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

ABSTRACT
This study examined seed germination and early seedling growth of five important timber species (Irvingia gabonensis, Milicia excelsa, Garcinia kola, Chrysophyllum albidium and Entadrophragma cylindricum) in a nursery. These species are native of West Africa humid forest but faces population decline due to deforestation and overexploitation. Seed were treated with cold water and sown in sandy clay loam soil. Growth parameters (stem height, collar diameter, leaf length, leaf number and leaf area) were measured and analyzed using ANOVA (p<0.05). Germination percentage and rate were also quantified. Results showed significant differences in germination and growth among species. Milicia excelsa had the highest germination (25%), while while I. gabonensis and G. kola showed lower values (16.66% and 2.38, respectively). I, gabonensis showeds highest stem height (38.44cm, 2.53cm/week) M. excelsa had largest collar diameter (5.33cm, 13 leaves and 67.26cm2 leaf area. C. albidium and E. cylindricum had lower growth (18.64cm, 14.61cm stem height). Soil properties supported consistent growth. Conclusion, This study highlights the potential of I.gabonensis and M. excelsa for rapid establishment in plantation, G. kola for agroforestry, and the need for tailored pretreatment to overcome germination barriers in recalcitrant species. Recommendation, the study recommends develop advanced germination techniques for recalcitrant species. 
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INTRODUCTION 
Seed germination and early seedling establishment are critical phases in the life cycle of trees, particularly in natural and artificial regeneration efforts. Successful germination depends on a variety of intrinsic and extrinsic factors including seed viability, dormancy, moisture, temperature, light, and substrate conditions (Viheno et al., 2019).  In many tropical species, especially those with recalcitrant seeds like Irvingia gabonensis and Chrysophyllum albidum, germination is sensitive to desiccation and requires specific moisture and temperature conditions to succeed (Bolanle-Ojo, and Onyekwelu, 2014). Some timber species, such as Milicia excelsa, exhibit dormancy mechanisms that hinder rapid germination, often necessitating pre-germination treatments such as scarification, stratification, or the use of growth regulators (Nzekwe et al., 2013). Furthermore, the early seedling stage is prone to biotic and abiotic stresses, which can significantly reduce survival rates if not managed properly (Abiem et al., 2023). The humid forest zones of West Africa, including Nigeria, are home to numerous economically and ecologically important timber species. However, these species face declining populations due to deforestation, overexploitation, and poor natural regeneration (Adewumi et al., 2024). Effective propagation techniques are essential for conservation and sustainable management. This study investigate the seed germination and early seedling development of five selected moist forest timber species (Irvingia gabonesis, Milicia excels, Garcinia kola, Chrysophyllumn albidium and Entadrophragma cylindricum) in a nursery setting at Michael Okpara University of Agriculture Umudike, Abia state Nigeria. Thus, the present study focused on the following general and specific objectives. (i) Assess the seed germination characteristics of the species (ii) evaluate the early growth rate of the species (iii) determine the effect of  pre-soaking 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. 

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).  
 NURSERY PREPARATION FOR GERMINATION AND   EXPERIMENTAL LAYOUT 
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. 
  

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  

RESULTS AND DISCUSSION:
Growth Parameter 
The tables.1 to 5 present mean values for various growth parameters of I. gabonensis, M. excels, 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. excels, 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 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
	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. excels, 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 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 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
	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. excels, 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 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
	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. excels, 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 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
	3a
	3a
	3c
	4d
	4c
	4d
	4d
	5d
	4d
	5c
	5d
	6d



 Leaf Area 
Table.5 shows mean leaf result of I. gabonensis, M. excels, 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 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
	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. excels, C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks. M. excels 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. excels, C. albidium, G. kola and E. cylindricum recorded over the period of 12 weeks. M. excels 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: _GoBack]The early growth performance of tropical tree species is a critical determinant of their survival, competitiveness, and eventual productivity in plantation or natural forest ecosystems (Breugel et al., 2011). In this study, significant variations were observed among the five selected moist forest timber species (Irvingia gabonensis, Milicia excelsa, Chrysophyllum albidium, Garcinia kola, and Entandrophragma cylindricum) in terms of stem height, collar diameter, leaf length, leaf number, and leaf area during the 12-week nursery evaluation period (Akwaji et al., 2022). These variations reflect inherent genetic differences among species as well as species-specific growth strategies that influence early seedling development in tropical forest environments (Oluwajuwon, et al., 2022). The consistent increase in all growth parameters throughout the experimental period suggests that the nursery conditions were favorable for seedling establishment and development (Grossnickle, & Macdonald, 2018). Adequate moisture availability, suitable substrate conditions, and moderate environmental stress likely supported steady physiological processes such as cell division, elongation, and photosynthetic activity (Hemati et al., 2022).
Stem Height Development
Stem height is widely used as an indicator of seedling vigor and competitive ability in forest species. The results showed that I. gabonensis exhibited the highest stem height growth, reaching 38.44 cm by week 12, followed closely by M. excelsa with 33.67 cm. In contrast, E. cylindricum and C. albidium showed comparatively lower stem height values during the experimental period.
The superior height growth of I. gabonensis may be associated with its relatively large seed size and high nutrient reserve. Seeds with large cotyledons generally contain higher amounts of stored carbohydrates and proteins, which support rapid early seedling development before the plant becomes fully photosynthetically independent (Bewley et al., 2013). This stored energy allows the seedling to invest more resources in shoot elongation and leaf development during the early stages of growth.Similarly, the strong height performance of M. excelsa aligns with previous studies describing the species as a relatively fast-growing tropical hardwood with strong early growth potential under favorable environmental conditions (Ofori et al., 2007). Rapid vertical growth may also represent a competitive adaptation that enables seedlings to access available light in dense forest environments where light competition is intense. On the other hand, the relatively slow height growth observed in E. cylindricum may reflect the ecological characteristics of many climax forest species. Such species often exhibit slower early growth rates but may eventually achieve large biomass accumulation over longer growth periods (Hall, 2008). Consequently, slower early growth does not necessarily indicate poor long-term timber potential.
Collar Diameter Growth
Collar diameter is another important parameter used to assess seedling robustness and structural stability. In forestry practice, seedlings with larger collar diameters are often preferred for transplantation because they tend to exhibit better survival rates under field conditions (Akinyele, 2010).The results showed that M. excelsa recorded the highest collar diameter by week 12 (5.33 cm), followed closely by I. gabonensis (5.31 cm), while C. albidium and E. cylindricum had relatively smaller collar diameters. The comparable diameter growth observed between M. excelsa and I. gabonensis suggests that both species have strong structural development and may be highly suitable for plantation establishment. The ability of M. excelsa to develop a thicker stem may also be associated with its growth strategy as a light-demanding species. Rapid stem thickening enhances mechanical support for taller seedlings and improves resistance to environmental disturbances such as wind stress and mechanical damage.
In contrast, species with smaller collar diameters may allocate more resources to leaf expansion and root development rather than stem thickening during the early stages of growth.
Leaf Length Development
Leaf length is closely related to photosynthetic capacity and the ability of seedlings to capture solar radiation for biomass production. The results indicated that G. kola produced the longest leaves throughout the experimental period, reaching 15.23 cm by week 12, followed by I. gabonensis and M. excelsa. Large leaf size is often an adaptive feature of tropical forest species that grow under partially shaded conditions. Such species typically develop larger leaves in order to maximize light interception in low-light environments (Poorter & Bongers, 2006). The larger leaf size observed in G. kola may therefore reflect its ecological adaptation to the forest understory where light availability is limited. The steady increase in leaf length observed in I. gabonensis also indicates strong physiological performance and efficient resource utilization. Leaf expansion plays a key role in increasing photosynthetic surface area, thereby supporting continuous growth and biomass accumulation.
Leaf number is another important indicator of vegetative growth and plant productivity. An increase in the number of leaves generally results in a larger photosynthetic surface area, which enhances the plant's ability to produce carbohydrates through photosynthesis.
The results showed that G. kola produced the highest number of leaves (13 leaves by weeks 11 and 12), followed by E. cylindricum and C. albidium, while M. excelsa recorded the lowest leaf number during the experimental period. The high leaf production observed in G. kola may represent a morphological adaptation aimed at maximizing photosynthetic efficiency. Shade-tolerant tropical species often compensate for slower vertical growth by producing more leaves to increase their capacity for light interception and carbon assimilation (Poorter & Bongers, 2006).
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