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ABSTRACT
Objective: To physically and chemically characterize clonal selections of Persian lime (Citrus  latifolia Tanaka ex Q. 

Jiménez). 

Design/Methodology/Approach: The principal components analysis was employed, using a mixed data factorial 

analysis model. Genotype distribution was graphed using principal components with the k-medoids method, while 

a Gower’s dissimilarity matrix was determined for the conglomerate analysis and a dendrogram was developed using 

Ward’s minimum variance cluster method. For the morphological characterization of the fruits, the study considered the 

following trees: Citrus volkameriana, Citrus macrophylla, Citrus paradisi  Poncirus trifoliata,  Citroncirus spp., and Citrus 

 aurantium. The fruit’s diameter, length, weight, color, and shape were analyzed, in addition to its base shape, tip shape, 

surface texture, albedo adherence, number of seeds, ripening rate, juice weight, juice yield, pH, °Brix, and titratable acidity. 

Data were analyzed using R software and the factoextra and FactoMineR packages. 

Results: The physical and chemical traits of Persian lime fruit vary due to the correlations between the types of rootstock 

that are cultivated in the citrus zone studied. 

Study Limitations/Implications: Farmers do not know which clone or type of plant material they propagate; they simply 

select clones that show outstanding morpho-agronomical traits. 

Findings/Conclusions: The morphological diversity and quality of the fruit is related to the type of rootstock used in its 

propagation, in addition to internal and external traits in Citrus macrophylla standing out in fruit quality.

Key words: Persian lime, graft, rootstock, shoot, accessions. 

INTRODUCTION

C
onsumption of Persian lime (Citrus  latifolia Tanaka ex Q. Jiménez) is on the rise globally, due to it being 

a source of antioxidants favorable for human health, in addition to its multiple uses when consumed fresh 

or processed (Habermann and Claro, 2014). The traits that make it more attractive to consumers are its less 

acidic taste, higher juice content, lack of seeds, and a larger fruit size (Hassanzadeh et al., 2017). 
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Mexico is among the top 

producers of citrus fruits in the 

world (FAOESTAT, 2018) and is 

the primary producer of Persian 

lime in the world (Fernandez et al., 

2015). According to the Ministry of 

Agriculture and Rural Development 

(Secretaría de Agricultura y 

Desarrollo Rural, SADER, 2018), the 

state of Veracruz is the top producer 

of Persian lime in the country. 

The citrus-producing zone of 

Cuitláhuac, Veracruz, is considered 

to be the zone with second-highest 

Persian lime production, which 

represents an important economic 

and social activity thanks to fruit 

exports destined mainly toward the 

United States (Caamal-Cauich et 

al., 2017). 

Persian lime is an acidic lime and 

is the only natural triploid (3n27) 

derived from a cross between Citrus 

medica as the female parent and 

Citrus micrantha (Curk et al., 2016). 

It has non-viable pollen and ovules; 

therefore, its fruit are parthenocarpic 

or seedless (Moore, 2001), which is 

why there are no varieties and they 

are considered to be selections or 

clones (Santos et al., 2013). 

Rivera-Cabrera et al. (2010) 

stipulate that they could be 

“Quebra galho” (a local Brazilian 

selection contaminated by viroids). 

In contrast, Curti et al. (2017) affirm 

that the propagated clone is SRA-

58, of French origin; however, 

the National Epidemiology, 

Quarantine, and Plant Sanitation 

Station (Estación Nacional de 

Epidemiología, Cuarentena y 

Saneamiento Vegetal, ENECuSaV) 

states that its origin is in the 

United States. Due to these varying 

theories, the Persian lime clones 

farmed in Mexico are believed to 

be of unknown origin. 

The spontaneous mutations and variations that occur in citrus buds or 

budsticks have created novel phenotypic variations that result in new, superior 

traits, such as greater yield and fruit quality, resistance to pathogens, and 

tolerance to abiotic and biotic stress. Subsequently, vegetative propagation 

can generate a new variety. At this point, a clonal selection is established 

(Rouiss et al., 2018; Thi-Lam and Ishikawa, 2018). Therefore, morphological 

characterization allows for defining the accession groups with outstanding 

agronomic traits and high genetic diversity (Moreno-Ramírez et al., 2019). 

Thus, the present study had the objective of morphologically characterizing 

the potential selections of Persian lime that are propagated in the citrus-

producing zone of Cuitláhuac, Veracruz. 

MATERIALS AND METHODOLOGY
Ripe Persian lime fruits were collected following the methodology described in 

the Mexican norm NMX-FF-077-1996, within similar agronomic-management 

conditions implemented in commercial orchards in the citrus-producing 

zone of Cuitláhuac, Veracruz, Mexico, which encompasses the municipalities 

of Cuitláhuac, Tierra Blanca, Tlalixcoyan, and Paso del Macho, located at 

altitudes between 27 and 345 m. 

Morphological Characterization 

The morphological characterization of the fruits was done according to the 

morphological descriptors implemented by the International Plant Genetic 

Resources Institute (IPGRI), and these were: Rootstock 1) Citrus volkameriana, 

2) Citrus macrophylla, 3) Citrus paradisi  Poncirus trifoliata, 4)  Citroncirus 

spp.), 5) Citrus  aurantium), fruit diameter and length (cm), fruit weight (g), 

fruit color, fruit shape (spheroid, ellipsoidal, pyriform, oblique, obloid, ovoid), 

fruit base shape (with neck, convex, truncate, concave, pinched concave, 

pinched with neck), fruit tip shape (breast-shaped, pointy, rounded, truncate, 

sunken), fruit surface texture (smooth, rough, papillary, pock-marked, uneven, 

striated), albedo adherence (weak, medium, strong), number of seeds per fruit, 

ripening rate, juice weight, juice yield, pH, °Brix, and titratable acidity. The fruit 

color determination was based on the citrus fruit color index (Jiménez et al., 

1981) using the CR-200 model Konica Minolta® colorimeter. The Brix degrees 

and juice pH were determined based on the methodologies described by the 

OECD (2018). Juice yield was expressed in yield percentage, and Total Soluble 

Solids (°Brix) were analyzed with a portable refractometer (Model HI 96801, 

0 to 85% Brix). The pH was measured using potentiometry with an Oakton® 

potentiometer (model pH 700, USA). Titratable juice acidity was measured 

using 10 mL of juice and 50 mL of distilled water and was titrated with NaOH 

0.1 M until reaching pH of 8.1, also measured using potentiometry, and the 

data were expressed in % of acidity, which are equivalents for citric acid and 

ripening rate. 

Experiment Design and Statistical Analysis

The data were analyzed in a single matrix. The principal components analysis 

(PCA) was done using a factorial analysis of mixed data model (FAMD). 

Genotype distribution was graphed with the first two principal components 

(PC) using the k-medoids method (PAM). For the cluster analysis, a Gower’s 

dissimilarity matrix was determined and a dendrogram was made using Ward’s 
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minimum variance cluster criterion method (Borcard et 

al., 2018). Data analysis was carried out using R software 

(version 3.6.1) with the factoextra and FactoMineR 

packages (Kassambara, 2017). 

RESULTS AND DISCUSSION
Significant differences were found in 58% of the 

morphological traits analyzed, indicating that 

morphological diversity exists in Persian lime, but only 

eight morphological traits did not present significant 

effects on morphological diversity, indicating that the 

most important and statistically significant correlations 

are related to the categorical traits. 

The correlation of the PCA identified 11 highly 

discriminatory traits that explain 69.73% of the variation 

of five principal components (Table 1). The continuous 

traits of highest variability were fruit length, fruit diameter 

and weight, juice weight, °Brix, and ripening rate, while 

the categorical traits that showed the most variability 

were rootstock, fruit shape, fruit base and fruit tip shape, 

and texture. 

Based on the distribution of the genotypes along the 

plane determined by PC1 and PC2, three groups were 

defined in terms of spatial distribution for the first two PC. 

Group one is made up of fruits that show the highest 

ripening rate, °Brix and color, spheroid shape, rough 

texture, and a concave, pinched fruit 

base shape and pointy fruit tip shape. 

In general, the fruits were smaller 

in size, and the rootstock Citrus  

aurantium, also known locally as 

sour orange, is present in 100% of the 

genotypes that make up this group. 

Group two was made up of fruits 

with intermediate values in the 

quantitative traits for citric acid 

percentage, length, diameter, and 

fruit and juice weight. However, the 

fruit’s qualitative traits presented 

an ellipsoidal and spheroid shape, 

papillary and rough texture, breast-

shaped base, convex, and pinched-

concave fruit base shape. In addition, 

this group was 75% made up of Citrus 

volkameriana (volkamer lemon), 12% 

of Citrus paradisi  Poncirus trifoliata 

(C35 citrange), and 13% of Citroncirus spp. (swingle 

citrumelo) rootstocks.

Group three was made up of fruit genotypes with higher 

weight, diameter, length, juice weight, and citric acid 

percentage. With respect to the qualitative traits of the 

fruit, these showed truncated and convex base shapes, 

obloid and ellipsoid shapes, and rough and papillary 

texture. In the end, 100% of the genotypes conforming 

this group were grafted with rootstock from the alemow 

lemon or Citrus macrophylla (Figure 1).

The morphological variability of the Persian lime exhibits 

diverse quantitative and qualitative morphological 

traits, although this variability in morphological traits 

is correlated with the rootstock used. These results 

coincide with those reported by Stenzel and Neves 

(2004), who evaluated the IAC-5 clone of Persian lime 

that was grafted on different rootstocks, and showed that 

the fruit presents diversity in quality and characteristics 

depending on the type of rootstock utilized. 

In the dendrogram shown in Figure 2, five groups are 

formed according to Ward’s method, and these groups 

showed a similar relationship with the groups formed 

in the principal components analysis, which is why 

the association shown by the groups is determined 

by the type of rootstock and by characteristics in fruit 

size. Group I was observed to consist of fruits with 

Table 1. Eigenvalues of the first five principal components derived from 11 Persian lemon 
characters.

Character 
Eigenvalues

CP1 CP2 CP3 CP4 CP5

Fruit diameter (cm) 0.62 0.03 0.032 0.058 0.000

Fruit length (cm) 0.63 0.02 0.047 0.082 0.041

Fruit weight (g) 0.72 0.02 0.015 0.054 0.022

Juice weight (g) 0.56 0.13 0.007 0.129 0.008

Brix grade 0.005 0.34 0.154 0.040 0.019

Maturity index 0.09 0.35 0.118 0.184 0.022

Rootstock 0.79 0.73 0.300 0.520 0.760

Fruit shape 0.55 0.44 0.186 0.265 0.085

Fruit base shape 0.79 0.01 0.603 0.231 0.144

Fruit apex shape 0.05 0.72 0.001 0.120 0.001

Fruit texture 0.20 0.23 0.243 0.060 0.009

Eigenvalues 5.62 3.45 2.67 2.17 1.37

Variation explained (%) 25.55 15.68 12.14 9.88 6.27

Accumulated variation (%) 25.55 41.24 53.38 63.26 69.53

CP: principal component.
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Figure 1. Dispersion of 80 Persian lemon genotypes, based on the first two main components of the analysis of 11 
morphological characters.
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Figure 2. Dendrogram obtained by Ward’s method of 80 Persian lemon genotypes based on 19 morphological characters.
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the greatest diameter, length, and 

juice weight, as well as a truncated 

obloid and ellipsoid shape, rough 

texture, and with rootstock from 

Citrus macrophylla. In addition, the 

group showed a similarity distance 

of 0.4, while groups II and III 

consisted of fruits showing similar 

characteristics, only differing in the 

base shape. Group IV was made 

up of fruits with the smallest size, 

but they showed an intense green 

color and higher amount of °Brix, 

with Citrus  aurantium rootstock. 

Finally, group V presented 

genotypes that were grafted with 

Citrus paradisi  Poncirus trifoliata 

and Citroncirus spp.

García-López et al. (2017) 

determined that the parameters 

that ensure quality in the Persian 

lime fruit with respect to pH should 

be between 2.0 and 2.3, and 

values between 7.4 and 7.7 °Brix; 

thus, these results coincide with 

those reported by Zandkarimi et al. 

(2011), who mention that in limes 

and lemons, the most important 

morphological traits are fruit weight 

and length, in addition to their 

physicochemical characteristics. 

Authors like Grüneberg et al. (2009) 
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indicate that in clonal crops, yield is determined by 

epistasis effects that cause a rise in morphological 

variation. Likewise, Medina-Urrutia et al. (2009) link the 

behavior of rootstocks to different types of soil on which 

adaptability to the environment depends, resulting in 

homogeneous production; in turn, Espinoza-Núñez et 

al. (2011) indicate that the alemow lemon presents high 

yields under irrigation conditions, while Khankahdani 

et al. (2019) indicate that C. volkameriana functions as 

rootstock in Persian lime from the first stages of grafting 

by producing vigorous plants with vegetative growth 

and greater absorption of iron, copper, zinc, and 

manganese. This relationship is of great importance due 

to the graft-rootstock interaction, which determines 

the optimal growth of the graft. Tietel et al. (2020) 

found that the rootstock affects yield and biochemical 

quality in mandarins (sugar and acidity), such that C. 

volkameriana did not increase the total sugar index, 

however, sour orange did increase the sugar content. 

CONCLUSIONS
The morphological diversity and fruit quality of 

Persian lime is related to the type of rootstock used 

for its propagation. Based on the morphological traits 

evaluated, Citrus macrophylla provides the best physical 

and chemical characteristics of lime fruits. 
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