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Abstract. Seed germination and seedling growth performance of Maesopsis eminii and Terminalia 
catappa under different water soaking treatments were evaluated for 120 days under nursery 
conditions. A total of 1400 seeds were pre-treated with hot (95oC) and cold water (ambient 
temperature) by soaking for 12, 24 and 48 hours with a control of no soaking. The seeds were sown 
directly into polythene pots filled with uniform growth medium (top forest soil, sand and clay soil 
mixed in a ratio of 5:3:2) to avoid disturbance of the root system after germination. The seeds were 
sown in a randomized block design with seven treatments and three replicates. Data were analysed 
using ANOVA in GenStat v18.  Results indicated that soaking enhanced seed germination. Soaking 
of seeds in cold water for 12 hours resulted into higher germination (90% for Terminalia catappa and 
85% for Maesopsis eminii) than the control (48%). Soaking period and water temperature 
significantly influenced seedling vigour (F value = 0.962; p = 0.038). Soaking seeds in cold water for 
24 hours enhanced Maesopsis eminii seedling growth by 8.0 cm Terminalia catappa seedlings by 7.4 
cm. Seed dormancy, germination percentage and growth performance in hard coated seeds such as 
Maesopsis eminii and Terminalia catappa can be broken by soaking in cold water for 12-24 hours. 
Pre-germination treatments significantly influences the germination and seedling growth. 
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Introduction 

Several indigenous fast-growing tropical tree species possess hard coated seeds which exhibit 
seed dormancy and low/poor germination. Yet some of these species are important in forest 
reforestation and afforestation programmes. Terminalia catappa is a large tropical tree in the 
Leadwood tree family, Combretaceae, which grows mainly in the tropical regions of Asia, 
Africa, and Australia. Maesopsis eminii, a semi deciduous fast-growing timber tree species of the 
family Rhamnaceae, exhibits germination difficulties due to the woody hard coated seeds. The 
fruit is an obovoid drupe, 20-35 mm long and under the exocarp is a spongy mesocarp and 
stony endocarp surrounding the seeds. The stony endocarp of Maesopsis eminii and Terminalia 
catappa hinder water permeability and germination thus presenting hard seed coat dormancy. 
Such seeds take too long to germinate or have random germination when no pre-germination 
treatment is applied (Azad et al. 2010a). One such pre-germination treatment is soaking the seed 
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in hot or cold water. Several studies have suggested that pre-sowing treatments increase 
germination of seeds of temperate tree species with less documentation of tropical tree species 
(Hossain et al. 2005; Azad et al. 2010b). Seed dormancy can be either physiological or 
physical/mechanical due to water impermeable seed coat and each dormancy type require 
different pre-treatment method (Olvera-Carrilloa et al. 2003 and Morpeth and Hall, 2000).  Pre-
sowing treatment is usually geared towards breaking seed dormancy to ensure rapid, uniform 
and maximum germination (Alamgir and Hossain 2005).  

The difficulties experienced by tree nursery operators to germinate the hard-coated tree 
species poses a serious problem in promoting these species for reforestation and afforestation 
within the degraded tropical regions. Several mechanisms are in place that can enhance hard 
coated seed germination for those species that are prone to such dormancy. This study focused 
on application of soaking treatment to improve the germination of hard coated indigenous tree 
seeds and guide institutions and individuals engaged in tree nursery operations.  

Materials and Methods  

Materials 
A total of 1400 mature ripe fruits of Maesopsis eminii and Terminalia catappa were collected from 
thirty trees each in December 2015 and transported to the National Forestry Resources 
Research Institute (NaFORRI) in Kifu, Uganda. The fruits were macerated to soften the fleshy 
pulp before they were washed in cold water to clean the inert matter. Clean seeds were then 
placed in a cool (27oC) open shade to dry for two weeks and later stored in the tree seed store 
at NaFORRI at 24o C for six months during which the seed developed dormancy.  

Experimental Design  
Thirty-three polythene pots were filled with uniformly mixed standard nursery soil consisting 
of top forest soil, sand and clay at a ratio of 5:3:2. The polythene pots were placed in nursery 
beds measuring 4×1 m aligned in the east to -west. The beds were constructed at 1.2 m on one 
side, sloping to 1 m high on the other side to allow workability during watering and data 
collection while avoiding direct sun rays from hitting directly on to the pots sown with the seeds 
after pre-sowing treatments. One hundred seeds of each species were soaked in cold and hot 
water for different durations. The seeds were sown in a randomized complete block design with 
three replicates to determine the variations among the experimental units. The seeds were 
subjected to seven pre-sowing treatments including controls thus in total 1400 seeds were 
subjected to pre-treatments and sowing dates recorded. The experimental soaking treatments 
comprised the following:  
M: Control (Maesopsis eminii seeds without any treatment),   
H48M: Maesopsis eminii seeds soaked in hot water for 48 hours,   
H24M: Soaking in hot water for 24 hours,   
H12M: Maesopsis eminii seeds soaked in hot water for 12 hours,  
C48M: Maesopsis eminii seeds soaked in cold water for 48 hours 
C24M: Maesopsis eminii seeds soaked in cold water for 24 hours 
C12M: Maesopsis eminii seeds soaked in cold water for 12 hours 
K: Control (Terminalia catappa seeds without any treatment)  
H48K: Terminalia catappa seeds soaked in hot water for 48 hours 
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H24K: Terminalia catappa seeds soaked in hot water for 48 hours 
H12K: Terminalia catappa seeds soaked in hot water for 48 hours 
C48K: Terminalia catappa seeds soaked in cold water for 48 hours 
C24K: Terminalia catappa seeds soaked in cold water for 24 hours 
C12K: Terminalia catappa seeds soaked in cold water for 12 hours 

The letters C, H, K and M stand for cold water, hot water, Terminalia catappa and Maesopsis 
eminii respectively. 

One hundred seeds from each species were subjected to pre-treatments and replicated seven 
times (7×100), making a total of 700 seeds based on Rao et al. (2006). One hundred seeds of 
each species were not soaked to serve as the control. Seeds of Maesopsis eminii and Terminalia 
catappa were soaked in water for a period of 12, 24 and 48 hours and then dried in direct sun at 
air temperature of 20.4oC for one hour before sowing in soil filled pots (Plate 1). Each pot was 
about 7.5 cm in diameter at the bottom and 7.5 cm in diameter at the top with a volume of 
about 39.25 cm3 of mixed soil.  

 

 
Plate 1. Seed samples before sowing in soil filled pots. 

 
Either cold or hot water was replaced twelve hourly to break and drain germination inhibitors 
from the seeds and maintain the moisture condition. Each seed sample was sown directly in 3-
inch flat polythene pots cut to 4 inches long. The pots were filled with uniformly mixed soil 
(top forest soil 50% and sand 30% and clay soil 20%) as germination medium. All the seed 
samples were sown at the same time to a depth of 3-5 cm and given the same treatment 
(watering in the morning and evening) for 120 days. Watering was done in the mornings and 
evenings to avoid minimize evaporation.   

Data Collection 
Data on germination were recorded weekly from the time seeds emerged above the soil level 
starting from the first day of sowing up to a maximum of 120 days. Shoot length and number 
of leaves were measured fortnightly for four months. Seedlings total height was recorded to the 
nearest millimetres using a foot ruler while the number of leaves was counted visually. Growth 
performance of the different treatments was recorded by measuring the height of each seedling 
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and counting the number of leaves weekly.  Seeds whose shoots emerged from the soil in the 
pots were considered to have germinated up to 120 days. Other seedlings growth parameters 
like root collar diameter, leaf width, leaf length, petiole elongation was not recorded to avoid 
harming the tender seedlings.      

Germination Percentage, Germination Energy and Seedling Vigour   
The germination percentage was determined after 120 days from the date of sowing based on 
Billah et al. (2015) and Maguire (1962). Percentage germination was calculated as: Germination 
% = Number of germinated seed/ Number of seeds sown *100. The germination energy of 
Maesopsis eminii and Terminalia catappa (represented as a factor of the germination percentage by 
the time taken for germination) was determined to derive the germination rate and the 
germination vigour of the seeds. Germination energy is a good indicator of seedling vigour in 
the field. The seedling vigour was visually assessed on the basis of size of leaves, stem size and 
the seedling health. Data on seed germination percentage and the growth performance were 
analysed using one-way analysis of variance (ANOVA) in GenStat v18.  

Results 

Seed Germination 
There was a significant (F-value = 0.962; p = 0.038) difference in the germination percentages 
among the treatments. Percentage germination was highest among seeds treated with cold water 
for 12 hours and 24 hours (86% and 83.83 % respectively) followed by seeds treated with hot 
water for 12 hours while seeds treated for 24 hours did not have significant differences in 
germination percentages (73% and 72% respectively). The percentage germination of seeds 
treated with hot water for 48 hours was lowest at 70% (Figure 1).  

Terminalia catappa seeds soaked in cold water for 48 hours, control and seeds treated for 24 
hours germinated within 41 days after sowing (DAS) while seeds soaked in cold water for 12 
hours, 24 hours and hot water for 48 hours germinated within 48 DAS. Seeds soaked in hot 
water for 12 hours germinated last at 55 DAS.  

The highest germination was recorded in seeds soaked in cold water for 12 hours with 
82.35% followed by seeds soaked in cold water for 48 hours and 12 hours both at 76.41%. The 
percentage germination of seeds soaked in hot water for 12 hours, 24 hours and 48 hours were 
lowest with 17.75, 41.17 and 35.29 % respectively (Figure 2).  
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Figure 1. Germination of Maesopsis eminii seeds subjected to different water soaking 

treatments 
 
 

 
Figure 2. Germination of Terminalia catappa seeds subjected to different water soaking 

treatments 
 
Soaking Maesopsis eminii and Terminalia catappa seeds with cold water for 12 hours had better 
germination than all the other treatments (Figures 1 and 2). Soaking hard coated seeds with hot 
water did not improve their germination beyond the control treatment. Overall, soaking for 48 
hours resulted in lower germination than the rest of the treatments.  

Seedlings Germination and Growth 
Optimum germination was noted in seeds soaked for 12 and 24 hours with cold water although 
germination rate dropped after the 11th week. Seeds under control treatment exhibited low 
germination for several weeks.  A total of 544 (78.2%) Maesopsis eminii seeds germinated out of 
696 seeds sown within the seven treatments while 163 (68.5%) Terminalia catappa seeds 
germinated out of 238 seeds sown. This implies that soaking hard coated seeds in cold water 
for 12 – 24 hours as a pre-germination treatment method enhances seed germination of such 
species. 
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Table 1. Growth performance (mm) of Maesopsis eminii and Terminalia catappa seedlings after 
120 days from the date of sowing 
Species Pre-sowing treatment 

Control Hot 
water for 
48 hours 

Hot 
water for 
24 hours 

Hot 
water 
12 
hours 

Cold 
water for 
48 hours 

Cold 
water for 
24 hours 

Cold 
water for 
12 hours 

Maesopsis eminii 64 60 53 60 65 71 66 
Terminalia catappa 72 65 68 70 80 79 78 

Shoot Height 
The sowing pre–treatments influenced shoot height development of Maesopsis eminii seeds 
(Table 1). The tallest length of 7.10 cm was recorded from seeds soaked in cold water for 24 
hours, followed by seedlings from seeds treated with cold water for 12 hours which had an 
average height of 6.90 cm. The lowest height of 5.30 cm was achieved from seeds soaked in 
hot water for 24 hours. Highest shoot length of Terminalia catappa (8.20 cm) was recorded from 
seedlings that grew from seeds soaked in cold water for 48, 24 hours and 12 hours. The lowest 
height of 6.5 cm was obtained from seedlings that evolved from seeds soaked in hot water for 
48 hours. In Maesopsis eminii, the average seedlings total height from seeds pre-treated in cold 
water for 24,12, 48 hours and control were significantly different (F-value = 0.954; p = 0.046) 
from those treated with hot water. For Terminalia catappa, the average seedling total height of 
seeds pre-treated with cold water for 48, 24, and 12, and control were significantly different (F-
value = 0.969; p = 0.031) from those treated with hot water.  

Number of Leaves 
Pre-treatment (soaking in water) influenced the number of leaves of seedlings of each tree 
species (Table 2). The average number of leaves were highest (7 for Maesopsis eminii and 5 for 
Terminalia catappa) in seeds soaked with cold water for 24 and 48 hours after 120 days. This 
might be due to the involvement of cold water soaking in cell elongation and cell division of 
meristematic tissues because they determine initial growth and capability of plant to compete 
for basic needs of nutrients, water and light (Khan et al. 2006). 

 
Table 2. Average number of leaves of Maesopsis eminii and Terminalia catappa seedlings after 
120 days from the date of sowing   
 Pre-sowing treatment 
Species Control Hot 

water 48 
hours 

Hot 
water 24 
hours 

Hot 
water 12 
hours 

Cold 
water 48 
hours 

Cold 
water 24 
hours 

Cold 
water 12 
hours 

Maesopsis eminii 5 5 5 5 7 7 5 
Terminalia catappa 4 4 4 4 5 5 4 

Discussion 

The effects of pre-treatment on the germination of some tree species are reported by Alamgir 
and Hossain (2005). However, there is little information on the effect of soaking pre-treatment 
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of Maesopsis eminii and Terminalia catappa seeds and the effects on seedling development under 
nursery conditions. Tree nursery profitability will greatly depend on seed germination, growth 
and survival in the nursery till planting out or selling time. This study was, therefore, set to 
determine the most appropriate tree seed soaking pre-pre-treatment method that optimizes 
seed germination and development under nursery conditions. Tree seed pre-germination 
treatment studies conducted by a number of researchers have shown that pre-sowing treatments 
significantly increase seed germination rates (Alamgir and Hossain, 2005, Azad et al., 2010a, b, 
Olatunji et al., 2013 and Billah et al., 2015). Similarly, Ibrahim and Otegbeye (2004) and 
Owonubi et al. (2005) attained higher germination success on hard coated tree seeds by soaking 
in water for 12 hours. Likewise, the findings of this study have revealed that the seeds of 
Maesopsis eminii and Terminalia catappa had increased germination percentages and germination 
rates when subjected to the various pre-sowing treatments by soaking in cold water. The study 
revealed differences in treatment results in the species and with no significant variations among 
the pre-sowing treatments between hot water, cold water and control. However, pre-sowing 
treatment with cold water for 24 and 12 hours yielded better germination percentages. It was, 
however, noted that the pre-sowing treatment of Maesopsis eminii seeds with cold water for 12 
hours only accelerated germination process. This is important for maintaining uniform 
germination and growth in a nursery. The seeds also attained higher germination capacity earlier 
within 10 weeks compared to the untreated seeds which delayed up to 13 weeks probably due 
to seed dormancy. There was also intermittent germination (Figure 1 and Figure 2) in the 
untreated seed lots encouraging non-uniform seed age/growth which is not good for 
commercial tree nursery (Schmidt 2000, Azad et al., 2010a; b Pipinis et al., 2011). 

Pre-sowing treatment enhances rapid and uniform germination of seeds. A number of studies 
have tried to break seed dormancy in hard coated seeds for enhanced germination percentage 
and seedling vigour. It has become clear that germination of hard coated tree seeds can be 
improved after pre-treatment although success of the methods used will depend on tree species 
(Hossain et al., 2005). Although other pre-sowing treatments exist (Olatunji et al., 2013 and 
Billah et al., 2015), water pre-sowing treatment is cheaper and more manageable by small scale 
tree nursery operators in the tropics and yields good results (Hossain et al., 2005 and Billah et 
al., 2015). The seeds soaked in cold water for 48, 24 and 12 hours had the highest seedling 
height and vegetative growth (leaves) (El Juhany et al., 2009).  

Conclusions 

It is concluded from this study that pre-sowing treatment of hard coated tropical tree seeds 
with cold water for 12 or 24 hours significantly increases germination percentage and 
germination rate resulting in uniform seedlings growth. Therefore, dormancy in hard coated 
tropical tree seeds can be broken by soaking the seeds in cold water for 12-24 hours. Soaking 
the seeds in water drains inhibitors of seed germination thereby encouraging metabolism of 
Met which controls and regulates seed germination (Pilcher, 1970).  

The result of this study will be helpful for both large and small-scale nursery operators to 
improve the germination of seeds and income from seedlings sales. The reforestation and 
afforestation programmes that expect to include such species in their planting programmes will 
gain access to abundant planting materials from the nursery operators. 
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