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Formation par la recherche, Projet de Fin 
d’Etudes en génie de l’aménagement et de 
l’environnement 
 

La formation au génie de l’aménagement et de l’environnement, assurée par le département aménagement et 

environnement de l’Ecole Polytechnique de l’Université de Tours, associe dans le champ de l’urbanisme, de 

l’aménagement des espaces fortement à faiblement anthropisés, l’acquisition de connaissances fondamentales, 

l’acquisition de techniques et de savoir-faire, la formation à la pratique professionnelle et la formation par la 

recherche. Cette dernière ne vise pas à former les seuls futurs élèves désireux de prolonger leur formation par 

les études doctorales, mais tout en ouvrant à cette voie, elle vise tout d’abord à favoriser la capacité des futurs 

ingénieurs à : 

 Accroître leurs compétences en matière de pratique professionnelle par la mobilisation de 

connaissances et de techniques, dont les fondements et contenus ont été explorés le plus finement 

possible afin d’en assurer une bonne maîtrise intellectuelle et pratique, 

 Accroître la capacité des ingénieurs en génie de l’aménagement et de l’environnement à innover tant 

en matière de méthodes que d’outils, mobilisables pour affronter et résoudre les problèmes complexes 

posés par l’organisation et la gestion des espaces. 

 

La formation par la recherche inclut un exercice individuel de recherche, le projet de fin d’études (P.F.E.), 

situé en dernière année de formation des élèves ingénieurs. Cet exercice correspond à un stage d’une durée 

minimum de trois mois, en laboratoire de recherche, principalement au sein de l’équipe Ingénierie du Projet 

d’Aménagement, Paysage et Environnement de l’UMR 6173 CITERES à laquelle appartiennent les 

enseignants-chercheurs du département aménagement. 

 

Le travail de recherche, dont l’objectif de base est d’acquérir une compétence méthodologique en matière de 

recherche, doit répondre à l’un des deux grands objectifs : 

 Développer toute ou partie d’une méthode ou d’un outil nouveau permettant le traitement innovant 

d’un problème d’aménagement 

 Approfondir les connaissances de base pour mieux affronter une question complexe en matière 

d’aménagement. 

 

Afin de valoriser ce travail de recherche nous avons décidé de mettre en ligne sur 

la base du  Système Universitaire de Documentation (SUDOC), les mémoires à 

partir de la mention bien. 
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Introduction 

Erosion is a natural process in every 

ecosystem, caused by wind and water energy, 

which participate in soil formation. It ranges 

from 0.001-2 t/ha/yr for flat land and 1-5t/ha/yr 

on mountainous regions with grass/forest 

cover (Pimentel 1998). Consequence of human 

activity (Urbanization, agricultural practices, 

forest harvesting …), erosion rates are now 

more than ten times higher than natural erosion 

rates. Vegetation cover, dead or alive, is the 

key solution to erosion because it protects the 

soil from the raindrop and wind. As a result 

exploited lands are the most exposed to 

erosion. The highest rates are recorded in 

agroecosystems located in developing 

countries where agriculture practices are 

inadequate averaging 30-40t/ha/yr (Pimentel 

1998). In addition to trigger landslides, erosion 

generates a diminution of soil ecosystems 

productivity by increasing water runoff, plant 

nutrients loss, removing organic matter and 

reducing soil depth. By extension, bases for 

vegetation growing to disappear then 

vegetation cover diminished and finally the 

entire ecosystem is impacted.  

 

 

 

 

 

 

 

One of the consequences of erosion growth is the apparition and development of gullies. The 

modification of land use (intensive farming, overgrazing and urbanization) exposed the landscape to 

gully incision. By definition, gullies are channels, caused by water erosion, transporting a huge 

amount of runoff and sediment from uplands to valley bottoms. There three categories of channels: 

rill, gully and river (Fig 1). They are characterized by the equation W = aQb where W is the mean 

width, Q is the flow discharge and coefficient a and exponent b corresponding to the scale of channel 

type: 0.3 for rills, 0.4 for a gully and 0.5 for rivers (Nachtergaele et al., 2002). Even though, the 

boundary between each domain are indistinct. Studies admit that the relation between flow and 

erosion (material transport) is the main criteria to qualify a gully. Indeed, gullies are an important 

source of sediment, responsible from 10% up to 94% of soil loss rates (SLgully from collected data 

in different parts of the world). This rate differs according to the location (at every scale), nature and 

the activity of the gully. These conditions are related to environmental factors. One of the most 

explicative factors is the return period of rainfall. Surveys and models show that the frequency of rain 

events defines the sediment production of a gully (Fig. 2). 

Figure 1 : Soil erosion rates related to percentage of 
ground cover in Utah and Montana. After Trimbel and 
Mendel (1995) (adapted from Pimentel, 1998) 
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By their property, gullies change landscapes and become link between them: increase drainage and 

consequently enhance acidification of lands upstream resulting in a sediment yield downstream. They 

occur in various biomes such as mountainous regions, badlands, sandy soils … There is different kind 

of gullies due to their shape, depth and flow dynamic. The nature of a gully depends on the 

topography, climate and land use. To this day, three profiles of gullies were identified: bank gully, 

permanent gully and ephemeral gully. 

- Bank gullies are gully formation crossing 

earth bank. It usually develops in small 

catchment and has the characteristic of 

concentrate the runoff. In contrast to other 

types of gullies, bank gullies stop the transport 

of soil before it outlet. 

- Permanent gullies are channels in 

agricultural land caused by high water 

erosion. Their description is a U or V shape 

with a high depth from 0.5 to 25-30 m (Soil 

Science Society of America, 2001). These 

gullies occur in the most eroded areas and are 

the main preoccupation of the issue of land 

destruction by erosion. 

- Ephemeral gullies introduced in the 1980s, 

are usually a confluence of rills appeared randomly in a cropland while the period of growing 

plant and are erased by tillage. This periodical phenomenon don’t cause high depth but concern a 

large area. The deterioration of cropland is one of the consequences of ephemeral gullies resulting 

from an important loss of sediment and seeds yielding the land completely unusable. 

 

 

 

Figure 2 Power relation between concentrated 
runoff discharge (Q) and mean eroded channel width 
(W) for various types of eroded channels. Note the 
change in exponent b from 0.3 for rills to 0.4 for 
gullies and 0.5 for small river channels. Vertical bars 
indica transition zones between the established 
relations.(Nachtergaele, 2002) 

Figure 3 Relation between return period of 

rain event and ratio of soil loss by gully 

erosion and total soil loss by water erosion on 

central Belgium [SLgully(%)]. (adapted from 

Nachtergaele et al., 2002) 

 

Figure 4 Ephemeral gully in Vulci, central Italy 
(November 1987). Note the hard, unweathered 
bedrock at a depth of ca. 90 cm. (Adapted from 
Poesen, 2003) 
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In Australia, a specific case at the catchment scale was 

identified corresponding to the characteristics of this country 

but can be transposing to others. Alluvial gully or 

“breakaways” is a network of gullies occurring in the riparian 

zone of a river and connected to it. The process of 

transportation in the catchment is operated by these gullies 

more than normal runoff. In this way, gullies could be 

considerate as an integral part of the catchment and it 

functioning but, at this day, no study demonstrate possible 

connectivity between a gully and a river.  

 

Figure 8  Cross-section drawing of an alluvial gully (bed and scarp) eroding into a terrace from a river bank. 
(Adapted frm Shelberg 2013) 

 

 

  

Figure 5 Bank gully which developed in sunken lane 
bank (in the foreground) near Leefdaal, Belgium 
(January 1994). Note the rills (to the right of the 
standing person) which connect the bank gully with 
the upland. (Adapted from Poesen, 2003) 

Figure 6 Large (ca. 15– 20 m deep and ca. 30–40 m 
wide) permanent gully which developed in 
unconsolidated Tertiary sandy sediments, Owerri, 
South Nigeria (April 1988). The development of such 
gullies leads to enhanced subsurface drainage (water 
table lowering) of these hillslopes (Adapted from 
Poesen, 2003) 

 

Figure 7  An airborne LiDAR hillshade 
map of alluvial and colluvial gullies and 
creek and river channels along the 
Granite Normanby River valley and 
frontage country. (Shelberg 2013) 
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There are two types of gullies state: Active and inactive. Active gullies transport sediment and seed 

by gravity and rainfall whereas inactive gullies are channels without transportation. Study on marly 

gullies with forest vegetation in France reveal, due to processes of sediment trapping by vegetation, 

the correlation between gully activity and the percentage of low vegetation cover in the gully floor. 

In fact, inactive gully floor is mostly covered by vegetation. The observation of 37 marly gullies 

during 2 years show that gullies with a higher percentage than 50% cover of low vegetation in the 

gully floor are usually inactive (Rey 2003). This may be explained by the trapping effectiveness of 

low vegetation that constitutes a barrier to sediment crossing. In some case, gullies seem to be inactive 

but, with a long return period of rainfall or seasonal specificities of the geographical area, it may be 

active again or have a natural cycle of activity. For example, in continental area, snowmelt runoff 

concentrates into a gully in spring and decrease significantly or stop erosion and, at the opposite, 

erosion occur during thunderstorms in summer. Different dynamics of gullies provide a large 

diversity of pattern to gully process. 

Many technical means and methods are developed to avoid or reduce the erosion of gullies. 

Revegetalization and recovery of gullies show positive aspect for biodiversity restoration and on the 

other hand the activities of gullies develop interest from scientists about their capacity of biological 

material (seeds and nutrients) transportation. The aim of this report is to study the potentiality of 

gullies to support the ecosystem and in the end allow the hypothesis of considering or not gullies as 

corridors of biodiversity. This article concern essentially vegetation populations. For this purpose, a 

comparative analysis between biological corridors and gully should give a first base. A global aspect 

of gullies impacts at large and small scale on biodiversity can help the understanding of the 

possibilities of this type of channels. And more specifically, the functioning of gullies needs to be 

further looked at in more detail. The observation of these different scales will permit the entire 

comprehension of the subject and to provide new prospects of researches. 

In order to accomplish our graduation project interim-thesis, at first, we have made a timetable, then, 

by searching and reading papers about “revegetation” “gully” “erosion” “corridor”, etc.  we 

understood our subject and also obtained some ideas, according to which we had drawn up our plan 

of the thesis. An excel table also been created and shared between us for noting important points in 

each paper. In the following, we started working on our thesis with the help of our notes and also with 

some other papers that we searched continuously from the internet. Some schemas also are added in 

our thesis in other to better express our opinion. 
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Part 1: Gullies properties on biodiversity 

1. Gullies and corridors of biodiversity 

Another consequence of human activities is 

the natural habitat fragmentation that 

isolates population and at the end reduces 

biological biodiversity. Connectivity 

between patches is provided by corridors. 

These pathways are used as interchange of 

individuals among populations that maintain 

biodiversity. Corridors can be habitat itself 

but are usually a way to transport and 

colonisation of species. They are generally 

linear to provide movement across habitats 

but not necessarily all the life history 

requirements of a species (Reproduction, 

search for food …) in the corridor itself. In 

addition of colonisation and essential supply 

research (Food, ecological niche …), species use corridors to exchange genetic material and avoid 

predators to sustain diversity. In agricultural lands, corridors are a compromise to link landscape and 

habitat while maintaining land’s exploitation. The level of connectivity can be evaluated with the 

dynamic properties of demography of the population rates: genetic exchange, survival, birth, diversity 

for examples. For vegetation, use corridors depend on the method of dispersion and reproduction. 

Some species need specific means of dispersal provided or not by corridors. For instance, plants using 

hydrochory dispersal may have a preference for river corridor. 

In order to classify corridors, two sort of connectivity are distinguished: 

- Structural connectivity is a physical relationship within landscape elements. 

- Functional connectivity represents the movement of organisms and their biological evolution. 

On another note, three corridors that support biotic processes could be determined (Jongman 2004): 

- Commuting corridor guarantee daily movement for essential needs of species including breeding, 

food harvesting and resting. 

- Dispersal corridor is used for immigration movement. Essentially genes exchange and new 

implantations. 

- Migration corridor is more specific for seasonal/annual migration. 

Afterwards, the study analyses if gully processes correspond to corridors characteristics. Active 

gullies protide transportation by gravity or water flow. Observations should be directed toward 

seed and genetic material transportation and the survive cost of this movement. For an inactive 

gully, studies show that revegetalization help in the migration of vegetation. Specific case as 

bank gully would be paid a particularly detailed look about their properties of seed stock. 

 

 

Figure 9 Schematic of corridor.(USDA National 
Agroforestry Center) 
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2. Observations at different scales 

At the scale of a catchment, permanent active 

gullies ensure the transport of sediment. Seed 

transportation by gullies have been reported 

as a fast pathway for colonisation by plants. 

Sediment and nutrients are also transported 

and constitute, with seeds, a homogenous 

combination for plant growth. This theory is 

very controversy because seed survival and 

germination have not been observed. These 

corridors also provide the transport of 

pollutants, and it depends on the upstream of 

the gully. In fact, the one-way functioning of 

gullies has an important impact on it entrance 

and it exit.  

The transition of an active gully to an inactive gully is generally caused by the vegetalization of the 

gully bed first and extend to it border after. Revegetalization of gullies is natural or initiate by human 

action. Vegetation is usually regarded as an important measure in controlling soil erosion and 

improving the natural environment , study by Wang et al., (2014) indicated that high vegetation 

coverage is significantly helpful to reduce soil erosion, in turn, low soil erosion could also improve 

vegetation coverage. Bioprotection and bioconstruction are two major effects of vegetation 

colonization on soil, in the short term, plant cover shelters and protects soil against erosion by 

intercepting rainfall, reducing the impact energy of precipitation. In the long term, vegetation act as 

barriers of sediment flow and thus helps in trapping sediment, as well as intercepting and reducing 

overland runoff. Furthermore, plants coverage contributes to stability and cohesion of soil with theirs 

roots, and also improving water infiltration into the soil matrix (Wang et al. 2014; Durán Zuazo and 

Rodríguez Pleguezuelo, 2007). By effect of redundancy, vegetation progressively recolonise the 

gully, therefore, provide a favorable environment for biodiversity. In this sense, the transportation is 

stopped in the gully and material do not reach it outlet. So the function of movement is different, the 

gully can be corresponding to a vegetal corridor for species and other types of dispersion are 

developed. In addition, states of natural succession and biodiversity growth have been observed in 

revegetalized gullies. 

 

Figure 10 Variations in the proportions of forbs and 
legumes (Group1), grasses (Group2), shrubs (Group3) and 
trees (Group4), between 2003 and 2005 (Adapted from 
Burylo, 2007) 

 

Figure 11 Changes in: (a) abundance (the number of individuals per square meter) and (b) species richness along 
the downstream/upstream gradient. Bars represent the average values±S.E.for the 3 years and letters indicate 

significant differences between positions (ANOVA, Tukey HDS test, α=0.05) (Adapted from Burylo, 2007) 
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However, stable natural succession of vegetation recovery requires long time to establish, and water 

limitation is the major constraint to the vegetation recovery. Some studies about afforestation in arid 

area also have researched on the aspect of water: “a higher tree survival rate might result in higher 

soil water consumption, causing relatively more soil water deficit” (Wang et al. 2014), which affect 

soil moisture and destroy soil condition for further vegetation growth. Furthermore, the choice of tree 

species and tree density also have a strong impact on the soil and afforestation development. Besides, 

plant-plant interaction may also be a constraint for the future vegetation development resulting from 

the intern competition. Vegetation distribution in the gully bed depends on the vegetation on the sides. 

On this way, the vegetalization of gullies need a stable and viable habitat upstream for plant 

colonisation. 

 

In the specific case of bank gully, few studies exist and only about sediment trapping. As said before, 

germination and growth have not been observed. Bank gullies concentrate yield sediment and seed. 

The opportunity of constituting a habitat for vegetation should be receiving attention. 

 

Figure 12 Relation between abundance on the 
sediment deposits and vegetation on the sides of the 
gullies in 2003. For greater homogenetity, data have 
been grouped by threes so that each point of the 
graph represents mean abundance in three sediment 
deposits together and mean vegetation cover on 
their sides(Adapted from Burylo, 2007) 

Figure 13 Colonization processes and factors that 
impact it (Adapted from Burylo, 2007) 

 

 
 

For all these aspects, a global issue should be note: gully erosion impoverishes the land where 

it occurs. If a corridor supposes to link habitats without damaging it, gullies do not fall within 

the value of ecological corridors. To stop gully erosion, one of the more efficient methods is to 

change the land use to a less deteriorate use but generally gully incision stay. In these cases, 

gully erosion has a limited impact on land loss. A further prospect could clarify and identify 

which types of gullies should pretend as biological corridor. 
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Part 2: Possibility of gully revegetation 

After analyzing gullies and corridors of biodiversity, at part two we begin to analyze the possibility 

of gully revegetation. At this part, it will be explained in terms of seed stage, seedling stage, 

reproduction pattern and topography characters. 

1. Seed removal and storage 

At the serious disturbed area, the success of revegetation is depends on effective seed source from 

persistent seed banks and dispersal (Weerasinghe et al., 2008).  The vegetation recovery is based on 

the effective seed source, which is influenced by seed input and seed output processes on a site, 

therefore, study about seed input and output of gully is important for the vegetation recovery 

processes on our site. 

1.1 Seed rain 

Seed rain, as an important factor of seed input, is defined as the sum of all the seeds falling from 

mother plants after ripening in a given time and area. Then the seed remains on the soil surface until 

accumulating as a soil seed bank or germinating. Seed rain mainly affects the composition and spatial 

vegetation patterning forming. The wind is also an important impact factor of seed rain dispersal (Yu 

et al., 2016) 

In some long time and serious disturbed area where most species have already disappeared from the 

site, thus, resulting in an absence of seeds in soil seed banks and a difficulty in revegetation and 

regeneration via their seed banks, the research of Weerasinghe et al., (2008) suggested that the 

revegetation process would helped by seed rain and seed resource from outside. 

1.2 Seed removal 

The seed stage is particularly vulnerable to environment condition within the life cycle of plants (Yu 

et al., 2016), for example rainfall and overland flow which is occurred concomitantly on the soil 

surface can consequently result in seed removal in soils and on soil surfaces. Soil removal resulted 

from overland flow and theirs impacts on soil seed bank and on the vegetation establishment, may be 

the major cause of low vegetation cover but with high erosion activities (Han et al., 2011). Seed 

removal processes include two principal outcomes: seed redistribution and seed loss. Firstly, seed 

redistribution may be an opportunity for seeds to reach a site and soil condition more safe and 

advantageous, which will benefit seeds germination, seedlings survival and affect the subsequent 

plant structure. Han et al., 2011 also found that “seed removal during water erosion events can affect 

seed redistribution, and consequently, species composition and vegetation spatial distribution.” 

Conversely, the current vegetation and ecogeomorphology of the site can also influence the seed 

movement during the runoff process (Wang et al., 2013). 

In particular, Mather et al., 2008 reported that pollen of flora could be transported by mudballs, which 

is contained in mudballs core and sealed by moisture from rainfall and suitable fragments, then 

mudballs could be transported by the ensuing gully flow (Fig 15). Thus, mudballs are capable of 

transporting delicate flora undamaged, and be useful for pollen recovery and environmental 

reconstruction. 
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Figure 15 : Examples of armoured mudballs (a to c)  
and armoured mudballs (d to e) 

 

Furthermore, Seed loss was significantly affected by erosive rainfall. Anyway, rainfall and overland 

flow could not result in the loss of large quantities of seeds, and it was not the main reason for the 

sparse low vegetation cover in the Hilly-gullied Loess Plateau of China (Han et al., 2011). “Several 

researches have been applied on the relationships between seed loss, individual natural rainfall event 

and vegetation coverage under field condition, and the result did not demonstrate any obvious 

correlations yet” (Wang et al., 2017). 

However, in the study of García-Fayos et al., (1995), their results also pointed out that seed removal 

by erosion is not the key factor for explaining the lack of vegetation on badlands, although the soil 

seed bank densities were low, it’s also enough for the development of vegetation cover with the low 

seed loss rate. Furthermore, the number of seeds in soil bank remains increasing thanks for the 

contribution of seed rain inputs. Thus, other factors, such as those related to seed germination and 

seedling survival may play an important role for the absence of vegetation cover. Yu et al., (2016) 

also pointed out that seed rain and overland runoff mainly affect the composition and spatial 

vegetation patterning forming, but overland runoff only has an effectively influence on the small-

distance horizontal seed movement in the Hilly-gullied Loess Plateau of China. 

Likewise, overbank flow may also result in transportation of sediment, such as organic material, 

nutrients and contaminants (Fig 15). The sediment deposit and its biophysical and chemical change 

have highly significant effects on the ecosystem services, especially contaminated sediment which 

may be deleterious to the food network and threatening to the soil cohesiveness and soil erosive 

resistance (Osterkamp et al., 2012). But in our study site, we need more researches to verify this 

opinion.  

 

Figure 14 : Diagram of the channel of a large river 
representing the flux and storage of sediment, 
nutrients, and contaminants onto and off the flood 
plain and related bottomland surfaces during 
overbank flow (adapted from Osterkamp et al., 
2012) 
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1.3 Seed bank 

Although the presence of seeds is a dynamic process resulting from seed removal and seed input, 

seeds can persist in the soil for a long time before germination (Olano et al., 2012) and seeds can be  

stored naturally inside and on the surface of soil, which is defined as soil seed bank (Wang, 2013).  

Soil seed bank plays an important role in the function of soil ecosystem and vegetation succession 

(Olano et al., 2012), it offers a material base of vegetation succession and recovery, prevent soil from 

disturbance environmental and human activities, and play an important role in the process of natural 

vegetation renewal and recovery (Wang, 2013), as well as in the maintenance of species community 

diversity and stability, even under extreme and unpredictable environmental conditions (Yuan, 2009; 

Olano et al., 2012). Furthermore, variation in the characteristics of seed dormancy determines whether 

a soil seed bank is transient or persistent, permanent soil banks can reduce the extinction risk of 

endangered species (Yuan, 2009). 

Soil seed bank can be influenced by soil characters (soil moisture, soil PH, etc.), environment factors 

(altitude, season, climate, etc.) and vegetation growth pattern. Moreover, 80-90% of soil seeds exist 

in 2 cm upper soil layer, but this value vary according to different ecological conditions (Yuan, 2009). 

Therefore, soilet seed bank characters and impact factors in our study site need more researchers to 

conclude. 

However, low soil seed bank density, generally is enough for the development of vegetation recovery, 

thus, is not the reason explaining the absence of vegetation in disturbance environment (Burylo, 

2007). 

Study from Olano et al., (2012) indicated that vegetation recovery from seed banks can occur very 

rapidly even under limiting and stressful conditions of semi-arid environments in Iberian gypsum 

steppes. However, in this case, high seed mortality and massive reproduction as well as germination 

failure may suggest that seed banks with long-term storage maybe not be as influential for vegetation 

recovery as short- to mid-term seed banks. Thus in our study site, we need more researches to verify 

this opinion.  

In conclusion, seed bank plays an important role in the process of natural vegetation renewal 

and recovery in degraded gullies, but seed bank characters such as seed position, impacts 

factors, and seed optimal storage time vary from different site conditions. Besides, seed removal 

caused by rainfall and overland flow make an impact on the vegetation recovery pattern 

forming but rainfall and overland flow do not result in a large quantity of seed loss, thus, seed 

removal and low seed bank density is not the main raison for the absence of vegetation cover in 

gully area with serious soil erosion such as Hilly-gullied Loess Plateau of China. Furthermore, 

overland runoff only has an effectively influence on the small-distance seed removal. Studies 

between seed removal and vegetation coverage as well as transportation of sediment need a 

further investigation. 
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2. Seedling regeneration 

As we have already mentioned, some studies pointed out that the seed removal by erosion is not the 

key factor explaining the absence of vegetation, therefore other factors are suggested, such as the 

non-germination of seeds or the non-survival of 

seedlings (ReaHan et al., 2011; García-Fayos et al., 

1995). Thus, we should notice that seedling stage also 

plays an important role for biodiversity and vegetation 

recovery. 

Seedling stage is the last stage of seed regeneration. 

From seed germination to seedling establishment, it is 

the weakest stage in the plant life cycle (Fig 16), thus, 

seedling regeneration play an important role in 

maintaining and stabilizing plant biodiversity, 

especially in the soil degraded area, where exist more 

restrictions for seedling regeneration (Wang, 2013). 

Seedling regeneration is limited by, firstly, effective 

seed source. Absence of seed in the degraded soil  is the 

one of main impact factors for the presence of effective 

seed source, seed loss caused by soil erosion also reduce 

the effective seed source; Another important impact 

factor for seedling regeneration is the microsite, certain 

natural characters, such as soil texture, plant litter, 

micro-topography, especially under harsh natural condition, affect the seed emergence and seedling 

establishment; Besides, the process of seed transport, which lead to some seeds be buried by silts or 

other materials, also result in a lower seed germination rate; Furthermore, precipitation condition, 

such as rainfall capacity, duration, intensity as well as frequency, influence the soil moisture content 

and soil infiltration, thus have an effect on the seed emergence and seedling regeneration. The 

raindrop energy and overland runoff accompanying the precipitation could also engender seedling 

damage and even worse, seedling death (Wang, 2013); Overland flow and movement of sediments 

and seeds also reduce soil seed bank density and thus, result in the decrease of seed germination rate 

(Yu et al., 2016). 

The study of Li et al., (2010) also regarded woody seedlings colonizing naturally as the most 

appropriate indicator of successful restoration of forest communities, and the seedling stage as a 

demographic bottleneck for most populations result from the high mortality rate in divers plant 

communities in the subtropical Ailao Mountains. Theirs results implied that the woody seedling bank 

may contribute to the later successional stages of the montane moist evergreen borad-leaved forest. 

In conclusion, the seedling stage, as the most vulnerable stage of plant cycle life, plays an 

important role for biodiversity and vegetation recovery, especially under degraded soil 

condition. Therefore, researches about seedling regeneration combining the practical 

condition, such as climate condition, soil characters, etc, is important for finding out the 

potential of vegetation recovery gully area with serious soil erosion. 

 

Figure 16 Plant life cycle 
(https://www.pinterest.com/pin/47498909
1921748007/) 
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3. Vegetative reproduction 

After survival of seed and seedling stage, reproduction pattern also influence a successful vegetation 

recovery in degraded soil environment. With a higher survival rate, vegetative reproduction has a 

better adaptability under rigorous environment, especially under erosive soil condition, though the 

reproductive capacity is lower than sexual reproduction (Wang, 2013). 

Vegetative reproduction is a form of asexual reproduction occurring in plants, during the vegetative 

reproduction process, a new plant can grow from a fragment of the parent plant or grow from a 

specialized reproductive structure (such as a stolon, rhizome, tuber, corm, or bulb), or can be 

vegetatively propagated if small pieces are subjected to chemical (hormonal) treatments. With a 

higher survival rate, vegetative reproduction has a better adaptability under rigorous environment, 

especially under erosive soil condition, though the reproductive capacity is lower than sexual 

reproduction (Wang, 2013). 

Study from Amundsen et al., (1982) implied that the vegetation development of the central Aleutian 

Islands is disturbed by some serious environmental problems such as low soil temperature, high level 

soil moisture and low level of incident solar radiation, etc. The windy and wet climate also aggravated 

the soil erosion. Thus, successful reproduction by seed is uncommon in this area, researchers found 

that the vegetative propagules are almost the primary means of plant reproduction. However, wind 

and water aids in the dispersal of the propagules by the movement of shoot and rhizome fragments, 

but also take them away from the open areas and delays the revegetation at the same time.  

The study of Tsuyuzaki and Hase (2005) has also concluded that the plant community recovery was 

mostly due to vegetative reproduction of large perennial plants and shrubs in the disturbed area caused 

by the small eruption of 1996 in Mount Koma, northern Japan.  

In conclusion, several researches indicated that vegetative reproduction can aid in vegetation 

recovery, however, we need more references aimed at the vegetation recovery in the erosive 

gullies and field test to further confirmed whether vegetative reproduction also have an effect 

on vegetation recovery in gullies area with serious soil erosion. 
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4. Fish-scale pits 

 

 

 

 

 

 

 

 

 

 

 

In the matter of topography, fish-scale pits (Fig.17, Fig.18) were largely used planting trees in some 

areas such as mountainous areas of Beijing Municipality as a traditional measure for afforestation 

(Wang et al., 2014, Fu et al., 2010), which helps in controlling soil erosion and improving the 

development of vegetation recovery. Fu et al., (2010) reported that fish-scale pits can effectively 

reduce overland runoff (18% in average with a maximum of 64%) and overland sediment flow (76% 

in average with a maximum of 85%) under heavy rainstorm conditions in mountain areas of Beijing 

Municipality. 

Fish-scale pits (Wang et al., 2017), the semicircular rainwater retention basins that are built on the 

slopes in an alternating pattern, and similar to the arrangement of the scales of a fish, where seeds 

could concentrate inside caused by soil erosion (Wang et al., 2014). Several studies indicated that the 

soil seed bank densities in the fish-scale pit was significantly higher than others zones such as tussock 

and inter-plant area, the high soil seed bank densities can encourage the increase of species diversities 

of plants communities as well as soil qualities (Wang et al., 2017) and soil water content (Fu et al., 

2010), furthermore, the high soil seed bank can also improve soil environmental parameters such as 

soil organic matter, capillary porosity and nitrogen content, thereby increasing soil productivity 

(Wang et al., 2014). As a result, the presence of fish-scale pits benefits the vegetation recovery.   

However, a contrary pointed of view have been reported that the fish-scale pits did not effectively 

resolve the problem of their small storage capacity for runoff and sediment, study of Wand et al 

(2014) indicated that the large-scale afforestation with fish-scale pits is unsuitable in the steppe zone 

on the hilly-gully Loess Plateau in northern China. Firstly, most fish-scale pits are filled up by 

sediments or destroyed by runoff within several years, the benefit of reducing overland sediment flow 

would rapidly decrease. Furthermore, excavated fish-scale pits with larger-density planting would 

inevitably alter soil micro-topography, therefore, destroying the original slope structure and 

restraining the vegetation diversity and vegetation development.  

In conclusion, we could propose to build fish-scale pits on the gully slopes and use for planting 

trees, the presence of fish-scale pits could reduce overland water flow and sediment flow during 

rainfall, thus controlling the soil erosion and benefiting the vegetation recovery. However, with 

changes of fish-scale pits structure as well as fish-scale excavation within several years, this 

benefit would maybe reduce. Therefore, can fish-scale pits effectively aid in recovering 

vegetation establishment in gully area with serious soil erosion need more researches and 

discussions to verify. 

Figure 18 :Fish-scale pits of afforestation 
programme in Xingtai county, Hebei Province, China  
(http://www.xtrb.cn/news/2016-
03/23/content_536613.html) 

Figure 17 : Fish-scale pits of 
afforestation programme in eastern 
China 
(http://www.sohu.com/a/128731013_
61427) 
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Conclusion 

Gullies have generally a negative image, consequence of erosion and land damaging. But gully 

erosion attracts attention from scientists because of their complexity. Gullies have the particularity of 

changing landscape and modify the ecosystem. To control gully erosion, methods and techniques are 

established as revegetalization and change land use. A lot of studies have been made about the 

effectiveness of vegetation cover in gullies to decrease and stop erosion, also to trap sediment and 

seeds. Plant germination and growth after gully transportation has yet to be explored. Another 

important consideration is that vegetation into gullies is vulnerable to abiotic factors. Two types of 

gully corridor are identified in this report: active and inactive. Semi-active gully can present the 

properties of each type. Active gullies could be used as a one-way corridor that provide transportation 

by water. Inactive gullies could constitute a shelter (habitat) for biodiversity and could guarantee 

genetic exchange (plant-plant reaction). Both may be considered as biodiversity corridor but all 

studies made to date are insufficient to conclude. In theory gully functioning closely resembles the 

biodiversity corridor functioning but survive of organisms into and through gullies are not yet 

observed.  

 

Figure 19 : Synthesis model (personal realization) 

 

Some properties and aspect of gully could present an opportunity or be an indicator of organism 

richness/survival: 

- Seed removal which will not cause large quantity of seed loss make an impact on vegetation 

recovery.   

- The presence of fish-scale pits could reduce overland water flow and sediment flow during 

rainfall, thus controlling the soil erosion and benefiting the vegetation recovery. But the changes 

of fish-scale pits and the consequence that it provokes need further research. 

- Vegetative reproduction can aid in vegetation recovery, but the effect in gullies need further 

confirm 

- Mudball transportation which helps pollen dispersal maybe also be possible for gully ecological 

condition. 

In conclusion, gullies may be a potential ecological corridor but only under certain biotic and abiotic 

conditions. The efficiency of these pathways should be evaluated to confirm the hypothesis. 
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Gullies can be potential corridors of biodiversity? 

Bibliographic Synthesis for vegetation in gullies with soil erosion 

 

 

Abstract 

Soil erosion, caused by wind and water is a natural problem that attires more and more attention from 

all over the world, revegetalization and recovery of gullies show positive aspect for controlling soil 

erosion and biodiversity restauration. Corridors are usually built to transport species and allow 

colonizing; they play an important role in proving movement across habitat and preserving 

biodiversity. The objective of this report is to study the potentiality of gullies to support the ecosystem 

and in the end allow the hypothesis of considering gullies as corridors of biodiversity. This article 

concern essentially vegetation populations. We found that the presence of soil seed bank, seed 

overland removal, fish-scale pits and mudballs in gullies support our hypothesis, seedling 

regeneration and vegetative reproduction are also important for the vegetation growth after the seed 

stage.  However, more researches should been carried out for further confirm our opinion. 

 

Key word 

“gully erosion” “vegetation recovery” “ecological corridor” “seed removal” “seed bank” “vegetative 

reproduction” “seedling regeneration” 

  

Graduation project 

DAE 

2017-2018 

D 


