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ABSTRACT 

Agriculture production in sub-Saharan Africa faces increasing challenges due to 

climate change and rising populations. The task of driving sustainable agricultural 

development is difficult and features actors with differing strategies. Some 

development organizations tout the benefits of high input conventional agriculture, 

while others advocate an agroecological approach to supporting smallholders. The 

imperative for successful intensification is one commonality between stakeholders. 

One Acre Fund is an NGO based in Africa whose sole purpose is to improve the 

livelihoods of smallholder farmers. This paper discusses One Acre Fund’s strategy in 

the context of agricultural intensification. One Acre Fund frequently claims that it 

increases adoption of climate smart agriculture. This assessment finds that One Acre 

Fund’s existing monitoring does not entirely support its climate smart agriculture 

ambitions. It additionally raises questions about the organization’s stance on farmer 

agency. 
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Section I. Introduction 

Forecasts and current conditions indicate that Sub-Saharan Africa (SSA) will 

experience pronounced effects of climate change (Bagagnan et al., 2019; Haarsma et 

al., 2005). Rainfed smallholder farmers in SSA are particularly at risk to climate 

variabilities such as irregular rainfall and extreme heat. Longer term landscape 

changes like desertification remove land’s arability. Meanwhile, the continent's 

population is expected to double by 2050 (United Nations, 2019). The number of 

individuals living in extreme poverty has significantly decreased since the 1990s 

globally (World Bank, 2017). These economic improvements make many households, 

specifically those reliant on rainfed smallholder farming, more resilient to 

environmental variability. SSA’s economic development, however, has languished, 

encompassing 31 out of the least 46 developed nations worldwide (UNCTAD). SSA’s 

poverty crisis has been exacerbated by the Covid-19 pandemic. Meeting the current 

basic nutritional demands of millions in SSA is challenging and will soon intensify as 

environmental conditions worsen and populations rise. Improvements in agricultural 

development that engenders drastic resilience, environmental impact, and overall 

livelihood improvements are necessary at all scales of production to mitigate 

potentially catastrophic outcomes.      

Agricultural production has profound effects on the Earth. Globally, 

agriculture, forestry, and other land use is responsible for a quarter of greenhouse gas 

(GHG) emissions. Agriculture alone drives a third of deforestation (EPA 2016). While 

industrial agriculture is responsible for systematic deforestation throughout the world, 

smallholder production also contributes to land degradation. Deforestation and land 
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degradation caused by small scale agriculture is particularly relevant in SSA. Nearly 

70 percent of households depend on wood as their primary fuel source (Sola et al., 

2017). Households with few economic opportunities are drawn to clearing land for 

small scale livelihood activities like agriculture and charcoal production. Widespread 

wood foraging and small-scale slash-and-burn agriculture drive deforestation at 

microlevels which has large scale effects on land degradation. In the DRC, 

smallholder livelihoods are responsible for around 84 percent of forest cover loss 

(Hansen et al., 2013; Tyukavina et al., 2018). 

There are vast opportunities for improvement in the way that agriculture 

benefits farmers and the Earth. Traditional attempts to support smallholder farmers in 

SSA have suffered from a lack of financial and environmental sustainability. Though 

many interventions have favorable economic and ecological potential, farmer uptake is 

challenging to scale, and many projects fail. Agriculture has become a central focus 

area of inclusive finance mechanisms and development interventions due to its 

potential to contribute to social and environmental goals. Sustainable agricultural 

intensification (SAI) and agroecological intensification (AEI) are particularly 

promising avenues to improve agricultural efficiency and alleviate its environmental 

effects. 

This paper examines the strategy of One Acre Fund (1AF) in the context of 

SAI and AEI knowledge and practices. The organization was chosen for this 

assessment for several reasons. Firstly, agricultural development in SSA is the sole 

focus of 1AF. Secondly, 1AF works with diverse stakeholders, including national, 

bilateral, multilateral, and NGO partners. Because of this, an in-depth analysis of 1AF 
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yields illuminating perspectives on the state of agricultural development in many 

areas. This paper makes critical assessments of the organization’s strategy; however, 

this is not the intended focus of the study. Instead, the study's main objective is to 

organize the existing literature on 1AF and its partners’ agricultural development and 

compare it to literature on agricultural intensification. 

Section II. Methods 

The approach to the analysis was multipronged. Firstly, a literature review was 

performed on the status of AEI, SAI, and conventional agricultural intensification 

(CAI). This involved reviewing primary data, meta-analyses, books, and articles to 

evaluate the strengths and weaknesses of each form of intensification. It also illustrates 

some of the commonalities of methods and practices that overlap in the respective 

types of intensification. Secondly, existing scientific literature on 1AF was perused. 

This included meta-analyses, primary sources, and secondary literature. Thirdly, 

official organizational literature, e.g., case studies, annual reports, and blogs were 

analyzed to ascertain the organization’s internal identity and strategy. Finally, this 

analysis includes written communication with 1AF employees. Questions posed to the 

organization were as follows: 

o Does the finance/intervention seek to: 

• Increase agroforestry cultivation; 

• Address GHG emissions from agriculture; 

• Increase carbon sequestration potential; 

• Reduce reliance on inputs; 
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• Enhance ecosystem services; and 

• Reduce area in production? 

While communication with 1AF was helpful in some areas of the study, it 

admittedly lacked in others. Because of this, most of the paper is organized around 

1AF’s official literature and relevant scientific papers. 

Section III. Intensification literature review 

SSA harbors over half of the world's fertile soil and is at risk of losing millions 

of hectares of arable land. In 2006, around 65 percent of soils in SSA were degraded 

(FAO, 2008). This number continues to increase as populations rise and reliance on 

agriculture grows (Masipa, 2017). Tropical countries are projected to lose staggering 

levels of biodiversity due to agricultural expansion compared to temperate nations by 

2030 (Zabel et al., 2019). At its current rate, deforestation in low-to-middle income 

nations, particularly in the tropics, could exceed ~1 billion hectares by 2050 (Tilman 

et al., 2011). Additionally, the Sahel, the semi-arid southern flank of the Sahara, 

spanning from Northern Senegal to Ethiopia, is growing exponentially (Liu & Xue, 

2020). Temperatures in the region are expected to rise 1.5 degrees more than the 

global average (Field et al., 2014). With a dry climate, the region is projected to 

experience frequent droughts over the coming decades, as it has in recent years 

(Figure 1). These unfortunate realities call for changes in agricultural practices at all 

scales in SSA that make farmers more resilient to environmental variability, mitigate 

their ecological footprint, and improve economic livelihoods. 
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Figure 1. Increased drought events in the Sahel (Brookings, 2019). 

The concept of global development has begun to replace international 

development to better reflect the interconnectedness of the world’s landscapes and 

species in the Anthropocene (Horner, 2020). Smallholder production is vital as it 

provides sustenance to over half of the global population and contributes to global 

supply chains of cheap commodities. Temperate nations import these commodities 

while facing minimal direct environmental degradation within their own borders. 

Despite this, Africa has the smallest carbon footprint of any continent. However, 

degradation caused from agriculture has global impacts on weather patterns. For 

example, changes in rainy season patterns in the Congo Basin are projected to alter 

weather patterns in the Indian Ocean (Creese et al., 2019). Additionally, The Congo 
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basin contains around four years of current anthropogenic carbon emissions (WWF, 

n.d.). The loss of these forests, therefore, can significantly accelerate climate change 

while also threatening the livelihoods of the millions spanning the five nations in the 

Congo Basin. 

Agricultural intensification is accepted to be requisite for achieving global 

food security and mitigating further environmental degradation caused by production. 

In agriculture, producing more per unit of input (or maintaining production with fewer 

inputs) is referred to as intensification (FAO, 2011). Inputs include land, labor, 

agrochemicals, animal manure, etc. Despite producing and exporting large percentages 

of commodities like cocoa, SSA will remain a large importer of cereals and grains 

under current forecasts and production rates (van Ittersum et al., 2016). This ideal of 

mass intensification has brought vigorous debate on the methods and practices that 

should be used to adequately meet the needs of a growing population under a changing 

climate. For many, this looks like bringing the Green Revolution, i.e., pesticides, 

fertilizers, and genetically modified organisms (GMOs), to SSA in the form of CAI. 

Conversely, some argue agriculture should mimic natural processes as much as 

possible to foster biodiversity and minimize potentially harmful externalities with 

AEI. Somewhere between is SAI, which attempts to utilize ecological knowledge 

while also employing biotechnology to increase productivity. Understanding the status 

of each form of intensification is necessary to gauge their potentials and current state. 

It is estimated that the current rate of degradation could be mitigated to nearly ~200 

million hectares, compared to business-as-usual estimates of around a billion hectares 

projected, with moderate intensification (Tilman et al., 2011). Successful 
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intensification is necessary lest this rate remains closer to the higher end of 

projections.     

Agriculture is inherently tied to, and dependent on, ecosystem services such as 

viable water and pollination and can cause disservices, e.g., erosion, and species loss 

(Power, 2010). Because of this, any argument for respective forms of intensification 

typically revolves around maintaining ecosystem services. At the heart of the debate 

are the environmental effects and tradeoffs linked to CAI, SAI, and AEI. CAI is 

generally associated with the highest yields out of the three forms of cultivation 

(Gabriel et al., 2013; Knapp & van der Heijden, 2018). Because of this, CAI could 

deliver the least number of hectares in production. It is important to note that there is a 

range in conventional agriculture’s yield when comparing different areas and cropping 

systems (Seufert et al., 2012). Many, however, would argue that the reliance on 

pesticides needed to support a thoroughly conventional world would greatly outweigh 

the benefits of minimizing total area in production. SAI attempts to reconcile some 

forms of synthetic fertilizer with more ecologically based practices such as minimal 

tillage and erosion control to mitigate the effects of nutrient runoff. AEI is fully reliant 

on ecosystem services to deliver yields because it eschews pesticides, most inorganic 

fertilizer, and GMOs. This is accomplished by increasing biodiversity through 

agroforestry (AF) and intercropping. The main argument for AEI is that it increases 

land equivalence ratio (LER), which measures mixed cropping results against 

monocultures, allowing smallholder farmers to achieve higher yields on less land. 

This debate is not new, and there are nuances, with arguments being made for 

the combination of best practices of each type of intensification (Havemann et al., 
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2020). Despite the constant conversation occurring in academia and in international 

development, if there was currently a winner of intensification that has received the 

most attention, it would be CAI, though smallholder agriculture in SSA largely 

remains low-input and low output. This section concludes with a consideration of 

blended intensification. 

Conventional agricultural intensification 

At its current state, CAI has the highest potential for fast and efficient yields. 

Most government, research institution, and agribusiness R&D goes into CAI. A 

common argument is that CAI’s potential is not being met, and that when utilized 

correctly, it can more effectively minimize the expansion of agricultural lands, 

minimize or reduce biodiversity loss, and better feed the world than SAI or AEI (Tal, 

2018). Additionally, most forms of mechanization and technologies are suited for non-

complex, conventional production systems. The purpose of this section is to highlight 

some of the underlying issues with CAI and to present AEI, and potentially SAI, as a 

path toward a more environmentally and economically viable future.   

CAI’s production is associated with the highest levels of environmental 

degradation of the three forms of intensification. Most forms of CAI involve the 

utilization of nitrogen, phosphorus, and potassium (NPK) fertilizers, bare fallows, 

tillage, irrigation when possible, GMOs or improved cultivars, and chemical pesticide 

application. Chemical pesticides are known to have adverse effects on ecosystem 

function and human health. NPK fertilizer usage (also common in SAI) can have long 

term effects soil quality, usually through reducing soil organic matter (SOM) (Wang et 
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al., 2020). Tillage, in most cases, accelerates erosion and the loss of topsoil (Tan et al., 

2015). Bare fallows are also associated with erosion and loss of soil fertility (Panagos 

et al., 2015). These practices remain fundamental in CAI and are problematic to 

reconcile with long term sustainable production. 

SSA is seen as the last frontier for the agrochemical market. Governments 

struggle to control pesticide usage due to a lack of regulatory capacity. Further, 

treating contaminated water is extremely hard in SSA due to a lack of infrastructure 

and unplanned settlements. Many products, such as organochlorine pesticides (OCPs), 

are illegal in the EU and North American but are sold throughout SSA. 

Dichlorodiphenyltrichloroethane (DDT) and endosulfans are the most common OCPs 

found in SSA (Olisah et al., 2020). A lack of regulation makes it especially easy for 

farmers to access pesticides without safety equipment or proper usage training (Isgren 

& Andersson, 2021). High illiteracy rates exacerbate the lack of pesticide training 

among smallholder farmers (Wyckhuys et al., 2019). OCPs negatively impact 

heterogeneity on the ecosystem level in SSA (Köhler & Triebskorn, 2013). Proponents 

of CAI, including agribusinesses and governments, continue to advocate for 

agrochemicals usage despite their deleterious nature.    

Perhaps the most insidious, and sometimes more immediate, effects of 

pesticide usage in SSA are the contamination of ground water, fish, and sediment. 

There is a dearth of information on water contamination from agrochemicals in SSA 

(Ansara-Ross et al., 2012). However, concrete evidence identifying the threats 

chemical pesticides pose to clean water are lacking. In South Africa, 2003 levels of 

endosulfan in proximity to significant agriculture production areas were generally 
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above European Drinking Water Standards (Dalvie et al., 2003). Additionally, OCPs 

such as DDT are found in fish used as staples throughout SSA (Thompson et al., 

2017). 

The effect on water quality leads to broader food web ramifications. Chemical 

pesticides are deleterious to insect populations and causally linked to global decreases 

in insect populations (Habel et al., 2019; Raven & Wagner, 2021; Wagner et al., 

2021). The collapse of insect populations has widespread effects on other species. 

Insect biodiversity is essential for maintaining natural enemies of crop pests in any 

agriculture system. Birds, mammals, and amphibians are adversely affected by the loss 

of insects as a food source (Tallamy & Shriver, 2021). The high rates of insect, 

mammal, and amphibian population decline, and extinction related to agrochemical 

usage present a cut and dried tradeoff between productivity and long-term viability. 

Chemical pesticides additionally have negative effects on human health (Isgren 

& Andersson, 2021). It is estimated that there are up to 395 million global cases of 

unintentional acute pesticide poisoning a year, affecting 44 percent of all farmers 

(Boedeker et al., 2020). OCPs, typically in the form of DDT, are found in fish, 

cereals, milk, beef, and chicken in Benin, Ghana, Cameroon, Ethiopia, Nigeria, 

Senegal, and the Gambia (Thompson et al., 2017). OCPs in fish staples, sediment, and 

surface water have carcinogenetic and noncarcinogenic effects on humans (Taiwo, 

2019). Disturbingly, DDT found in breastmilk in many areas in SSA is above WHO 

stipulated limits (Olisah et al., 2020). 

Conventional pesticides are losing their ability to work around the world, and 

SSA is no exception. BT-toxins in South Africa continue to be a problem, with pest’s 
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evolutionary success outmatching bio scientists’ wit (Bøhn & Lövei, 2017). For 

example, endosulfans have been unable to treat coffee berry borer, the most harmful 

pest for production, for decades in some areas. Coffee production is not the only large 

commodity at risk; cocoa production is equally threatened by pesticide resistant 

species (Codling, 2011). Generally, the response from agrochemical manufacturers 

and scientists is to recommend reductions in chemical applications and higher 

precision usage. Unfortunately, while this tactic has shown promise in the short term, 

it does not have lasting effects of reducing pests' evolutionary adaptation processes 

(Carrière et al., 2016). 

Agrochemicals are not the only CAI practice with underlying risks to 

sustainability. Field preparation in the form of tillage and bare fallows are closely tied 

to CAI. Soil erosion is most prevalent in agriculture systems that employ tillage and 

bare fallows (Munodawafa, 2012). The conversion of montane lands into agriculture 

production is a driver of sediment erosion in streams in SSA (Stenfert Kroese et al., 

2020). Farmers in Tanzania and Ethiopia recognize the problem of erosion and its 

effects on crops (Blake et al., 2018; Nigussie et al., 2017; Nord & Snapp, 2020). 

Tillage is also associated with the loss of soil structure and aggregate stability (Nunes 

et al., 2020). The loss of SOM and microbial diversity is also an effect of deep tillage. 

Bare fallows, which are needed for mechanization and efficiency in CAI additionally 

lead to loss of microbial diversity. Erosion caused by tillage is challenging to reverse 

through conventional practices, are requires replacing techniques like deep tillage and 

bare fallows with more sustainable or ecologically based methods (Blake et al., 2018). 
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Because of these externalities, the long-term viability of CAI is tenuous. The 

practices mentioned above deplete the natural capital and ecosystem services that 

agriculture production relies on. Even if CAI successfully curbs agricultural 

expansion, the effects on ecosystem function wrought by agrochemicals and erosion 

will be too severe to have viable long-term production. Additionally, while fertilizers 

are a significant component of CAI, they are also a key facet of SAI, and therefore 

discussed in the following section. While certainly a staple of CAI, improved varieties 

and GMOs are addressed at the end of the literature review. Their placement within 

the various forms of intensification is blurred and they sit at the heart of the blended 

methods and practices debate.  

Sustainable agricultural intensification 

The definition of SAI is hotly debated (Loos et al., 2014; Petersen & Snapp, 

2015). One definition is the “production of more food on a sustainable basis with 

minimal use of additional land” (The Royal Society (London), 2009)). Pretty et al., 

provide a commonly used definition pertaining specifically to SSA. They claim that 

SAI is a system that “[produces] more output from the same area of land while 

reducing the negative environmental impacts and at the same time increasing 

contributions to natural capital and the flow of environmental services” (Pretty et al., 

2011). Later, Pretty & Pervez Bharucha offered another definition of SAI as a process 

or system where “agricultural yields are increased without adverse environmental 

impact and without the conversion of additional non-agricultural land” (Pretty & 

Bharucha, 2014). Importantly, in the most recent definition, Pretty & Pervez Bharucha 
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argue for the mitigation of conversion of non-agricultural land, perhaps the prevailing 

characteristic of SAI. 

In practice, SAI typically involves minimal tillage; improved varieties; crop 

diversification; soil and water conservation practices; inorganic fertilizers, and the 

application of animal manure in cropping systems (Garnett et al., 2013). More 

recently, agroforestry; cereal-legume intercropping; conservation agriculture; doubled-

up legume cropping; fertilizer micro-dosing; planting basins; and push-pull technology 

are considered practices especially relevant to SAI and complement one another. 

(Kuyah et al., 2021). However, some of these methods and practices align closer to 

AEI than SAI. Because of this, intercropping, AF, and push-pull are addressed in the 

AEI section.  

SAI is purported to have less of an effect on environmental and human health 

than CAI. Despite this, there are critiques of SAI. Less productivity, specifically in the 

short term, can translate to more land in production, though this contrasts with Pretty 

& Bharucha’s definition. Further, SAI receives criticism for the usage of chemical 

fertilizers. Additionally, SAI relies more on animal manure than CAI and AEI. Large 

scale production, pastoral, or foraging livestock each have negative externalities on the 

environment. Finally, farmers often struggle with the notorious agricultural “Valley of 

Death”, i.e., large upfront costs and forgone profits in the short term, for higher yields 

and profits in the long term, albeit this can be linked to all forms of intensification. 

Because of these facets, ironically, SAI is criticized for not being sustainable in the 

long term. Thus, SAI both differs from both AEI and CAI while sharing key methods 

and practices from each form of intensification.  
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In some cases, SAI requires more land to produce the same yields as 

conventional production. Additionally, because SAI has one foot in both CAI and 

AEI, it may not experience the benefits of either. For example, depending on inorganic 

fertilizers can decrease heterogeneity in systems (Cui et al., 2018). A decline in 

species richness often leads to an abundance of crop pests. Without pesticides, a non-

complex agricultural system may therefore be susceptible to pests. Despite this, many 

advocates of SAI tout the benefits of fertilizer usage.    

The practice of “micro-dosing” mixtures of organic and inorganic fertilizers, 

i.e., applying one-third of conventional rates directly to transplants or seeds is a staple 

of SAI. Micro-dosing seeks to minimize the usage of inorganic inputs while 

maximizing their efficiency. 

Increases in yields correlate with improvements in livelihoods, whether for 

sustenance or commercial growers. Many inorganic fertilizers and even some 

agrochemicals are permitted for usage under Fairtrade certifications and standards. 

Farmers yield higher prices from Fairtrade labels for SSA’s global commodities like 

coffee, cotton, and cocoa (Borsky & Spata, 2018). It is important to note that a study 

of cocoa workers in Côte d’Ivoire and Ghana found improvements in cooperative 

members conditions but not farm workers (Meemken et al., 2019). Fairtrade has also 

been found to reduce pesticide related health problems within workers (Sellare et al., 

2020). Using inorganic fertilizers can bar farmers from organic certifications, which 

bring another level of benefits. 

While these increases in yields and livelihoods are impressive, the long-term 

effects on soil health and economic benefits are debated. Inorganic NPK fertilizer 
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usage receives criticism worldwide, and some find the levels of amendments SAI calls 

for in SSA troublesome. As mentioned previously, smallholder farmers in SSA 

typically produce low yields with minimal inputs. The concern, for some, therefore, is 

that SAI would spur significant increases in inorganic fertilizers used in SSA. At its 

worst, SAI is called CAI rebranded due to its emphasis on synthetic fertilizers and 

inputs (Friends of the Earth International, 2012). With the imminent rise in population 

in SSA, the increase in fertilizer that SAI prescribes, micro or not, raises the alarm for 

natural resource usage and land degradation. 

Of the three forms of intensification, SAI relies the most on animal manure. 

Globally, domesticated livestock consume a third of total cereal production and eight 

percent of anthropogenic water usage (Makkar, 2018). An adult heifer can consume up 

to 40 gallons of water a day. Cereals and water are often allocated to livestock 

production in areas with rampant malnutrition and water scarcity. With these 

problems, it is crucial to understand that animals are culturally relevant throughout 

SSA and present opportunities for a source of protein in areas that suffer from high 

levels of malnourishment. They additionally can provide a valuable source of organic 

matter and income.  

Advocates of SAI claim that combining inorganic fertilizer and manure is 

needed to maximize productivity (Mungai et al., 2016). Combining animal manure 

and inorganic manure is becoming increasingly popular throughout SSA. A study in 

Kenya of 106 farmers found that 90 percent employed both manure and inorganic 

fertilizer (Wawire et al., 2020). Using manure and inorganic fertilizer together has 

been found to mitigate caping or hard setting in soil, a common problem in arid SSA 
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areas (Canatoy & Daquiado, 2021). Additionally, manure is often mixed in with 

inorganic fertilizer, which has benefits in increasing biodiversity (Cui et al., 2018). 

Farmers, however, must have access to manure to experience these benefits (Njoroge 

et al., 2019). SAI may be a difficult goal to attain for farmers without livestock 

(Rufino et al., 2007). In arid areas this is especially important, as organic matter is 

difficult for farmers to come by. 

Africa RISING, funded by USAID’s Feed the Future Project, primarily focuses 

on intensification programs that utilize livestock. In East and Southern Africa, this 

project has implemented cereal-legume-livestock SAI systems. Some argue that these 

systems can have benign environmental effects and are needed for increasing protein 

sources in SSA (Dumont et al., 2018). In these systems, residue may be removed from 

fields to feed livestock, which decreases soil health. In Malawi, farmers without 

livestock have more crop biomass than those who own animals (Valbuena et al., 

2015). Permanent ground cover and plant organic matter may be hard to come by for 

farmers in arid areas that own livestock. 

For regions with water shortages and frequent drought occurrences, any tool 

that captures water is imperative for sustaining yields. Planting basins, sometimes 

referred to as Zai holes, allow farmers to maximize production per unit input, 

including water, inorganic fertilizer, and manure. Zai holes became prominent in 

Burkina Faso during the 1990s famine. The technique originated in arid lands in SSA 

that had little SOM. Zai holes are 15cm by 25cm sunken pits that typically have SOM 

mixed in organic mulch to maximize water efficiency. Sometimes, these pits are dug 

in a half-moon shape when on slopes. Farmers have reported high yield increases with 
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the technique, sometimes up to 100 percent (Lahmar et al., 2012). With SAI, the 

practice is used with inorganic fertilizer, which positively affects yield (Oduor et al., 

2021). Zai pits can also be used to intercrop plants close together that have beneficial 

relationships. They also minimize the amount of tillage farmers need to prepare beds.     

CAI is usually reliant on deep till. The suggested tillage frequency and depth 

for SAI is less stringent. While AEI typically uses no till, both no till and minimal 

tillage commonly receive the title of conservation tillage. Conservation tillage is 

associated with all forms of intensification. No-till is used in conventional systems 

though with support from herbicides. Both minimal and no till increase soil organic 

carbon (Rahman et al., 2021). Additionally, minimal tillage has been found to use less 

water than deep and no till (Rahman et al., 2021). Deep tillage is also responsible for 

high levels of GHG emissions (Rahman et al., 2021).   

While women are often unjustly delegated to the title of environmental 

protectors (Doss et al., 2018), the responsibilities they have for their families' general 

welfare in SSA are undeniable. The number of female headed households in SSA has 

been rising for decades as men are absent in many rural areas. The poverty rate for 

female headed households has been declining faster than those with men at the head of 

families (Beegle et al., 2016). Female headed householder, however, have higher 

levels of poverty globally than male headed households (Christensen 2019). Inputs are 

a barrier for farmers attempting to achieve SAI. The costs of animals, inorganic 

fertilizer, and improved seeds are unrealistic for many households. Gender is tied to 

access to inputs, as women typically have less access to resources than men. Because 

of this, some argue that SAI is less oriented toward women and lower income families 
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(Andersson Djurfeldt et al., 2018). Part of the appeal of AEI is that cropping system 

nutrients exist within a closed loop. In AEI, the need for inputs is greatly diminished 

and, therefore, much more accessible to those without resources. 

Agroecological Agricultural Intensification  

Though AEI has many definitions, this paper uses the following provided by 

the FAO: “a knowledge-intensive process that requires optimal management of 

nature’s ecological functions and biodiversity to improve agricultural system 

performance, efficiency, and farmers’ livelihoods” (FAO, n.d.). As previously 

mentioned, AEI falls under the umbrella of agroecology. Francis et al. define 

agroecology as the “integration of ecology in agriculture and food systems, 

encompassing ecological, economic, and social dimensions (Francis et al., 2003).” 

There is less emphasis put on the social dimensions in AEI than in agroecology. 

However, some critical considerations on how social justice can enhance or detract 

from AEI are discussed in the previous section. Much like SAI, the methods and 

practices that can be classified as AEI are debated. Organic, agroforestry, nature 

mimicry, regenerative, and permaculture forms of agriculture can all be considered 

AEI. 

The methods most associated with AEI are minimal soil disturbances (most 

notably no till), permanent soil cover using residues or cover crops, natural soil 

fertility building practices and higher structural, temporal, and functional field and 

landscape diversity (UC Davis, n.d.). In practice, this requires adding biodiversity into 

cropping systems with agroforestry, intercropping, cover cropping, crop rotations, and 
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pollinator strips. As mentioned, many of these methods are also common in SAI. AEI 

systems rely on biodiversity to utilize natural techniques of pest control (Dainese et 

al., 2017). Figure 2 outlines the natural systems that AEI attempt to mimic and 

integrate into agriculture. Pests’ natural enemies are often absent from conventional 

cropping systems, hence the need for biochemicals. AEI also aims to efficiently use 

water. The integration of trees and shrubs into fields provides mulch and some deep-

rooted species can redistribute water to surface level crops. Though AEI is thought to 

be much more effective at retaining yields while preserving ecosystem services, it still 

receives criticism. 

Figure 2. Agroecosystems inspired by natural ecosystems (Dianese et al., 2017) 
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AEI stems from agroecology, which stresses the importance of local food. Examining 

rice production and trade in SSA reveals nuances and complex challenges in attaining 

this goal of increased local production. SSA is currently a net importer of rice (Tondel 

et al., 2020). The Coalition for African Rice Development (CARD) was organized in 

2008 due to the disruptions in global trade which led to food shortages in SSA. 

CARD’s goal of doubling rice production in SSA from 2008 to 2018 was not met, 

though yield gains were made (Arouna et al., 2021). There are serious tradeoffs in 

increasing rice production in SSA. A large percentage of rice imported from South 

East Asia to SSA is substandard, with little nutritional value (Tondel et al 2020). 

SSA’s dependence on imported rice is vulnerable to shocks that can leave millions 

hungry. Additionally, increasing rice production can have destructive effects on forest 

cover and land degradation. This predicament is not unique to rice, but most of the 

staples and crops the population of SSA relies on. 

Increasing production under AEI management faces barriers. The FAO calls 

AEI a knowledge-intensive method. A lack of information is one of the most 

considerable barriers to farmers’ adoption of AEI (Mockshell & Villarino, 2019). 

Buying seeds is one thing; knowing the optimal way to plant them is another. Farmers 

are not always willing to adopt practices regardless of whether they are scientifically 

grounded (Garibaldi et al., 2017). Farmers are typically much more influenced by their 

peers and communities than by scientific research (Marinus et al., 2021). This is 

especially true in SSA, where many farmers are illiterate and rarely interact with 

scientifically trained extension agents. This disconnect between science and practice is 
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exacerbated by conflicting and changing information. Overcoming this barrier requires 

understanding and working with farmer knowledge systems and utilizing networks. 

Many AEI systems also require large upfront investments. Trees and shrubs 

can be significant investments for impoverished smallholder farmers. In addition, the 

benefits of one practice are typically tied to others, which further challenges farmers. 

For example, farmers may need to buy multiple types of seeds to intercrop. Finally, 

the Valley of Death prevents farmers from adopting new practices that may help them 

in the long run. 

The most indicative problem, however, associated with farmer uptake is 

perceptions of labor. In some cases, AEI and SAI practices can lead to increases in 

labor in some cases and decreases in other contexts. Select studies have found that fair 

trade certifications did not change laborers’ hours (Valkila, 2009; Valkila & Nygren, 

2010). Some studies have found incidences where organic and Fairtrade certifications 

led to increases in labor, mainly from mulching and hand weeding (Blackman & 

Naranjo, 2012; Ruben et al., 2009). The labor-intensive nature of AEI presents 

challenges in convincing farmers to adopt certain practices. Additionally, these tasks 

can increase women’s labor, as mulching and weeding are often gender based in SSA. 

A comparative study in Uganda found that CAI farms are more labor efficient than 

AEI (Gambart et al., 2020). A meta-analysis of cropping systems in SSA found that 

mechanization and herbicides can dramatically reduce labor (Dahlin & Rusinamhodzi, 

2019). 

Despite these barriers, there are often yield incentives for those who do adopt 

AEI methods and practices (Garbach et al., 2017). LER typically increases under AEI. 
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Yields are attributed to higher provision of ecosystem services, such as improved 

habitat for pollinators (Kovács-Hostyánszki et al., 2017). These are sometimes 

referred to as “ecological replacements and enhancements,” i.e., benefits derived from 

healthy ecological relationships in an agricultural system. In most landscapes, this 

requires incorporating biodiversity into a system e.g., adding trees and shrubs. Adding 

biodiversity, or increasing ecosystem function, e.g., increases habitat and resources 

such as water for pollinators, which can increase yield (Kleijn et al., 2019). The 

increase in pollinators then provides an ecological replacement for synthetic fertilizer. 

Not only can farmers receive higher yields under AEI systems, but they also 

command higher prices. As previously mentioned, farmers that utilize AEI can receive 

the benefits of both fair trade and organic labels. Organic producers attract higher 

prices globally than conventional production, despite lower yields (Crowder & 

Reganold, 2015). Organic African coffee, for example, typically draws higher prices 

than conventionally grown coffee (Haggar et al., 2017). These potential increases in 

prices, particularly for globally traded commodities, allow farmers to hire help for 

increased labor. 

Changing climates and environmental variability are the most significant 

challenges for farmers’ livelihoods. Staple crops’ yields are expected to decline 

worldwide due to increases in mean temperatures (Rieu et al., 2017; Zhao et al., 2017). 

In SSA, AEI can increase farms’ profits by improving yields and provide long term 

security by integrating perennial trees and shrubs into fields and landscapes (Kuyah et 

al., 2019). This practice is called agroforestry (AF). Additionally, AF adds diversity to 

farms serving as insurance for crop failure (G. W. Kassie, 2018). AF systems can 
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produce yields under environmental variability (Sheppard et al., 2020). For example, 

Guierea senegalensis and Piliostigma reticulatum, both native to West Africa, prevent 

crop failure resulting from drought when planted into fields (Bogie et al., 2018). While 

AF is typically associated with high upfront costs, there are long term benefits for 

farmers who adopt (Do et al., 2020). 

Potential benefits engendered through AF also relate to labor decreases 

through increasing water efficiency, providing available sources of organic matter that 

can be used as mulch, and supplying households with firewood. Proponents of AF 

claim that it decreases labor in the long term by increasing water efficiency and 

providing available sources of organic matter that can be used as mulch (Armengot et 

al., 2016; Brown et al., 2018). Farmers in Ethiopia cite decreases in labor as a 

motivation for adopting AF (G. W. Kassie, 2018). Agroforestry correlates with 

reductions in labor for women (Kiptot & Franzel, 2012). These benefits connect with 

reductions in on and off farm labor, such as firewood harvesting. Studies in Kenya 

show that farmers who participate in AF programs have better access to and spend less 

time gathering firewood (Hughes et al., 2020). Additionally, with the right species, AF 

can maximize the efficiency of available resources, including wood for energy. 

A large percentage of households in SSA rely on wood as a fuel source. The 

usage of wood for fuel causes land degradation, though not as severely as agriculture 

expansion (Sola et al., 2017). Labor intensity associated with wood foraging and 

charcoal production is speculated to inhibit economic development because it 

diminishes natural capital and ecosystem services (Sulaiman & Abdul-Rahim, 2020). 

Agroforestry adds wood biomass to agriculture systems that can be used for wood 
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production (Iiyama et al., 2014). Fast growing species like Leucaena leucocephala and 

Acacia family trees and shrubs produce extensive biomass annually. Exotic species, 

however, are also not usually recommended to be incorporated into AEI systems. 

Despite this, fast growing species provide households a fuel source outside of forest 

areas. This is especially relevant when considering the current gap in securing energy 

alternatives. There is a conflict of interest, however, in that under AEI management, as 

much biomass should be incorporating into systems as possible. While some biomass 

is inevitably removed during harvest, the rest should be either composted or left as 

residue to increase SOM in AEI systems. This presents a challenge for agroecologists 

in finding the balance between removal of biomass for fuel and returning it into 

systems. 

Relevant for all forms of intensification, intercropping takes advantage of the 

benefits of diversity. Annual monocultures deplete nutrients in the soil (Ewel et al., 

1991). Intercropping complementary species that use different nutrients and have 

varying growing patterns improves yields and builds soil health. Intercropping can 

produce yields 15 to 20 percent greater than monocultures (Vandermeer, 2011). A 

recent meta-analysis of over 900 experiments found that intercropping was effective 

for both low and high input agriculture (Li et al., 2020). Notably, the study found that 

the economic viability of intercropping in high input systems was lower than in low to 

medium input systems. The system of rice intensification (SRI) is a common practice 

used in both SAI and AEI. SRI systems that incorporate legumes can raise yields by 

up to 65 percent and decrease weed pressure (Shah et al., 2021). 
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These attributes are often closely tied to minimal soil disturbance. As 

previously discussed, minimal tillage can be relevant for both AEI and SAI. As the 

benefits of minimal tillage were reviewed in the context of SAI, this section will focus 

on no till (or zero till). No till is often reliant on residue retention to avoid hard setting. 

This practice can lead to yield increases of 5.8 percent, increases in water usage 

efficiency by 12.6, and GHG emissions mitigation potential of up to a third (Jat et al., 

2020). No till is most notable for its ability to sequester carbon (Nicoloso & Rice, 

2021). However, findings suggest that no till is not completely effective without the 

usage of cover crops (Daryanto et al., 2020). This need for high levels of technical 

knowledge and access to high quality and diverse seeds pose challenges to farmers. If 

they can access knowledge and information, they may receive the benefits of no till. 

Holistic farm management is consistent in each form of intensification but is 

most pertinent to AEI. In many cases, under AEI management, methods’ efficacy are 

interdependent on one another. This is especially relevant for the mitigation of pests. 

AEI relies on biodiversity for pest control. In natural ecosystems, multitrophic 

relationships exist that stabilize species populations. While some pests are adaptive 

and can use different vectors, increased plant species diversity is fundamental in 

providing natural pest controls (Ratnadass et al., 2012). Agroecology attempts to 

mimic this process as pests’ natural enemies are often missing in simple agriculture 

systems, as previously reviewed. 

As each ecosystem is different, AE strives to understand traditional ecological 

knowledge (TEK) of local pest pressure (Altieri & Toledo, 2011). This also requires 

the integration of native species into landscapes. AF shows promise in pest control. 
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The example of Coffee Berry Borer (CBB) (Hypothenemus hampei) is illustrative. AF 

shade systems in coffee production have been found to be up to five degrees Celsius 

cooler than sungrown coffee (Gomes et al., 2018). While infestations are higher in 

shade grown systems, damage to crops is higher in full sun (Bagny Beilhe et al., 2020; 

Mariño et al., 2016). The paradoxical reason for this is due to the presence of an ant 

natural enemy in the shade system and higher temperatures and humidity in the full 

sun. 

AEI presents pros and cons. Foremost, critics of AEI commonly cite increases 

in labor and knowledge constraints as barriers to adoption. Moreover, dogmatic AEI 

expressively prohibits the usage of biotechnology. This absence is met with polemics 

as technology is linked to increases in yields and decreases in labor. The following 

section briefly summarizes arguments for mixed intensification.  

Blended intensification 

As alluded to, there are pervasive issues with strict CAI and AEI in SSA. CAI 

can have devastating effects on the environment and human health. In contrast, AEI 

can increase labor demands (often at the expense of women), decrease yields, and 

potentially increase land in production. Many argue that the only way for SSA to 

adequately feed its population while also reducing environmental impacts is through 

maximizing the usage of ecologically based agriculture practices filling in necessary 

gaps with SAI and even some CAI tactics (Mocksehll & Kamanda 2018l; Haveman et 

al. 2020). Blended soil fertility that utilizes best practices from SAI and AEI, for 
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example, is seen as imperative in some areas. Additionally, the shunning of 

agrochemicals may have a negative impact on smallholder livelihoods. 

Improved varieties and some GMOs are needed in many areas to adapt 

production to extreme climates. GMOs have grown particularly unfavorable in the 

west and are linked to environmental degradation and human health problems. GMOs 

may be useful under select situations where long term soil health management and 

adding biodiversity are not feasible.   

Improved varieties are also necessary and used under each form of 

intensification. Cassava production struggles due to disease in Nigeria. Nigeria is the 

leading cassava producing nation where it serves as an essential staple for 

smallholders despite misinformation about the presence and application of improved 

varieties (Wossen et al., 2019). New varieties can resist disease and secure harvests for 

farmers. They may also be the only way to prevent significant increases in land in 

production (Ikuemonisan et al., 2020). These varieties are often seen to be necessary 

for intensification because of their yield and pest benefits. However, if farmers fail to 

adopt certain soil management practices in tandem the advantages of improved 

varieties will be nullified. 

Similarly, pest control is not viable with only agroecological practices in all 

cases, and the usage of pesticides may sometimes be necessary. Completely eschewing 

pesticides may allow pests to spread at rates that endanger production and threaten 

food security. Because of this, some usage of pesticides may be necessary to respond 

to growing pest pressure when ecological strategies are not adequate for solving 
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problems. Utilizing herbicides when farmers are properly trained, and runoff avoided 

can also drive improvements in livelihoods and food security.  

Integrated soil fertility management (ISFM) combines AEI, CAI, and SAI 

methods that together provide benefits to farmers. For example, hard setting can be 

mitigated by using crop residue and no till (AEI) with inorganic fertilizer (CAI and 

SAI) (Canatoy & Daquiado, 2021). Similarly, a study of the cropping systems in East 

Africa, West Africa, Ethiopia, and the Great Lakes found that agriculture systems in 

each area would benefit equally from increases in inorganic and organic fertilizers 

(Stewart et al., 2020). Utilizing practices like biochar can also help build soil health 

(D. Hou et al., 2020). However, using fertilizer is futile when it gets washed away 

from erosion. That is where AEI practices like AF and Zai pits can provide the 

components for holistic soil management. No till combined with other CAI practices, 

such as selected herbicides, can double this trajectory in some cases. A meta-analysis 

of no-till found yields throughout SSA to have increased ~five percent (Corbeels et al., 

2020). Perhaps most importantly, many of these benefits are distinctly dependent on 

context. 

Section IV. One Acre Fund 

Background 

1AF was created in 2006 in Rwanda and Kenya with the intention of serving 

small holder farmers in SSA. The founders are Americans Andrew Youn and Eric 

Polhman and Kenyan national John Gachunga. The organization now operates in 

Burundi, Kenya, Malawi, Rwanda, Tanzania, Uganda, and Ethiopia. To date, the 
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organization has worked with over one million farmers in these nations. The 

organization employs around 8,300 employees, of which 95 percent live in rural SSA. 

According to their website, they are the largest rural employer in Kenya, Rwanda, and 

Burundi. The management structure is highly decentralized due to the wide range of 

locations. 1AF works extensively with foreign government agencies (e.g., USAID), 

multilaterals (e.g., the World Bank and UN FAO), other NGOs, governments of the 

seven nations it is active in, and universities all over the world.  

1AF has a distinct philosophy and belief structure. “Nudging” farmers to adopt 

certain methods and practices is a core tenant of the NGO’s strategy. The organization 

deploys what it calls a “package” model that has four components. Firstly, this 

includes inputs that farmers receive on credit. Repayments for these conditional loans 

are flexible and allow farmers to make payments throughout growing seasons and 

immediately after harvest. There is a high repayment rate of 99 percent. Secondly, the 

model involves distribution of farm inputs. 1AF transports inputs to within walking 

distance of farmers. Thirdly, 1AF engages in technical agricultural trainings. These 

trainings have a wide scope, covering composting and inorganic fertilizer usage. 

Finally, the organization works on market facilitation, mainly in the form of storage 

centers. This package amounts to an additional USD $137 that farmers save each year 

on average across its countries of operation. 

1AF works on monitoring and evaluating these four strategic components and 

has various ways of disbursing information. The organization releases an annual report 

that includes farmers served, credit repayment rates, and financial sustainability in the 

nations in which it operates. The annual report additionally covers new developments. 
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For example, mobile programming has become a focal strategy, and they also pivoted 

in 2020 to assist in the Covid-19 global pandemic. In addition, the website features an 

Insights and Data Library that includes country impact reports, an agriculture 

innovation report, and the results of field trials. The Insights and Data Library also 

provides documentation on projects and partnerships with multilateral and bilateral 

organizations. 

1AF’s methodology for measuring impact is the number of farmers served x 

impact per farmer. Impact per farmer is considered $USD of new profit generated for 

farmers. More, they claim to integrate “impact data” into their strategy and 

methodology. They also include environmental, climate, and social outcomes of their 

interventions. Currently, they are discussing agricultural strategy, specifically AF, in 

the context of carbon sequestration as a nature-based solution (NBS) to climate 

change. The organization invokes climate smart agriculture (CSA) frequently 

throughout their literature. FAO defines CSA as sustainably increasing agricultural 

productivity and incomes; adapting and building resilience to climate change; and 

reducing and/or removing greenhouse gas emissions, where possible (FAO, n.d.). CSA 

is closely related to SAI in that it relies heavily on improved seeds and inorganic 

fertilizer. 

1AF’s resiliency framework has a wide scope. It seeks to measure resiliency as 

income and food access, assets, agricultural practices, social safety nets, and adaptive 

capacity (1AF, 2016a). The scope of this paper focuses only on agriculture and 

adaptive capacity, specifically in the context of climate change and environmental 

variability. 1AF’s CSA strategy is illustrated in Figure 3. 
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Figure 3. 1AF’s CSA strategy (1AF, 2016a). 

For this assessment, members of 1AF were contacted and questions were 

answered through written format. The members represented 1AF Tanzania, and while 

their views give an impression of the organization, they do not represent 1AF in its 

entirety for each country. This analysis is broken up into two sections, one that focuses 

on input distribution and another on biodiversity. 

Inputs 

This section serves to analyze 1AF’s delivery of inputs to farmers. This is done 

through comparison of official organizational documentation with existing scientific 

literature on intensification. The organization delivers inputs through technical 

trainings on practices and physical inputs, e.g., lime and improved seed. Technical 

trainings are an integral aspect of 1AF’s programming; however, they are usually 
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discussed in the context of aiding input usage. There is little data on the number of 

farmers trained or specific recommendations on practices such as composting. 

Therefore, technical trainings are discussed in the context of inputs in this study.  

Fertilizer 

One of 1AF’s key strategies is “nudging” and promoting the practice of micro-

dosing inorganic fertilizers. Micro-dosing produces promising outcomes regarding 

yield increases and income generation (Adams et al., 2016). A meta-analysis of 33 

study sites across SSA found grain yield gains of nearly 50 percent with micro-dosing 

application compared to no amendment control plots (Tonitto & Ricker-Gilbert, 

2016). Similarly, a review of grain legume intercropped systems was found to increase 

yields with the practice (Ouedraogo et al., 2020). Inorganic fertilizer is a cornerstone 

of the programming offered in each of the countries 1AF operates within. The 

organization provides a high-level summary of their micro-dose strategy in the climate 

section of their website: 

“We use 3-5 times less fertilizer than any other region of the world, and teach farmers 

to micro-dose it directly to the planting hole and as a top dress after plant emergence, 

where it can be directly captured by crop roots, instead of running off into the 

environment (1AF, n.da).” 

A more detailed explanation of their fertilizer theory is provided in their climate 

website section (1AF, n.db): 
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“We encourage modest use of inorganic fertilizer, and have found that the carbon 

sequestration from increased biomass (due to more robust plant growth) more than 

outweighs the emissions associated with fertilizer delivery and application. Some of 

the specific practices that we promote in regard to fertilizers include: 

- Micro-dosing - involves applying small quantities of fertilizer close to the seed 

or plant. This allows the farmer to limit total input application and get the most 

efficient use of the fertilizer as possible. The rates we recommend are quite 

low compared to what is common in commercial agriculture. 

- Organic amendments - One Acre Fund always communicates the importance 

of using organic compost or manure in conjunction with inorganic fertilizers, 

as this is critical for long-term soil health.” 

- Deep placement - includes covering it with soil, which significantly limits the 

potential for greenhouse gas emissions (nitrous oxide) from the fertilizer once 

applied to the soil. 

- Improved nitrogen application timing – includes a “leaf-count” method for 

applying nitrogen-based fertilizer. This helps farmers identify timing tied to 

crops' physiological development for when to apply fertilizer, and limits 

unnecessary and extra applications. It also minimizes the risk of fertilizer 

leaching, which can cause soil acidification.” 
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1AF conducts field tests to measure the efficacy of its inorganic fertilizer 

programming. In 2020, 3577 harvests were weighted in a nutrient omission trial to 

measure differences in maize yield between no fertilizer, PK, NK, and two NPK 

treatments to test in field variation. This study averaged the raw data provided by 1AF. 

Within the dataset, the average yield difference between no treatment and NPK 

treatment was 10.16 kg to 16.23 kg, as highlighted in Table 4. The results of the trials 

support claims of micro-dosing leading to higher yields. These findings are consistent 

with NPK trials in SSA (Adams et al., 2016; Sime & Aune, 2014; Tonitto & Ricker-

Gilbert, 2016). 

Table 1. 3577 1AF farmer yields averaged under different treatments. 

Treatment Average of Yield (kg) 

NPK 16.23 

NP 14.65 

PK 12.17 

NK 11.97 

No fertilizer 10.16 

Total 13.57 

Along with NPK, the organization nudges farmers and provides credit for the 

use of lime amendments. Many of the farmers 1AF works with operate in acidic soil 

where lime can improve growing conditions. 1AF instructs clients to apply lime at less 

than conventional and recommended rates. Lime, in addition to NPK, at 50 percent 

recommended application rates increase yields in acidic soils in Kenya from 12-22 
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percent (Kisinyo et al., 2015). This is somewhat consistent with a trial conducted by 

1AF that found yields to increase to up to 24 percent at similar application levels 

(1AF, 2015a). The increases in yields resulting from micro-dosing amendments are 

consistent with SAI.   

Measurement tools indicate that recommended fertilizer application rates are 

highly variable within SSA (Rurinda et al., 2020). This is consistent with 1AF’s 

findings, though it presents challenges with the efficacy of fertilizer dispersal. Over 

application of fertilizer negatively affects soil health and plant growth. Chemical 

fertilizers are expensive in SSA compared to other regions (GRO Insights, 2016.) 

Inorganic micronutrients can delay lignification. Additionally, too much P negatively 

affects N uptake (Xu et al., 2020). Findings now suggest that the usage of inorganic 

fertilizer requires precision to mitigate negative externalities. 

1AF claims it uses three to five times less fertilizer than other regions of the 

world. Farmers are trained in micro-dosing and leaf count methods for applying 

nitrogen-based fertilizer. The leaf count attempts to improve traditional estimations, 

such as the plant height method for determining application rates, which is now seen 

as inaccurate. In India, for example, the precision of nitrogen based fertilizer 

application has decreased over the past 50 years (Móring et al., 2021). This is 

consistent in SSA, where precision application of fertilizers is low (Rurinda et al., 

2020). Precise leaf area measurements are difficult and sometimes destructive to 

plants (Marshall, 1968). Leaf area measurements are conducted through electronic 

technologies or algebraic equations with values based on measurements taken by hand 

(Pandey & Singh, 2011). These sophisticated methods are sometimes ineffective in 
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determining appropriate fertilizer application rates for specific areas. The leaf count 

method is significantly less accurate than the leaf area measurements. 1AF, in its 2016 

Comprehensive Impact Report, claimed that only a quarter of farmers applied 

recommended fertilizer rates (1AF, 2016b). Despite these challenges, and lack of 

accuracy, the switch from height to leaf count increases fertilizer use efficiency and 

yields in 1AF’s trials. However, 1AF does not provide extensive background or data 

into the specifics of the leaf count method. Additionally, it does not indicate whether 

the leaf count method decreases the amount of fertilizer farmers are given.   

1AF acknowledges the difficulty of getting farmers to adopt the leaf count 

method in a 2015 maize fertilizer timing experiment (1AF, 2015b). They claim that 

farmer uptake was a challenge, specifically with older and less educated farmers. The 

lack of accuracy in application rates and accounting for transfer costs often result in 

inorganic fertilizer not being economically viable for smallholder farmers (Burke et 

al., 2019). This contradicts the notion of the problem being a supply-side issue the way 

1AF and its partners frame it to be. Instead, many see this as an accuracy problem 

caused by technology and knowledge gaps present in rural SSA. It also remains 

unclear how 1AF determines how much fertilizer farmers should receive.    

According to the 2020 Country Specific Impact report, field trials have led to 

decreases in fertilizer amounts given to farmers in Uganda (1AF, 2021). The report 

does not specify how much fertilizers loaned were decreased from 2019 to 2020. The 

report claims that reductions in fertilizer rates will be explored in Burundi, where the 

government subsidizes synthetic fertilizer. 
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Subsidized agriculture modernization programs are standard in many of the 

nations that 1AF operates within. For example, the Rwandan government works 

alongside the World Bank in promoting the Crop Intensification Program (CIP). The 

program works in conjunction with 1AF and promotes improved varieties and 

fertilizer usage. 

This method of intensification is in line with 1AF’s overall strategy. Like 1AF, 

the Rwandan government refers to this programming as CSA. While SAI programs 

have been found to increase yields globally (Burney et al., 2010), to be considered 

CSA, an agriculture system must also meet the other specific criteria outlined in the 

FAO definition. A system should make farmers resilient to changing climate, and 

production should have minimal emissions and not cause land degradation. Much of 

this is done by combining intensification practices. The next few paragraphs break 

down these facets of CSA in the context of 1AF and its partners’ strategies.   

Problems with synthetic fertilizer usage include declines in biodiversity, 

emissions, and nutrient mining in soils. According to 1AF, the potential harms are 

mitigated by using manure (discussed below), burying fertilizer to avoid leaching and 

runoff, and increases in plant biomass. Heavy rainfall, particularly in maize 

monocrops in SSA leads to high runoff levels (Bashagaluke et al., 2018). In China, 

analysis has shown that heavy rainfall leads to nutrient runoff below ground more than 

on the surface (Yao et al., 2021). Both top dressing and burying fertilizer can increase 

leaching and emissions (Kihara et al., 2020). 

Nitrification and leaching are major concerns related to the usage of inorganic 

fertilizer at all scales. In paddy fields, for example, the rates of nitrification and 
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leaching with the addition of inorganic and organic matter was found to be four times 

higher than in plots with no fertilizer application (Chen et al., 2012). In Guinea, 

different amounts and types of fertilizer applied were found to have varying levels of 

nitrification (Atakora et al., 2019). While this is promising, as discussed, identifying 

the right products and amounts of inorganic fertilizer to reduce N20 emissions and 

leaching for specific areas relies on capacity and knowledge severely absent 

throughout 1AF’s areas of operation.  

Phosphorus is a finite mineral and increasing its usage dramatically in SSA 

would exponentially deplete it as a natural resource. In the status quo, nearly 90 

percent is used as an agricultural amendment (Edixhoven et al., 2014). At the current 

rate of consumption, phosphorus will be depleted by the end of the 21st Century. 

Because SSA uses low rates of NPK fertilizer now, significant increases in usage for 

SAI would drastically reduce this timeframe. Phosphate leaching also leads to 

eutrophication in water bodies (Winter et al., 2007).   

Micro-dosing can cause medium to long-term soil health problems. Firstly, it 

results in nutrient mining, i.e., the nutrients that are taken out of a system of exceeding 

those being added. This is a problem with micro-dosing because P and K cannot be 

biologically converted. Because of this, there have been issues with medium to long 

term micro-dosing in the Sahel (Atakora et al., 2019). Inorganic fertilizer usage 

additionally declines rhizobacterial diversity (Reid et al., 2021). The response to the 

decline in soil life heterogeneity for SAI practitioners, like 1AF, is to combine 

inorganic fertilizer with compost or animal manure (Ibrahim et al., 2016). While this 

can be effective in the short term (Cui et al., 2018), there are negative externalities 
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associated with livestock production as highlighted in the literature review. Therefore, 

since programming such as the CIP focuses on inputs, they are accused of rebranding 

business-as-usual agriculture programming as CSA (Clay & Zimmerer, 2020). 

Without the adoption of mainly AEI practices, these programs may be contributing to 

negative externalities. 

Practices that increase SOM into cropping systems can mitigate the harmful 

effects of fertilizer usage. Increases in SOM through composting and biochar 

ameliorate runoff (Bashagaluke et al., 2018; Yang et al., 2019). 1AF claims that it 

teaches composting in the first training it provides to farmers. It also notes that it was 

engaging in new SOM interventions projects in Kenya in the 2020 Country Specific 

Report (1AF, 2021). The Managing Soil Acidity with Lime Report argues that using 

compost should accompany lime interventions (FAO, 2015). In Ethiopia, lime, in 

addition to manure and compost, significantly increases faba bean (Vicia faba L.) 

yields and improves long term soil health (Fekadu et al., 2018). Similarly, crop residue 

and ground cover can decrease emissions and leaching, particularly when biomass is 

incorporated into soils (Hu et al., 2019). These practices are also called for in 

combination with lime amendments by 1AF. Composting, crop residue, and mulching 

are frequently alluded to in 1AF literature; however, it is difficult to pinpoint specific 

results or projects implementing the practices. This is likely because much of 1AF’s 

organization is working remotely in a decentralized manner. Therefore, generating 

macro data on village-specific practices that do not involve tangible inputs may be 

difficult. 

39 



  

        

       

          

       

       

      

      

        

      

         

 

        

        

         

         

     

     

    

       

     

       

    

        

In the 2018 Farmer Resilience White Paper, 1AF claims that using the correct 

amount of fertilizer renders farmers more resilient to environmental shocks. The 

literature and findings are mixed on this. Most evidence finds that fertilizers are more 

effective at mitigating the effects of climate change when combined with manure and 

other integrated soil management practices (Nkonya et al., 2015). Despite this, there 

are signs that access to fertilizer can decrease farmers’ adoption of AEI practices 

(Makate et al., 2019). This is despite blended intensification with AEI and inorganic 

inputs leading to better outcomes (Khonje et al., 2018). There is little evidence 

concluding that access to fertilizer alone increases farmers’ resilience to climate 

change. 1AF does attempt to nudge farmers to adopt AEI practices that can synergize 

with synthetic fertilizer to produce yields in the face of climate change. 

As part of CSA, methods and practices should make farmers more resilient to 

the effects of changing climate and reduce their emissions and capture carbon. 1AF 

claims that increases in annual crop biomass sequesters carbon. This is true, but only 

temporarily if left to decompose and emit CO2. The organization’s stance is that the 

potential negatives of fertilizer usage are mitigated through increases in carbon 

sequestration resulting from increases in annual biomass. Both perennial and annual 

agricultural systems can sequester carbon when combined with AEI or CA practices 

such as minimal or no till, permanent soil cover, and biodiversity that all promote 

healthy nutrient cycling. A meta-analysis revealed that African agriculture 

sequestration could be increased by 93 percent from the current rate with these 

practices (Gonzalez-Sanchez et al., 2019). Monoculture production, heavy tillage, and 

inorganic fertilizers increase agricultural emissions (Kihara et al., 2020). Without 
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these practices, carbon increases in biomass can be released through erosion, leaching, 

and slash and burn practices. Reductions in tillage is briefly touched upon in 1AF’s 

literature. The 2016 Comprehensive Impact Report claims that tillage is necessary and 

advises clients to do it minimally (1AF, 2016b). Permanent ground cover receives 

similar attention in 1AF literature and reporting. It mainly claims it teaches farmers to 

leave crop residue on the ground in training but does not have any statistics to back 

this up. Because of this, it is difficult to conclude the efficacy of carbon sequestration 

resulting from farmers who participate in 1AF programming’s annual crop production.     

Improved seeds 

1AF additionally distributes improved seeds to farmers as part of their 

package. The organization claims that most of the seeds it gives out on credit are 

produced in Africa. As previously discussed, improved varieties are thought by many 

to be imperative in SSA under changing climate conditions. Additionally, new 

varieties can potentially boost yields for farmers. As such, improved seeds are a 

substantial part of CSA that 1AF claims to implement. While many improved crops 

are designed to be context specific, e.g., soil type, precipitation, etc., there are 

prevailing themes and findings associated with their usage. Improved seeds are one 

facet of maintaining yields in heat stress, drought, and irregular rainfall. Maize is 

1AF’s focus in most of its countries of operation. However, 1AF has also conducted 

trials on soybeans, sweet potatoes, and bananas. 

In 2015, 1AF ran a trial on improved maize varieties that found yield increases 

from two to 15 percent (1AF, 2015c). This is less than what some studies have found. 
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Climate resilient maize can improve yields from five to 25 percent in SSA (Cairns & 

Prasanna, 2018). New varieties also improve resilience to extreme weather; however, 

they need to be combined with NPK fertilizer to maintain production levels (Hurley et 

al., 2018). This illustrates the continued need for usage of both inputs under SAI. 

New improved sweet potatoes have had success in addressing food insecurity 

and child malnutrition in SSA (Low et al., 2020). However, sweet potato production in 

SSA is low compared to other regions (FAOSTAT, n.d.). A 2015-16 trial in Rwanda 

found that orange-fleshed sweet potatoes increase yields by 51 percent compared to 

local varieties (1AF, 2016c). These results are consistent with scientific trials in 

Malawi and Rwanda (Jenkins et al., 2015; van Heerwaarden et al., 2018). Yields can 

be compromised by factors such as weevil infestations and planting dates, and 

therefore need an integrated planting practice to be successful. Orange fleshed sweet 

potatoes can also produce tubers in drought events (Low et al., 2020). Additionally, 

these cultivars are much quicker to produce harvests than traditional varieties. One of 

the key considerations and barriers with the biofortified sweet potato is consumer 

taste. A variety may not be adopted if it doesn’t meet consumers’ taste preferences, 

even if its yields and nutritional value are high. Tubers additionally cause soil 

disturbance and lead to erosion in SOM depleted clay heavy soils. 

Improved legumes are, in many cases, better for reducing negative externalities 

associated with agricultural emissions. Soybean production has gained popularity in 

many areas in SSA recently. A trial in 2015 in Rwanda found that improved soybean 

varieties and microbial inoculates (rhizobium) improve yields by 12 percent (1AF, 

2015d). These results are similar to a study of improved soybeans in ten SSA nations 
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(van Heerwaarden et al., 2018). Van Heerwaden et al. found that there were no clear 

spatial indicators for why inoculates improved yields. Moreover, improved varieties 

inoculated with rhizobium can produce larger nodules under drought conditions 

(Kibido et al., 2020). Legumes also fit closer to 1AF’s CSA claims than many other 

species. The carbon footprint of leguminous species is less than all other annual crops.    

A new bean variety trial in Rwanda's 2014 long rainy season found that 

improved bush beans lead to -20 to +25 percent and that new climbing beans had -40 

to +10 yields compared to local varieties (1AF, 2014a). The poor performance could 

be attributed, in some cases, to other cropping system factors. The RWR 2245 bush 

bean variety can increase yields by 20-49 percent over local varieties in Rwanda 

(Vaiknoras & Larochelle, 2021). New climbing beans need an assortment of best 

practices to maximize yield potential (Franke et al., 2019). Climbing beans provide a 

viable route to intensification and can be intercropped with maize in the three sisters 

system (Checa et al., 2006). This form of intercropping can mitigate the laborious task 

of staking that climbing beans require. While legumes present many benefits, they do 

not provide Vitamin A and enough nutritional value to be substituted for tuber staples 

throughout SSA.  

While annuals are typically the focus of 1AF’s improved variety agenda, a 

2014 trial on improved bananas in the long rain season in Rwanda found that the fHia 

17 cultivar has yields two times more than traditional varieties (1AF, 2015c). This trial 

is consistent with another experiment in Rwanda that tested yield differences in fHia 

cultivars (Gaidashova et al., 2010). The brief mentions that scaling banana 

propagation is difficult due to the water needed to ship trees and the slow cloning 
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process. Currently, banana production is threatened by Xanthomonas wilt in East 

Africa (Blomme et al., 2021). This and other pressures decrease banana production 

and identifying methods to reduce disease and new resistant cultivars will be crucial in 

sustaining yields. The fHia cultivar is additionally a Cavendish variety, that is, a sweet 

desert type. Because of this, it does not fulfill the same dietary functions as some 

traditional varieties. 

As repeatedly stated, improved varieties are not effective on their own. 1AF 

does consistently refer to this fact in their literature. However, specific examples and 

data on integrated pest management uptake and practice by 1AF farmers are limited. 

The most imperative factor for sustaining production under changing climates and 

increased pressures is maintaining biodiversity in cropping systems and landscapes.   

Biodiversity methods and practices 

Maintaining biodiversity is a tenant of any form of intensification. 1AF claims 

to conserve and increase biodiversity through AF, intercropping, and encouraging 

farmers to adopt soil management practices. This section focuses on the methods and 

practices the organization employs and compares them to existing scientific literature. 

Agroforestry  

Increasing AF is a significant component of 1AF’s strategy. As previously 

discussed, AF can sequester carbon, improve livelihoods, and increase farmer 

resilience to climate change. Because of this, it aligns with 1AF and its partners’ CSA 

ambitions. 1AF planted 24 million trees in 2020 and plans to plant one billion over the 
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next 15 years. Most of the communication with 1AF for this paper focused on 

agroforestry. Questions were submitted and answered by representatives from 

Tanzania. It is important to note that Tanzania has its own unique AF programming. 

Members of the Tanzanian team provided the following two goals relating to AF: 

- Goal #1: Clients leverage agroforestry for climate resilience to produce 

more (on less land) in seasons to come. 

- Goal #2: Clients invest for the future by planting fruit, nut, and timber trees 

with a strong market outlook. 

According to Tanzanian representatives, 1AF works with farmers on alley 

cropping, windbreaks, hedgerows, and fodder methods to achieve these goals. These 

practices are depicted in Figure 4. The country staff hope to facilitate the planting of 

five million trees by 2024. 

1AF distributes native and nonnative species to its clients. According to the 

Tanzanian representatives, they try to utilize both exotic and native species as well as 

fruit bearing and nutrient fixing species. A representative from 1AF Tanzania claimed 

that: 

“One Acre Fund offers at least three context-specific species in each region we serve; 

ensuring farmers plant a mix of exotic and indigenous species; and a mix of timber, 

fruit/nut, and soil improved varieties.” 
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Figure 5. Agroforestry practices common in sub-Saharan Africa. a Homegarden (a 
mosaic landscape with cassava, pawpaw, Mangifera indica L. and Grevillea 
robusta A.Cunn. ex R.Br. in Uganda). b Dispersed intercropping (M. indica in 
maize-bean intercrop in Malawi). c Intercropping with annual crops between 
widely spaced rows of trees (collard intercropped with G. robusta). d Alley 
cropping (climbing beans planted between hedges of Gliricidia sepium (Jacq.) 
Kunth ex Walp. in Rwanda). From Kuyah et al., 2019. 

The analysis conducted for this paper found that there is a preference for exotic 

trees in 1AF’s AF programming. In a 2014 Smallholder Agroforestry report, the 

considered options were Eucalyptus globulus (nonnative), Grevillea robusta 

(nonnative), Macadamia tetraphylla (macadamia, nonnative), Persea americana 

(avocado, nonnative), mango (nonnative), Leucaena (nonnative), and species in the 

Calliandra (nonnative) and Sesbania (nonnative) genus (1AF, 2014b). Species that 

Tanzanian representatives claim to be using today were the same as above but with the 
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pine genus and bananas included. One project 1AF highlights on their website is the 

distribution of grevillea saplings. From a review of 1AF’s blogs, studies, and reports, 

grevillea is the most popular species within the organization (1AF, n.dd.). 

It is difficult to glean the exact native species that 1AF introduces into 

agriculture systems and landscapes from their available literature. This research 

concluded that the species promoted within official documentation are almost all 

nonnatives. However, this could be a misrepresentation of activities due to the size and 

decentralized nature of the organization. 

1AF claims that its AF activities have several positive outcomes. Firstly, they 

claim that they lead to carbon sequestration. Secondly, AF increases farmer’s 

resilience to climate change. Thirdly, AF improves livelihoods. The following section 

will analyze these claims individually. Though the focus is on Tanzania, a general 

assessment of 1AF’s AF programming is provided. 

Livelihoods 

Farmers benefit economically from planting trees and shrubs into fields and 

landscapes. Trees can provide food, wood for fuel, and improve yields or LER. 

Different species and AF systems have varying benefits and potential externalities 

associated with them. 

Tanzanian representatives from 1AF cited eucalyptus as one tree that is given 

to farmers. Eucalyptus trees have been found to have negative effects on crops in the 

Ethiopian highlands (Guo et al., 2002). This is because the species is allelopathic, uses 

lots of water (when available), and requires heavy amounts of select nutrients. This is 
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consistent with qualitative information provided in multiple 1AF blogs. A farmer in 

Kenya detailed her experience with eucalyptus: 

“Even the texture of the soil in my field changed. The soil was very dry and brown in 

color,” Alice says. She later learned that eucalyptus trees require significant amounts 

of water and nutrients to grow, and were robbing her crops and soil of both (1AF, 

n.db.).” 

Another farmer in Kenya provides similar lessons in another blog piece: 

“Many people in this area are not interested in planting trees, and when they do they 

plant eucalyptus, which dehydrates the soil (1AF, n.dc.).” 

Because of this, eucalyptus is typically used for woodlots and not planted with 

other species in its proximity. A representative from Tanzania noted that farmers grow 

eucalyptus for timber, though it was unclear if it was also integrated into cropping 

systems. The benefits, e.g., timber sales, in some cases outweigh crop reductions; 

however, other species that can be used near fields do not cause land degradation. 

Because it is low maintenance, fast growing, and can be coppiced several times, 

eucalyptus is a strong choice for woodlots and small-scale timber production. While it 

is ill-advised to plant eucalyptus in proximity to crops, other fast-growing species that 

are valuable to farmers can be used for alley cropping, windbreaks, riparian buffers, 

and live fences. 
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Alley cropping is an AF practice that is used in Tanzania and throughout SSA. 

Under the right management, alley cropping can improve economic profitability for 

farmers (Ashraf et al., 2019). A meta-analysis of AF found that alley cropping 

increases crop yields in 77 percent of cases (Kuyah et al., 2019). Importantly, in some 

cases, AF can cause a decrease in annual yields. However, these are often made up for 

by the diversity of either wood, fruits/nuts, and fodder that suitable trees and shrubs 

provide, therefore maximizing LER. This is a key, and realistic, tenant of AEI 

intensification. 

One species cited by 1AF is leucaena, a fast-growing, N fixing tree that has 

been a staple in agroforestry systems for decades. Leucaena in alley cropping systems 

can decrease the need for fertilizer application (Palada et al., 1992). 1AF released 

similar results in 2014 from a study on the benefits of using pigeon pea Cajanus 

cajun) in AF systems. In a study, 1AF found that pigeon pea yields do not increase 

with fertilizer but may decrease (1AF, 2014c). This decreases farmers’ need for 

expensive inputs and improves their net profits. 

Grevillea also receives great attention from 1AF. One farmer in Kenya claims 

that: 

“Grevillea trees grow quickly, and their value increases exponentially as they mature, 

so that many farmers cut them after five or six years and sell the wood to pay for 

school fees, home improvements, or other expenditures (1AF, n.d.d).” 

Another Kenyan farmer stated: 
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“Grevillea trees rejuvenate the soil and don’t hurt other crops growing on my land… If 

I cut the trees when they are still young I will end up earning about 200 shillings 

($2.30 USD) per tree, but if I give them time to mature then I end up earning a 

minimum of 3,000 shillings ($35.70 USD) per tree, so it’s definitely worth the wait 

(1AF, n.dc.).” 

While planting grevillea often has positive effects on livelihoods, the results 

are mixed. Grevillea, an evergreen, was found to perform worse than deciduous 

Paulownia fortunei (Hemsl.) and semi-deciduous Alnus acuminata (HBK)) with maize 

(Muthuri et al., 2005). The same experiment found that grevillea planted with maize 

decreases yields by 36 percent. These are consistent with results from Central Kenya, 

which found decreases in maize yields at high levels of tree density but not at low 

density (200 per ha) (Muchiri et al., 2002). Famers in Kenya choose to plant grevillea 

over native species because of the quick growth rates, despite the native species, like 

Cordia africana, leading to higher yields when planted with maize. Yield losses have 

been mitigated by pollarding and coppicing trees in other AF systems (Dufour et al., 

2020). Some findings, however, suggest that timber production is the principal value 

of grevillea AF systems (Muchiri et al., 2002). Additionally, 1AF’s push for mass 

grevillea plantings may undermine their other claims about context specificity. Despite 

this, grevillea can have positive effects on livelihoods. The rapid growth of grevillea 

lends well for firewood production. Shifting from firewood harvests that reduce forest 

cover is pivotal in maintaining livelihoods in SSA. AF systems can help guide this 
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process (Iiyama et al., 2014). These landscape wide changes can also significantly 

affect farmers’ resilience to climate change. 

AF and climate resilience 

Cropping systems often become more resilient to environmental shocks 

through AF. On their Trees and Agroforestry website section, they describe their 

ability to increase resilience: 

“Most varieties of trees contribute significantly to soil health by controlling erosion, 

improving the soil’s ability to absorb water, and maintaining a high level of organic 

matter, as well as fixing nitrogen (1AF, n.de.).” 

AF increases the provision of ecosystem services in agriculture systems that 

can make farmers more resilient to climate variability (Kuyah et al., 2016). Ecosystem 

services relating to climate include providing fodder for livestock, microbial presence, 

water benefits, and system temperature control. 1AF, in communications for this 

paper, claimed that part of their motivation is to intensify production. Integrating N 

fixing species into agriculture systems can drastically improve conditions for crops 

and make intensification feasible. N fixing species can also reduce the need for inputs, 

making farmers more resilient. 
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This section analyzes these attributes in the context of 1AF’s programming. 

Firstly, species selection is crucial in designing resilient AF systems. This can be 

difficult because some species have mixed effects on crops and ecosystems. 

Eucalyptus, for example, is promising for timber production but not suitable for AF 

systems in all cases. Alley cropped palm systems have been recorded at 1.2 degrees 

Celsius cooler than monoculture palm with select species, yet temperature increases 

when intercropped with bamboo (Ashraf et al., 2019). Because of this, AF when 

properly deployed, can positively or negatively affect farmers resilience. While some 

yields may decrease when planted with trees and shrubs, the overall land equivalent 

ratio (LER) increases in many AF systems. 

Finding cheap solutions for animal feed is critical for smallholder farmers in 

becoming more resilient to climate change. Utilizing trees in growing arid areas 

throughout SSA is imperative for resource limited farmers. LER increases in AF 

systems through livestock production. Palatable and non-palatable crops offer distinct 

tradeoffs. Trees planted into cropping systems provide fodder for livestock (Iiyama et 

al., 2014). Utilizing areas to grow fodder is increasingly vital as forests are degraded 

and climate change intensifies. Leucaena is commonly used for fodder, especially 

during the dry season. Leguminous species can be particularly effective sources of 

nutrition for animals. Conversely, one of the most significant challenges in 

establishing trees in an AF system is grazing livestock (Giday et al., 2018). Eucalyptus 

is not very palatable for most domesticated livestock, making it an appealing choice 

for low maintenance species to integrate into AF systems (Kochare, 2018). Therefore, 
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farmers need to be able to plant species that work with feeding livestock and those that 

can grow in their presence to become more resilient to climate change. 

1AF programming encourages the usage of pigeon pea, which grows up to two 

meters and produces significant biomass annually (Odeny, 2007). Pigeon pea is 

somewhat compatible with maize, which is the key focus of 1AF. While maize 

decreases when planted with pigeon pea, the LER increases and ecosystem services 

are provisioned (Musokwa et al., 2019). AF will help maize produce yields under 

various future climate scenarios. Ten to 20 percent of shade will reduce maize losses 

by up to seven percent in Ethiopia (Chemura et al., 2021). Although grevillea 

decreases maize yields in Kenya (Ndlovu et al., 2016), pruning grevillea branches and 

roots can mitigate competition (Ngoga et al., 2017). Decreases in crop yields are 

typically due to water competition between species and lack of sunlight.   

AF can be crucial in many agricultural intensification efforts. 1AF claims on 

their Climate website page that: 

“We are now trialing and scaling adaptation, mitigation, and sustainable 

intensification interventions to improve farmers’ abilities to cope with weather 

volatility and other shocks (1AF, n.df.).” 

Water scarce farmers can particularly benefit from AF. As alluded to in the 

literature review, certain species hydraulically redistribute water during drought 

events. In West Africa, the deep-rooted native shrubs G. senegalensis and P. 

reticulatum hydraulically redistribute water to surface level crops in their proximity 
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during drought periods. When these shrubs are intercropped with groundnut in 

Senegal, hydraulic redistribution and organic matter additions produced harvests under 

induced drought experiments (Bogie et al. 2018). Hydraulic redistribution, also called 

bio-irrigation, is highly dependent on plant relationships and root lengths (Bayala & 

Prieto, 2020; Prieto et al., 2012). While literature is scant on the subject, it is known 

that eucalyptus and grevillea do not bio-irrigate soils. Some leguminous species, 

particularly perennial pulses and shrubs, perform hydraulic redistribution (Pang et al., 

2013). Pigeon pea has been found to redistribute water to shallower rooted sorghum 

(Singh et al., 2020). Experiments with intercropped pigeon pea (Cajunus cajan) and 

finger millet (Eleusine coracana) found that the deeper-rooted pigeon pea 

hydraulically redistributed water from the subsoil to the shallower rooted finger millet 

during droughts (Singh et al. 2020). 

It is important to note, however, that when water is abundant, millet yields 

decreased compared to monocultures. The usage of these native shrubs, or local 

appropriate varieties in East and Southern Africa is missing from 1AF’s literature. The 

water management that these species provision to shallow rooted crops is invaluable 

for the resiliency of rain fed systems. This process will be invaluable when looking 

toward a future where droughts are expected to be more severe and occur with greater 

frequency. 

Conversely, excess water in the form of floods can also be mitigated through 

AF. Absorbing water during flood events is one of the most valuable ecosystem 

services that AF provides. Erosion control prevents housing damage, loss of topsoil, 

and sediment build up. AF, in general, controls flood damage (Quandt et al., 2017) and 
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can mitigate damage to yields and soil health. A common problem in the clay-heavy, 

low organic matter soils in SSA is hard setting, which drastically increases water 

runoff. Alley cropping systems increase infiltration during storm events (Wang et al. 

2015). Furthermore, during droughts, soils need to be able to absorb water when it is 

made available. Incorporating shrubs into fields and increasing crop residue enhances 

absorption rates (Bansche and DeLonge 2019). These ecosystem services are vital in 

protecting the little SOM that many soils in SSA possess. AF increases soil health 

generally under AEI systems. Grevillea, when planted in hedgerows mitigates soil 

erosion in Kenya (Workshop et al., 2000). Eucalyptus additionally increases 

absorption (Marapara et al., 2021). 

AF also provides biomass that can be used for ground cover. A staple of AEI is 

leaving crop residue in place to increase SOM and provide ground cover. AF increases 

the availability of biomass that farmers incorporate to improve their soils. Some 

species continuously shed nutritious leaves, such as Moringa olifera. In Senegal, when 

groundnut (Arachis hypogaea) was intercropped with G. senegalensis and P. 

reticulatum, shrubs were coppiced, and plant residue was incorporated into plots, leaf 

area index (LAI) increased by 266% and the normalized difference vegetative index 

(NDVI), a measurement of photosynthetically active biomass, increased by 217% 

compared to monoculture plots (Bogie et al. 2018). Additions of annual residues, 

particularly legume plants, can also significantly ameliorate soil health. While legume 

residues provide myriad benefits for soil health, they are often removed or burned 

from cropping systems. In Malawi, nearly half of farmers remove or burn legume 
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residues because it expedites field or bed preparation and makes direct seeding or 

transplanting easier (Mungai et al., 2016). 

AF systems harbor higher levels of arbuscular mycorrhizal fungi (AMF) 

networks than monocultures (Xavier de Carvalho et al. 2010). Tree and shrub species 

provide inoculants for AMF networks in their rhizospheres. For example, intercropped 

P. reticulatum and mango (Mangifera indica) have higher levels of mycorrhizal 

networks than mango monoculture (Hernandez et al. 2015). In Ethiopia, maize 

intercropped with native tree species Albizia gummifera and Croton macrostachyus 

have significantly greater levels of AMF networks beneath tree canopies than outside 

of them. This was because the AMF colonies are dependent on the perennial’s roots to 

inoculate. Establishing AMF networks in cropping systems leads to other beneficial 

ecosystem services, such as phosphorus and water uptake. 

Active soil microbial communities increase crop productivity by making 

nitrogen available for plants (Ninh et al. 2015). AF systems stimulate microbial 

activity due to increases in ground cover from leaf litter and plant residue as well as 

the lack of tillage that occurs around trees (Beule et al. 2020). N fixing leguminous 

species used in AF systems convert nitrogen into ammonia, which the soil microbes 

then make available to plants. Synergetic relationships between AMF networks and 

soil microbial organisms increase bioavailable nitrogen (Hestrin et al. 2019). When 

faced with stressors, plants need access to all available resources. An active soil 

microbiome, promoted by AF, maximizes the bioavailability of nutrients. AF provides 

farmers with the ability to plant annuals and perennials together without 

compromising yields. The availability of biomass also offers social benefits such as 
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access to firewood and mulch. The mention of AMF, fungi, or soil microbial 

communities is not prevalent in 1AF literature. While this is likely due to the non-

technical nature of 1AF’s publications, the lack of information on these subjects 

creates a gap in analyzing resiliency claims made by the organization. 

Carbon Sequestration 

1AF frequently cites the NBS potential that woody perennials provide when 

planted into smallholder systems. AF sequesters less carbon, at (10.8–15.6 t 

CO2 ha−1 year−1), than planted woodlots, mangroves, and natural regeneration. Despite 

this, AF can serve as a significant carbon sink worldwide with the amount of land in 

cultivation. Agriculture is the largest land use on Earth, with a total of 4,889 million 

ha of land in production that can be better utilized for storing biologically converted 

carbon (Ritchie & Roser, 2013). 1AF claims in their 2020 report that they measured 

statistically significant improvements in soil carbon under AF trials. According to 

Tanzanian representatives, they will roll out a carbon offsets program in 2021. No till 

is additionally a key component of strategies to maximize SOC. 

One example of emissions reductions presented by the organization was a 

distribution of grevillea seeds to ~60,000 farmers in 2014. 1AF claims that: 

“Grevillea trees prevent soil erosion and remove CO2. It is estimated that 5 million 

trees remove +25,000 tons of CO2 annually over five years will significantly serve as 

a NBS to climate change (1AF, n.df.).” 
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In Uganda, grevillea and the native Maronsis emenii were found to have 

higher carbon sequestration potential than other commonly used AF species 

(Tumwebaze et al., 2012). Eucalyptus can quickly add significant biomass (Guo et 

al., 2002). Using eucalyptus for afforestation and in AF can sequester high volumes of 

carbon (Zhang et al., 2018). Therefore, distributing eucalyptus trees to farmers could 

have a positive effect on climate mitigation. However, most of the literature on 

eucalyptus, grevillea, and other commonly used species within 1AF programming are 

discussed in the context of being cut down for timber. 

1AF frequently suggests that one of the primary benefits of planting trees is to 

harvest them for timber. However, they do not explicitly state how many trees farmers 

are nudged to leave planted. Cutting down trees releases a large percentage of the 

carbon they have stored in their biomass. Trees being cut down is associated with 

increases in emissions (Mackey, 2014). This, accompanied by a lack of information on 

tillage, makes it hard to analyze 1AF’s carbon sequestration viability thoroughly. 

Fruit species are not necessarily tied to timber production and therefore present 

a potential carbon sink. Fruit trees, while providing some carbon sequestration 

potential, are less valuable than the trees mentioned above. Fruit bearing trees expend 

much of the carbon they hold producing flowers and fruit (G. Hou et al., 2019). 

Therefore, while the mango, avocado, and macadamia trees that representatives from 

Tanzania cited do not likely have the highest carbon sequestration value, they 

nonetheless capture some emissions and are less likely to be cut down. These trees can 

also provide ecosystem services and increase LER. However, using leguminous 

58 



  

       

 

       

        

    

    

       

     

      

 

    

   

       

    

       

     

    

 

 

 

    

    

       

perennials and annuals provides the highest LER and carbon sink value under AF 

systems. 

N-fixing trees present a dilemma in some ways. On the one hand, biologically 

fixing N sequesters carbon. Conversely, an abundance of N in the soil caused from a 

N-fixing species can lead to emissions and leaching. However, the negatives 

associated with emissions are generally outweighed by the sink potential and provision 

of other ecosystem services these systems provide (Rosenstock et al., 2014). Species 

in the Acacia genus, for example, have considerable carbon sequestration potential 

(Reppin et al., 2020). In addition, leguminous species are compatible with minimal 

tillage as they need little nutrients to thrive.  

Mention of tillage is lacking in 1AF’s literature. Minimizing tillage can 

increase cropping systems’ carbon sequestration potential, though various factors may 

contribute to soils’ sink value (Ogle et al., 2019). No till under single crops can lead to 

emissions, whereas double cropping and no till together significantly adds carbon to 

the soil (Luo et al., 2010). This is promising for CSA and intensification prospects. AF 

systems inherently minimize tillage around trees, which can reduce emissions. While 

planting perennials into fields and landscapes adds biodiversity to systems, planting 

annuals together can have a similar effect.  

Intercropping 

Like AF, intercropping and cover cropping with annual crops can improve 

resilience, avoid nutrient mining, and increase yields. Intercropping generally is more 

effective than monoculture systems across varying levels of production (Li et al., 
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2020). 1AF has conducted several large-scale trials into the efficacy of intercropping 

with different crop combinations. Annuals referenced and trialed in the context of 

intercropping by 1AF are potatoes, maize, and legumes. Legumes are perhaps the most 

promising crop to be incorporated into intensified systems. 

Double-legume plantings, i.e., two types of legumes planted together, are a 

standard cropping system under SAI and AEI management. Doubled-up legume 

cropping systems with minimal tillage can increase yields dramatically (Mwila et al., 

2021). Legumes biologically fix N and help to rebuild soils (Smith et al., 2016). 

Legume crops are also touted as contributing less to climate change than other crops 

because they do not require fertilizer and biologically fix N (Stagnari et al., 2017). 

Doubled-up legume cropping systems, in addition to other SAI practices are 

associated with minimal tillage. 

Maize is a heavy N feeder. On a 2016 maize legume trial in Kenya, the LER 

was greater than one when maize was intercropped with several single types of beans 

(1AF, 2016d). This additionally included various fertilizer application rates. While N 

needs decline with the usage of legumes, maize-legume intercropping with fertilizer 

produces the highest average LER. It is important to note that available P and K may 

decrease because of legume plantings. Maize and legume intercropping can also be 

employed in a push-pull system. The famous example of push-pull systems that came 

to prominence in Kenya additionally display multi-trophic ecological relationships. 

Push-pull maize (typically) is planted with perennial Desmodium that repel stemborers 

and reduce the presence of the harmful Striga grass. The system has immense benefits 

for yield and labor efficiency (M. Kassie et al., 2018). 
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If maize is grown in a monoculture, cover cropping is vital in maintaining 

biodiversity and soil nutrients. A 2016 trial in Kenya of maize-legume rotations saw 

40 to 129 percent increases in yield with a green cover crop legume rotation system 

(1AF, 2016e). However, the trial report does not explicitly mention leaving the green 

cover crop on fields or incorporating it into the soil. While incorporating residues into 

cropping systems is the best way to maximize yields, results have found that even 

when residues are removed, maize yields increase over 100 percent with legume 

rotations (Uzoh et al., 2019). The best way to increase yields, however, is to utilize 

biomass and incorporate inorganic fertilizer into rotations (Uzoh et al., 2019). 

In 2016, 1AF conducted a trial on Irish potato intercropped with beans and 

maize, respectively. The results showed that the maize-potato system had higher yields 

and LER than the maize-bean system (1AF, 2016f). However, there were higher yields 

in the potato monocultures than for both intercropped systems. These results are 

compatible with maize-potato intercropped systems in Ethiopia, which found LER 

increases 35 to 58 percent when the crops are planted together (Kidane et al., 2017). 

The trial also used improved varieties of each crop. While 1AF has conducted these 

trials and claims to advocate for intercropping and rotations, there is some evidence 

that programming discourages these practices. 

Though 1AF may promote intercropping in some areas, its government 

partners actively discriminate against the method under agriculture modernization 

programs. For example, cropping systems under the CIP in Rwanda were found to 

explicitly prohibit participants from intercropping. Through the CIP, farmers who 

intercrop are not eligible to receive inorganic fertilizer and seeds, which is a large 
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share of the project’s focus (Clay & Zimmerer, 2020). These monocultures that 1AF, 

the Rwandan government, and the World Bank promote are found to be highly 

susceptible to environmental stressors. Clay & Zimmerer found that non-CIP 

participating farmers are more resilient to drought because they practice intercropping. 

As previously mentioned, CIP programming is not necessarily an accurate depiction of 

1AF’s total strategy. However, this example is emblematic of many of 1AF’s 

government and multilateral partners’ modernization strategies. 

Section V. Discussion 

1AF is leaps and bounds ahead of many of its peers regarding monitoring and 

evaluation of its programming. This paper initially sought to examine Catholic Relief 

Service’s strategy in the same way as 1AF. Unfortunately, the viability of 

investigating Catholic Relief Service’s programming and strategy was not possible 

due to the lack of specificity on projects published by the organization. A 

representative interviewed for this study claimed that finding real examples of projects 

and practices would be difficult. Despite this, there are significant gaps in 1AF’s 

reporting reflected in this paper. 

1AF does not report on many of the practices it claims, specifically those that 

CSA relies upon. For example, there is no publicly available data on farmers who 

practice no-till, residue management, composting, or tree survival/growth rates. These 

data are necessary to accurately evaluate the integrity of 1AF’s CSA claims. As 

argued in this study, improved seeds and fertilizer alone will not improve economic 

and environmental outcomes in the long run. While these areas are not being reported, 

the benefit of the doubt could be given to the organization. As stated, 95 percent of the 
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8,300 workers live in remote areas in SSA. Many of these employees work on 

technical trainings with farmers. Despite this, 1AF weighs thousands of harvests 

annually to test the efficacy of its input programming. This denotes strong capacity for 

monitoring that is not reflected in some of the organizations claims.  

Much of this additionally begs the question of whether this in-kind 

programming aligns with farmer agency. Perhaps the most glaring gap in 1AF’s 

literature is the idea of farmers’ preference. The organization does explicitly state that 

it believes that farmers need to be nudged to make better decisions. Is this empirically 

grounded? Nudging farmers through high overhead, in-kind development programs is 

expensive and can lead to wastefulness. A recent paper from the Center for Effective 

Global Action describes one of the overarching oversights in traditional development: 

“For us to argue that a program is justified in using resources to drive outcomes 

different from the ones the beneficiaries would choose, we should have a clear reason 

why they fail to arrive at the welfare-maximizing outcome themselves (McIntosh, 

2021).” 

The package model of 1AF is not totally compatible with farmer agency. If the 

in-kind aid that farmers receive is what they would choose with the resources 

themselves, this is not illustrated in any literature. The idea that farmers need to be 

directed to do the right thing is embedded in 1AF’s fabric. 

There are several programming and monitoring steps that 1AF could take to 

confirm this philosophy. The first would be to better address this issue in their 
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literature. 1AF should explain why outcomes will not occur with unconditional cash 

transfers or more participatory programming. The organization should also better 

explain why they think that farmers should be nudged to derive better outcomes. 

Paternalism in development has been a theme since its inception after World War II. 

The lack of involvement from beneficiaries has led to poor impact of assistance for 

decades. 

It is possible that farmer preference would lead to poor outcomes. If shaping 

programming around farmer agency would not lead to better environmental and social 

outcomes, however, this should be made clear through evidence-based results. 1AF 

should consider trailing their in-kind approach against unconditional or adaptive cash 

transfers to farmers. Today, development that embraces paternalism needs to break at 

the very least ground its beliefs in evidence. 

Finally, 1AF on paper has the capacity to report on practices adopted by 

farmers that are necessary to confirm its CSA claims. 1AF should find better ways of 

proving that they are increasing farmer’s adoption of composting, residue 

management, minimal tillage, etc. These results would not be nearly as quantitatively 

intensive as some of 1AF impact evaluations. However, if the organization interacts 

with farmers closely enough, they could glean some qualitative data on the use of 

practices such as composting. Perhaps when weighing yields, they could ask farmers if 

they used compost or no-till in that season. Additionally, 1AF’s extensive network of 

rural employees could engage in qualitative and quantitative surveys to better 

determine the adoption of CSA practices. Without this, 1AF appears to be an 

organization that merely lends fertilizer on credit. 
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