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Foreword

Climate change and sustainable management of natural resources remain the major 
issues for all interventions to improve agricultural production, food access, and 
agriculture-based livelihoods in sub-Saharan Africa (SSA). Agriculture in SSA is 
predominated by small farms and subsistence farming by hand tools and limited use 
of other inputs including fertilizers, pesticides, and irrigation. There is also an 
increasing concern on declining land resources due to rapid soil degradation, harsh 
and uncertain climate, and the rapidly increasing population. Population of 800 mil-
lion in 2010 is projected to increase to 1.1 billion in 2020 and to 1.8 billion in 
2050 in Africa.

Despite these limitations, signs of agronomic yield increases and noticeable 
promise with impressive annual growth rates have been observed. However, sustain-
ing the growth rate will become harder in the future due to increasing population, 
warmer climate, limited water resources, soil erosion and contamination, and more 
pervasive pests and pathogens. Furthermore, the IPCC Special Report on Global 
Warming indicates an increase of 1.5 °C change in temperature in SSA, creating a 
threat to ecosystems, biodiversity, and human health. These threats are more chal-
lenging and apparent in SSA than elsewhere. These challenges create a need of 
generating new knowledge on natural resource management and climate change to 
provide an enabling environment for smallholder farmers for engaging in sustain-
able agricultural practices.

Recognizing the value of agricultural production, the problems of natural 
resource degradation, and the challenge of climate change in SSA, a project entitled 
“Capacity Building for Managing Climate Change in Malawi” (CABMACC) was 
supported by the Royal Kingdom of Norway and implemented during the period 
2013–2018. The Lilongwe University of Agriculture and Natural Resources 
(LUANAR) and the Norwegian University of Life Sciences (NMBU) jointly imple-
mented the program. CABMACC was aimed to strengthen the teaching, training, 
research, technology development, and outreach for climate change adaptation and 
mitigation planning. A long-term and outstanding collaboration of LUANAR, 
NMBU, and Sokoine University of Agriculture (SUA) is further extended in this 
knowledge and experience-sharing platform to enhance dissemination of research 
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findings from CABMACC project and beyond. The research under the abovemen-
tioned project focused primarily in Malawi, and therefore, contributors beyond the 
project were invited to cover wider geographical regions and their physical and 
social heterogeneities.

This book, Climate Impacts on Agricultural and Natural Resource Sustainability 
in Africa, deals with both the natural science and social science aspects, under dwin-
dling natural resources, changing climate, and increasing climate uncertain-
ties in SSA.

We convey our thanks to the successful authors, editors, and reviewers of the 
chapters in this book. We believe that the knowledge presented here is a crucial 
piece in the ingredients required for sustainable resource management under chang-
ing and uncertain climate in SSA.

Sjur Baardsen
Rector, Norwegian University of Life Sciences (NMBU)
Ås, Norway

George Kanyama-Phiri
Vice Chancellor, Lilongwe University of Agriculture  
and Natural Resources (LUANAR)
Lilongwe, Malawi

Raphael Tihelwa Chibunda
Vice Chancellor, Sokoine University  
of Agriculture (SUA)
Morogoro, Tanzania

Foreword
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Preface

Most countries in sub-Saharan Africa (SSA) are dependent primarily on agriculture 
for economic growth and livelihoods. Majority of the households, especially rural 
smallholder farmers, are perpetually food insecure due to unsustainable practices in 
agriculture, degrading agroecology, poor natural resource management, and politi-
cal and institutional challenges. Agriculture in SSA countries is dominated by small 
farms, often less than 2 ha, and is primarily based on hand tools and manual opera-
tions with limited use of farm machinery and soil amendments, insufficient supple-
mental irrigation, and inadequate measures for soil and water conservation.

The harsh and changing climate has further aggravated the situation, adversely 
affected the natural resources, jeopardized agricultural production, and marginal-
ized the livelihood opportunities. Adverse effects of climate change on agricultural 
production and the environment have made the SSA region as one of the hot spots 
leading to severe degradation of soil, drastic depletion of nutrients and soil organic 
matter stocks, water scarcity and contamination, and reduction of the above- and 
below-ground biodiversity.

The overall goal of the project “Capacity Building for Managing Climate Change 
in Malawi” (CABMACC) was to improve livelihoods and food security through 
innovative responses and enhance the capacity of adaptation to climate change. It 
was conducted at the Lilongwe University of Agriculture and Natural Resources 
(LUANAR) in Malawi in cooperation with the Norwegian University of Life 
Sciences (NMBU). The project was implemented in several districts of Malawi, 
which are considered the hot spots for climate change-related vulnerability.

To deliberate some of the challenging issues stated above, an international con-
ference on Sustainable Agriculture and Natural Resource Management under 
Changing Climate in sub-Saharan Africa was organized at LUANAR, Lilongwe, 
Malawi, from 16 to 18 October 2018. The conference was an avenue to bring in 
researchers who conducted research in SSA and share findings that can be 
 documented to provide scientific evidences to form policies to attain sustainable 
agriculture and natural resource management under changing climate. The major 
objectives of the conference were to bring new knowledge on sustainable use of 
natural resources to enhance agricultural productivity under changing climate and 
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explore new avenues of policies, value added chain, and adoption of innovative 
technologies on smallholder’s farms.

The 34-chapter book represents the oral presentations made during the confer-
ence. The book includes, in addition to introductory and concluding chapters, five 
thematic parts, namely, (i) Conservation Agriculture, Carbon Sequestration, and 
Soil and Water Management, (ii) Sustainable Crop/Livestock/Aquaculture/Fish 
Production, (iii) Policy and Institutions for Sustainable Agriculture and Natural 
Resource Management, (iv) Value Added Options for Smallholder Market Access 
and Integration, and (v) Upscaling Innovative Technologies on Smallholder Farms.

Nearly 150 participants attended the conference from Malawi, Rwanda, Ethiopia, 
Tanzania, Kenya, Norway, and the USA. The steering committee involved in the 
organization of the conference included representatives from LUANAR, Malawi; 
NMBU, Norway; Ohio State University (OSU), USA; and Sokoine University of 
Agriculture (SUA), Tanzania. The conference was a concluding activity of the proj-
ect “CABMACC” in Malawi funded by the Royal Kingdom of Norway.

We, the editors, wish to thank all the authors for their outstanding contributions 
for the book. We also thank the staff at Springer for following the proposed publica-
tion schedule and bringing out the publication on time. Our special thanks are due 
to PCO staff at LUANAR for their help in the organization of the conference and 
managing the flow of manuscripts between the authors and the editors.

Ås, Norway Bal Ram Singh
Lilongwe, Malawi Andy Safalaoh
Morogoro, Tanzania Nyambilila A. Amuri
Ås, Norway Lars Olav Eik
Ås, Norway Bishal K. Sitaula
Columbus, OH, USA Rattan Lal
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Agricultural and Natural Resource 
Sustainability Under Changing Climate 
in Africa

Bal Ram Singh, Andy Safalaoh, Nyambilila A. Amuri, Lars Olav Eik, 
Bishal K. Sitaula, and Rattan Lal

Abstract Sustaining soil and forest resources, ensuring food security, and reducing 
poverty under changing climate in Africa are major challenges. The ever-increasing 
population, which may reach 1.4 billion by 2030, demands that food production 
must increase by 20% as compared to the present production. The population growth 
rate of 2.7% in 2017 in SSA region is also the highest in the world. This has intensi-
fied the problem of food insecurity as nearly 34% of population in SSA appears to 
be food insecure. Soils of SSA are prone to a range of soil degradation processes, 
and this is further aggravated by the increase in frequency and intensity of extreme 
events. The biophysical process of soil degradation is strongly influenced by the 
socio-economic, political, and cultural factors including the land tenure and gender- 
related issues. Indeed, soil-climate-human factors are intricately interlinked, and 
humanity’s impact on soil is increasing with the increase in population, affluence 
with which the population lives, and changes in technologies. Use of innovative 
technologies, financing value-added investments, and promotion of value addition 
to agricultural products are the ways of increasing and ensuring sustainable agricul-
tural and livestock production. The adoption of new technologies, such as integrated 
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dairy and cropping systems, leading to increased farm productivity and income, is 
spreading in central Malawi and the southern highlands of Tanzania. For example, 
integrated dairy and cropping systems are spreading and farmers are keeping few 
but more high-yielding cows in both regions. These cows produce milk and meat for 
household consumption and sale, but the dung provided is used for biogas produc-
tion for cooking and light, as well as fertilizer for the crops. Currently, dairy goats 
provide milk and meat for approximately 100,000 Tanzanian smallholder farmers. 
The idea of personal transformation for changing our attitude for greater good and 
for sustainable agriculture is also a part of this process.

1  Introduction

Providing food security, reducing soil degradation, maintaining forests and improv-
ing soil and ecosystem pools, adapting climate smart agriculture, and reducing pov-
erty are the major challenges in Africa. These challenges are further aggravated by 
the ever-increasing population, which is expected to rise from 0.87 billion in 2010 
to 1.4 billion in 2030 and 2.1 billion in 2050 in sub-Saharan Africa (SSA) (United 
Nations 2015). This increased population also leads to increased food demands, and 
FAO (2015) has forecasted that the food demands will increase by 20% by 2030 in 
SSA. Nearly 95% of agriculture in Africa is rainfed, and it is highly susceptible to 
drought and the projected climate change; and the increasing temperature has fur-
ther aggravated the situation, adversely affecting the natural resources, agricultural 
production, and the livelihood opportunities for small farmers. Adverse effects of 
climate change on agricultural production and the environment have made the SSA 
region one of the global hot spots, leading to severe soil degradation, depletion of 
nutrients and soil organic matter (SOM) stocks, scarcity and contamination of water 
resources, and reduction of the above- and below-ground biodiversity.

Soil resources in sub-Saharan Africa (SSA) are diverse but suitable for agricul-
tural land use and can support the growing of a wide range of food crops, horticul-
tural crops, plantations, and livestock-based systems. However, these resources have 
experienced the severity of degradation by diverse processes (i.e., erosion, saliniza-
tion, soil organic carbon or SOC, and nutrient depletion); and this has resulted into 
stagnated crop productivity, insecurity in food supply (one in four Africans), and 
mal- and undernourishment. The problem of food and nutritional insecurity is further 
aggravated by drought and heat waves caused by changing climate.

One of the ways of increasing and ensuring sustainable agricultural production is 
financing value-added investments and promotion of value addition to agricultural 
products (World Bank 2018). For example, in Malawi, the agricultural sector is 
limited by market access constraints and limited integration/coordination of most 
agricultural value chains. Therefore, the Malawi government has identified invest-
ments in agribusiness, value addition, and investments into the domestic markets as 
priority intervention areas, with emphasis on crops (Malawi Government 2017). 
Recent developments are, however, encouraging as livestock is also gaining 
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 prominence. The adoption of new technologies, such as integrated dairy and crop-
ping systems, leading to increased farm productivity and income, is spreading in 
central Malawi and the southern highlands of Tanzania. For example, farmers 
keep few but more high-yielding cows for producing milk and meat for household 
consumption and sale. These cows also provide dung which provides biogas for 
cooking and light, as well as fertilizer for the crops. Combined with appropriate use 
of compound fertilizer and lime, crop yields have doubled or even tripled.

The objective of this chapter is to introduce briefly the issues pertaining to natural 
resource management, crop and livestock production, value addition, and innovative 
technologies for small farmers as they are affected by the changing climate in Africa.

2  Agricultural Productivity and Population Growth

Agriculture is a strategic sector that provides great potential for economic transfor-
mation to achieve inclusive development through poverty reduction and ensuring 
food security in Africa. This is affirmed by the African Union (AU) Comprehensive 
Africa Agriculture Development Programme (CAARDP), which highlights the 
importance of agriculture as the employer of more than half of the population of 
Africa and hence re-emphasizes agriculture in development programs and invest-
ment choices (NEPAD 2013). The role of agriculture as an employer of the majority 
of population, including youths, in Africa cannot be overemphasized. A study by 
Kafle et al. (2019) demonstrated that farming is still the major employment oppor-
tunity for a large section of the population in Tanzania and Malawi, with 59% and 
56% of youth, respectively, consistently engaging in farming. Agriculture being the 
main employer in SSA is rated highly as a potential contributor to poverty reduc-
tion, especially in small-scale farming, if well developed (Dorosh and Thurlow 
2018). The population growth of SSA has been steadily increasing, reaching 1.061 
billion people in 2017 (Fig. 1; World Bank Data 2019); this makes SSA the region 
with the highest average world population growth rate of 2.7% in 2017 (NEPAD 
2013; 1.06). The FAO forecasted an increase in food demand by 20% in 2030 in 
SSA due to increase in population (FAO 2015; FinMark Trust 2016). The increase 
in production must go hand in hand with increase in agricultural productivity, to 
ensure sufficient food and fiber and improve livelihood of the majority who depend 
on agriculture.

The population growth in SSA can both have positive and negative impacts to 
agriculture. SSA is a region with a strategic potential for rapid economic growth due 
to its increasing population; it is endowed with natural resources, including water 
and land (Deininger et al. 2014), and it has a high market potential. The increased 
population corresponds to increased food demand (Jayne et al. 2017; NEPAD 2013), 
making this an opportunity for agro-food system development to drive other non- 
farming sectors, since agriculture would be more productive and profitable. 
Considering SSA land coverage and diversity in agro-ecological zone (eco-region 
and soil types) (Lal 2015), SSA is strategically both the supply and the market for 
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agricultural produce, including food, fiber, and fuel. There is a great potential for 
SSA to trade within the region, considering the comparative advantages in natural 
resources and climate. Areas with high potential for crop production (humid and 
sub-humid areas) can trade with areas of high potential for extensive livestock keep-
ing (semi-arid areas) of SSA. Developing agriculture begins with increasing its pro-
ductivity and profitability, followed by distribution and agro-processing for value 
addition and preservation. This has been evidenced in a study by Dorosh and 
Thurlow (2018), who showed that non-agriculture sector, especially trade, transpor-
tation, and manufacturing (especially agro-processing), can effectively contribute to 
poverty reduction. However, Jayne et al. (2017) urge that agriculture is the major 
driver of development for the non-farming economy because if made profitable, it 
will provide higher income to a large population, resulting into high demand of 
goods and services. Therefore, agriculture and population growth are potentially 
major drivers of other sectors through provision of market, ensuring the availability 
of agro-produce as raw materials for agro-processing, and access and affordability 
of food to the growing population. Thus, the agricultural and non-agricultural sec-
tors in SSA depend on each other for development.

The major challenge that remains in SSA is to increase agricultural productivity 
to meet the requirement of the growing population, in the face of climate change. 
Food insecurity is still prevalent in SSA with about 33.8% of population appearing 
to have severe prevalence of food insecurity in 2017, which represents an increase 
of 18% from 2016 (FAO and NECA 2018). Food supply from domestic agricultural 
production is not sufficient to meet the domestic demand in most of the SSA coun-
tries due to low yields and declining productivity, caused by low input use (Jayne 
et al. 2010). Thus, intensification of agriculture to increase yield per unit area is 
inevitable. Many SSA countries have attempted to increase productivity through 

Fig. 1 Increase of total population in sub-Saharan Africa (excluding high-income countries) over 
56-year period. (Data source: https://data.worldbank.org/indicator/SP.POP.TOTL?display=graph
&locations=ZF)
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ensuring supply/accessibility of agricultural inputs (improved seeds and fertilizers) 
using different approaches. Common approaches have included provision of subsi-
dies to resource poor small-scale farmers in Tanzania, Malawi, Zambia, and Ghana 
(FinMark Trust 2016), with varied success, including improved productivity and 
ensuring the countries are food secure (FinMark Trust 2016). Further, performance 
of these programs is documented, discussed, and presented in this book as a way to 
provide evidence to improve similar future endeavors. Alternative sustainable inten-
sification performances are also presented.

Another major threat caused by population growth is the increase in pressure on 
land, which may constrain farming system. One way of ensuring increased produc-
tivity is agricultural intensification, which can be done by increasing yield per unit 
area through increased use of agricultural inputs (improved seeds, fertilizers, pesti-
cides), labor, and technology (irrigation, mechanization, frequency of cultivation) 
(Carswell 1997), as opposed to increasing production by expanding the area under 
cultivation or rangeland. A study in Ethiopia by Josephson et al. (2014) showed an 
increase in agriculture intensification and a decrease in farm size with increase in 
population. Similarly, a community approach to the study of increased population 
and climate change impact in SSA revealed that these two stresses cause shift in 
livestock-keeping practice from purely migratory pastoralism to agro-pastoralist 
coupled with adoption of conservation agriculture (CA) and have a positive impact 
by improving food security in SSA dryland areas (Burian et al. 2019). However, 
improved food security due to change of agro-pastoral system has not been univer-
sally achieved (Tache and Oba 2010; Josephson et al. 2014), especially in areas with 
less than 500 mm annual rainfall and without CA. Further analysis by Burian et al. 
(2019) cautioned that with continued increase in population, it would reach a stage 
when the household land area will be too small to sustain household food security, 
leading to food shortage, to the extent that increased productivity might not solve 
the food shortage problem. Another study in Kenya reported that 500 people/km2 is 
the threshold for intensification in farming; beyond this population density, even 
agricultural intensification will also decrease (Muyanga and Jayne 2014), and the 
agricultural productivity may not sustain the population demand. These findings 
suggest that the current increase in population may cause serious problems in food 
supply and increase in hunger and poverty. The warning is that increase in produc-
tivity per unit area alone may not solve the problem. In such a scenario, sustainable 
intensification that ensures increase in productivity without compromising environ-
mental and social benefits is needed (Dicks et al. 2019). Therefore, a more integra-
tive approach that includes other sectors such as health and environment is necessary.

Although agricultural production increased during the 30 -year period from 1983 
to 2013, the anticipated productivity is yet to be realized (NEPAD 2013). The 
increased production has been due to expansion of agricultural land (Amuri 2015; 
Charles et al. 2010), leaving less or no improvement in intensification of land and 
labor (NEPAD 2013). The trend of expansion of agricultural land can be exempli-
fied by the increase in land area under cereal production (major staple food for most 
of SSA population) at the rate of 1 million ha (Mha) per year (Fig. 2). The trend of 
increase in cropland is similar to that of increase in population in SSA, indicating 
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that the major coping strategy to satisfy food demand has been through expansion 
of agricultural land. The productivity per unit area is low, ranging from 1.1 to 
1.7 Mg/ha for cereals for 2009–2017 (FAOStat 2019a, b) and 0.2–0.7 Mg/ha for 
cotton under rainfed conditions (Mathews and Tunstall 2006; VIB Fact Series 
2017). The dominant agricultural production system in most of SSA is still subsis-
tence, with small farm size and limited use of fertilizers and/or other agrochemicals. 
These farming systems are usually uncoordinated, with weak farmer’s institutions 
and cooperatives, which render farmers less competitive in the market and usually 
fetch lower prices than investment in agriculture. As a result, the farming system in 
SSA has less promise to sustain employment, especially for youth. Therefore, a first 
step toward agricultural development in SSA should be increased productivity and 
empowerment of farmers to implement modern agricultural technology effectively 
to improve productivity.

The farming systems and population pressure in SSA tend to increase the extent 
of soil degradation, causing depletion of SOM (Lal 2016a), nutrient mining (Amuri 
2015; Lal 2015), overgrazing, and accelerated erosion. Soil degradation is further 
exacerbated by poor land use planning, with little or no scientific evidence to back 
up land use and fertilizer use. It further reduces the ability to utilize adequately the 
land resources to support demands from the growing population. The land degrada-
tion and expansion of agricultural land has also been linked to land conflicts among 
multiple users. Some studies have suggested that land tenure may manage conflicts, 
but Kalabamu (2019) reported persistence of land conflict despite some success in 
land tenure system in Botswana. Thus, land tenure system may not be effective in 
solving land conflicts without soil conservation and restoration of degraded land.

The steady increase of population in SSA creates market for produce and com-
modities and increases demand for food and fiber. To sustain the steadily growing 
population, agricultural productivity must be increased, and the latter must take into 
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Fig. 2 Increase of land area under cereal production in sub-Saharan Africa (excluding high- 
income countries) over 56-year period. (Data source: https://data.worldbank.org/indicator/
AG.LND.CREL.HA?view=map)
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account sustainable use of resources to ensure neither soil degradation nor expan-
sion of agricultural land encroaches on areas such as water sources, wetlands, natu-
ral forests, and wildlife. Thus, ecological advocacies must be increased to ensure 
sustainable intensification. Further, a more comprehensive analysis is needed to 
come up with an innovative and sustainable intensification package that is sound in 
terms of policy, technical, and environmental considerations. The papers in this 
book provide some potential technologies and practices toward sustainable crop and 
livestock production.

Climate change has become an additional challenge to rainfed agriculture among 
smallholder farmers. Weather variability has been experienced, with some seasons 
having adequate rainfall, others having it in insufficient amounts, while in other 
seasons the onset of rain has been changing. Under such climate variability, efforts 
to increase productivity by intensifying sustainable use of input have not yielded 
results. In some cases, use of fertilizers and pesticides has rendered no yield due to 
moisture deficit. Therefore, sustaining increase in population calls for innovative 
intensifications that are resilient to climate change impact and weather variability. 
Burian et  al. (2019) suggested more changes in the farming system to bring on 
board irrigation agriculture, mechanization, and increase in off-farm jobs. These 
innovative technologies must be adaptive to the farming system in SSA, if the posi-
tive effect of increased population as market for agricultural produce is to be 
realized.

3  Soil and Water Resources

Soil resources in general and those of SSA in particular are diverse and suitable for 
agricultural land use and growing a wide range of food crops, horticultural crops, 
and plantations and for livestock-based systems. Further, soil resources of Africa 
have been mapped (EC 2017). The extent and severity of degradation by diverse 
processes (i.e., erosion, salinization, soil organic carbon, and nutrient depletion) is 
assessed, and their causal factors are identified (ITPS 2018). Yet, the agronomic 
productivity of food staples has stagnated since the 1960s, soil degradation is ram-
pant, food insecurity affects one in four Africans, and malnourishment and under-
nourishment are serious issues. Further, the problems of food and nutritional 
insecurity may be exacerbated by the uncertain and changing climate characterized 
by extreme events including the pedological drought and heat waves. Further, the 
risks of the already serious problem of soil erosion by water and wind may be drasti-
cally aggravated because of the change in climate and the agronomic yields of food 
staples adversely affected because of the increase in frequency and intensity of 
drought, the prevalence of heat wave, and the increase in frequency of other extreme 
events. Soil degradation is caused and aggravated by land misuse and soil misman-
agement and perpetuated by the prevalence of extractive farming practices.

Soil and water resources in SSA, as anywhere else, are intricately interlinked 
through climate. Soil is the largest reservoir of fresh water. Therefore, the soil 
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hydrological cycle and its partitioning into different components are determined by 
the climatic parameters at micro-, meso-, and macroscales. Retention, denaturing, 
filtration, and purification are done during percolation of water through the soil 
solum. Land use and management is a strong control of the hydrological cycle and 
its partitioning into different components.

The low agronomic yield and perpetual hunger have persisted in SSA despite the 
widespread adoption of improved varieties developed by the national and interna-
tional programs including those released by the CGIAR centers (e.g., CIMMYT, 
ICRISAT, ICARDA, IITA, WARDA, IRRI, ILCA, ICRAF). Indeed, the Green 
Revolution (GR) of the 1960s by-passed SSA despite the availability of improved 
varieties because other components (i.e., fertilizers, irrigation, appropriate farm 
machinery, and energy-based inputs) were either not available to the resource-poor 
farmers and small landholders (<5 Ha) or farmers were not sure of their usefulness 
because of the fragile soils and harsh environments.

Soils of SSA are prone to a range of soil degradation processes – physical, chem-
ical, biological, and ecological. The extent and severity of degradation (especially 
the physical degradation by accelerated erosion) will exacerbate due to the ever- 
growing pressure of the rapidly increasing population in conjunction with the 
increase in frequency and intensity of extreme events (e.g., drought stress, heat 
wave, high incidence of pests and pathogens including infestation by weeds). 
Further, the extent and severity of soil degradation is related to the interaction 
between the factors and causes of soil degradation. Among the causes, the human 
dimensions are the critical determinants of soil degradation. Indeed, the biophysical 
process of soil degradation is strongly influenced by the socio-economic, political, 
and cultural factors including the land tenure and the gender-related issues (Lal 
2007a). A high percentage of farms in SSA are operated by women, and often the 
technological advances are neither available because of being prohibitively expen-
sive nor are these often appropriate for their specific needs.

Rather than the seed-centric approach of the conventional GR package of the 
1960s, the constraints to narrowing the yield gaps must be addressed through a soil- 
centric approach (Lal 2019). The latter must be based on restoration and sustainable 
management of soil health (physical, chemical, biological, and ecological). In this 
context, key determinants of soil health must be identified and judiciously managed 
(Lal 2016c). As is evident, the yield potential of elite varieties can only be realized, 
if grown under optimal conditions of soil environments especially those of soil 
physical conditions (e.g., structure, tilth, plant available water capacity, and water 
infiltration rate and soil temperature regime).

Most soils of agroecosystems of SSA are severely depleted of their soil organic 
carbon (SOC) concentration and stock. The SOC concentration in the root zone of 
upland soils may be as low as 1 g/kg or lower in comparison with the threshold level 
of >11  g/kg (Aune and Lal 1997) and preferably 20  g/kg (Loveland and Webb 
2003). Severe depletion of the SOC concentration may be attributed to a widespread 
adoption of extractive farming practices such as residue removal for competing uses 
(e.g., feed, fuel, fencing and house construction, and uncontrolled grazing), in-field 
burning, and none or low rate of inputs of organic and inorganic amendments. 

B. R. Singh et al.



11

Susceptibility to a range of soil degradation processes is another cause of the deple-
tion of SOC concentration and stock in soils of SSA. The SOC-related degradation 
is set in motion by decline in soil structure, reduction in proportion and strength of 
soil aggregates, crusting, compaction, decline in water infiltration, high runoff, ero-
sion and non-point source pollution, and the attendant drought-flood syndrome. 
Indeed, drought and flood are the two sides of the same coin. Thus, restoration and 
judicious management of SOC concentration and stock is the most critical strategy 
to reverse the degradation trends.

4  Impact of Climate Change

Climate is one of the five active factors of soil formation (Jenny 1941), and “human” 
is now the sixth factor, hence the name “Anthrosols” (Bidwell and Hole 1965; Dudal 
2004). Leopold (1949) stated that “Human beings are all interlocked with plants, 
animals, soils and waters in one humming community of cooperation and competi-
tion: one biota. They are related and bound into a seamless fabric.” Indeed, soil- 
climate- human factors are intricately interlinked, and humanity’s impact on soil is 
increasing with increase in population, affluence with which the population lives, 
and changes in technologies. Thus far, from the onset of agriculture about 10–12 mil-
lennia ago till now, the impact of humanity on climate and soil has been negative 
because both of these resources have been taken for granted. Indeed, climate and 
soil, considered and used as global commons, are prone to the tragedy of commons 
and are a phenomenon of the Anthropocene (Lal 2007b).

Global abundance of greenhouse gases (GHGs) in 2017 was 405.5  ppm for 
carbon dioxide (CO2), 1859 ppb for methane (CH4), and 329.9 ppb for nitrous 
oxide (N2O) (Lal 2018a; WMO 2019).The atmospheric concentration of CO2 
attained the value of 415.6 ppm during May 2019 (NOAA-ESRL 2019). Carbon 
dioxide levels at present are more than those at any time during the past 
800,000 years (Lindsey 2018). Three principal sources of emission of GHGs are 
fossil fuel combustion, tropical deforestation, and accelerated soil erosion. For the 
decade of 2008–2017, annual average emissions were 9.4 ± 0.5 Pg C/year from 
fossil fuel combustion and 1.5 ± 0.7 Pg C/year from tropical deforestation. Of 
this, 4.7 ± 0.02 Pg C/year was absorbed by the atmosphere, 2.4 ± 0.5 Pg C/year by 
the ocean, and 3.2 ± 0.8 Pg C/year by the land-based sinks with a budget imbal-
ance of 0.5 Pg C/year (Le Quéré et al. 2018). For the year 2017, emission was 
9.9 ± 0.5 Pg C/ year from fossil fuel combustion and 1.4 ± 0.7 Pg C/ year from 
tropical deforestation. In comparison, uptake by different sinks was 4.6 ± 0.2 Pg 
C/year by the atmosphere, 2.5 ± 0.5 Pg C /year by the ocean, and 3.8 ± 0.8 Pg C /
year by the land-based sinks, with a budget imbalance of 0.3 Pg C (Le Quéré et al. 
2018). Thus, the anthropogenic activities have approximately caused global 
warming of 1.0  °C above the pre-industrial level (with a range of 0.8–1.2  °C). 
Further, with the business-as-usual attitude, global warming is likely to reach 
1.5 °C between 2030 and 2052 (IPCC 2018).
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The importance of land-based solutions, such as sequestration of atmospheric 
CO2 in the terrestrial biosphere (Lal et al. 2018a), cannot be overemphasized. The 
soil C sink capacity of 135 Pg (Lal 2018a), equivalent to the historic C loss from 
soils of the managed ecosystems, is equivalent to CO2 drawdown of 63  ppm. 
Re-carbonization of the soil and the terrestrial biosphere has numerous co-benefits, 
especially those related to advancing specific Sustainable Development Goals 
(SDGs) of the United Nations (Lal 2018b; Lal et al. 2018b).

5  Value Addition for Smallholders

Malawi is a landlocked agro-based economy in sub-Saharan Africa with a per capita 
GNP of just US $320 in 2017 (World Bank 2017) and is vulnerable to several exter-
nal and internal shocks. About 84% of the population live in rural areas, and around 
70% of the population live below the international poverty line of US $1.90 per day 
(World Bank 2017).

Over the past decade, Malawi’s development progress has been negatively 
affected by climate-induced shocks leaving the country in a cycle of vulnerability. 
Malawi has experienced extreme droughts and floods, which have negatively 
impacted agricultural production. This makes adaptation a priority area, as climate 
change impacts disproportionately affect those least able to bear them. Climate- 
related shocks, market failure, domestic political, and governance shocks have 
collectively contributed to economic stagnation and a slow pace of poverty reduc-
tion (IMF 2018). The consequences are being felt through declining crop yields, 
low animal productivity, increasing costs of production, and difficulties for the 
economy to keep pace with population growth.

A significant proportion of the Malawi population faces serious nutritional defi-
ciencies. Only 8% of children aged between 6 and 23 months meet their minimum 
meal frequency, and 37% under the age of 5 are stunted due to malnutrition. 
Malnutrition affects children’s health condition and learning possibilities and is a 
severe challenge for Malawi’s overall development. This calls for an integrated food 
systems approach that would address both food and nutrition security, including 
dietary diversification and nutrition education.

Smallholder farmers face significant production and market constraints, poor 
access to information, and inadequate public services, which adversely affect their 
welfare and employment opportunities. Current land use practices are eroding the 
capacity of the natural resource base to sustain productivity for current and future 
generations, with extractive land use practices causing alarming rates of land degra-
dation: loss of top soil averages 29 tons per ha per annum, and tree cover is declin-
ing at over 1% per annum.

According to Malawi’s Issues Report submitted to the UNFCCC, agriculture is 
the key sector to achieve food security, economic growth, and wealth creation. More 
than 80% of the country’s population is directly or indirectly employed in the sector. 
This also accounts for nearly 90% of foreign exchange earnings and 39% of gross 
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domestic product (GDP). Despite its importance, the agriculture sector faces a num-
ber of challenges including (i) overdependence on rainfed farming, (ii) limited 
absorption of improved technologies, (iii) weak private sector engagement, (iv) lim-
ited farmer organization, and (v) lack of investment capacity in mechanization. 
About 99% of Malawi agricultural land is under rainfed cultivation, and smallholder 
farmers cultivate 69% of that land.

One way of increasing and ensuring sustainable agricultural production is financ-
ing value-added investments and promotion of value addition to agricultural prod-
ucts (World Bank 2018). For example, according to the Malawi National Agricultural 
Investment Plan (NAIP), commercialization of the agricultural sector is limited by 
market access constraints and limited integration/coordination of most agricultural 
value chains. As such, the Malawi government has identified investments in agri-
business, value addition, and investments into the domestic markets as priority 
intervention areas, with emphasis on crops (Malawi Government 2017). Recent 
developments are however encouraging as livestock is also gaining prominence.

In both Malawi and neighboring Tanzania, pioneer farmers have adopted new 
technologies leading to increased farm productivity and income. For example, in 
central Malawi and the southern highlands of Tanzania, integrated dairy and crop-
ping systems are spreading. Farmers are keeping more high-yielding cows for pro-
ducing milk and meat for household consumption and sale. Combined with 
appropriate use of compound fertilizer and lime, crop yields have doubled or even 
tripled.

Most farmers cannot afford buying a dairy cow. Therefore, in Tanzania, dairy 
goats are becoming increasingly popular. Since the introduction four decades ago, 
Norwegian dairy goats and crosses have reached a number of about half a million, 
which is more than 10 times the numbers of goats in Norway.

For farmers, attaining stable and fair commodity prices is a key success factor. 
Njombe Milk Factory Company Limited in Tanzania and Lilongwe Dairy in Malawi 
are examples of successful enterprises contributing to increased farmer’s income 
where milk is bought at an agreed price and farmers are assured of ready market. 
Smallholder farmers may also increase their income through sale of meat as exem-
plified by the Nyama World with its newly established slaughter facilities in Mzuzu, 
Malawi. The company founded in 2010 is a growing agribusiness with a known 
national brand of high-quality meat. It has since developed into a fully integrated 
value chain with a feedlot, a fattening farm, a halal-certified processing plant, and a 
wholesale distribution system combined with six retail outlets. The company sup-
ports farmers with improved Bonsmara bulls to crossbreed with the Malawi Zebu 
and then buys 6- to 8-month-old bulls from farmers for fattening, thereby providing 
farmers with a market outlet. The strategy is to expand the domestic business and 
shortly to build exports into neighboring countries and the Middle East markets. 
Norfund has made a 23.3 million NOK loan commitment (2.75 million USD) to 
Afrisphere Worldwide Limited, who trades as Nyama World with a fully integrated 
beef production company in Malawi. All livestock are sourced, processed, and sold 
predominantly in Malawi. Once the business is fully developed, the aim is to engage 
as much as up to 30,000 smallholder farmers in an integrated value chain.
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This example demonstrates that if the successful value chains are established for 
different commodities, farmers are capable of responding to market demand.

6  Innovative Technologies on Smallholder Farms

In countries like Malawi and Tanzania, outside the national parks and forest reserves, 
small-scale farmers are keepers of the land, engaged in small-scale subsistence agri-
culture, producing food mainly for household consumption and an increasing 
amount of cash crops for domestic and export markets. In most cases, low agricul-
tural productivity remains a challenge, and it is very important that Tanzanian farm-
ers improve productivity in order to provide adequate amounts of food for a growing 
population. At the same time, conservation and sustainable management of natural 
resources are vital in order to mitigate climate change, maintain biodiversity, and 
ensure sustained supply of water. There is a vast and virtually untapped potential for 
improved agricultural productivity and sustainable environmental management, 
which can be attained through improved agricultural and livestock practices, as well 
as commercial smallholders’ tree planting (including agroforestry) and natural 
resource conservation activities. The fundamental rationale envisaged is that if 
farming communities increase productivity, household income will subsequently 
increase, resulting in reduced poverty and hunger. Hence, the continuation of up- 
scaling and developing more efficient production and natural resource management 
systems can enable the small-scale farmers to escape the poverty trap.

Since soils in Malawi and Tanzania are mostly depleted and crop yields are low, 
continued research on use of compost, manure, lime, and appropriate compound 
fertilizer with micronutrients needs to be emphasized. Incorrect application of fertil-
izers and pesticides is a major concern in the region. Therefore, we recommend the 
“One Health, One World Approach” with a priority on food safety throughout the 
food value chain. On the best farms, appropriate fertilizer and herbicide use (best 
practices) increased maize yield from 1.3 tons/ha (national average) to 5.4 tons.

Introducing new technologies takes time. In southern highlands, Njombe, 
Tanzania, the work started 20 years ago with a focus on dry-season feeding of cows 
for improved annual distribution of milk production. Today farmers from many 
areas in Tanzania as well as other countries are coming to our demonstration farms 
in order to learn about integrated dairy farming practices. The use of “farmer-to- 
farmer learning,” by means of lead farmers educating others based on own experi-
ences, has become an efficient tool for up-scaling new farming practices.

The Njombe Milk Factory, which is partly owned by the dairy farmers, currently 
distributes milk, yoghurt, and an assortment of cheese types locally as well as to 
food stores as far as Dar es Salaam and Zanzibar. In Malawi, pilot biogas plants 
were also recently introduced in Bolero under the Capacity Building for Managing 
Climate Change (CABMACC). However, it is manure and not milk, which is the 
most important product from this integrated livestock system. Manure used as bio-
gas initially provides energy and subsequently bio-slurry, which is used as a soil 
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