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Abstract: The emergence and germination of two oak species, Quercus faginea and Quercus coccifera, 

were evaluated in a nursery to assess their response to acorn dimensions and different substrates. 

Three substrates were tested: a commercial substrate, coconut fiber with vermiculite, and olive 

pomace compost with two different proportions of sand. Olive pomace compost, a byproduct of olive 

oil production, has recently gained attention as a promising alternative substrate for nurseries, 

offering a sustainable solution for managing this material while promoting plant growth. Seed weight 

and physical characteristics were evaluated for both species, as well as their relationships to radicle 

and shoot emergence and germination. The results demonstrated a significantly higher and earlier 

emergence (root and shoot) and germination in the commercial substrate. Quercus faginea 

germination was faster than that of Quercus coccifera, seed dimension did not have a significant effect 

on germination time, and seedling growth was promoted in coconut fiber and vermiculite substrate 
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1. Introduction 

Species within the genus Quercus are of significant ecological, economic, and societal value, 

providing timber, fruit and ecosystem services such as tourism, carbon sequestration, and 

conservation of habitats for endemic species, while reducing wildfire and soil erosion risks [1]. 

Among these species are Q. faginea and Q. coccifera, which have received less research attention 

compared to other Quercus species. Quercus faginea (Portuguese oak) is a species within the Quercus 

genus and the Fagaceae family [4]. It is deciduous and is typically found in temperate regions of 

southern Europe and North Africa, including Portugal, Spain, Morocco, Algeria, Tunisia, and 

southern France [5]. In Portugal, Q. faginea occurs along the central-southern coastal regions of the 

Iberian Peninsula, particularly in the transitional areas of the Atlantic climate. The Portuguese oak 

can grow at altitudes ranging from 500 to 1500 m [2]. It is not demanding in terms of soil properties 

and can be found in a variety of soils, ranging from acidic siliceous soils to neutral or basic calcareous 

soils [3]. Q. faginea occurs both as a pure and in mixed stands with other oaks such as Q. pyrenaica, Q. 

suber, Q. ilex and Q. coccifera [4]. These mixed oak stands contribute to greater species richness, 

playing a vital role in promoting biodiversity [5]. Quercus coccifera L. (kermes oak) is an evergreen 

sclerophyll species native to the Mediterranean region and the North African Maghreb [6]. Its 

distribution extends from Portugal across southern Europe to Cyprus and Turkey, including 

Morocco, Libya, France, Spain, Italy, the Balkans, mainland Greece, and numerous Greek islands [7]. 

This species is a dominant component of semiarid shrubland ecosystems (garrigues) and is 
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commonly used for reforestation in areas with harsh climatic conditions, poor and shallow soils, and 

recurrent disturbances such as fire or grazing [8]. 
Seed regeneration depends on successful seed production, which is influenced by years of good 

fruiting and by the density and spatial distribution of the trees in the forest stands [9,10]. To ensure 

the success of natural regeneration, controlling seed dispersal is essential, as seeds can suffer 

significant losses both on the tree and on the ground due to various predators, such as wild boars, 

deer, rodents, birds, insects, and herding [3]. As a result, seeding or planting is often required to 

guarantee the success of regeneration [11]. In the nursery, several factors can significantly influence 

seedling production, including the control of the growth environment, temperature, moisture, 

container type of substrate and fertilisation [12]. The type of containers used to produce forest plants 

in nurseries plays a critical role in the success of germination. Since the root system of the Quercus 

species grows extensively after germination, potentially reaching up to one meter in depth, its 

cultivation is typically carried out in rigid containers with internal vertical ribs to direct roots 

downward and prevent spiral growth [13]. Additionally, these containers are open-bottomed to 

promote natural root pruning [14]. Substrates are fundamental in nurseries due to their capacity to 

retain moisture, a critical environmental factor for recalcitrant seeds like acorns. Moisture retention 

directly influences tree growth, photosynthetic activity, nutrient availability, and resilience to 

moisture deficiency [15]. Furthermore, the type of substrate impacts respiration and transpiration in 

container-grown seedlings, affecting key physiological mechanisms such as photosynthetic capacity, 

stomatal conductivity, and water-use efficiency [16]. 

The seed reserves, more specifically the seed size, influence water uptake (where larger seeds 

are typically less permeable) and the seed coat plays an important role in regulating the water 

absorption process [17], the vigor of the embryo and the availability of sufficient nutrients in the 

endosperm ensure germination. However, for subsequent growth, the nutritional value of the 

substrate and its moisture content are also crucial [18]. In fact, in recent years, studies have focused 

on developing substrates to meet the needs of forest plants and enhance their resilience to plantation 

shock [19,20]. Substrate composition remains challenging in forest nurseries, with traditional soil and 

sand mixtures often being of poor quality [21]. A study on Q. suber by Kholkhal and Benmahioul [21] 

found that potting soil substrates yielded the highest germination rates, likely due to their superior 

water and oxygen retention, which supports enzymatic activity crucial for seed germination [22,23]. 

Building on the search for improved substrates, recent attention has turned to the potential of 

olive compost and/or olive pomace (a by-product derived from the recycling of olive oil production 

residues) as an alternative substrate with promising properties for plant growth. Depending on the 

extraction methods, olive pomace compost (OPC) can have different percentages of moisture, 

consisting of fragments of olive pit, skin, pulp, and residual oil [24], being rich in polyphenols, 

tocopherols, proteins, and squalene [25]. Moreover, these residues have a high content of cellulose, 

hemicellulose, and lignin, making them a valuable source of fermentable sugars and xylan, as well 

as a potential alternative substrate [26]. Some studies [27,28] demonstrated that OPC improves the 

physical and chemical characteristics of the soil, and provides nutrients such as nitrogen, potassium 

and phosphorus, for plant growth. 

In this context, this study aims to compare the effects of three organic substrates on the 

development of Q. faginea and Q. coccifera seedlings in a nursery environment, with a particular focus 

on their influence on acorn emergence, germination and seedling development. The substrates tested 

include a mixture of coconut fiber and vermiculite, which is commonly used in nursery practices, 

alongside OPC and sand with two compositions, the primary substrate under investigation. The 

questions addressed in this study were: a) Do both Quercus species present the same germination and 

growth trends?; b) Do acorn dimensions influence germination?; c) Is seedling growth influenced by 

substrate?; d) Is germination in the substrate coconut fiber and vermiculite similar to that of OPC? 
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2. Materials and Methods 

2.1. Seed Collection 

Seeds of Q. faginea and Q. coccifera were collected in November 2024 from one forest stand located 

in Serra dos Candeeiros, Portugal, approximately 90 km northeast of Lisbon (central coordinates 

39°28'50'' N, 8°53'30'' W) at an altitude of 630 m, with an annual average precipitation of 800–1200 

mm and an annual average temperature of 15–16°C. The acorns were stored at a temperature of 2–4 

°C until the start of the experiments. 

The experiment was conducted in a nursery located at the University of Évora, Herdade da 

Mitra, Évora, Portugal. The nursery is enclosed by thermal polyethylene walls, with an east-west 

orientation, ventilated by windows placed laterally on both sides and equipped with cooling and 

heating systems, used in summer and winter, respectively. 

2.2. Acorn Germination 

Before the germination assay, the acorns were subjected to a visual inspection to detect any 

external damage, fungal infections, or deformities, followed by a flotation test to identify seeds with 

compromised viability. Any damaged seeds identified during these procedures were excluded from 

the study. Physical variables, including acorn weight (g), length (mm), and width (mm), were 

measured before placing the acorns on the substrates under study. Measurements were recorded 

using a Digital Caliper Series 1108 from INSIZE, with a resolution of 0.01 mm, and a precision scale 

ADP 720L for weight determination. 

For this experiment, individual acorns were placed in the cells of plastic root trainer containers, 

measuring 50 x 29 x 16 cm. Each container was composed of 28 square cells measuring 6 × 6 x 16 cm, 

having a volume of 576 cm³. The containers were perforated with small holes to facilitate the removal 

of excess moisture from watering. The cells were filled with three different substrate compositions 

(cf. 2.3). The acorns were placed on top of the substrate, with the upper portion of each acorn 2-3 mm 

below the edge of the container cells. The acorns were exposed to natural light. Emergency (root and 

shoot), germination and seedling growth were recorded every seven days over 49 days. A total of 168 

acorns were used in this experiment, with 28 acorns per species and per substrate. No fertilization 

was applied to the young seedlings. 

2.3. Substrates Characterization 

For this trial, three types of substrates were used: 1) olive pomace compost and sand in a ratio 

of 75/25% (OPC75/S), 2) olive pomace compost and sand in a ratio of 50/50% (OPC50/S); and 3) 

coconut fiber and vermiculite in a ratio of 80/20% (CF/V). The commercial substrate coconut 

(Neoquímica, Portugal) is characterized by having a pH ranging from 5.5 to 6.5. 

The OPC was sourced within the PRR INOVCIRCOLIVE project, funded by the Ministry of 

Agriculture, and corresponds to the 2023/2024 harvest. It was produced through the composting of 

two-phase olive pomace (45%), cattle manure (21%), and olive leaves and twigs (33%), expressed as 

a percentage of dry matter. The OPC has a pH of 9 [29]. 

2.4. Statistical Analysis 

Variance and correlation analysis were used. The normality was assessed with the Shapiro–Wilk 

test and the homogeneity of variance using Levene’s test. Differences between the measured variables 

were determined by one-way ANOVA. When the assumptions for normality and homogeneity of 

variance of the variables were not met, data analysis was performed on ranks using the Kruskal–

Wallis one-way. Multivariate correlation analysis was conducted using the non-parametric 

Spearman’s rank correlation coefficient. The statistical analysis was implemented in IBM SPSS 

Statistics 28.0.0.0 [30] at a significance level of α = 0.05. 
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3. Results 

3.1. Physical Characterization of Acorns 

Significant differences were observed in acorn weight and acorn width between the two species 

analyzed (p-value = 0.001), with Q. faginea having a significantly higher mean weight and width than 

Q. coccifera (Figure 1, Table 1). 

 

Figure 1. Example of acorn sizes (width and length) of Q. faginea and Q. coccifera. 

Table 1. Physical characteristics (weight, length, and width) of Q. faginea and Q. coccifera. The data represent the 

average measurements with the associated standard error for each parameter. 

Parameter N Q. faginea Q. coccifera 

Weight 168 5.18 ± 0.08 b 4.28 ± 0.07 a 

Lenght 168 32.25 ± 0.18 b 31.74 ± 0.15 b 

Width 168 16.06 ± 0.09 b 14.09 ± 0.09 a 

A wide variation in the weight and size of acorns was observed between acorns of Q. faginea and 

Q. coccifera (Table 1). For both species, acorn weights ranged from 1.78 to 8.34 g, indicating significant 

variability. The width of Q. faginea acorns exhibited significantly larger dimensions, with a minimum 

of 13.86 mm compared to 11.16 mm in Q. coccifera. However, in Q. coccifera, the acorn length was 

smaller, but no significant differences were observed, with a minimum of 25.4 mm for Q. coccifera and 

27.75 mm for Q. faginea. 

3.2. Root Emergence and Germination 

Root emergence was observed after 7 days of placing the acorns in the substrates in both species 

under study. The CF/V yielded higher values in both species (Figure 2). However, in Q. faginea, no 

significant differences were observed between substrates. The root emergence in Q. coccifera, for the 

two substrates with different proportions of OPC did not show significant differences but was 

significantly higher in the CF/V substrate (Figure 2 top). 
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Figure 2. Percentage of emergence (top) and germination (bottom) for Q. faginea and Q. coccifera across all 

substrates (mean ± standard error). Different lowercase letters indicate statistically significant differences among 

the three substrates, and uppercase letters denote differences between species (p ≤ 0.05). 

Regarding germination rates (Figure 2 bottom), significant differences were observed both 

between the substrates and between species. OPC substrates exhibited lower germination rates 

compared to the CF/V substrate, especially in Q. faginea. The OPC50/S substrate resulted in 

significantly higher germination rates in Q. coccifera (34.4%) compared to Q. faginea (17.9%). The 

OPC75/S substrate showed the lowest germination rates, with 19.6% for Q. faginea and 25.9% for Q. 

coccifera. The CF/V substrate obtained the best germination, with 53.7% for Q. faginea and 74.1% for 

Q. coccifera. Significant differences were also observed in germination rates between the species, with 

Q. coccifera achieving higher germination rates compared to Q. faginea, particularly in CF/V and 

OPC50/S substrates. 

3.3. Shoot Emergence Time 

The acorns of Q. faginea began shoot emergence on day 14 after seeding, whereas Q. coccifera only 

exhibited shoot emergence on day 28 after seeding (Figure 3). 
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Figure 3. Illustration of the aerial growth of Q. faginea and Q. coccifera seedlings during the experimental 

period. 

Shoot emergence in Q. faginea began 14 days after seeding; however, the highest number of shoot 

emergences was recorded at 28 and 35 days after seeding, 31.4 e 41.2%, respectively (Figure 4). The 

lowest shoot emergence occurred at 21 days after seeding (7.8%). In contrast, shoot emergence in Q. 

coccifera started two weeks later, with the first shoots appearing 28 days after seeding (23.2%). Similar 

to Q. faginea, the highest shoot emergence was recorded at 35 days after seeding. By day 42 after 

seeding, a decrease in shoot emergence was observed in both species. It was also checked whether 

new shoot emergence occurred after this period, but no further emergence was observed in either 

species. Significant differences were observed in the number of days for shoot emergence (Figure 4). 

In Q. faginea, no significant differences were observed at 28 and 35 days after seeding, whereas 

significant differences were found at days 14, 21, and 42 after seeding, where shoot emergence was 

lower. For Q. coccifera, shoot emergence was significantly higher at day 35 after seeding, with no 

significant differences between days 28 and 42. Regarding the shoot emergence between the two 

species, significant differences were only observed on days 14 and 21 after seeding, where shoot 

emergence occurred exclusively in Q. faginea, and on day 42, where Q. coccifera exhibited significantly 

higher shoot emergence compared to Q. faginea. 
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Figure 4. Shoot emergence (in days) and germination (in percentage) of the acorns of Q. faginea and Q. coccifera. 

A Spearman correlation (Figure 5) indicated that the correlation between species and substrate 

was very weak and not significant (ρ = -0.12; p-value = 0.885), suggesting that species had no relevant 

relationship with the type of substrate used for acorn germination. However, when analysing the 

relationship between species and the number of days required for acorn germination, a positive and 

significant correlation was observed (ρ = 0.352; p-value = 0.001), indicating that species influenced the 

time needed for shoot emergence. Specifically, Q. faginea required fewer days for germination 

compared to Q. coccifera. Furthermore, the correlation between species and acorn weight was 

significant but negative (ρ = -0.306; p-value = 0.001), suggesting an inverse relationship between 

species and acorn weight. This indicates that the two species exhibited distinct average acorn weights, 

with Q. faginea producing heavier acorns than Q. coccifera. However, when correlating acorn weight 

with the number of days to shoot emergence, a negative but non-significant correlation was found (ρ 

= -0.156; p-value = 0.06). This result suggests that, although there may be a tendency for lighter acorns 

to take longer to germinate, this relationship is not statistically significant. 
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Figure 5. Heat map of Spearman correlation coefficients. 

Similarly, the correlation between substrate and acorn weight was positive but very weak and 

not significant (ρ = 0.035; p-value = 0.672). However, when correlating substrate type with the number 

of days to shoot emergence, a negative and significant correlation was observed (ρ = -0.239; p-value = 

0.004). This finding suggests that the type of substrate influenced the shoot emergence time of acorns. 

In this study, it was observed that acorns of both species germinated earlier in the CF/V substrate 

compared to the two substrates composed of OPC. 

4. Discussion 

4.1. Physical Characterization of Acorns 

Intrinsic factors such as weight, length, and width of acorns can influence germination success. 

Among these factors, acorn weight is particularly important, as it determines the reserves available 

during the initial stages of seedling development [31]. The weight of acorns in Quercus species is 

highly variable, especially at the intraspecific level, whether individuals belong to the same or 

different populations [32]. In this study, the average weight and width of acorns of Q. faginea and Q. 

coccifera showed significant differences, with Q. faginea having a significantly higher weight and 

width compared to Q. coccifera. Intrapopulation variability among Quercus trees can alter the 

relationship between seed weight and traits related to seedling survival, as observed by González-

Rodríguez et al. [3]. This variability can directly influence germination success and early seedling 

development, especially considering the differences in seed weight and dimensions observed for Q. 

faginea and Q. coccifera in this study. In Quercus species, germination success has been shown to 

increase with acorn weight, with this relationship being stronger in some phylogenetic groups, such 

as Q. robur, Q. leucotrichophora, Q. semecarpifolia, and other Quercus spp. from the Fagaceae family [33–

35]. While these studies have reported that heavier acorns tend to exhibit higher germination rates, 

the results of this study suggest that this relationship is not always consistent. Although a tendency 

for heavier seeds to germinate faster was observed, the correlation was negative and non-significant, 

indicating that other factors may also influence germination dynamics. Similar results have also been 

reported for Q. ilex [36], and Q. faginea [2], where no correlation was found between acorn weight and 

germination percentage. These findings underscore the complexity of seed germination, where 
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intrinsic traits and environmental conditions (e.g. temperature, light and humidity) [37] interact 

dynamically to influence germination. 

4.2. Emergence and Germination 

The number of acorns with radicle emergence was lower in Q. faginea than in Q. coccifera. This 

difference was not statistically significant, and acorn weight did not appear to influence emergence. 

Previous studies highlighted that pre-treatment conditions, such as cold stratification, are essential 

for promoting epicotyl emergence and germination [38]. For instance, in certain Quercus species, such 

as Q. rubra [39], Q. nigra, and Q. phellos [38], successful seedling emergence depends on the duration 

of cold stratification and post-stratification temperatures. Some Quercus exhibit epicotyl dormancy, 

with radicle emergence immediately and shoot emergence delayed to spring or summer, such as Q. 

vulcanica [40]. Nevertheless, Q. faginea acorns do not exhibit dormancy, and under suitable 

temperature and moisture conditions, germination begins within 15 days after seeding [14]. In our 

study, radicle emergence was observed 7 days after seeding in both species, but shoot emergence was 

observed in fewer individuals than the radicle emergence. These findings suggest that, under 

favourable conditions, radicle emergence occurs rapidly, potentially contributing to the overall 

success of seedling survival and development. 

Regarding germination, Q. coccifera exhibited significantly higher germination rates than Q. 

faginea. These differences may be attributed to species-specific physiological traits, ecological 

adaptations, and seed structure, which determine seed viability and water absorption capacity [41]. 

Indeed, these factors play a crucial role in germination, with variations in seed coat thickness and 

chemical composition influencing imbibition rates and germination speed [17]. Germination time in 

this study showed that Q. coccifera acorns began to germinate on day 28 after seeding, while Q. faginea 

acorns started germinating 14 days after seeding, regardless of the substrate. Similar patterns have 

been reported in Q. ilex, which tends to germinate more slowly than Q. suber under the same 

conditions, likely due to differences in seed dormancy and environmental adaptability [3]. Moreover, 

the seed coat may contain germination inhibitors, a form of dormancy commonly referred to as 

chemical dormancy. The seed coat, endosperm, or embryo of many species contains phenols, 

aldehydes, and other chemicals that inhibit seed germination [41]. This is the case for some Q. ilex 

species, where proteases and other protease inhibitors in acorns have been identified as germination 

inhibitors [42]. Furthermore, ecological adaptation to specific environments may help explain the 

differences in germination rates [43] observed between Q. faginea and Q. coccifera in this study. 

4.3. Effect of Substrate on Germination 

In this study on Q. faginea and Q. coccifera, substrate properties had a significant impact on 

germination, regardless of acorn weight and size. This effect influenced both the germination rate 

and the time to germination. Acorns placed in CF/V germinated more readily and faster than those 

in OPCs. Germination rates were consistently higher in CF/V to both OPCs.  

The use of composted olive pomace as a plant nursery substrate component presents several 

challenges due to its high organic load, elevated mineral salt content, and the presence of phytotoxic 

compounds [44]. Despite these potential limitations, little research has been conducted on its 

effectiveness as a plant substrate for the germination of Quercus species. The exception is a study by 

Gusmão et al. [45], which assessed Q. suber germination in a commercial substrate and olive compost. 

The results showed that the commercial substrate achieved a higher germination rate and promoted 

greater shoot height, root length, and biomass accumulation compared to OPC. In contrast, seedlings 

grown in OPC were smaller, likely due to the substrate’s physicochemical properties, which may 

have limited water absorption by the roots [45]. In this study, CF/V achieved the best results in the 

germination of acorns for both studied species. This may be attributed to its high-water retention 

capacity, which enhances seed hydration and creates optimal conditions for germination. This 

property is linked to its porous structure and the presence of lignin and cellulose, which improve its 

ability to absorb and retain moisture [46]. Furthermore, CF/V provides excellent aeration, ensuring a 
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proper balance between water retention and oxygen availability for the seeds [47]. This may, at least 

partially, explain the reason why the substrates showed a weak but significant correlation with shoot 

emergence. 

Another factor that may have influenced seed germination and subsequent plant development 

is the pH of the substrate, which plays a crucial role in seed germination by affecting nutrient 

availability and seedling health. CF/V typically has a pH range between 5 and 6, which is slightly 

acidic to neutral. This pH range is generally favorable for most plant species as it allows for optimal 

nutrient uptake and creates a balanced environment for seedling development [46]. In contrast, OPC 

has a much higher pH, typically ranging from acidic to values above 9 [48] making it alkaline. This 

high pH can limit nutrient availability, particularly for micronutrients such as iron and manganese, 

which become less soluble in alkaline conditions, potentially hindering seedling growth [49]. For 

species of the Quercus genus, the ideal pH for germination and growth is acidic to neutral [50]. Q. 

robur thrives in soils with a pH between 5.5 and 7.0, promoting a balanced nutrient uptake [51]. Q. 

faginea, in general, is considered to be a tree with low soil requirements and can be found in both 

siliceous (acidic) soils and calcareous (neutral to basic) soils [14]. Therefore, while CF/V provides a 

more neutral pH conducive to most seeds, OPC, with its higher pH, may require specific adjustments 

in its properties. 

5. Conclusions 

In this study, Q. coccifera showed a higher germination rate compared to Q. faginea. Although 

the acorns of Q. faginea were larger and heavier, seed weight did not appear to significantly influence 

germination. However, there was a tendency for heavier acorns to germinate in fewer days. 

Substrates were found to have an impact on both emergence and germination . Commercial substrate, 

coconut fiber and vermiculite exhibited the highest emergence and germination rates for both species, 

possibly due to its physicochemical properties, including high water retention capacity linked to its 

porous structure and the presence of lignin and cellulose, which enhance seed hydration and create 

optimal conditions for germination. The olive pomace compost, in both sand proportions, yielded 

poorer results, likely due to its physical and chemical properties that limited moisture retention 

during acorn germination, suggesting that modifications are needed to make it more suitable for 

nursery use. 
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