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ABSTRACT 
Agroforestry resources play a crucial role in conserving biodiversity, stabilizing soils and improving the 
livelihoods of rural populations. This study investigates the impact of different treatments on the 
germination of Acacia auriculiformis, an important tree species for soil restoration in Côte d'Ivoire. The 
work was carried out at the University Jean Lorougnon GUEDE in Daloa. The seeds used for this work 
were subjected to four treatments, including a control (T0); those soaked for 3 days in ordinary water 
(T1); a hot water treatment at 60°C (T3); a boiling water treatment at 100°C and a flame treatment 
(T4). A randomized block design consisting of four treatments in three blocks. The results showed that 
seed treatment in hot water at 100°C until cooling gave the best germination percentages and 
germination speed. The results also showed that soaking the seeds in water for three days produced 
seedlings with the shortest germination time. The study underlines the importance of pregermination 
for the selection of better-performing varieties and the implementation of effective reforestation 
programs. It also highlights the need for further research into the impacts of climate change on tree 
germination and growth. However, for a better policy of extension, production and improvement of this 
endangered forest species of socio-economic interest, mastery of the requirements of this species 
while maintaining optimal conditions for its germination in the nursery is more necessary. 
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INTRODUCTION 

Agroforestry resources are essential for conserving biodiversity, stabilizing soils and improving the 
livelihoods of rural populations [1]. Among these resources, Acacia auriculiformis occupies a 
prominent place due to its multiple uses, such as wood and fodder production, and soil restoration [2]. 
However, this species is facing increasing threats from deforestation, degradation of its natural habitat, 
and the effects of climate change, compromising its natural regeneration [3]. Natural regeneration of 
A. auriculiformis is often limited by rigid integumentary dormancy, which reduces germination rates 
and, consequently, the species' survival in degraded ecosystems [4]. This complex dormancy requires 
specific interventions to be lifted effectively, making pregermination a crucial step in improving 
germination and seedling survival [5]. Furthermore, improving germination rates through 
pregermination is also fundamental to breeding programs, as it results in a more homogeneous and 
vigorous population, facilitating the selection of traits desired [6]. Pre-treatments such as mechanical 
scarification, hot water quenching and acid application have been shown to break seed dormancy and 
increase germination rates in various tropical species [7]. These methods are not only important for 
natural regeneration, but also play a key role in the genetic improvement of species. Rapid, uniform 
germination enables better assessment of phenotypic characteristics, thereby speeding up selection 
and crossing processes [8]. In the context of the restoration of degraded ecosystems, the application 
of well-studied and optimized pregermination techniques can greatly contribute to the preservation of 
threatened agroforestry species [9] such as Acacia auriculiformis. Also, genetic improvement, 
facilitated by better germination, can offer new varieties that are more resistant and better adapted to 
changing environmental conditions, thus enhancing the sustainability of agroforestry ecosystems [10]. 

In Côte d'Ivoire, scientific data on A. auriculiformis is fragmentary. This lack of information makes it 
impossible to implement sustainable management and conservation strategies for the species. In 
addition, seed dormancy with slow and difficult germination hampers reforestation efforts [11]. 
However, information on the application of the main, less costly methods used to lift seed dormancy in 
A. auriculiformis is rudimentary. This constitutes an obstacle to the popularization of the plant's 
cultivation to encourage the rural population to reforest. This study sets out to explore the effects of 
different pre-treatments on seed germination in A. auriculiformis, with the dual aim of determining the 
best pre-treatment that can improve germination percentage and demonstrating its importance within 
the agroforestry program in order to explore potential implications for genetic improvement of the 
species. The results obtained could provide valuable guidance for the conservation and sustainable 
management of genetic resources, while supporting efforts to preserve biodiversity in agroforestry 
ecosystems. 



 

2. MATERIALS AND METHODS 
 
2.1 Experimental site and plant materials 

The study took place in one of the experimental nurseries of the University Jean Lorougnon GUEDE 
located in the town of Daloa between 6°53 north latitude and 6°27 west longitude. The vegetation, 
which belongs to the mesophilic sector, is largely made up of dense forest, which has now 
disappeared to make way for various cash crops [12]. The soil is ferralitic and the climate is humid 
tropical, with one rainy season and two dry seasons [13]. Dry and wet seasons alternate with 
temperatures ranging from 24.65°C to 27.75°C on average. The seeds of Acacia auriculiformis are 
mainly from the experimental station of the National Center of Agronomic Research of Katiola located 
in central northern Côte d'Ivoire between 8°10' north latitude and 5°4' west longitude, 55 km to the 
north. 
 

 
2.2 Pre-germination treatment  
 
Four pre-treatments were applied to the seeds, based on the methods of [14] and [15]: 

 Control seeds (T0) of Acacia auriculiformis were directly sown without pre-treatment;  

 Treatment 1 (T1) seeds were soaked for 3 days in a bucket of ordinary water. They were 

removed from the water on the third day (72 hours after soaking) and planted directly; 

 Seeds from treatments 2 and 3 were respectively soaked in water heated to 60°C (T2) and 

100°C (T3) until cooled before sowing; 

 Seeds from treatment 4 were flamed (T4), the seeds were spread out on the ground and then 

a rapid passage (eight seconds) of a lighted straw beam (flame thrower) was made over the 

seeds. After this operation, seeds that had been severely affected by the fire were not used 

during sowing.  

In each of these environments, the seeds remained until they had cooled down completely. These pre-
treatments are easy and inexpensive to carry out, and therefore directly applicable by farmers, unlike 
treatments with sulfuric acid or hydrogen peroxide, which require financial resources. 
 

2.3 Sowing and maintenance 

Sowing was carried out in 18 cm x 10 cm x 8 cm polyethylene bags containing red soil and placed 
under the shade. Maintenance consisted of watering twice a day (in the morning at 8:00 a.m. and in 
the evening at 5:00 p.m.). Regular weeding was also carried out. An insecticide treatment was applied 
when foliar attacks appeared to eliminate the insects. 

2.4 Data collection and parameters measured 

From April 13, 2022, systematically counted seedlings that had emerged every day until May 13, 
2022. Emergence corresponds to the appearance of a seedling with two cotyledonary leaves on the 
soil surface. Reaching this stage was also considered when assessing germination date and 
emergence time. 
The following parameters were determined: waiting time (germination time), which is the time elapsed 
between sowing and the first germination; germination speed (staggering), which is the time elapsed 
between the first and last germination; germination rate, which is obtained from the following formula: 
 Germination rate = (Number of germinated seeds/Total number of seeds sown per treatment) x100 

2.5 Experimental design and data analysis 

The experiment arranged in a randomized block design in three replicates. The experimental unit 
comprised 30 bags, each containing three seeds. The trial ran from April 13, 2022 to June 15, 2022. 
Statistica version 7.1 software was used for statistical analysis of this work. An analysis of variances 
was used to distinguish the different treatments analyzed through these parameters. Where there was 
a significant difference, the Small Significant Difference (SSD) test was used to classify the means. 
 

3. Results and discussion 
 



3.1 Results 

3.1.1. Germination delay 

Figure 1 shows the germination times of Acacia Auriculiformis seeds subjected to five different 
treatments. Germination times are affected by the treatments. Treatment T1 (seeds soaked for 3 days 
in water) has the shortest delay (7.79 days), followed by treatment T3 (seeds soaked in boiling water 
at 100°C until cooled (11 days). The control (T0) has a delay of 13.22 days, while treatments T2 
(seeds soaked in hot water at 60°C) and T4 (partially flamed seeds) have delays of 11.15 and 23.83 
days respectively. These results show that seeds soaked in water for 3 days have the best 
germination times (fig.1). 
 
 

 
 
 
 
 
 

 
Fig. 1. Diagram of evaluation of different pretreatments on average germination time 
(T0) Control seeds; (T1) seeds were soaked for 3 days in a bucket of ordinary water; (T2) Seeds were soaked in 
water heated to 60°C ;(T3) Seeds were soaked in water heated to 100°C ;(T4): Seeds were flamed;Diagrams 
bearing the same alphabetical letters in each zone are not statistically different (p ≤ 0.05) (Newman and Keuls) 

 

3.1.2. Germination rate 

Figure 2 shows the variations in germination rate observed on Acacia auriculiformis seed treatments. 
These results show that pre-treatments have variable impacts on germination rate. Treatment T3, 
representing seeds soaked in water heated to 100°C, showed the highest germination rate (96.67%). 
These were followed by seeds soaked in water heated to 60°C (T2), seeds soaked in water for three 
days (T1), control seeds (T0) and partially flamed seeds (T4) with 90%, 63.33%, 52.94% and 20% 
respectively. These results show that the method of soaking seeds in water heated to 100°C gives the 
best germination rate in A. auriculiformis (fig. 2). 
 
 
 

0

5

10

15

20

25

30

T0 T1 T2 T3 T4

Treatments 

b 

a 

c 

bc bc 

Germination rate (%) 

Days 



 
Fig. 2. Diagram of evaluation of different pretreatments on germination rate 
(T0) Control seeds; (T1) seeds were soaked for 3 days in a bucket of ordinary water; (T2) Seeds were soaked in 
water heated to 60°C ;(T3) Seeds were soaked in water heated to 100°C;(T4) Seeds were flamed;Diagrams 
bearing the same alphabetical letters in each zone are not statistically different (p ≤ 0.05) (Newman and Keuls) 

 
 
3.1.3 Germination speed 

 
The results for seed emergence speed in the different treatments are shown in figure 3. Treatments 
T3 and T2 show germination rates of 50% and 40% respectively from 10 days after sowing. It's not 
until 20 days after sowing that we see more than 50% emergence speed in treatments T0 and T1. 
However, treatment T4 showed the lowest emergence speed, suggesting less efficient germination. 
The results show that emergence speed is also affected by treatment. 

 
 
 
 

 
 
Fig.3. Diagram of evaluation of different pretreatments on germination speed  
 (T0) Control seeds; (T1) seeds were soaked for 3 days in a bucket of ordinary water; (T2) Seeds were soaked in 
water heated to 60°C ;(T3) Seeds were soaked in water heated to 100°C ;(T4) Seeds were flamed; (DAS) Day 
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after sowing; Diagrams bearing the same alphabetical letters in each zone are not statistically different (p ≤ 0.05) 
(Newman and Keuls) 
 

 

3.2. Discussion 

Rapid and uniform seed germination is a crucial step in ensuring efficient and sustainable agricultural 
production. Pre-treatment methods are proving to be promising ways of overcoming obstacles such as 
integumentary dormancy. With regard to germination time, the best results were observed with seeds 
soaked in ordinary water for three days. According to [16], the optimum soaking time influences seed 
coat hardness and, consequently, seed germination time. Treatment T4, in which the seeds were 
exposed to an intense heat source, showed the longest germination time. This result is probably 
explained by the altered germinative properties of some seeds after prolonged exposure to fire, which 
was also observed by [17] with Pterocarpus erinaceus seeds. For growers, the choice of the right 
treatment is essential to ensure rapid and homogeneous germination, enabling better synchronization 
of crop cycles. In fact, T1 and T3 treatments with reduced germination times enable farmers to 
maximize production efficiency. The work carried out by [18, 19] and [20], confirms the effectiveness 
of boiling water in softening the seed coat and reducing its impermeability, thus facilitating rapid 
germination. As a plant improvement tool, these pre-treatments not only speed up germination, but 
also make it easier to select the hardiest plants, an essential aspect of varietal breeding programs. 
The best germination rates were obtained with treatments T3 and T2. A high germination rate is a key 
indicator of seed performance and has a direct impact on crop productivity. Our results corroborate 
those of [7], who observed a significantly higher germination rate in Acacia senegal after pretreatment 
with boiling water and high temperature. These treatments soften the seed coat, facilitating water 
absorption and, consequently, the germination process. Work by [21] on Prosopis africana also 
demonstrated that using boiling water as a pre-treatment resulted in a germination rate of 85%. For 
small-scale growers, this translates into reduced seed losses and increased crop yields, with 
immediate economic benefits. By optimizing seed use, farmers can increase productivity without 
having to spend resources on expensive inputs or invest in more advanced technologies. This 
improved germination rate also enables growers to manage their resources more efficiently, 
particularly in regions where access to quality seed is limited. By adopting practices such as boiling 
water pre-treatment, farmers benefit from an accessible, inexpensive and effective solution to improve 
their production. 
Germination speed is a key factor in crop cycle management. Seeds that germinate quickly enable 
growers to better synchronize their crops with the seasons, optimizing the use of land and inputs. [7] 
have shown that pre-treatment with boiling water not only increases germination rates, but also the 
speed at which seeds germinate, which is particularly important for good plant development. 
The effect of heat on the seed coat, which promotes softening and facilitates embryo emergence, 
results in more vigorous seedlings capable of rapid establishment. This is beneficial for growers, 
especially those in regions where cultivation periods are limited by climatic factors. By reducing seed 
dormancy time, farmers can carry out more cropping cycles in the same year, increasing the 
productivity of their farms. From an agronomic point of view, increasing germination speed through 
these techniques also contributes to better variety selection. 
The best-performing plants can be identified more quickly, enabling the genetic quality of crops to be 
improved over the long term. 
Tegmental dormancy, observed in many species, represents a major challenge for farmers seeking to 
obtain rapidly germinating seeds. [22] and [23] have observed that this type of dormancy can be lifted 
by thermal pre-treatment methods, such as soaking seeds in boiling water. This technique lifts the 
impermeability of the seed coat, facilitating water absorption and the activation of germination. 
Controlling this dormancy is essential, as it ensures more homogeneous and predictable germination, 
which is a crucial advantage for farms, especially those operating with limited resources. By adopting 
appropriate pre-treatment techniques, farmers can increase their chances of success and thus 
maximize their yields while reducing the risks associated with non-viable seeds [24]. From the 
grower's point of view, seed pre-treatment, particularly with boiling water, is of undeniable interest in 
terms of cost-effectiveness and ease of application. These methods do not require sophisticated 
equipment and can be carried out with limited means, making them an ideal solution for small-scale 
farmers and peasants in rural regions [21]. By reducing dormancy and increasing germination rate and 
speed, growers can improve their yields without the need to acquire hybrid seeds or expensive 
chemicals. This accessibility is a considerable advantage in contexts where financial resources are 
limited, but demand for productive and sustainable agriculture is high. From an agronomic point of 



view, the adoption of these techniques not only improves crop productivity, but also preserves the 
diversity of local varieties, often better adapted to specific ecological conditions. This strengthens the 
resilience of local farming systems and contributes to their long-term sustainability. 
 

4. Conclusion 
  
This study highlights the importance of seed pre-treatment, particularly for Acacia auriculiformis, to 
optimize germination and improve crop yields. Of the various methods tested, soaking the seeds for 
three days (T1) proved the most effective in terms of time of germination. Next, immersion in boiling 
water until cooled (T3) offered the highest germination rate, reaching 96.67%. These two pre-
treatment techniques offer several advantages for small-scale growers. They are simple, accessible 
and inexpensive, while offering significant results in terms of improving germination rates and lifting 
seed dormancy. By optimizing germination, they enable farmers to maximize the use of their seeds 
and increase their crop yields, which is crucial in a context of food security and farm profitability. 
This study opens up several avenues for future research. It would be interesting to combine the two 
most effective methods, namely prolonged soaking and boiling water immersion, to see if this 
combination could offer better results. In addition, the addition of scarification techniques, adapted to 
the delicate size of A. auriculiformis seeds, could lead to even more uniform and rapid germination. 
These are promising prospects for large-scale use of this species in agroforestry systems. 
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