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Abstract  An investigation was undertaken at Njala, in Sierra Leone to assess the effect of provenance and seed size on 
germination and physiological traits of Gmelina arborea. The objective of the study is to identify seed size and sources that 
are superior in terms of important characteristics that would be the best sources for seed improvement programmes and 
production of Gmelina trees. Seeds of Gmelina were collected in 2014 from four geographically distinct provenances in 
Sierra Leone. The experiment was 4 x 3 factorial laid in a randomized complete block design with four replications four 
levels of provenance (seed origins), North, South, East and West and three levels of seed sizes – Small, Medium, and Large. 
The results showed that both germination percentage and germination rate of Gmelina were significantly affected by seed 
size. The large and medium seed sizes from different provenances had significantly higher germination percent and 
germination rate than the small seed size. Highly significant (P < 0.001) differences were observed in germination 
percentages among the different seed sizes at 2 and 3 weeks after planting (WAP). The large seed size which had the highest 
germination percentage at 2 WAP (66.4%) and 3 WAP (78.1%) followed by the medium size seeds at both 2 WAP and 3 
WAP (61.4% and 74% respectively). Results of the correlation analysis showed a strong positive correlation (r = 0.91) 
between seedling height and total biomass. Similarly, a positive correlation was observed between shoot dry weight and total 
biomass (r = 0.72) while as the correlation of root dry weight and total biomass was very weak (r = 0.45). Provenance 
significantly affected shoot dry weight and total biomass of Gmelina seedlings. Seedlings from seeds obtained from the East 
and Southern regions consistently had higher shoot dry weight and total biomass than seeds obtained from the North and 
Western regions. It can be concluded that seed size is a major parameter for predicting germinabilty and seedling 
establishment of Gmelina. The best seed sizes to use by tree planters and other stakeholders were the large sized seeds 
because of their fast germination and seeds from the east and south will promote early maturity of Gmelina arborea for 
purposes such as pulp paper production, timber and fuel wood. 
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1. Introduction 
Growing seedling in the forest nursery is the main way of 

raising planting stocks in the tropics for plantation 
establishment. Few plantation species are extensively 
propagated vegetatively. Therefore, obtaining adequate 
amounts of the right kind of seed is an important part of any 
plantation programme [1] (Evans, 1986). 

The increase in the cost of imported wood products 
explains the need for intensification of the establishment of 
some  exotic  species  into  plantations in favour of slow  
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growing indigenous species to produce raw materials for 
wood based industries in tropical countries. Presently, 
national forests are being depleted of their goods and 
services, which would have been derivable from them 
because of anthropogenic factors. Even though seed is a 
renewable natural resource, once the source it is exhausted, it 
may take a long time to regenerate. Ogigirigi (1989) [2] 
found out that the original vegetation, especially in savannah 
zones has been modified by human activities over the years; 
this has made the vegetation lose its original form. To correct 
this situation, plantations of economic indigenous and exotic 
species must be established to regain the vegetation and 
prevent desert- like conditions. 

There is still need for a systematic and up-to-date account 
of the principles of forest trees handling and their application 
to the special problems of tropical forest seeds. A successful 
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plantation cannot be established unless healthy nursery 
seedlings or stocks are produced. This also may depend on 
the viabilities and seed sizes [3] (Kadambi, 1972). The need 
for seed has considerably increased in the tropics with the 
unprecedented expansion of afforestation and reforestation 
programmes. Seed size is parameter for predicting 
germination and seedling growth rates, both in the nursery 
and for a brief period following plantation establishment [4] 
(Oni and Bada, 1992). Seed also forms a very important 
element in the quality of seedlings produced in the nursery, 
since the quality of the seedlings is determined by the 
genotype of the seed from which it originates. Therefore, the 
effect of seed sizes and provenance in early morphological 
and physiological characteristics of Gmelina arborea has 
become necessary to be considered and determined [5, 6] 
(Adegbehin et al., 1988; Owoh et al., 2011). 

Provenance studies in forest trees are very important as it 
helps in identifying the best and highly adaptable provenance. 
In fact forest tree improvement programme starts with the 
scanning of provenances/ seed source capable of providing 
best-adapted trees [7] (Suri, 1984). Increase in yield and 
resistance to disease can be achieved through the selection 
and use of seed from good provenance. Seed source studies 
are also desirable to screen the naturally available genetic 
variation to utilize the best material for maximum 
productivity and for further breeding programme [8] (Shiv 
Kumar and Banerjee, 1986). 

Although many tree planters considered Gmelina to be a 
very promising species due to ease and low cost of 
establishment, rapid early growth, expectations of early 
returns and promising wood characteristics, including high 
durability and good yield and quality of pulp, some tree 
planters have had a less encouraging experience with the 
species [9] (Lauridsen and Kjaer, 2002). They have found a 
rapid reduction in increment after the seventh year of growth 
[9] (Lauriden and Kjaer, 2002). Gmelina species has 
generated interest because of its fast growth and quick return 
on investment. Its wood can be used for a multitude of 
products that range from pulp to furniture parts. It also has 
great utility in agroforestry systems [10] (Dvorak, 2003). A 
successful plantation cannot be established unless healthy 
nursery seedlings or stocks are produced.  

There is growing increase in the rate of deforestation in 
country as a result of farming, charcoal burning, sawing of 
timber and mining activities. Although there is increase 

deforestation and cutting down of trees, very little effort has 
been made to replenish trees especially those in reserve 
forests. 

The increased rates of tree planting, which is apparent in 
so many countries today, emphasizes more than ever before 
the need for good seed. Seed quality has a critical effect on 
the quality of the trees established and on the economics of 
planting them. This is equally true whether planting is in 
large-scale commercial plantations or in small-scale diffuse 
farm woodlots or as scattered single trees. Seed quality 
comprises both the physiological viability and vigor of the 
seeds and their genetic quality – their ability to produce 
healthy offspring which are well suited both to the site where 
they are planted and for the products or services which they 
are intended to provide [11] (FAO, 1987). 

To investigate the effects of seed size and sources on the 
growth performance of Gmelina arborea; with a view to 
identifying best sources of seeds of this species for future 
production needs or for seed improvement in Sierra Leone.  
Specific objectives 

i.  To determine the effect of seed size on germination of 
Gmelina arborea. 

ii.  To determine the effect of seed size on seedling 
development of Gmelina arborea. 

iii.  To assess the variations in early seedling growth 
among seedlings obtained from the different 
provenances. 

2. Materials and Methods 
2.1. Description of Study Area 

The study was carried out at Njala University, Njala 
campus which is located in Kori chiefdom in Moyamba 
district. The district is geographically located along the 
South-Northern axis of the country. This area has an 
estimated population of 29,043 (Statistics Sierra Leone, 
2004). Njala is located at an elevation of 54m above sea level 
on 8°06' N latitude and 12°06' W longitude. 

The predominant vegetation at Njala is secondary forest. 
The upland soils in the Njala area have been classified as 
Orthoxic palehumult, belonging to the Njala series [12] 
(Odell et al., 1974). Textures are usually gravely clay loam 
in the surface and gravely clay in the subsoil.   

Table 1.  Weather data of study area – 2014 

Month Rainfall (mm) Solar Radiation (J cm2 day) T min °C T max °C RH min RH max 

May 460.4 19.18 22.81 32.98 53.77 99.48 

June 282.4 17.84 22.64 33.36 60.0 99.9 

July 396.2 15.55 22.75 30.68 64.0 99.93 

August 578.6 13.49 22.55 29.36 68.0 100.0 

September 353.8 15.22 22.38 31.92 65.0 100.0 

October 450.0 19.66 21.86 31.76 55.91 100.0 
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Njala experiences a distinct dry and wet season. The 
monomodal rainy season last from April to November, while 
the dry season extends from December to March. The mean 
monthly air temperature ranges from 21°C - 23°C maximum 
for the greater part of the day and night. Average annual 
precipitation of the district ranges from 3,330mm to 
4000mm with mean maximum temperature of 29°C to 30°C 
[13] (Jusu, 1990). 

2.2. Seed Collection and Processing 

Seeds of Gmelina were collected in 2014 from four 
geographically distinct provenances in Sierra Leone. Seed 
collection was done in Freetown; (coastal plain, in the 
Western Area Peninsula Forest Reserve “WAPFR”), Makeni; 
(Kangari Hill Forest Reserve), Moyamba; (Kasiwi Forest 
Reserve) and Kenema; (Kambui Hill Forest Reserve). All the 
four agro climatic zones were sampled for Gmelina seeds. 
Mature fruits of Gmelina arborea, were collected from the 
mother trees in Freetown, Makeni, Moyamba and Kenema 
towns. The seeds were depulped, washed and sun-dried for 
24 hours to enhance germination.  

2.3. Experimental Design and Cultural Practices 

The experiment was established at the Department of 
Forestry nursery site at the Njala campus of Njala University, 
in May 2014. The experiment was a 4 x 3 factorial; laid in a 
randomized complete block design with four replications 
representing the four provenances (North, South, East and 
West and three levels of seed sizes – Small, Medium, and 
Large. These resulted in 12 Treatments. A total of 100 seed 
samples were collected from each agro climatic zone 
(provenance) for the study The seeds were randomly selected 
and grouped into three size classes namely, large seed size 
(LSS), medium seed size (MSS) and small seed size (SSS), 
based on the seed fresh weight). Seeds of 0.94g were 
considered large while seeds of 0.57g and 0.38g were 
considered medium and small respectively [14] (Offiong, 
2008). 

The selected seeds were sown in black polythene bags 
filled with sterilized river soil. Watering was done twice 
daily. Germination count was done daily for three weeks. 
Germination percentage of each treatment was calculated by 
dividing the number of germinated seedlings against the 
number of seeds sown and multiplied by one hundred. 

Seedling height was measured with a metre rule from soil 
level to the topmost leaf axil of the main stem at intervals of 
2, 4, 6, 8 and 10 weeks after planting and their mean height 
was expressed in centimeter. Leaf area was determined by 
measuring the leaf area of three leaves using the graphical 
method (graph paper). Dry weight - dry weight was 
measured from 3 plants randomly harvested for each 
treatment by destructive sampling at 1, 2 and 3 months after 
planting, plants were dried in an oven for 2 days at 80°C for 
24hrs and the dry weight were measured using an electronic 
weighing balance. Mean dry weight per plant was recorded 
per grams. 

2.4. Data Analysis 

Data collected on germination and early growth 
parameters such as seedling height, leaf number, leaf area 
and stem diameter (collar) were subjected to analysis of 
variance (ANOVA) using Genstat Release version 7.2DE. 
Means were compared with Least Significant Difference 
(LSD) at 5% probability Duncan’s Multiple Range Test 
(DMRT) was used for pair comparisons. The residuals of 
data for the parameters used were first checked for 
normality and homogeneity using the Shapiro-Wilk test and 
the Bartlett’s test respectively for both experiments. Data 
collected on germination count were transformed using 
square root transformation. Germination rate was calculated 
using the formula. N2 – N1/t1 –t2 where N1 = initial 
germination count and N2 = final germination count. 

t1 = initial time (in day) t2 = final time (in days). Data on 
dry weight at 1, 2 and 3 MAP were used to calculate Relative 
Growth Rate and Average Growth Rate using the formulae 
below (Offiong, 2008) Relative Growth Rate (RGR)-  

RGR = In W2-In W1/T2-T1 Where W1 = represented the 
dryness of previous sampling and W2 the dryness of the 
sample that followed. T1 and T2 above the corresponding 
initial time and final time (in months) of sampling 
respectively In = natural log. Average Growth Rate (g/month) 
= TDM2 – TDM1/ t2-t1 where TDM1 = Initial total dry weight 
TDM2 = Final total dry weight 

t1 = initial time (in months) 
t2 = Final time (in months) 
Pearson's correlation analysis was explored to examine 

relationships among the following parameters - Germination 
percentage, leaf number, leaf area, seedling height, stem 
diameter, root and shoot dry weights and total biomass. 

3. Results and Discussion 
3.1. Germination Assessment 

Highly significant (P < 0.001) differences were observed 
in germination percentages among the different seed sizes at 
2 and 3 weeks after planting (WAP) The large seed size had 
the highest germination percentage at 2 WAP (66.4%) and 3 
WAP (78.1%) followed by the medium size seeds at both 2 
WAP and 3 WAP (61.4% and 74% respectively). The small 
size seed had the least germination percentages at both 2 
WAP (54.4%) and 3 WAP (63.4%), There was no interaction 
effect (P = 0.6 and 0.66 respectively) between seed size and 
provenance at 2 and 3 WAP (Week after planting). The 
results showed that both germination percentage and 
germination rate of Gmelina were significantly affected by 
seed size. The large and medium seed sizes from different 
provenances had significantly higher germination percent 
and germination rate than the small seed size. These results 
are in conformity with earlier results obtained by Oni and 
Bada [4] (1992) who also reported seed size is a parameter 
for predicting germination and seedling growth. The superior 
germination exhibited by the large and medium size seed 
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over the small size seeds could be attributed to availability of 
more food reserves in large seeds. This enhanced their 
viability, hence higher germination percentage and 
germination rate. Similar observations were made by [14] 
Offiong (2008) who reported that seeds with large 
dimensions are likely to have large embryo which enhances 
good germinability of Gmelina seeds. [15] Khan et al. (2009) 
also reported that during the establishment stage, the embryo 
grows at the expense of food materials and did not require 
any external nutrition. On the other hand, the lower 
germination obtained from small size seeds could be due to 
the relatively lower food reserves in the small seed size due 
to their small size of their cotyledons and origin of seeds. [16] 
Zaidman et al, (2010) suggested that improved seed and 
seedling quality, as associated with greater seed weight can 
be attributed to better membrane integrity and increased 
availability of energy. 

Table 2.  The effect of provenance and seed size on germination rate of 
Gmelina seeds 

Provenance 
Seed size 

Large Medium Small Mean 

North 1.79 1.71 1.50 1.67a 

South 1.61 1.66 1.43 1.50a 

East 2.14 2.18 1.61 1.98a 

West 1.18 1.89 1.71 1.60a 

Mean 1.68a 1.81a 1.56a  

LSD (prov) 0.31    

LSD (seed size) 0.77    

LSD (prov x seed size ) 1.09    

CV (%) 45.0    

Generally, the results showed that there was no significant 
(P < 0.05) difference in germination rates among the 
different seed sizes and seed sources (provenance) of 

Gmelina (Table 2). The medium size seeds had the highest 
rate of germination (1.81 per day) followed by large seeds 
(1.68 per day) whilst the small seeds had the least 
germination rate. The results also showed that the highest 
germination rate (1.98 per day) was obtained from seeds 
sourced from the eastern region of Sierra Leone. The lowest 
germination rate was from seeds sourced from the south. 
However, the correlation between germination percent at 3 
WAP and germination rate from 2 to 3 WAP after planting 
was very weak (r = 0.59). 

3.2. Assessment of Growth Parameters 

3.2.1. Seedling Height 

Seedling height differed significantly with seed size at  
(P< 0.05), but with the reverse was observed in relation to the 
provenances at different weeks after planting except at 2 
WAP (P=0.84). The large size seed had higher seedling 
heights at 4, 6, 8 WAP (11.2, 19.8 and 31.8 cm respectively) 
except at 2 and 10 WAP where no significant differences 
were observed between medium and large seeds (Table 3). 
No significant difference was observed in seedling height 
among seeds obtained from different Provenances. The 
results generally showed that seed size significantly 
influenced seedling height at different weeks after planting. 
There is a general increase in early growth trait with time 
after planting. The results showed that seedling height 
increased rapidly from 2 to 4 weeks after planting. The large 
seed size had 146% increases from 2 to 4 weeks whilst the 
medium and small seed sizes increased by 106% and 104% 
respectively (Table 3). The fast establishment of seedlings 
from large seeds could give an early advantage to compete 
with weeds as compared to seedlings from small seeds. [17] 
Gonzalez (1993) stated that seed size affected plant vigor as 
seeds with greater mass produced more vigorous plants. 
Results of the present study showed that large and medium 
seed sizes had significantly higher values of seedling height. 
 

 

Figure 1.  Effect of seed size on germination percentage of Gmelina arborea 
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Table 3.  Effect of Seed Size on Seedling Height of Gmelina arborea 

Seed size 
Seedling Height  

2 WAP 4 WAP 6 WAP 8 WAP 10 WAP 

Small 4.24 8.68 15.84 26.83 30.36 

Medium 4.84 10.01 18.64 31.94 36.00 

Large 4.51 11.18 19.79 31.83 35.11 

Mean 4.53 9.96 18.09 30.20 33.82 

LSD (seed size) 0.58ns 1.11** 2.08* 2.89** 3.66* 

CV (%) 13,0 13.3 16.0 15.4 17.7 

ns Not significant 
* Significant at P < 0.05 
** Significant at P = 0.01 
*** Significant at P, 0.001 

3.2.2. Leaf Area of Gmelina Seedlings  

Leaf area significantly (p < 0.05) differed with seed size at 
the different weeks after planting except at 4 WAP (p = 1.10). 
The leaf area increased consistently from 2 to 10 WAP 
(Table 4) in all the seed sizes. The large size seeds had the 
largest leaf area in the different WAP followed by the 
medium size seeds. The small seed size had the lowest leaf 
area in the different WAP recorded (Table 4). Results of the 
present study showed that large and medium seed sizes had 
significantly higher values of leaf area than the small size 
seeds. Similar results had earlier been reported by [18] Boot 
(1996) who found that bigger seeds produce bigger seedlings 
with larger area of green leaves capable of conducting 
photosynthesis. 

Table 4.  Effect of seed size on leaf area of Gmelina arborea 

Seed size 
Leaf area (cm2)  

2 WAP 4 WAP 6 WAP 8 WAP 10 WAP 

Small 1.58 3.70 4.23 5.24 5.27 

Medium 1.94 3.39 5.08 6.05 6.34 

Large 1.82 3.40 5.09 6.16 6.57 

Mean 1.78 3.50 4.80 5.82 6.06 

LSD (seed size) 0.29 0.25 0.50 0.56 1.01 

CV (%) 22.6 14.7 14.4 13.4 11.6 

3.2.3. Root Dry Weight (g) 

The results of the study showed that no significant 
difference at (p< 0.05) in root dry weight of seeds collected 
from different provenance. However, at 2 MAP and 3 MAP, 
seeds obtained from the North, South and East regions were 
significantly (p < 0.05) different in mean dry weight from 
seeds obtained from the Western area. Seeds obtained from 
the southern region had the highest mean dry weight (2.40g) 
followed by seeds from the East (2.33g) whilst seeds from 
the West had the lowest mean dry weight (1.4g). 

The seeds obtained from the east had the highest mean 
root dry weight at 3 MAP (5.09g) whilst the lowest mean dry 
weight was recorded from seeds obtained from the west 
(2.71g) (Table 5). 

Table 5.  Mean root dry weight of seedlings at 1, 2 and 3 MAP  

Provenance 
Root dry weight (g) 

1 MAP 2 MAP 3 MAP 

North 1.10a 2.17a 4.20a 

South 1.60a 2.40a 4.75a 

East 1.67a 2.33a 5.09a 

West 1.33a 1.40b 2.71b 

Mean 1.43 2.08 4.13 

LSD (0.05) 0,62 0.46 0.77 

CV (%) 21.8 11.0 9.3 

3.2.4. Shoot Dry Weight (g) 

Generally, significant differences were observed in shoot 
dry weight of seeds obtained from the four provenances. The 
results showed at 1 MAP there was no significant difference 
in the shoot dry weight of the seedlings. Significant 
differences (p < 0.05) were observed between seeds obtained 
from the East and South at 2 MAP with those obtained from 
the west. At 3 MAP seeds from the east also had the highest 
shoot dry weight (7.8g) though not significantly different 
from seeds sourced from the south and north (Table 6). 

Table 6.  Mean shoot dry weight of seedlings at 1, 2 and 3 MAP 

Provenance 
Shoot dry weight (g) 

1 MAP 2 MAP 3 MAP 

North 1.77a 3.07ab 6.25ab 

South 2.50a 3.87a 7.10ab 

East 2.80a 4.00a 7.80a 

West 1.33a 2.37b 5.68b 

Mean 2.02 3.33 6.71 

LSD (0.05) 0.75 0.65 1.19 

CV (%) 18.4 9.9 8.9 

3.2.5. Total Biomass (g) 

Significant differences (P< 0.05) were observed in total 
biomass among the different provenances at 1, 2 and 3 
months after planting. The highest total biomass was 
recorded by the seeds obtained from the east followed by 
seeds obtained from the south (Table 7). The seeds obtained 
from the western area had the least total biomass at 1, 2 and 3 
MAP (2.67g, 3.77g and 8.38g respectively) Provenance 
significantly affected shoot dry weight and total biomass of 
Gmelina seedlings. Seedlings from seeds obtained from the 
East and Southern regions consistently had higher shoot dry 
weight and total biomass than seeds obtained from the North 
and western regions. This could be attributed to the higher 
average growth rates recorded by seedlings of seeds from the 
east and south probably due to their large seed sizes. These 
are areas that favour the growth of forest trees. These results 
agree with Lauridsen and Kjaer (2002) who stated that seed 
source had an influence of growth and development of 
Gmelina arborea. 
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Table 7.  Total biomass of seedlings at 1, 2 and 3 MAP 

Provenance 
Total biomass (g) 

1 MAP 2 MAP 3 MAP 

North 2.87 5.23 10.45 

South 4.10 6.37 11.35 

East 4.17 6.33 12.89 

West 2.67 3.77 8.38 

Mean 3.45 5.42 10.78 

LSD (0.05) 0.83 0.96 1.67 

CV (%) 12 8.9 5.5 

3.2.6. Correlation Matrix of Early Growth Parameters 
Studied 

Results of the correlation analysis showed strong positive 
correlation (r = 0.91) between seedling height and total 

biomass. Similarly, a positive correlation was observed 
between shoot dry weight and total biomass (r = 0.72) while 
the correlation of root dry weight and total biomass was very 
weak (r = 0.45). Seedling height had a strong positive 
correlation with shoot dry weight (r = 0.82). 

3.3. Physiological Growth 

3.3.1. Average Growth Rate (AGR) 

The results of the study indicated that seeds obtained from 
the west exhibited the least average growth rate both at 2 and 
3 months after planting, whilst seeds obtained from the east 
had the highest average growth rate at 3 MAP (Fig 3). 
However at 2 MAP, no significant difference (p < 0.05) was 
observed among the seeds obtained from the North, South 
and East though significantly different from seeds from the 
west. 

Table 8.  Correlation matrix of early growth parameters studied 

Leaf no. 0.39      

Leaf area 0.48 0.49     

Root dry wt 0.21 0.29 - 0.08    

Shoot dry wt 0.77 0.51 0.77 -0.02   

Seedling ht 0.72 0.37 0.55 0.05 0.82  

Total biomass 0.73 0.45 0.45 0.45 0.72 0.91 

 Germ % Leaf no Leaf area Root dry wt Shoot dry wt Seedling ht 

 

Figure 2.  Average growth rates of seedlings from different provenances 

 

Figure 3.  Effect of Provenance on relative growth rate of Gmelina seeds 
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3.3.2. Relative Growth Rate (RGR) 

The data on relative growth rate did not show any distinct 
trend as observed in AGR. RGR of seeds obtained from the 
east and south had the highest values at 2 MAP whilst at 3 
MAP, seedlings of seeds obtained from the west had the 
highest growth; though not significantly different from 
seedlings of seeds obtained from the other provenances  
(Fig 4). 

4. Conclusions 
From the results of the study, the following conclusions 

can be made: Seed size is a major parameter for prediction 
germinability of Gmelina. The best seed sizes to use by tree 
planters and other stakeholders were the large sized seeds 
because of their fast germination. Large and heavier seed 
sizes are recommended as they will promote early maturity 
of Gmelina arborea for sundry purposes such as pulp for 
paper production, timber, fuel wood, etc. 

Seeds obtained from forest plantations in the east and 
south perform better in terms of early growth than seeds 
obtained from other forest plantations in the country. Higher 
rainfall in the east could be responsible for the production of 
healthy and vigorous seeds of Gmelina. Eastern and 
Southern seed sources/ provenances be preferred. This study 
might enable the people growing Gmelina seedlings to 
produce larger seedlings by pre- selecting and planting large 
and medium size seeds. 
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