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Seed Pretreatment and Germination Rates of Parkia biglobosa


Abstract

Parkia biglobosa (African locust bean) is a versatile leguminous tree with high ecological, nutritional, and economic importance in Sub-Saharan Africa. However, seed dormancy caused by a stiff seed coat limits its propagation. Aim: This study investigated the effects of several pretreatment procedures on P. biglobosa germination and early seedling growth. Location and duration: The study was conducted at Njala University's Department of Forestry and Wood Science in Southern Sierra Leone. It took a total of 8weeks to observe seed germination and field data recording. Methodology: Seeds were subjected to four treatments: physical scarification with sandpaper (T1), soaking in hot water (T2), soaking in water at room temperature (T3), and untreated control (T0). A total of 400 seeds (100 per treatment) were sown in a randomized complete block design using loamy soil and river sand in equal proportion. Over an eight-week observation period, germination rates, emergence rates (ER), and emergence rate indices (ERI) were recorded and analyzed using chi-square tests. Results: The results showed that scarified seeds (T1) had the highest germination rate (75%), followed by room-temperature-soaked seeds (T3) at 64%, the control (T0) at 50%, and hot water-treated seeds (T2) at 27%. Although T1 had the highest ER, T3 had the highest ERI (32.92), implying faster and more uniform early seedling emergence. Statistical study revealed a substantial correlation between pretreatment type and germination outcome (χ² = 51.75, p < 0.001). Conclusion: The data indicate that physical scarification and soaking in water at room temperature are effective, low-cost strategies for overcoming seed dormancy in P. biglobosa, however hot water treatment may reduce seed viability.
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INTRODUCTION
Parkia biglobosa (Jacq.) R. Br. ex G. Don, commonly known as the African locust bean tree, monkey cutlass tree, or fern tree, is a perennial leguminous species from the subfamily Mimosoideae and family Fabaceae. Native to West and Central Africa, it is widely distributed across the Sahelo-Sudanian zone. Sabiiti and Cobbina, (1992). This resourceful tree is commonly found in West African countries like, Senegal, the Gambia, Guinea-Bissau, Guinea, Sierra Leone, Mali, Côte d’Ivoire, Burkina Faso, Ghana, Togo, Benin, Niger, Nigeria, Cameroon, and Chad. It also found in the Central African Republic, the Democratic Republic of Congo, Sudan, and Uganda.  Ouédraogo, (1995).
In Sierra Leone, it is primarily found in the northern region, where savannah grasslands are more widespread. Parkia biglobosais valued for its nutritional, medicinal, cultural, economic, and magico-therapeutic uses.  Sacande and Clethero, (2007). The most notable contribution is a food source, particularly during food shortages and droughts. Hall et al.,(1996).  P. biglobosa is often used in preparing several delicacies in Sierra Leone, for instance ogrie, this ingredient complements the cooking of native vegetables like potato leaves, cassava leaves, and krain krain. In the Northern region of the country, the powder is also mixed with sugar and milk to make a simple, nutritious porridge. It is also locally believed to be of high nutritional, medicinal and economic importance. The seeds, rich in protein and other beneficial compounds, play a key role in food security and poverty reduction. Sina, and Traoré, (2002).  Beyond food, P. biglobosa provides various non-timber forest products. It supports beekeeping by producing abundant pollen and nectar and contributes to ecological services such as carbon sequestration, soil fertility through leaf fall, and microclimate regulation. It also serves as an effective windbreak and shade tree. (Koura et al., 2011), the seeds are large, brown, and smooth, with an average weight of 0.26 g. They have a hard, thick testa and large cotyledons, which make up about 70% of the seed’s weight. (Dedehou et al., 2016).  this tough coating protects them from harsh savannah conditions such as drought, high temperatures, and digestion by animals. Lamien et al., (2008). Propagation of Parkia seeds often require pretreatment which involves a series of procedures designed to enhance seed readiness for sowing and germination. Seed pretreatment help simulate the conditions recommended for optimal germination, through breaking of dormancy, and hence shortening germination time.  P. biglobosa seeds exhibit exogenous dormancy caused by a hard seed coat that restricts water and gas permeability, mechanical expansion, and embryo development. Ajayi, (2014).  This dormancy hinders rapid and uniform germination at the nursery stage, contributing to the depletion of natural populations and the erosion of genetic diversity. Seed dormancy in P. biglobosa is primarily due to physical barriers such as an impermeable seed coat, mechanical resistance, and, in some cases, embryo maturity. Overcoming this dormancy is essential for successful seedling production and plantation establishment of the species. Germination is one of the most critical stages in a plant’s life cycle, as it directly impacts the success of afforestation and reforestation programs. Okunlola et al., (2011).   Therefore, this study aims to evaluate the effects of various pre-treatment methods on breaking seed dormancy, enhancing germination, and early seedling growth of P. biglobosa. Growth parameters assessed include seeding height, collar diameter, and number of leaves after pretreatment.

MATERIALS AND METHODS 

Study Site Description
The study was carried out under the Department of Forestry and Wood Science of the Njala University, Sothern Sierra Leone. The Njala Campus is situated on the banks of the River Taia, approximately 125 miles east of Freetown. The university main campus is located at 8°06'38"N 12°04'30"W, about seven (7) miles from Tiama junction. Taiama is the chiefdom headquarter, of Kori Chiefdom, which hosts the university. The predominant livelihood of Kori chiefdom population is farming.
Seeds of P. biglobosa were sourced from farming communities in Yonibana Chiefdom, Tonkolili District, in the Northern Region of Sierra Leone. The materials used for data collection included loamy soil, river sand, sandpaper, polypots, hot and cold water, and stationeries. the choice of treatments was informed by the researchers’ quest to ensure ease of replicability of the most suitable treatment by indigene whose livelihood solely or partially depend on the cultivation of P. biglobosa.

Field Experiment 

The potting mixture was prepared in an equal (50%:50%) ratio of loamy soil and river sand. The mixture was placed into polypots which were perforated to ensure proper drainage of excess water during watering. Pretreated seeds were randomly assigned to each polypot and sown at a depth of 2 cm, then covered with an additional 1 cm layer of soil. A total of one hundred seeds were sown per treatment, at the rate of one seed per polypot. The polypots were positioned in areas with partial sunlight to maintain the warmth necessary for seed germination. Each batch of treatment was clearly labeled for ease of identification. Watering was carried out twice daily (morning and evening) using watering can, to maintain adequate soil moisture. Germination was closely monitored, and following sprouting, seedlings were observed over a period of 8 weeks to evaluate treatment effects. Spouted seeds (seedlings) were observed weekly and data collected as germination and emergency rates
Description of Pretreatments
Treatment 0: Untreated Seeds (Control)
This is the control treatment. Seeds in this group received no pretreatment before sowing.
Treatment 1: Scarification
Both sides of each seed were gently rubbed over a sheet of sandpaper to slightly scrape the seed coat in a way that ensures that the inner embryo is not affected or exposed. This activity was carried out to meet up with the timing of treatments 2 and 3.
Treatment 2: Hot (boiled) Water
Seeds were poured into a cup containing freshly boiled water, after which the cup was covered to conserve heat and allowed to cool over a period of twelve hours.
Treatment 3: Water at Room Temperature
Seeds were poured into a cup containing water at room temperature, and left for a period of twelve hours.
N.B.: Treatments 2 and 3 were carried out at the same time.
Plot design and Seed Sowing:
At the expiration of the twelve-hour treatment duration for treatments 2 and 3, seeds for each treatment were sown in already prepared polypots, as described earlier. The treatment was laid out in a Complete Block Randomized Design (RCBD)
Data Collection 
Data were collected from the first sight of germination, and this continued over a period of eight (8) weeks for each treatment.  Daily observations were made to track germination and it continued until no further germination was observed. 
Data Analysis 
Data on germination was analyzed to compute the germination percentage which is calculated using the formulary below.....
Germination % = Number of germinated seed x 100
         Number of seeds sown 
The data was further analyzed using Chi-square test of independence

RESULT AND DISCUSSION

Seed germination begins with a rapid uptake of water, which triggers metabolic processes that culminate in the first visible sign of germination the emergence of the radicle, Bailly, (2019).

Germination Rate of Parkia biglobosa Seeds to Different Pretreatments

At the end of eight weeks, the germination response of Parkia biglobosa (African locust bean) seeds was evaluated following the application of four distinct pretreatment methods: untreated seeds (control), mechanical scarification, hot water immersion, and soaking in water at room temperature. The germination performance, as measured by the number of seeds that successfully germinated out of a total of 100 sown for each treatment, is summarized in Table 1. The data reveal clear and significant differences in germination rate as a function of pretreatment strategy, underscoring the influence of seed coat modification and hydration regimes on dormancy alleviation in this recalcitrant leguminous species, Adeyemi et al., (2013).

Control (T0: Untreated Seeds)

The untreated seeds exhibited a germination rate of 50%, which, although modest, is notably higher than what is typically reported in the literature for untreated P. biglobosa seeds. Many earlier studies have characterized P. biglobosa as having a deeply dormant seed coat that resists imbibition due to its hard, water-impermeable testa. Germination percentages as low as 20–30% have been reported in unprocessed seeds under standard environmental conditions. The comparatively higher germination observed in the current study could be attributed to several factors, including seed provenance, environmental conditions during the experimental period, or slight mechanical abrasions sustained during seed handling, which may have inadvertently weakened the seed coat in a small subset of the sample.
Nonetheless, a 50% germination rate still confirms the presence of physical dormancy mechanisms inherent to the species. This baseline performance provides a reference point against which the efficacy of the various pretreatments can be compared.

T1: Scarified Seeds

Mechanical scarification, wherein the seed coat is physically abraded to allow water imbibition, resulted in the highest germination rate at 75%. This treatment significantly outperformed all others, including the control, affirming that physical dormancy in P. biglobosa can be effectively overcome through direct modification of the seed coat. The 25% increase in germination compared to the control suggests that a substantial proportion of seeds in the untreated group remained dormant due to an intact, impermeable seed coat.
The superior performance of scarification aligns with previous findings that emphasize the effectiveness of this method in overcoming dormancy in legumes with hard seed coats Ehiagbonare, (2008). The high germination rate indicates that the mechanical barrier posed by the seed coat is a primary constraint to germination in this species, and that scarification allows for rapid imbibition, reactivation of metabolic pathways, and initiation of the germination process.
Mechanically scarified seeds also tend to germinate faster, with uniformity in germination timing, a critical factor in nursery operations and large-scale seedling production. From a practical standpoint, although labor-intensive, scarification remains a highly effective method, especially when mechanical scarifiers are available or when processing seeds in manageable quantities.

T2: Hot Water Treatment

In contrast, hot water treatment (presumably involving the immersion of seeds in boiling or near-boiling water for a fixed duration) yielded the lowest germination rate at only 27%. This result highlights a major drawback of thermal scarification techniques when applied without precise control over temperature and exposure time. Excessive heat can damage internal embryonic tissues, denature proteins, and disrupt cellular membranes, thereby compromising seed viability rather than enhancing germination.
Several studies have cautioned against the indiscriminate use of hot water treatments for seeds of tropical leguminous trees (Sacande & Clethero, 2007). While moderate heat can soften the seed coat and promote permeability, overly high temperatures or prolonged exposure can have deleterious effects. The present data clearly show that hot water, under the conditions employed in this experiment, was counterproductive. With a germination rate lower than that of untreated seeds, this treatment appears not only ineffective in breaking dormancy but potentially lethal to the embryo.

T3: Water Soaking at Room Temperature

Seeds soaked in water at ambient temperature (T3) for an undisclosed duration achieved a germination rate of 64%, placing this treatment as the second most effective among the four tested. This is a noteworthy result, particularly given the simplicity and safety of the method. Soaking likely facilitated partial hydration and softening of the seed coat, enhancing water uptake and enzyme activation necessary for radicle protrusion.
Although soaking does not physically break the seed coat, prolonged exposure to water may induce gradual swelling and micro-fissures, allowing the imbibition process to proceed in at least a portion of the seed population. The 64% germination observed here suggests that soaking alone may overcome dormancy in a moderate proportion of seeds and could serve as a practical alternative where mechanical scarification is unfeasible.
Compared to the control, this treatment improved germination by 14 percentage points, which is statistically and operationally significant. However, it still falls short of the performance achieved through scarification, underscoring the superiority of direct mechanical intervention. Nonetheless, soaking at room temperature is a low-risk, scalable method suitable for community-based nurseries, where technical capacity and tools for scarification may be limited.

Comparative Evaluation of Treatments

Figure 1 (not included here) would ideally illustrate the comparative germination rates across treatments, with T1 (Scarified Seeds) standing out prominently. The results suggest a clear hierarchy of treatment efficacy:
These results confirm that P. biglobosa exhibits strong physical dormancy, which can be mitigated most effectively by physically breaching the seed coat. The relatively high germination in the control (50%) and soaking (64%) treatments may indicate partial natural dormancy release or seed coat permeability variability within the seed lot. Such inter-seed variability is well documented in many tropical tree species and can affect the interpretation of treatment outcomes (Otegbeye et al., 2001).

Implications for Nursery Practices

From a practical standpoint, the findings have important implications for seedling propagation of P. biglobosa, a species of significant ecological and economic importance in the West African savannahs. Efficient and predictable germination is essential for large-scale planting programs, agroforestry interventions, and domestication initiatives. Mechanical scarification, while laborious, provides the most reliable method for maximizing germination potential. However, water soaking at room temperature offers a viable low-input alternative that significantly outperforms untreated and thermally treated seeds.
Where equipment and labor allow, scarification should be the preferred method, particularly in formal nursery settings. In contrast, for community-based reforestation efforts or smallholder farmers with limited resources, soaking remains a commendable second-best option. Hot water treatment, as applied in this study, should be avoided or redesigned based on further experimentation.
In summary, the result showed that T1 germinated better that all other pretreatments under investigation. This is believed to be as a result of ease of moisture permeability through seed coats of scarified seeds, as against those of non-scarified seeds. This research is consistent with finding by Mohammad and Abdulrahman, (2019).

Table 1: Germination Rate of Parkia biglobosa Seeds to Different Pretreatments

	Treatment
	No. of seed sown

	Number of Germinated Seeds

	Germination Rate
(%)

	[bookmark: _Hlk208316538]T0: Untreated seeds (Control)
	100 
	50
	50

	[bookmark: _Hlk208316490]T1: Scarified Seeds
	100 
	75
	75

	T2: Hot water
	100 
	27
	27

	T3: Water at Room Temperature
	100 
	64
	64




Emergence Rate (ER) and Emergence Rate Indices (ERI) for all Treatments

As indicated on Table 2, the emergence rate (ER) and emergence rate index (ER1) were also determined with all treatments. 

Emergence Rate (ER)

T1 – Scarification

The highest emergence rate (75%) was recorded in seeds subjected to mechanical scarification (T1). This treatment significantly outperformed all others, including the control (T0). Scarification works by physically breaking or weakening the seed coat, thereby enhancing water imbibition and gaseous exchange. The high ER in T1 suggests that seed coat impermeability was a key barrier to germination in the untreated seeds, and that mechanical scarification was highly effective in removing this constraint.
The improvement from 50% in T0 to 75% in T1 represents a 50% relative increase in emergence, underlining the physiological significance of overcoming mechanical dormancy. This result aligns with prior research, which shows that scarification can be highly effective in species with hard seed coats, including legumes and certain wild plant species.

T3 – Water at Room Temperature

The second-highest ER (64%) was observed in T3 (seeds soaked in room temperature water). This simple method likely enhanced seed hydration, leading to activation of metabolic processes necessary for germination. However, while T3 improved ER relative to the control (T0), the improvement was not as substantial as that observed in T1.
Notably, the soaking in water may have softened the seed coat, but without the physical rupture provided by scarification, its effect was more modest. Nevertheless, a 28% increase over the control still indicates that hydration is a limiting factor in untreated seeds.

T0 – Control (Untreated Seeds)

The control treatment (T0) yielded an ER of 50%. This value serves as a baseline for assessing the relative effectiveness of the pretreatments. The moderate emergence rate suggests that while some seeds can germinate without treatment, the natural dormancy mechanisms in a significant portion of the seed lot remain intact, thereby limiting uniform emergence.

T2 – Hot Water Treatment

Surprisingly, the lowest ER (27%) was observed in T2, the hot water treatment. This result suggests that this method was not only ineffective but possibly detrimental to seed viability in this species. The elevated temperature may have damaged seed tissues or denatured key enzymes involved in germination. In other species, hot water is sometimes used to break dormancy by loosening the seed coat, but its effectiveness is highly species-specific. In this case, it appears to have inhibited rather than promoted emergence.
The decline from 50% in the control to 27% in T2 represents a 46% decrease in ER, clearly indicating that hot water treatment is unsuitable under the given conditions.

Emergence Rate Index (ERI)

While ER quantifies the total proportion of seeds that emerge, ERI provides a measure of speed and uniformity of emergence. A higher ERI suggests not only more seeds germinating but doing so more rapidly and synchronously.

T3 – Water at Room Temperature

Interestingly, the highest ERI (32.92) was observed in T3, surpassing even the scarified treatment (T1). This indicates that while scarification produced a higher total emergence rate, the seeds in T3 emerged more quickly and uniformly. This finding suggests that soaking in room temperature water might prime the seeds in a manner that accelerates metabolic processes involved in radicle protrusion.
The physiological explanation may lie in the enhanced rehydration of enzymes and hormones that regulate early seedling growth. Pre-soaking also reduces the lag time required for water absorption post-sowing, thereby shortening the time to emergence.

T1 – Scarified Seeds

T1 had the second-highest ERI (30.02), supporting its effectiveness in promoting early emergence. The physical damage to the seed coat allowed for more rapid water uptake, but the variability in damage levels during scarification might have introduced slight differences in germination timing, reducing uniformity relative to T3.
Still, this high ERI demonstrates that scarification not only increased the final number of emerged seedlings but also improved the earliness and vigor of emergence.

T0 – Control

With an ERI of 23.17, the control treatment shows a slower and more uneven emergence pattern. This result supports the conclusion that the seed lot contains a mix of dormant and non-dormant seeds, leading to asynchronous germination. For practical agricultural purposes, such heterogeneity is undesirable, as it complicates crop management and reduces overall field performance.

T2 – Hot Water

The lowest ERI (14.88) occurred in the hot water treatment, consistent with its poor ER performance. This low value indicates not only fewer seeds germinated, but those that did emerged slowly and inconsistently. As discussed earlier, the heat likely imposed stress that delayed or inhibited metabolic activation in the embryo.

Comparative Analysis and Practical Implications

From both ER and ERI perspectives, T1 and T3 outperformed the control, with T2 consistently underperforming. The superiority of scarification (T1) in terms of total emergence suggests that it is the most effective method for overcoming seed coat-imposed dormancy. However, T3, while slightly lower in ER, provided the most uniform and rapid emergence, as evidenced by its leading ERI.
This implies that for applications requiring synchronized seedling emergence — such as transplant production — T3 may be preferable, whereas T1 might be more suitable where maximizing total emergence is the priority.
Meanwhile, the poor performance of T2 indicates that hot water treatment is unsuitable for this seed type under the tested conditions and should be avoided to prevent reductions in both germination rate and uniformity.
Furthermore, the contrast in emergence rate indices between scarified seeds (T1) and seeds treated with water at room temperature (T3), could have resulted from possible damage to some T1 seeds, which could have exposed the embryo and affected germination, or some of the seeds were less viable. on the other hand, it could be that some of the T3 were inherently more viable that the T1, even though, they were seeds from the same cohort.
On the other hand, results obtained for T2 exhibiting least performance could be as a result of a possible destruction of seeds embryo as a result of heat from the boiled water. This result is consistent with finding of (Koger et al., 2004) that confirmed that optimal germination occurred when seeds were treated with water around 80°C, and (Bradford, 1990) that found that seeds exposed to extremely hot water for longer than recommended durations had lower germination percentages due to embryo injury.

Table 2: Emergence rate (ER) and Emergence rate Indices (ERI) for Each Treatment

	Seed Germination Parameter
	T0
	T1
	T2
	T3

	ER
	50
	75
	27
	64

	ERI
	23.17
	30.02
	14.88
	32.92




Effects of Pretreatments on P. biglobosa Seeds Germination Rate

To test the independence of seed germination outcomes (germinated vs. not germinated) with respect to the applied pretreatment methods, a Chi-square (χ²) test was conducted.
The test compared observed frequencies in each treatment category with the expected frequencies under the null hypothesis that seed pretreatment has no effect on germination success.
Table 3 shows evidence of the effects of the pretreatment methods of germination of seeds of Parkia biglobosa that were from the same cohort of seeds, pretreated at the same time and subjected to the same nursing conditions. The Chi-square value obtained was at P-value < 0.001. This result implies that there is a statistically significant association between treatment and seed germination outcome. This means that this type of pretreatment affects germination rates.

Comparative Analysis of Treatment Effects

T0: Untreated Seeds (Control)

The untreated seeds (T0) showed a 50% germination rate, which represents the baseline germinability under standard conditions. This is not uncommon for many species with physical or physiological dormancy. As such, this group serves as a reference point to evaluate the effectiveness of other treatments. While 50% germination suggests some level of innate viability, it also highlights dormancy-related constraints in half of the seed population.

T1: Scarified Seeds

The most remarkable improvement in germination was observed in T1 (Scarified Seeds), which showed a 75% germination rate. This represents a 50% increase in germination over the control (an absolute increase of 25 percentage points). Scarification disrupts the seed coat's physical barrier, facilitating water uptake and gas exchange, which are essential for triggering germination.
This substantial increase underscores the presence of physical dormancy mechanisms, which scarification effectively overcomes. The sharp contrast with the control supports the biological rationale that impermeable seed coats inhibit germination and that mechanical scarification is an effective dormancy-breaking method for this species.

T2: Hot Water Treatment

In stark contrast to T1, seeds subjected to T2 (Hot Water Treatment) showed the lowest germination rate of 27%. This is 23 percentage points below the control, indicating a negative effect of the treatment. There are a few interpretations of what could have resulted in this outcome. Firstly, Hot water may have been applied at a temperature or duration that was physiologically damaging to the seeds. Secondly, Embryonic tissues may have been compromised, reducing viability. Thirdly, Alternatively, thermal stress may have altered enzymatic activities or denatured proteins necessary for germination.
This outcome suggests that thermal pretreatment, while sometimes beneficial in other species, was ineffective or detrimental in this context. It emphasizes the importance of species-specific optimization of thermal pretreatment protocols.

T3: Water at Room Temperature

The T3 treatment (soaking seeds in room-temperature water) yielded a germination rate of 64%, which is 14 percentage points higher than the control. This moderate improvement suggests that hydration alone is sufficient to overcome dormancy in a subset of seeds. Soaking can soften seed coats, activate metabolic processes, and prime the seed for germination.
While not as effective as mechanical scarification, this method presents a non-invasive and simple technique that enhances germination without the risks associated with hot water treatment. It may also be more scalable and practical in low-resource settings.

Statistical and Biological Implications

The statistical results from the Chi-square test are clear: seed pretreatment has a significant influence on germination outcome. From a biological standpoint, the data reveal the presence of dormancy mechanisms—likely physical in nature—which can be partially or fully mitigated through appropriate pretreatment.
(T1) Scarification: emerges as the most effective method, likely due to the mechanical removal of barriers to water and oxygen uptake.
(T2) Hot water:  appears detrimental, highlighting the need for careful calibration of temperature and exposure time.
(T3) Soaking at room temperature: offers moderate improvement, potentially due to imbibition softening the seed coat.
These findings also stress the importance of treatment-specific optimization and empirical testing rather than relying solely on general assumptions or traditional practices.

Practical and Agronomic Considerations

From a practical perspective, the implications of these findings are substantial. In agricultural or forestry contexts where uniform and rapid germination is critical for stand establishment and yield, scarification offers a practical method to enhance performance. However, it may require manual labor or mechanization depending on seed size and quantity.
Room temperature soaking provides a low-cost, low-risk alternative that can be employed in regions lacking technical infrastructure or when handling fragile seeds. It can also serve as a preliminary step in integrated seed priming protocols.
The results caution against indiscriminate use of hot water treatments, which, despite their popularity in some agronomic practices, may cause more harm than good if not optimized for the species in question.

Table 3: Effects of Pretreatments on P. biglobosa Seeds Germination Rate

	Treatment
	To
	T1
	T2
	T3

	No of seed Sown
	100 
	100 
	100 
	100 

	Germinated seeds
	50
	75
	27
	64

	Non germinated seed
	50
	25
	73
	36




Chi-square statistic = 51.75 (P-value < 0.001)

Conclusion

The following conclusions are hereby drawn, in line with research findings
· Physically scarified seeds of P. biglobosa exhibit a higher germination rate compared to non-physically scarified seeds.
·  Both physically scarified seeds of P. biglobosa and non-physically scarified seeds may exhibit relatively high germination rate index, with the exception of seeds pretreated with hot (boiled) water within and extended timeline (beyond a few minutes). 
· There is a statistically significant association between pretreatment and seed germination outcome in P. biglobosa. Physical seed scarification and soaking in water at room temperature are the best pretreatment methods for P. biglobosa seeds.

Recommendation

· It is recommended that physical scarification method of seeds pretreatment is the best to obtaining highest germination rates.
·  Pretreatment with hot (boiled) water may be avoided to reduce risk of seed embryo destruction due to excessive heat.
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