INVESTIGATING SEED GERMINATION AND EARLY SEEDLING DEVELOPMENT OF SELECTED MOIST FOREST TIMBER SPECIES IN UMUDIKE, ABIA STATE, NIGERIA. 

ABSTRACT
This study evaluated seed germination and early seedling growth performance of five economically important tropical timber species such as Irvingia gabonensis, Milicia excelsa, Garcinia kola, Gambeya albida, and Entandrophragma cylindricum, under nursery conditions in Umudike, Abia State, Nigeria. These species are indigenous to the humid forests of West Africa but are currently experiencing population decline due to deforestation and overexploitation. Seeds were subjected to cold-water pre-soaking treatments and sown in sandy clay loam soil. Germination percentage and rate were determined, while early growth parameters including stem height, collar diameter, leaf length, leaf number, and leaf area were measured over a 12-week period. Data were analyzed using analysis of variance (ANOVA) at p < 0.05. Significant variations were observed among species in both germination and growth performance. Milicia excelsa recorded the highest germination percentage (25%) and germination rate (3.57), whereas Irvingia gabonensis and Garcinia kola showed lower germination performance (16.66% and 2.38, respectively). In terms of growth, Irvingia gabonensis exhibited the highest stem height (38.44 cm; 2.53 cm week⁻¹), while Milicia excelsa recorded the largest collar diameter (5.33 cm). Garcinia kola showed superior leaf development, producing the highest leaf number (13) and leaf area (67.26 cm²). In contrast, Gambeya albida and Entandrophragma cylindricum exhibited comparatively lower growth performance. The observed trends indicate species-specific growth strategies and differential responses to pre-treatment conditions. The findings suggest that Irvingia gabonensis and Milicia excelsa are suitable for rapid establishment in plantation systems, while Garcinia kola is better adapted for agroforestry and shaded environments. The relatively low germination observed in some species underscores the need for optimized, species-specific pre-treatment techniques, particularly for recalcitrant seeds.
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INTRODUCTION 
Seed germination and early seedling establishment represent highly sensitive and determinant phases in the ontogeny of forest tree species, directly influencing regeneration success in both natural and artificial systems (Viheno et al., 2019; Baskin and Baskin, 2021). Germination success is regulated by a complex interaction of intrinsic factors such as seed viability and dormancy status, alongside extrinsic environmental variables including moisture availability, temperature regimes, light conditions, and substrate characteristics (Bewley et al., 2013; Nonogaki, 2019). In tropical forest ecosystems, where climatic variability and edaphic conditions are pronounced, these factors play an even more critical role in determining recruitment dynamics and species persistence (Poorter et al., 2021; Souza et al., 2020). A major constraint to successful propagation in many tropical tree species is seed physiological behavior, particularly the prevalence of recalcitrant seeds. Species such as Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) Baill. and Gambeya albida are characterized by desiccation sensitivity and short viability periods, requiring immediate sowing under optimal moisture and temperature conditions to achieve successful germination (Bolanle-Ojo and Onyekwelu, 2014; Berjak and Pammenter, 2013). Recalcitrant seeds lack mechanisms for dormancy and cannot withstand dehydration, making their handling, storage, and propagation particularly challenging in nursery and conservation programs (Walters et al., 2013; Sershen et al., 2016). Recent taxonomic revisions have clarified that Chrysophyllum albidum is currently accepted as Gambeya albida (G.Don) Aubrév. & Pellegr., reflecting advances in phylogenetic systematics (Swenson et al., 2023; Plants of the World Online, 2024). In contrast, some economically important timber species such as Milicia excelsa exhibit various forms of seed dormancy, including physical and physiological dormancy, which delay germination and reduce uniformity in seedling emergence (Nzekwe et al., 2013; Finch-Savage and Leubner-Metzger, 2006). Overcoming such dormancy often requires pre-germination treatments including mechanical scarification, stratification, or hydro-priming techniques, which enhance water imbibition and activate metabolic processes necessary for germination (Baskin and Baskin, 2021; Adebisi et al., 2019). The effectiveness of these treatments varies among species and environmental conditions, necessitating empirical evaluation for each species of interest. Beyond germination, the early seedling stage is particularly vulnerable to environmental stressors such as nutrient limitation, water stress, pathogen attack, and suboptimal light conditions, all of which can significantly reduce survival rates and growth performance (Abiem et al., 2023; Grossnickle and MacDonald, 2018). Seedling vigor during this phase is a critical determinant of field establishment success, especially in tropical nursery systems where management practices directly influence morphological and physiological development (Haase, 2014; Oliet et al., 2016). The humid forest zones of West Africa, including Nigeria, harbor a high diversity of economically and ecologically valuable timber species. However, these forests are experiencing rapid degradation due to deforestation, overexploitation, agricultural expansion, and climate change, leading to reduced natural regeneration capacity and population decline of key species (Adewumi et al., 2024; FAO, 2020). Consequently, the development of efficient propagation and nursery management techniques is essential for conservation, restoration, and sustainable forest resource utilization (ITTO, 2021; Chazdon et al., 2020). Against this backdrop, the present study investigates seed germination and early seedling development of five selected moist forest timber species Irvingia gabonensis, Milicia excelsa, Garcinia kola, Gambeya albida, and Entandrophragma cylindricum under controlled nursery conditions at Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria. The study specifically aims to:
(i) assess germination characteristics of the selected species,
(ii) evaluate early seedling growth performance, and
(iii) determine the effect of pre-soaking seeds in cold water on germination performance.

 METHODOLOGY: STUDY AREA:  
The study was conducted at Micheal Okpara Universityof Agriculture Umudike Umuahia, in Abia State, Nigeria. Geographically, Umudike lies between latitudes 5°28’ and 5°30’N and longitudes 7°31’ and 7°33’E (Igboekwe, et al., 2012). The area receives rainfall most of the year; ranging from 1800mm to 2200mm, temperature range of 22 and  and average sunshine of 2.69 to 7.86 hours per day (Njoku and Muoneke, 2008). The mean air and soil temperatures are 26.and 28 respectively. The maximum top soil temperature is 45(Dike, 1992).  The area host two major agricultural research institutions which has turned it to an increasingly developing semi – urban settlement. 
The area of the experimental site used was 7.5m2 including 0.2m foot path around the nursery. Five blocks, 1.80m2 each were marked out with spacing of 20cm between the row and 15cm within row. The experiment was layout in a Completely Randomized Design (CRD) having the five (5) seed sources for each selected species as treatments in the five replications. 

SEEDS COLLECTION AND PROCESSING
The seeds of Irvingia gabonensis, Milicia excelsa, Entandrophragma cylindricum, Garcinia kola, and Chrysophyllum albidum were collected from the mother trees growing in Michael Okpara University of Agriculture Umudike and Forestry Research Institute Umuahia. The number of seeds used for germination experiment varied based on availability.  The fruits were cut opened up manually and the seeds were removed and washed. All the seeds collected for the study were subjected to viability test using floatation method. This involved steeping of seeds in water in a baker; seeds that sank to the bottom were regarded as viable while those which floated were regarded non-viable (Gill et al., 1992).  
DATA COLLECTION
Growth parameters such as; heights, collar diameter, number of leaf and leaf area were    assessed every two weeks. Seedling height: the measurement of the seedling height (cm) was taken from the soil level to the tip of the apical bud with the aids of ruler. Collar diameter; the collar diameter (cm) was measured with a vernier calipers. The leaf number was determined by counting the leaf in each seedling. the leaf area (cm2) was traced on 1mm graph sheets and the areas estimated by counting the number of the full squares as well as those up to 75% of a square.


Determination of Germination Characteristics of the Five Selected Species
Germination of the species were monitored and counted daily for a period of 5weeks. Time to first germination was recorded and the germination per day recorded for a period of four weeks. Percentage germination and germination rate were calculated using method of Ranal and Santana (2006). Percentage germination for each five species was determined from the ratio of number of seeds that germinated for each species at 28 days after planting (DAP) to the total number of seeds planted.
Germination (%) =                       Total number of germinations         x 100
                                     Total number of seed planted 
The germination rates =               Number of germinated seed   
                                                      Days of total count
Assessment of Early Growth Rate of the Five Timber Species
Twenty five (25) uniformly growing vigorous seedlings each of the five species were transplanted into already prepared planting holes to establish a 150m2 experimental plot at the nursery unit of the department of forestry and environmental management. The plot 5 blocks separated 1m path.
Pre-treatment Procedure
A total number of 125 seeds were used, with Irvingia gabonensis (25), Milicia excelsa (25), Entandrophragma cylindricum (25), and Garcinia kola (25), Chrysophyllum albidum	(25) numbers of seeds per species. The seeds where soaked in cold water at room temperature (25oC± 2oC) for the following durations.


Species                                                             Soaking duration  
Irvingia gabonensis					24 hours
Milicia excelsa 					18 hours
Entandrophragma cylindricum			48 hours
Garcinia kola 						48 hours
Chrysophyllum albidum				72 hours
The seeds were placed in a container and covered with cold water. The water was changed daily to prevent fungal growth. After the soaking treatment, the seeds were removed from the water. Each species had soaking treatment versus a no-soak control.  
Species soaking duration  
The variation in soaking durations among species was based on differences in seed coat permeability, dormancy characteristics, and seed size. Species with harder or less permeable seed coats such as Garcinia kola and Gambeya albida were subjected to longer soaking periods to enhance water imbibition, while species with more permeable seeds such as Milicia excelsa required shorter durations. Similarly, moderate soaking durations were applied to recalcitrant species like Irvingia gabonensis to prevent anoxic damage while ensuring adequate hydration. This species-specific approach is consistent with established seed physiology principles and previous studies on tropical tree germination (Bewley et al., 2013; Baskin & Baskin, 2021).




RESULTS 
Growth Parameter 
The tables.1 to 5 present mean values for various growth parameters of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum, with superscript letters indicating statistical significance (p<0.05) (means sharing the same letter in a column are not significantly). 
 Stem height
Table 1 shows the mean stem height of I. gabonensis, M. excelsa , C. albidium and E. cylindricum over the period of 12 weeks. All species show progressive increases over the 12 weeks with significant differences (p<0.05), but with distinct patterns. I. gabonensis starts strong (10.66 cm in Week 1) and maintains dominance, reaching 38.44 cm by Week 12, a total growth of 27.78 cm and an average weekly increase of 2.53 cm. M. excelsa a follows closely with a final height of 33.67 cm (total growth 27.09 cm, average 2.46 cm/week), accelerating notably from Week 5 onward. G. kola recorded 25.55 cm (total 15.45 cm, average 1.40 cm/week), while C. albidium and E. cylindricum lag at 18.64 cm and 14.61 cm, respectively (totals 14.75 cm and 10.08 cm; averages 1.34 cm/week and 0.92 cm/week).
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Table.1: Mean stem height (cm) variation of the five different plant species 
Means with the same superscript letter on the same column are not significantly different (p<0.05)

	Species
	Stem height (cm) of seedlings 

	
	Wk 1
	Wk 2
	Wk 3
	Wk 4
	Wk 5
	Wk 6
	 Wk 7
	Wk 8
	Wk 9
	Wk 10
	Wk 11
	 Wk 12

	C. albidium
	3.89d
	4.67e
	5.54e
	6.46e
	6.44e
	11.23d
	11.82d
	13.04d
	14.39d
	15.84d
	17.28d
	18.64e

	E. cylindricum
	4.53c
	5.45dd
	6.34d
	7.34d
	8.21d
	9.12e
	10.09e
	11.02e
	11.92e
	12.82e
	13.72e
	14.61e

	G. kola
	10.10a
	11.21b
	15.06b
	16.29b
	17.53b
	18.65c
	19.85c
	21.00c
	22.25c
	23.44c
	24.45c
	25.55c

	I. gabonensis
	10.66a
	13.35a
	16.26a
	18.81a
	20.95a
	23.57a
	26.13a
	28.66a
	30.89a
	33.53a
	36.00a
	38.44a

	M. excelsa a
	6.58b
	9.24c
	11.48c
	14.01c
	16.81c
	19.02b
	21.48b
	24.00b
	26.27b
	28.81b
	31.41b
	33.67b



 
Collar diameter 
Table.2 shows the mean collar diameter of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum over the period of 12 weeks. The result on collar diameter growth indicates that there were variations in the species diameter. M. excelsa a recorded highest at 5.33 cm (total growth 2.86 cm, average 0.26 cm/week), edging out I. gabonensis at 5.31 cm (total 2.25 cm, average 0.20 cm/week). G. kola reaches 4.43 cm (total 1.83 cm, average 0.17 cm/week), while C. albidium and E. cylindricum are similar at 4.16 cm and 4.12 cm (totals 2.69 cm and 2.26 cm; averages 0.24 cm/week and 0.21 cm/week). I. gabonensis and M. excelsa a showed no significant difference (p<0.05) in Week 12.







	Species
	Collar diameter (cm) of seedlings

	
	Wk 1
	Wk 2
	Wk 3
	Wk 4
	Wk 5
	Wk 6
	 Wk 7
	Wk 8
	Wk 9
	Wk 10
	Wk 11
	 Wk 12

	C. albidium
	1.47e
	1.65e
	1.86e
	2.06e
	2.19e
	2.29e
	3.17d
	3.37d
	3.56d
	3.76d
	3.96d
	4.16c

	E. cylindricum
	1.86d
	2.06d
	2.36d
	2.50d
	2.66d
	2.86d
	3.06e
	3.26e
	3.46e
	3.66e
	3.89e
	4.12c

	G. kola
	2.60b
	2.56c
	2.91c
	3.08c
	3.25c
	3.42c
	3.60c
	3.76c
	3.93c
	4.10c
	4.26c
	4.43b

	I. gabonensis
	3.06a
	3.27a
	3.49a
	3.70a
	3.92a
	4.12a
	8.60a
	4.53b
	4.74a
	4.92a
	5.10a
	5.31a

	M. excelsa a
	2.47c
	2.80b
	3.09b
	3.32b
	3.54b
	3.79b
	3.97b
	4.29a
	4.48b
	4.81b
	5.05b
	5.33a


 Table 2: Mean collar diameter (cm) variation of the five different plant species
Means with the same superscript letter on the same column are not significantly different (p<0.05)


 Leaf Length 
The mean leaf length result of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks were shown in Table 3. Leaf length showed a progressive variation across the duration of the experiment (Week 1 to Week 12). There were significant differences (p<0.05) among species. G. kola dominates with a final length of 15.23 cm (total growth 8.13 cm, average 0.74 cm/week), starting at 7.10 cm and maintaining 'a' superscripts throughout. I. gabonensis follows at 13.75 cm (total 9.30 cm, highest average 0.85 cm/week), M. excelsa a at 9.65 cm (total 7.47 cm, average 0.68 cm/week), C. albidium at 7.80 cm (total 4.91 cm, average 0.45 cm/week), and E. cylindricum at 7.30 cm (total 3.99 cm, average 0.36 cm/week).











	Species
	Leaf length  (cm) of seedlings

	
	Wk 1
	Wk 2
	Wk 3
	Wk 4
	Wk 5
	Wk 6
	 Wk 7
	Wk 8
	Wk 9
	Wk 10
	Wk 11
	 Wk 12

	C. albidium
	2.89d
	3.34d
	3.94d
	4.58d
	4.57e
	5.82c
	6.19c
	6.50e
	6.88d
	7.18e
	7.48e
	7.80d

	E. cylindricum
	3.31c
	3.82c
	4.39c
	4.82c
	5.31c
	5.80d
	6.06e
	6.87d
	6.27e
	7.80d
	8.30d
	7.30e

	G. kola
	7.10a
	7.09a
	8.12a
	8.93a
	9.63a
	10.48a
	11.29a
	12.76a
	12.92a
	13.65a
	14.42a
	15.23a

	I. gabonensis
	4.45b
	5.29b
	6.05b
	6.86b
	7.88b
	8.79b
	11.30b
	10.50b
	12.84b
	12.15b
	12.96b
	13.75b

	M. excelsa a
	2.18e
	2.87e
	3.53e
	4.16e
	4.84d
	5.48e
	6.17d
	6.97c
	7.60c
	8.14c
	8.86c
	9.65c


 Table 3: Mean leaf length (cm) variation of the five different plant species
Means with the same superscript letter on the same column are not significantly different (p<0.05)





 
Leaf Number
The mean leaf number result of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks were shown in Table.4. Leaf length showed a progressive variation across the duration of the experiment (Week 1 to Week 12). There were significant differences (p<0.05) among species. G. kola recorded for highest number at 13 leaves by Week 11 and 12 (totals increases of 10 each, average 0.91/week). C. albidium reaches 10 (increase 8, average 0.73/week), I. gabonensis 9 (increase 6, average 0.55/week), and M. excelsa a lags at 6 (increase 3, average 0.27/week).












Table 4: Mean leaf number variation of the five different plant species 
Means with the same superscript letter on the same column are not significantly different (p<0.05)

	Species
	Leaf number of seedlings

	
	Wk 1
	Wk 2
	Wk 3
	Wk 4
	Wk 5
	Wk 6
	 Wk 7
	Wk 8
	Wk 9
	Wk 10
	Wk 11
	 Wk 12

	C. albidium
	2b
	3a
	4b
	5c
	5b
	5c
	7c
	7c
	8c
	8b
	9c
	10b

	E. cylindricum
	3a
	3a
	5a
	6b
	7a
	7b
	8b
	9b
	10b
	12a
	12b
	13a

	G. kola
	3a
	3a
	5a
	7a
	7a
	8a
	9a
	10a
	11a
	12a
	13a
	13a

	I. gabonensis
	3a
	3a
	4b
	4d
	5b
	5c
	7c
	7c
	8c
	8b
	9c
	9c

	M. excelsa a
	3a
	3a
	3c
	4d
	4c
	4d
	4d
	5d
	4d
	5c
	5d
	6d



 Leaf Area 
Table.5 shows mean leaf result of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks. Leaf area showed a progressive variation across the duration of the experiment (Week 1 to Week 12). There were significant differences (p<0.05) among species. G. kola leads at 67.26 cm² (total growth 39.74 cm², average 3.61 cm²/week), followed by I. gabonensis at 60.32 cm² (35.63 cm² total, 3.24 cm²/week), C. albidium at 48.91 cm² (40.63 cm² total, highest average 3.69 cm²/week), E. cylindricum at 43.44 cm² (33.34 cm² total, 3.03 cm²/week), and M. excelsa a at 43.55 cm² (36.31 cm² total, 3.30 cm²/week).












Table 5: Mean leaf area (cm2) variation of the five different plant species
Means with the same superscript letter on the same column are not significantly different (p<0.05)

	Species
	Leaf  area (cm2) of seedlings

	
	Wk 1
	Wk 2
	Wk 3
	Wk 4
	Wk 5
	Wk 6
	 Wk 7
	Wk 8
	Wk 9
	Wk 10
	Wk 11
	 Wk 12

	C. albidium
	8.28d
	10.58d
	16.02c
	16.57e
	16.71e
	22.32e
	24.41c
	26.57e
	31.38e
	33.79e
	36.28e
	48.91c

	E. cylindricum
	10.10c
	12.24c
	14.70e
	17.19d
	19.84c
	22.42d
	22.97e
	28.19c
	31.50d
	35.08d
	39.19d
	43.44e

	G. kola
	27.52a
	26.54b
	29.85a
	33.79b
	38.15a
	42.66a
	47.01a
	50.71a
	54.79b
	58.98a
	63.24a
	67.26b

	I. gabonensis
	24.69b
	27.91a
	28.07b
	35.32a
	37.05b
	41.39b
	44.41b
	46.10b
	49.00a
	54.30b
	57.23b
	60.32a

	M. excelsa a
	7.24e
	10.45e
	15.69d
	17.73c
	19.01d
	23.47c
	27.11d
	30.53d
	33.40c
	38.55c
	40.10c
	43.55d



 Germination Characteristics
 Germination percentage (%)
Figure.1 presents germination percentage of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks. M. excelsa  recorded the highest number of germination percentage (25%), C. albidium and E. cylindricum both recorded 20.8%, while G. kola and I. gabonensis both recorded 16.66%.
 Germination rate
Fig 2. presents germination rates of I. gabonensis, M. excelsa , C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks. M. excelsa  recorded the highest number of germination rate of 3.57, C. albidium and E. cylindricum both recorded 2.97, while G. kola and I. gabonensis both recorded 2.38.


Fig.1: Germination percentage (%) of five different plant species


Fig.2: Germination rate of five different plant species


Fig.3: Pre-soaking effect of cold water on germination performance of plant species
Discussion
[bookmark: _Hlk218868534][bookmark: _Hlk226454370]The early growth responses observed among the five tropical timber species highlight clear interspecific differences in regeneration strategies, which are strongly shaped by both phylogenetic affiliation and ecological adaptation. Across all parameters measured, Irvingia gabonensis and Milicia excelsa consistently exhibited superior performance in height and structural growth, whereas Garcinia kola and Gambeya albida demonstrated traits associated with shade tolerance, particularly in leaf development. Entandrophragma cylindricum, on the other hand, displayed slower growth across most parameters, reflecting a conservative growth strategy typical of late-successional Meliaceae species (Hall, 2008; Poorter et al., 2021). These findings reinforce the concept that early seedling performance is not uniform across tropical tree taxa but is instead driven by species-specific ecological niches and evolutionary history (Oluwajuwon et al., 2022; Grossnickle & MacDonald, 2018).
From a comparative standpoint, species within phylogenetically related groups showed patterns consistent with previous studies. For instance, Entandrophragma cylindricum, belonging to the Meliaceae family, exhibited relatively slow height and diameter growth, which aligns with documented growth patterns of other Meliaceae species such as Khaya ivorensis and Swietenia macrophylla, both of which are characterized by slow juvenile growth but high long-term biomass accumulation (Hall, 2008; Ofori et al., 2007). Similarly, the strong early growth observed in Milicia excelsa (Moraceae) corresponds with reports on related Moraceae species, which often exhibit rapid juvenile growth and strong competitive ability under high light conditions (Nzekwe et al., 2013; Poorter & Bongers, 2006). This suggests that phylogenetic proximity may partly explain similarities in early growth dynamics among tropical timber species.
Comparative Growth Dynamics Among Species
The dominance of Irvingia gabonensis in stem height (38.44 cm) relative to the other species suggests a growth strategy oriented toward rapid vertical expansion, likely driven by its large seed size and substantial cotyledonary reserves. This observation is consistent with seed ecology theory, which posits that large-seeded species invest heavily in early shoot growth to enhance light capture and competitive advantage (Bewley et al., 2013; Poorter et al., 2021). Comparable trends have been reported in other large-seeded tropical species such as Terminalia superba and Canarium schweinfurthii, where early height growth is strongly correlated with seed reserve allocation (Souza et al., 2020).
In contrast, Milicia excelsa demonstrated a balanced growth strategy, combining relatively high stem height with the largest collar diameter (5.33 cm). This dual investment in vertical and radial growth indicates a resource allocation pattern favoring both competition for light and structural stability. Such growth patterns are typical of light-demanding pioneer or semi-pioneer species, which must rapidly establish themselves in disturbed or open environments (Ofori et al., 2007; Grossnickle & MacDonald, 2018). The similarity in collar diameter between M. excelsa and I. gabonensis further suggests that both species are well-suited for plantation establishment due to their robust early structural development.
Conversely, Entandrophragma cylindricum and Gambeya albida exhibited relatively lower values in both height and diameter growth. This pattern is consistent with their classification as shade-tolerant or climax species, which typically adopt conservative growth strategies characterized by slower early development but greater longevity and wood density (Hall, 2008; Poorter et al., 2021). Similar findings have been reported for other Sapotaceae species closely related to Gambeya albida, which often prioritize survival under low-light conditions over rapid early growth (Swenson et al., 2023).
Leaf Trait Variation and Functional Adaptation
Leaf morphological traits further reinforce the distinction between fast-growing and shade-tolerant species. Garcinia kola exhibited the highest leaf length, leaf number, and leaf area, indicating a strong investment in photosynthetic surface area. This is a well-documented adaptive strategy among shade-tolerant tropical species, where increased leaf area compensates for low light availability in the forest understory (Poorter & Bongers, 2006; Souza et al., 2020). Similar patterns have been observed in other understory species such as Cola nitida and Dacryodes edulis, which produce large, broad leaves to maximize light interception (Adebisi et al., 2019).
In contrast, Milicia excelsa produced fewer leaves despite its strong height and diameter growth, suggesting a trade-off between leaf production and structural development. This aligns with functional trait theory, which posits that fast-growing species often allocate more resources to vertical growth rather than leaf proliferation, particularly in high-light environments (Poorter et al., 2021). Irvingia gabonensis displayed an intermediate strategy, combining moderate leaf production with strong height growth, indicating a flexible adaptation to varying light conditions.
Germination Performance in Relation to Seed Physiology
The observed variation in germination percentage and rate among species further reflects differences in seed physiology. The superior germination performance of Milicia excelsa (25%) contrasts with the lower germination rates observed in Irvingia gabonensis and Garcinia kola. This disparity can be attributed to differences in dormancy mechanisms and seed storage behavior. Milicia excelsa seeds, although exhibiting some dormancy, respond relatively well to pre-treatment, whereas Irvingia gabonensis and Gambeya albida produce recalcitrant seeds that are highly sensitive to desiccation and handling (Bolanle-Ojo & Onyekwelu, 2014; Walters et al., 2013).
Comparable germination challenges have been reported in other recalcitrant tropical species such as Artocarpus altilis and Persea americana, where rapid viability loss significantly reduces germination success under suboptimal conditions (Berjak & Pammenter, 2013; Sershen et al., 2016). The relatively low germination observed in Garcinia kola also aligns with previous findings indicating that the species exhibits strong dormancy and requires specific pre-treatment conditions to enhance germination (Adebisi et al., 2019).
Implications for Nursery Practice and Species Selection
When considered collectively, the results demonstrate clear functional differentiation among the species. Irvingia gabonensis and Milicia excelsa emerge as fast-establishing species suitable for plantation forestry and reforestation programs due to their rapid early growth and structural robustness. In contrast, Garcinia kola and Gambeya albida may be better suited for agroforestry systems or shaded environments where their leaf-based growth strategies confer a competitive advantage. Entandrophragma cylindricum, despite its slower early growth, remains valuable for long-term timber production due to its high wood quality and eventual biomass accumulation (Hall, 2008; ITTO, 2021).

Conclusion
[bookmark: _GoBack]These findings are consistent with broader tropical forestry literature, which emphasizes the importance of matching species-specific ecological traits with management objectives to optimize regeneration success (Chazdon et al., 2020; Poorter et al., 2021). Furthermore, the variation in germination responses underscores the need for species-specific pre-treatment protocols, particularly for recalcitrant and dormant seeds, to improve propagation efficiency in nursery systems.
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