sunburn [6].

Z. spina-christi is a thorny shrub or a tree of medium 
height that shows high resistance to drought stress. Z. 
spina-christi has a long history in Arab traditional medi-
cine and the consumption of its fruits helps to reduce 
lung problems. The most suitable temperature for the 
growth of Z. spina-christi is between 25 and 35 ˚C, while 
fruit formation decreases at temperatures higher than 35 
˚C. Temperatures below zero and freezing temperatures 
cause damage to young branches and developing fruits 
and cause a significant reduction in yield and tree growth. 
Z. spina-christi trees can easily withstand heavy winds 
and in most cases, they are used as windbreaks. Due to 
strong resistance to water shortage and having strong 
and deep roots, the Z. spina-christi tree needs very little 
water after the establishment stage and can continue life 
and produce crops even without water [7].

Z. nummularia is native to India, Pakistan, Afghani-
stan, Iran, Lebanon, and Zimbabwe. It is tolerant of a 
range of habitats, including hillsides, plains, ravines, 
cultivated areas, and dunes. The leaves are rounded 
like those of Z. jujuba but differ from those in having a 
pubescence on the adaxial surface. The plant is com-
monly found in arid areas, hills, plains, and agricultural 
fields. The fruits of Z. nummularia are used to fight colds 
[8] and its seeds are used to treat eye diseases [9].

Z. xylopyrus is a perennial shrub with immense 
medicinal potential and is dispersed all over Pakistan, 
China, Iran, and India. It is very common in foothill 
scrub jungles, up to 1200 m altitude. Fresh fruits of Z. 
xylopyrus are used to treat urinary problems, and pig-
ments extracted from its fruit are used for leather pro-
duction [10].

The basis of the breeding program of plants is genetic 
variation. Genetic diversity of plant species should be 
investigated for use in the management, conservation, 
breeding, and creation of living vegetation [11, 12]. 
Genetic diversity is investigated using several methods, 
among which morphological characterization is the most 
powerful method to determine the classification of plants 
and agricultural benefits [13]. Determining the genetic 

diversity in plant materials is of great importance and is 
the first and fundamental step to identifying, preserving, 
and maintaining the genetic resources, which are con-
sidered the basis for genetic research and breeding pro-
grams. The genetic diversity of domesticated plants has 
been stabilized due to the use of limited genetic bases 
in breeding programs, and the diversity of native culti-
vars is also decreasing [13]. Morphological classification 
is a useful guide to identifying species relationships and 
increases the knowledge of plant breeders and gene bank 
managers. Also, knowledge of the relationships between 
traits (regression and correlation relationships) can be 
useful for the development of new commercial cultivars 
and resistant and short bases. Morphological characteri-
zation of plants is one of the first steps to identify genetic 
resources [12].

In Iran, the genotypes of the genus Ziziphus are among 
the scattered trees that have rarely been cultivated in a 
uniform and commercial manner, and as a result, the 
identification of their beneficial effects has not received 
much attention from researchers. However, attention to 
the cultivation and processing of these plants will obtain 
high income and many jobs. Therefore, the present study 
aimed to investigate the phenotypic characterization and 
interspecific variation among five species of the Ziziphus 
genus to select the superiors.

Materials and methods
Plant material
In total, 95 accessions belonging to five species of the 
Ziziphus genus, including Z. jujuba (25 accessions), Z. 
mauritiana (25 accessions), Z. spina-christi (25 acces-
sions), Z. nummularia (10 accessions), and Z. xylopyrus 
(10 accessions) were studied from Markazi, Sistan-va-
Baluchestan, and Khuzestan provinces, Iran (Fig.  1) for 
two consecutive years to determine morphological varia-
tion and also to select the promising accessions based on 
the quality of fruit. The identification of the species was 
performed by Prof. Dr. Ali Khadivi. A herbarium voucher 
specimen with sediment number ZZ-3457 was donated 
to a public available herbarium of the Faculty of Agricul-
ture and Natural Resources of Arak University, Iran.

The characteristics evaluated
To investigate the phenotypic variation between acces-
sions and species, nine morphological traits were 
recorded. The 50 fruits and 50 leaves of each accession 
were measured and then their average was calculated. 
A digital caliper was used to measure quantitative traits 
related to the length and width of leaf, petiole, fruit, and 
stone, while a sensitive scale was used to measure fruit 
and stone weight.
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Statistical analysis
Analysis of variance (ANOVA) was done using SAS 
software [14]. Descriptive statistics, simple correlation 
between traits, and principal component analysis (PCA) 
were performed using SPSS (Version 16.0) software 
(SPSS Inc., Chicago, IL, USA) [15]. The coefficient of var-
iation (CV) was calculated by dividing the standard devi-
ation of each trait by the mean of that trait. In addition, 

SPSS software was used for multiple regression analysis 
(MRA) using the stepwise linear method, the purpose of 
which was to determine the independent traits affecting 
fruit weight. In MRA, r2 and β coefficients were calcu-
lated using regression analysis and were investigated for 
different traits related to traits. The r2 coefficient rep-
resents the multiple correlation coefficient and meas-
ures the correlation between fruit traits. Also, β is the 

Fig. 1 Geographic locations of collection sites of the studied five species of the Ziziphus genus in Iran
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standardized regression coefficient, which is calculated 
by MRA for each trait-related trait. Ward’s method and 
Euclidean distance coefficient using PAST software were 
applied to perform cluster analysis [16]. Also, a bi-plot 
was created using the first two main components (PC1/
PC2) using PAST software.

Results and discussion
The investigated accessions have significant differences in 
terms of all the measured traits as revealed using analysis 
of variance (ANOVA, P < 0.01). This result indicates the 
existence of phenotypic variation in the examined traits. 
In this case, selection can be made from the examined 
accessions.

 In Z. jujuba, CV ranged from 9.00 (in stone width) 
to 31.55% (in fruit weight). Also, the range of studied 
traits in this species was as follows: leaf length as 32.85–
58.78 mm, leaf width as 11.57–28.68 mm, petiole length 
as 2.13–6.35  mm, fruit length as 9.51–16.52  mm, fruit 
width as 9.20-23.26  mm, fruit weight as 0.43–1.29  g, 
stone length as 6.76–12.15  mm, stone width as 5.50–
7.77  mm, and stone weight as 0.08–0.25  g (Table  1). 
Khadivi et  al. [17] reported a range of 26.33–84.05  mm 
for leaf length, 0.36–3.83  g for fruit weight, and 0.04–
0.53  g for stone weight in Z. jujuba. Khadivi and Beigi 
[18] reported a range of 36.44–54.43 mm for leaf length, 
2.72–6.42  g for fruit weight, and 0.31–0.47  g for stone 
weight in Z. jujuba. The wide range obtained for leaf and 
fruit-related characters in the present research was differ-
ent from previous studies due to differences in the number 
of samples, environmental conditions, and genetic aspects.

In Z. mauritiana, CV ranged from 9.71 (in fruit width) 
to 35.86% (in stone weight). Also, a range of studied 
traits in this species was as follows: leaf length as 58.86–
95.32 mm, leaf width as 35.08–75.83 mm, petiole length 
as 11.65–28.69 mm, fruit length as 31.21–45.33 mm, fruit 
width as 26.45–39.61 mm, fruit weight as 17.85–29.87 g, 
stone length as 16.75–24.65  mm, stone width as 8.02–
12.58  mm, and stone weight as 0.90–2.38  g (Table  1). 
Mirheidari et al. [19] reported a range of 57.98–96.35 mm 
for leaf length, 15.68–33.62 g for fruit weight, and 0.76–
2.52 g for stone weight in Z. mauritiana. The wide range 
obtained for leaf and fruit-related characters in the pre-
sent research was near to the findings of Mirheidari et al. 
[19] due to the same environmental conditions.

In Z. spina-christi, CV ranged from 10.41 (in stone 
width) to 37.88% (in fruit weight). Also, the range of 
studied traits in this species was as follows: leaf length 
as 23.45–44.48  mm, leaf width as 17.37–30.38  mm, 
petiole length as 2.82–10.95  mm, fruit length as 11.16–
17.72  mm, fruit width as 11.88–18.43  mm, fruit weight 
as 0.94–3.44  g, stone length as 7.98–12.13  mm, stone 
width as 6.93–10.02 mm, and stone weight as 0.25–0.79 g 

(Table 1). Norouzi et al. [20] reported a range of 18.90–
37.00 mm for leaf length, 1.10–3.08 g for fruit weight, and 
0.32–1.17 g for stone weight in Z. spina-christi. Zandie-
hvakili and Khadivi [21] reported a range of 23.68–
45.41  mm for leaf length, 0.88–3.63  g for fruit weight, 
and 0.17–0.84 g for stone weight in Z. spina-christi. The 
wide range obtained for leaf and fruit-related characters 
in the present research was different from previous stud-
ies due to differences in the number of samples, environ-
mental conditions, and genetic aspects.

In Z. nummularia, CV ranged from 9.90 (in fruit 
width) to 35.91% (in petiole length). Also, the range of 
studied traits in this species was as follows: leaf length as 
16.45–34.40  mm, leaf width as 9.80–23.70  mm, petiole 
length as 2.45–6.50 mm, fruit length as 10.32–15.40 mm, 
fruit width as 12.22–16.30  mm, fruit weight as 0.93–
2.02  g, stone length as 7.32–10.80  mm, stone width as 
7.30–9.62 mm, and stone weight as 0.31–0.81 g (Table 1). 
Norouzi et al. [20] reported a range of 16.40–35.90 mm 
for leaf length, 0.98–2.10  g for fruit weight, and 0.29–
0.88 g for stone weight in Z. nummularia.

In Z. xylopyrus, CV ranged from 8.58 (in leaf width) 
to 41.02% (in fruit weight). Also, the range of studied 
traits in this species was as follows: leaf length as 23.02–
34.40 mm, leaf width as 17.02-23.00 mm, petiole length 
as 4.10-7.00  mm, fruit length as 11.45–16.33  mm, fruit 
width as 12.22–18.65  mm, fruit weight as 0.91–3.02  g, 
stone length as 7.33–10.70  mm, stone width as 7.02–
9.44  mm, and stone weight as 0.35–0.82  g (Table  1). 
Norouzi et al. [20] reported a range of 23.10–40.70 mm 
for leaf length, 1.55–3.14  g for fruit weight, and 0.22–
0.90  g for stone weight in Z. xylopyrus. The pictures of 
leaves and fruits of the studied species of the Ziziphus 
genus are shown in Fig. 2.

The combined data of all the studied species was used 
for further analysis. All the measured traits showed 
significant and positive correlations with each other 
(Table 2) and corresponded with previous findings in dif-
ferent species of the Ziziphus genus [17–23]. Correlation 
coefficients provide information about important traits 
in the evaluation of genotypes [24]. These coefficients 
can be used to describe other variables and considered to 
describe genotypes [25].

Multiple regression analysis (MRA) results (Table  3) 
showed that fruit length, stone width, stone weight, 
stone length, and fruit width have significant effects on 
fruit weight, and thus their fluctuations have a significant 
effect on increasing or decreasing fruit weight. There-
fore, breeders should pay attention to the above traits 
to improve the fruit weight of commercial species of 
Ziziphus. Significant effects of the above characters on 
fruit weight have been detected using MRA in different 
fruits [26–28].
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Fig. 2 Leaves and fruits of the studied species of the Ziziphus genus, including (A) Z. spina-christi, B Z. jujuba, C Z. mauritiana, D Z. xylopyrus, and E Z. 
nummularia 
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Cluster analysis grouped the accessions into two main 
clusters (Fig. 3). The first cluster (I) included all the acces-
sions of Z. mauritiana, while the second cluster (II) 
included the accessions of the rest species forming two 
sub-clusters. Sub-cluster (II-A) included the accessions 
of Z. spina-christi and Z. jujuba species, while sub-clus-
ter (II-B) consisted of the accessions of Z. nummularia 
and Z. oxyphylla species.

An analysis was performed to determine relationships 
among the studied species. The five species were placed 
into three groups (Fig.  4). Z. nummularia and Z. oxy-
phylla species were placed into the first group, and the 
second group included Z. mauritiana, while Z. spina-
christi and Z. jujuba species formed the third group.

The genetic diversity of native accessions and their wild 
relative species is the primary source of many agricultural 
research programs, especially cross-breeding programs. 
Therefore, it is necessary to know the characteristics 
and potential of these valuable resources collected to use 
them in research programs [22, 23]. With this approach, 
the accessions studied belonging to the Ziziphus genus 
showed high variability. Higher fruit weight with higher 
yield capacity is the most important fruit characteristic in 
breeding programs [21].

The accessions showed considerable variation in terms 
of the measured traits within and among species studied. 

The variation among the accessions of the same species 
is due to cross-pollination, natural hybridization, cross-
incompatibility, propagation by seeds, gene flow, and 
exchange of plant material between the study areas [20]. 
Also, the dissimilarity between accessions of the species 
denotes the capability of generating new progenies and 
producing different associations or segregations of genes, 
thereby facilitating a partial removal of former linkages 
or the creation of new ones that can be applied in both 
classical and modern breeding methods. To generate new 
progenies in a subsequent generation (with new linkage 
groups or new population properties), it is a common 
practice to use distant genotypes [21].

Conclusions
Phenotypic diversity provides the possibility of selecting 
high-quality genotypes. Investigation of the morphologi-
cal characterization of plant species provides the possi-
bility of selecting better accessions for the development 
of cultivation and leads to more attention of farmers and 
plant breeders, and those involved in the preservation of 
plant resources. The studied native accessions belonging 
to five species of the Ziziphus genus can be considered 
the most important sources of germplasm. The results of 
the present study can be used in breeding programs and 

Table 2 Simple correlations among the morphological variables utilized in the studied accessions belonging to five species of the 
Ziziphus genus

**Correlation is significant at p ≤ 0.01 level

Trait Leaf length Leaf width Petiole length Fruit length Fruit width Fruit weight Stone length Stone width Stone weight

Leaf length 1

Leaf width 0.94** 1

Petiole length 0.88** 0.95** 1

Fruit length 0.89** 0.90** 0.91** 1

Fruit width 0.90** 0.91** 0.92** 0.98** 1

Fruit weight 0.74** 0.80** 0.87** 0.92** 0.89** 1

Stone length 0.91** 0.90** 0.87** 0.98** 0.96** 0.86** 1

Stone width 0.82** 0.82** 0.75** 0.83** 0.87** 0.62** 0.88** 1

Stone weight 0.53** 0.63** 0.73** 0.78** 0.74** 0.89** 0.72** 0.50** 1

Table 3 The traits associated with fruit weight in the studied accessions belonging to five species of the Ziziphus genus as revealed 
using MRA and coefficients

Dependent trait Independent trait r r2 β t p

Fruit weight Fruit length 0.92 a 0.86 1.09 5.98 0.00

Stone width 0.96 b 0.94 -0.33 -6.18 0.00

Stone weight 0.97 c 0.96 0.28 8.46 0.00

Stone length 0.98 d 0.97 -0.44 -3.19 0.00

Fruit width 0.99 e 0.97 0.32 2.83 0.01
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Fig. 3 Ward cluster analysis of the studied accessions belonging to five species of the Ziziphus genus based on morphological traits using 
Euclidean distances
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increasing performance in the future. Based on the com-
mercial characters, accessions no. 12, 13, 17, 23, and 24 in 
Z. jujuba, accessions no. 3, 9, 17, 18, 20, 22, and 23 in Z. 
mauritiana, accessions no. 5, 6, 8, 13, 19, 22, and 24 in Z. 
spina-christi, accessions no. 3, 7, and 9 in Z. nummularia, 
and accessions no. 2, 4, 7, and 10 in Z. oxyphylla showed 
the highest fruit weight and thus can be suggested as 
superior for cultivation or use in breeding programs due 
to having larger fruits.

Acknowledgements
None.

Authors’ contributions
AK experimented and collected data. AK analyzed data, and wrote and edited 
the article. The author approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The findings supporting the present study, when reasonable request, are avail-
able from the corresponding author.

Declarations

Ethics approval and consent to participate
Research involving human participants and/or animals
Not applicable.
Informed consent
Not applicable.
Statement specifying permissions
For this study, we acquired permission to collect the Ziziphus genus issued by 
the Agricultural and Natural Resources Ministry of Iran.
Statement on experimental research and field studies on plants
All methods performed on plants (either cultivated or wild), including the 
collection of plant material comply with relevant institutional, national, and 
international guidelines and domestic legislation of Iran.

Consent for publication
Not applicable.

Competing interests
The author declares no competing interests.

Received: 19 August 2023   Accepted: 27 October 2023

References
 1. Morton JF. Indian Jujube. In: Fruits of warm climates. Miami: Florida Fair 

Books; 1987.
 2. Hemmati M, Asghari S, Zohoori E, Karamian M. Hypoglycemic effects of 

three Iranian edible plants; jujube, barberry and saffron: correlation with 
serum adiponectin level. Pak J Pharm Sci. 2015;28:2095–9.

 3. Mahajan RT, Chopda MZ. Phyto-pharmacology of Ziziphus jujuba Mill- A 
plant review. Pharmacognosy Rev. 2009;3:320–9.

 4. Hamedi SH, Shams-Ardakani MR, Sadeghpour O, Amin G, Hajighasemali 
D, Orafai H. Designing mucoadhesive discs containing stem bark extract 
of Ziziphus jujuba based on Iranian traditional documents. Iran J Basic 
Med Sci. 2016;19:330–6.

 5. Ashraf A, Sarfraz RA, Anwar F, Shaukat Ali Shahid SA, Alkharfy KM. Chemi-
cal composition and biological activities of leaves of Ziziphus mauritiana l. 
native to Pakistan. Pak J Bot. 2015;47(1):367–76.

 6. Mishra T, Khullar M, Bhatia A. Anticancer potential of aqueous ethanol 
seed extract of Ziziphus mauritiana against cancer cell lines and ehrlich 
Ascites carcinoma. Evid Based Complement Alternat Med. 2011;765029. 
https:// doi. org/ 10. 1155/ 2011/ 76502 911.

 7. Jongbloed M. The comprehensive guide to the wild flowers of the United 
Arab Emirates. Abu Dhabi: Environmental research and wildlife develop-
ment agency (ERWDA); 2003.

 8. Upadhyay B, Singh KP, Kumar A. Ethno-veterinary uses and informant’s 
consensus factor of medicinal plants of Sariska region, Rajasthan, India. J 
Ethnopharmacol. 2011;133:14–25.

 9. Oudhia P. Medicinal herb of Chattisgarh, India having less known tradi-
tional uses, IX. Boir (Ziziphus nummularia, family: Rhamnaceae). Botanical.
com© 2001, 2002, 2003. 2003.

 10. Jagtap SD, Deokule SS, Bhosle SV. Some unique ethnomedicinal uses of 
plants used by the Korku tribe of Amravati district of Maharashtra, India. J 
Ethnopharmacol. 2006;107:463–9.

 11. Ghazaeian M. Genetic diversity of Jujube (Ziziphus jujuba Mill.) germplasm 
based on vegetative and fruits physicochemical characteristics from 
Golestan province of Iran. Comunicata Sci. 2015;6(1):10–6.

 12. Ouborg NJ. Integrating population genetics and conservation biology in 
the era of genomics. Biol Lett. 2010;6:3–6.

 13. Jannatabadi AA, Talebi R, Armin M, Jamalabadi JG, Baghebani N. Genetic 
diversity of Iranian landrace chickpea (Cicer arietinum L.) accessions 
from different geographical origins as revealed by morphological 
and sequence tagged microsatellite markers. J Plant Biochem Biot. 
2014;23:225–9.

 14. SAS Institute Inc. SAS/STAT User’s Guide. Vol. 2, Version 6, 4th Edition, Cary, 
NC. 1989.

 15. Norusis MJ. SPSS/PC advanced statistics. Chicago: SPSS Inc; 1998.
 16. Hammer Ø, Harper DAT, Ryan PD. PAST: paleontological statistics software 

package for education and data analysis. Palaeontol Electron. 2001;4(1):9.

Fig. 4 Bi-plot for the studied five species of the Ziziphus genus based on the morphological characters

https://doi.org/10.1155/2011/76502911


Page 10 of 10Khadivi  BMC Plant Biology          (2023) 23:550 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Khadivi A, Mirheidari F, Moradi Y, Paryan S. Identification of superior 
jujube (Ziziphus jujuba Mill.) genotypes based on morphological and fruit 
characterizations. Food Sci Nutr. 2021;9:3165–76.

 18. Khadivi A, Beigi F. Morphological and chemical characterizations of 
jujube (Ziziphus jujuba Mill.) to select superior accessions. Food Sci Nutr. 
2022;10(7):2213–23.

 19. Mirheidari F, Khadivi A, Saeidifar A, Moradi Y. Selection of superior 
genotypes of Indian jujube (Ziziphus mauritiana Lamk.) as revealed by 
fruit-related traits. Food Sci Nutr. 2022;10:903–13.

 20. Norouzi E, Erfani-Moghadam J, Fazeli A, Khadivi A. Morphological variabil-
ity within and among three species of Ziziphus genus using multivariate 
analysis. Sci Hort. 2017;222:180–6.

 21. Zandiehvakili G, Khadivi A. Identification of the promising Ziziphus spina-
christi (L.) Willd. Genotypes using pomological and chemical proprieties. 
Food Sci Nutr. 2021;9:5698–711.

 22. Grygorieva O, Abrahamova V, Karnatovska M, Bleha R, Brindza J. Morpho-
logical characteristics of fruits, drupes and seeds in genotypes of Ziziphus 
jujuba Mill. Potravinarstvo Sci J Food Ind. 2014;32:27–42.

 23. Ivanišová E, Grygorieva O, Abrahamová V, Schubertova Z, Terentjeva M, 
Brindza J. Characterization of morphological parameters and biological 
activity of jujube fruit (Ziziphus jujuba Mill). J Berry Res. 2017;7(4):249–60.

 24. Norman PE, Tongoona P, Shanahan PE. Determination of interrelation-
ships among agr-morphological traits of yams (Discorea spp.) using 
correlation and factor analyses. J Appl Biosci. 2011;45:3059–70.

 25. Dicenta F, Garcia JE. Phenotypical correlations among some traits in 
almond. Genet Breed. 1992;46:241–6.

 26. Khadivi A, Hosseini A-S, Naderi A. Morphological characterizations of 
Morus nigra L., M. alba L., and M. alba L. var. nigra. Genet Resour Crop Evol. 
2023. https:// doi. org/ 10. 1007/ s10722- 023- 01727-0.

 27. Soveili S, Khadivi A. A Khadivi (2023) Selecting the superior late-leafing 
genotypes of Persian walnut (Juglans regia L.) using morphological and 
pomological evaluations. BMC Plant Biol. 2023;23:379.

 28. Beigi F, Khadivi A. Selection of superior late-blooming almond (Prunus 
dulcis [Mill.] D.A. Webb) genotypes using morphological characteriza-
tions. Food Sci Nutr. 2023;11:3844–57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10722-023-01727-0

	Morphological characterization and interspecific variation among five species of Ziziphus genus to select superiors in Iran
	Abstract 
	Background 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Plant material
	The characteristics evaluated
	Statistical analysis

	Results and discussion
	Conclusions
	Acknowledgements
	References


