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Abstract 
The introduction and evaluation garden of native fruit tree species, located at INIA Las 

Brujas, Uruguay, is the result of extensive efforts of prospecting and introducing 

germplasm for over 20 years. The garden comprised wild, native accessions from Uru-

guay, foreign cultivars as well as progenies derived from planned hybridizations. This 

study presents the phenotypic characterization of 329 feijoa genotypes that are part of 

this collection, based on 24 fruit descriptors (12 qualitative and 12 quantitative traits), 

evaluated over two growing seasons (2021-2022 and 2022-2023). The most frequently 

observed characteristics included trees of medium to low fruit load (up to 10 kg per plant), 

medium-sized fruits (30-50 g), flavor ranging from moderate to good, light green color, 

slightly rough skin texture, ellipsoid fruit shape, semi-open sepal position, rounded apex 

and base, translucent flesh, clearly defined locules, and undetectable flesh browning from 

one-minute assays. The wide distribution of states of expression for each trait, or the 

dispersion of values for the quantitative traits evaluated, indicated that the feijoa collection 

exhibited high variability in fruit-related traits, serving as essential raw material for improv-

ing fruit quality in feijoa. 
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Descriptores para frutos de Feijoa sellowiana: Base para la selección y el 
mejoramiento genético 

Resumen 

El jardín de introducción y evaluación de frutales nativos ubicado en INIA Las Brujas es el resultado de la prospección 

de materiales desde distintos puntos del país, desde fuera del país y de cruzamientos dirigidos que se han realizado en 

más de 20 años de trabajo. En este estudio se presenta la caracterización fenotípica de 329 genotipos de guayabo del 

país que forman parte de esta colección, que se realizó a partir de 24 descriptores de frutos (12 caracteres cualitativos y 

12 cuantitativos), durante dos temporadas productivas (2021-2022 y 2022-2023). Los estados que se presentaron con 

mayor frecuencia fueron: árboles con carga de fruta media y baja (hasta 10 kg/planta), frutos de tamaño medio (30-

50 g), sabor de medio a bueno, color verde claro, textura de la cáscara poco rugosa, forma del fruto elipsoide, posición 

de sépalos semiabiertos, forma del ápice y de base redondeada, color de pulpa traslucida, lóculos definidos y pulpa que 

no se oxida en menos de un minuto. La amplia distribución de estados por carácter o dispersión de valores para los 

caracteres cuantitativos evaluados indicó que la colección dispone de una amplia variabilidad fenotípica, siendo la «ma-

teria prima» esencial para mejorar la calidad de fruta del guayabo del país. 

Palabras clave: variabilidad genética, colección de germoplasma, guayabo del país, fruto nativo, selección fenotípica 

 

Descritores para frutos de Feijoa sellowiana: Base para a seleção e o 
melhoramento genético 

Resumo 

O jardim de introdução e avaliação de frutais nativos localizado no INIA Las Brujas é o resultado da prospecção de 

materiais de diferentes pontos do país, fora do país e de cruzamentos direcionados que foram realizados em mais de 

20 anos de trabalho. Neste estudo é apresentada a caracterização fenotípica de 329 genótipos de goiabeira-serrana 

que formam parte de esta coleção, realizou-se a partir de 24 descritores de frutos (12 caracteres qualitativos e 12 quan-

titativos), durante duas safras produtivas (2021-2022 e 2022-2023). Os caracteres que apresentaram maior freqüência 

foram árvores com carga de fruta média e baixa (até 10 kg/planta), frutos de tamanho médio (30-50 g), sabor de médio 

a bom, cor verde-clara, textura da pele pouco rugosa, forma do fruto elipsóide, posição de sépalas semiabertos, forma 

do ápice e da base redondeada, cor de polpa translúcida, lóculos definidos e polpa que não se oxidam em menos de 

um minuto. A amplia distribuição de estados por caráter, ou a dispersão de valores para os caracteres quantitativos 

avaliados, indica que a coleção possui uma grande variabilidade fenotípica, sendo a “matéria-prima” essencial para 

melhorar a qualidade da fruta da goiabeira-serrana. 

Palavras-chave: variabilidade genética, coleção de germoplasma, goiabeira-serrana, fruta nativa, seleção fenotípica 

 

 

1. Introduction 

The Feijoa sellowiana (O. Berg) O. Berg(1), commonly known worldwide as feijoa, is a fruit species of the Myr-

taceae family, native to northeastern Uruguay and southern Brazil(2), with great potential for commercialization 

as fresh fruit. In Uruguay, the production and commercialization of the fruit have expanded in recent years(3). 

According to data from the Unidad Agroalimentaria Metropolitana (UAM), Uruguay's main fruit and vegetable 

market, five tons of fruit were sold in 2022(4), doubling by 2024(5). However, much of the fruit bypasses UAM, 

being marketed directly by producers. The genetic improvement of the feijoa tree in Uruguay began over 20 

years ago through collaboration between the Instituto Nacional de Investigación Agropecuaria (INIA) and the 

Facultad de Agronomía, Universidad de la República (Fagro-Udelar). Breeding objectives have been focused 

on developing feijoa cultivars with improved agronomic performance, plant and fruit uniformity as well as high 

quality fruits targeting the fresh fruit market(3). To evaluate and select for superior phenotypes, diverse geno-
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types need to be grown under the same environmental conditions. For this reason, the garden for the introduc 

tion and evaluation of native fruit trees was established at INIA Las Brujas (INIA LB), where the base 

germplasm used by the breeding program is conserved ex situ and assessed. This collection currently con-

sisted of more than 400 feijoa genotypes, comprising prospections from wild populations in Uruguay, intro-

duced cultivars, and segregating progenies from controlled crossings. Recently, the first four feijoa cultivars 

developed in Uruguay were released as a result of the first breeding phase(6)(7). Nonetheless, further improve-

ment advances are needed in fruit size, flesh yield, fruit uniformity, and yield per plant, among other traits. 

Descriptors are essential tools for cataloguing and standardizing the observable traits of fruit trees, enabling 

comparison and analysis of their diversity across different collections and environments. Based on a set of 

feijoa cultivars, the International Union for the Protection of New Varieties of Plants(8) developed a list of de-

scriptors for this species. Additionally, Puppo and others(9) proposed descriptors based on the variability rec-

orded in wild feijoa populations in Uruguay. However, the extent of the variability of some fruit traits has not 

been fully characterized yet. Properly assessing the variability among feijoa genotypes is relevant for its effec-

tive utilization in both national and international breeding programs. 

This study aimed to i) apply and review the relevance of published fruit descriptors, for the characterization of 

a feijoa collection located at the introduction and evaluation garden of native fruit trees of INIA LB; ii) build a 

photographic guide of qualitative fruit descriptors to ensure a correct and comprehensive identification of cor-

responding states of expression; iii) report the phenotypic variation in the feijoa collection based on 24 fruit-

related descriptors. 

 

2. Materials and Methods 

This study analyzed a collection of 329 feijoa genotypes located at the introduction and evaluation garden of 

native fruit trees at INIA LB (Rincón del Colorado, Canelones, Uruguay; 34°40'02" S, 56°20'26" W, 22 

m.a.s.l.), during two crop cycles (seasons 2021-2022 and 2022-2023). These harvests were characterized by 

low rainfall compared to historical averages for the area (1100 mm per year(10)), with rainfall of 828.7 mm from 

June 2021 to May 2022 and 500 mm from June 2022 to May 2023. Average temperatures were 16 °C in 2021-

2022 and 17 °C in 2022-2023(10). The total genotypes were planted in two adjacent blocks, with a spacing of 

4 m between rows and 2.5 m between plants on Brunisol soils, with ridged rows and drip irrigation. Phytosani-

tary management was restricted to the control of fruit flies (Anastrepha fraterculus and Ceratitis capitata), 

through mass trapping (100 traps/ha) and toxic bait, applied only at times when high populations were detect-

ed. Weed management and fertilization were carried out following Uruguay's integrated production standards 

for traditional fruit trees(11). The inter-row was kept covered by grass, mowed when necessary, and treated with 

herbicide twice a year. Organic fertilizer (poultry litter) was applied every three years (10 t/ha), in addition to 

chemical fertilization through fertigation with potassium nitrate in autumn (preharvest) and foliar applications of 

macro and micronutrients in spring. Plants were trained in an open vase system with three or four leaders, and 

annual winter pruning was performed. 

The fruit load per plant was visually evaluated, and 10 fruits per plant were randomly sampled for fruit charac-

terization. Fruits were considered ready to harvest when they were easily detached from the tree upon touching. 

Twelve qualitative fruit traits previously described in the literature(8)(9) were evaluated across the 329 geno-

types. These variables included seven descriptors of external fruit quality: skin color and overcolor (SC), fruit 

shape (FS), fruit size (SI), skin texture (ST), sepal position (SP), apex shape (AS), and base shape (BS); three 

internal quality descriptors: locule definition (LD), pericarp flesh oxidation (FO), and intralocular flesh color 

(FC); as well as fruit flavor (FF) and fruit load per tree (LO). Table 1 describes the qualitative characteristics 
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and the respective evaluation criteria. The number of classes or states per variable was expanded when nec-

essary. The inclusion of the FF variable related to fruit flavor was considered relevant to the breeding program 

and was based on the judgment of three trained observers. Although it relies on subjective, sensory evalua-

tions, the FF descriptor is widely used by curators of collections of several fruit species(12), and it is a prioritized 

trait within the breeding objectives for this species. In the case of ST, which is generally not homogeneous 

throughout the fruit, the predominant texture on the fruit skin was recorded. 

 

Table 1. Qualitative traits, trait states, and evaluation criteria of Feijoa sellowiana fruits used for fruit evaluation of 329 

genotypes present in the garden for the introduction and evaluation of native fruit trees of INIA Las Brujas 

Trait Trait states Evaluation criteria 

Skin Color and Overcolor (SC) 
• Yellowish green •Light green •Green •Dark green •Blackish 
green •Reddish overcolor •Red dots 

Visual with color reference 
primer 

Fruit Shape (FS) 
• Obovoid • Spherical • Ellipsoid • Oblong • Fusiform • Ovoid • 
Pyriform 

Visual with primer 

Fruit Size (SI) 
•Very Small (<10g) •Small (10-30g) •Medium (30-50g) •Large 
(50-60g) •Very Large (>60g) 

 

Skin Texture (ST) • Smooth • Slightly rough • Rough • Very rough Visual with primer 

Position of the sepals (SP) • Open calyx • Semi-open calyx • Erect calyx Visual with primer 

Apex Shape (AS) • Sharp • Rounded • Truncated Visual with primer 

Base Shape (BS) • Sharp • Rounded • Truncated • Necked • Concave Visual with primer 

Locule definition (LD) 
• Undefined locules • Poorly defined locules • Well-defined 
locules • Locules separated by septa 

Visual with primer 

Flesh Oxidation (FO) 
• No oxidation • Mild oxidation • Medium oxidation • Strong 
oxidation 

Visual with booklet. 
At harvest time, after 1 min of 
cross-section 

Intralocular Flesh Color (FC) 
• Translucent • Whitish • Brownish-red •Brown •Green with 
traces of pink 

Visual with primer 

Fruit Load (LO) 
• Low (< 2 kg plant-1) • Medium (2-10 kg plant-1) • High (10-20 
kg plant-1) • Very high (>20 kg plant-1) 

 

Fruit flavor (FF) • Bad • Medium • Good • Very Good 
Consensus after tasting the 
fruits by three researchers 

 

In those cases that the feijoa genotypes exhibited outstanding fruit qualities for the breeding program, such as 

large or very large fruit size, thin skin, pink flesh, or good flavor, among others, fruits sampled from these gen-

otypes were subjected to further quality evaluation, under laboratory conditions. In total, 98 of the 329 geno-

types were selected at this stage, and nine quantitative fruit traits were directly measured from samples of 10 

fruits per genotype, randomly collected from the tree canopy. These traits included fruit length (FL), fruit weight 

(FW), flesh weight (FLW), fruit diameter (FD), skin weight (SW), skin thickness (STH), number of locules (NL), 

total soluble solids (TSS), and titratable acidity (TA). Also, three additional variables were calculated: the 

length:diameter ratio (LE), the flesh yield (FY), calculated as the ratio between FLW and FW, and the TSS/TA 

(RA) ratio, adding a total of 12 quantitative variables. TA was determined from 5 mL of juice diluted in 20 mL of 

distilled water, titrated with 0.1 M NaOH to pH 8.2, measured with a table-top pH meter(13). Results were ex-

pressed as a percentage of citric acid. Table 2 presents the evaluation criteria and units of measurement used 

for each of the quantitative variables.  

A descriptive statistical analysis was performed with the data collected. The frequency distribution of categori-

cal variables was represented with bar charts. For the quantitative variables, mean, median, minimum, maxi-
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mum and coefficient of variation were calculated. In addition, a correlation analysis was performed among 

quantitative variables using Pearson's correlation coefficient (p≤0.05). 

 

Table 2. Quantitative traits, evaluation criteria and unit of measurement used for fruit evaluation from 98 genotypes of 

Feijoa sellowiana from the garden for the introduction and evaluation of native fruit trees at INIA Las Brujas 

Trait Evaluation criteria 
Unit of 
Measurement 

Fruit Length (FL) 
Gauge measurement from calyx insertion to the furthest point 
from the base 

Millimeters 

Fruit Weight (FW) Measured with scale. Precision: 0.01 g Grams 

Flesh Weight (FLW) Measured with scale. Precision: 0.01 g Grams 

Fruit Diameter (FD) Gauge measurement in the equatorial zone of the fruit Millimeters 

Skin Weight (SW) Measured with scale. Precision: 0.01 g Grams 

Skin Thickness (STH) 
Gauge measurement on the skin after removing the flesh with a 
spoon 

Millimeters 

Number of locules (NL) 2, 3, 4, 5, 6,7,8 Count 

Total Soluble Solids (TSS) Handheld Refractometer °Bx 

Titratable Acidity (TA) 

Calculated from the equation 
% citric acid = (V × M × AE × 100) / Vs 
Where: 
V = spent volume of NaOH (mL); M = molarity of the NaOH 
solution used (0.1); EO is acid equivalent 0.064 g; Vs= sample 
volume (5 mL) 

% citric acid 

Length:diameter ratio (LE) FL:FD ratio -- 

Flesh Yield (FY) (FLW x 100) / FW % 

Ratio (RA) TSS:TA ratio -- 

 

3. Results and Discussion 

This study focused on the characterization of the phenotypic variability of a feijoa collection placed at the 

introduction and evaluation garden at INIA LB, by applying previously reported fruit descriptors for this species. 

A total of 12 qualitative (Table 1) and 12 quantitative variables (Table 2) related to fruit quality and production 

were considered. Qualitative characterization was applied to 329 genotypes. To assist in the assignment of 

expression states for each qualitative trait recorded in this study, an illustrated guide was created featuring 

representative images for each variable (Figure 1 and Figure 2). In addition, for further clarification, a glossary 

with relevant definitions is provided (Supplementary Material). For the fruit color variable, a total of seven 

states were identified, including four shades of green (Figure 1 A, 1-4). Three of these (Figure 1 A, 2-4) could 

be similar to those previously reported by Puppo and others(9) and UPOV(8), while one (yellowish green; 

Figure 1 A, 1) had not been previously described. Three additional states were identified, including blackish 

green skin color (Figure 1 A, 5), reddish overcoloration (Figure 1 A, 6), and red dots on a green background 

(Figure 1 A, 7). Overcoloration refers to an area of the fruit, generally more exposed to the sun, that develops 

a reddish or darkened hue, either continuous (reddish overcolor, Figure 1 A, 6), or discontinuous, generating 

small red dots (overcolor with red dots, Figure 1 A, 7). 
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Figure 2. Internal quality traits of the fruit of Feijoa sellowiana 

A) Definition of locules: 1- undefined locules, 2- poorly defined locules, 3- well-defined locules, 4- locules separated by septa. 

B) Flesh oxidation (one minute-assay): 1- no oxidation, 2- mild oxidation, 3- moderate oxidation, 4- strong oxidation. C) Number of 

locules (2 to 8). D) Color of intralocular flesh: 1- translucent, 2- whitish, 3- reddish brown, 4- brown,  

5- green. E) With pink traces (arrows indicate some of the traces). 
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For the traits: skin texture (Figure 1 C), apex shape (Figure 1 D), sepal position (Figure 1 E) and base shape 

(Figure 1 F), all the states previously reported by Puppo and others(9) for wild populations of feijoa in Uruguay 

were found. Consequently, for these fruit-related traits, the feijoa collection at INIA LB provided a good repre-

sentation of the extent of the natural variability of wild feijoa from Uruguay (Figure 3). Some differences were 

observed in the distribution of state frequencies for the six characters. The most frequent states were: light 

green color (Figure 3 A), slightly rough skin (Figure 3 B), ellipsoid fruit shape (Figure 3 C), semi-open sepals 

(Figure 3 D), and rounded apex and base (Figure 3 E and F). 

Locule definition, one of the internal quality attributes of feijoa fruits (see glossary for further description, in 

Supplementary Material), showed four states (Figure 2 A). The most frequent observation was well-defined 

locules (Figure 3 I); however, some genotypes presented fruits with undefined locules. Undefined locules in 

feijoa fruit, with an overripe appearance, has been negatively rated by fresh fruit consumers during periodic 

fruit exhibitions carried out by the Fruit Research Unit at INIA LB. Apart from that, the fruits with locules sepa-

rated by septa were unfrequent (Figure 3 I). 

 

 

Figure 3. Relative frequencies of 12 fruit traits measured in 329 genotypes of Feijoa sellowiana present in the 

introduction and evaluation garden at INIA Las Brujas, Uruguay 

A) Skin color (*) 1- yellowish green, 2- light green, 3- green, 4- dark green, 5- blackish green, 6- reddish overcolor, 7- overcolor with 

red dots. 
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A minimal browning of fruit flesh, caused by enzymatic oxidation, shortly after feijoa cutting, is another relevant 

trait for the acceptance of feijoa by both consumers and fruit marketers. All four states of flesh oxidation were 

recorded (Figure 2 B); however, for a large number of genotypes  (85%), only null or very slight oxidation were 

detected in the one-minute assays (Figure 3 H). Conversely, Puppo Mackinnon(16) reported noticeable flesh 

browning in 71% of prospected wild feijoa genotypes, in Uruguay. These markedly contrasting results may 

indicate that acceptable as well as very favorable levels of reduced flesh oxidation were well represented 

among feijoa genotypes of the INIA LB collection, resulting in a relevant starting point for further improvement 

of this trait. However, it is also possible that this difference might result from different ecological conditions that 

affect plant growth, which vary between native forests and orchard plots. Moreover, it is important to consider 

that in this study evaluation was conducted in the field immediately after harvest, while flesh oxidation is highly 

influenced by postharvest time and conditions. For some fruit species, including Feijoa sellowiana, oxidation or 

browning of the flesh has been associated with polyphenol oxidase (PPO) activity, which decreases with high-

er citric acid levels(17). Commercial cultivars such as 'Gemini' and 'Marian' have low levels of PPO activity and 

are associated with mild browning, while 'Apollo', with higher PPO activity, shows more intense browning (17). 

This study allows for the selection of genotypes with low browning as an important characteristic to maintain 

and incorporate into future cultivars. In addition, it would be interesting to identify the factors responsible for 

the rapid flesh oxidation observed in some genotypes. García-Rivera and others(18) reported that high carbo-

hydrate and calcium contents in fruits would be the possible cause of this browning. 

The color of the intralocular flesh referred to the internal color of the locules (translucent, whitish and greenish) 

(Figure 2 D)(9)(14), and two were described here for the first time: reddish-brown and brown. The most frequent-

ly identified state was translucent, present in more than 70% of the genotypes (Figure 3 G). Notably, 12 of the 

329 genotypes exhibited pink traces within the intralocular flesh, indicating a novel characteristic for feijoa fruit 

(Figure 2 E). These genotypes were prospected from a single subspontaneous population, in Maldonado, 

Uruguay(19). Despite the need of a detailed anatomical description, this novel characteristic could confer feijoa 

fruit with a distinctive appeal.  

Genotypes ranged from low to very high fruit load (Figure 3 L), with the latter category representing a minority 

(10%) of the genotypes and generally related to very small fruit sizes. To select for a superior genotype, fruit 

load and size should be considered simultaneously, first selecting the genotypes with good fruit size potential 

and with medium to high fruit load. Previous reports indicated that the cultivar 'INIA-Fagro Cerrillana' is the one 

with the highest potential for fruit load per tree, reaching up to 40 kg per year in adult plants; however, such 

high yields usually affect fruit size. Some recent experiences by the fruit growing research group of INIA LB 

showed that severe pruning in 'INIA-Fagro Cerrillana' managed to reduce the number of fruits per plant, im-

proving fruit size without compromising productivity (unpublished data). 

For 98 of the 329 feijoa genotypes, fruit samples were further evaluated for 12 quantitative, fruit-related varia-

bles. The number of locules (Figure 2 C) ranged between two and eight, with four locules being the most fre-

quent (80%). Patterson(15) reported a range between two to six locules when studying five New Zealand feijoa 

cultivars, with four locules as the most frequent state, with occurrence varying between 53 and 70% of the 

sampled fruits depending on the cultivar. The results related to the remaining 11 variables are presented in 

Table 3 (central and descriptive tendency values) and Figure 4 (relative frequency histograms). Traits with 

high variation coefficients (CV over 30%) included FW, FLW, STH, SW, TA, and RA, for which the highest CV 

values were associated with STH, SW, FW and TA. The remaining five traits: FD, FL, LE, TSS, and FY 

showed CVs below 18%. These results are consistent with previous reports for feijoa trees(9), and other fruit 

species(20)(21). Such broad CV ranges could be explained in part by true variability between genotypes, but also 

by estimable intra-plant fruit heterogeneity, that is consistent with genotypes at early stages of domestication(22). 
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Table 3. Descriptive statistics (mean, median, minimum, maximum and coefficient of variation) for the quantitative 

variables of 98 genotypes of Feijoa sellowiana from the introduction and evaluation garden of INIA Las Brujas, Uruguay, 

for 2022 and 2023 

Variable1 Year Mean Median Minimum Maximum CV (%) 

FD (mm) 
2022 40.8 41.0 23.0 57.0 11  

2023 40.5 40.5 14.0 56.2 15  

STH (mm) 
2022 3.7 4.0 1.0 12.0 34  

2023 3.1 2.9 0.5 7.6 45  

FL (mm) 
2022 50.3 50.0 31.0 72.0 14  

2023 52.0 51.5 23.8 90.3 18  

SW (g) 
2022 27.3 25.8 5.2 91.8 38  

2023 23.0 20.1 3.2 98.5 51  

FW (g) 
2022 45.5 44.4 8.8 115.0 32  

2023 46.7 44.2 6.8 137.7 40  

FLW (g) 
2022 18.1 17.2 1.9 45.0 36  

2023 23.3 22.4 3.1 57.9 38  

LE 
2022 1.3 1.2 1.0 1.6 12  

2023 1.3 1.2 1.0 2.0 15  

FY (%) 
2022 40.0 40.2 25.4 55.1 17  

2023 49.8 50.2 31.9 65.9 16  

TA (% cit. acid) 2023 0.8 0.74 0.3 1.7 43  

TSS (°Bx) 
2022 13.4 13.4 10.0 17.3 11  

2023 12.4 12.4 7.9 17.4 17  

RA 2023 19.3 17.2 6.3 50.6 48  

1TA, titratable acidity; FD, fruit diameter; STH, skin thickness; LE, lenght:diameter ratio; FL, fruit length; SW, skin weight; FW, fruit 

weight; FLW, flesh weight; RA, ratio between TSS and TA; FY, flesh yield; TSS, total soluble solids; CV, coefficient of variation. 

 

Figure 4. Frequency distribution histograms of 11 fruit quality traits of 98 genotypes of Feijoa sellowiana present in the 

introduction and evaluation garden of INIA Las Brujas, Uruguay, in 2022 and 2023 
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The FW ranged from 9 g to 115 g in 2022, and from 7 g to 138 g in 2023, with a mean and median of 45 g. 

This wide range in terms of fruit weight has been also reported in feijoa populations conserved by indigenous 

communities as well as placed at protected areas in southern Brazil, where fruits weighed 6 g to 126 g with a 

mean of 32 g(23). However, for those feijoa genotypes that have undergone a more targeted selection process, 

an average fruit weight of 73 g with a range of 52 g to 105 g was reported(24). Sánchez-Mora and others(25) 

reported that in the Active Germplasm Bank (BAG) of São Joaquim (Santa Catarina, Brazil), over 80% of the 

feijoa genotypes presented fruits of more than 60 g, while in genotypes grown in Mexico, fruit weight varied 

from 30 g to 50 g(26). This illustrates that feijoa breeding programs have successfully increased fruit size. In the 

introduction and evaluation garden of INIA LB, 23% of the genotypes have large and very large fruits (over 

50 g per fruit) (Figure 3 K) providing the breeding program with promising materials. Fruit size is also easily 

affected by climatic conditions, such as rainfall, temperature, altitude, and solar radiation(27), as reflected in 

variations between years(25). However, within the same year, the same plant often produces heterogeneous 

fruit sizes, likely due to the timing of fruit set stage. Fruits that form earlier tend to accumulate more sugars and 

grow more than those that develop later(28). The improvement on fruit size homogeneity could be carried out at 

later stages of the breeding program, by the application of management practices adjusted to each cultivar or 

by further advanced selection. 

For FLW, the average values were 18 g (2022) and 23 g (2023) with maximum values between 45 and 58 g, 

approximately. Mean FD values (41 mm; range 14-57 mm) were similar to those reported in Brazilian commu-

nities (mean 35 mm; range 19-60 mm)(23); however, the range was more limited in genotypes grown in Mexico 

(31-39 mm)(26). A similar pattern was observed for FL: in this study, fruits averaged 51 mm, range 23-90 mm; 

in Brazil, 42 mm, range 24-74 mm(23); and in Mexico, it varied between 51 and 55 mm(26). The LE ratio, associ-

ated with and shape, was similar in both years, but with a wider range in 2023. The observed range of LE (1 to 

2) represents the range of fruit shapes, from spherical (LE ≤ 1.1) to more elongated shapes (LE> 1.1). The 

obovoid, ellipsoid, oblong, and ovoid fruits present LE between 1.2 and 1.6, and the fusiform or elongated 

ellipsoid shape corresponded to LE over 1.5. The main characteristic of the pyriform fruit shape is its narrow 

base, forming a “neck” which often also results in LE ratios over 1.5. The most frequent value (LE = 1.2) repre-

sents fruits with lengths 20% greater than their diameter, consistent with the high representation of ellipsoid 

fruits described in Figure 3 C. 

Flesh yield ranged from 32 to 66% with an average of 50% in 2023, and 40% in 2022 (Table 3). In Brazil, 

much lower flesh yield was recorded in feijoa plants from both indigenous communities and protected areas 

(mean 32%; range 17-50%)(23), as well as in the São Joaquim BAG (mean 28%; range 10-45%)(25). Flesh yield 

is a relevant trait for both fresh and processed fruit markets, as consumers prefer a higher percentage of flesh 

in the fruit, while it also directly affects industrial profitability. The FY variable (FLW/FW) is directly influenced 

by FW, FLW, and SW. In 2022, SW ranged from 5 g to 92 g, and in 2023, from 3 g to 99 g. Regarding the 

STH, the mean values varied between 3 and 4 mm, with ranges from 0.5 mm to 12 mm, depending on the 

year and genotype. Both SW and STH displayed a wide variability, in which the genotypes with the lowest 

values are particularly relevant for improving fresh fruit quality in Uruguay, and are also consistent with the 

typical feijoa fruit of Uruguay(29). 

The TSS averaged 13 °Bx (10 to 17) in 2022 and 12 °Bx (8 to 17) in 2023. In Mexico, TSS ranged from 12 to 

14 °Bx(26) and in Brazil from 7 to 17 °Bx(23)(25). In varieties from different breeding programs, the TSS of the 

fruits had an average of 12 °Bx, varying between 10 and 13 °Bx(24). For the TA variable, data were available 

only for 2023, with values ranging from 0.3% to 1.7% (mean 0.8%). Both TA and RA presented high coefficient 

variation (45%). These variables are closely related to fruit flavor and palatability, therefore to consumer ac-

ceptability, which is particularly important for breeding programs of poorly-known fruits such as feijoa, where 

flavor can determine repeated consumption(30). According to the authors’ flavor criteria, the vast majority of the 

genotypes evaluated in this research showed acceptable to good flavor (82%), while the extremes of unpleas-
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ant and very good flavor were found in 7% and 11%, respectively (Figure 3 L). Given its subjective nature, the 

main purpose of flavor evaluation in this study was to discard genotypes with unpleasant flavor, generally as-

sociated with an imbalance between sugar and acidity, excessive levels of astringency, or bitterness. There is 

a high probability that fruit classified as unpleasant will not be accepted, at least by most fresh fruit consumers. 

On the other hand, some of the evaluated genotypes stood out for presenting fruits with very good flavor, mak-

ing them good potential cultivars or progenitors of new hybridizations. Future studies focusing on a smaller 

number of genotypes should include sensory assessment panels, to implement hedonic, discriminative or de-

scriptive tests, depending on research objectives(31). It would be important to determine the range of the rela-

tionship between sugar and acidity (measured as the relationship between TSS and TA) that is most accepted 

among feijoa consumers, in order to have a more objective indicator when selecting genotypes in genetic im-

provement. 

The analysis of phenotypic correlations between fruit-related quantitative traits described the patterns of asso-

ciation between variables, allowing for the determination of how quality traits relate to fruit size and shape. 

This information is relevant for designing efficient selection strategies in the breeding programs, including indi-

rect selection of traits that are difficult to measure. 

The variables related to fruit, flesh and skin dimensions: FL, FD, FW, FLW, SW, and STH showed high, posi-

tive and significant correlations with each other, except for STH and FLW, which were not correlated. This 

result is important since it suggests possible genetic independence between FLW and STH, facilitating simul-

taneous breeding by higher flesh weight and thinner skin. It is interesting to note that FW and FLW were more 

related to FDPC than to FL. FY, a key trait for breeding, was negatively correlated with fruit size traits, except 

for FLW, with which it had a positive correlation (0.32). It is noteworthy that the negative correlation between 

FY was much higher with STH (-0.76) than with SW (-0.57), indicating that thin-skin selection would be an 

effective strategy to increase FY. TSS showed zero or low negative correlation with the other variables, indi-

cating that its variation is independent of the rest. The LE variable, an indicator of fruit shape, presented zero 

or low negative correlation levels with the FW, FLW, SW, STH and FY. These results seemed to suggest a 

weak tendency toward greater skin development (SW, STH) and lower FY, as the fruit shape becomes more 

elongated (greater LE) (Figure 5.). 

 
Figure 5. Pearson's correlation coefficient for 9 fruit quality traits of Feijoa sellowiana 

FD, fruit diameter; STH, skin thickness; LE, length:diameter ratio; FL, fruit length; SW, skin weight; FW, fruit weight; FLW, flesh 

weight; FY, flesh yield; TSS, total soluble solids. ***indicates whether the correlation is significant (p<0.05). 



López L, Rodríguez P, Cabrera D, Pritsch C, Dini M 

 

 

Agrociencia Uruguay 2025; 29(NE3):e1569 13 
 

The large phenotypic variability observed in the feijoa collection from the introduction and evaluation garden of 

native fruit trees at INIA LB adequately reflected the extent of natural phenotypic and genotypic variability re-

ported for wild feijoa populations in Uruguay(29). On the other hand, a high degree of genetic relatedness has 

been reported for feijoa cultivars developed in different breeding programs from the United States, New Zea-

land and Italy, indicating that they likely derived from a reduced number of genotypes(32). 

Based on the recent history of feijoa as a crop, as well as the extensive phenotypic variability reported(9)(16)(25), 

this species might be still at an early stage of domestication. Accordingly, it does not yet present the expected 

traits associated with the “domestication syndrome”, such as an increased fruit size, intra-plant fruit homoge-

neity, and greater fruit retention on the tree after reaching maturity(22)(33). Intra-plant heterogeneity in fruit 

shape, size and internal quality is a typical feature of both feijoa cultivars and wild plants(15). This lack of uni-

formity poses a challenge for genetic improvement, which aims to identify and select genotypes that, in addi-

tion to desirable fruit quality characteristics, exhibited homogeneous and stable performance over the years. 

In this context, it is essential to have clear, precise, and standardized fruit descriptors for feijoa, such as those 

proposed in this study. These descriptors facilitate the objective characterization and recording of differences 

and similarities among genotypes, as well as the communications between researchers, technicians, nursery-

men, and breeders. In addition, descriptors support the comparability between studies, optimizes the selection 

of superior genotypes, and strengthens the documentation and registration processes in breeding programs. 

Based on the variability data collected in this study, 70 feijoa genotypes that represented all states of all ana-

lyzed parameters and grouped a significant portion of the variability were selected. These genotypes will be 

utilized to establish the first feijoa germplasm bank (BAG) in Uruguay, enabling ex situ conservation of the 

species’ variability. This BAG will ensure safe preservation, organization, and access to genetic material for 

research, breeding, and conservation programs of the species. 

 

4. Conclusions 

This study provided an illustrated guide of descriptors related to external and internal qualitative traits for feijoa 

fruits, which included additional states of expression for the characteristics fruit color, over color, and 

intralocular flesh color. 

The feijoa collection at INIA Las Brujas exhibited wide variability in fruit-related traits. Several feijoa genotypes 

exhibiting outstanding qualities can serve as candidates for new cultivars or can be utilized in the breeding 

program. 

Representative feijoa genotypes covering the full range of variability of fruit-related traits were identified to 

establish the first feijoa germplasm bank (BAG) in Uruguay. The feijoa BAG will contribute with the ex situ 

conservation and utilization of genetic variability of economically interesting traits of feijoa, marking a milestone 

in the feijoa breeding program in Uruguay. 
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Supplementary Material - Glossary 

Acute: Ending in a point, whose edges form an angle smaller than 90°. 

Concave: Curved inward, with an interior angle greater than 180°. 

Ellipsoid: A three-dimensional shape with a length greater than the diameter, where the widest part of the 
diameter is located in the center; the cross-section is an ellipse. 

Fusiform: An elongated body, widest in the middle and gradually tapering towards both ends; it could also be 
called an elongated ellipsoid since it resembles an ellipsoid, but with an acute base and apex.  

Locules: Cavities defined by the presence/absence of carpellary septa in the ovary. Types of locules structure 
in Feijoa sellowiana: 

Well-defined locules: The septa develop and invaginate up to the center of the fruit, with a certain 
number of locules (usually four). 

Locules separated by septa: The septa develop toward the center and also thicken in such a way 
that the locules are completely separated from each other. 

Poorly defined locules: The septa are invaginated without reaching the center of the fruit. 

Undefined locules: There are no septa; it is not possible to distinguish locules, with all flesh 
contained in a single cavity. 

Necked: Base of the fruit significantly narrower than the rest of the fruit, generating a shape reminiscent of a 
“bottleneck”. 

Oblong: Similar in shape to a rectangle, longer than it is wide, with rounded ends. 

Obovoid: A three-dimensional shape with a length greater than its diameter, narrow base and wide apex. Like 
an egg “upside down”. 

Ovoid: A three-dimensional shape with length greater than the diameter, wide base and narrow apex, shaped 
like an egg. 

Pyriform: A three-dimensional shape with a length greater than the diameter, wide apex, narrow base, 
sufficiently narrow to generate a neck. Pear-shaped. 

Rounded: It does not have marked angles. 

Spherical: Shaped like a sphere. A curved surface formed by points equidistant from an interior point called 
the center. As for the shape of the fruit, it has a length:diameter ratio of less than 1.1. 

Truncated: Ending abruptly in a flat plane, as if it had been cut perpendicular to the longitudinal axis. 

 

 


