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ABSTRACT 

In Madagascar, slash-and-burn cultivation is 

known to degrade evergreen forests and 

fragmentation. The lack of seed dispersal is often 

cited as a major limitation of natural regeneration. 

This study which is carried out in the forest 

fragment of Vohilahy (Brickaville, East of 

Madagascar) aims to compare the germination of 

seeds in vitro, under different treatments, to the 

collection and nursery of wildlings for three forest 

species like Tricalysia leucocarpa, Dombeya 

laurifolia and Pittosporum ochrosiifolium. The 

hypothesis consists in verifying that there are 

significant differences in the initial development of 

forest species between individuals from seed 

germination and individuals from collection of 

wildlings. The methods consist in collecting seeds 

and wildlings of these three forest species. 

Germination tests were used to classify the 

treatments and an evaluation was carried out after 6 

months from planting the young plants in pots to 

estimate the percentage of survival and the height 

of the plants. Pre-germination treatment of seeds 

with sulfuric acid works best for all three species. 

The percentage of survival of wildlings in nursery 

is significantly high compared to the percentage of 

survival of seedlings from seeds, in the greenhouse. 

The average height in the nursery crop is 

significantly high compared to the greenhouse. The 

results of this study suggest the direct planting of 

collected wildlings as the effective method for 

forest restoration of the lowland humid forest of 

Madagascar. 

Keywords: Choice, technique, restoration, 

ecology, Vohilahy. 

 

1. INTRODUCTION 

The vegetation is highly fragmented and dominated 

by anthropic meadows and cultivated areas [7]. 

Chronic human extraction of fuelwood and forest 

products is known to degrade evergreen forests [8], 

and concomitant fragmentation and disturbance can 

cause substantial changes in the structure and 

composition of vegetation [19]. Fragments of 

tropical forest served as refuges for native plants 

and animals and corridors for connectivity between 

cultivated plots, at the landscape level [18]. The 

lack of seed dispersal is often cited as a major 

limitation of natural regeneration [1]. Forest 

rehabilitation and management systems are needed 

to accelerate the natural regeneration of native 

forests [21]. This study which is carried out in the 

forest fragment of Vohilahy-Brickaville (East of 

Madagascar) which still presents an initial form of 

the ancient indigenous forest of Madagascar aims 

to compare the germination of seeds in vitro, under 

different treatments, to the collection and pout in 

nursery for three forest species, Tricalysia 

leucocarpa, Dombeya laurifolia and Pittosporum 
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ochrosiifolium. The research question: "How to 

compare the efficiency between the germination of 

seeds in vitro and the collection and nursery of 

wildlings?". The hypothesis consists in verifying 

that there are significant differences in the initial 

development of forest species between individuals 

from seed germination and individuals from 

collection of wildlings. 

2. METHODS 

2.1 Study area 

The seeds of forest plants and wildlings are 

collected in the forest fragment of Vohilahy, on an 

area of 75.2 ha (in 2015) (S18 ° 56'37 ''; E48 ° 

46'30 127 m). This humid forest area is located in 

the East of Madagascar, in the rural commune of 

Ranomafana-Est, Brickaville district, Atsinanana 

region.  

2.2 Plant preparation 

In-vitro germination followed by transplanting in a 

greenhouse was carried out in the Microbiology 

Laboratory on the Environment (LME) in the 

National Center for Research on the Environment 

(CNRE) in Antananarivo. The germination tests 

were carried out in a refrigerated oven allowing the 

temperature to be obtained at 30°C. At each 

treatment, three repetitions were performed for an 

analysis of variance using the XLSTAT software. 

The wildlings were put in pots in the nursery at the 

LME. The bare roots of wildlings are protected by 

putting them in closed bags between harvesting in 

Vohilahy-Brickaville and potting in the nursery in 

Antananarivo. 100 seedlings of wildlings and 50 

seeds for each species were used. 

2.3 Germination tests 

Three species were studied, including Tricalysia 

leucocarpa De Block. (Rubiaceae), Dombeya 

laurifolia (Bojer) Baill. (Malvaceae) and 

Pittosporum ochrosiifolium Bojer. (Pittosporaceae). 

The availability of seeds and wildlings of these 

species in sufficient quantity was one of the criteria 

for choosing these forest species. In order to 

determine the percentage of germination, 

germination tests were carried out: 1) (ER) Soaking 

the seeds in a large volume of water which is 

renewed regularly (8 times in the day, each renewal 

being spaced one hour apart ), 2) (TR) Soaking 

seeds in water for 12 hours, not renewed 3) (SC) 

Mechanical seed scarification, 4) (EB) Boiling 

water 5 min, 5) (AC) Chemical scarification of 

seeds: soaking in sulfuric acid for 5 minutes then 

rinsed with distilled water, and 6) (T) Witness: 

without any treatment. The germination tests were 

carried out at the rate of three repetitions per 

treatment, in a refrigerated oven allowing the 

temperature to be obtained at 30°C. Germination 

was defined as the emergence of 2 mm of radicle 

from the seed, after 20 days. The effect of each 

treatment on seed germination was measured by: 

the final percentage of germination (PG) and the 

mean germination time (MGT) [6], calculated from 

the following formulas: 

 and  

With ni is the number of seeds germinated, N is the 

total number of seeds, and ti is the day on which 

the seed ni germinated. 

2.4 Assessment of survival percentage 

and growth 

After 6 months of culture, the comparison of the 

percentage of survival of wildlings in the nursery 

and seedlings germinated in the greenhouse is 

carried out using the T and Z tests for comparison 

of 2 samples. The comparison of the rate of 

increase in height of individuals is carried out using 

the following formula: 

  

With hi is the height of the individual i, H the total 

height of each species. An analysis of variance on 

the percentage of survival and the growth rate of 

the wildings in nursery and germinated seedlings in 

greenhouse was performed using the XLSTAT 

software. 

3. RESULTS 

3.1 Seed germination 

Pre-germination treatment of seeds with boiling 

water is significantly weak for these three species 

(Pittosporum ochrosiifolium, Dombeya laurifolia 

and Tricalysia leucocarpa) (Figure 1. a, b, c). The 

percentages of seed germination in the absence of 

treatment (Witness) have intermediate effects for 

these three species and treatment with sulfuric acid 

gives a significantly higher percentage of 

germination for these three species (Figure 1. a, b, 

c). 
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3.2 Percentage of survival between the 

cultivation of wildlings in the nursery 

and seeds germinated in a greenhouse 

The percentage of survival of wildlings in the 

nursery is significantly higher than the percentage 

of survival of germinated seedlings in the 

greenhouse (Figure 2. c). For the three species 

studied, the percentage of survival is 50 % higher 

in the nursery but lower in the greenhouse (98 % 

VS 30 %; Z = 18.318; P ≤ 0.001; N = 200 for 

Tricalysia leucocarpa; 90 % VS 25 %; Z = 3.464; 

P ≤ 0.001; N = 200 for Dombeya laurifoli; 84 % 

VS 18 %; Z = 6.601; P ≤ 0.001; N = 200 for 

Pittosporum ochrosiifolium) (Figure 2.a. and b). 

3.3 Growth rate of young plants 
The rate of increase in height of young plants for 

nursery cultivation is significantly high compared 

to greenhouse cultivation (Figure 3). 73.014 cm VS 

38.385 cm for Tricalysia leucocarpa; 78.826 cm 

VS 37.167 cm for Dombeya laurifoli; 86.594 cm 

VS 35.111 cm for Pittosporum ochrosiifolium 

(Figure 3). The growth rate is 50 % higher for 

wildings in nursery. 

4. DISCUSSION 

The objective of this article is to test the efficiency 

of seed germination, in comparison to the 

collection and planting in pots of wildlings. The 

discussion focuses on three possible methods of 

forest restoration, direct seeding, seedlings from 

seed and wildlings. 
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4.1 Plant production method 

An alternative technique, rarely adopted in forestry, is the 

direct sowing of seeds and wildlings. In comparison, 

direct seeding is easier, simpler and less expensive [24]. 

This technique has been reported for the rehabilitation of 

gallery forests [2] and drainage canals [25], the restoration 

of impoverished forests [10] and restoration of degraded 

land after mining [20]. An alternative approach to the 

restoration of degraded areas, suggested by [5] consists of 

sowing or planting individuals with a density and a spatial 

distribution equivalent to those found in undisturbed 

forest vegetation at adjacent sites. Continued habitat loss 

and fragmentation reduces the availability of seed sources 

and their genetic diversity [26]. Since our study area is a 

forest fragment, seed sources are reduced. It is for this 

reason that we have chosen three forest species 

(Tricalysia leucocarpa (Rubiaceae), Dombeya laurifolia 

(Malvaceae) and Pittosporum ochrosiifolium 

(Pittosporaceae)) which offered seed availability 

equivalent to the number of wildlings that it was possible 

to harvest. The selection of species is certainly a critical 

factor in achieving our results. Although some direct 

seeding studies have compared the performance of the 

species [10], none has identified the conditions to be 

respected for a specific species to succeed in its 

establishment when it is sown directly in the field 

planting. 

4.2 Seedlings germinated 

The passage of fire over the forest can ensure the 

regeneration of the forest as well as the germination of 

seeds. Fire determines the physiognomy and structure of 

vegetation, as well as the diversity of many ecosystems 

 
  

Fig. 1. Percentage of germination: a) seeds of Pittosporum ochrosiifolium; b) seeds of Dombeya laurifolia and c) seeds of 

Tricalysia leucocarpa 

   

Fig. 2. Percentage of survival: a) wildings in the nursery; b) Seedlings germinated in a greenhouse and c) Comparison 

of wildlings and seedlings, all species combined 

 

Fig. 3. Growth rate in height of young plants 
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[3]. It can also affect the demography of vegetation in 

terms of the survival of adult individuals and their growth 

[17], however the response of plants largely depends on 

when and how they regenerate after their passage [4]. Fire 

can therefore have a positive effect on the response of 

plants by promoting vegetative regeneration, increased 

germination and the recruitment of seedlings [12] or a 

negative effect, observed mainly by change in the number 

and type of species present, and by the increase in the 

mortality of individuals who have not reached sufficient 

height or who do not have a thick enough bark allowing 

them to resist heat, the latter damaging or destroying 

unprotected plant tissue [12]. In the case of our study, pre-

germinative treatment of seeds with sulfuric acid gives the 

highest survival and seedling growth results for the three 

selected forest species (Figure 1). After six months, the 

growth rate in height of the seedlings pre-germinated in 

the greenhouse varies between 30 to 40 cm and the 

average height of the wildlings in the nursery varies from 

70 to 80 cm (Figure 3). Before carrying out 

pregermination tests on the seeds of forest species, tests 

had been made on pioneer species with small seeds, 

Solanum torvum (Solanaceae), Psiadia altissima 

(Asteraceae) and Lantana camara (Verbenaceae) but 

these small seeds do not haven't sprouted. Large seeds can 

tolerate extreme conditions for longer periods of time than 

small seeds [9]. In general, large seeds contain more 

reserves and therefore give more vigorous seedlings [27]. 

Seed production strategies, large or small, can be one of 

the ways to understand the success of establishing 

seedlings at a specific site [11]. 

4.3 Wildling in the nursery 

The need for effective forest restoration techniques 

necessitates experiments in the production of young 

seedlings that are alternative to the germination of seeds, 

such as transplantation in pots of wildlings. Associated 

with the annual proliferation of grasses, the average size 

of forest fires has increased considerably in recent years 

[14]. In large forest fires, areas of unburned forest 

fragment serve as critical sources of seeds for natural 

recovery [16]. However, these sources may not be 

sufficient to supply the interior parts of the burned areas 

[28]. Under these conditions, active restoration is often 

necessary to maintain forest populations. Somes authors 

have reported successful transplanting wildlings with a 

variety of shrub taxa [22]. The results of this article 

suggest that transplanting wildlings to the nursery is more 

efficient, faster and cheaper compared to seedlings from 

seed germination (Figure 2).  Authors claim that 

transplanting wildlings and raising them in nursery is the 

most effective method of producing plants to massively 

produce a large variety of native species [13]. It would be 

more efficient and less costly to locate and transplant 

young trees from the forest [15]. The results presented in 

this study confirm a percentage of survival of wildlings in 

the nursery, significantly higher than the survival rate of 

seedlings grown from seeds and raised in the greenhouse 

(Figure 2). The percentage of survival of wildlings shows 

a possibility of practicing a direct planting method for 

forest species which present difficulties of regeneration. 

However, at longer time intervals, the transplant success 

rates in this study may be sufficient to influence 

successional trajectories by establishing seed source 

islands [23]. The concept of seeding islands can be 

particularly important for spatially limited restoration 

efforts [22] or to target critical sites in larger-scale 

projects. Since this study involved small plots, we did not 

include a rigorous economic comparison of the techniques 

we tested against those used on a larger scale. That said, 

the main costs of restoration techniques are staff costs for 

planting and harvesting wildlings from the forest. 

5. CONCLUSION 

This work made it possible to compare seed treatment and 

restoration techniques either with seedlings from seed or 

with wildlings, with the aim of adapting the most 

promising to the forest restoration from the forest 

fragment of Vohilahy. Significant differences in the 

development of forest species from seed germination and 

collection of wildlings were observed. The results of this 

study suggest the direct planting of collected wildlings as 

the effective method for forest restoration of the lowland 

humid forest of Madagascar. 
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