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Abstract 

A germination study of Peltophorum africanum seeds was conducted in the laboratory of the Department of Crop 

Science and Production, Botswana University of Agriculture and Natural Resources from May to June 2017. Seeds 

were collected from Butale and Gaborone to assess effect of pre-sowing treatments on germination. The experiment 

followed a completely randomized design (CRD) with five treatments; control, boiling water, hot water, mechanical 

scarification and concentrated sulphuric acid. The boiling water treatment had three different levels of time 

exposure, while the sulphuric acid had four different levels of time exposure. Seed germination percentages, 

germination mean time and germination index were significantly (P < 0.0001) affected by pre-sowing treatment 

methods. The maximum germination percentages (82-87) of Butale seeds were recorded in the mechanical scarified 

seeds, seed immersed in hot water and all sulphuric acid soaking times. The maximum germination percentages 

(75-88) in the Gaborone seeds were recorded in mechanical scarification, immersion in hot water, boiling water 

(1min) and sulphuric acid. Mechanical scarification and hot water are methods recommended for use by tree 

growers and farmers to break dormancy P. africanum because the acid is expensive and need trained people. 
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Introduction 

Peltophorum africanum (Sond) known as weeping 

wattle or huilboom (Van Wyk and Van Wyk, 1997) 

belongs to the Mimosoideae subfamily of the 

Fabaceae family (Van Wyk and Gericke, 2000; 

Bizimenyera et al., 2005). The Peltophorum genus is 

found throughout the tropics and P. africanum is the 

only species indigenous to southern Africa 

(Bizimenyera et al., 2005; Bosch, 2006) distributed 

from the Democratic Republic of Congo to South 

Africa and Swaziland (Bosch, 2006). P africanum is 

cultivated as an ornamental tree in Kenya, Tanzania, 

Madagascar, Australia and the United States (Bosch, 

2006). It is a deciduous or semi-deciduous shrub or 

tree reaching 9-15m high (Mazimba, 2014). It has 

crooked multi-stems (Storrs, 1995) and a wide canopy 

(Palgrave, 1983). It strives on sandy soils (Van Wyk 

and Van Wyk, 1997) at medium to low altitudes in 

wooded grasslands (Palgrave, 1983) in areas receiving 

annual rainfall of 300-900mm (Bosch, 2006). The 

wood is used in turning and carving (Van Wyk and 

Van Wyk, 1997). Young leaves and pods are eaten by 

livestock and wild animals (Storrs, 1995). Flowers 

provide nectar and pollen for honeybees (Venter and 

Venter, 1996; Setshogo and Venter, 2003). The bark, 

leaves and roots are used in traditional human 

medicine (Van Wyk and Gericke, 2000; Theo et al., 

2009; Chinsembu et al., 2011; Maroyi, 2011) and in 

livestock (Bizimenyera et al., 2005). 

 

Indigenous leguminous trees are rarely planted in 

Botswana and other arid and semi-arid environments 

due to the hardness of their seed coats. Instead, they 

are deliberately maintained in homesteads, cropland 

and the veld in order to obtain their valuable products 

such shade, medicine, food, fuel wood and animal 

feed. Indigenous tree species face regular fires and 

indiscriminate cutting with little regards to include 

them in afforestation and reforestation programmes. 

The hard and impervious seed coats of most 

leguminous trees which strongly resists imbibition of 

water and gaseous exchange remains a hindrance to 

their inclusion in tree planting programmes. In order 

to obtain high and uniform germination in hard 

coated seeds, pre-sowing treatments are required 

(Teketay, 1996; Schultz and Rave, 1999; Yang et al., 

1999). 

Many pre-sowing treatments that include sulphuric 

acid, cold, hot and boiling water and mechanical 

scarification have been used to break the dormancy of 

seeds with a hard and thick coat (Teketay, 1996; 1998; 

2005; Rasebeka et al., 2014; Fredrick et al., 2016). 

Breaking dormancy in P. africanum would improve 

its regeneration potential and make it an ideal plant 

to use in afforestation and reforestation programmes. 

The present study sought to assess the impact of pre-

sowing treatments on the germination of 

Peltophorum africanum seeds from two provenances 

in Botswana. 

 

Materials and methods 

Study site 

The study was carried out in the Department of Crop 

Science and Production laboratory, Botswana University 

of Agriculture and Natural Resources (BUAN) from May 

to June 2017. BUAN is located at Sebele (23°34' S; 

25°57' E, elevated 994m above sea level), 10km from the 

centre of Gaborone City, the Capital of Botswana along 

the A1 North-South highway. 

 

Seed collection and processing 

Mature pods of P. africanum were collected from 

different healthy mother trees at Butale village and 

around Gaborone City between July and September 

2016. Butale Village is situated in the North East 

District, approximately 500km from Gaborone. Pods 

were placed in paper bags and transported to the 

laboratory (BUAN) for processing. Seeds were 

extracted from pods and mixed according to 

provenance. They were then screened to remove the 

damaged ones. Seeds were kept in tightly sealed 

bottles and stored at 5°C in a refrigerator until the 

experiment commenced. Before pre-treatment 

experiments, seeds were sorted as viable and non-

viable seed by immersing them in distilled water at 

room temperature. The floating seeds were classified 

as non-viable and discarded; and viable seeds (sub-

merged seeds) were used for the experiments. 

 

Seed characteristics  

Seed characteristics were evaluated by measuring 

their length, width and breath using an electronic 

digital caliper (0-150mm). 
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The 1000 seed weight was assessed by weighing seeds 

in an electronic analytical balance (Model: PW 124). 

Five replicates of 10 seeds and ten replicates of 100 

seeds were used to determine the mean dimensions 

and thousand seeds respectively. The 1000 seed 

weight was then, computed from the mean weight of 

100 seeds. Seed characteristics are shown in Table 1.  

 

Table 1. Mean seed size and 1000 seed weight of Butale and Gaborone. The “±” indicate the standard error of mean. 

Locality  Seed size (mm) 1000 seed weight (g) 
 Length Width Breath Weight 
Butale 10.7±0.2 6.3±0.2 1.9±0.1 84.2±0.5 
Gaborone 8.5±0.2 6.1±0.1 2.0±0.1 78.8±0.8 

 

Experimental design and germination experiment  

The experiment was laid out using a completely 

randomized design (CRD). There were five main 

treatments that included; mechanical scarification, 

boiling water, hot water, concentrated sulphuric acid 

(98.8%) and the control. Each treatment had four 

repetitions. The boiling water treatment had three 

different levels of exposure time (1, 3 and 5 minutes) 

and the concentrated sulphuric acid treatment had 

four different levels of exposure time (15, 30, 45 and 

60 minutes). Each repetition had 25 seeds 

germinated in petri dishes lined with cotton wool and 

moistened with distilled water. Observations were 

done daily and petri-dishes watered when necessary. 

Seeds were considered germinated when the radicle 

protruded from the seed coat. 

 

Experimental treatments  

Control 

Seed germinated in petri dishes without pre-

treatment applied were used as the control. 

 

Boiling water  

Each replicate of seeds was enclosed in a coffee filter 

bag which was then folded and fastened with staples 

to prevent seed loss. The seeds were then immersed 

in boiling water for 1, 3, and 5min. After immersion, 

they were removed from the boiling water, soaked in 

cold water and left to cool for about 5min. 

 

Hot water  

Hot water treatment was done by boiling the water to 

100°C and then pouring it in a 100ml heat resistant 

glass beaker containing 100 seeds. Soaked seeds were 

left in the water to cool gradually for 24 hours at room 

temperature before sowing. 

Mechanical scarification 

Mechanical scarification was done by nicking the seed 

coat with a nail cutter at the opposite side of the 

caruncle helium until the cotyledon was exposed. 

 

Sulphuric acid treatment 

Acid scarification was done by soaking seeds in 

concentrated sulphuric acid for 15, 30, 45 and 60 

minutes followed by thorough washing in running tap 

water until considered safe to handle. 

 

Statistical analysis 

Seeds were checked for germination daily for 21 days. 

Daily germinations were summed up to obtain 

cumulative germination percentage. Germination 

mean time (GMT) and germination index (GI) were 

calculated as follows (Botsheleng et al., 2014). 

GMT (days) = ΣTi Ni/S, where, Ti = number of days 

from the beginning of the experiment, Ni = number of 

seeds germinated per day and S = total number of 

seeds germinated.                 (1) 

GI = (G1/1) + (G2/2) +...+ (Gx/x), where, G = 

germination day 1, 2…, and x = the corresponding day 

of germination.                        (2) 

 

Data was subjected to an analysis of variance 

(ANOVA) with Analytical Software (2013) after 

arcsine transformation of all percent germination 

data (Zar, 2010). A significant level of 0.05 was used 

for all statistical tests and mean comparisons done 

using Tukey’s HSD test. 

 

Results  

The germination percentages, GMT and GI of seeds 

from the two collection sites were significantly 

(P<0.0001) affected by seed pre-treatment methods 

(Table 2). 
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Mechanically scarified seeds, seeds immersed in hot 

water for 24 hours and all sulphuric acid soaking 

times of Butale seeds produced maximum GP (82-

87%) compared to the control. There was no 

germination recorded in all boiling water soaking 

times (Table 2). The GMT for Butale varied 

significantly (P<0.0001) among the treatments. The 

maximum GMT was observed in the control and 

seeds soaked in sulphuric acid for 15 minutes, but 

they did not differ from mechanically scarified seeds 

and their counterparts soaked in sulphuric acid for 30 

and 45 minutes. The GI did not differ among the 

scarified seeds, seeds immersed in hot water, and all 

sulphuric acid soaking times which were significantly 

(P< 0.0001) higher that the control. The GI for 

boiling water soaking times followed trends observed 

in the GP and GMT (Table 2). 

 

Germination percentages for Gaborone seeds ranged 

from 3 to 87 (Table 2). The GP of mechanical scarified 

seeds, seeds immersed in hot water for 24 hours, 

boiling water for a minute and sulphuric acid soaking 

times of 30, 45, 60 minutes were significantly 

(P<0.0001) higher than the control, soaking in 

sulphuric acid for 15 minutes and boiling water 

soaking times of 3 and 5 minutes. However, the GPs 

recorded in seeds soaked in sulphuric acid for 15 

minutes, boiling water for 3 and 5 minutes were 

significantly (P<0.0001) higher compared to the 

control. The GMT ranged between 2.00 to 10.53 and 

the maximum was observed in seeds soaked in 

sulphuric acid for 15 minutes and minimum in the 

control seeds. The GI of all the treated seeds was 

significantly (P< 0.0001) higher compared to the 

control seeds, except the sulphuric acid 15 minutes 

and the boiling water 5 minutes (Table 2). 

 

Table 2. Effects of seed pre-treatment on the germination P. africanum. Means followed by same letter in rows 

are not significantly different at 5% level using Tukey’s Studentized range. GP= germination, MGT= mean 

germination time, GI =germination index, min= minutes, hrs= hours. 

Provenances  Parameters Treatments P value 
  Control Mechanical 

scarification 
Hot 

water 
Sulphuric acid Boiling water  

    24 
hrs 

15 
min 

30 min 45 
min 

60 min 1 
min 

3 min 5 
min 

 

Butale  GP (%) 30b 85a 83a 82a 85a 87a 84a 1c 0c 0c 0.0001 
 MGT(days) 6.60a 3.98ab 3.31b 6.58a 4.10ab 3.54ab 3.31b 2.00bc 0.00c 0.00c 0.0001 
 GI 0.37b 1.13a 1.11a 1.10a 1.14a 1.17a 1.12a 0.01c 0.00c 0.00c 0.0001 
Gaborone  GP (%) 3e 88a 85ab 18d 75b 87ab 86ab 87ab 32c 24cd 0.0001 
 MGT(days) 2.00d 4.09cd 2.10d 10.43a 4.05cd 4.26cd 3.69cd 4.22cd 7.09b 5.06bc 0.0001 
 GI 0.36e 1.19a 1.14ab 0.21d 0.99b 1.17a 1.15a 1.17a 0.39c 0.29cd 0.0001 

 

Discussion  

Different approaches of breaking seed dormancy in 

order to enhance germination rate in many tropical 

species with hard see coats have been used by 

different researchers (Teketay, 1996, 1998; 2005; 

Walters et al., 2004; Aref et al., 2011; Frederic et al., 

2016; Amoakoh et al., 2017; Mojeremane et al., 2017). 

These approaches are species specific and no single 

method is effective across plant species (Uniyal et al., 

2000; Amusa, 2011). Tadros et al. (2011) reported 

that the hard coat helps seeds to withstand tough 

environmental conditions such as heat from direct 

sunlight, digestive enzymes of animals, severe 

drought and mechanical damage. Hard coated seeds 

enrich the soil seed bank and ensure that germination 

take place during a period of time when 

environmental conditions are suitable for the survival 

and growth of seedlings (Morgan, 1998; Wang et al., 

1998). Seeds with hard coats are common in arid and 

semi-arid environments and affect the germination 

patterns and the planting of several species. 

Koornneef et al. (2002) reported that seed dormancy 

and germination are controlled by developmental and 

environmental factors. 

 

Pre-treatment methods used in P. africanum 

significantly affected the GP, GMT and GI of seeds 

from the two locations. Mechanical scarification, hot 

water and all sulphuric acid soaking times were more 

effective in softening or cracking the seed coat of P. 

africanum seeds from Butale. Soaking seeds in 

boiling water (1, 3 and 5 minutes) was not effective in 

improving germination seeds from Butale. 
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The GMT for Butale seeds ranged from 3.31- 6.68 

days, whereas the GI ranged between 1.10 and 1.7. 

The germination of Gaborone seeds was enhanced by 

mechanical scarification, soaking in hot water, 

sulphuric acid (30, 45 and 60 minutes) and boiling 

water (1 minute). Soaking seeds in boiling water for 3 

and 5 minutes failed to improve germination. The 

GMT ranged between 2.10 and 4.09 days, while the 

GI ranged between 0.99 and 1.19.  

 

The results of this study are in conformity with 

research done on other species which reported that 

mechanical scarification (Likoswe et al., 2008; Aref et 

al., 2011; Mojeremane et al., 2017), hot water 

(Sadeghi et al., 2009), sulphuric acid (Likoswe et al., 

2008; Pipinis et al., 2011; Mojeremane et al., 2017) 

are effective methods of improving germination of 

species with hard impermeable seed coat. The 

enhanced germination observed in these treatments 

could be attributed to the uptake of water and oxygen 

following softening or cracking of the seed coat. Other 

studies found that boiling water improved germination 

of hard seed coat species by uplifting water and O2 

permeability of the testa (Teketay, 1998; Aydin and 

Uzun, 2001). However, in this present study, all the 

boiling water soaking times failed to improve the 

germination of seeds from Butale. This is in agreement 

with Kahaka (2017) who observed that soaking 

Dicrostachys cinerea and Senegalia erubescens seeds 

in boiling water for 1, 3 and 5 minutes was not effective 

in improving germination. Kahaka (2017) attributed 

lack of improved germination to the sensitivity of the 

seeds to long soaking periods which probably caused 

damaged to the embryo and this could also be true for 

P. africanum seeds.  

 

Conclusion 

The results of these experiments showed that P. 

africanum seeds exhibited hard seed coat dormancy. 

Soaking seeds in the sulphuric acid and hot water 

significantly increased seed germination. Mechanical 

scarification was found to be the best non-chemical 

treatment to overcome this coat imposed dormancy in 

the seeds of P. africanum. Mechanical scarification 

and hot water methods are recommended for use by 

tree growers and farmers because the acid is 

expensive and need to be used by trained people. 
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