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Abstract 

Eugenia uniflora is an exotic fruit species with significant health benefits and considerable 

ornamental potential. Although substantial research has been conducted on E. uniflora germination, 

there remains a need for further study on this species’ generative propagation to address unexplored 

aspects of its reproductive processes. Thus, this study aims to describe E. uniflora germination and 

seedling biology and the impact of tree and ground fruit seeds on the germination and seedling 

parameters of the plant species from the Indonesian population. This study employs a completely 

randomised design of three replications for its germination and seedling parameters trial. 

Germination parameters, including final germination percentage (FGP), time for 10% (T10), 50% 

(T50), and 90% (T90) seed germination, and infected seed percentage, were calculated along with 

seedling parameters such as mean shoot length (MSL), mean root length (MRL), mean total length 

(MTL), vigour index, and growth index. Quantitative analysis followed by student’s statistical 

analysis was conducted for these parameters. Descriptive analysis was also performed to study the 

E. uniflora germination process, germination type, and seedling functional type. This study shows 

that E. uniflora has hypogeal germination. Cryptocotylar, hypogeal, and reserve storage seedling 

functional types were observed. Seed harvested from tree and ground fruit does not exhibit 

significant differences in all germination and seedling parameters. However, this study found that 

seed infection was also present in ground fruit seeds. The results of this study fill knowledge gaps 

that support the sustainable use of E. uniflora. 
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Introduction 

Fruit is an integral part of a healthy human diet. The 

consumption of various popular fruits is reported to 

offer numerous health benefits (Leelarungrayub  

et al., 2019). However, some underutilised fruits 

may also provide comparable health benefits, as 

they contain beneficial chemical compounds 

(Figueira et al., 2021; Surya et al., 2023). Eugenia 

uniflora is an example of an underused fruit with 

enormous health benefits (Figueira et al., 2021). 

Eugenia uniflora is a plant species belonging 

to the myrtle (Myrtaceae) family, originating from 

the South American continent and cultivated 

worldwide (Fidelis et al., 2022). E. uniflora is a 

multipurpose slender tree known by several local 

names, including Pitanga in Brazil and Dewandaru 

in Indonesia (Fidelis et al., 2022; Devi et al., 2023). 

The plant also exhibits various pharmacological 

activities, including antibacterial, antiviral, and 

antioxidant properties (Fidelis et al., 2022; Ferreira 

et al., 2023). E. uniflora also holds enormous 

landscape and environmental potential (Griebeler  

et al., 2022).  

The significant potential of E. uniflora 

suggests that identifying an appropriate propagation 

method is essential to support its sustainable use. 

Studies found that E. uniflora might be propagated 

through cutting and in-vitro methods (Cipriano  

et al., 2022; Franco et al., 2024). However, 

numerous other studies focus on the generative 

propagation of E. uniflora (Inocente and Barbedo, 

2019; Pavithra et al., 2020; Jones et al., 2023). This 

condition is understandable, as seed propagation is 

a natural regeneration method for E. uniflora.  

The generative propagation of E. uniflora 

requires further investigation, as several aspects 

remain unexplored. For instance, the germinability 

of this species in the Indonesian population has yet 

to be thoroughly researched. The determination of 

E. uniflora’s germination and seedling functional 

types also needs further study, as these traits provide 

vital information about the plant’s ecological 

adaptations. Similar traits have already been studied 

in other exotic fruit species, such as Inga edulis 

(Kuswantoro and Li’aini, 2021). In addition to these 

reasons, studying the effect of seed harvest sources 

specifically, tree and ground fruit on the 

germination and seedling parameters of E. uniflora 

seeds is important, as it provides essential 

information for determining the most effective 

harvest methods. 

To fill those knowledge gaps, this research first 

aims to determine the germination biology of  
E. uniflora, especially regarding its germination and 

seedling functional type. Second, this study aims to  

 

 
 

study the effect of the harvest method, tree, and 

ground fruit on the germination and seedling 

parameters of E. uniflora. The data provided by this 

study will benefit not only the scientific community 

but also other stakeholders, including farmers and 

breeders.  
 

Material and Method 

This study harvested seeds from five E. uniflora 

trees grown in the Tabanan district on Bali Island, 

Indonesia. Two harvesting methods were 

implemented: tree-fruit harvest and ground-fruit 

harvest. For the tree-fruit harvest, red, ripe  

E. uniflora fruits were selected. Meanwhile, 

unspoiled and intact fruits found beneath the trees 

were collected for the ground-fruit harvest. 

Harvested fruits were kept separate and transported 

to the Bali Botanic Garden laboratory. 

The seeds were extracted on the same day as 

the fruit collection. They were manually separated 

from the fruit and leaned under flowing tap water 

five times to remove any dirt and remaining fruit 

pulp. After cleaning, the seeds were surface-dried 

with a clean cloth. 

The cleaned seeds were then surface sterilized 

using a 10% bleach solution (5.2% sodium 

hypochlorite, Bayclin), rinsed three times with 

sterile distilled water, and sown in glass Petri dishes 

containing six layers of moistened straw paper with 

15 ml of distilled water. The sown seeds were then 

incubated at ambient temperature (24°C ± 1.5°C) in 

the Bali Botanic Garden laboratory for 14 days. 

During incubation, the number of germinated 

and infected seeds was recorded daily. Cotyledon 

position was also observed to determine the 

germination type and seedling functional type.  

This germination trial followed a completely 

randomized design with three replications of twenty 

seeds each. 

On the 14th day, eight randomly selected 

healthy seedlings from each replication were 

transferred into a germination tray with distilled 

water-moistened sphagnum moss as the planting 

media. The seedlings were incubated under the same 

conditions as the germination trial for 35 days. On 

the final day of incubation, the root and shoot 

lengths of four randomly selected seedlings from 

each replication were measured. A completely 

randomized design with three replications, each 

containing eight seedlings, was applied to this 

seedling parameters trial. Figure 1 provides  
a schematic diagram of the study’s methods. 
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Figure 1. Schematic diagram of the study method 

 

This study employs both descriptive and 

quantitative analysis. E. uniflora germination and 

seedling functional type were determined using 

descriptive analysis. Meanwhile, quantitative 

analysis was employed to understand the effect of 

harvest methods on the germination and seedling 

parameters of E. uniflora.  

Four germination parameters, namely final 

germination percentage (FGP) and time for 

germination of 10% (T10), 50% (T50), and 90% 

(T90) of the seed, were calculated. Meanwhile, five 

seedling parameters namely, mean shoot length 

(MGT), mean root length (MRT), mean total length 

(MTL), vigour index, and growth index-were also 

calculated. All these parameters were computed 

using the SeedCalc R program (Silva et al., 2019). 

The percentage of infected seeds was also calculated 

using Microsoft Excel. 

This study’s parametric analysis of E. uniflora 

seeds was followed by a statistical analysis.  

This analysis was conducted to determine the 

significance of the harvest method on the 

germination and seedling parameters. The study 

performed a Student’s t-test using JAMOVI 2.3.15 

statistical software. 

Result and Discussion 

Eugenia uniflora Germination and Seedling 

Functional type. 

This study found that E. uniflora shows 

hypogeal germination. The characteristic of this 

type of germination is that the cotyledon is not 

elevated during the germination process. (Ibarra‐

Manríquez et al., 2001). E. uniflora cotyledon was 

kept inside the intact seed that stays on the media 

during germination. 

The initially observed morphological change 

during E. uniflora germination was the emergence 

of a radicle. Following this emergence, the radicle 

elongated and transformed into a primary root.  

The emergence of a few secondary roots continues 

the development of the root system. 

Shoot development was initiated after the 

emergence of the primary and secondary roots. This 

process was followed by shoot elongation and the 

emergence of eophylls, or the first leaves. The first 

leaves consisted of a pair of opposing leaves that 

developed terminally at the tip of the shoot. The first 

leaves were small, heart-shaped, and reddish in 

color in the early days of their emergence. However, 

the color of the first leaf turns green during its 

maturation process to enable photosynthesis. During 

this period, E. uniflora seeds have already 

transformed into seedlings, featuring a primary root, 

numerous secondary roots, and a pair of 

photosynthetic first leaves. The germination and 

seedling establishment process of E. uniflora is 

presented in Figure 2. 

 

 

Figure 2. The germination process of E. uniflora 

from radicle protrusion to seedling 

 
The observations of the germination and 

seedling development processes during this study 

also determined the functional type of the  

E. uniflora seedling. A cryptocotylar hypogeal 

germination with a reserve cotyledon (CHR) 

seedling functional type, characterized by an 

unelevated cotyledon that remains inside the seed 

and functions as a nutrient reserve (Ibarra‐

Manríquez et al., 2001), was observed in this study. 

Hypogeal germination and CHR seedling 

functional type in E. uniflora are related to the 

species’ large and heavy seed size. The presence of 

a large and heavy seed implies that the seedling 

hypocotyl will be reduced (de Souza et al., 2022) 

because it cannot elevate the seed. Thus, the plant 

adapts by growing its epicotyl instead, resulting in 

the seed and cotyledon remaining on the substrate 

during germination. This statement aligns with  
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previous research, which found that the CHR 

seedling functional type is primarily present in 

heavy-seeded plant species (Ibarra‐Manríquez et al., 

2001). 

The presence of heavy seed in numerous plant 

species, including E. uniflora, was highly correlated 

with the cotyledon function as nutrient reserve 

storage. Previous studies mention the presence of 

starch-rich cotyledon in Myrtaceae species, 

including Eugenia (de Souza et al., 2022). The CHR 

seedling type and nutrient-rich cotyledon in  

E. uniflora provide adaptive benefits, such as 

protecting the plant’s growth point from 

environmental factors by keeping it underground, 

while also supplying nutrients for the seedling’s 

early development. (Undersander, 2019; Simpson  

et al., 2021). CHR seedling functional type was also 

reported from other Eugenia species, E. blastantha 

and E. gracillima (de Souza et al., 2022). 

 

Eugenia uniflora Germination Parameters 

This study found that E. uniflora has a high 

germinability. It indicates that seeds harvested from 

tree fruit produce an 83.3% germination rate, while 

seeds harvested from ground fruit show an 81.3% 

germination rate. Despite the different germinability 

percentages of seeds extracted from the tree and 

ground E. uniflora fruit during this study, statistical 

analysis shows that the differences were 

insignificant (Figure 3). 

 

 

Figure 3. Final Germination Percentage (FGP) of 

tree and ground E. uniflora seeds during 

this study. Data are ± SE (n = 3). The same 

star number above the bars shows no 

significant difference (p > 0.05 student’s 

test) 

 

Despite the high germinability of E. uniflora 

seed found in this study, its germination percentage 

is lower than the 100% germination of fresh  

E. uniflora (Pavithra et al., 2020; Rodrigues et al., 

2024), and its 92% germination in normal 

conditions (Inocente and Barbedo, 2019) previously 

reported. The condition might be attributed to the 

difference in population and germination conditions 

used in the studies.  

The insignificant difference in the germination 

percentage value of tree and ground seeds does not 

follow previous research that reported significantly 

higher germinability of fresh E. uniflora seeds 

compared to the stored seed (Pavithra et al., 2020). 

This result also does not align with previous studies 

regarding the recalcitrant storage behaviour of 

Eugenia seeds (Cécel and Barbedo, 2023; Rodrigues 

et al., 2024). Due to their desiccation sensitivity, 

recalcitrant seeds, such as those of E. uniflora, 

rapidly lose their viability after separating from the 

tree. 

However, the comparable germinability of  
E. uniflora seeds observed in this study might be 

attributed to the fact that even ground E. uniflora 

seeds were still fresh, as the seed deterioration 

process requires time to reduce seed germinability. 

The recalcitrant behaviour of E. uniflora was not 

strong; therefore, seed deterioration in this species 

might require a longer time to decrease its 

germinability significantly. Abiotic conditions 

during the fruiting period were reported as other 

factors significantly affecting Eugenia’s seed 

desiccation tolerance (de Almeida Garcia Rodrigues 

et al., 2022). 

The results of this study also show a different 

daily germination pattern between E. uniflora seeds 

harvested from tree fruit and those harvested from 

ground fruit. We found that the seeds harvested from 

ground fruit initiated their germination more 

rapidly. In contrast, the seeds harvested from tree 

fruit required a longer time to trigger their 

germination. However, the duration of the 

germination period for both harvest methods was 

comparable (Figure 4).  

 

 

Figure 4. Daily germination pattern of tree and 

ground E. uniflora seeds during this study 

 

This study also describes the germination 

speed of E. uniflora by calculating its T10, T50, and 

T90 values. Seeds harvested from tree fruit show 

T10, T50, and T90 values of 7.07 days, 10.13 days, 
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and 12.67 days, respectively. Meanwhile, seeds 

harvested from ground fruit show T10, T50, and 

T90 values of 4.70 days, 8.27 days, and 12.40 days, 

respectively. Figure 5 presents the T10, T50, and 

T90 values for E. uniflora obtained in this study. 

 

 

Figure 5. Germination speed parameter of tree and 

ground E. uniflora seeds. (a) T10 value, (b) 

T50 value, and (c) T90 value. Data are ± SE 

(n = 3). The same star number above the 

bars shows no significant difference (p > 

0.05 student’s test) 

 

The T10, T50, and T90 values of E. uniflora 

seeds harvested from tree and ground fruit were not 

significantly different, indicating that the seed 

harvest method does not affect germination speed. 

However, the T10, T50, and T90 results suggest that 

the time difference needed for E. uniflora seeds 

harvested from the tree and ground fruit to 

germinate are most pronounced at 10% 

germinability, while it is closer at 50% 

germinability and comparable at 90% germinability. 

This condition supported our reading of the daily 

germination, which found different germination 

initiation times but comparable germination 

termination periods.  

The difference in germination initiation time 

between tree and ground seeds in this study might 

be attributed to the different maturation stages of the 

fruit. Ground fruits contain more mature seeds 

compared to tree fruit. More mature seeds are more 

ready to germinate than less mature seeds; thus, 

faster germination initiation was observed in the 

ground seeds. This condition was not surprising as 

different seed maturation were reported to affect the 

germination parameters of several plant species, 

such as Musa acuminata and Jatropha curcas 

(Santoso et al., 2012; Trimanto et al., 2022). 

The faster germination initiation in ground 

seeds might also be attributed to their earlier pre-

germination process compared to tree seeds. 

Germination begins with the initiation of pre-

germinative metabolism triggered by water 

absorption (Pompelli et al., 2023). Since the ground 

seed has already been below the trees several times, 

it might have already started its pre-germinative 

metabolism as they have already imbibed water 

particles from its surroundings, a condition that did 

not occur in the tree seeds as they were still intact in 

the tree until harvesting time. 

 

Eugenia uniflora Seed Infection 

This study found that seed infection occurs 

only in E. uniflora seeds collected from ground fruit. 

It recorded that 11.7% of seeds collected under this 

condition were infected. In contrast, seeds from tree 

fruit show a zero-infection rate (Figure 6(a)). 

However, despite this condition, statistical analysis 

indicates no significant difference in the infection 

rate between seeds harvested from tree and ground 

E. uniflora fruit. 

 

 

Figure 6. Infected E. uniflora seed. (a) Percentage of 

infected E. uniflora seed. Data are ± SE (n 

= 3). The same star number above the bars 

shows no significant difference (p > 0.05 

student’s test). (b) infected E. uniflora seed 

showing infection without and with 

germination 

 

During this study, infected seeds were 

characterized by holes in the seed surface (Figure 

6(b)). These holes became more prominent over 

time, and debris was found outside them. Infected 

seeds might still germinate, as indicated by the 

emergence of a radicle (Figure 6(b)). However, the 

seeds could not develop into seedlings and 

subsequently died. This outcome may be since, in 

the initial stages, the infection had not yet reached 

the embryo, allowing germination to occur. As the 

infection progresses, however, the seeds lose their 

ability to develop into seedlings. The ability of 

infected seeds to still produce radicle emergence 

might be another reason that made the germination 

percentage value of E. uniflora seed collected from 

tree and ground fruit in this study show no 

significant difference.  

The presence of infection in seeds harvested 

from ground E. uniflora fruit is unsurprising, as a 

previous study notes that high seed predation was 

observed in Eugenia seeds collected from litter 

beneath the trees (Silva and Pinheiro, 2009). 
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Myrtaceae seeds, including Eugenia, were reported 

to be predated by numerous seed borer insects (Silva 

and Pinheiro, 2009; Araldi et al., 2023). However, 

insect infection from only ground E. uniflora fruit 

seeds suggests insect infection happens only on the 

over-ripe fruit. This condition is associated with the 

chemical changes that occur during the over-

ripening stage of the fruit, which serve as a natural 

cue for insect predation (Rodríguez et al., 2013). 

Agriculturally, this result implies that selective 

harvest methods, such as harvesting tree fruit 

directly from E. uniflora trees, should be 

implemented to avoid seed infection and optimize 

seedling production.  

 

Eugenia uniflora Seedling Parameters 

This study found no significant difference 

between E. uniflora seed harvested from tree and 

ground fruit seedling size parameters. This 

condition is pictured by the comparable seedling 

mean shoot length, root length, and mean total 

length values. This study recorded mean root and 

shoot length values of 4.57 cm and 6.60 cm for seeds 

from tree fruit, compared to 4.13 cm and 6.97 cm for 

seeds from ground fruit, respectively. Meanwhile, 

the mean total length of seedlings from both 

treatments was 11.1 cm (Figure 7). 

 

 

Figure 7. Seedling size parameters of E. uniflora. (a) 

Mean Shoot Length value, (b) Mean root 

Length value, and (c) Mean Total length 

value. Data are ± SE (n = 3). The same star 

number above the bars indicates no 

significant difference (p > 0.05 student’s 

test) 

 

This study also found that statistically 

insignificant higher vigor and growth index values 

were recorded for E. uniflora seeds harvested from 

the tree fruit. Tree-harvested seeds show vigor and 

growth index values of 588 and 477, respectively. 

Meanwhile, seeds harvested from ground  

E. uniflora fruit show vigor and growth index values 

of 510 and 438, respectively (Figure 8). 

 

 

Figure 8. Seedling Vigour and Growth Index of E. 

uniflora. (a) Vigour Index and (b) Growth 

Index. Data are ± SE (n = 3). The same star 

number above the bars indicates no 

significant difference (p > 0.05 student’s 

test) 

 

The high values of seedling parameters in this 

study were unsurprising, as E. uniflora is a robust 

plant species. The robustness of E. uniflora enables 

the seedling to outcompete native and non-native 

plant species (Stricker and Stiling, 2013). This 

condition might be attributed to the species’ 

ecological advantage due to its germination and 

seedling biology, which were previously described. 

This study also indicates that the harvest 

method does not significantly affect the seedling 

parameter values of E. uniflora. However, despite 

not being affected by the seed source, several abiotic 

factors, such as substrate, water regime, and light 

intensity, are reported to affect the plant species’ 

seedling performance (Mielke and Schaffer, 2010; 

Griebeler et al., 2022). 

This study provides valuable information 

regarding the generative propagation of E. uniflora 

that can be used for various purposes, including 

domestication through the establishment of orchards 

and conservation in ex-situ sites such as botanic 

gardens. These two efforts are essential, as  

E. uniflora is a multipurpose and multi-benefit plant 

species. Domestication is vital to fully harness the 

potential of E. uniflora by providing the best 

cultivars through selective breeding or genetic 

modification. At the same time, conservation efforts 

are crucial to safeguarding species diversity at the 

genetic level. Effective propagation to produce 

vigorous, pest-free propagules is essential in both 

scenarios. 

Conclusions 

Our study reinforces previous research that 

discusses E. uniflora hypogeal, cryptocotylar, and 

reserve cotyledon germination and seedling 

functional types. This study also found that seeds 

collected from the tree and those shed on the ground  
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do not differ significantly in germination and 

seedling parameters. However, we found that seed-

borer infection is present only in the seeds harvested 

from ground fruit. The provided data enhances our 

understanding of E. uniflora germination and 

seedling biology, including the effect of seed 

sourced on its germination, infection, and seedling 

parameters. These are essential prerequisites for the 

sustainable usage of this exotic fruit species through 

domestication and conservation efforts. 
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