
THE ROLE OF SOILSEED BANK IN FOREST 1 

REGENERATION 2 

 3 

ABSTRACT 4 

Forest degradation and deforestation disrupts the structure and functions of the ecosystem with 5 

negative impacts on biodiversity and natural regeneration of the forests. In Nigeria, forests are lost 6 

through burning, shifting cultivation and logging of trees, thus reducing the potential of the forest to 7 

naturally regenerate and perform ecosystem functions as expected in a forest reserve. There have 8 

been insufficient knowledge about the role soil seed bank plays in forest restoration and this will play 9 

an essential role in natural regeneration of forest reserves. Seed bank performs tremendous roles in 10 

the restoration of degraded forest reserves, which includes donation of propagules, conservation of 11 

genetic diversity, composition of the understorey plant community and recovery of biodiversity. These 12 

ecosystem functions are dependent on the dynamics of the soil seed bank as well as favourable 13 

environmental conditions.  14 

KEYNOTE:  Resilience, Biodiversity, dormancy, dispersal 15 

1. INTRODUCTION 16 

The seed bank can be described as the storage of plant seeds in the superficial soil. Soil  seed  bank  17 

can  also  be  defined  as  the  sum  of  all surviving  seeds  in  the  litter  and  soil  (Newmaster et al.,  18 

2006).  According  to  Oke  and  Odebiyi  (2007),  soil  seed  banks  are  the  aggregation  of  viable  19 

seeds  in  the  soil potentially  capable  of  replacing  adult  plant. Soil  seed  bank  describes and 20 

depicts the  viable  seeds  present  in  the  soil  (Roberts,  1981). This  reservoir,  corresponds to  the  21 

seeds which are yet to germinate, having inherent potential of replacing adult plants, which  had  22 

disappeared  by  natural  death  or  not,  and  potential plants that are susceptible to plant  diseases, 23 

disturbance  and  animal  consumption (Bakker et al., 1996). The soil at various depths is greatly 24 

increased momentarily by diverse medium of seed dispersal (animals, wind, water etc.), which is 25 

responsible for the addition of seed to the soil. Seeds are responsible for non-vegetative production of 26 

seedlings which could give rise to a naturally regenerated forest, assisted natural regeneration and 27 

artificial forest regeneration. Regeneration of forest can be described as the process of rejuvenating 28 

or reviving degraded forest ecosystems, degradation resulting from wild fire, human impact (burning 29 

activities, logging, farming) and natural disasters (flood, volcano, hurricane etc). One  of  the  key  30 

roles  played  by soil seed  bank  is  that,  it is an  essential component of plant communities (Oke and 31 

Odebiyi, 2007) and can be used to predict secondary succession (Oberhauser,  1997). The seed 32 

bank houses seeds which are the basic parts of all plants which carries genetic materials from one 33 

generation to another generation, hence, their role in forest regeneration cannot be over-emphasized. 34 



The availability or absence of seeds determines the representation or its complete loss in a natural 35 

forest ecosystem. However, when the seed bank is replaced deliberately or consciously for 36 

restoration purposes by human efforts, it can be referred to as artificial forest regeneration (plantation 37 

forests).  Aside from housing seeds, the seed bank serves as a living history of non-existing plant 38 

species, whose dead traces or remnants could not be found. After subjecting results obtained from 39 

the seed bank to data analysis, the future of a forest ecosystem can be pre-determined. 40 

Understanding the role of seed bank and it’s uses will not only add to existing knowledge, but will also 41 

assist in regeneration of degraded forests in Nigeria. The composition of seed banks is variable, and 42 

is classified as temporary or persistent, when modifying the regeneration of the vegetation during 43 

different time of the year. Temporary banks are composed of seeds of short life, which do not present 44 

dormancy and are dispersed in time for short periods during the year (Mohammed and Hussein, 45 

2008). Species like Avenua fatua, Alopcus myosuraides, Galium aparine, Lapsana communis, 46 

Matricia  perforate, Centaurea cyanus, are classified as temporary, having more than one year of age 47 

and reserves of seeds remain in the sol year after year, generally buried into the soil. Chenopodium 48 

album, sinapis aarvensis, Aethusa cynapium, Papaver rheoeas, Viola arvensis, kickia spuria, Capsela 49 

bursa pastoris and Amaranthus retroflexus are examples of persistent soil seed banks (Cabin and 50 

Marshal, 2000). There is an urgent need to naturally restore degraded forest reserves in Nigeria, 51 

hence it is expedient to understand the more, the role seed bank plays in the process of natural forest 52 

regeneration. 53 

2 DISCUSSION 54 

 55 

2.1 Characteristics of the soil seed bank 56 

2.1.1 Soil Seed Bank Density and Seed Dormancy 57 

The success of a seed bank depends on the seed density ready to germinate, when replacement of a 58 

plant is necessary and when the environmental conditions for establishment are favourable (Cabin 59 

and Marshal, 2000). The longevity of seeds represents a major mechanism of survival of certain weed 60 

species, and this leads to a continuous source of emergency. The seed longevity of seeds represents 61 

a major mechanism of survival of certain weed species, and this leads to a continuous source of 62 

emergency. The seed longevity in the soil varies among species characteristics of the seeds, burial 63 

depth, and climatic conditions (Oke, 1993). Mayor and Pyott (1996) presented a study with weed 64 

species buried and placed to germinate in different times of the year. After 40 years, the species, 65 

Amaranthus retroflexus, Ambrosia eliator, Lepidium virginucu, Plantago major, Portulaca aleracea 66 

and Rumex crispus were the originated seedlings. 67 

The seed dormancy is another characteristic that affects the seed bank reservoir. The seed 68 

populations of several vegetable species behave in different ways with respect to germination; the 69 

weeds produce polimorfic seeds, with a certain proportion that is dormant while the others are not 70 

(Baskin and Baskin, 1989). Several internal and external factors prevent seeds from germinating. 71 



Among the internal factors are: the presence of a seed coat, which is a barrier to the penetration of 72 

water and oxygen; presence of a biochemical inhibitor in the seed; and immature embryo. Among the 73 

external factors, the most common are soil water content and temperature (Esperago and Peco, 74 

1993). Baskin and Baskin, (1989) used the term innate dormancy (primary) and induced dormancy 75 

(secondary) characteristize the development of the dormancy in the mother plant and after the 76 

dissemination in space, respectively. The term enforced dormancy, has been used for the inability of 77 

the seeds to germinate due to an enviromental restriction, like water deficit, low temperature and poor 78 

aeration.  However, some seed physiologists do not consider the induced dormancy as an actual 79 

dormancy but responds only to favourable conditions for germination. This situation is more 80 

conveniently referred to as a case of quiescent seeds. The dormancy represents a mechanism of 81 

species preservation in the seed bank, distributing the germination through the year. It can guarantee 82 

the species survival in the form of seeds, under adverse conditions, even when the population of 83 

plants is completely eliminated (Baskin and Baskin, 1989).  84 

2.1.2. Dispersal Of Seedbank 85 

Most species are capable of long-distance seed dispersal, despite morphological dispersal 86 

syndromes that would indicate morphological adaptations primarily for short-distance dispersal 87 

(Cwyner and MacDonald 1986, Higgins et al. 2003). Assessments of mean migration rates found no 88 

significant differences between wind and animal dispersed plants (Wilkinson, 1997). Long-distance 89 

migration can also be strongly influenced by habitat suitability (Higgins and Richardson, 1999) 90 

suggesting that rapid migration may become more frequent and visible with rapid changes in habitat 91 

suitability under scenarios of rapid climate change. The discrepancy between estimated and observed 92 

migration rates during re-colonization of northern temperate forests following the retreat of glaciers 93 

can be accounted for by the underestimation of long-distance dispersal rates and events (Brunet and 94 

von Oheimb, 1998). Nevertheless, concerns persist that potential migration and adaptation rates of 95 

many tree species may not be able to keep pace with projected global warming (Collingham et al., 96 

1996). However, these models refer to fundamental niches and generally ignore the ecological 97 

interactions that also govern species distributions. 98 

  99 

2.2 THE NEED FOR FOREST RESTORATION 100 

2.2.1 Deforestation: a major cause for the need of forest restoration 101 

Deforestation can be defined as the conversion of forest ecosystem (natural and secondary re-102 

growths) to a preferred permanent non-forested land use such as agriculture and urban development 103 

(Van Kooten and Bulte, 2000). Deforestation is of major concern for the developing countries of the 104 

tropics (Myers, 1994) because it causes rapid reduction of the tropical forests (Barraclough and 105 

Ghimire, 2000) causing loss of biodiversity and enhancing greenhouse effect (Angelsen, 1999). A 106 

plantation of trees established primarily for timber production can also be referred to as a forest 107 

according to Food and Agricultural Organisation (FAO 2001) and therefore does not classify natural 108 



forest conversion to plantation as deforestation (but still records it as a loss of natural forests). 109 

Deforestation has served a major threat to the forest ecosystems from time immemorial, causing a 110 

major loss of biodiversity as well as global climate change. These loss can be attributed to illegal 111 

logging of trees for fuelwood and charcoal, wildfire, unregulated burning for harvesting logs, 112 

urbanization and natural disasters.  113 

Forest degradation occurs when the ecosystem functions of the forest are degraded but where the 114 

area remains forested rather than being cleared (FAO 2005b). Laurance (2001) noted that logging 115 

opens mature forest area for colonization. Also, new roads are constructed in the forest during logging 116 

(Wilkie et al., 2000). This has the potential of increasing spontaneous colonization of logged forest by 117 

agricultural colonist. The ability of such tropical forest ecosystems to recover is limited as high and 118 

excessive logging has negative effects on the availability of quality seed germplasm for natural 119 

regeneration (Vordzogbe et al., 2005; Makana and Thomas, 2006). Professor Norman Myers, one of 120 

the foremost authorities on rates of deforestation in tropical forests described rate of world’s 121 

deforestation thus: “the annual destruction rates seems set to accelerate further and could as well 122 

double in another decade” (Myers, 1992). Hence, an urgent need for forest restoration.  123 

Forest restoration or rehabilitation aims to manage ecosystems for conservation and preservation 124 

rather than extraction (Jordan and Lubick, 2011). Four possible methods for restoring forest 125 

vegetation exist: (i) natural regeneration, (ii) direct seeding, (iii) planting seedlings, and (iv) 126 

incorporating restoration goals in plantation programs (Lamb et al., 1997). Natural regeneration is the 127 

cheapest approach for rehabilitating degraded forest ecosystems, provided that the previous 128 

disturbance has left some residuals (e.g. soil seed banks, mother trees or root shoots) that can serve 129 

as “succession primers” (Uasuf et. al., 2009). In frequently disturbed habitats, such as arable fields, 130 

vegetation composition is expected to be mainly determined by the seed bank composition (Marks 131 

and Mohler, 1985; Levassor et al., 1990; Lavorel et al., 1991; Warr et al., 1993). Inorder to achieve 132 

restoration of forests, the soil seed bank performs the following roles: 133 

 134 

2.2.2. PROPAGULES DONOR 135 

One of the major role the seedbank plays is donating propagules to the soil ecosystem. This 136 

propagules are derived from viable seeds present in or on the soil. Species have two main means by 137 

which they adapt to change: they can either disperse by seed or vegetative propagules in the 138 

direction of a more favourable environment, or they can change their gene frequencies to favour 139 

genotypes (genetic constitutions) that are better adapted to the changed environment (Burdon and 140 

Thrall 2001, Reusch et al., 2005). In restoring degraded forests, the first step is to quantify the natural 141 

regeneration potential of the forest and this is carried out by determining the population dynamics of 142 

the accrued seeds in the soil as well as that of the seedling emergence (Uasuf et al, 2009), this will 143 

help us to know if the regeneration process should be allowed to take place naturally or further 144 

assisted. Assessment of the seedlings emergence from the naturally regenerated soil seedbank will 145 

bring about an understanding of the species whose seeds are viable in the seedbank and are able to 146 



donate propagules to the soil (Taiwo et. al., 2017). This will help in the conservation of germplasm 147 

and biodiversity in the degraded forest eccosystem. This process helps the recovery state of the 148 

forest reserve back naturally, giving rise to a secondary forest, howerever, Taiwo et al. (2017) 149 

recorded few number seeds of woody flora in the soil of Olokemeji Forest reserve, seedlings which 150 

emerged from the soil seed bank were predominantly herbaceous flora (Table 1) while a few seeds of 151 

Tectona grandis and Azadiractha indica were found in the soil substrates which represented the 152 

woody flora recorded at the period of the research (Table 2).  According to Uasuf et. al. 2009, when 153 

low soil seed bank dynamics is observed, natural regeneration process should therefore be assisted 154 

through direct seeding, planting seedlings and manipulation of the site to improve environmental 155 

conditions for seedling establishment and growth. Natural regeneration is mostly heterogeneous 156 

across landscapes, depending on seed dispersal, viability, dormancy, predation, herbivory, rainfall 157 

and topographic, edaphic and light conditions (Khurana and Singh, 2001). Determining the spatial 158 

patterns of natural regeneration is therefore also essential in designing an appropriate restoration 159 

technique. 160 

 161 

2.2.3. CONSERVATION OF GENETIC DIVERSITY 162 

 163 

Genetic diversity within species of the soil seed bank is crucial for the natural selection of genotypes 164 

within populations and species as they respond or adapt to environmental changes (Burdon and 165 

Thrall, 2001; Etterson, 2004; Burger and Lynch, 1995). The potential for evolutionary change has 166 

been demonstrated in numerous long-term programmes based on artificial selection (Falconer, 1989), 167 

and genetic strategies for reforestation in the presence of rapid climate change must focus on 168 

maintaining species diversity and genetic diversity within species (Ledig and Kitzmiller, 1992). In the 169 

face of rapid environmental change, it is important to understand that the genetic diversity and 170 

adaptive capacity of forested ecosystems depends largely on in-situ genetic variation within each 171 

population of a species (Bradshaw, 1991). Species may also adapt through phenotypic plasticity, if 172 

their genotype entails a range of permissible responses (with respect to the species morphological, 173 

physiological, behavioural or life history strategies and traits) that are suited to the new conditions 174 

(Nussey et al. 2005). Populations exposed to a rate of environmental change exceeding the rate at 175 

which populations can adapt, or disperse, may be doomed to extinction (Lynch and Lande, 1993). 176 

Genetic diversity determines the range of fundamental eco-physiological tolerances of a species. It 177 

governs interspecific competitive interactions, which, together with dispersal mechanisms, constitute 178 

the fundamental determinants of potential species responses to change (Pease et al., 1989; Halpin, 179 

1997). Molecular genetic diversity within a species, species diversity within a forested community, and 180 

community or ecosystem diversity across a landscape and bioregion represent expressions of 181 

biological diversity at different scales. The basis of all expressions of biological diversity is the 182 

genotypic variation found in populations. The individuals that comprise populations at each level of 183 

ecological organization are subject to natural selection and contribute to the adaptive capacity or 184 

resilience of tree species and forest ecosystems (Muller-Starck et al., 2005). Diversity at each of 185 

these levels has fostered natural (and artificial) regeneration of forest ecosystems and facilitated their 186 



adaptation to dramatic climate changes that occurred during the quaternary period (DeHayes et al., 187 

2000), this diversity must be maintained in the face of anticipated changes from anthropogenic 188 

climate warming.  189 

 190 

2.2.4. COMPOSITION OF THE UNDERSTORY PLANT COMMUNITIES 191 

The seed bank plays a crucial role in determining the composition and spatial structure of understory 192 

plant communities in degraded forests following soil disturbances such as wildfire, harvesting and/or 193 

logging (Taiwo et al., 2017). This could be derived from the species composition and species richness 194 

of the seedlings which emerges from the soil seed bank. While some seeds are visible enough to 195 

identify because of their physical attributes, other seeds are tiny and will require some advanced 196 

techniques for identifying the seed (Degafi and Berhanu, 2014). The knowledge of the understorey 197 

plant communities with the canopy/tree community helps in the understanding of the diverse kind of 198 

plants that existed prior to perturbation. Invasive species among the understorey plant communities 199 

could be prevented once identified through early observation from the seedling emergence in a 200 

naturally regenerating forest or seed specific identification. Preventing the wide-spread of invasive 201 

species can be done early enough if observed from the soil seed bank before displacing the 202 

indigenous species.     203 

3.5. RECOVERY OF BIODIVERSITY IN TROPICAL FORESTS  204 

As defined by the Convention on Biological Diversity, “biological diversity” means the variability 205 

among living organisms from all sources including terrestrial, marine, and other aquatic ecosystems 206 

and the ecological complexes of which they are part; this includes diversity within species, among 207 

species, and of ecosystems. Allen and Hoekstra (1992) defined biodiversity even more broadly to 208 

include the variety of life at multiple scales of ecological organization, including genes, species, 209 

ecosystems, landscapes, and biomes. Biodiversity can be reffered to as the variety that exists among 210 

all levels of life forms. One of the major roles of regeneration from soil seed bank is recovery of 211 

biodiversity in tropical forests as observed in Porto Trombetas, Para state, Brazil after a major 212 

disturbance as a result of anthropogenic impact. The role of biodiversity in the resilience of forest-213 

carbon dynamics is evidenced by the specialized species that have evolved and characterize the 214 

distinctive forest ecosystems found in the major climatic and forest domains tropical, temperate, and 215 

boreal. Over time, evolution results in new plant traits, which through the filter of natural selection, and 216 

aided by ecological processes such as dispersal, result in forests comprising species that function 217 

optimally under the climatic conditions and disturbance regimes prevalent in each domain. The 218 

recovery-ability of vegetation after disturbance is believed to lie mainly in the buried seed population 219 

(Kalamees and Zobel, 2002). Resilience in ecosystems is related to the biological diversity in the 220 

system and the capacity that it confers to maintain ecosystem processes (Walker 1995).  221 

 222 

 223 

 224 



TABLE 1: Relative Importance Values of seedling emergence in sample plots. Of Olokemeji Forest Reserve, Ogun state Nigeria 225 

 226 

S/N Species Family 

HP1(0-
15cm) 

RIV 

HP(15-
30cm) 

RIV 

UP(0-
15cm) 

RIV 

UP(15-
30cm) 

RIV 

FT1(0-
15cm) 

RIV 

FT1(15-
30cm) 

RIV 

FT2(0-
15cm) 

RIV 

FT2(15-
30cm) 

RIV 

AP1(0-
15cm) 

RIV 

AP1(15-
30cm) 

RIV 

AP2(0-
15cm) 

RIV 

AP2(15-
30cm) 

RIV 

1 

Leptochloa 

caerulescens Poaceae 0.54 0 1.08 0.54 8.66 0 7.57 1.62 0.54 0 0 
0 

2 Talinum fruticosome Potulaceae 2.21 2.95 0 0 2.21 0.74 0 0 6.64 2.21 2.21 
0.74 

3 Phyllantus amarus Euphobiaceae 4.73 0 1.58 0.78 2.37 2.37 0 1.57 0 0 0.78 
0 

4 Oldelandia corymbosa Rubiaceae 0 0 12.29 0.77 0.38 0 0 0 0 0 0 
0 

5 Mariscus alternifolius Cyperaceae 1.98 0 1.32 6.61 0 0 0 1.98 0.66 0 0 
0 

6 Desmodium scopiurus Fabaceae 1.74 0 0.87 0 0 1.74 0 0 0 0 0 
0 

7 Euphorbia heterophylla Euphobiaceae 0 0 1.41 0.7 0 0 0 0 2.11 0 0 
0 

8 Chromolaena odorata Asteraceae 0 0 1.09 0 0 0 0 1.09 1.09 0 0 
0 

9 Cynodon dactylon Poaceae 0 0 0 0 1.09 1.09 0 0 0 1.09 0 
0 

10 Brachiara deflexa Poaceae 0 0 1.09 0 0 0 0 0 2.19 0 0 
0 

11 Ageratum conysoides Asteraceae 0 0 0 0 0 0 0 0 2.17 0 0 
0 

12 Tridax procumbens Asteraceae 0 0 0 0 0 0 0 0 1.09 0 0 
0 

13 Vernonia galnensis Asteraceae 0 0 0 0 0 0 0 0 0 0 1.09 
0 

 227 

Source:  (Taiwo et al., 2017)  228 



 Table 2: Relative Importance Value of woody species in study plots.of Olokemeji Forest Reserve, Ogun state, Nigeria 229 

 230 

CITATION: Taiwo et al., 2017 231 

 

 

 

Species 

FT1 

RIV 

FT2 

RIV 

HP 

RIV 

UP 

RIV 

AP1 

RIV 

AP2 

RIV 

Tectona grandis 15.31 17.22 5.73 16.45 0 0 

Albizia zygia 0 0 11 0 3.41 2.56 

Azadiracta indica 0 0 5.68 2.84 0 0 

Agnossius leocarpus 0 0 6.05 0 0 0 

Albizia lebeck 0 0 0 4.95 0 0 

Delonix regia 0 0 0 4.39 0 0 

Gliricidia sepium 0 0 4.39 0 0 0 



 232 

233 
APPENDIX 1: Natural regeneration of lowland Amazonian rainforest 18 years after clearcutting. 234 

Regrowth primarily from soil seed bank and re-sprouting of harvested trees. Porto Trombetas, Brazil. 235 

  236 



 237 

 238 

 239 

APPENDIX 2A and 2B: Forest resilience as illustrated by the recovery of mixedwood forest in eastern 240 
Canada as a result of red pine plantation on a logged site, with natural infilling by deciduous species 241 
over a period of about 50-80 years. 242 
  243 

2B 

2A 



CONCLUSION 244 

In order to restore the forest, studying the role of soil seed bank will bring to awareness the specie 245 
composition of the seedlings, the historical knowledge of the lost forest as well as the biodiversity of 246 
the species of seedlings observed from the soil seed bank, all of these important information will help 247 
to proffer the type of forest restoration that can be successfully practised in degraded forests 248 
ecosystem.    249 

 250 
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APPENDIX 380 

1. Natural regeneration of lowland Amazonian rainforest 18 years after clearcutting. Regrowth 381 
primarily from soil seed bank and re-sprouting of harvested trees. Porto Trombetas, Brazil. 382 

2. Forest resilience as illustrated by the recovery of mixedwood forest in eastern Canada as a 383 
result of red pine plantation on a logged site, with natural infilling by deciduous species over a 384 
period of about 50-80 years. 385 


