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Abstract

Despite being one of the hotspots for soil erosion in the world, little is known regard-

ing farmer's knowledge of soil erosion in the highlands of South-Kivu in the Demo-

cratic Republic of Congo. A proper understanding of farmers' knowledge regarding

soil erosion and conservation measures is a prerequisite for implementing resilient

erosion control measures. The objective of this study was therefore to assess

farmers' knowledge of soil erosion, to document existing soil and water conservation

(SWC) measures and to identify their adoption constraints in the highlands of South-

Kivu. Data were collected using interviews with a semi-structured questionnaire

involving 720 respondents from eight watersheds in four territories. Farmers

reported eight main erosion indicators. As opposed to gullies (80% of farmers), rills

were perceived as important erosion indicators by only 50% of farmers, despite their

common occurrence. Farmers were largely unaware of the potential impact of their

crops and cropping practices on erosion. Farmers knew about only a limited range of

SWC measures, which were perceived to be little to moderately efficient. Further-

more, the average level of adoption was very low (21%). Adoption constraints varied

widely depending on the SWC measure. Thus, future interventions need to place

much greater emphasis on awareness regarding soil erosion and SWC measures, to

strengthen farmers' capacity for experimentation and adaptation to new technologies

and finally to create a policy and institutional environment that stimulates wide-

spread adoption of SWC techniques.
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1 | INTRODUCTION

Soil erosion by water is one of the greatest causes of land degradation

in the world, with numerous environmental but also social and eco-

nomic impacts (Eswaran, Lal, & Reich, 2001; Labrière, Locatelli,

Laumonier, Freycon, & Bernoux, 2015). From an agricultural point of

view, topsoil removal reduces the productive capacity of the soil

through the loss of nutrients and organic matter, exposure of deep

horizons of lesser quality and, in extreme cases, significant reduction

in the volume of soil that can be exploited by roots (Crosson, 2003;

Oldeman, 1992; Scherr, 2003). Soil erosion may also cause direct

damage to crops through root exposure, uprooting of seedlings or

plants or crop burial in deposited sediment (Prasuhn, 2011). In the

case of gullying, soil erosion may also result in the permanent loss of

cropland when the size of the gully is beyond what can be reclaimed

through locally available means (Frankl, Poesen, Haile, Deckers, &

Nyssen, 2013; Poesen, Nachtergaele, Verstraeten, & Valentin, 2003).

In developing countries, the loss of arable land through soil erosion

has been shown to enhance poverty, underdevelopment and food

insecurity, which will further lead to increased pressure on land and
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accentuate soil degradation, creating a vicious cycle (Lal, 2009). It has

been argued that this vicious cycle weakens the resilience of small-

holder farmers (Scopel et al., 2013) and will also restrict the availability

of resources and knowledge to generate adequate income and oppor-

tunities to overcome the degradation process (Bationo et al., 2006).

In response to this issue, major investments have been made

across the world to promote soil and water conservation (SWC) tech-

nologies. However, their dissemination has encountered difficulties,

and erosion continues to be a widespread issue, in particular in devel-

oping countries (Tenge, De Graaff, & Hella, 2004; Wildemeersch et al.,

2015). As a result, factors affecting a farmer's adoption of SWC mea-

sures have been widely studied in order to identify possible bottle-

necks. Such studies have most frequently focused on farming

household characteristics and resource availability as a means to

explain adoption constraints (Giller, Witter, Corbeels, &

Tittonell, 2009; Kassie, Zikhali, Pender, & Köhlin, 2010; Wildemeersch

et al., 2013). However, this has led to sometimes contradictory results

because farmers across borders and regions live in different environ-

mental, cultural and socioeconomic conditions. In addition, even

though certain household characteristics may be necessary to ensure

investment in SWC technologies (e.g., land tenure, sufficient labour or

financial resources), these conditions are generally not sufficient to

explain farmer behaviour.

The importance of taking into account farmer's perceptions has

been emphasised as a key to a better understanding of farmer's

acceptance and implementation of SWC measures (e.g., Birhanu &

Meseret, 2013; Gould, Saupe, & Klemme, 1989; Haghjou, Hayati, &

Momeni Choleki, 2014; Kiome & Stocking, 1995; Sterk &

Haigis, 1998). In particular, Meijer, Catacutan, Ajayi, Sileshi, and

Nieuwenhuis (2015) and Assefa and Hans-Rudolf (2016) confirmed

the interplay between the implementation of soil conservation mea-

sures and the perception of soil degradation, that is, a greater aware-

ness of the extent of land degradation and of the impact of on-farm

activities on land degradation, increases the likelihood of

implementing SWC measures. In addition, the implementation of con-

servation measures will also be affected by farmer's knowledge or

perception regarding the advantages or disadvantages of a given SWC

technology (e.g., Wauters, Bielders, Poesen, Govers, & Mathijs, 2010).

Studying such perceptions is therefore crucial, not only for under-

standing the ways in which farmers react to the menace of soil ero-

sion and plan their interventions in their respective environments but

also because it helps identify key leverage points on which to act in

order to induce greater adoption (e.g., raising awareness, increased

knowledge). In addition, a better understanding of farmers' percep-

tions may help direct specific actions to specific farmer groups. For

greater relevance, collecting such information is best performed using

farmers' own criteria. Indeed, assessing the impact of agricultural

activities on erosion using indigenous knowledge raises farmer's

awareness regarding their responsibility in the changes observed in

their landscape (Okoba & Sterk, 2006).

The East-African Highlands, with an altitude generally above

1,500 m, spread across Ethiopia, Kenya, Tanzania, eastern DR Congo,

Rwanda, Burundi and Uganda (Hurni, 1990). This region is endowed

with rather favourable soil and climatic conditions, making it one of

the most suitable regions for agricultural activities in Africa. As a

result, the East-African Highlands are also one of the most densely

populated areas of Africa, with average population densities ranging

between 158 (Ethiopia) and 410 (Rwanda) inhabitants per km2

(Himeidan & Kweka, 2012). Nevertheless, high rainfall and steep

slopes create favourable conditions for the occurrence of soil erosion,

a process that has been strongly enhanced by poor resource-use prac-

tices and dramatic changes in land cover/land use during the last

decades—a direct consequence of the high population pressure. This

has in turn impacted food security and social livelihoods and contrib-

uted to the high overall poverty and agricultural crisis in the East-

African Highlands (Assefa & Hans-Rudolf, 2016; Place, Pender, &

Ehui, 2006; Wickama, Okoba, & Sterk, 2014).

Whereas soil erosion by water has been well documented in

many countries of the East-African Highlands (Ethiopia, Kenya, Tanza-

nia, Uganda, Burundi and Rwanda (Bagoora, 1988; Bizoza, 2014; El-

Hassanin, Labib, & Gaber, 1993; Okoba & Sterk, 2006; Tenge

et al., 2004), little is known to this date regarding the extent of soil

erosion and conservation along the highlands of the South-Kivu Prov-

ince in eastern DR Congo, which is part of the East-African Highlands.

In this area, 80% of the population lives in the rural areas, and more

than 90% of them practice subsistence agriculture under rainfed con-

ditions (Moummi, 2010), making it especially susceptible to the conse-

quences of land degradation by soil erosion. Land degradation also

directly affects the urban population, since 70% of the food supply of

cities in South-Kivu comes from surrounding rural areas

(IPAPEL, 2010). Strategic documents for the reduction of poverty rec-

ognise land degradation as the major threat to agricultural production

and a source of poverty in all DR Congo provinces (DSRP, 2005;

DSRP, 2011). These documents emphasise that solutions should

imperatively rely on an integrated approach to managing smallholder

agriculture in watersheds in order to make agricultural production

economically viable and environmentally sustainable (Hauser

et al., 2007). Nevertheless, and unlike neighbouring countries, there is

a general lack of scientific investigations in South-Kivu regarding soil

erosion and indigenous SWC measures, despite it being identified as

one of the hotspots of soil erosion in Africa (Van Oost et al., 2007).

This situation can be largely attributed to the weak presence of gov-

ernment agencies, weak financing of national research institutions as

well as the high level of insecurity that has lasted for several decades

in the region.

During colonial times, from the 1940s till the 1960s, projects such

as the “Mission anti-érosive au Kivu” widely implemented linear land-

scape elements such as ditches, grass strips and bench terraces, but

these have largely disappeared nowadays (Moeyersons, 1989;

Moeyersons et al., 2004). According to Lunze (1990), adoption of

SWC measures in the 1980s remained low despite the presence of

various NGOs involved in extension and dissemination of SWC tech-

nologies in the South-Kivu highlands. Little is known as to how the sit-

uation has evolved since then, but it is unlikely to have improved,

given the rapidly growing population, high poverty levels and persis-

tent insecurity over the last two decades. Since it is nowadays well

2 HERI-KAZI AND BIELDERS



accepted that, for farmers to adopt SWC technologies, they need to

be aware of the erosion issue and its effects, perceive it as serious

enough and must be able to undertake action against it; this study

aimed at assessing farmers' knowledge of (a) soil erosion and its cau-

ses and (b) soil and water conservation measures and their adoption

constraints. Such information may then serve to guide future inter-

vention strategies in South-Kivu.

2 | MATERIALS AND METHODS

2.1 | Study area

The survey was conducted in 55 villages across four territories

(Walungu, Idjwi, Kabare, and Kalehe) of the South-Kivu highlands

(Table 1). These four territories cover a wide range of biophysical et

socioeconomic contexts encountered in the highlands of South-Kivu.

Two watersheds per territory were selected taking into account the

watershed's representativity in terms of soil type and smallholder

farming systems but also their accessibility (Table 1). As a matter of

fact, bad road conditions and insecurity (presence of some armed

groups) are major constraints to access some areas (Ulimwengu,

Funes, Headey, & You, 2009).

The watersheds were delimited based on the 30-m resolution

DTM available from the ASTER GDEM2 website (METI, NASA, 2011)

(Figure 1). The soils derive from volcanic and basaltic parent materials

(mollic Andosols, systic Nitisols, humic Nitosols and eutric Cambisols) for

the four watersheds in the northern part of the province (Kabare and

Kalehe) or from ancient soil materials, mostly basaltic and strongly

weathered (orthic Cambisols, dystic Nitisols and humic Nitosols) for the

Walungu territory and the Idjwi Island (FAO, 1998) (Table 1). The

study area experiences a tropical highland climate with a bi-modal

rainfall distribution resulting in two wet (September–January and

February–May) and one marked dry (June–August) seasons. As a

result, there are two main cropping seasons per year. The 10-year

average annual rainfall recorded in this area varies between 1,300 and

1,600 mm (IPAPEL, 2010).

In each watershed, the villages were selected using two criteria:

(a) the absence of insecurity constraints and (b) a majority of the pop-

ulation being engaged in agricultural activities within the village.

Indeed, in some villages, mining and brick-making activities dominate.

Based on a list of villages bearing, these criteria for each watershed, a

guided choice was made to cover as much as possible the cultivated

areas in each watershed.

2.2 | Data collection

In order to have a comprehensive understanding of farmers' opinion

on soil erosion and SWC practices, we collected information through

individual semi-structured questionnaire interviews. A total of

720 randomly selected farmers were interviewed, 90 per watershed.

The survey aimed at assessing (a) the severity of land degradation byT
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soil erosion and the soil fertility status, (b) farmer's knowledge regard-

ing erosion and in particular indigenous indicators used by farmers to

assess the occurrence and severity of erosion, (c) causes of soil ero-

sion, with special emphasis on farmer's perception regarding the

impact of their crops and cropping practices on soil erosion and

(d) farmer's knowledge about SWC techniques and perceived con-

straints or reasons for non-adoption.

For this survey, respondents were heads of farming households

(males or females). In case of absence, they were represented by their

partners or grown-up children living within the household and having suf-

ficient knowledge of the different activities of the household. The surveys

were conducted in local languages, and, when needed, questions were

explained by a member from the local development committee. The sur-

vey was done either at the farmer's home (when the farmer field was

close to the house) or in his field so as to conform to their working pro-

grams, given that the period during which the survey was done coincided

with the beginning of the cropping season. Being in or close to the field

also allowed easy clarification or verification of the farmer's assertions.

An erosion severity index was calculated as follows. First, farmers

were asked to list all signs of erosion observed in their fields. For each

sign, farmers were asked to rate its severity on a scale from 1 (weak)

to 4 (very high) and to justify the score based on what could be seen

in their fields. Because farmers were not asked to rank the relative

importance of each sign, a weight was calculated for each observed

sign by dividing its frequency by the total frequency of all signs, that

is, more weight is given to signs commonly reported by the surveyed

farmers. Then, the erosion severity index of a given field was obtained

by adding up the weighted severity indexes of all signs observed in

that field.

Based on the actual erosion signs reported by each farmer,

farmers were asked to list the main causes of water erosion in their

fields and to rank the importance of each cited cause on a scale from

1 to 4. Whether or not crops or farming practices were cited as causes

of erosion, farmers were requested to express their opinion regarding

the possible impact of these two factors on erosion (promote, neutral,

restrict).

Farmers were also asked about the SWC measures implemented

in their fields and to rank the effectiveness of each SWC measure on

a scale from 1 (low) to 4 (very high). Based on these ratings, an aver-

age effectiveness index was calculated for each technique. Finally, all

farmers were asked to provide the reasons why they did not imple-

ment a range of conservation measures.

2.3 | Data analysis

Data were processed and analysed with XLSTAT (version February

2, 2016). Analyses involved descriptive statistics, including frequency

F IGURE 1 Surveyed watersheds as well as major soil groups and elevation within four territories forming the Kivu dorsal (Wal = Walungu,
Kab = Kabare, Kal = Kalehe and Idj = Idjwi-Island) in South-Kivu, DRC. (SOTER data, Batjes, 2007) [Colour figure can be viewed at
wileyonlinelibrary.com]
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distributions and graphs. Chi-squared tests were used to test for dif-

ferences across watersheds. Simple logistic regression was performed

to analyse the relationship between the erosion severity index and

the presence/absence of SWC techniques.

3 | RESULTS

3.1 | Erosion indicators

Nine main erosion indicators were reported by the farmers, of which

eight were listed by more than 50% of the respondents (Table 2). Two

indicators relate to forms of erosion (rills and gullies), while the

remainder refer to the impacts. Impact indicators relate mostly to the

consequences of erosion or sedimentation on soils or crops, though

one indicator also relates to the impact on labour. Whereas the pres-

ence of gullies was reported by 80% of farmers as a sign of erosion,

rills were only mentioned by 50% of farmers. The frequency of obser-

vation of erosion indicators varied significantly across watersheds

(p < .0001). On average over all nine indicators (excluding 'others'),

erosion signs were most frequently reported in Kal2 and Idj1 (> 80%

of farmers on average) and least in Wal1 and Wal2 (< 45% of farmers

on average). Although gullies were commonly cited in all watersheds

(>60% of farmers), some other indicators were extremely variable.

This was for instance the case for 'hampering of tillage' (4–93%) and

'stoniness/rock outcrop' (1–94%) but also for 'rills' (13–88%).

Not all farmers reported all erosion signs (Figure 2). Nevertheless, the

severity of the signs was, on average, perceived by 21% of the respon-

dents who mentioned a given erosion sign as high to very high. The sever-

ity was highest for root exposure (high to very high for 38% of

respondents) and lowest for rills (high to very high for 9% of respondents).

Based on the severity of the observed erosion signs, a severity

index was calculated for each farmer's field. Across the watersheds,

erosion severity was 2.3 ± 1.1 (mean ± SD; Figure 3). On average,

14.4% of fields are subject to severe to very severe erosion (index ≥3)

(Figure 3).

3.2 | Causes of water erosion

The most commonly quoted causes of soil erosion (>50% respon-

dents) in all the eight watersheds were high rainfall, steep slopes,

occurrence of runoff and nature of the soil (Table 3). Overall, less

than 20% of farmers associated erosion to their choice of crops and

farming practices. Nevertheless, the perception of the main causes of

soil erosion varied significantly across watersheds (Table 3). On aver-

age, causes were most frequently listed in Kal2 and Idj1 (the six main

causes were listed by >70% of farmers on average) and least in both

Walungu watersheds (the six main causes were listed by <40% of

farmers on average). High rainfall was perceived as a cause of erosion

in all watersheds (> 69% of respondents). Slope was viewed as a cause

by a majority (>70%) of farmers in all watersheds except in Wal2

where only 50% of farmers mentioned this factor. Regarding crops

and farming practices, their contribution to erosion was nearly fully

ignored in Kal1, Wal1 and Wal2 (<5%) compared to the other water-

sheds where 21–36% of the farmers considered that these factors

contribute to erosion.

TABLE 2 Frequencies of observed signs of erosion within the eight watersheds and Chi-square test results (% farmers; n = 90 for each
watershed)

Signs of erosion Avg. Kal1 Kal2 Kab1 Kab2 Idj1 Idj2 Wal1 Wal2 Chi2 p-value

Presence of gully 80.4 76.7 97.8 78.9 84.4 91.1 84.4 70.0 60.0 56.6 <.0001

Root exposure 76.3 74.4 98.9 75.6 75.6 93.3 81.1 54.4 56.7 84.0 <.0001

Decrease of topsoil depth 74.3 76.7 97.8 76.7 73.3 93.3 82.2 57.8 36.7 126.2 <.0001

Loss of organic matter 73.9 61.1 96.7 80.0 81.1 84.4 83.3 53.3 51.1 89.3 <.0001

Loss of soil fertility 68.2 65.6 93.3 72.2 73.3 85.6 85.6 38.9 31.1 146.0 <.0001

Burial of crops 66.3 70.0 97.8 63.3 60.0 74.4 68.9 51.1 45.6 72.1 <.0001

Hampered tillage 58.5 63.3 93.3 52.2 55.6 90.0 77.8 31.1 4.4 234.3 <.0001

Presence of rills 50.6 46.7 87.8 64.4 45.6 71.1 56.7 13.3 18.9 160.8 <.0001

Stoniness/rock outcrops 31.1 20.0 94.4 16.7 10.0 64.4 28.9 13.3 1.1 299.0 <.0001

Others 0.6 0.0 0.0 0.0 0.0 0.0 3.3 1.1 0.0 16.1 .024

Note: The sum of frequencies for each watershed is greater than 100 as farmers could provide more than one response.

Abbreviations: Kal, Kalehe; Kab, Kabare; Idj, Idjwi; Wal, Walungu.

F IGURE 2 Frequency distribution of perceived severity of
observed signs of erosion (% farmers, n = 720). No answer refers to
the farmers that did not observe the sign in their field [Colour figure
can be viewed at wileyonlinelibrary.com]
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The contribution of rainfall, slope steepness, runoff and soil prop-

erties to soil erosion was perceived as being of moderate to very high

importance by 86, 61, 51 and 33%, respectively, of those farmers who

identified the causal factor (Figure 4). In addition to the fact that few

producers identified cropping practices and crops as causal factors,

more than half of those who listed these two factors considered them

to be of low importance.

3.2.1 | Effect of crops on erosion

Table 4(a) lists the 12 most important crops grown in the study area.

Beans, cassava and maize are staple crops and are grown by more

than 85% of farmers. Sweet potato, banana and taro are cultivated by

35 to 64% of the farmers. The remaining crops are grown by

approximatively 10–20% of the farmers. Most crops were perceived

by farmers as being neutral with respect to erosion [Table 4(a)].

Regarding coffee and banana, 57 and 55% considered these crops as

having an anti-erosion effect. Consistent with the above-mentioned

results, very few farmers considered that crops could promote ero-

sion. In this respect, beans appeared as the least favourable crop,

though only by 8% of the respondents.

3.2.2 | Effect of farming practices on erosion

Eleven main agricultural practices were reported. Weeding, tillage and

intercropping as well as household waste, crop residue or compost

application were performed by more than 75% of the farmers [Table 4

(b)]. Most farming practices were perceived as neutral with respect to

soil erosion, except for hilling and ridging which were perceived to

limit erosion by 83 and 42% of adopters because they slow down run-

off water flow. Hilling and ridging are, however, restricted to specific

crops such as yam and sweet potato. An anti-erosive effect was also

attributed to farmyard manure (27%) and intercropping (10%),

although the majority of respondents view these two techniques as

neutral. Ploughing and weeding were generally perceived as neutral,

but, on average, 15% of the respondents considered that these prac-

tices favour erosion.

F IGURE 3 Cumulative distribution of erosion severity index in
the eight watersheds of Kivu dorsal (N = 90 in each watershed).
Kal = Kalehe; Kab = Kabare; Idj = Idjwi; Wal = Walungu; All = the total
of eight watersheds [Colour figure can be viewed at
wileyonlinelibrary.com]

TABLE 3 Frequencies of perceived causes of soil erosion within the eight studied watersheds and Chi-square test results (% farmers, n = 90
for each watershed)

Cause Avg. Kal1 Kal2 Kab1 Kab2 Idj1 Idj2 Wal1 Wal2 Chi2 p-value

High rainfall 87.1 88.9 98.9 84.4 88.9 96.7 90.0 80.0 68.9 50.8 <.0001

Steep slope 82.5 85.6 98.9 81.1 87.8 96.7 90.0 70.0 50.0 110.8 <.0001

Runoff 75.7 75.6 98.9 78.9 73.3 97.8 87.8 53.3 40.0 144.9 <.0001

Soil properties 55.7 60.0 64.4 57.8 53.3 81.1 61.1 34.4 33.3 63.2 <.0001

Crops 19.6 4.4 35.6 30.0 31.1 31.1 21.1 1.1 2.2 85.9 <.0001

Practices 17.1 1.1 30.0 25.6 24.4 30.0 22.2 0.0 3.3 77.6 <.0001

Other 0.1 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 .428

Note: The sum of frequencies for each watershed is greater than 100% as farmer could provide more than one response.

Abbreviations: Kal, Kalehe; Kab, Kabare; Idj, Idjwi; Wal, Walungu.

F IGURE 4 Frequency distribution of perceived importance of the
soil erosion causal factors listed in Table 4 (% farmers, N = 720). No
answer refers to the farmers that did not report the causal factor. 0%
20% 40% 60% 80% 100% [Colour figure can be viewed at
wileyonlinelibrary.com]
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3.3 | SWC measures and adoption constraints

As mentioned above, common cropping practices such as mulch or

compost application, tillage or intercropping were seldom perceived

as beneficial for erosion control [Table 4(b)]. Consistent with this, their

average effectiveness was perceived as low on average (1.1–1.4 on a

scale from 1 to 4; not shown). Besides the cropping practices, farmers

reported seven specific soil erosion control measures (Table 5), of

which drainage ditches (69% of farmers) and agroforestry systems

(42% of farmers) were most commonly applied. Additionally, 15% of

farmers knew about drainage ditches and 13% knew about agrofor-

estry for erosion control but did not implement these techniques.

Planting a hedge along the contour was a known anti-erosive measure

for 39% of farmers, but only half of them declared planting such

hedges. On the contrary, all farmers who knew about anti-erosive

bunds for erosion control also implemented them (15%). Only very

few farmers (<4%) declared knowing or maintaining a permanent veg-

etation cover, ploughing along the contour or placing brushwood

fences. Drainage ditches and permanent vegetation cover were

deemed most effective for erosion control, closely followed by con-

tour hedges and contour bunds (Table 5). The effectiveness of all four

measures was rated 2.3 to 2.6, that is, between moderate and high.

Agroforestry was deemed moderately effective. Brushwood fences

were reported as being of low effectiveness, but only seven farmers

had practical experience with this technique, and among those, only

four reported on the effectiveness. The rating of contour plowing and

permanent vegetation cover may similarly be questioned given the

low number of evaluators.

Although there were significant differences across watersheds

regarding the implementation of SWC measures, no systematic pat-

tern could be identified (not shown). Drainage ditches and agrofor-

estry were rather less common in Wal2. Earthen bunds were more

common in Kal1 and Idj1, whereas permanent vegetation cover was

more often mentioned in Kal1 and Kab1.

The main reasons formulated by farmers (Table 6) when asked

why they did not adopt certain SWC measures were small farm size,

labour requirements, availability of suitable equipment, insufficient

money and labour and perceived inefficiency of some techniques. In

TABLE 4 Frequency distribution for perceived effect of crops and common farming practices on soil erosion (promote, limit or no effect) (%
farmers, n = 720). Adopters correspond to the farmers cultivating a given crop or applying a given farming practice. Respondents correspond to
the fraction of adopters that evaluated the crops'/farming practices' impact on erosion

Adopters (%) Respondents (% of adopters) Promote (%) No effect (%) Limit (%)

(a) Crops

Banana 56.4 83.0 0.0 45.1 54.9

Bean (climbing and ground) 94.7 85.3 8.2 91.4 0.3

Cassava 93.2 85.1 1.6 89.1 9.3

Coffee tree 16.4 81.4 0.0 42.7 57.3

Gardens (cabbage, tomatoes, eggplant, onions…) 10.0 62.5 0.0 86.7 13.3

Groundnut 21.4 76.6 5.1 94.9 0.0

Maize 85.4 82.8 3.3 95.5 1.2

Soy 13.9 89.1 4.4 95.6 0.0

Sunflower 12.6 44.0 2.5 87.5 10.0

Sweet potato 63.5 81.8 0.5 86.9 12.6

Taro (Colocasia esculenta) 35.3 68.9 1.1 91.4 7.4

Yam 19.4 62.9 0.0 86.4 13.6

(b) Common farming practices Acronyms

Weeding 100.0 46.8 13.9 84.6 1.5

Ploughing/tillage 99.3 62.1 15.8 79.1 5.2

Intercropping INTERC 98.1 73.5 0.2 89.6 10.2

Household waste application WASTE 96.5 41.3 0.0 97.2 2.8

Crop residue application RESIDUE 79.2 61.0 0.6 95.4 4.0

Compost application COMPOST 75.3 70.5 0.8 94.2 5.0

Hilling (extended ridges) HILL 48.5 22.1 0.0 16.9 83.1

Farmyard manure application FYM 34.8 52.6 0.8 72.7 26.5

Mulching MULCH 29.3 58.3 0.0 96.7 3.3

Crop succession/rotation ROTATION 27.9 81.7 0.0 95.7 4.3

Ridging RIDGE 5.1 100.0 1.0 57.3 41.7

Note: Percentage does not add up to 100 because of multiple responses.
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addition, some producers did not consider soil erosion as a big prob-

lem in their fields, so that there was no need for them to adopt SWC

measures.

The main constraint for hedges and agroforestry systems was the

small size of farms (Table 7). Adoption of hedges is affected by the

work requirement and cost. In addition, farmers justify its non-

adoption by its low-perceived effectiveness, and the fact that erosion

on their plots is not such a big problem. This is also apparent in the

high number of farmers that declare little motivation to implement

hedges. Besides farm size, adoption of agroforestry systems suffers

from cost and equipment availability. Although labour requirement is

less of a problem than for hedges, farmer motivation appears as a seri-

ous constraint. Both techniques are restricted on rented plots. Drain-

age ditches are mostly constrained by perceived lack of erosion,

labour requirements, perceived effectiveness and motivation but only

little by farm size. Motivation and perceived lack of erosion also con-

strain the adoption of contour bunds. The use of organic amendments

such as household waste and compost is constrained by the amount

of work required for composting and, in the case of household waste,

transportation to the fields. Availability of material is also an issue for

mulches and compost, including the availability of manure to be added

to the compost.

TABLE 5 Reported soil and water conservation (SWC) measures: percentage farmers aware of the anti-erosive function, percentage adopters
and frequency distribution regarding the perceived effectiveness for erosion control (n = 720)

Acronyms SWC measures

Aware Adopt

Effectiveness

Very
high (4)

High
(3)

Moderate
(2)

Low
(1)

No
answer

Avg.
Effectivenessa

% % % % % % %

DITCH Drainage ditches 84 69 15 41 30 14 0.4 2.6

PCOVER Permanent vegetation

cover

4 4 0 60 30 5 5 2.5

HEDGE Hedge along contour 39 20 3 45 43 8 1.4 2.4

CONTOUR Earthen bunds along

contour

15 15 8 26 59 4 3 2.3

PLOUGH Contour ploughing 1.7 1.7 0 33 33 33 0 2.0

AGROF Agroforestry 54 42 2 25 41 29 3 1.9

BFENCE Brushwood fence 1.5 1.0 0 14 29 14 43 1.1

aOn a scale from 1 to 4.

TABLE 6 Reported constraints/reasons for non-adoption of soil and water conservation (SWC) measures (n = 567)

Acronyms Constraints Number of respondents % of farmers

FSIZE Small farm size 107 19

WORK Requires a lot of work 95 17

MOTIV Motivation (laziness or neglect of farmers; neighbours

do not get involved)

64 11

NO-EROS Erosion is not a big problem in my plot 60 11

EQUIPMENT Suitable equipment not available 49 9

COST Requires a lot of money 46 8

LABOUR Insufficient labour availability 44 8

EFFECT Not interesting/ineffective method (technique) 38 7

TENURE Technique not allowed in the rental plots 16 3

DIST Large distance from the house to the plot 11 2

COMPOST Domestic waste and mulches are usually composted 11 2

NOTFAM Not familiar with the technic 10 2

PEST Mulch and hedge hide pests within plots 7 1

COMPET Trees in the plot bother the crops 5 1

LIVEST No livestock within the household 4 1

Total 567 100
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Based on logistic regression, adoption of four practices shows a

positive relationship with erosion severity: drainage ditches, agrofor-

estry, permanent cover and application of household waste (Table 8).

This appears to indicate that these practices are implemented, at least

in part, in response to erosion.

4 | DISCUSSION

4.1 | Farmer perception of soil erosion problems
and causes

A range of impact indicators were reported by farmers, indicating a

broad understanding of the impacts of erosion both on soils (reduced

depth, loss of SOM and fertility, stoniness where applicable) and crops

(root exposure, burial of crops). Besides these impact indicators,

farmers also mentioned gullies and, less often, rills. Local farmers refer

to gullies as permanent incisions which cannot be removed by routine

manual land preparation activities, while rills were seen as small

entwined or parallel incisions, easily erased by manual tillage opera-

tions. Given the steep slopes and heavy rainfall, gullies are very com-

mon in South-Kivu in areas impacted by human activities, and they

are fully recognised by farmers as a sign of erosion (Figure 5a–d). Rills

were generally among the least cited indicators, despite their common

occurrence in the majority of fields and watersheds (personal observa-

tions; Figure 5b,c), and the severity of rilling was mostly ranked as

medium to low. In the highlands of South Kivu, it is the ephemeral

nature of rills that appears to explain the low rating as an indicator.

TABLE 7 Number of respondents for each constraint identified in the adoption of each soil and water conservation (SWC) measure (n is
variable for each constraint)

Soil and water conservation measure

Constraints HEDGE DITCH AGROF CBUND PCOVER PLOUGH BFENCE COMPOST MULCH WASTE

FSIZE 24 6 28 2 3 2 0 6 4 3

WORK 14 24 5 0 0 1 1 38 10 1

MOTIV 20 16 13 2 2 0 0 6 4 0

NO-EROS 21 30 1 7 0 0 0 0 0 0

EQUIPMENT 8 7 13 0 0 0 0 16 5 0

COST 13 8 11 0 2 1 0 6 1 1

LABOUR 10 9 6 1 2 1 0 7 5 2

EFFECT 13 10 1 3 0 0 0 2 1 1

TENURE 5 2 8 0 0 0 0 0 0 0

DIST 0 0 0 0 0 0 0 2 0 9

COMPOST 0 0 0 0 0 0 0 0 5 6

NOTFAM 1 2 0 0 0 0 1 2 1 0

PEST 7 0 0 0 0 0 0 0 0 0

COMPET 0 0 5 0 0 0 0 0 0 0

LIVEST 0 0 0 0 0 0 0 4 0 0

Total of respondents 136 114 91 15 9 5 2 89 36 23

Note: Abbreviations of SWC measures and constraints are explained in Tables 4 and 5.

TABLE 8 Summary results of logistic regression analysis between erosion severity index and each adopted soil and water conservation (SWC)
measure in the study area (variables and model parameters)

Variables (practices) Source Value Standard error Wald Chi-Square Pr > Chi2 Odds ratio (OR)

WASTE Intercept 0.126 0.146 0.741 0.389 2.038

Erosion index 0.712 0.103 48.229 <0.0001

DITCH Intercept 0.081 0.142 0.326 0.568 1.720

Erosion index 0.542 0.094 33.551 <0.0001

AGROF Intercept −0.727 0.142 26.203 <0.0001 1.311

Erosion index 0.271 0.083 10.575 0.001

PCOVER Intercept −1.825 0.184 98.282 <0.0001 1.345

Erosion index 0.297 0.102 8.445 0.004

Note: Abbreviations of SWC measures are explained in Tables 4 and 5. Only significant results are shown.
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Indeed, rills form only after significant rainfall events and are easily

erased by routine land management activities (tillage or weeding).

Thus, farmers do not perceive the high quantities of sediments that

can be lost by this form of erosion, and the overall severity of erosion

may be largely underestimated.

The rate of reporting of erosion signs varied greatly across water-

sheds. Similarly variable results regarding erosion signs (e.g., rills) have

been reported in other studies (Okoba & de Graaff,2005; Takele,

Chimdi, & Abebaw, 2015). Rates of reporting (Table 2) were always

lowest in the Walungu territory. Based on personal observations, ero-

sion was not less severe in the Walungu area than in the other sur-

veyed watersheds (Heri-Kazi, 2020). However, Wal1 is closest to the

City of Bukavu, and brick making is commonplace in the vicinity of

this watershed. Wal2 is located in an area where mining activities are

widespread. Although villages were selected where agriculture was

the main activity, access to non-farming activities that are more lucra-

tive than farming nevertheless seems to have impacted the rates of

reporting. It may be that, because of these external sources of income,

agriculture carries less importance, and farmers are less sensitive to

existing signs of erosion. Whereas pairs of watersheds from the same

territory were generally quite similar in terms of frequencies of

responses, there is a marked contrast between Kal1 and Kal2, with

much higher frequency of responses in Kal2. The explanation in this

case seems to lie in the generally steeper slopes in Kal2 compared to

Kal1 (Heri-Kazi & Bielders, 2020) but also in higher adoption rates of

earthen bunds (+20%) and permanent vegetation cover (+31%) in

F IGURE 5 Pictures of surveyed farmers' fields illustrating erosion status: (a). low erosion; (b). moderate affections by rills, compaction and
loss of organic matter; (c) permanent gullies and rills affecting all the field and (d) permanent gullies and affected by big rills [Colour figure can be
viewed at wileyonlinelibrary.com]
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Kal1 compared to Kal2 (not shown). In addition, plot sizes tend to be

smaller in Kal2, such that farmers may be somewhat more sensitive to

the degradation of their land than in Kal1. Finally, the Idjwi territory is

on average characterised by higher reporting frequencies than the

other territories. Besides steeper slopes, part of the explanation may

lie in the replacement of banana fields by large-scale cassava cropping

as a result of the Banana Xanthomonas Wilt (BXW) disease. Cassava

has been shown to cause more serious soil erosion than many other

crops (Howeler, 2008).

Similarly to other studies in the east African highlands

(e.g., Okoba & de Graaff, 2005 in Kenya; Mashi et al., 2015 in Nigeria;

Rutebuka, Kagabo, & Verdoodt, 2019 in Rwanda), farmers believe that

high rainfall, steep slopes and runoff are the main causes of erosion in

the study area (Table 3). Soils play a lesser role, while less than 20% of

farmers on average link erosion to their crops and cropping practices

(e.g., Bitijula & Lal, 1983). With the exception of banana plants and

coffee trees which have a dense rooting system (soil stabilization),

offer a permanent vegetation cover (reduced surface crusting and

splash) and are therefore perceived as beneficial for soil conservation,

most crops are perceived as neutral with respect to soil erosion.

Farmers explained this neutrality by the fact that other external fac-

tors such as rainfall and slope steepness are so overwhelming that

most crops have little impact on erosion. Besides, farmers do not per-

ceive that growing crops cause erosion because cropping is a neces-

sity, engrained in their livelihoods and there is no alternative to this

practice. Similarly, most cropping practices are perceived as neutral,

even though some farmers recognised that practices that favour the

mechanical destruction of soil structure promote runoff and erosion.

Regarding the neutral role of most farming practices, producers again

stated that the negative impact of heavy rainfall and steep slopes is so

overwhelming that the effect of farming practices becomes negligible,

for example, the positive effects of good farming practices on erosion

are not perceived. Even so, raising awareness about the role of crops

and cropping practices on soil erosion would be an important step in

order to convince farmers to adapt their practices and adopt conser-

vation measures.

There were significant differences across watersheds regarding

causes of soil erosion. As for the erosion signs, frequency of

responses tended to be lowest in the Walungu territory and highest in

the Idjwi territory. Frequencies were also again noticeably lower in

Kal1 than Kal2. It seems therefore that the same local contexts that

explained differences in reporting of erosion signs also affected

reporting of causes of erosion.

4.2 | Adopted control measures and their effect on
soil erosion

Whereas beneficial cropping practices such as composting or spread-

ing of waste are widespread but deemed ineffective for erosion con-

trol, specific soil conservation measures were often judged fairly

effective by farmers, yet their adoption is rather limited, with the

exception of drainage ditches and agroforestry (Table 5). Overall,

adoption levels are substantially lower than what has been reported in

other regions (Wildemeersch et al., 2013; Assefa & Hans-Rudolf,-

2016). This was also observed in the Central Rift Valley of Ethiopia

where, despite farmers' awareness of both water erosion and soil fer-

tility decline, no significant investments in land management practices

were made (Adimassu, Kessler, Yirga, & Stroosnijder, 2013). This is to

some extent surprising given the widespread awareness of farmers of

the occurrence of erosion in their fields in the study area. Indeed, de

Graaff et al. (2008) showed that the first step in adoption of SWC

technology is the knowledge or perception of the erosion problem.

This is also supported by Tenge et al. (2004) and Haghjou et al. (2014)

who stated that a good perception of erosion is the most decisive fac-

tor in the adoption of SWC technologies. It thus appears that other

criteria, no less important (access to land and extension services, insti-

tutional support,… which are widespread problems in this region and

neighbouring countries such as Rwanda and Burundi; that is,

Rutebuka et al., 2019), are to be considered in the adoption process

or are needed to ensure continued adoption of SWC technologies

(Wildemeersch et al., 2013; Assefa & Hans-Rudolf, 2016, Rutebuka

et al., 2019). Ragasa et al. (2015) showed that agricultural extension

services suffered from the negative effects of decades of insecurity

experienced in the study region, which could also be responsible for

the low adoption rates of dedicated SWC measures.

Significant differences in adoption rates of SWC measures across

regions were observed (not shown), but these regional differences

varied from one SWC measure to another. Low adoption rates of

ditches and agroforestry in Wal2 may have resulted from a lesser

interest to invest in agricultural activities given the importance of min-

ing as a source of income. However, in Wal1, adoption rates were

similar to the other watersheds despite the importance of brick mak-

ing as an external source of revenue, implying that availability of

external sources of revenue does not necessarily lead to lower adop-

tion rates. High adoption rates of earthen bunds in Kal1 and Idj1 coin-

cide with a high percentage of farmers growing sweet potatoes,

which are typically grown on bunds. Similarly, the high percentage of

farmers referring to permanent vegetation cover in Kal1 and Idj1 coin-

cides with a high percentage of farmers growing coffee (Heri-Kazi &

Bielders, 2020). Hence the adoption rate of some of the SWC mea-

sures is intimately linked to regional differences in cropping systems.

The fact that farmers often did not mention crops and cropping

practices as possible causes of erosion may reflect the perception that

the problem is largely outside their control, given the overriding

importance of rainfall and topography in the process. Nevertheless,

our results indicate that much could be gained by simply raising the

level of awareness regarding existing technologies since, for many of

them, the level of awareness is not vastly different from the level of

adoption (Table 5). In addition, farmers identified a range of con-

straints for each of the technologies that will have to be taken into

account when promoting them. Several of these constraints relate to

farmer motivation, perception of efficiency or perception that erosion

is not severe enough to justify investment in these technologies.

Training farmers to better assess signs of erosion, and especially

rilling, and, at the same time, enhancing their knowledge regarding
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proper ways to implement SWC technologies to enhance their effec-

tiveness may thus help with the adoption process.

Positive relationships were observed between the adoption of

some SWC techniques and perceived erosion severity (Table 8). This

may seem counter-intuitive because one could expect adoption of

SWC measures to be correlated to lower erosion severity

(e.g., Adimassu et al., 2013). The above-mentioned result, however,

supports the perceived seriousness of the erosion phenomena by con-

cerned farmers and may indicate that they may be more likely to

invest in water erosion control practices when perceived erosion is

high. Additionally, the positive correlation between adoption of prac-

tices and severity of erosion may also be an indication that these mea-

sures have little effect. This seems to indicate the need for training on

the implementation of adequate techniques to combat soil erosion.

Indeed, the effectiveness of an SWC measure will, in practice, depend

very much on the suitability of the technique for a given form of

water erosion (sheet, rill, gully) and how the SWC techniques are

implemented (e.g., too great spacing between hedges …), or even by

the approach adopted (issue of design versus environment, scale

issue: field, hillslope or watershed).

Additional major constraints for specific SWC measures are cash

and labour requirements as well as farm size and land tenure. These

constraints have frequently been mentioned in other studies which

addressed adoption issues of SWC technologies (e.g., Tenge

et al., 2004; Birhanu & Meseret, 2013; Wildemeersch et al., 2013;

Haghjou et al., 2014). Because of the small size of most farms (about

0.3 to 0.4 ha on average; Van Asten et al., 2013), farm size is seen as a

constraint for technologies that compete for space with food crops

(e.g., hedges and agroforestry systems). However, this does not neces-

sarily have to be the case, as agroforestry systems and hedges may

very well contribute to household food security and income if prop-

erly designed (Magcale-Macandog, Rañola, Rañola, Ani, & Vidal, 2010;

Sharma et al., 2016). The fact that farm size is mentioned in relation

to these technologies seems to indicate that current practices are not

optimally designed. Nevertheless, the issue of farm size is likely to be

exacerbated in the future because families are large (seven to eight

children) and access to land happens essentially through inheritance,

leading to further fragmentation (e.g., van Asten et al., 2013). Farm-

land ownership is a significant constraint for all technologies that

involve long-term investments such as agroforestry, hedges and, to a

lesser extent, drainage ditches, as has been reported elsewhere

(Tenge et al., 2004). Besides the fact that such investments require

approval by the landowner, there is the additional risk that, once the

land has been improved, the owner will claim the parcel for his own

use (Lunze, 2000).

In the study area, adoption rates mostly reflect farmers' own ini-

tiative compared to what has been observed in many other regions

(with higher reported adoption rates) where adoption occurs in the

context of multi-institutional programmes (e.g., Assefa & Hans-

Rudolf, 2016; Rutebuka et al., 2019). Indeed, as a result of the persis-

tent insecurity and weak government support, there have been very

few soil conservation projects or programmes during the last decades.

This also explains the near absence in our study region of dedicated

soil erosion control measures (i.e., measures whose main purpose is

erosion control such as ditches and terraces, as opposed to measures

which may contribute secondarily to erosion control such as organic

amendments or intercropping) that farmers would find too costly to

implement without external support. In addition, adoption of dedi-

cated SWC techniques by smallholder farmers is frequently limited by

the lack of immediate returns on investment (Adimassu, Langan, John-

ston, Mekuria, & Amede, 2017). However, in South-Kivu, because of

the severity of the erosion process (Heri-Kazi & Bielders, 2020) and

low inherent fertility of soils (Bitijula & Lal, 1983), this constraint may

be less than in other environments. Indeed, it is expected that stop-

ping erosion will more quickly lead to increased crop productivity,

especially if fertility enhancing techniques are promoted alongside the

SWC measures.

While dedicated SWC measures (e.g., drainage ditches, contour

bunds, hedges) may be most effective at reducing soil erosion, the

range of constraints associated with these techniques implies that

their adoption will always be limited to certain categories of farmers

(more motivated, owning larger farms, with external sources of

income or having access to more labour, etc…). Hence efforts should

not neglect existing practices whose main purpose is often not to con-

trol erosion but which, given proper advice, may significantly contrib-

ute to erosion control (e.g., organic amendments, surface mulching,

intercropping). Such technologies are already widely adopted (98% for

intercropping, 97% for spreading of household waste, 75% for com-

post; Table 4(b)). In fact, Roose (1993) among others alleged that

farmer techniques could be just as effective as new technologies, pro-

vided that they are conducted efficiently. Nevertheless, reinforcing

these practices also face constraints, in particular, in terms of availabil-

ity of raw material for compost or mulching or in terms of transporta-

tion for household waste. Hence, depending on the farmer's

resources and motivation, different solutions combining conventional

techniques with dedicated erosion control measures may have to be

proposed to the farmer, the so-called 'basket of best-bet technologies'

as also proposed for soil fertility management (Giller et al., 2011).

The last finding of this study is that bench or progressive terraces

were not reported or observed, even though they have been pro-

moted by soil conservation projects in the region in the past two

decades but also during the colonial period (Moeyersons, 1989). If

well maintained, this technique can be very effective at controlling

erosion and improving productivity (Bizoza & De Graaff, 2012).

Besides the very heavy financial and labour constraints associated to

this technique, the principal reason for their absence may be the lack

of institutional support. Such institutional support is largely responsi-

ble for their widespread occurrence in neighbouring Rwanda, for

instance (Bizoza, 2014).

5 | CONCLUSIONS

This study provides the first large-scale overview of farmers' percep-

tion of erosion and SWC measures in South-Kivu. Albeit with some

degree of variability across watersheds, it demonstrates the
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widespread occurrence of erosion in this region, and that farmers

seem well aware of the occurrence of erosion in their fields. Never-

theless, many farmers appear not to recognise erosion to its full

extent given that the role of rilling in the erosion process is hardly

acknowledged. Farmers similarly appear to underestimate the impact

of cropping and cropping practices on erosion.

Some dedicated SWC measures are currently being implemented

by farmers, and their greater effectiveness is acknowledged compared

to their ancestral practices, yet adoption levels are rather low. The

implementation of SWC measures by farmers appears to be a

response to the perceived erosion severity, but they turn out to be lit-

tle effective overall, which also is an indication of their weak imple-

mentation. A wide range of constraints restricts the adoption of SWC

measures. Most constraints are external factors, among which the

most relevant in the study area are the small farm size, week access to

financial credits and insufficient manpower. The observed constraints

will not be equally applicable to all farmers, such that future extension

efforts will have to be tailored to farmers' characteristics, including

their motivation towards SWC.

As part of future extension efforts, it will be essential to further

raise awareness regarding erosion and the impact of human activities

on soil loss. The findings of this study suggest that particular attention

has to be given to the recognition of the roles that farmers play in the

problem of soil degradation by erosion. New projects and extension

services must therefore place much greater emphasis on strengthen-

ing farmers' capacity for experimentation and adaptation to new tech-

nologies. This will require institutional support to enhance the

security needed for large-scale extension efforts and reduce the con-

straints that result from the increasing land fragmentation.
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