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Abstract

The genetic improvement of orange trees constitues the promising route of varietal diversification. In addition, the use of
spontaneous triploidy enables to produce new seedless fruit varieties. Thus, the process of crossbreeding and rescuing immature
embryos constitute the basic steps for the success of this method. As a matter of consequence, this article is aimed at selecting the
best female parents of orange trees that will be used in a crossbreeding program.16 varieties of orange grown from the citrus
collection of EI Menzeh INRA field of Kenitra were subjected to a varietal evaluation during two years of study. The number of
seeds per fruit is the main criterion of selection because it determines the new hybrids. Similarly, fruit quality criteria were studied.
The variables under study are significant for all varieties of orange trees. Indeed, the sugar content varied from 9 to 12 for the
sweetest oranges: Tarocco and Hamlin. Similarly the acidity oscillated from 0.81 to 2.34 with a low content for the varieties
Thomson and Robertson. In addition, the average weight of the fruit fluctuated from 87 to 207 g with relatively high values for the
Tarocco variety. Also, the number of seeds per fruit varied from 0 to 12. (Parson Brown and Pineapple).In addition to the good
quality of the fruit, the Pineapple and Parson Brown varieties will be able to serve the crossbreeding program as female parents
since they represent a great power to be pollinated.
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1. Introduction

Morocco has very good climatic and ecological conditions
which improve the potential of producing many varieties of
fruits and vegetables, and in particular the cultivation of citrus
fruits. Indeed, this citrus sector has recently undergone an
important development thanks to the efforts made within the
framework of Green Morocco Plan. The production of citrus
fruit has increased from 1.4 MT in 2008 to 2.36 MT in 2016.
This plan has a tendency to produce 2.9 MT by 2020 * 2,
Similarly, it is aimed at producing 962,250 tonnes of orange.
However, 89% of this production is dominated by the varieties
Valencia Late and Washington Navel Bl As a result, varietal
diversification, in terms of quality and extension of the
production period, is the main objective of improving this
breeding program. Citrus sinensis (L.) Osbeck, the most
widely grown orange in the world, is an interspecific hybrid
rather than a true species [, derived from grapefruit (Citrus
maxima) and mandarin (Citrus reticulata) 1. Biological
constraints are an obstacle to the genetic improvement of
orange trees, namely polyembryony, gametes sterility, genetic
incompatibility, length of juvenile phase and strong
heterozygosity ©1. Indeed, the majority of orange varieties are
derived from somatic mutations [, significant examples of
mutants have played a fundamental role in the development of
the varietal profile of orange trees, such as the Cara Cara,
Navelina and Navelate (grown from Washignton Novel),
Salustiana (common orange), Tarocco (Sanguinilli) B, Rohde

Red (Valencia Late) 1 and the Delta and Midknight oranges
81, Also, new varieties of orange trees were obtained by the
somaclonal variation 1. Also, the irradiation of the orange
tree Pineapple made it possible to select clones with seedless
fruits [%. Moreover, the search for new hybrids of good
quality orange and seedless fruit by spontaneous
triploidization represents the primary axis of this study.
Numerous research studies have been explored in terms of the
application of triploidy for the genetic improvement of
mandarins [0 1% 12. 13141 Among the stages of this genetic
improvement, the crossbreeding of diploid parents followed
by the rescue of immature embryos. Thus, the objective of this
preliminary study is the selection of the best female parents of
orange trees whose main criterion of varietal distinction would
be the ability to be pollinated by presenting fruits with
numerous seeds.

2. Materials and Methods

2.1 Characteristics of the experimental site

The orange tree collection is planted at the EI Menzeh estate
(INRA Kenitra, altitude 25 m, latitude 34 ° 6). The climate of
this zone is of the Mediterranean type. The soil is sandy,
siliceous at the surface (98%) and sandy, clay at depth, with a
pH of 6, a retention capacity of 3 to 6% and a cation exchange
capacity of 5 meq / 100g with no limescale. The 'microjet'
irrigation system is compatible with the exploitation and
availability of water. The quantities of water required to
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irrigate the plot of landproperly are defined according to the
climatic zone. The water requirements of citrus fruits are
estimated at around 1200 mm per year, distributed over the
whole year. The average annual temperature was 15.45° C for
the test, nitrogen fertilization (Amonitrate 33.5%) was divided
into three annual intakes, distributed according to the
following proportions: 50% before flowering, 25% after
flowering and 25% after physiological fall. Potassium sulfate
and triple super phosphate intakes were made in September
and December respectively. Sanitary treatments have been

carried out against pests such as mealybugs, miners, mites,
snails, etc. by pesticides such as vertimec, Confidorand
Mesurol. Similarly, chemical weed control is obtained by
glyphosate (Round up). The pruning was made between
picking and flowering.

2.2 Vegetable material
The plant material under experimentation consists of 16
varieties of orange trees (Table 1);

Table 1: List of varieties of orange trees studied (Menzeh, INRA Kenitra)

code Orange tree Origin
1 Valencia Late Originating in China and it is probably brought to in Europe by Portuguese and Spanish travellers [4 12,
2 Parson Brown Was discovered in a thicket pertaining to Pearson Brown in Wester, Florida [,
3 Tarocco Mutation of sanguinelli 1617,
4 Hamlin is a seedling of unknown parentage in an orchard close to Glenwood, in Florida 18 131,
5 Pineapple Is in a thicket close to Citra, in Florida. It was propagated in 1876 or 1877 under the name of Hickory' [*3],
6 Cadenera Is a seedling of unknown parentage of Spanish origin. It was founded in 1870 [14 12 18],
7 Moro Mutation of Sanguinelli [ 251,
8 Grosse Sanguine Mutation of Doble Fina [16],
9 Sanguinelli Mutation of Doble Fina variety, discovered in Spain in 1929 [!8 14,
10 Salutiana Mutation of Common orange that was selected in Spain in 1950% [20. 161,
11 Vernia Is of Spanish variety from unknown origin [61,
12 | Washington Navel Natural mutation that was selected of Bahia in Brazil at the end of the 18th century 120 161,
13 Thomson Early mutation of Washington Navel introduced in California in 1891 [2°16],
14 Roberston Obtained as buds of Willits and Newcomb in California, 1996 141,
15 D . Of unknown Spanish origin, Double Fine has been, since many decades, the principal variety of blood orange in
oble Fina Spain 1814
16 Maltaise Of unknown origin 1],

2.3 Characteristics Evaluated

30 mature fruits were harvested, randomly, from different
trees of the same variety. The collected samples are placed in
plastic bags containing the code of each variety and returned
to the laboratory to analyze the following parameters:

2.3.1 Pomological characteristics

a) Juice content in Percentage

The juice is extracted using an electric appliance (rotating
rotor). The total juice corresponds to the decanted juice and
the sifted juice.

The percentage of juice = (Weight of fruit juice / total weight
of these fruits) x 100

b) Sugar content (E) or soluble dry extract (ESS)
The sugar content in the Juice is obtained by a direct reading
on the portable optical refractometer and graduated by 0,32%.

¢) Acidity of the Juice (A)

The acidity of the juice corresponds to the total amount of the
mineral and organic free acids in the juice, It is citric acid
mostly predominant and represents 85% to 95% of the total
acids of citrus juices.

For the titration of the acidity of the juice, 10 ml of decanted
juice was used and to which three drops of phenolphthalein
were added. Noah's solution (0.1 M) is placed in a Mohr’s
burette and then was let to flow gently while waving the
beaker until the start of the turn. This operation is essential,
especially when the solution approaches neutrality. The end of

the titration is reached when the color of the juice becomes
persistent and becomes pinkish.

d) Maturity coefficient (E/A)

The maturity index is the sugar ratio by the acidity of the
juice. It is used to determine the maturity state of the fruit and
is calculated based on the following formula:

E / A = Sugar content (E)/Juice acidity (%) (A)

e) Average Weight of a fruit
This is the total weight of the sample divided by ten. It is
appreciated using an electric scale.

2.4 Statistical analysis of data

The data obtained were analyzed using statistical software
SAS 9.3 (STATISTIC ANALYSIS SYSTEM), as well as a
principal component analysis (PCA) descriptive of all the
variables. Finally, a dendrogram hierarchical representation
was performed using the cluster test. These analyses are based
on the treatment of the variables; the average fruit weight, the
number of seeds per fruit, the sugar and juice content, the
acidity and the maturity coefficient.

3 Results and discussion

3.1 Selection of Female relatives of orange Trees from the
citrus collection

3.1.1 Study of fruit Quality

There are significant differences (P <0.01) between orange
varieties for all variables studied. Thus, the statistical results
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and averages of all quality criteria are summarized in Table 2.

a) Average fruit weight: It oscillated from 85¢g to 207g with
an average value of 226g. Similarly, there is a significant
difference between the 16 varieties of orange trees, so
eight groups (a, ab, abc, abcd h) have been
demonstrated. The variety Tarocco was characterized by
the highest value, while the variety Vernia was
distinguished by the small average weight value of the
fruit.

b) Number of seeds per fruit: The average value of NPF for
orange varieties is 2.84.This number ranged from 0.35 to
11.80. Statistical analyses showed five groups (a, b, ¢, d,
cd). The Pineapple and Parson Brown varieties showed
fruit with numerous seeds of 11 and 6 respectively, while
the varieties Tarocco and Robertson are characterized by
aspermia.

c) Titratable acidity(A): The average value of the acidity of
orange varieties is 1.51;it has fluctuated from 0.81 to 2.34.
This variable depends on the date of analysis; Thus late
varieties (Valencia Late, Maltaise, and Vernia) are very
acid in November and December, while Robertson and
Thomson are less acidic in the same period.

d) Percentage of juice: it varied from 27% to 52% with an
average value of 41%. Statistical analyses revealed five
groups (a, ab, abc, abcd ... i). Thus the Tarocco variety is
relatively the juiciest.

e) Sugar content: The average value is 10.85, which varied
from 9 to 12. Statistical analyses revealed 5 groups (a, ab,
abc, abcd... h).: the first one contains the highest value of
the sugar content, namely Hamlin, whereas the last one
contains the smallest value, namely Valencia Late, which
only reaches maturity in March, while the juice analyses
were carried out in Month of November.

f) Maturity coefficient: The mean value of the maturity

coefficient is 7.83; And it oscillated from 3.82 to 13.10.
Statistically, 13 groups were highlighted; precocious
varieties are Tarocco and Thomson, while tardy varieties
are Valencia Late and Maltaise, followed by Pineapple,
Sanguinilli and Vernia. It is interesting to study the
maturity period on three different dates for all varieties and
to follow the evolution of the other quality criteria of the
Pineapple and Parson Brown varieties because they
represent highly seeded fruits in addition to the good
quality.

3.1.2 Study of the evolution of fruit Quality

The study of fruit maturity evolution showed that the varieties
differin terms the coefficient of maturity (E / A) which
depends on the sugar content and the acidity (Figure 1).
According to the three dates of juice analysis, three groups
were identified: the group 1 contains the precocious varieties
(Robertson, Thomson, Salustiana, Parson Brown, Hamlin,
Grosse sanguineand Tarocco); the second one consists of
varieties such as (W. Navel, Cadenera, Double fine, Vernia,
Moro, Sanguinilli and Pineapple) and the last one includes
tardy varieties (Valencia Late and Maltaise).

Moreover, the quality variables studied, namely the average
fruit weight, the number of seeds per fruit, the sugar and juice
content, the acidity and the maturity coefficient, fluctuate
according to the harvest dates, They are influenced by the
varietal factor (Figure 2). The results show that the Pineapple
variety represents a significant change in average fruit weight
and the number of seeds per fruit over time.However, the
Parson Brown variety was characterized by a very high juice
and sugar content. Also, it is precocious variety in relation to
the Pineapple variety. Regarding acidity, the two varieties
Pineapple and Parson Brown experienced a significant
decrease in acidity during the three harvest dates.

Table 2: Descriptive study of all quality variables during two years: 2015/2016 and 2016/2017.

Varieties PMF (g) NPF JUS (%) A E E/A
Tarocco 207,5a 0.90cd 52.02a 1.23efg 11.60ab 9.16bcd
Robertson 162,5ab 0.35d 44.86ab 0.81g 10.50 13.10a
Washington Navel 162,5ab 2.05cd 39.76abc 1.39defg 11.20ab 8.45hcdef
Thomson 155,0abc 1.55cd 26.81c 0.98fg 11.15abc 12.14ab
Maltaise 150,0abc 2.90c 43.30ab 2.16ab 10.70abc 4.90fg
Salutiana 145,0abc 2.05cd 45.53ab 1.27efg 11.35ab 8.89bcdef
Moro 140,0abc 1.95cd 44.59ab 1.57cdef 10.45abc 6.61defg
Valencia Late 137,5abc 2.85¢c 38.85abc 2.34a 9.10c 3.82¢
Cadenera 127,5bc 1.15cd 43.33ab 1.46cdef 11.64ab 7.90cdef
Pineapple 120,0bc 11.80a 38.88abc 1.71bcde 9.75bc 5.60defg
Grosse Sanguine 115,0bc 2.85¢ 36.29bc 1.26efg 11.55ab 9.10bcde
Parson Brown 115,0bc 5.90b 42.02abc 1.49cdef 11.20ab 7.51cdefg
Hamlin 115,0bc 1.85cd 38.11abc 1.10efg 11.85a 10.79abc
Double Fine 112,5bc 2.45cd 41.28abc 1.56cdef 10.45abc 6.70defg
Sanguinelli 102,5bc 3.05¢ 44.40ab 1.98abcd 10.90abc 5.54defg
Vernia 85,0c 1.85cd 39.42abc 2.00abc 10.25abc 5.11efg

PMF (g): average weight fruit in g. NPF: number of seeds per fruit. E / A: maturity coefficient. E: The sugar content.

JUS (%): juice content. A: acidity.Values bearing the same letters are significantly indifferent with p> 5%.
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3.1.3 Application of the principal components analysis
(PCA) on all orange trees

Principal Components Analysis (PCA) (Figure 6) shows the
correlation between organoleptic variables: mean fruit weight,
number of seeds per fruit, sugar and juice content, acidity,
maturity coefficient and the sixteen varieties of orange trees
on the other hand.In fact, the F1 and F2 axes reach 70.75% of

the total variability which is reliable to carry out the APC.
Although the projection of the variables along the F1 axis
showed that the average fruit weight, sugar content and
maturity coefficient were negatively correlated with the
number of seeds per fruit and acidity, The F1 axis, showed
that the average fruit weight is positively correlated with the
juice content.

Table 3: Descriptive study of all variables studied

Variable Observations Minimum Maximum average Standard deviation
PMF 16 85,0000 207,5000 134,5313 29,5130
NPF 16 0,3500 11,8000 2,8438 2,6874
TJUS 16 26,8100 52,0200 41,2156 5,4003

A 16 0,8100 2,3400 1,5194 0,4299
E 16 9,1000 11,8500 10,8525 0,7466
E/A 16 3,8200 13,1000 7,8325 2,6477
Table 4: Correlation matrix
Variables PMF NPF TJUS A E E/A
PMF 1 0,3193 0,3302 0,3866 0,1928 0,4144
NPF 0,3193 1 0,1525 0,2920 0,3873 0,4035
TJUS 0,3302 0,1525 1 0,0956 0,0961 0,1791
A 0,3866 0,2920 0,0956 1 0,6236 0,9618
E 0,1928 0,3873 0,0961 0,6236 1 0,5852
E/A 0,4144 0,4035 0,1791 0,9618 0,5852 1
Table 5: Clean values
F1 F2
Clean values 2,9190 1,3258
variability (%) 48,6503 22,0964
% accumulated 48,6503 70,7467

Variables (axes Flet F2: 70,75 %)

F2 22,10 %)

-1 -0.75 0.5 -0.25

F1 (48,65 5)

a 0.25 05 075 1

PMF (g). average weight per fruit in g. NPF. number of seeds per
fruit. E / A. maturity coefficient. E. The sugar content. TIUS (%).

juice content. A. acidity

Fig 5: Projection of the variables on the factorial design F1 x F2 (70.75%).

According to the correlation circle, we can deduce a strong
positive correlation of the variables such as the sugar content,
the maturity coefficient on the F1 axis by bringing a
variability information of 48.65%, while the acidity variables

and the number of seeds per fruit are negatively correlated on
the same axis. In addition, the mean weight per fruit of the
variables and the juice content were positively correlated on
the F2 axis with variability information of 22.10%.

236



International Journal of Botany Studies

Observations (axes FletF2:

70,75 %)

Maltaise

Valencia Late

. Sanguinelli

Tarocco
L]

Moro
. Salutiana
Robertson

F2 (22,10 %)

Vernia

L]
Pineapple

t —
eDoubleFine
Parson Brown

L]
. fa%ﬁ{ﬁwgton MNavet

L]
. . B
Grosse Sanéﬂﬁﬂl’m

L]
Thomson

-1

]
F1(48,65 %)

3

Fig 6: Projection of individuals on the factorial design F1 x F2 (70.75).

Biplot (axes

FletF2:70,75%)

Maltaise
L]

Valencia Lt%

TIUS

PMF

Moro .
g Salutiana
enera

Robertson
L]

C

0 1 }

F2 (22,10 %)

Verni2

Pineapple NPF

.

W I :
owh

* *Hamlin E/A
| Grosse Sanguine

L]
Thomson

]
F1(48,65 %)

2
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Figure 7 shows the mapping of individuals (species studied)
that come together and come closer together according to their
resemblance, explained by Euclidean distance.

Thus, the distribution of these species is conditioned by the
total inertia of the variables on the factorial design F1 x F2
and is subdivided between the F1 (48.65%) and F2 (22.10%)
axes. According to axis F1, the Pineapple and Parson Brown
orange trees were characterized by a very large number of
seeds per fruit. Similarly, the varieties Valencia Late and
Maltaise are very acid.

In addition, the varieties Hamlin, Robertson and Thomson
have a high level of sugar content and, maturity.

According to axis F2, Tarocco orange was characterized by a
medium fruit weight and very important juice content.

3.1.4 Hierarchical ascending classification (HCA)

The overall analysis of all the variables represented in mean
fruit weight, number of seeds per fruit, sugar and juice
content, acidity and maturity coefficient, could define a
dendrogram (Figure 9) according to three distinctive groups:
1st group: Pineapple, Gosse sanguine, Hamlin, Parson
Brown, Double Fine, Sanguinelli and Vernia.

2nd group: Tarocco.

3rd group: Thomson, Robertson, Washington Navel, Maltaise,
Salutiana, Moro, Valencia Late and Cadenera.

Besides, the orange varieties Pineapple and Parson Brown are
in the same group. This reveals that they have similar
characters.

237



International Journal of Botany Studies

Dendrogramme
3000
8000 +
7000 +
Z 6000 +
=
8 s000
E 4000 + _
2 ——
3000 + @
o 2 _ 'z>°
2000 —+
E'n = w c ‘g
1000 s ol £ = g o "
R fﬁlﬂ__u__@_l-— - [1°] o
] a— p— £ P %LL_LL%%_E_
% ﬁ = ]’6 ﬁ = E = wr o — »a = o : =
W 9 [= @ = wm £ 3 g g F £ S = ] o
c o - = = o =] 2 © Il = o -_ o
= — T © o © @ o =] Gl © T
& 6§ £ & & & = &8 £ & 2 2 &8 =z = &

Fig 8: Cluster dendrogram of some orange varieties.

The quality of the fruit varies according to the variety; This is
similar to several research studies > 281, The Tarocco variety
has been characterized by a relatively high weight, as found
by 1424251 Thus, the average weight of the fruit is related to
weather conditions, rootstock, plant growth regulators, seed
number and fruit juice content 26.27],

In the case of juice yield, the juice content is a quality index
for citrus fruits. Indeed, the juiciest fruits are the most in
demand and the most appreciated by consumers. Except for
the Thomson variety, all orange varieties yielded fruit with a
juice percentage of more than 35% which corresponds to the
minimum juice content for citrus fruit exports %1, The juiciest
variety is Tarocco, and our result is consistent with previous
studies % 21 This variability of juice is related to the
frequency of irrigation, date of harvest, age of the tree and the
position of the fruit £,

Brix percentage variability is more pronounced among orange
varieties. Indeed, the values range from 9.10 to 11.85. In this
context, the highest levels of sugars were recorded in Hamlin
and Tarocco, while Valencia Late, which came to maturity in
March, showed a poor juice content since the juice analyses
were carried out in November. The sugar content (ESS)
fluctuates according to variety, maturity and weather
conditions. For orange trees, a minimum content of 9.5% is
required 281,

The total acidity of the juices studied showed that the juice of
the Valencia Late variety is the most acid, followed by that of
Maltaise, while the juice of Robertson is the least acid. These
values correspond to the standards since the minimum acid
content of orange trees is 1 81, Acidity values depend largely
on climate, variety and degree of maturity #2. Organic acid
contents generally fall near fruit maturity %1, where acidity
plays a very important role in the determination of the E / A
ratio.

The evaluation of the maturity index makes it possible to
determine the date of harvest of the fruit. Thus, the calculation
of the maturity index revealed an ratio E / A > 7 (minimum
value from which to harvest oranges) %1, The variability of
the juice content in total sugars and titratable acidity gave
distinct indices of maturity between 3.82 and 13.10. This
heterogeneity may be understandable when changes occurin
texture, bark color,the juice composition and the organoleptic

level B3 34 And also according to [ citrus fruits are
considered mature when their external coloring, juice, sugar
content, acidity ratio and other internal constituents have
reached a minimum level of visual acceptance.

3.1.5 Selection of best Female parents

Among the bibliographic constraints in orange trees, gametes
sterility makes it difficult to use conventional genetic
improvement methods. Thus, the criterion of the number of
seeds per fruit makes it possible to select the varieties
according to their ability to be pollinated, and we found only
the orange varieties Parson Brown and Pineapple which are
characterized by a relatively large number of seeds that other
orange varieties do. They are moderately juicy, sweet, less
acidic and more precocious, these results are similar to those
found by [35 %6 1. The variability of seed numbers is generally
related to the pollinator variety B8, Thus, better pollination
results in a lot of seeds in the fruit [2° 35,

In addition, these two varieties of Pineapple and Parson
Brown orange are self,incompatible 7383 as they tend to be
crossed with other varieties to cause seed formation in fruits
which will be used for triploidisation. In addition, these two
varieties of orange trees are classified among the most
exploited varieties in juice industries [2° 41,

Fig 9: Variety of orange Pineapple
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Fig 10: Variety of orange Parson Brown

4. Conclusion

From this work, we can conclude that the orange varieties
(Parson Brown, Pineapple) have been shown to be promising
to serve the crossbreeding program between diploid parents in
order to spontaneously create new hybrid triploids of orange
trees. The results of this research showed that the Tarocco
variety is juicy and the varieties Hamlin, Thomson and
Robertson are precocious on one side and the varieties
Valencia Late and Maltaise are tardy on the other hand.
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