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Abstract

Citrus fruit tree has great importance in Brazil. Despite having many commercial cultivars, the lemon crop in
Brazil is basically from “Tahiti” cultivar and there is a lack of studies about the characterization and assay of
genetic diversity of sweet lemon (Citrus limetta) fruits. Therefore, this work aimed to characterize and evaluate
the genetic diversity from nine stock plants produced in Porto Nacional-TO. Fruits in fully physiologic ripening
were harvested and evaluated for weight, length, diameter, juice yield, soluble solids content, and color of peel
and pulp. The experimental design was completely randomized with 9 treatments (stock plants) and five
replications. For the characterization, the data were subjected to Tukey’s test and similarity measure and
clustering of the stock plants were performed by Tocher’s method and UPGMA dendrogram. Weight, length, and
diameter of all stock plants have not differed from each other. The coordinate b* indicated that stock plant 1 had
fruits with peel and pulp clear when compared to the yellow color of the other stock plants. There was genetic
diversity between the assessed stock plants and three groups were created, which stock plant 1 and 2 were the
most divergent and compose group 3, according to Tocher’s method. The features contributed similarly to total
variation.
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1. Introduction

The annual production of citrus fruits in the entire world its approximately 132 million tons, which orange,
mandarin, grapefruit and lemon correspond to 98% of the production and from this amount, is produced 13.7
million tons of lemon fruit per year (Sarker, Barman, M. M. Islam, M. R. Islam, & Chakma, 2017; Eryildiz,
Lukitawesa, & Taherzadeh, 2020). Brazil is the world’s largest producer of citrus fruits, especially orange, which
occupies the first position in the exportation of frozen concentrated orange juice and has exported 870,311 tons
of juice in season crop 2018/2019 (Silva, Agra, Aleixo, Nobrega, & Dantas, 2011; Brazilian Association of
Citrus Exporters [ABECITRUS], 2020).

Citrus fruits can be destined to fresh consumption or processed for the manufacturing of juices, jelly and ice
creams, among others. They have a great acceptance by the consumers due to its flavor and specific smell
(Teixeira & Novello, 2020). Besides, they present colors that range from yellow to dark orange (Yu et al., 2017;
Rehman, Singh, & Khurshid, 2018).

Also known as sweet lemon, Citrus limetta fruits are native to Asia and were originated from a natural cross with
lemon Sicilian. It was occasionally discovered a tree that produced fruits less acid than other lemon trees, and
from this stock plant the sweet lemon was reproduced by grafting. It is well grown in India, China, Southern
Japan, Vietnam, Malaysia, Indonesia and Thailand (Khan, Mahmood, Siddiqui, & Akhtar, 2016; Shakoor &
Nasar, 2016; Hashemi et al., 2017).
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According to Nicolosi’s (2007) classification, the sweet lemon belongs to Citrus genus, limetta species, variety
Risso, Subfamily Auranciaceas and Family Rutaceae. In Mexico these fruits are not so important when
compared to other varieties of lemon and still have no commercial value, even they are produced in 14 counties.
Besides, just like in Brazil, the availability of fruits from this species became lower due to the lack of marketing
and introduction of new varieties (Colecio-Juarez et al., 2012).

The fruit characterization is very important to determine the genetic variability of a species that can support
breeding programs, as well as its relationship with environmental factors (Nascimento, Cardoso, & Cocozza,
2014). Genetic diversity is one of the features evaluated at the beginning of a breeding program. A lot of methods
are available for that evaluation, differing in the ability to detect differences between genotypes, costs, use
easement, consistency and repeatability of the results (Morales et al., 2011). Genetic diversity can be stated
through agronomic, morphological and molecular features, among others (Amorim, Ramos, Ungaro, & Kiihl,
2007).

Multivariate analysis techniques can be used to assay the divergence between accessions and select more
important descriptors, in discrimination of accessions from a germplasm bank (Rodrigues, S. P. Carvalho, A. A.
Carvalho, Carvalho Filho, & Custddio, 2010). Among the techniques of statistics multivariate, the correlation
analysis and clustering stand out (Cruz, Regazzi & Carneiro, 2014). The knowledge of genetic diversity among
accessions is very important to support breeding programs because it allows to characterize germplasm, control
genetic erosion and registry new cultivars, and through that information breeding material can be selected
(Youseif, El-Halwagi, Sayed & El-Itriby, 2014).

Several studies highlighting the antioxidant activity in C. limetta juice were performed, as reported in Barreca,
Bellocco, Caristi, Leuzzi, and Gattuso (2011), and Perez, Jiménez-Ferrer, Alonso, Botello-Amaro, and Zamilpa
(2010) as well studies assessing the genetic evaluation of orange trees grafted onto lemon hybrid species aiming
to obtain resistance to diseases (Pompeu Junior, Blumer, & Resende, 2013). Youseif et al. (2014) evaluated the
chemical properties and the genetic diversity of C. limetta juice through DNA extraction and Al-Anbari et al.
(2014) evaluated the genetic diversity among C. limetta and others fifteen genotypes of citrus using RAPD
markers. However, there are no studies aiming for the characterization of fruits from this species, and the
evaluation of the genetic diversity is scarce and needs updated works that corroborates these studies. Therefore,
the aim of this work was to characterize fruits from nine stock plants of C. limetta, as well as to evaluate genetic
diversity between the fruits from the stock plants.

2. Method
2.1 Area Description

The fruits were grown in an orchard in Porto Nacional, Tocantins state, Brazil, located at 10°42'S and 48°25'W,
which according to Kdppen’s classification have climatic conditions of the Aw type, with tropical climate with
season dry in the winter, the altitude is 422 m high and annual rainfall average is about 1500 and 1600 mm.

2.2 Material Collection

The harvest occurred in September 2019 and the fruits were transported to Jatai, Goids state, Brazil into
polypropylene bags. At the laboratory located at 17°53'S and 52°43'W, the fruits were washed, selected by the
absence of injuries, and dried at room temperature.

2.3 Fruit Description

The fruits had the following characteristics: 325.6+82.6 g of weight, 84.5£8.9 mm of length, 87.248.4 mm of
diameter and 92.6+10.4° of hue angle, which means that the fruits were completely ripe, since as closer to 90°
more intense is the color yellow of the sample (Konica Minolta, 2015).

2.4 Experimental Design

The experimental design was completely randomized with nine treatments and five replicates. The treatments
consisted of one stock plant, in which five fruits were harvested from each one.

2.5 Features Evaluated

The five fruits from each stock plant were evaluated for weight, length, diameter, peel and pulp color, juice yield,
and soluble solids content.

2.5.1 Weight

The weight was evaluated with a weighing machine, in which the fruits were weighed individually and the
results were given in g.
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2.5.2 Length

The length was obtained by measurement across the transversal section with the aid of a caliper and the results
were expressed in mm.

2.5.3 Diameter

The diameter was obtained by measurement across the longitudinal section of the fruits with the aid of a caliper
and the results were expressed in mm.

2.5.4 Peel and Pulp Color

The peel and pulp color were determined with two measurements on opposite sides of the fruit peel and one
internal measurement in the middle section of the pulp. The measure was performed on a colorimeter Konica
Minolta using CIELab color space. On CIELab pattern the coordinate L* represents the luminosity degree of the
sample (The values range from 0 to 100, which L = 0 is totally black and L = 100 is totally white), the coordinate
a* express the variation between red and green (The values range from 0 to 60, which negative values represent
the color green and positive represents the color red), the coordinate b* represents the variation degree between
yellow and blue (Also ranging from 0 to 60, with blue being expressed by negative values and yellow
represented by positive one), the chromaticity is expressed by C* and the color is expressed by hue angle (h®)
(Konica Minolta, 2015).

2.5.5 Juice Yield

The juice yield was obtained by the quotient between the weight of fruit and juice. After the pulp extraction, both
were weighed in the weighing machine and the results were expressed in percentage (%).

2.5.6 Soluble Solids Content

The soluble solids content was determined on a digital refractometer, which a few drops of juice were placed in
the refractometer reader and the results were given in °Brix as recommended by the Association of Official
Analytical Chemistry [AOAC] (2016).

2.6 Data Analysis

The data were subjected to normality and homogeneity test and to F test from analysis of variance. The averages
were compared on Tukey’s test, assuming 5% of error probability (P < 0.05). The measure of similarity and
clustering of the stock plants were obtained by Tocher’s optimization algorithm and by unweighted paired group
method with arithmetic means (UPGMA) dendrogram; and through Singh’s (1981) method, the relative
contribution of the fifteen features was established. through the nine collect environment, the mean Euclidian
distance was estimated based on the features evaluated. Aiming to check the consistency of the clustering, the
cophenetic correlation coefficient (CCC) between the genetic dissimilarity matrix and the cophenetic values
matrix was calculated. Statistical analysis was performed on software Rbio version 119: 06/06/2019 (Bhering,
2017) and Genes (Cruz, 2013).

3. Results

There was no difference in the averages of weight, length, and diameter between the nine stock plants. It can be
observed that the fruits had weight ranging from 240 to 370 g, the length ranging from 76 to 90 mm, and the
diameter ranging from 77 to 93 mm (Table 1).
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Table 1. Fruit weight (FW) [g], fruit length (FL) [mm)], fruit diameter (FD) [mm)], color parameter: luminosity
(L), coordinate a* (a), coordinate b* (b), chroma (C) and hue angle (h°) of the peel on Citrus limetta fruits from
nine stock plants (SP)

Sp FwW FL FD L a b C h°

1 338.50 86.90 92.28 44.46 b -2.44 13.30b 19.84 b 107.24
2 350.32 88.50 89.19 4296 b -1.52 9.22b 946 b 96.88
3 343.05 85.92 89.29 49.78 b -0.80 17.70 b 19.66 b 91.22
4 368.79 89.96 91.07 70.12 a -0.04 40.96 a 41.08 a 90.20
5 305.84 82.49 86.29 6524 a 0.56 38.60 a 37.82a 89.44
6 354.92 88.49 88.54 64.68 a -0.88 37.00 a 37.00 a 90.90
7 356.77 84.35 88.82 64.48 a 1.94 39.72 a 39.92 a 87.42
8 263.14 76.90 77.62 65.84 a 0.82 3938 a 39.46 a 89.20
9 243.75 76.93 80.86 67.28 a 0.02 39.86 a 39.96 a 90.38
F 1.36™ 1.66™ 1.95™ ' 19.95 1.02™ 20.18 17.96 2.16™

Note. Averages followed by ns in the column are not different at 5% level by Tukey’s test.

The fruits from the stock plants 4, 5, 6, 7, 8, and 9 showed higher luminosity, differing from the other stock
plants. Although there are no significant contrasts between the averages from the stock plants, the fruits from
stock plants 1 and 2 had averages of a* from peel more negative, which indicates that those fruits were greener.
The fruits presented positive values for coordinate b*, which means the predominance of yellow in the peel of
the fruits, and the stock plants 4, 5, 6, 7, 8 and 9 differed from the others stock plants, which was expected since
the fruits from stock plants 1 and 2 had more predominance of green (a*) (Table 1).

The chroma of the peel in fruits of stock plants 4, 5, 6, 7, 8, and 9 differed from the other stock plants, indicating
that these fruits have a more intense color. There is no difference between the hue angle of the peel of fruits from
the stock plants evaluated, which indicates that even if there is a difference in coordinate a* and b*, the color of
the peel of the fruits in the stock plants were closely from each other, remaining in the same quadrant (Table 1).

There was a difference from the luminosity of the pulp between the stock plants, and the highest values were
observed in stock plants 5, 7, 8, and 9, indicating that the pulp was brighter than the others, especially stock
plants 1 and 2 (Table 2).

Table 2. Averages of color parameter: luminosity (L), coordinate a* (a), coordinate b* (b), chroma (C), hue angle
(h°®), juice yield (JY) [%] and soluble solids content (SS) [°Brix] of Citrus limetta pulp from nine stock plants
(SP)

SP L a b C h° JY ss
1 39.66 ¢ 234a 4.12¢ 478 ¢ 121.00a 5120 8.56
2 4456bc  -2.52ab 678D 7.22 be 109.98b  74.00 8.54
3 48.5 ab -3.28ab  8.60 ab 9.24 ab 111.08b 6680 8.50
4 47.84ab  -3.20ab  8.42ab 9.02 ab 110.66b  73.60 9.12
5 50.06 a -3.60ab  8.96 ab 9.52 ab 111.88b  64.60 8.68
6 48.1 ab -3.82ab  8.74ab 9.54 ab 113.62ab  66.80 9.48
7 50.68 a -330ab  8.92ab 9.62 ab 109.98b 7220 8.68
8 50.82 a -3.98b 9.00 ab 9.82 ab 113.82ab  61.00 9.72
9 50.96 a -3.42 ab 1022 a 10.80 a 10838b  54.60 9.58

F 151 241 1050 998 38 078" 199%™

Note. Averages followed by ns in the column are not different at 5% level by Tukey’s test.

The coordinate a* of the pulp from the fruits of nine stock plants presented negative values, indicating the
predominance of the color green. There was a difference between the stock plants evaluated, which the fruits
from stock plant 1 had lighter green pulp and stock plant 8 has darker green pulp (Table 2).

There was a significant contrast between the averages of the stock plants evaluated for coordinate b* and chroma
(C). All fruits had a predominance of the color yellow, which is evidenced by the positive averages of b. The
stock plant 1 produced fruits with pulp less yellow and the fruits from stock plant 9 were more yellow. Similarly,
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the highest intensity of the pulp color was observed in fruits from stock plant 9 and the lower was observed in
fruits from stock plant 1, which is expressed by C (Table 2).

The hue angle of the pulp differed between the stock plants. Even all evaluated fruits presented color above 100°,
the fruits from stock plant 1 stood out with 121°, indicating that the fruits have a strong orange color (Table 2).

The stock plants did not present significant contrast for juice yield and soluble solids content, the average value
for soluble solids was 8.98 °Brix (Table 2).

There were observed high values of coefficient of variation for color coordinates, especially for fruits peel as like
for fruit weight, which indicates high genetic diversity for this parameter (Table 3).

Table 3. Average, minimum, maximum, coefficient of variation (CV) and relative importance (S.j) from 15
variables to dissimilarity from 9 stock plants of Citrus limetta

Variable Average Minimum Maximum CV (%) S.j (%)
FW 325.56 202.37 524.76 25.47 75.31
FL 84.49 70.24 102.77 9.95 0.95
FD 87.10 70.74 103.86 8.85 0.93
LPe 59.42 37.70 76.50 8.90 4.49
aPe -0.26 -4.70 8.10 18.32 0.06
bPe 30.63 1.90 45.20 19.85 6.94
CPe 31.57 5.30 45.40 19.85 5.68
hPe 92.60 72.50 144.10 10.28 1.58
LP 47.90 37.90 54.40 5.09 0.55
aP -3.27 -5.50 -1.7 23.95 0.01
bP 8.19 3.30 11.60 14.87 0.12
CP 8.84 4.20 12.60 14.34 0.13
hP 112.30 101.30 128.40 3.73 0.54
JY 64.97 21.00 128.00 31.55 2.65
SS 8.98 7.40 12.40 8.71 0.009

Note. FW: Fruit weight (g), FL: fruit length (mm), FD: fruit diameter (mm), LPe: coordinate L of peel, aPe:
coordinate a of peel, bPe: coordinate b of peel, CPe: coordinate C of peel, hPe: coordinate h°® of peel, LP:
coordinate L of pulp, aP: coordinate a of pulp, bP: coordinate b of pulp, CP: coordinate C of pulp, hP: coordinate
h° of pulp, JY: juice yield (%), SS: soluble solids content (°Brix).

The relative importance of characters for the genetic dissimilarity between the accessions using the criterion
proposed by Singh (1981), had a high range in data distribution, ranging from 0.01 to 75.31%. The features who
contributed most for total variation (or genetic dissimilarity) were fruit weight (75.31%), coordinate b of peel
(6.94%), and coordinate C of peel (5.68%) (Table 3).

The clustering by Tocher’s method, using as dissimilarity measurement the mean Euclidian distance from the 15
features, promoted the formation of three groups (Table 4), in which can be observed that the stock plants 5, 7, 4,
6, and 3 were the most similar and the most similar were the stock plants 1 and 2.

Table 4. Groups established by Tocher’s method, based on 15 features evaluated in 9 stock plants of Citrus
limetta

Groups Stock Plants
1 57463

2 89

3 12

The group 1 was formed by five stock plants, and group 2 and 3 were formed by two stock plants according to
Tocher’s method (Table 4).

Through UPGMA clustering method, the stock plants were clustered in three groups, based on the cutoff point of
13.85% of distance using Mojena’s (1977) criteria, and the dendrogram was obtained from the dissimilarity
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matrix created by mean Euclidian distance, based on 15 features from 9 stock plants (Figure 1). The cophenetic
correlation coefficient was 0.77.
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Figure 1. Dendrogram created by unweighted paired group method with arithmetic means (UPGMA) from the
dissimilarity between fruits through mean Euclidean distance from 9 stock plants of Citrus limetta

Stock plants 4, 5, 6, and 7 were clustered in group 1 and were the most similar, stock plants 8 and 9 in group 2,
and stock plants 1, 2, and 3 in group 3 and were the most dissimilar, which indicates the high variability between
the fruits from the 9 stock plants evaluated (Figure 1).

4. Discussion

Fruit weight can be an important feature for industrialization and as a selection parameter for breeding. Machado,
Siqueira, Salomao, Cecon, and Silva (2017), working with sour lime “Tahiti” grafted onto “Cleopatra” in Janaiba,
Minas Gerais, Brazil, produced fruits with an average of 82.12 g. Regarding the values founded on the present
work of 325.6 g, the increase must be due to the use of different varieties and climate conditions. According to
Phate, Malmathanraj, and Palanisamy (2019), the criteria for the classification of sweet lemon based on weight
range from A to D, which A comprehends the fruits heavier than 200 g and D the fruits lighter than 100 g.

Machado et al. (2017), in the same work with sour lime “Tahiti” who took place in four years, also did not
observe differences in the diameter of the fruits among the evaluated years. It is known that the harvest point of
sour lime “Tahiti” is when the fruits reach 47 mm of diameter. On the present work, C. limetta fruits had
averages of 84.5 mm in diameter. However, there are no specific studies for this species establishing what would
be the ideal size for harvest.

The fruit length and color are important features for the classification of citrus (Khojastehnazhand, Omid, &
Tabatabaeefar, 2010). Also, the size and weight of fruits is a very important feature for fresh fruits in the
processing industry, because it has an influence on several factors including the drying time, which implies in
production costs (Viana, Reis, Sena, Santos Junior, & Silva, 2017). Phate et al. (2019), evaluating the size and
weight of sweet lemon fruits to be used as a conversion factor for validating models in the computer vision
system, obtained fruits with 62 mm of length and 134 g, lower than the values from the present work. Despite the
sweet lemon is not commercially exploited, their fruits present great potential for the industry due to its
characteristics.

The coordinate L measures the intensity of brightness who can range from 0 to 100, being that closer to 0 darker
is the sample, and closer to 100 brighter is the surface (Konica Minolta, 2015), thus, the stock plants 4, 5, 6, 7, 8
and 9 presented the brightest peel. The hue angle (h°) is the angle between the hypotenuse and 0 degrees in the
a* axis. Durigan, Mattiuz, and Durigan (2005), evaluated fruits of sour lime “Tahiti” (C. latifolia) that present
brightness of 54.08 and hue angle of 127.25°. Pereira, Machado, and Costa (2014), reported that fruits of orange
‘valéncia delta’ (C. sinensis) stored presented brightness higher than 50 and increased along the time of storage,
which indicates that the fruits were becoming clear, and the hue angle was closer to 90°, similar to the results
obtained in the present work.

The values of L and h° from fruits of sweet lemon evaluated in this paper indicates that the fruits were fully ripe
with pulp and peel with light yellow color. The color is strongly influenced by environmental factors and it is
one of the main factors that influence the consumption and marketing of the fruits since the consumers rather
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fruits with a uniform color of peel because they associate it with sweeter and ripe fruits (Medina, Rena, Siqueira,
& Machado, 2005; Malgarim, Cantillano, Oliveira, & Treptow, 2008; Oliveira, Brunini, & Nunes, 2014). It is
possible that high temperatures increase the respiratory rate and anticipates ripening (Drehmer & Amarante,
2008).

According to the Brazilian Institute for Quality in Agriculture [HORTIBRASIL] (2000), the minimum value of
juice yield for lemon is 40%, which means that C. limetta fruits meet this demand. Despite being different
species, sour lime “Tahiti” on the work proposed by Machado et al. (2017), presented 48% of juice yield, lower
than those found in this paper. Chaves Neto, Silva, and Santos, (2018), obtained a juice yield of 69.45+1.03% for
“Galego” lemon (C. aurantifolia). Ferreira, Bastianel, Azevedo, and Negri, (2018) evaluating fourteen genotypes
of Citrus lemon grafted onto “Rangpur” lime in Séo Paulo, Brazil, obtained juice yield ranging from 37 to 59%,
being the genotype “Meyer” the greater.

Soluble solids can indicate the amount of sugars in fruit pulp, being that the sweet flavor is related to acidity in
fruits. Higher temperatures and lower thermic range can also increase the accumulation of soluble solids content
(Santos et al., 2010). Malgarim et al. (2008), evaluated fruits of the citrus hybrid cultivar ‘Nova’ (Citrus
clementina x (C. paradisi * C. tangerina)) with 12 °Brix of soluble solids content. Oliveira et al. (2014),
obtained soluble solids content of 10.04 °Brix on mandarin fruits marketed in Ribeirdo Preto, Sdo Paulo, Brazil,
and Goes et al. (2012), obtained 10.90 °Brix in sour lime “Tahiti” grown in Cear4, Brazil.

The coefficient of variation for breeding is very important because allow the researcher to select features
according to fruit destination, if for fresh consumption or to industry. The relative importance can contribute to
the variables discard, allowing a better choice of the features considered in a genetic diversity assay (Cruz et al.,
2014). Kopp et al. (2007), evaluating ten rice genotypes aiming to improve the cophenetic correlation coefficient
obtained values of 0.72, and these authors report that some genotypes can negatively influence the
representativeness of the stock plant by its grouping and that the elimination of these genotypes result in an
increase in the cophenetic correlation coefficient, which increases the representativeness of the genetic distance.

The UPGMA method allows reunite the biggest number of subjects on first groups and usually isolated subjects
on the last groups. In that kind of assay, UPGMA is interesting because it identifies subjects genetically
nonsimilar and not only groups (Galate, Mota, Gaia, & Costa, 2014). This technique increases the information
circa the difference between the stock plants, which in this study are the stock plants 1 and 2 who composes the
group 3, stock plants 8 and 9 in group 2, and the major number of stock plants (six) on group 1.

To occur the evolution of species the genetic diversity is vital for natural selection and is populations with
genetic variability who occurs the selection of plants with traits of agricultural interests such as fruits with
attractive flavor and resistance to pests and diseases (Wagner Jinior, Bruckner, Cantin, Sanchez, & Cruz, 2011).
According to Carpentieri-Pipolo et al. (2000), the use of parent genotypes with the highest divergence as
possible is important to maximize the heterogeneity of hybrids, increase the probability of occurrence of superior
segregating in advanced generations and increase genetic basis.

5. Conclusions

There is genetic diversity between the accessions evaluated, and the methodology was efficient to show this
diversity.

The nine stock plants evaluated presented genetic diversity regarding fruit characteristics thorough Tocher’s
method.

The stock plants who presented more similarities are 5, 7, 4, 6, and 1, 3, 2, while 8 and 9 are the most distant
according to UPGMA method.

The nine stock plants presented similar physical characteristics, especially for size, weight, juice yield, and
soluble solids content.
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