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Abstract: Inga spectabilis is a Neotropical Fabaceae tree with ecological, 
agroforestry, and local food relevance in Panama. However, quantitative 
information on the morphometric characteristics of its fruits and seeds across 
reproductive ages remains limited. This study compared fruit and seed traits of 
guaba de machete (Inga spectabilis) in Burunga, Arraijan, Panama Oeste, across 
four reproductive age groups: 8, 15, 22, and 27 years. Six trees were evaluated per 
age group, and two fruits were selected from each tree, resulting in 48 fruit 
observations. Fruit weight, length, width, thickness, number of seeds, seed length, 
seed width, seed thickness, individual seed weight, and total seed weight were 
measured. Data were analyzed using analysis of variance and Duncan’s multiple 
range test, complemented by correlation and multiple regression analyses. 
Significant differences among reproductive-age groups were observed for all 
evaluated traits. Trees aged 22 years showed the highest fruit weight, number of 
seeds, and total seed weight, whereas trees aged 15 years showed the greatest 
fruit and seed dimensions. Individual seed weight was highest in 8-year-old trees. 
Correlation analysis showed strong positive associations among fruit dimensions, 
seed dimensions, seed number, and total seed weight, while individual seed 
weight was negatively associated with seed number. Regression models showed 
strong multivariate associations among morphometric variables, although these 
relationships should be interpreted as exploratory rather than causal. These 
findings provide a local morphometric baseline for I. spectabilis in Panama and 
suggest that intermediate reproductive ages may be relevant for tree selection, 
propagation planning, and future studies integrating morphometry with 
productivity, germination, nutritional, and ecological analyses. 

 Keywords: Inga spectabilis; guaba de machete; fruit morphometry; seed 
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1. Introduction 

Inga spectabilis (Vahl) Willd. is an accepted Neotropical tree species in Fabaceae, with a native range 
extending from southern Mexico to Venezuela and western Bolivia, and with confirmed occurrence in 
Panama. Within the broader genus Inga, which includes roughly 300 species of tropical trees, edible arillate 
fruits, rapid growth, and ecological usefulness have made several species important in both natural and 
managed landscapes. In Panama, I. spectabilis is not merely a taxonomic entry; it is part of the documented 
native flora and persists in productive agroecological settings, making it relevant to both botanical and 
applied research. The common name “guaba de machete” refers to the elongated shape of its pods (as shown 
in Figure 1), which resemble the machete traditionally used in rural agricultural work. Its white, sweet, and 
soft aril surrounds the seeds. It is consumed by local people and wildlife, linking the species to both local 
food practices and animal-mediated seed dispersal processes. (Royal Botanic Gardens Kew, 2026; 
Smithsonian Tropical Research Institute, 2026; Collantes-González et al., 2024). 

  
(A) (B) 

Figure 1. Morphological appearance of guaba de machete (Inga spectabilis). (A) Mature pod showing the 
elongated machete-like shape. (B) Opened fruit showing the white aril surrounding the seeds. 

The importance of Inga in tropical America goes beyond species occurrence. Across the region, 
congeners such as I. edulis, I. densiflora, and I. vera have been widely associated with agroforestry systems 
because they provide shade, contribute organic matter, enhance nutrient cycling, and can improve the 
performance of associated crops or trees. Experimental and field studies have shown nitrogen-related 
benefits of Inga interplanting, nutrient release from Inga mulch, and hydrological complementarity when 
Inga functions as a shade component in coffee systems. FAO also frames agroforestry more broadly as a 
nature-based strategy that can diversify production, strengthen resilience, and improve food security for 
rural producers, with nitrogen-fixing trees and leguminous shade species playing a central role in that logic. 
Beyond human use, fruits and seeds of edible Inga species can support wildlife feeding and contribute to 
natural regeneration dynamics in tropical landscapes. In this context, the study of a local edible Inga species 
is justified not only for taxonomic interest but also for its potential contribution to diversified tropical 
production landscapes. (Doland Nichols & Lynn Carpenter, 2006; Leblanc et al., 2006; Cannavo et al., 2011; 
Food and Agriculture Organization of the United Nations, 2026). 

Fruit and seed morphometry provides an especially useful entry point for studying reproductive 
expression in tropical trees. Comparative research across large tropical floras has shown that fruit size, seed 
size, biomass allocation, and pericarp investment are not arbitrary descriptors, but components of 
coordinated reproductive syndromes. Likewise, community-level analyses of tropical rainforest species 
have shown that reproductive and dispersal contexts better explain fruit and seed dimensions than by 
general vegetative traits such as leaf size. For species of direct human interest, these traits are also relevant 
because they help describe the phenotypic variation that underlies management, selection, dispersal, and 
regeneration potential. In a congeneric example, cultivated populations of I. edulis in the Peruvian Amazon 
presented significantly longer pods than wild populations, indicating that reproductive morphology in Inga 
can vary meaningfully across biological or management contexts. (Ramírez & Briceño, 2024; Stevenson et 
al., 2023; Rollo et al., 2020). 
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Within Inga, reproductive biology and seed behavior further strengthen the value of morphometric 
work. Classical studies established that flowering phenology and floral biology are central to understanding 
variation within the genus. At the same time, more recent work on I. edulis has refined phenophase 
description in productive settings. Seed-focused studies also show that several Inga species have prompt 
germination and short-lived or recalcitrant seeds, which means that fruit and seed traits at harvest have 
practical implications for propagation and handling. In other words, measurements such as fruit mass, pod 
dimensions, seed number, and seed size are not merely descriptive agricultural data; they are biologically 
linked to reproduction, regeneration, and the species’ functional role in managed landscapes. (Koptur, 
1983; Quijia-Quijia et al., 2020; Rodrigues et al., 2021; Pereira et al., 2020). 

The applied dimension of edible Inga species also deserves careful mention. Although the present 
study does not measure chemical composition, work on edible congeners indicates that Inga seeds are 
increasingly being recognized as biologically and nutritionally relevant tissues rather than incidental by-
products. Verified studies on Inga paterno and Inga laurina have shown that seeds can contain 
meaningful protein, lipid, carbohydrate, or mineral fractions. At the same time, recent work on I. edulis 
reflects renewed interest in seed valorization and broader use. In the present manuscript, this evidence 
should not be used to claim nutritional properties for I. spectabilis directly. Instead, it supports a more 
modest and more defensible argument: local knowledge on fruit and seed traits of edible Inga trees matters 
because these organs have both biological significance and potential applied relevance in food, propagation, 
and agroforestry contexts. (Sánchez Mendoza et al., 2016; Martins et al., 2024; de Oliveira et al., 2024). 

From a regional perspective, the main justification for the study lies in the type of evidence still 
missing. Panamanian and regional literature already provides partial foundations: broad seed-biology 
information on native trees in Panama, provincial work on Inga morphology and distribution in Chiriquí, 
and regional agronomic studies demonstrating the establishment and growth-relevance of I. spectabilis in 
neighboring tropical systems. However, based on the accessible verified literature reviewed here, a focused 
comparison of fruit and seed morphological characteristics in I. spectabilis across clearly defined 
reproductive ages under Panamanian field conditions appears to be absent. That gap is not trivial. It limits 
both biological interpretation of reproductive variation and practical guidance for selecting productive 
trees in local agroforestry or diversified farming systems. (Sautu et al., 2006; Vargas Jiménez, 2010; Abril-
Saltos et al., 2018; Collantes-González et al., 2024). 

The present study evaluates the comparative characteristics of fruits and seeds of Guaba de machete 
(Inga spectabilis) in Arraijan, Panama Oeste, across four reproductive ages. By comparing fruit weight, 
fruit length, width and thickness, as well as seed number, seed length, width, thickness, weight per seed, 
and total seed weight, this study provides a localized morphometric baseline for a native edible tree with 
ecological and productive relevance. In doing so, it contributes new evidence on how reproductive-age 
classes may differ in the expression of fruit and seed traits, while also generating information that can 
support future work on tree selection, propagation, and agroforestry use under Panamanian conditions. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted in the district of Arraijan, Panama Oeste, located between 9°02′42″ and 
8°51′45″ N latitude and between 79°37′00″ and 79°37′05″ W longitude. The area has a humid tropical 
climate and is located on a lowland plain with an average elevation of approximately 100 m above sea level. 
The district includes relevant elevations such as Cerro Cabra, the highest point in the area at 512 m, and 
Cerro Galera at 341 m, both located toward the southwest. The study area is shown in Figure 2. 

To describe the edaphic conditions associated with the study site, six soil samples were collected from 
the upper 20 cm of soil along a 200 m linear transect within a 41 m × 240 m plot, using a lattice arrangement 
with 10 m spacing, following Holste, as cited by Molino et al. (2021). Soils were loamy in texture, slightly 
acidic to neutral (pH 6.9–7.2), with organic matter content of 1.9–2.4%, and moderate levels of extractable 
phosphorus, potassium, calcium, and micronutrients (full values in Supplementary Table S2). Since soil 
variables were not directly analyzed in relation to fruit and seed morphometric traits, they are reported 
here as descriptive site characterization only.” 
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Figure 2. Geographic location and physical setting of the study area. (A) Regional location of Panama Oeste 
Province within Panama. (B) Detailed view of Burunga corregimiento within Arraijan District, including the 
road network, topography, and elevation profile (X–Y). Administrative boundaries were obtained from the 
2025 Political Administrative Division dataset of Panama, with road and topographic data from 
OpenStreetMap and SRTM. 

2.2. Tree, Fruit, and Seed Sampling 

Fruit and seed measurements were carried out during the harvest season. Four reproductive-age groups 
of Inga spectabilis trees were evaluated: 8, 15, 22, and 27 years old. Each age group included six trees. Two 
fruits were selected from each tree, resulting in twelve fruits per age group and forty eight fruits in total. 

The fruits were selected as representative samples from each tree, preferably close to the average fruit 
size observed for that individual. This criterion was used to reduce within-tree variability and to allow a 
more consistent comparison among reproductive age groups. Tree age was estimated using wood core 
samples obtained with a Pressler increment borer. Although growth-ring periodicity in tropical tree species 
may vary depending on species-specific characteristics and environmental conditions, increment coring is 
a widely used dendrochronological approach for estimating tree age and evaluating growth patterns when 
wood samples are properly prepared, interpreted, and assessed following standardized procedures and 
quality-control criteria. This approach has been successfully applied in tropical forest species, although the 
validation of ring formation should be considered at the species and site level (Worbes, 1995; Brienen & 
Zuidema, 2006; Quesada-Roman et al., 2022). Fruits and seeds were then classified according to the age 
group of the tree from which they were collected. 

For each fruit, the following variables were measured: fruit weight in grams, fruit length in centimeters, 
fruit width in centimeters, fruit thickness in centimeters, and number of seeds per fruit. For the seeds, the 
following variables were recorded: average seed length in centimeters, average seed width in centimeters, 
average seed thickness in centimeters, weight per seed in grams, and total seed weight per fruit in grams. 

2.3. Statistical Analysis 

Data were organized in Microsoft Excel and analyzed using SAS. Descriptive statistics were first 
calculated for each fruit and seed variable according to tree age group. The experimental arrangement was 
treated as a completely randomized design, with reproductive age group as the main factor. 

Analysis of variance was applied to evaluate whether fruit and seed characteristics differed 
significantly among the four reproductive age groups. When significant differences were detected, Duncan’s 
multiple range test was used to compare group means. Statistical significance was evaluated at the 5% level. 
The analysis focused on differences in means across age groups, consistent with the study’s quantitative 
and comparative objectives. 

Normality of ANOVA residuals was evaluated using the Shapiro-Wilk test, and homogeneity of 
variances among reproductive-age groups was evaluated using Levene’s test, for each fruit and seed 
variable. Because some variables showed deviations from normality and/or variance homogeneity, results 
were cross-validated using the non-parametric Kruskal-Wallis test, which confirmed statistically significant 
differences among reproductive-age groups for all evaluated traits (p ≤ 0.002 in all cases), supporting the 
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robustness of the ANOVA-based conclusions. Multicollinearity among predictor variables in the regression 
models was evaluated using the Variance Inflation Factor (VIF). 

3. Results 

3.1. General Fruit and Seed Characteristics according to Reproductive Age 

A total of 48 fruits of Inga spectabilis were evaluated across four reproductive age groups. The sampled 
trees were classified into four age groups: 8, 15, 22, and 27 years old. Each treatment included six trees, and 
two fruits were selected from each tree, yielding 12 fruit observations per reproductive age group. The 
evaluated fruit variables included fruit weight, length, width, thickness, and number of seeds per fruit. Seed 
traits included average seed length, average seed width, average seed thickness, individual seed weight, and 
total seed weight per fruit. The complete dataset of fruit and seed measurements is presented in 
Supplementary Table S1. 

The descriptive and inferential summary of fruit and seed characteristics showed significant 
differences among reproductive age groups for all evaluated variables. For fruit traits, the highest mean 
fruit weight was observed in trees aged 22 years, with an average of 539.69 g. In contrast, the highest mean 
values for fruit length, width, and thickness were observed in trees aged 15 years, with means of 52.00 cm, 
4.85 cm, and 3.22 cm, respectively. These results indicate that expression of fruit size traits was not uniform 
across age groups, with different fruit attributes reaching their highest values in trees aged 15 and 22 years, 
as summarized in Table 1. 

Table 1. Results of the characteristics of fruits and seeds from machete guaba trees at reproductive ages in 
Burunga, Arraijan, Panama. 

Fruits Seeds 

Indicator Treatment 
(Years) Avg. F-Value Pr > F R-Squared Indicator Treatment 

(Years) Avg. F-Value Pr > F R-Squared 

Weight (g) 22 years 539.69 62.46 <0.0001 0.81 Number of  
seeds (n) 22 years 24.25 9.62 <0.0001 0.40 

Length (cm) 15 years 52.00 12.23 <0.0001 0.45 Length (cm) 15 years 3.19 11.27 <0.0001 0.43 
Width (cm) 15 years 4.85 22.01 <0.0001 0.60 Width (cm) 15 years 1.80 11.35 <0.0001 0.44 
Thickness 

(cm) 15 years 3.22 17.24 <0.0001 0.54 Thickness (cm) 15 years 0.50 20.67 <0.0001 0.47 

      Weight (g) 8 years 4.87 3.93 0.0144 0.21 

      Total weight 
per sample (g) 22 years 80.89 48.31 <0.0001 0.77 

Note: F value, Pr > F, and R2 correspond to the one-way ANOVA comparing the four reproductive age groups (8, 15, 22, 
and 27 years). Treatment (years) indicates the age group with the highest mean (Avg) for each trait. 

For seed traits, trees aged 22 years showed the highest mean number of seeds per fruit (24.25) and 
the highest total seed weight (80.89 g). However, the largest seed dimensions were observed in trees aged 
15 years, with mean seed length, width, and thickness values of 3.19 cm, 1.80 cm, and 0.50 cm, respectively. 
Individual seed weight showed a different pattern, with the highest mean value observed in trees aged 8 
years (4.87 g). This suggests that younger trees produced fewer but heavier individual seeds, while trees 
aged 22 years produced a greater number of seeds and higher total seed mass per fruit. These trends are 
also summarized in Table 1. 

3.2. Morphometric Patterns of Fruits and Seeds 

Fruit traits showed a differentiated pattern across reproductive age groups. The highest mean fruit 
weight was recorded in 22-year-old trees, whereas the highest mean values for fruit length, width, and 
thickness were recorded in 15-year-old trees. According to the summary presented in Table 1, fruit weight 
reached 539.69 g in the 22-year-group, while fruit length, width, and thickness reached 52.00 cm, 4.85 cm, 
and 3.22 cm, respectively, in the 15-year-group. These results indicate that fruit mass and fruit dimensions 
did not peak in the same reproductive age group. 

Seed traits followed a similar pattern of differentiation among age groups. The 22-year-old trees 
showed the highest mean number of seeds per fruit and the highest total seed weight, with values of 24.25 
seeds and 80.89 g, respectively. In contrast, the 15-year-old trees showed the largest average seed 
dimensions, with mean seed length, width, and thickness of 3.19 cm, 1.80 cm, and 0.50 cm, respectively. 
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Individual seed weight differed from these patterns, with the highest mean value observed in the 8-year-
old trees at 4.87 g. This indicates that the age group with the largest individual seeds by weight was not the 
same age group with the highest seed number or total seed mass. 

The lower values observed in the 27-year-old group across several fruit and seed variables suggest 
that the relationship between reproductive age and morphometric expression was not linear. Instead, the 
strongest fruit and seed responses were concentrated in the 15- and 22-year-old groups, depending on the 
trait considered. This pattern is consistent with the Duncan group comparisons summarized in Table 1, in 
which the variables were separated into distinct mean groups based on reproductive age. 

The complete dataset of fruit and seed measurements is presented in Supplementary Table S1. 

3.3. Statistical Association among Fruit and Seed Traits 

The correlation analysis showed that most fruit and seed variables were positively associated when all 
reproductive age groups were analyzed together. Fruit length was strongly correlated with fruit width, fruit 
thickness, and number of seeds, with correlation coefficients of 0.91, 0.96, and 0.96, respectively. Fruit 
thickness also showed strong positive correlations with fruit width and number of seeds. These results 
indicate that larger fruits tended to show coordinated increases in linear dimensions and seed number, as 
presented in Table 2. 

Table 2. Correlation matrix (Pearson r) for fruit and seed morphometric traits of Inga spectabilis across 
reproductive age groups (n = 48). 

Variable 1 2 3 4 5 6 7 8 9 10 
1. Fruit weight (g) 1.00 0.37 ** 0.44 ** 0.50 *** 0.39 ** 0.20 0.22 0.32 * −0.04 0.83 *** 
2. Fruit length (cm)  1.00 0.91 *** 0.96 *** 0.96 *** 0.80 *** 0.94 *** 0.92 *** −0.80 *** 0.50 *** 
3. Fruit width (cm)   1.00 0.93 *** 0.84 *** 0.90 *** 0.90 *** 0.96 *** −0.60 *** 0.47 *** 
4. Fruit thickness (cm)    1.00 0.94 *** 0.77 *** 0.88 *** 0.91 *** −0.70 *** 0.59 *** 
5. No. of seeds (n)     1.00 0.70 *** 0.87 *** 0.86 *** −0.83 *** 0.55 *** 
6. Mean seed length (cm)      1.00 0.88 *** 0.92 *** −0.51 *** 0.30 * 
7. Mean seed width (cm)       1.00 0.95 *** −0.72 *** 0.40 ** 
8. Mean seed thickness (cm)        1.00 −0.65 *** 0.42 ** 
9. Seed weight (g)         1.00 −0.12 
10. Total seed weight (g)          1.00 

Note: Correlation coefficients were calculated using all 48 observations from trees aged 8, 15, 22, and 27 years combined 
(Pearson product-moment correlation). Positive values indicate direct associations; negative values indicate inverse 
associations. * p <0.05; ** p <0.01; *** p <0.001. Correlations without an asterisk were not statistically significant (p ≥ 0.05). 

Seed dimensional traits were also strongly correlated with one another. Average seed length, width, 
and thickness showed positive correlations, suggesting that increases in the other dimensions generally 
accompanied increases in one seed dimension. In contrast, individual seed weight showed negative 
correlations with several fruit and seed traits, particularly with number of seeds, where the correlation was 
strongly negative. This pattern indicates that fruits with more seeds tended to have lower individual seed 
weight, while total seed weight was positively correlated with fruit weight. These relationships are 
summarized in Table 2. 

Multiple regression analysis was then used to explore the multivariate associations between selected 
response variables and the remaining fruit and seed morphometric traits. The model for fruit weight showed 
a multiple correlation coefficient of 0.94, a coefficient of determination of 0.89, and an adjusted R2 of 0.86, 
based on 48 observations. The regression model was statistically significant (F = 33.89, p < 0.001). A second 
model, using total seed weight as the response variable, showed a multiple correlation coefficient of 0.96, a 
coefficient of determination of 0.92, and an adjusted R2 of 0.90. This model was also statistically significant (F 
= 48.87, p < 0.001). The comparative summary of both regression models is presented in Table 3. 

The significant predictors differed between the two response variables. In the fruit weight model, fruit 
width, number of seeds, average seed width, individual seed weight, and total seed weight were significant 
predictors. In the total seed weight model, fruit weight, fruit width, number of seeds, average seed width, 
and individual seed weight were significant predictors. The significant coefficient estimates for both models 
are presented in Table 4. 

Because several fruit and seed variables were highly correlated, the regression results should be 
interpreted as exploratory multivariate associations rather than as independent causal effects. The high R2 
values indicate strong joint explanatory capacity of the measured morphometric variables. Still, the 
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correlation structure among predictors suggests that some coefficients may reflect shared variation among 
fruit and seed dimensions. 

Table 3. Summary of multiple regression models for fruit weight and total seed weight in Inga spectabilis. 
Response 
Variable Multiple R R2 Adjusted 

R2 
Standard 

Error Observations Regression df Residual df F Value p Value 

Fruit weight (g) 0.94 0.89 0.86 14.58 48 9 38 33.89 p < 0.001 
Total seed 
weight (g) 0.96 0.92 0.90 2.30 48 9 38 48.87 p < 0.001 

Note: Multiple R, R2, adjusted R2, standard error, and number of observations were taken from the regression 
summaries. Regression and residual degrees of freedom, F values, and p values correspond to the global ANOVA test for 
each regression model. Both models included the remaining fruit and seed morphometric variables as predictors. 

Table 4. Significant predictors in the multiple regression models for fruit weight and total seed weight in 
Inga spectabilis. 

Response Variable Significant Predictor Coefficient Standard Error t Statistic p Value 
Fruit weight (g) Fruit width (cm) 88.69 18.91 4.69 p < 0.001 
Fruit weight (g) Number of seeds (n) −7.69 2.46 −3.12 0.0034 
Fruit weight (g) Mean seed width (cm) −351.31 109.68 −3.20 0.0028 
Fruit weight (g) Seed weight (g) −14.08 5.09 −2.77 0.0087 
Fruit weight (g) Total seed weight (g) 5.29 0.57 9.31 p < 0.001 

Total seed weight (g) Fruit weight (g) 0.13 0.01 9.31 p < 0.001 
Total seed weight (g) Fruit width (cm) −12.33 3.16 −3.90 0.0004 
Total seed weight (g) Number of seeds (n) 1.69 0.34 4.99 p < 0.001 
Total seed weight (g) Mean seed width (cm) 50.92 17.64 2.89 0.0064 
Total seed weight (g) Seed weight (g) 3.81 0.63 6.09 p < 0.001 

Note: Only predictors with p < 0.05 are shown. The full regression models included all fruit and seed morphometric 
variables described in the Methods section. Intercepts were retained in the models but are not shown because they do 
not have direct biological interpretation in this context. 

To formally evaluate multicollinearity, Variance Inflation Factors (VIF) were calculated for each 
predictor in both regression models. Most predictors showed VIF values well above the conventional 
threshold of 10 (range: 3.8–44.7 in the fruit weight model; 2.8–45.0 in the total seed weight model; Table 5), 
confirming severe multicollinearity among the morphometric predictors, consistent with the strong pairwise 
correlations reported in Table 2. Given this level of collinearity, the regression coefficients in Table 4 should 
not be interpreted as independent effects of individual traits, but as descriptors of a tightly coordinated 
multivariate growth pattern. These results support interpreting the regression models strictly as 
exploratory rather than predictive tools, as already noted in Section 4. 

Table 5. Variance Inflation Factors (VIF) for predictor variables in the multiple regression models of fruit 
weight and total seed weight in Inga spectabilis. 

Predictor Variable VIF (Fruit Weight Model) VIF (Total Seed Weight Model) 
Fruit weight (g) — 2.75 

Fruit length (cm) 44.71 44.98 
Fruit width (cm) 24.61 27.76 

Fruit thickness (cm) 28.42 28.28 
Number of seeds (n) 29.51 22.42 

Mean seed length (cm) 10.44 10.96 
Mean seed width (cm) 17.95 18.70 

Mean seed thickness (cm) 30.13 30.03 
Seed weight (g) 9.97 6.06 

Total seed weight (g) 3.83 — 
Note: Variance Inflation Factors were calculated for each predictor variable included in the regression models 
presented in Tables 3 and 4. A dash (—) indicates that the variable was the response variable in that model and was 
therefore not included as a predictor. VIF values were interpreted following conventional thresholds: VIF < 5 indicates 
low collinearity, VIF between 5 and 10 indicates moderate collinearity, and VIF > 10 indicates severe collinearity. Most 
predictors in both models exceeded the threshold of 10, indicating severe multicollinearity among fruit and seed 
morphometric variables, consistent with the strong pairwise correlations reported in Table 2. 



Corella Justavino et al.   Ann. Agri-Bio Res. 2026, 31(2), 39–48 

https://doi.org/10.53941/agrbio.2026.100009  46 

4. Discussion 

The findings suggest that reproductive age affects fruit and seed morphometry in Inga spectabilis, 
although not in a simple age-dependent manner. The 22-year-old trees showed the highest fruit weight, 
seed number, and total seed weight, whereas the 15-year-old trees showed the greatest fruit and seed 
dimensions. This separation indicates that fruit size, fruit mass, and seed allocation may peak at different 
reproductive stages, suggesting differentiated developmental or allocation patterns rather than a uniform 
increase with age. 

The morphometric characteristics observed in Inga spectabilis are generally consistent with the broad 
reproductive variability reported for other species of the genus Inga. Studies on I. edulis, I. vera, and I. densiflora 
have demonstrated considerable variation in fruit size, seed dimensions, and reproductive allocation under 
different environmental and management conditions. In the present study, fruits from 15-year-old trees 
frequently exceeded 50 cm in length, confirming that I. spectabilis ranks among the largest-fruited species 
within the genus. These findings reinforce previous observations that fruit and seed morphology in Inga 
reflects both species-specific characteristics and developmental or environmental influences. 

The correlation structure reinforces this interpretation. Fruit length, width, thickness, and seed 
number were strongly and positively associated, indicating coordinated fruit development. Seed 
dimensions were also positively associated with one another. However, individual seed weight was 
negatively correlated with seed number, suggesting a possible trade off between producing more seeds and 
allocating greater mass to each seed. Therefore, larger fruits in this population appear to be more closely 
associated with seed number and total seed biomass than with heavier individual seeds. 

The regression models showed high explanatory values, but they should be interpreted cautiously. 
Because several morphometric predictors were strongly correlated, the models are better understood as 
exploratory descriptions of joint trait behavior rather than evidence of independent causal effects. This is 
important because fruit and seed measurements are structurally and developmentally interdependent. 

This interpretation is further supported by variance inflation factor diagnostics (Table 5), which 
indicated severe multicollinearity (VIF > 10) for most predictors in both regression models, confirming that 
the observed R2 values reflect coordinated multivariate covariation rather than independent predictive 
relationships. 

From an applied perspective, the results suggest that trees aged 15 and 22 years may be relevant for 
different selection goals: the former for larger fruit and seed dimensions, and the latter for greater fruit 
mass, seed number, and total seed biomass. However, the study did not evaluate total yield per tree, 
nutritional composition, germination performance, genetics, or repeated harvest seasons. Therefore, the 
results should be interpreted as a local morphometric baseline for I. spectabilis in Panama and as a 
foundation for future studies integrating morphometry with analyses of productivity, propagation, 
nutrition, and ecology. 

This study has some limitations that should be considered when interpreting the results. First, the 
sample size was relatively small, comprising six trees per reproductive-age group and two fruits per tree. 
Second, fruits were intentionally selected to represent the average size observed within each tree rather 
than by random sampling. Although this approach reduced within-tree variability and facilitated 
comparisons among reproductive-age groups, it may have introduced selection bias and limited the 
representation of the complete range of fruit variability. Therefore, the findings should be interpreted as a 
localized morphometric baseline rather than as a comprehensive characterization of the species. Future 
studies should incorporate larger sample sizes, random fruit selection, multiple harvest seasons, and 
additional populations to improve the generalizability of the results. 

5. Conclusions 

This study provides a morphometric baseline for fruits and seeds of Inga spectabilis across four 
reproductive age groups in Burunga, Arraijan, Panama Oeste. The results showed significant differences 
among age groups for all evaluated fruit and seed traits, indicating that reproductive age is associated with 
measurable variation in these traits. Trees aged 22 years showed the highest fruit weight, number of seeds, 
and total seed weight, whereas trees aged 15 years showed the greatest fruit and seed dimensions. 
Individual seed weight was highest in trees aged 8 years, suggesting that seed number and seed mass may 
follow different allocation patterns. 

Correlation and regression analyses indicated strong associations among fruit and seed traits, 
particularly among fruit dimensions, seed dimensions, seed number, fruit weight, and total seed weight. 
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However, these relationships should be interpreted as exploratory morphometric associations rather than 
causal effects. Overall, the findings suggest that intermediate reproductive ages, especially 15 and 22 years, 
may be relevant for selecting trees according to specific morphometric objectives. Future studies should 
expand sampling across sites and harvest seasons and integrate morphometry with yield, germination, 
nutritional composition, and genetic analyses to better understand the productive and ecological potential 
of I. spectabilis under Panamanian conditions. 
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