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Abstract: The loquat fruit has a very important commercial value due to its
benefits for human health. However, there is very limited scientific research on this
species in Morocco. In this regard, a set of 35 genotypes was collected from the
Zegzel valley (Berkane). The phenotypic variability was evaluated using nine traits
related to fruit and leaf. The results revealed a coefficient of variation ranging from
13.02 to 42.21%, implying a large phenotypic variation in Moroccan loquat,
especially for the characteristics associated to the fruit shape. Regarding the
multiple correspondence analysis, the first two axes explained 62.57% of the total
variance. The major traits that made it possible to distinguish between the
genotypes were those related to fruit size. Therefore, the Mekerkba genotype in the
Zegzel region is not a single variety, but rather genotypes with a round fruit shape.
In addition, the 35 genotypes studied were divided into three main groups
regardless of their geographical origin. The results indicate that the geographical
proximity did not play an important role in the structure of genotypes, implying a
weak adaptation of the genotypes to the environment. The findings of this study
could be used in conventional breeding and in situ conservation programs for
Moroccan loquat.

Key words: Eriobotrya japonica, phenotypic variability, quantitative traits,
coefficient of variation, multiple correspondence analysis.

Introduction

Loquat (Eriobotrya japonica Lindil.), belonging to the Rosaceae family, is an
evergreen tree native to China. Since the 19" century, the loquat tree has been
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widely cultivated throughout the world for commercial and health purposes
(Gariglio et al., 2002). The loquat fruit is consumed as fresh fruit or juice due to its
excellent flavor and high nutritional values (Sun et al., 2020). Globally, China and
Japan are the leading loquat producers, while Spain and Turkey have been the most
important producers in the Mediterranean region over the last 20 years (Pinillos
Villatoro and Hueso Martin, 2011).

In Morocco, the loquat is cultivated both as a commercial food crop and an
ornamental crop for its yellow fruits (Hussain et al., 2011). This species is found in
several areas throughout the country, but it is practically concentrated in the
Berkane region, especially in the Zegzel valley, producing over 10,000 tons in
2021. The genotypes planted are unknown and the distinction between the most
planted individuals in this region is based on the shape of the fruit, considering that
the fruits of round shape and large size (called mkerkeba) are the most appreciated
by the consumer (ORMVAM, 2021).

When evaluating plant germplasm, it is crucial to measure the extent of
available genetic diversity (Zubair et al., 2007). In this regard, the application of
various statistical tools is an efficient strategy for classifying germplasm and
analyzing genetic association among breeding materials (Mohammadi and
Prasanna, 2003). The multiple component analysis (MCA) was applied to study the
qualitative characteristics of 35 loquat genotypes from the Zegzel valley in order to
improve the identification of the loquat genotypes and contribute to their selection
and conservation in Morocco.

Material and Methods

Plant material

During April and May 2016, a total of 5 healthy fruits and 10 well-developed
leaves of 35 genotypes were randomly selected from the Zegzel valley, the main
growing area of loquat in Morocco (Table 1, Figure 1).

Table 1. Plant material studied and corresponding codes.

Geographical origin Genotype codes Number of samples
Takerboust T1, T2, T3, T4, TS, T6, T7, TS, T9, T10, T11, T12, 12
Taghsrout TAL, TA2, TAS, TA6, TA7, TAS, TA9, TA13, TA14 9
Tazaghin TZN1, TZN2, TZN3, TZN4 4
Zegzel 71,72,73,74,75,76,77,78, 716, Z17 10

Total 35




Phenotypic diversity assessment of Moroccan loquat using MCA 463
e rea0c 780000 renna0 riooe Teot0 130000 800000
-wrznu] 100000 700000 ;_‘;.\ 7 | §
Mediterranea = i Y A =
g' 'g gl == e ’/" &
~ | Atlantic Ocean = g- —g
H i .
i -§
900000 100000 100000 xg E_ = _g
H z s
\ 5
ie
L]
Legend: %_ _%
Berkane province
1 Taghsrout g 3
2 Takerboust
3 Tazaghin
4 Zegzel %' -g
04589 18 27
- e s KM T T T T — T T
740000 750000 760000 770000 TB0000 T90000 800000

Figure 1. The sampling location of the studied loquat genotypes.

Phenotypic analysis

Nine qualitative traits related to fruit and leaf were analyzed according to the
descriptor of the International Union for the Protection of Plants (UPOV, 1998)
(Table 2). The selection of the studied traits was based on their economic
importance as well as the possibility of their introduction in the improvement

programs of this species.

Table 2. Phenotypic parameters analyzed in this study.

Traits Code  Phenotype
. . o . 1. Elliptic, 2. Broad elliptic, 3. Round, 4. Oblate, 5.
Fruit shape in longitudinal section =~ FFL Broad obovate, 6. Obovate
Fruit shape in transverse section FFT 1. Round, 2. Slightly angular, 3. Strongly angular
Fruit shape at the stalk end FPP 1. Acute, 2. Obtuse, 3. Round
Shape of the leaf apex FS 1. Sharp acute, 2. Blunt acute, 3. Rounded
Shape of the seed FG 1. Elliptic, 2. Round, 3. Obovate
Color of flesh CCH 1. White 2. Yellowish white 3. Yellow 4. Orange
yellow 5. Orange
Green color of leaf’s upper side CVFS 3. Light, 5. Medium, 7. Dark
Attitude of leaf in relation to shoot PPP 1. Upwards, 2. Outwards, 3. Downward
Density of margin serrations DD 3. Loose, 5. Medium, 7. Dense
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Statistical analysis

The data obtained were subjected to several measurements, such as the general
mean, standard deviation and coefficient of variation (CV). This latter was

calculated using the following formula: CV (%) =% X 100 . Moreover, the

multiple correspondence analysis (MCA) and the hierarchical cluster analysis were
performed according to the quantitative traits related to fruits and leaves to
determine the most discriminant variables and modalities and to assess the genetic
structure of the loquat genotypes. This analysis was performed using the XLSTAT
software.

Results and Discussion
Phenotypic variation

The mean values, standard deviation and coefficient of variation of nine traits
related to loquat fruit and leaf are shown in Table 3. The CV parameter is
independent of a unit of measurement, meaning that it is more powerful when
comparing measured characteristics (Khadivi-Khub and Etemadi-Khah, 2015). The
results obtained revealed a wide range of CV with the values ranging from 13.02 to
42.21%. Pomological characteristics, especially those related to the fruit shape,
showed the greatest variation, with a CV of 42.21% for fruit shape at the stalk end
(FPP) and 40.20% for fruit shape in transverse section (FFT). In contrast, the
lowest variation in leaves was found in the density of the serration of margin (DD)
(13.2%). The remaining traits showed a CV of over 17%, indicating high levels of
phenotypic variation. In the Moroccan loquat, the acute and obtuse shapes were the
most frequent for the fruit shape at the stalk end trait and the slightly angled shape
was the most dominant trait in the fruit shape in transverse section. In addition, the
color of the flesh varied between orange-yellow and orange. Similarly, the results
of the morphological observation of loquat in Karo, Dairi and Simalungun districts
showed uniform leaf morphology, while the fruit and seed showed diverse
characters within the genotypes studied (Elimasni and Nasution, 2021). This
variability could be explained by propagation by the seeds used by the farmers,
which causes very high polymorphism. In addition, the woody species, the
outcrossing reproductive system and wind dispersal show greater genetic diversity
within the species and the population (Hamrick et al., 1991). The occurrence of the
same characters between varieties is caused by the presence of genes composing
the same phenotype, although they are influenced by different environments
(Jayanti, 2018).
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Table 3. The mean values, standard deviation and coefficient of variation of the
traits measured in the 35 genotypes.

Genotypes FFL FFT FPP CCH FG PPP CVES FS DD
T1 6 2 1 5 1 1 5 2 7
T10 5 1 1 5 1 1 3 2 5
T11 4 1 2 3 2 1 5 1 7
T12 4 1 3 3 1 2 3 1 7
T2 6 1 2 4 1 1 3 1 7
T3 6 3 1 5 1 1 7 1 7
T4 6 2 1 3 1 1 5 1 7
T5 6 3 1 5 1 1 3 1 7
T6 6 1 1 4 2 1 5 1 7
T7 6 2 1 4 1 1 3 2 7
T8 6 3 2 5 1 1 5 2 7
T9 4 1 2 4 2 2 3 1 7
TAl 4 2 2 5 2 2 7 1 7
TA13 4 2 3 5 2 1 5 1 7
TA1l4 5 2 3 3 1 1 3 2 5
TA2 6 2 2 4 1 1 5 2 7
TAS 6 2 1 4 2 2 7 1 7
TA6 5 3 1 3 1 2 5 1 5
TA7 5 1 2 4 1 1 7 1 7
TA8 4 3 2 5 1 1 7 2 5
TA9 4 3 3 5 2 1 7 1 7
TZN1 5 2 1 4 1 1 7 1 7
TZN2 5 3 2 4 1 1 7 2 5
TZN3 5 2 2 3 1 1 7 1 5
TZN4 5 2 1 5 1 1 7 1 7
Z1 6 2 1 4 1 1 7 1 7
Z16 4 1 3 5 2 2 7 1 7
z17 4 1 3 5 2 2 7 1 7
72 6 2 2 3 1 2 7 1 7
Z3 6 2 1 5 1 1 7 1 7
Z4 6 2 2 4 2 1 5 1 5
Z5 4 3 2 4 1 1 7 2 7
Z6 4 1 3 3 1 1 7 1 7
z7 6 1 3 4 1 1 7 2 7
z8 4 1 3 3 1 1 5 2 5
Mean 5.09 1.89 1.89 4.11 1.29 1.23 5.63 1,31 6.54
SD 0.89 0.76 0.80 0.80 0.46 0.43 1.59 0,47 0.85
CV (%) 17.44 40.20 42.21 19.35 35.65 34.68 28.28 35,84 13.02

Multiple correspondence analysis
Eigenvalues and percentage of variance

According to the MCA applied to the qualitative characters of the fruit and the
leaf, the first two axes explained 45.02 and 17.54% of the variance, respectively,
corresponding to a total explanation of 62.57% (Table 4). The contributions of each
modality to the total variance are summarized in Table 5. The traits that mainly
contributed to the formation of axis 1 were modalities 4 and 5 of the fruit shape on
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longitudinal section (FFL), modality 1 of the fruit shape on transverse section
(FFT), modalities 1 and 3 of the fruit shape at the stalk end (FPP), modality 2 of
the seed shape (FG), modality 5 of the density of margin serrations, modalities 1
and 2 of the shape of the leaf apex (FS), and modality 2 of the leaf attitude in
relation to the shoot (PPP). Regarding axis 2, it was mostly explained by modalities
5 and 6 of the shape of the fruit on longitudinal section (FFL), modality 2 of the
shape of the fruit on transverse section (FFT), modalities 1 and 3 of the shape of
the fruit at the stalk end (FPP), modality 3 of the color of the flesh (CCH), modality
2 of the shape of the leaf apex (FS), and modalities 5 and 7 of the density of margin
serration (DD). According to this explanation, the characteristics related to fruit
size were the major traits allowing the distinction between the loquat genotypes.

Table 4. The percentage of total variance explained by the two axes.

Axis F1 F2
Eigenvalue 0.29 0.22
Variance % 45.02 17.54
Cumulative 45.02 62.57
Table 5. The contribution of the variables in the first two axes.
Modality F1 F2
FFL-4 1.08 0.46
FFL-5 -0.79 0.77
FFL-6 -0.45 -0.78
FFT-1 0.72 0.39
FFT-2 -0.34 -0.5
FFT-3 -0.45 0.35
FPP-1 -0.57 -0.67
FPP-2 -0.1 0.19
FPP-3 0.97 0.7
CCH-3 0.15 0.87
CCH-4 -0.31 -0.41
CCH-5 0.21 -0.2
FG-1 -0.46 0.16
FG-2 1.14 -04
PPP-1 -0.34 0.02
PPP-2 1.15 -0.07
CVEFS-3 -0.12 0.4
CVES-5 -0.17 -0.05
CVFS-7 0.14 -0.12
FS-1 0.34 -0.28
FS-2 -0.74 0.62
DD-5 -0.66 1.31
DD-7 0.2 -0.39
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Therefore, the Mekerkba genotype in the Zegzel region, which is highly
appreciated by the consumer, is not a variety but a genotype with round fruits,
yellow-orange flesh and a sweet taste. In contrast, many authors have noted that
morphological and agronomic characteristics used to measure genetic diversity in
some populations often do not allow the identification of discrete taxonomic
groups since most plant characteristics are influenced by environmental factors and
exhibit continuous variation and a high degree of phenotypic plasticity (Rabelo et
al., 2020).

The multiple correspondence analysis (MCA) results showed a large
dispersion of genotypes along axes 1 and 2. The bi-dimensional graph of the
genotypes and the modalities (Figure 2) as well as the dendrogram (Figure 3)
classified the genotypes studied into three main groups regardless of their
geographical origin. The MCA results indicate that geographical proximity did not
play an important role in the differentiation and structure of the genotypes,
suggesting a weak adaptation of genotypes to their environment. The first group
(G1) was divided into two subgroups. The first (G1.1) contained the following
genotypes: T7, T2, TS5, T10, T6, T4, T8, T1 and TA2. These genotypes, located on
the negative part of axes 1 and 2, were characterized by fruits with a slightly
angular, obovate shape, an acute fruit shape at the stalk end, orange-yellow flesh,
and leaves of medium green color on the upper side. The second subgroup (G1.2)
consisted of four genotypes such as TA13, T11, T12 and T9. The genotypes of this
group were located on the positive part of axis 1. The fruits had an acute fruit shape
at the stalk end and orange flesh. The leaves of these specimens were dark green
with densely serrated margins. The second group (G2) included the genotypes
TA14, Z8, TA6, Z4, TAS, TZN2 and TZN3. These genotypes were characterized
by broad obovate and strongly angular fruits, with an obtuse fruit shape at the stalk
end. The leaves were blunt acute, light green and directed upwards in relation to
the shoot, while the shape of the seed seemed to be elliptical. The last group (G3)
was bifurcated into two subgroups. The first set (G 3.1) included genotypes TA9,
75,717,716, TA1, TA7, Z6 and Z7. The genotypes of this group were located on
the positive part of axis 2 with round oblate fruits, yellow flesh and a rounded fruit
shape at the stalk end. The second subgroup (G 3.2) consisted of TAS, 72, 73, Z1,
T3, TZN4, TZN1. These genotypes were located on the negative part of axes 1 and
2 and were characterized by fruits oblate with a slight angular shape, an acute fruit
shape at the stalk end, yellow-orange flesh and a medium green color of the upper
side of the leaf. According to these results, the genotypes studied show a great
differentiation, particularly in the shape and color of the fruit. In addition, the 35
Moroccan loquat genotypes were classified into three different groups even though
they belonged to the sites which are geographically close to each other and have
similar climatic conditions, indicating a weak effect of environmental conditions
on the loquat genotypes. However, several studies have shown considerable
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plasticity and adaptability of the species to various environmental conditions
(Drobna, 2010). The genetic diversity observed in the Moroccan loquat could be
due to the seed propagation practiced by farmers, which can generate a large
polymorphism.
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Figure 2. The graphical representation of the 35 genotypes and modalities.
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Figure 3. The dendrogram of the 35 genotypes based on nine qualitative traits.
Conclusion

Based on the results of the phenotypic characterization of Moroccan loquat,
the studied genotypes showed a great diversity, especially in terms of fruit shape
and color. In addition, the Mekerkba genotype in the Zegzel valley is just a set of
genotypes with round fruits and orange-yellow flesh. The high phenotypic
variability of the genotypes should be exploited to develop strategies for the
conservation and improvement of the Moroccan loquat crop to satisfy the needs of
farmers, producers and consumers.

Acknowledgements

The authors thank the farmers for their help with the sampling.



470 Ghizlane Kabiri et al.

References

Drobna, J. (2010). Morphological variation in natural populations of Lotus corniculatus in association
to geographical parameters of collecting sites. Biologia, 65 (2), 213-218.

Elimasni & Nasution, R.A. (2021). Study morphology of loquat plants (Eriobotrya Japonica Lindl.)
from Karo, Dairi, and Simalungun Districts, North Sumatra. IOP Conference Series: Earth and
Environmental Science, 912, 012103.

Gariglio, N., Castillo, A., Juan, M., Almela, V., & Agusti, M. (2002). El Nispero Japonés. Técnica
para mejorar la calidad del fruto. Divulgaci6é Tecnica n® 52, Generalidad Valenciana. C.A.P.A.,
Valencia, 61pp.

Hamrick, J.L., Godt, M.J.W., & Sherman-Broyles, S.L. (1991). Factors influencing levels of genetic
diversity in woody plant species. New Forests, 6, 95-125.

Hussain, A.N.A., Abbasi, [.A., Hafiz, A., Shakor, S.M., & Naqvi, S. (2011). Performance of loquat
(Eriobotrya japonica) genotypes under agro-ecological conditions of Khyber Pakhtunkhwa
province of Pakistan. International Journal of Agriculture and Biology, 13 (5), 746-750.

Jayanti, T. (2018). Karakterisasi Fenotip Kepuh (Sterculia foetida L.) Di Kabupaten Lamongan.
Skrips. Surabaya: Universitas Islam Sunan Ampel.

Khadivi-Khub, A., & Etemadi-Khah, A. (2015). Phenotypic diversity and relationships between
morphological traits in selected almond (Prunus amygdalus) germplasm. Agroforestry Systems,
9,205-216

Mohammadi, S.A., & Prasanna, B.M. (2003). Analysis of genetic diversity in crop plants-salient
statistical tools and considerations. Crop Science, 43 (4), 1235-1248.

Pinillos Villatoro, V., & Hueso Martin J.J. (2011). Maduracion Del Nispero Japonés (Eriobotrya
Japonica Lindl.) Cv. Algerie: Caracter Climatérico E Indices De Recoleccion. pp 100.

Rabelo, J., Monteiro, M., Alves, D., Lima, J., Reis, L., & Santos, N. (2020). Reproductive phenology
of yellow pitaya in a high-altitude tropical region in Brazil. Acta Scientiarum Agronomy, 42,
e43335.

Regional Office of Agricultural Value of Moulouya (ORMVAM) 2015, 2021. Published on MapNews
(https://www.mapnews.ma/fr).

Sun, H., Chen, W., Jiang, Y., He, Q., Li, X., Guo, Q., Xiang, S., Xi, W., & Liang, G. (2020).
Characterization of volatiles in red- and white-fleshed loquat (Eriobotrya japonica) fruits by
electronic nose and headspace solid-phase microextraction with gas chromatography-mass
spectrometry. Food Science and Technology, 40, 10.

UPOV (1998). Guidelines for the conduct of tests for distinctness, uniformity and stability of loquat
(Eriobotrya japonica (Thunb.) Lindl.) International Union for the Protection of New Varieties
of Plants, Geneva, Switzerland.

Zubair M., Ajmal, S.U., Anwar, M., & Haqqani, A.M. (2007). Multivariate analysis for quantitative
traits in mungbean [ Vigna radiata (L.) Wilczek]. Pakistan Journal of Botany, 39 (1), 103.

Received: December 23, 2022
Accepted: August 11,2023


https://www.mapnews.ma/fr

Phenotypic diversity assessment of Moroccan loquat using MCA 471

PROCENA FENOTIPSKE RAZNOLIKOSTI MAROKANSKOG
LOKVATA KORISCENJEM VISESTRUKE KORESPONDENTNE ANALIZE

Ghizlane Kabiri', Oussama Kodad?, Francisca Hernandez®, Fatima Zahra
Lachkham', Said Ennahli’ i Hafida Hanine'

'Laboratory of Industrial Engineering and Surface Engineering, Faculty of Science
and Techniques, Sultan Moulay Slimane University, Beni Mellal, Morocco
*Department of Horticulture and Viticulture,

National School of Agriculture, Meknes, Morocco
3Center for Agri-food and Agri-environmental Research and Innovation
(CIAGRO-UMH) Miguel Hernandez University of Elche, Alicante, Spain

Rezime

Plod lokvata ima veoma vaznu komercijalnu vrednost zbog njegove koristi za
ljudsko zdravlje. Medutim, postoje vrlo ograni¢ena naucna istrazivanja o ovoj vrsti
u Maroku. S tim u vezi, skup od 35 genotipova prikupljen je iz doline Zegzel
(Berkane). Fenotipska varijabilnost je procenjena koriS¢enjem devet osobina koje
se odnose na plod i list. Rezultati su pokazali koeficijent varijacije u rasponu od
13,02 do 42,21%, §to implicira veliku fenotipsku varijaciju kod marokanskog
lokvata, posebno kada je re¢ o karakteristikama koje su povezane sa oblikom
ploda. Koriste¢i metodu visestruke korespondentne analize, prve dve ose su
objasnile 62,57% ukupne varijanse. Glavne osobine koje su omogucile
razlikovanje izmedu genotipova bile su one koje su povezane sa veli¢inom ploda.
Dakle, genotip mekerkba u regionu Zegzel nije jedna pojedinacna sorta, vec
genotipovi sa okruglim oblikom ploda. Pored toga, 35 proucavanih genotipova
podeljeni su u tri glavne grupe bez obzira na njihovo geografsko poreklo. Rezultati
pokazuju da geografska blizina nije imala znacajnu ulogu u strukturi genotipova,
§to implicira slabu prilagodljivost genotipova zivotnoj sredini. Nalazi ovog
istrazivanja mogli bi se Koristiti u konvencionalnom oplemenivanju i programima
in situ ocuvanja za marokanski lokvat.

Kljuéne re€i: Eriobotrya japonica, fenotipska varijabilnost, kvantitativne
osobine, koeficijent varijacije, viSestruka korespondentna analiza.
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