
Middle East Journal of Agriculture Research 
 Volume: 10 | Issue: 01| Jan. - March| 2021 

EISSN: 2706-7955   ISSN: 2077-4605 
DOI: 10.36632/mejar/2021.10.1.22  
Journal  homepage: www.curresweb.com 
Pages: 358-372 

 
 

Corresponding Author:  Abd El-Fattah M. A. Khedr, Citrus Research Department, Horticultural Research 
Institute, Agricultural Research Centre, 9 Gamaa Street, 12619, Giza, Egypt. 

                                              E-mail: abdelfattahkheder@gmail.com 
358 

Horticulture Performance and Genetic Diversity of some mandarin cultivars 
 

Abd El-Fattah M. A. Khedr 
 
Citrus Research Department, Horticultural Research Institute, Agricultural Research Centre, 9 Gamaa 
Street, 12619, Giza, Egypt. 

Received: 12 January 2021 Accepted: 10 March 2021 Published: 20 March 2021 
 
ABSTRACT 
This study was carried out on three mandarin cultivars (Citrus reticulata, Blanco); i.e. Murcott, Balady, 
and Ponkan grown in clay soil at a private orchard Kafr El-Sheikh Governorate, Egypt, to evaluate their 
growth, production, fruit quality, genetic characteristics and hybridization among them during the 
growing seasons of 2016 to 2019. The three cultivars showed significant variations for leaf area, tree 
canopy volume, yield, fruit weight and fruit chemical properties. Ponkan cultivar recorded the highest 
canopy volume (m3), tree Height, fruit length and diameter and SSC%. Balady mandarin had the highest 
yield, number of seeds and acidity. There was variability in leaves number, plant height, leaf area and 
branches number of hybrid seedlings. The seedling hybrid number 8 achieved the highest values over 
the mean of parents (Balady and murcott) cultivars for seedling height, leaves number, leaf area and 
branches number. DNA fingerprint was performed using RAPD technique for characterization the 
studied cultivars. RAPD analyses exhibited a total of 53 bands among them, 34 bands were polymorphic 
of about 64.15%. Those bands were used to distinguish among cultivars. The highest similarity 
percentage (70) was observed between Murcott and Balady mandarin cultivars, while, the lowest 
similarity percentage (67) was present between Murcott and Ponkan cultivars. Both morphological and 
molecular analyses showed a high degree of variation among cultivars and hybrid seedlings indicating 
that they have an important source of genetic diversity. Therefore, these hybrids could be grafted on 
different citrus rootstocks, evaluated and used in citrus breeding programs. 
 
Keywords: Mandarin, evaluation, genetic diversity, RAPD, fruit quality, hybridization. 

 
1. Introduction 

Citrus is one of the most widely cultivated and economically important fruit crops in the world 
and a major export product of Egypt. Planted area of mandarins reached 108,134 feddan, representing 
about 22.5% of total area of citrus (479,655 feddan), and produce 977,885 ton represented about 22.6% 
of the total citrus production (4,323,030 ton) according to Anonymous (2019). Among the important 
cultivated varieties in Egypt is 'Balady' mandarin. The tree is slow-growing and of medium size with 
drooping branches, is nearly thornless, and has very small narrow leaves. It is fairly cold–resistant and 
strongly inclined to alternate bearing. The fruit is small to medium with yellowish–orange thin easy to 
peel rind. The fruits of this variety have quite big number of seeds, which is disadvantage, since 
consumers prefer seedless fruit or that with less seed number. Production of balady mandarin is mainly 
directed to the fresh consumption and domestic market.   

The Murcott tangor (C. reticulata x C. × sinensis (L.) Osbeck) is most likely a cross between 
tangerine and sweet orange. The trees are vigorous and bushy in shape. Its fruit has yellow peel, deep 
orange flesh, 10 - 20 seed and is exceptionally sweet but difficult to peel (Tucker et al., 1998). 

Ponkanʼ (Citrus reticulata Blanco) is an early midseason mandarin. The trees are vigorous with 
upright growth habit, and are productive, but with a tendency to alternate bear. The fruits are tender and 
juicy with a mild, pleasant, and aromatic flavor, an orange flesh color, and rind puffs (Stenzel et al., 
2003 )   
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There is a continuously increasing demand for citrus fruits in markets always demanding various 
tastes and easily-consumed products. Today’s markets, especially international markets, are looking for 
high yield, easy-peeling, seedless or low-seeded, large size and dark color fruits and such demanded 
characteristics set up the targets of breeders. 

Citrus always exhibit a complexity and attract the interest of researches because of 
polyembryony, cross-breeding between citrus and relatives and long-term culture of these fruits 
(Nicolosi et al., 2000; Novelli et al., 2004). Citrus fruits present great diversity. Size of citrus fruits may 
range from 3 cm in limes (Citrus aurantifolia (Christm) Swing.) to 30 cm in pummelo (C. maxima 
(Burm.) Merrill and C. medica L.). Peel color may range from green like in lemon (C. limon (L.) Burm 
f.) and limes to orange and red in mandarins (Citrus reticulata Blanco). Mandarins have a large genetic 
diversity and contain both monoembryonic and polyembryonic genotypes. Because of this heterogenic 
structure in mandarins, various horticultural species were recognized by taxonomist and used by the 
citrus industry as parents of controlled hybridization. The dynamics of citrus varieties in the world is 
evolving very fast. To compete in the international markets it is necessary the development of new 
varieties adapted to the changing consumer preferences. Many countries are conducting breeding 
programs to develop new varieties more suitable to their conditions using different breeding methods 
(Ollitrault and Navarro, 2012). One of these methods is sexual hybridization that has been used for 
many years for the development of new varieties. Although the method has some problems as nucellar 
embryony and incompatibility among many genotypes, it still retains its importance. Most of 
commercially grown varieties of citrus today, has occurred via natural mutation and natural or artificial 
hybridization. Many traditional cultivated mandarin varieties as ‘Kinnow’, ‘Fortune’, ‘Fremont’, 
‘Robinson’, ‘Nova’, ‘Minneola’ (Reuther et al., 1967) and new varieties as ‘Gold Nugget’, ‘Tahoe 
Gold’, ‘Safor’ and ‘Garbí’ are all obtained as a result of artificial hybridization. 

The results of previous programs demonstrate the usefulness of sexual hybridization for mandarin 
breeding. With the basic objective to obtain high-yield and easy peeling new mandarin cultivars 
maturing in different periods and convenient for transport and storage .It’s possible parents identified 
by molecular marker studies (Ollitrault et al., 2012), are ‘Mediterranean’ mandarin and sweet orange. 
‘Kara’ mandarin is a hybrid of ‘Owari’ satsuma and ‘King’ mandarin (Hodgson, 1967).  

The molecular markers have been followed as a valuable and precise strategy to physiological 
and molecular studies on Citrus. Random amplified polymorphic DNA (RAPD) has been employed 
most widely. So, RAPDs have been used for cultivar identification, genetic diversity, genetic mapping 
assessment and other breeding programs (Dehesdtani et al.2007). Moreover, the genus Citrus, 
information dealing with the generation of genomic tools and resources on the progress in molecular 
biology and genetics of development (Talon and Gmitter 2008)) Furthermore, Genetic diversity 
assessment in plants has now become far more simple, cost-effective, reliable and reproducible; thanks 
to the advent of PCR-based DNA marker techniques such as random amplified polymorphic DNA 
(RAPD), amplified fragment length polymorphism (AFLP), inter simple sequence repeat (ISSR), 
simple sequence repeats (SSR), directed amplification of minisatellite DNA (DAMD) (Weising et 
al.2008). RAPD is a simple and fast DNA molecular marker technique to randomly amplify DNA 
fragments under low-stringency conditions by short oligonucleotides (Williams et al.,1990). RAPD has 
been widely used for taxonomy studies, differentiating hybrids in Citrus breeding program, identify 
mutation, phylogenetic analysis, genetic diversity, mapping and molecular assistant selection (Qian-
hua et al.2011). 

The objective of the present study was to estimate the to distinguish among the mandarin 
cultivars; Murcott , Ponkan and Balady mandarin cultivars in respect of tree growth, as well as yield, 
fruit quality and genetic characteristics. Also, the hybridization among these cultivars and 
morphological evaluations of the hybrids. 

 
2. Materials and Methods 

  
This study was carried out from 2016 to 2019 seasons on a private orchard located at Kafr El-

Sheikh governorate on three mandarins cultivars of the same age Murcott tangelo( Citrus reticulata × 
C. sinensis) , ponkan mandarin (Citrus reticulata Blanco) and balady mandarin ( citrus deliciosa Tenore 
). Murcott tangelo and ponkan mandarin cultivars were the male parents (as parent pollen). Trees of 
balady mandarin in the same orchard were used as the female parent (as a mother parent). Trees were 
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selected to be healthy as uniform as possible in growth, productivity, appearance and free of pathogen. 
Also, planted at 5x 5 meters apart that grafted on sour orange (Citrus aurantium). Normal agricultural 
practices were used in this orchard as recommended by ministry of agriculture. 
 
2.1. Vegetative Growth of the parents  

Vegetative growths as the tree height from ground level to tree top, canopy volume (m3), and leaf 
area were measured in both seasons.  
Tree Canopy volume (m3) was calculated according to the equation presented by Turrel (1946), Tree 
Canopy volume (m3) = Plant height (m) x Plant spread (m) x 0.524 
Leaf area: was calculated according to the equation presented by (Chou, 1966). 
Leaf area (cm2) = ⅔ length × width  
Yield: thirty fruits of each cultivar were used to estimate average fruit weight and the yield was 
calculated as Kg/tree by multiplication number of fruits per tree with an average fruit weight. 
 
2.2. Fruit quality 

A sample of 20 fruits was randomly collected from each tree at harvest date and prepared for 
determination of physical and chemical fruit quality assessment according to (A.O.A.C., 1990).  
 
2.3. Fruit physical characters  

Were fruit length and diameter, peel thickness (cm) as well as fruit chemical characters such as 
fruit Total Soluble Solids content (TSS) was measured using a hand refractometer, Fruit acidity (%) as 
citric acid and vitamin C (mg ascorbic acid /100 ml juice) using 2, 6 dichlorophenol indophenol and 
SSC/acid ratio was calculated. 

 
2.4. Hybridization technique 

Flowers commenced in the selected trees in the first part of March. Pollen grains were collected 
from the male parent, just before flowers open. Petals and pistils were removed and anthers were 
allowed to dehisce on glass board naturally at room’s temperature in a well-aerated, shaded and 
protected from air and left till dehiscence occurred. 

 
2.5. Pollen viability 

Pollen viability was calculated using a staining solution of 2, 3, 5 triphenyl tetrazolium chloride 
(T.T.C), 1 part (10% T.T.C.): 10 part 60% sucrose) according to the methods described by Oberle and 
Watson (1952). 

 
2.6. Emasculation 

Branches in which the flowers were to open in about two days were selected for emasculation. 
The largest two - three flowers per branch were selected to be emasculated. Open flowers with dehisced 
anther as well as young flowers were removed carefully .emasculation was carried out using frame by 
gently separating the petals and pulling off the anthers avoiding contact with the stigma. After the 
emasculation the flowers were bagged with butter paper bags to prevent any pollen or insects. About 
two thousands flowers or more were emasculated and their numbers were recorded. 

 
2.7. Pollination 

Pollination was carried out immediately after emasculation or after one day depending on the 
condition of the seed parent. The emasculated flowers were carefully with butter bags to prevent open 
pollination and protect the fruits later. Developing fruits were left in bags until harvest. 

Seeds were extracted and washed with water, surface dried before storage until planting. Seeds 
that were collected from crosses between two mandarin cultivars were planted in seed beds under plastic 
house conditions. The seeds were treated by a fungicide by dipping seeds before planting. 

Seed’s bed consisted of a mixture compost of 2clay:1 sand .two thousand seeds were germinated. 
Initial fruit set%: was counted after one week of pollination; also the fruiting percent at the end of the 
experiment was calculated. 
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A-The morphological characteristics of F1 hybrids 
The following characters were collected on the seedlings every month  

1- Seedling height (cm): seedling height above soil surface to the highest point of seedling was 
measured. 

2- Leaves number: 
  Total number of leaves of each seedling was counted. 

3- Trunk diameter: the trunk diameter above soil surface in 10 cm was measured. 
4- Leaf area (cm2): was calculated according to the equation presented by (Chou, 1966). 

Leaf area (cm2) = ⅔ length × width . 
 
2.8. Molecular characterization 
2.8.1. Plant materials 

Healthy young and fresh leaves samples were collected from the cultivars, saved in ice box and 
quickly transferred to laboratory. Plant tissues were ground to affine powder in the presence of liquid 
nitrogen. The DNA extraction was performed using DNeasy plant Mini Kit (QIAGEN). 

DNA Isolation: DNA of the selected mandarin cultivars were isolated by using CTAB (Cetyl-
tetramethyl ammonium bromide) method, (Murray & Thompson, 1988). 

As for DNA isolation, one hundred mg fresh leaves were homogenized in a chilled pestle and 
mortar using liquid nitrogen and 700 ul of 2x CTAB extraction buffer were added and homogenized 
well. The samples were transferred to Eppendorf tubes and incubated at 65 C for 30-60 for 30-60 min 
with occasional gentile swiring.700 ul of chloroform Isoamyle alchol (24:1) were added and mixed by 
inverting the tubes several times.samples were centrifuged at 15000 rpmfor 15 min.at 4 c. the aqueous 
was transferred to a fresh centrifuge tube with a wide bore tips to avoid DNA shearing. Then ,0.6 volume 
of chilled isopropanol was added followed by quick and gentile inversion and incubated at -20 c for 30 
minutes.DNA pellet was precipated at 10000 rpm for 10 min at 4 C. pellet was washed three times with 
70% ethanol, well dried and dissolved in 100 ul TE buffer. After some cycles of dilutions, the 
concentration of DNA was approximately Adjusted to 15 ng/ul, and this concentration is suitable for 
PCR reaction. 
 
2.8.2. Rapd Pcr Reactions 

Polymerase chain reaction (PCR) was calculated using six primers. The nucleotide sequences of 
these primers are presented in Table 1. 

 
Table1: List of RAPD and their nucleotide sequences. 

No. Primer Sequence 5׳3--- ׳ 
1 OP-A01 CAG GCC CTT C 
2 OP-A02 TGC CGA GCT G 
3 OP-A03 AGT CAG CCA C 
4 OP-A04 AAT CGG GCT G 
5 OP-A05 AGG GGT CTT G 
6 OP-A08 GTG ACG TAG G 

 
PCR reactions were conducted according to El-Moghazy (2007): Amplification conditions were 

carried out with the following specification. Initial denaturation at 94 ˚C for 3 minutes, 45 cycles of 
amplification under the following parameters; template denaturation at 94 ˚C for 1 min., primer 
annealing at 48 ˚C for 1 min and extension at 72 ˚C for 2.30 min by the end of the 45 th cycle , final 
extension at c for 7 min followed by storage at 4 ˚C. 

 
2.8.3. Electrophoresis, staining and analysis 

DNA amplified fragments were loaded onto 1.5 % agarose gel containing ethidium promide (2 
ul/100 ml). the 0.5x TAE was used as a running buffer and 50 and 100 bp DNA ladders (0.5 ug/ul , 
fermentas) as molecular weight markers.Electrophoresis was conducted at 70 v , 50 mA for 3 hours, 
then gel was photographed and analyzed using BioDoc Analysis software (Biometra ,Germany). 
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2.8.4. Phylogenetic tree construction 
The presence /absence matrix for amplified DNA fragments of the RAPD markers was used to 

study the phylogenic relationships among the studied genotypes.The stastical software NTSYS pc0.2 
(Rohlf,2000) was used to estimate the genetic relationships among the tested genotypes.Employing the 
computer package NTSYS PC2.0 ,Nei and Lei,s similarity cofficients (Nei and Lei , 1979) were 
calculated and used to establish genetic trelationship among the genotyped based on un-weighted pair 
group method with arithemetic means (UPGMA) and sequential agglomerative hierarchical nested 
(SAHN) clustering. 
 
2.9. Statistical Analysis 

The experimental design was used a complete randomized block with three replications. The 
obtained data were statically analyzed according to Snedecor and Cochran (1990). The least significant 
differences (LSD) at 5% level according to Steel and Torrie (1980) was used to compare the mean 
values. 

 
3. Results and Discussion 
 
3.1. The vegetative growth of the parents 

Data presented in Table 2 showed that Murcott Tangor , Ponkan and Balady mandarins cultivars 
have significant variation for leaf area, Canopy volume and tree height. Concerning leaf area (cm2), 
Ponkan cultivar significantly had the biggest leaf area in both seasons (17 &15.80 cm2), respectively 
followed by Balady mandarin cultivars. As for Canopy volume, Ponkan cultivar had the highest Canopy 
circumference (7.59& 7.47 m3) in both season followed by balady mandarin (6.43 & 6.80 m3) then 
Murcott Tangor (5.60 &5.90 m3). Regarding, tree Height, Ponkan cultivar the highest tree (345.66 
&361.66 cm), respectively followed by Murcott tangor (259 & 271cm) then Balady mandarin (251.33 
& 261 cm) in both seasons. Mandarin (Citrus reticulata Blanco.) is considered as highly heterogeneous 
specie among three true citrus (Campos et al., 2005). These results are in agreements with Hassan et 
al., (2008) they found that Ponkan mandarin variety displayed the greatest Leaf lamina width (3.65cm). 
Moreover, Ponkan madarin has the highest vegetative growth (tree height, canopy volume). Also, These 
significant results in line with those obtained by Nicotra (2011) and Hegazi et al., 2014 and El-Khayat 
and Aseel (2020) on Balady and Murcott cultivars. 
 
Table 2: Evaluation of vegetative growth of Murcott, Balady and Ponkan mandarin cultivars during 

2016 and 2017 seasons. 
Cultivars Leaf area (cm2) Canopy volume (m3) Tree height (cm) 

2016 2017 2016 2017 2016 2017 
Murcott 13.48 13.26 5.60 5.90 259 271 
Balady mandarin 13 11.66 6.43 6.80 251.33 261 
Ponkan 17 15.80 7.59  7.47 345.66 361.66 
LSD.05 2.05 1.58 0.41 0.099 40.6 37.89 

 
3.2. Yield  

Data in table 3 cleared that there are significant variation among Murcott tangor, Ponkan 
mandarin and Balady mandarin cultivars for fruit weight, Number of fruits and yield. Murcott fruits 
gave the heaviest fruit weight (174.25&173.99 g) in both seasons in comparison with Balady mandarin 
and Ponkan while Balady mandarin recorded the highest yield (71& 75 kg/tree)followed by Murcott 
(57.06 & 61.1 kg/tree) then ponkan (44.63 & 42 kg/tree). 

These results are in harmony with El-Khayat and Aseel (2020), they reported that Balady 
mandarin higher fruit number as compared with all other mandarin varieties while Ponkan mandarin 
recorded the highest yield as compared with Balady , Murcott . Fruit weight and volume are heritage 
attributes of scions, and they varied among cultivars because of different characteristics among citrus 
cultivars (Fotouhi & moghadam 2010). 

The yield of Nagpur’ mandarin tree ranged from15.07 to 34.78kg fruit/tree (Panigrahi et al., 
2012). While, a range of 24.4 to 72.8kgfruit/tree for Nagpur’ mandarin tree was reported by (Srivastava, 
2013). The Kinnow mandarin yield ranged from 23.39 to 32.77kg fruit /tree (Shamma et al., 2013). 
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These significant results in agreement with those obtained by Hassan et al., (2008), Nicotra 
(2011) and Hegazi et al., (2014) and El-Khayat and Aseel (2020) on various mandarin cultivars. 
 
Table 3: Evaluation of fruit and yield of Murcott, Balady and Ponkan mandarin cultivars during 2016 

and 2017 seasons. 
Cultivars Fruit weight  

(g) 
Fruit number 

/tree 
Yield  

(Kg/tree) 
2016 2017 2016 2017 2016 2017 

Murcott 174.25 173.99 321.83 351.07 57.06 61.1 
Balady mandarin 138.88 139.79 511.66 541.73 71.06 75.73 
Ponkan 146.11 145.51 296.16 294.13 44.63 42 
LSD .05 10.63 8.73 3.45 1.29 2.11 0.74 

 
3.3. Fruit quality 
3.3.1. Fruit physical characters: 

Data in table 4 and Fig.1 cleared that there are significant variation among Murcott tangor , 
Ponkan mandarin and Balady mandarin cultivars for physical fruit characters in terms of Fruit diameter, 
Fruit length , peel thickness .As for fruit diameter, Ponkan cultivar recorded the highest fruit diameter 
(6.44 & 6.48 cm, respectively) in both seasons followed by Balady mandarin (5.55 &5.73cm) then 
Murcott tangor (5.36 & 5.43cm).Concerning fruit length, Ponkan cultivar recorded the highest fruit 
length (5.55 & 5.71 cm, respectively) in both seasons followed by Murcott tangor (4.68 & 4.52cm), 
Balady mandarin (4.50 &4.51cm). Fruit length ranging from 4.35 to 4.90 cm and fruit diameter ranging 
from 4.68 to 5.48cm in the kinnow mandarin cultivar (Shamma et al., 2013). 

 These significant results in line with those obtained by Hassan et al., (2008), Nicotra (2011) and 
Hegazi et al., (2014) and El-Khayat and Aseel (2020). 

As for Peel thickness, Murcott tangor recorded the highest peel thickness (10.55 &10.63 cm) in 
comparison with Balady mandarin and Ponkan mandarin. Peel thickness is relevant for peeling, 
transporting and marketing purposes. It was found that ‘‘Murcott’ tangor had thicker peel that was more 
adhered to fruits, while ‘Ponkan’ mandarin and ‘Balady mandarin peel were thinner and less adhered 
to fruits, which facilitates peeling .These results are in line with Ribeiro et al.(2020) on Murcott’ tangor. 
 
Table 4: Evaluation of some fruit physical characters and seeds number of Murcott, Balady and Ponkan 

mandarin cultivars during 2016 and 2017 seasons 
Cultivars Fruit diameter (cm) Fruit length (cm) Peel thickness (mm) 

2016 2017 2016 2017 2016 2017 
Murcott 5.366 5.43 4.68 4.52 3.6 3.7 
Balady mandarin 5.55 5.73 4.5 4.51 2.54 2.45 
Ponkan 6.48 6.44 5.55 5.71 2.69 2.77 
LSD.05 0.38 0.39 0.614 0.52 0.41 0.43 

 
3.3.2. Number of seeds per fruit 

There were significant variations among cultivars for number of trees per fruit (Fig.1).Balady 
mandarin recorded the highest number of seeds (11.92&11.96) respectively, in both seasons while 
Ponkan mandarin had the lowest number of seeds per fruit in both seasons. Georgiou (2000) reported 
similar results for seed numbers. Pollination and pollination efficiency are the most important factors 
for number of seeds per fruit (Ferraro et al., 2006). The fact that the pollinators for both species were 
similar in this study may have contributed to similar numbers of seeds obtained from experimental plots. 
Also, These significant results are in line with those obtained by Hassan et al.,(2008) and Amar (2019) 
they reported that ponkan mandarin showed 5-9 seeds per fruit.  
 
3.3.3. Fruit chemical characters 

Data in table 5 and indicated that there are significant differences among Murcott tangor , Ponkan 
mandarin and Balady mandarin cultivars for chemical fruit characters in terms of TSS, Acidity, TSS / 
acidity and Vitamin C. As for Total Soluble Solids percentage, Ponkan mandarin fruits gave the highest 
TSS% (11.67) in the first season followed by Balady (11.35) then Murcott (10.78).Also; Balady 
mandarin fruits contained higher (12.23%) TSS than the Ponkan (12.05%) and Murcott (12.05%) 
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cultivars in 2017 season. 

 
Fig. 1: Number of seeds of Murcott tangor , Balady mandarin and Ponkan mandarin during 2016 and 

2017 seasons . 
 
Table 5: Evaluation of some chemical characters of Murcott , Balady and Ponkan mandarin cultivars 

during 2016 and 2017 seasons. 
Cultivars SSC % Acidity (%) TSS / acidity Vitamin C (mg/100ml 

juice) 
2016 2017 2016 2017 2016 2017 2016 2017 

Murcott 10.87 10.63 0.91 0.90 11.86 11.81 36.9 39 
Balady mandarin 11.35 12.23 0.96 0.99 11.79 12.35 34.6 35.74 

Ponkan 11.67 12.05 0.84 0.86 13.93 13.96 31 30 
LSD.05 0.21 0.29 0.06 0.03 1.10 0.48 1.5 3.5 

 
Regarding total acidity, balady mandarin (0.96&0.99) gave the highest acidity when compared 

with Murcott (0.94& 0.96) then Ponkan mandarin (0.84 & 0.86).  
In addition, fruits of the Murcott cultivar in 2016 and 2017 had significantly higher vitamin C 

content (36.9 & 39 mg/100ml juice) than fruits of Balady mandarin (34.6 & 35.74 mg /100ml juice), 
Ponkan (31 & 30 mg/100ml juice) .These results were recorded in Ponkan mandarin by El-Khayat et 
al.,(2013) and Hegazi et al.,(2014) in Balady mandarin .  

The variation in chemical composition of juices can be attributed to the genetic influence 
occurring among different cultivars and physiological factors (Sharma et al., 2006).Also, These 
significant results in line with those obtained by Hassan et al., (2008), Nicotra (2011) and Hegazi et al., 
(2014) and El-Khayat and Aseel (2020). 
 
3.4. Hybridization among Balady mandarin, Murcott and Ponkan cultivars 
3.4.1. Pollen viability 

Data in Table (6) illustrate the pollen viability of Murcott, Ponkan, Balady mandarin (open 
pollination). Pollens of the Murcott cultivar exhibited highest significant rate of viability after 24 hr. in 
T.T.C during two seasons followed by Ponkan cultivar . On the other side, On the contrary, Balady 
mandarin cv. exhibited significantly lower viability of pollen grains (after 24 hrs.). In this respect awad 
et al (2012) revealed that Balady mandarin (open pollination) had the highest percentage of fertility 
(87.3%) followed by 30 gray doses, while 40 gray doses recorded the lowest percentage of pollen 
fertility. 

The physiology of pollen, especially germination and viability, has received considerable 
attention to be applied, both in programs of plant breeding, as in the conservation, adaptation and 
understanding of the physiological behavior of the fertilization of pollen grains (Khan and Perveen, 
2014). The characterization and viability of pollen grains are useful tools to guide crosses in breeding 
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programs, since it allows to discriminate and use only the best pollen donors and to make good use of 
it in pollination works (Baswal et al., 2015). 
 
Table 6: Pollen fertility percentage of Murcott tangor , Ponkan and Balady mandarin. 

Pollinators Fertile Pollen Grains % 
Murcott 93.56 
Ponkan 91.8 b 
Balady mandarin (open pollination ) 88.13 
LSD 0.05 1.69  

 
3.4.2. Effect of pollination on fruit set 

Table show the number of emasculated flowers that were thereafter pollinated the number of 
retained fruits, fruit retention percentage. 

As shown in Table 7 and 8, eight trees of balady mandarin were used as female parents . the total 
number of emasculated and pollinated flowers were (1005&1030) in hybridization among Balady , 
Murcott tangor and Ponkan mandarin ,respectively. The total number of harvested fruits were (45&54) 
fruits. Thus, the ratio of retained fruits in hybridization among balady , murcott tangor and ponkan 
mandarin was (8.03&5.18),respectively. Thus, different pollen parents can give different fruit set ratios. 
These results in the same line with awad et al., (2012) on Balady mandarin and Oruç and Dalkiliç (2017) 
on blood orange. 
 
Table 7: Number of pollinated flowers, fruit retention, fruit retention percentage of the hybridization 

between Balady and murcott. 
Tree  No. No. of pollinated flower Initial fruit set % Fruit number harvested Final fruit set % 

1 70 14.2 2 2.86 
2 100 21.42 4 5.71 
3 80 10 3 4.29 
4 150 40 5 7.14 
5 55 7.14 1 1.43 
6 200 57.14 12 17.14 
7 120 24.28 4 5.71 
8 230 71.42 14 20.00 

Average 125.62 30.7 5.625 8.03 

 
Table 8: Number of pollinated flowers, fruit retention, fruit retention percentage of the hybridization 

between Balady and ponkan. 
Tree No. No. of pollinated flower Initial fruit set % Fruit number harvested Final fruit set % 

1 60 20 5 8.33 
2 120 14.16 4 3.33 
3 90 17.77 2 2.22 
4 160 13.75 8 5 
5 60 8.33 3 5 
6 190 23.68 11 5.78 
7 150 22 8 5.33 
8 200 14.5 13 6.5 

Average 128.75 16.77 6.75 5.18 

 
Citrus trees produce an abundance of flowers, but all flowers not set fruit. A good crop may be 

borne if only 3–7% of the flowers that are set yield mature fruit (Keogh et al., 2010). In 'Robinson' 
mandarin, Eti et al. (1989) observed 3–4% fruit set under open pollination which is in line with the 
present results. Further, Futch and Jackson (2003) reported that cross-pollination in respect of self-
incompatible types increased fruit set. Similar results were obtained for 'Ellandale' tangor ,'Nova' 
tangelo , 'Oroval' Clementine (Wallace, 2004), 'Fina', 'Marisol', 'Fina Sodea', 'Nules' and 'Afourer' 
(Chao, 2005), 'Nules', 'Fina Sodea', and 'Murcott' (Fang et al., 2008). 
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Fig. 2: Hybrid seedlings among Balady mandarin, Ponkan and Murcott tangor. 
 
3.4.3 Germination percentage on hybrid seeds: 

The accumulation seed germination number is shown in fig. 3 for 2018 season .data showed there 
were an almost straight line of increase in accumulated germination percentage, it was about 38 % by 
the end of January. 

 
Fig. 3: Accumulation number of germinated seeds of mandarin hybrids ( Balady mandarin X Murcott 

tangor ) during the 2018 seasons. 
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3.5. The morphological characteristics of F1 hybrids 
Data in Table 9 showed that there were variations among the hybrid seedling that were obtained 

from the hybridization among Balady , ponkan and Murcott mandarin cultivars. The hybrid seedling 
revealed significant differences in Seeddling height, leaves number, branches number, trunk diameter 
and leaf area. The seedling height (cm) ranging from 17 to 69 cm . The leaves number ranging from 13 
to 180. The branches number ranging from 6 to 13 . The leaf area (cm2) ranging from 2 to 5.4 (cm2). 
The seedling hybrid number 8 achieved the highest values over the mean of parents (Balady and 
murcott) cultivars for seedling height, leaves number, leaf area, branches number and trunk diameter  
 
Table 9: Seeddling height leaves number, branches number, trunk diameter and leaf area of the 

mandarin hybrids (Balady mandarin X Murcott tangor) during the 2018-2019 seasons. 
Seedling 
Number 

Seedling height 
(cm) 

Leaves 
number 

branches 
number 

Leaf area 
(cm2) 

Trunk 
diameter (cm) 

1● 52 97 6 2.4 0.61 
2● 20 17 7 4.3 0.51 

Mean 36 57 6.5 3.35 0.56 
3 43 50 10 3.5 0.6 
4 17 13 3 3 0.39 
5 33 210 12 3.2 0.66 
6 34 112 7 2.5 0.43 
7 26 180 8 5.4 0.66 
8 69 77 7 5.1 0.76 
9 32 87 13 5.2 0.67 
10 33 60 6 2 0.56 

SE● 1.43 18.9 0.88 0.56 0.03 
Where: 1●: Balady mandarin. , 2●: Murcott tangor. , SE●: Standard Error 

 
3.6. Mandarin cultivars Genetic characterization based on RAPD PCR:  

Random amplified polymorphic DNA (RAPD) molecular markers were used to characterize and 
determine genetic diversity and genetic similarity to three mandarin (Citrus reticulata, Blanco) 
cultivars. In the present study, the DNA was extracted from three mandarin (Citrus reticulata, Blanco) 
cultivars; Balady, Murcott and Ponkan using six RAPD primers produced 53 fragments. Then it was 
subjected to the RAPD-PCR technique using six primers (Table 10). The obtained pattern for each 
cultivar was scord for the presence or absence of each band. The presence or absence band among the 
cultivars was called a band polymorphic, while monomorphic band if the band was present in all the 
three cultivars. To differentiate between DNA bands of the three cultivars. Study of the banding patterns 
showed that primers OP-A03 generated the most polymorphic bands (80 %), while the least 
polymorphic bands (45.4%) were generated by the primer OP-A05.  
 
Table 10: Total number of bands, monomorphic bands, polymorphic bands and the percentage of 

polymorphism revealed by RAPD markers. 
No. Primers Total number of 

Bands 
Monomorphic 

Bands 
polymorphic 

bands 
% 

polymorphic 
1 OP-A01 12 4 8 66.66 
2 OP-A02 3 1 2 66 
3 OP-A03 10 2 8 80 
4 OP-A04 9 4 5 55.5 
5 OP-A05 11 6 5 45.4 
6 OP-A08 8 2 6 75 

Total  53 19 34  

 
The DNA banding patterns, with the arbitrary used six primers, for the three mandarin cultivars 

under study are shown in Figure (2). RAPD-PCR that used DNA as a template with the six primers 
showed constantly different banding patterns with reproducible polymorphic bands that variable in size 
and number. These results are in line with those obtained by Baig et al., (2009) and Şahin-Çevik, and 
Moore (2012), they reported that RAPD technique has been used for DNA fingerprinting and 
investigate genetic diversity. Also, this technique was used as a precise strategy to identify Citrus 
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species and cultivars. The amplification of three DNA samples of mandarin cultivars (Murcott , ponkan 
and balady mandarins ) using six primers produced 53 fragments out of them 19 bands were 
monomorphic and 34 bands were polymorphic(64.01%) Table 10 and Fig ures 4, 5 and 6 . 
 

 
Fig. 4: The electrophotograph of DNA amplified fragments using OP-A01 and OP-A02 for selected 

cultivars. M, 50 bp DNA ladder; 1, (Where: 1; Murcott; 2, Balady mandarin ; 3, Ponkan. 
 

 
Fig . 5: The electrophotograph of DNA amplified fragments using OP-A03 and OP-A04 for selected 

cultivars. M, 50 bp DNA ladder; 1, (Where: 1; Murcott; 2, Balady mandarin ; 3, Ponkan.  

Fig. 6: The electrophotograph of DNA amplified fragments using OP-A05 and OP-A08 for selected 
cultivars. M, 50 bp DNA ladder; 1, (Where: 1; Murcott; 2, Balady mandarin ; 3, Ponkan.  

 
3.7. Genetic similarity and phylogenic tree 

The data representing the similarity index are shown in table11 .the data clearly showed the 
existence of considerable amount of molecular diversity among the tested cultivars. The highest 
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similarity percentage (70) was observed between the cultivars (Murcott and Balady mandarin), while, 
the lowest similarity percentage (67) was present between the cultivars (Murcott) and (Ponkan ). 

Nicolosi et al., (2000) concluded that, all the Mandarin cultivars were grouped in one cluster. 
While, Ponkan and Dancy were placed in another cluster because they were very closely related and 
separated from Clementine and Satsuma. 
 
Table 11: Genetic similarity index among Murcott, Balady mandarin and Ponkan cultivars. 

Genotypes Murcott tangor Balady mandarin Ponkan 
Murcott 100   
Balady mandarin 0.70 100  
Ponkan 0.67 0.67 100 

 
Based on Nei and Lei’s coefficient of similarity, cluster analysis was performed and a dendogram 

illustrating the phylogenic relationships among the tested cultivars were obtained. The phylogenic tree 
Fig.7 explaining the relationship cleared two main clustes, the first main cluster contained (Ponkan) 
cultivar , while the second main cluster split to two sub-clusters , the first sub cluster consisted of 
(Murcott) cultivar .the second sub cluster include (Balady mandarin) cultivar.  

 

 
Fig.7: Dendogram derived from UPGMA cluster analysis of the three mandarin cultivars. Where 

1,;Murcott tangor;2,Balady mandarin ;3,ponkan . 
 
It is well known that morphological plasticity in study is a major weak point in assessment of 

phenotypic diversity. However, several combined studies in mandarin, both morphological and molecular 
markers in the past had shown to be independent of genetic diversity ( Campos et al., 2005). Further, the 
study on inheritance of agronomic traits of citrus reports them to be controlled by multiple genes which can 
be assessed only through morphological assessment (Liu and Deng, 2007). Mandarin (Citrus reticulata 
Blanco.) is considered as highly a heterogeneous species among three true citrus (Campos et al., 2005). A 
study on the diversity of Himalayan citrus both through morphological and Random Amplified Polymorphic 
DNA (RAPD) analysis revealed the existence of huge diversity (Das et al., 2005).It is known that citrus 
cultivars are origin from hybridization between the three true species or as mutation from them .so, the 
genetic similarity among different cultivars may be explaining its origin (Barkely et al.,2006) Generally, 
both morphological and molecular markers showed a high degree of variation among the selected mandarin 
cultivars. Also, the results revealed that the tested cultivars were promising in terms of vegetative growth 
and yield .they can be cultivated in areas similar to the experimental climate conditions, besides, they provide 
a wide range of diversity to citrus varieties collection.  
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4. Conclusion 
The three cultivars showed significant variations for leaf area, tree canopy volume, yield, fruit 

weight and fruit chemical properties. Ponkan cultivar recorded the highest Canopy volume, tree Height, 
fruit length and diameter and SSC%. Balady mandarin had the highest yield, number of seeds and 
acidity. There was variability in leaves number, plant height, leaf area and branches number of hybrid 
seedlings. The seedling hybrid number No. 8 achieved the highest values over the mean of parents 
(Balady and Murcott) cultivars for seedling height, leaves number, leaf area, branches number and trunk 
diameter. RAPD analyses exhibited a total of 53 bands among them, 34 bands were polymorphic of 
about 64.15%. The highest similarity percentage (70%) was observed between Murcott and Balady 
mandarin cultivars, while, the lowest similarity percentage (67) was observed between Murcott and 
Ponkan cultivars. Both morphological and molecular analyses showed a high degree of variation among 
cultivars and hybrid seedlings indicating that they have an important source of genetic diversity. 
Therefore, these hybrids could be grafted on different citrus rootstocks, evaluated and then used in citrus 
breeding programs. 
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