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Farmer managed natural regeneration (FMNR) is promoted as a cost-effective technique to restore degraded arable drylands. Evidence comes mainly from the West-African Sahel, where it is a traditional practice, and it is now being promoted across the African continent. In this study, we evaluated the role of the farmer affecting natural regeneration under farmer managed natural regeneration in the highly degraded Dodoma region in Tanzania. We systematically assessed the linkages between species selection, perceived benefits and management practices as reported by 57 farmers in 13 villages involved in FMNR. On average, farmers list 2.8 species to be promoted on their farms as part of the practice of FMNR. In total, a list of 69 species was promoted by the practice, of which most (51) were only mentioned by one or two farmers, indicating that FMNR may contribute substantially to on-farm regional diversity. Most species selected were associated with a range of benefits and the diversity of benefits, not any single benefit, explained species selection under FMNR. Management of FMNR species goes beyond pruning, a practice promoted within FMNR, and is characterized by 10 different practices that are differentially applied to the selected species and individuals. We conclude that species selection and management under FMNR is driven by farmers autonomous decisions, making FMNR both diverse and complex and complicates predicting the extent to which FMNR may successfully contribute to achieving specific restoration outcomes. Monitoring farms over extended periods may increase outcome prediction capacity.
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INTRODUCTION

Communities worldwide are affected by land degradation, particularly in developing countries, because of high population pressure, reliance on charcoal and woody resources as the main energy sources and livestock overgrazing (Sabogal et al., 2015). Subsistence farmers face decreasing food security resulting from loss of soil quality and declining land productivity (Pimentel and Burgess, 2013). Land degradation not only negatively impacts local livelihoods but also increases the vulnerability of agro-ecosystems to climate change (Webb et al., 2017). Integrated approaches to land restoration can improve livelihoods, enhance biodiversity and increase climate mitigation by enhancing carbon sequestration in soil and vegetation (Benayas et al., 2009; Carey, 2020). The long-term success of restoration efforts generally depends on factors such as climate, soil characteristics, availability of materials, disturbance regimes, socio-economic circumstances, and local engagement (Holl et al., 2003; Chazdon, 2008; Crouzeilles et al., 2019). Dryland systems, which include arid, semi-arid and dry-sub humid ecosystems, are particularly vulnerable to land degradation and disturbances (James and Carrick, 2016; Hulvey et al., 2017). Most restoration opportunities for dryland subsistence farming exists in landscapes with moderate to high population pressure (Minnemeyer et al., 2011). Here, integrating trees on farms and grazing land is often a suitable restoration strategy. Research has shown that agroforestry can increase productivity (Schroth and Sinclair, 2003; Glover et al., 2012) and other ecosystem services (Jose, 2009). Agroforestry practices can have a positive impact by controlling pests and diseases, regulating the microclimate and affecting the nitrogen and phosphorus content in the soil (Kuyah et al., 2016; Hoosbeek et al., 2018). In addition, integrating trees can improve household nutrition (Reed et al., 2017) and contribute to both climate change adaptation and mitigation (Roshetko et al., 2007; Zomer et al., 2016). However, planting trees in dryland systems is challenged by low survival rates, in combination with the high costs of planting (Tougiani et al., 2009; Reij and Garrity, 2016; Holl and Brancalion, 2020).

Farmer-managed natural regeneration (FMNR) is considered one of the more promising techniques to restore degraded agricultural landscapes in dryland systems (Weston et al., 2015; Reij and Garrity, 2016). Under FMNR, farmers actively revegetate their fields by nurturing spontaneous/natural woody regeneration, while keeping crop production as their priority (Weston et al., 2015). Farmers make a decision based on what they expect is beneficial for their farmland and which services the woody vegetation provides (Reij and Garrity, 2016). This technique is different from other agroforestry techniques since it does not include the planting of seeds or woody vegetation (Tougiani et al., 2009). As naturally regenerating species are well-adapted to local conditions, they have a higher survival rate than planted species in semi-arid regions (Tougiani et al., 2009). FMNR was shown to be effective in agroforestry parklands of Niger, where three million hectares have been revegetated since the 1980s (Rinaudo, 2007). Examples from Niger, more recently also from Burkina Faso, Mali, Senegal, and Ethiopia, show that FMNR can reverse the loss of tree cover and diversity in dryland systems (Garrity et al., 2010), increase crop diversity and raise household income (Haglund et al., 2011; Weston et al., 2015). These examples have led to high expectations toward FMNR as a low cost and effective method for restoration, and it is now being promoted across different regions in Africa, Asia, and the Pacific (Birch et al., 2016). One of the main elements of FMNR is that farmers stay in control over their land and what they grow on it and build on their own past experiences. This is a condition for FMNR to be successful, and at the same time, continued empowerment of farmers is an outcome of the practice (Francis et al., 2015). However, little is known about what farmers select, how they manage natural regeneration and for what reasons.

Different management practices can be applied to select and promote useful woody species, including protection, removal of unwanted plants and soil improvement (Levis et al., 2018). Here the benefits of the woody species and the main purpose of the land will determine the selection and management activities and the extent to which the farmer can promote regeneration. Farmers adapt FMNR to their own needs and have different reasons for their choices (Rinaudo, 2007). Although FMNR is now being scaled out beyond its original range in the Sahel, many unknowns remain regarding the selection and management of natural regeneration by farmers, and how this influences the social and environmental restoration benefits that can be derived from the technique (Chomba et al., 2020). Specifically, there is a lack of studies that allow for a more in-depth understanding of what species farmers promote and manage and for what reasons (but see Ndegwa et al., 2017). Understanding what natural regeneration farmers select and promote is of importance because species differentially affect ecosystem functions, having large consequences for restoration outcomes that can be achieved with FMNR (Lohbeck et al., 2020). To get more insight into these farmer decisions, we consider the role of the farmer based on three pillars that are strongly interlinked and that are expected to eventually determine FMNR outcomes. These three pillars are species selection, perceived species benefits and management practices.

Here we report on the role of the farmer affecting regeneration under FMNR in the Dodoma region in Tanzania. The region has a long history of problems with land degradation, mainly caused by cultivation, overgrazing, cutting down trees for firewood, charcoal and timber and an increasing population (Östberg, 2000). In this region, FMNR has been supported since 2015. We systematically assessed species selection, perceived benefits and management practices by farmers that are involved in the FMNR program. Differences between the districts may also influence the choices farmers make; therefore, we also compared the species that farmers select at the district level. Understanding the role and preferences of the farmer within the practice of FMNR is central to evaluating the success of these projects in the long term, and for improving the implementation of FMNR as a restoration strategy.

Specifically, we asked


(1)What species do farmers select under FMNR and is there a difference between the (number of) species selected in each district?

(2)How do the perceived benefits of species influence whether they are selected under FMNR?

(3)What management practices are being applied across species, and how do these reflect their selection and perceived benefits?





MATERIALS AND METHODS


Study Region

For this study, we draw from an ongoing project in the Dodoma region in Tanzania where FMNR has been supported on a small scale since 2015 and more widely since 2018. Dodoma is a semi-arid region with an average annual rainfall of 400–570 mm per year (Mayaya et al., 2015). Most households in Dodoma depend on rainfed agriculture (Mayaya et al., 2015) and grow cereals (maize, sorghum and millet) and pulses (beans) (Brüssow et al., 2017). Fuelwood is their main energy source (Scheid et al., 2018). The FMNR practice is not considered traditional across these smallholder farming systems.

FMNR is being promoted through the Regreening Dodoma Program, which is jointly implemented by the organizations Justdiggit and LEAD Foundation and started on a larger scale in 2018. Farmers are trained in the practice of FMNR based on four steps which are (1) selecting, (2) pruning, (3) marking, and (4) protecting woody regeneration (see Supplementary Material for detailed project description). No recommendations are given as to which tree species should be promoted; the idea is that the farmer makes his or her own decisions, which is also core to the FMNR practice. Farmers don’t receive compensation from the Regreening Program, and participation is on a voluntary base.

Data collection took place in November 2019. We visited 13 villages in six districts and 57 farms across the Dodoma region (Figure 1). One district, Dodoma urban, was not visited since it is not part of the program. All farmers practiced FMNR and were pre-selected randomly based on when they started with FMNR. If the selected farmers were not present at the introduction meeting, other available farmers were randomly selected. For answering the three research questions, we used interviews in which we asked four questions regarding the selection and management of regeneration (1) What species were selected to be promoted under FMNR on the farm? (2) For what reasons did the farmer select each species listed? (3) What management activities did the farmer apply to the species? (4) Why did the farmer perform these management activities? (see Supplementary Material for the interview form). Species were listed using local names, and the corresponding scientific names were derived from floras and online sources which was then cross-referenced with local experts who accompanied us in the field (see Supplementary Table 1 for a list of identified species and references). Full identification was achieved for 46 of the 69 species.
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FIGURE 1. A map of the study region. The districts are written in yellow, and the villages are written in black.




Indicators of Species Characteristics


Perceived Species Benefits

To understand how farmers value the species selected for FMNR, we categorized the mentioned benefits post-data-collection into seven benefits: food, medicinal use, microclimate, products (e.g., timber, hoe handles, beehives), fuelwood, fodder, and soil nutrients (see Supplementary Table 2 for a complete description of each category). The number of mentions of each benefit per species was divided by the number of farmers that listed this species in the interview. This resulted in a species-level score that ranges between zero and one per species for each of the seven benefits. The diversity of benefits per species was calculated by taking the frequency of mentions per service and dividing it by seven (maximum possible score) to come to a score between zero and one. If the score equals zero, no benefits were mentioned for that species, and if the score equals one, all benefits were listed for that species by all farmers.



Species Management Practices

The farmer listed the management they applied to each species, including if they applied no management. We categorized the management practices post-data-collection into 10 practices: pruning, competition removal, hang iron sheets, fencing, dig a base around the tree, structural support, apply insecticides, watering, marking, and no management (see Supplementary Table 3 for a complete description of each category). No management was included as a category because it is also a conscious management decision taken by farmers. For further analysis, we only included management practices mentioned by more than five farmers. This resulted in four management practices being used; pruning, weeding, fencing and no management applied. Then, for each management practice per species, the count of mentions of each management practice was divided by the number of farmers that listed this species. This resulted in a score between zero and one for each of the 10 management practices per species. The diversity of practices per species was based on all 10 management practices and was calculated by taking the frequency of mentions per service and dividing it by 10 (maximum possible score) to come to a score between zero and one. With a score of zero, the management practice was not applied to that species and with a score of one, the management practice was mentioned by all farmers to be applied to that species.



Statistical Methods

Statistical analyses were carried out at the species level and only those identified to scientific species names and mentioned by at least three farmers were included. This led to a total frequency of 98 mentions across 18 species. After transformation to improve parametric model fit, we performed an analysis of variance (ANOVA) to understand if there were differences between the numbers of species mentioned by farmers across districts.

We performed a Moran’s I test to test for spatial autocorrelation underlying species mentions across the region. This was tested separately for all 18 species with at least three mentions. We found no spatial autocorrelation underlying the abundances of 15 species, the species that did show a spatial pattern in their number of mentions were: Leucaena leucocephala, Senna siamea, and Terminalia sericea. Since most species showed no spatial autocorrelation, we assume independence of our data points.

To evaluate how the perceived benefits affected whether species are favored for FMNR, we used generalized linear models with a Quasi-Poisson distribution. Quasi-Poisson is suitable for non-parametric and over-dispersed count data. Eight separate models were created for each benefit plus the diversity of benefits as the independent variable and the frequency of mentions by farmers as the dependent variable. To understand how management reflects species selection, we also used generalized linear models with a Quasi-Poisson distribution. Five models were created for each management practice plus the diversity of management as the independent variable and the frequency of mentions as the dependent variable. We then correlated species management practices to the perceived benefits using a Kendall distribution to account for non-parametric distributions and small sample size. All statistical analyses were carried out using R version 3.3.2 (R core team, 2014).



RESULTS


Species Selection

A total of 69 species were mentioned to be managed under FMNR, of which 18 species were mentioned three times or more. On average, farmers promoted 2.8 species on their farms. About half of the farmers (52%) listed that Vachellia tortilis was promoted on the farm as part of FMNR, followed by Dichrostachys cinerea, Senna siamea, Senna singueana (7%). There were no significant differences between the number of species mentioned by farmers across districts (Figure 2, p > 0.05, F = 0.644, df = 5). Despite this lack of differences, no species were found across all districts. Only V. tortilis and D. cinerea were found across five of the six districts, and 45 species were only mentioned in one district.
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FIGURE 2. The number of species chosen for FMNR by each farmer throughout each of the six districts sampled throughout Dodoma (n = 57).




Perceived Species Benefits

Farmers mentioned 24 different reasons for selecting individuals under FMNR, which we categorized in seven benefits the most common being fuelwood (91%), products (54%), and fodder (48%) (Supplementary Figure 1). Fuelwood was given as a reason by at least one farmer for 78% of species, products 52%, fodder for 42%, soil nutrients for 39%, and food for 30% of species (Figure 3). The frequency of species mentions was not explained by any single species benefit. However, species more frequently used for FMNR provided significantly higher diversity of benefits (beta = 5.2, R2 = 0.5, p < 0.05).
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FIGURE 3. The (A) perceived benefits and (B) management practices by species selected under FMNR as listed by the 57 farmers. The frequency of mentions (max 57) is given by the size of the blue circles. To the right of the species name is the number of mentions for that species (max 57). To the right of the perceived benefits and management practices is the total frequency of mentions, these are ordered in decreasing number of mentions. Only 18 species with more than two mentions are shown, see Supplementary Figure 3 for all species.




Management Practices

Pruning was the most important management practice, applied to 90% of species, followed by competition removal (49%) (Figure 3). Also “no management” was indicated by farmers and applied to 19% of the FMNR species followed by fencing, which was applied to 17% of species. Figure 3 shows the frequency of mentions for management practices by species (see Supplementary Figure 2 for the total frequency of mentions, and Supplementary Figure 3 for the frequency of management practices for all listed species). Species more frequently used for FMNR had a significantly higher diversity of management practices applied to them (beta = 4.9, R2 = 0.48, p < 0.05). We found no significant correlations between the management practices applied to species and the perceived benefits (Figure 4, see also Supplementary Table 4).
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FIGURE 4. Correlations between management practices (rows) and the species scores for benefits (columns). Reds are negative relations, and blues are positive relations with the darkness of the color indicating the strength of the relation. Asterisks in the cells indicate significant relations (**p < 0.01, *p < 0.05, N = 69), see also Supplementary Table 4 for test statistics.




DISCUSSION

In this study, we evaluated farmers selection and management of natural regeneration when applying farmer-managed natural regeneration in the highly degraded Dodoma region in Tanzania. Here FMNR has been widely supported and promoted since 2018. We systematically assessed the linkages between species selection, perceived benefits and management practices as reported by farmers that are involved in FMNR. We found that farmers list a total of 69 species to be promoted under FMNR, of which most (51) were only mentioned by one or two farmers, indicating that FMNR may contribute substantially to on-farm regional diversity. Farmers mention a range of benefits associated with species they select, and, although no single benefit could explain what species are selected, the diversity of benefits was associated with species selection. Also, the management of FMNR individuals is characterized by 10 different practices that are differentially applied to the selected species and individuals. We found that the practice of FMNR is complex because of the diversity of reasons to select individuals and because of a wide range of management practices applied. This suggests that FMNR promotes species with multiple benefits and is driven by farmer’s autonomous decisions. It is characterized by diversity and complexity, which complicates the potential of predicting restoration outcomes in the long term. Nevertheless, we stress that understanding the role and preferences of the farmer within the practice of FMNR is central to evaluating the success of these projects on the long term, and for improving the implementation of FMNR as a restoration strategy. Further research into the species preferences of farmers may give insight as to how to promote the use of less common species for FMNR, further increasing on-farm biodiversity.


Species Selection Under FMNR

On average farmers report to promote 2.8 species on their farms. There was no significant difference in the number of species mentioned on the farms across the six districts. 51 out of 69 species were mentioned only once or twice, highlighting the range of different species farmers are selecting for FMNR and supporting findings that FMNR can increase the diversity of woody species on farmland (Haglund et al., 2011). In particular, our result indicates that farmers make very different choices in what species they select and promote, and thereby FMNR may be specifically beneficial for on-farm regional (or gamma) diversity. Increasing biodiversity not only makes systems more resilient but also increases the diversity of resources to the smallholder farmers (Francis et al., 2015).

The species Vachellia tortilis was selected most often by the farmers. Research by Krog et al. (2005) in a nearby region, shows that V. tortilis is an important tree for farmers livelihood in Tanzania. In addition, this species is very common in the area (Komwihangilo et al., 1995) and in our study, it was used for FMNR in five of the six districts sampled.



Species Benefits

Although we found no relation between species selection and any single perceived benefit (Table 1), species more frequently chosen for FMNR provided a higher diversity of benefits. This result highlights that species are valued for a range of different benefits (Figure 3). This is typical for smallholder farming systems where farmers depend on their land for a wide range of services (Ango et al., 2014). Moreover, under FMNR management, the primary purpose of the field remains crop production. Therefore, it may be more suitable for farmers to favor species that provide a wide range of benefits because it reduces the number of species and/or individuals needed in the field, perhaps reducing competition with crops and making it easier for the farmer to manage. This may also explain why we found no relations between any single benefit and species selection. Instead, it is likely that species selection under FMNR may be driven by a more holistic strategy, where the diversity of species is considered at the whole farm level and how these together provide for the different needs of the smallholder farmer.


TABLE 1. Summary of test results relating (A) the frequency of species mentions to the benefits per species, as tested with regression analyses and (B) the frequency of species mentions to management practices, as tested with regression analyses.

[image: Table 1]The species listed most often by farmers, Vachellia tortilis, may be a popular choice for the farmer since it is a common species in the area and provides many benefits: fuelwood, fodder, soil nutrients, microclimate, products and medicine (Figure 3). Species in the Vachellia and Senegalia genera have the ability to fix nitrogen and make it available to other plants in the system (Tedersoo et al., 2018). This can have direct impacts on the productivity of crops. Soil fertility benefits of N2 fixers can be very local, highlighting the need to preserve these in the field with the crops (Giller and Cadisch, 1995). These results are similar to a study in Kenya where V. tortilis as well as a number of other Vachellia and Senegalia spp. (V. gerrardii, Senegalia mellifera, V. nilotica, V. lahai, S. senegal, V. seyal) were also favored under the practice of FMNR and were valued mainly for charcoal, fodder and microclimate (including shade) (Ndegwa et al., 2017).

The majority of species are mainly valued for fuelwood and fodder. The dependency on fuelwood is unsurprising because it is essential for households daily cooking, and there are documented fuelwood shortages in the region (Scheid et al., 2018). Fuel and fodder production were also the main reasons for selecting and managing FMNR trees in Kenya (Ndegwa et al., 2017).



Tree Management

The first core principle of FMNR as given by Rinaudo et al. (2018) is: “The systematic pruning and management of existing indigenous trees and shrubs by the land user.” Pruning, as such, is a core principle and practice to FMNR and other management practices are allowed but not specified. Also, in the Regreening Dodoma program, pruning is identified as a core practice (see detailed project description in Supplementary Materials). This is confirmed by our results: pruning was applied to 90% of the species selected under FMNR. Pruning is a way to influence the growth form of an individual and can be used to reduce competition for light and water with crops (Jackson et al., 2000). In addition, pruning can increase the light within the crown and affect flower and fruit production (Timmer et al., 1996; Bayala et al., 2008). Pruning is also a consequence of harvesting leaves and branches that can then be applied to the soil as green manure, as mulch, or fed to livestock (Bayala et al., 2012; Cuni-Sanchez et al., 2018). We, therefore, expected that pruning would be associated with the benefits of fodder and soil, which we did not find (Figure 4 and Supplementary Table 4).

Interestingly, when farmers are openly asked for management practices, the list is much longer than only pruning; 10 different management practices are given, although some are rarely applied. No management, the deliberate lack of management, was explicitly mentioned. Although under some stricter definition of FMNR this may be excluded, we included it as it is a deliberate decision by some farmers and they see it as part of FMNR. No significant relations between species more frequently used for FMNR and individual management practices were found, although we did find a significant positive relation with the diversity of management practices applied (Table 1). However, this result was strongly influenced by the popularity of V. tortilis, and the relation disappeared once this species was removed. This may be because farmers have more knowledge on such a common species to the region (Komwihangilo et al., 1995). In addition, V. tortilis is a fast-growing species, which may require the application of several different management practices.



Duration of This Restoration Project and the Need for Long-Term Studies

Although the diversity of benefits underlies farmers reasons for selecting species, many (51) species were only selected by one or two farmers. This highlights that individual farmers have their own reasons for species selection, and that part of this variation is unpredictable. We expect this may have been caused by the short duration of the FMNR project in Dodoma, which had only started intensively 2 years prior to this study. Probably farmers are still experimenting with the technique and with different species, which over time will show the result of their accumulated experiential knowledge. However, the project in Dodoma has a total duration of only 3–4 years. A recent review highlighted that widespread adoption of FMNR beyond project localities is yet to be evidenced and that the success of these projects depends on intense, long-term external interventions (Chomba et al., 2020). Our results thus highlight the need for long-term studies to monitor the persistence of selected species, and the development of farmers’ perceptions and decisions, also beyond project durations. This, to our best knowledge, has not been done yet in studies on FMNR farms and is vital for predicting restoration outcomes in the long term.



Synthesis and Implications for Restoration

As we are entering the UN decade of ecosystem restoration, there are high expectations for restoration techniques based on natural regeneration as they are considered cheap and effective. Farmer-managed natural regeneration is one such technique. This is to our knowledge among the first studies to systematically assess the role of the farmer in promoting regeneration under FMNR. Regeneration is the basis for the benefits that can be achieved with FMNR as a restoration practice and predicting what can regenerate and where is crucial for predicting its success and thus for restoration planning (e.g., Lohbeck et al., 2020). We found that farmers have a broad knowledge of species and their benefits and promote many different species on the farm. Moreover, FMNR encompasses many different management practices. Species with more diverse benefits were selected more often although many species were only selected by one or two farmers. This highlights that species selection and management under FMNR are driven by farmers autonomous decisions, making it diverse and complicates predicting the extent to which FMNR may successfully contribute to achieving specific restoration outcomes.
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