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Abstract

This chapter aims at providing an overview of the diversity of agroecological
conditions, features of main farming systems, agricultural land use, its dynamics
and drivers during the last two decades as well as major threats in ten countries
of southern Africa (SA10). Based on this, we attempt to identify the resultant
challenges for sustainable land management and outline potential interventions
with a focus on smallholder farmers. By analyzing cropland dynamics during
2000-2019, we show how land use has been shaped by climate, demographic
development, economic imperatives and policy realities. Concrete examples
of these complex interactions illustrate both considerable shrinkage in South
Africa and Zimbabwe or expansion of cropland in Mozambique and Zambia.
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During the past 20 years, cropland increased by 37% on average across SA10
mainly at the expense of forestland—showing huge spatiotemporal heterogeneity
among countries. Most smallholders face shrinking farm size and other resource
limitations that have resulted in soil nutrient mining and low agricultural
productivity—a highly unsustainable situation. We conclude with an outlook on
potential transformation pathways (“TechnoGarden” and “AdaptiveMosaic”) for
the near future and thereby provide a frame for further studies on sustainable land
management options under given local settings.

20.1 Overview of Agricultural Land-Use and Related
Management Challenges

20.1.1 Introduction

Agricultural land use and management in southern Africa has always followed a
pathway driven and shaped by climate and its variability, policy realities, economic
imperatives and demographic development. The data gathered on land under
production and agricultural productivity in the last two decades seems to confirm
these realities. There is also huge variation regarding the dependence of livelihoods
and the economic importance of the agricultural sector among the various countries
in southern Africa. Although the Republic of South Africa’s economy is not as
dependent on agriculture (sector contributes less than 3% to GDP), in value and
volume terms, South Africa has the largest agricultural economy in the region and
therefore provides a good case study of a postagrarian economy, that, however, still
depends to some extent on its agricultural sector. In the rest of the Southern African
Development Community (SADC), agriculture’s role in the economy is much
more pronounced, contributing to the bulk of employment for citizens (on average
70%), as well as being a major contributor to GDP (on average 25%). Prominent
agricultural economies in the region, such as Zambia, Zimbabwe and Mozambique,
provide good, but different examples of the complex combination of factors that
continue to influence land use and management within the agricultural sector in
developing, largely agrarian-based economies. Whereas Zambia and Mozambique
have been investing in agricultural development, in different ways and for different
reasons, and have seen expansion of agricultural land use during the last one to two
decades, Zimbabwe has paid much less attention to agricultural development and
seen reductions in agriculturally used land.

Other countries considered here for an overall analysis of the agroecological
conditions and agricultural developments of southern Africa are Angola, Botswana,
Eswatini, Lesotho, Malawi and Namibia. Cutoff points, i.e., not included were the
Democratic Republic of the Congo and Tanzania, commonly perceived as belonging
to central, respective eastern Africa. Due to its geographical particularities, also
Madagascar is not included in the analysis. Mainland southern Africa repre-
sents one interconnected agroecological region with often common, but distinct
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socioeconomic characteristics and varied biophysical constraints in terms of water
availability and soil conditions across this geographical region. For easier reference,
from here the 10 countries of southern Africa listed above will be referred to as
SA10.

The objectives of this chapter are:

1. To introduce agroecological features, agricultural land use and recent land-use
dynamics in southern Africa (SA10).

2. To describe major farming systems including current production levels, resource
use and constraints.

3. To present global change threats and discuss the quest for sustainable intensifica-
tion and key constraints to achieving this.

4. To identify promising options that respond to key management challenges and
sketch alternative future agricultural transformation pathways.

20.1.2 The Agroecological Conditions of Southern Africa

According to the original agroecological zone (AEZ) definition by FAO, an AEZ
is mainly defined by its temperature regime and moisture availability conditions.
Temperature regime is characterized by temperature belts with specific ranges
chosen for mean, minima and maxima to coincide with temperature thresholds
demarcating thermal suitabilities for major crops, whereas moisture availability
is at first level characterized by the ratio of annual precipitation to potential
evapotranspiration (expressed as aridity or humidity index) (see Fig. 20.1) (Fischer
et al. 2012). There is a very strong gradient in annual rainfall spanning from
well above 1500 mm in the northeastern parts of the southern African region
to less than 50 mm along the Namibian coast (Hijmans et al. 2005) (Figs. 20.2
and 20.4). Rainfall seasonality and associated atmospheric circulation processes
are other important factors for agriculture (Richard et al. 2001). Overall, most
areas in southern Africa receive predominantly convective rainfall from October
to March or all-season rainfall. On the contrary, the important agricultural region
of the southwestern Cape receives predominantly frontal winter rainfall from April
to September, driven by westerly derived mid-latitude cyclones. In South Africa
a transition zone receives rainfall from both summer and winter rainfall systems
along the southern coast. Characteristic “Walter-climate diagrams” illustrate rainfall
seasonality in the different “eco-climatic zones” (Fig. 20.2).

An important additional characteristic of AEZs is the length of the growing
period (LGP) expressed in days during which (on average) moisture availability
conditions are considered “agrohumid,” that is, with sufficient water supply to
allow crop growth. For detailed agricultural and farm management planning at
local scales, different authors (e.g., Jitzold and Kutsch 1982) have introduced the
consideration of rainfall seasonality and the probability of rainfall received per
growing season instead of only using mean values, for specifying the LGP. These
authors also emphasized the role of soil conditions, especially soil depth and soil
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Fig. 20.1 Agroecological zones of southern Africa (AEZ16 System) [Adapted from Kate (2009).
Permission to use granted as per open access status under creative common license: Attribution 4.0
International (CC BY 4.0)]

water retention to accurately describe the potential of AEZs including LGP. Since
the 1970s, there have been numerous local to global AEZ classification systems
(see Rotter et al. 2016). Most used is the Global Agroecological Zones (GAEZ) as
defined by IIASA (Fischer et al. 2012). In Fig. 20.1, we present the main AEZs
of southern Africa as compiled in the version of IFPRI (Kate 2009). We find that
in most of the 10 countries (SA10) considered in our analysis the tropical warm,
semiarid (dry savanna) zone is prevalent, followed by: the semiarid to semihumid
tropical highland climates of Angola, Malawi, Namibia, South Africa, Zambia and
Zimbabwe; the arid to subhumid subtopics of Namibia, South Africa and Lesotho,
and the arid tropical warm zone covering large parts of Botswana and Namibia, and
finally, the humid tropical lowland zone that is mainly found in Mozambique. Most
of these zones except for the arid ones have a moderate to high agricultural potential.
This is reflected clearly in the LGP map (Fig. 20.3), where LGPs with durations of
less than 60 days are restricted to the arid zones of Botswana, Namibia and South
Africa—with the marginal agricultural zones (LGPs from 60-119 days) wrapped
around these (in pink).

Another serious constraint to agriculture is the fairly high variability of rainfall,
both interannual/-seasonal and intraseasonal (e.g., Davis-Reddy and Vincent 2017).
A detailed account of current and recent past climate variability is given in Chap.
5. The bad news is that ongoing climate change has already amplified the severity
of weather phenomena causing high rainfall variability, such as El Nino Southern
Oscillation (ENSO). Especially the strong El Nino events have led to extended
drought and also yield loss (Verschuur et al. 2021). Figure 20.4 shows the long-
term annual precipitation pattern averaged over the 118 years period (1901-2018),
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Fig. 20.2 Climate diagrams after Heinrich Walter showing different climate types and seasonal
precipitation patterns in southern Africa [Adapted from Breckle and Rafigpoor (2019). Permission
to use granted as per written communication by S.W. Breckle (Author), 2022]

and Fig. 20.5 illustrates the difference between cumulative seasonal precipitation
(in mm) over the months November to February (i.e., the main rainy season in most
of our target region) averaged over the 30 year period 1981-2010 (Fig. 20.5a, left)
vis a vis the cumulative precipitation averaged only over the years with strong El
Nino events (Fig 20.5b, right). In strong El Nino years the area with low to very low
rainfall (<150 mm) is considerably extended (especially in Namibia, South Africa
and Botswana) compared to average conditions, and, on the other hand, the area with
high to very high rainfall (>950 mm) is also expanded—in particular in Zambia (Fig.
20.5).

As for soil conditions (see Figs. 20.6 and 20.7), the region shows a very
complex pattern due to the high spatial heterogeneity of the major soil building
and forming factors and processes such as geology, including tectonic stability
(factor time), topography, hydrological conditions, vegetation types and cultivation
history (Sikora et al. 2020) next to the factor climate. Among the most predominant
soil groups, we find the deeply weathered Ferralsols from the old land surfaces
from Angola and Zambia, constituting low natural fertility mainly due to poor soil
chemical properties. Also quite prevalent are the Arenosols poor in water holding
capacity and low in nutrients, stretching from Angola in the north via Namibia
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Fig. 20.3 The length of growing period in southern Africa [Adapted from Xiong et al. (2017).
Permission to use granted as per open access status under creative common license: Attribution
Non-Commercial, No Derivatives 4.0 International (CC BY-NC-ND 4.0)]

and Botswana further south to the northern tips of South Africa. Widespread are
the fairly fertile Cambisols of Zimbabwe and South Africa, and the Phaeozems of
northern Mozambique, South Africa and central Zimbabwe.

Leptosols show a broad band that mainly stretches from the arid zones of
Namibia to South Africa. The spatial pattern of selected soil properties is shown in
Fig. 20.7 extracted from the high resolution iSDA digital soil map shows (from left
to right): total soil carbon, extractable P and total soil N. A more detailed overview
of soil conditions and soil fertility issues in the region is provided by Vlek et al.
(2020).

20.1.3 Major Farming Systems in Southern Africa: Their
Characteristics and Dynamics

The agroecological conditions along with the influence of socioeconomic factors
such as market access generate a distinct geographical pattern of generic farming
systems (see Fig. 20.8). Dominating in terms of land use is the group of maize-based
cropping systems, widespread in the northern and eastern realms of southern Africa,
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Fig. 20.4 Annual precipitation (mm) in southern Africa (1901-2019) [Data: Climatology CRU
TS4 (1901-2019) (extraction and mapping by NRC Ferreira, TROPAGS/University of Gottingen)]

and a pocket of agroecological suitability stretching south through Zimbabwe and
South Africa. Maize-mixed farming systems represent the livelihood basis for
100 million rural people in Sub-Saharan Africa (Auricht et al. 2014). The central
and western parts of southern Africa, experiencing a semiarid to arid climate, are
dominated by agropastoral systems, with Namibia and central South Africa being
able to only sustain pastoralism on a large scale. Only the eastern coast and Western
Cape region of South Africa, as well as the state of Eswatini, can naturally sustain
perennial cropping systems on a large scale.

To a large extent, these cropping systems rely on rainfed water exclusively, with
irrigation being common only in some limited areas. Future climate projections
point toward reduced rainfall and increased variability for most of southern Africa,
with severe reductions in the already marginal, western part (Nhemachena et al.
2020) (Fig. 20.9).
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Fig. 20.6 FAO classification of southern African soils [Adapted from Fischer et al. (2008).
Permission to use granted by written communication with FAO-GSP secretariat, chief publication
branch, 2022]
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Fig. 20.7 Key soil characteristics in southern Africa, indicating total soil carbon (a), extractable
phosphorus (b) and total soil nitrogen (c) [Adapted from iSDA Africa (2021). Permission to use
granted as per open access status of iSDA database, attribution is given, and the original authors
were notified]

These projections of a diminishing resource basis are alarming. That is, in first
place, water resources for agriculture (Meza et al. 2021; Chap. 22 on macadamia)
and fertile soils (Vlek et al. 2020). Especially improved water management and
adaptation measures to drought and rainfall variability become imperative if the
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Fig. 20.8 Major farming systems of southern Africa [Adapted from Auricht et al. (2014).
Permission to use granted as per open access status of IFPRI publication, attribution is given,
and the original authors were notified]

region is to sustain agriculture in the future (see Chap. 5 on hydroclimate, Chap. 22
on macadamia and Chap. 23 on the potential of agricultural technologies).

Besides climate change, the other factor exerting considerable pressure on the
natural resource quality and environment is the continuous expansion of agricultural
land. In just two decades, from 2000 to 2019, the cropland in southern Africa
has expanded by 37% to a total of 28 million ha in 2019 (see Fig. 20.10). While
maize has clearly remained to be the dominating crop, novel industrial crops such
as soybean have emerged rapidly and found their place within the major cropping
systems (FAOstat 2021). Climate change and population growth and increasing food
demand are directly mirrored in a shift and expansion of agricultural production,
provoking conflicts with other land-use objectives (conservation, forestry). In
the last decades, an unsustainable trend of deforestation has emerged. Drastic
deforestation is observed in the Miombo woodlands across southern Africa where
strong agricultural expansion and charcoal production are the major drivers of land-
use changes (Ribeiro et al. 2020).
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Fig. 20.9 Agricultural land-use patterns by type of water source [Adopted from Nhemachena et
al. (2020). Permission to use granted as per open access status under creative common license:
Attribution 4.0 International (CC BY 4.0)]
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Fig. 20.10 Cropland composition and expansion in southern Africa (SA10) 2000-2019. (a)
Composition of cropland in SA10 in 2000 (20 million ha). (b) Composition of cropland in SA10
in 2019 (28 million ha) [own analyses, J] Meyer-zu-Drewer, based on FAOstat (2021)]
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20.2 Selected Case Country Studies Illustrating Land-Use
Dynamics and Its Drivers

In the following we have chosen four contrasting examples and country cases
illustrating shrinkage (South Africa and Zimbabwe) as well as expansion (Zambia
and Mozambique) of cropland for the period 2000-2019 and the different causes
that led to such developments.

20.2.1 South Africa

Based on official national data and FAO estimates on the major 31 cropping systems,
a decline of 22% of cropland has been observed in South Africa between 2000
and 2019 (FAOstat 2021). This change points toward the development of a partly
postagrarian community. Remarkable is an observed increase of +679% in cropland
dedicated to the production of soybean, which comes at the expense of 0.a. maize
(—43%) and wheat (—42%) production area. Further dominating crops include
sunflower and sugarcane. The land-use patterns within South Africa between 2000
and 2019 are indicative of a number of factors that the country has been influenced
and impacted by during the last two decades (Fig. 20.11).

Climate Factors

South Africa being largely a country with limited water resources has limited
options for irrigation. Rainfed agriculture prevails with reliable crop production
typically found in the higher rainfall areas (Eastern Cape, KwaZulu Natal, Free
State, Mpumalanga, parts of the North West and Limpopo). In recent years, the
likelihood of severe droughts has been increasing for the arable lands (Conway et
al. 2015). The drier regions of the country are largely put to livestock production
and wildlife farming, and high value crops under intensive irrigation in areas
where infrastructure and water resources have been available. Due to the limited
availability of irrigation water, one of the major areas of conflict in those areas
in the period under review is related to the allocation and use of water rights for
agricultural purposes. In both rainfed crop and rangeland-based livestock farming,
trends indicate that the last two decades have been about increasing crop yields from
less and less land, and increasing the productivity of the rangelands for livestock
production. In the Western Cape, traditionally the wheat production area, successive
poor seasons have led to a constant reduction in land under production, especially
since most production subsidies from the wheat board fell away in 1996. The region
is highly dependent on sufficient winter rainfall. The last multiyear droughts of
2015-2018 have led to drastic crop losses in the Western Cape region, likely to
be exacerbated under future climate change (Theron et al. 2021).
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Fig. 20.11 Cropland dynamics: South Africa. (a) Total cropland area as of 2000 and 2019 in
million hectares. (b) Area dynamics of five dominating cropping systems (2000-2019) in million
hectares. (¢) Composition of cropland as of 2019 [FAOstat (2021)]

Policy and Institutional Factors

The trend-line on land use for agriculture points to a steady decline in land use
for agricultural purposes during 2000-2019, which to a large extent has been
influenced by fundamental agropolicy changes that preceded the 2000s. The main
influence has come from deregulation, land reform, land redistribution and changes
in the agricultural finance and insurance environment. Prior to 1996, South Africa’s
agriculture was managed through the activities of statutory commodity boards,
which were constituted under the Marketing Act 1968 to oversee the agricultural
activities of various commodities such as the Wheat Board, the Maize Board, the
Wool Board, etc. Their functions were to regulate the production and marketing
of various commodities, by ensuring access to inputs, mechanization and favorable
pricing through single market channels. For that reason from the 1930s up to the late
1980s, there was rapid expansion of land use for agricultural production. When the
Marketing Act was replaced by the Marketing of Agricultural Products Act No 47 in
1996, the price protection afforded to farmers fell away, and only the market could
determine price. As a result, marginal producers left the various sectors, as they
could not compete, and the producers in favorable agroclimatic zones improved their
productivity. Access to improved technology such as GMO maize also contributed
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to rapid yield increases in maize, albeit with reduced hectares. The Commodity
Boards were converted into trusts with a narrower role of administering statutory
commodity based levies, which in turn were mainly used to fund industry functions
and board activities relating to information, grading, quality standards, training and
inspection services for local producers. This policy change had the biggest impact
on land-use patterns for agriculture in South Africa.

The other factor, land reform and restitution, resulted in the transfer of previously
white controlled agricultural land to black occupants. This transfer of land did
not come with the necessary transfer of skills and resources that the previous
administration had invested in sustaining agriculture by marginal producers. The
result has been a further reduction in land under production, which has been to
a large part been offset by the increased productivity of the commercial farming
sector in terms of yield. Further reduction was due to the reorganization of the
former Homeland/Bantustans agricultural systems and the defunding of agriculture
leading to the collapse of production in large parts of these areas. Nick Vink from
the Department of Agricultural, University of Stellenbosch makes a key point that
state-driven farmer assistance grew to a peak of 25% of all agricultural income in
1984, and although steadily decreasing thereafter, remained at about 20% up to
commencement of democracy (1990/1991) (personal communication). Thereafter
we saw a steep decline. With the safety net removed, less land was made available
for production. An additional factor that impacted the grain production areas in the
last decade has been the virtual collapse of the multiperil insurance system in South
Africa. Successive poor seasons have made insuring crops such as maize and wheat
unviable for the insurance industry and the multiperil insurance product was largely
withdrawn from the market.

Economic and Demographic Factors

The economic and demographic impact on land use for agriculture in the review
period, was driven by the rapid economic growth in the late 1990s and early 2000s
which saw GDP growth of about 5% on average, and a massive postdemocracy
increase in the middle class from 1.7 million individuals in 2004, to over 4.2 million
individuals by 2012. The sheer spending power within this group grew the poultry
industry (i.e., the largest part of the SA agricultural complex by revenue at over
15% of gross value generated by the agricultural sector) so much that South Africa
currently needs to import up to 30% of its poultry feed requirements annually. This
is because poultry demand has grown faster than supply, pushing consumption of
maize and soy for feed, and resulting in imports to close the gap. Per capita poultry
consumption between 2000 and 2017 has increased from 18.5 kg to 40.0 kg per
capita. Since poultry relies on maize and soybeans, these grain sectors have shown
massive increase in productivity (maize) and increase in plantings (soybean) in
response to greater local demand.



20 Agricultural Land-Use Systems and Management Challenges 565

20.2.2 Zimbabwe

Considering official FAO data on 71 dominant cropping systems in Zimbabwe, a
decrease of —19% in total cropland was identified. A decrease can be observed both
in staple crops such as maize (—36%), and commercial crops such as seed-cotton
(—45%).

Climate Factors

Zimbabwe has experienced increasingly erratic rains over the past two decades and
has been impacted by the El Nino phenomena seemingly more than neighboring
countries (Setimela et al. 2018). The rainfall pattern is a major factor in influencing
land use for rain-fed crops, livestock and irrigated crops. The variability between
seasons and periods in land put under crop production has largely tracked rainfall
amount and its variability. Extremely dry seasons recently, such as 2015/2016
and 2019 have led to drops in the area planted to maize—the main staple crop
in Zimbabwe. Wheat is exclusively produced under irrigation and the variability
in production has been linked to availability of irrigation water, and stability of
electricity supply. Zimbabwe’s primary source of power is hydroelectric generation
from the Kariba dam. Successive drought has resulted in reduced inflows into the
dam, and this has ultimately rendered the hydroelectric scheme inoperable due
to low water levels. In turn, power supply has been erratic in the last decade,
with load shedding reaching 18 h of planned power outages per day. Wheat
production under irrigation was near impossible under these conditions. However,
when considering the area put under cash crops such as tobacco and soybeans (Fig.
20.12), counterintuitively, the production of these cash crops was not subject to
this distortion. After a land reform inspired collapse in the early 2000s, tobacco
production has shown a rapid upward trend (Government of Zimbabwe 2018) driven
largely by the financial incentive the crop offers to all sizes of producers where
the producer price is in US dollars. A crop like soybean has stabilized due to the
economic importance of the crop especially to the livestock sector in Zimbabwe.
The reason, therefore, lies in a combination of policy and economic factors.

Policy Factors

The Zimbabwean agropolicy environment in the last two decades, after climate,
has had the largest influence on agricultural land-use patterns in Zimbabwe (e.g.,
ZATP 2013). The major policy was the start in 2000 of the Fast-Track land reform
process that summarily stopped production in most acquired farms, as well as
disruption to the agro inputs sector. The impact was a drop in area planted in the
first few years of land reform, although there was a recovery midway into the
first decade (2000-2010). In addition to land acquisition and transfer, state policies
related to marketing of agricultural produce, in particular maize and wheat, created
a disincentive to produce the crops, as government controlled prices were lower than
regional benchmarks, and were paid in an unstable and failing local currency. Maize
and wheat’s loss seemed to have been tobacco and soybean’s gain. These crops were
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governed by a free market pricing regime and could be sold in foreign currency, and
farmers could realize real value and returns. The explosive growth in tobacco and
soybean is a reflection of the policy impacts of how they are marketed in Zimbabwe.
The high growth in tobacco has come at the expense of the environment, due to
the use of greenwood as the fuel source for curing the tobacco. The environmental
damage associated with tobacco, will in the future become an existential challenge
in the high rainfall areas of the country (Tatenda 2019).

Economic and Demographic Factors

Zimbabwe’s economy has generally experienced erratic growth from the mid-
1960s as a result of armed conflict and postindependence economic management
issues. Agriculture has been a stabilizing factor since it impacts the majority of
the population. However, a mismanaged post-2000 land reform pushed even this
sector over the brink, with additional negative impacts by frequent droughts. In a
country where 70% of the population derive their livelihood from agriculture, 20%
of the GDP, 40% of all exports and 60% of manufacturing raw materials come from
agriculture, economics and land use are intricately connected.
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20.2.3 Zambia

Considering the 28 dominating crops, an increase of cropland by 51% was observed,
totaling 1.9 million ha in 2019 (FAOstat 2021). While the traditional crops maize
and groundnut are still dominating, a strong development toward industrial and
export-oriented crops can be observed. The soybean production area experienced
a growth of +1083% since 2000, turning it into the top 3 crops (Fig. 20.13).

Climate Factors

Zambia’s tropical climate and low population density are advantages that the
agricultural sector has benefitted from. The country’s agroclimatic conditions have
remained favorable for crop production in most cultivation areas in the last two
decades, and that has created a level of predictability within the agricultural sector.
The main crop production areas of Central, Eastern and Southern Provinces lie
along the fertile belt of so called agroecological zones I and Ila which combine
high rainfall and good soils for crop production.
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Policy Factors

The biggest impact on Zambia’s agricultural production and land use has been the
government policy of farmer input support program (FISP) which for over two
decades has ensured that the government subsidizes inputs for farmers, thereby
ensuring that any farmer who wants to grow crops has all the requisites. Additional
policy stability with regards to maize pricing and trade has contributed to growing
confidence in crop production. Further evidence of this has been farmers’ reaction
to unfavorable contracts in cash crops like cotton, which saw a rapid market based
response as farmers turned to more profitable crops. Zambia has therefore seen a
rapid increase in land use for agricultural production as a direct consequence of
progressive agricultural policies.

Economic and Demographic Factors

Traditionally, the Zambian economy depends on mineral commodity prices; how-
ever, food security has always depended on the country’s ability to maintain good
agricultural production.

The longest run of agricultural surpluses (ReNAPRI 2014) ensured there is a
safety net for the population and created opportunities for economic participation by
the greater part of the citizens. The economic stability has created a growing middle
class and increase in demand for agro-based commodities. According to the Global
Yield Gap Atlas (www.yieldgap.org/zambia), Zambia’s average yield for maize has
averaged 1.1 million t ha~!, against an achieved average 6.5 million t ha~! in the
much drier South Africa. Considering these current yields, there is still a long way
for Zambia to achieve high productivity. Growth in agriculture, that has driven rising
incomes and rapid urbanization has also created unintended consequences in that
there is a serious energy deficit that has created unsustainable wood harvesting
for of charcoal for energy. The Centre for Forestry Research (CIFOR) estimates
that 30,000 ha of forest cover are lost annually (Day et al. 2014) The main
drivers for forest cover loss are listed as agricultural expansion, urban infrastructure
development, wood extraction (e.g., for charcoal and wood fuel) and uncontrolled
fires. The impact of this rapid and large-scale deforestation has the potential to have
negative and serious environmental impacts for Zambia in the near future and calls
for corrective measures.

20.2.4 Mozambique

Considering the 40 dominant cropping systems, Mozambique experienced a strong
expansion of cropland of +87% during 2000-2019. Remarkable is the strong
increase in production area for staple crops such as maize (+109%), paddy rice
(+293%) and sorghum (+109%) (FAOstat 2021) (Fig. 20.14).

Climate Factors
The tropical to subtropical climatic conditions of the region are largely influenced
by the monsoons from the Indian Ocean and Mozambique current with warm
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surface waters flowing south along the African east coast, while the southern area
of Zambezi River is influenced by the subtropical anticyclonic zone. The south
of Mozambique is generally drier with an average rainfall lower than 800 mm,
decreasing to as low as 300 mm. Mozambique is already highly susceptible to
climate variability and extreme weather events. Periods with floods are followed
by droughts. Meanwhile, climate change has raised the frequency of extreme
weather such as tropical cyclones with destructive effects on agriculture. In 2020
for example, Mozambique had two such cyclones making landfall on the country.
Manuel et al. (2021) emphasize regional differences in climate change impacts
due to differences in agroecological conditions. Higher negative impacts of climate
change are expected on the agricultural outcomes in the central and northern regions,
which are currently characterized by more favorable agroecological conditions than
the drier southern regions (Swain et al. 2011).

Policy Factors

While Mozambique probably has the best agroclimatic conditions in southern
Africa, it yet is one of the poorest countries in the region. A combination of decades
of internal conflict since independence has held back the country’s agricultural
potential. However, after the 1992 Rome Peace Agreement, sufficient stability
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returned to the country for agriculture to take advantage of its agroecological
potential.

The Mozambican government’s limited fiscal capacity meant that they have
limited capacity to directly support agriculture in the same way other SA10
countries like Zambia and Malawi are able to. In trying to manage this reality the
government adopted a policy of concession agriculture wherein private companies
are given concessions to operate outgrower schemes exclusively in a district, for a
single commodity. Farmers in that district, growing that commodity, can only sell
to the concession holder. In return, the concession holder must provide inputs and
technical support to farmers.

This model worked well in the early years and drove a lot of the strong increase
in agricultural production and land use for agriculture. However, in recent years,
farmers have switched to nonconcessional crops like soybeans and sesame, that
reward farmers fairly for their labour. Cotton and tobacco, the main concession
crops have been under pressure as farmers turn to more open market traded crops.
Mozambique has also been subject to controversial “land grab” issues as a result of
the land concession system. It remains to be seen if and when the government will
be able to start playing a bigger role in agricultural support and if this will result in
greater utilization of land for agriculture.

Economic and Demographic Factors

The end of the civil war gave the economy a chance to grow almost exponentially,
for slightly over a decade (World Bank 2006). Demand for basic commodities such
as poultry, previously all imported, created the impetus for local production. The
economic situation has deteriorated in the last decade, but local consumer demand
remains (World Bank 2021). It is anticipated that land use for agriculture will
grow multiple times as market systems take root and stabilize across a number of
commodities.

20.3 Global Change Threats and the Quest for Sustainable
Intensification and Diversification

20.3.1 Changes in Demography, Food Demand and Food Insecurity

Changes in Demography One of the big challenges for Africa in the twenty-first
century is its rapid population growth. Looking at the medium variant of the United
Nations projections for the continent as a whole, its population will nearly double
between 2020 and 2050 to an estimated 2.6 billion people. Globally, the population
is expected to grow by just 30% (UN DESA 2017), Africa accounting for half of
this growth in that period. When we look at the SA10 treated in this chapter, the
population of these countries together amounted to about 45 million in 1960. The
population count increased to about 175 million in 2017 (UN DESA 2017) and
projections suggest that by 2050 approx. 350 million people (Klingholz 2020) will
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live in the region—a doubling in just 33 years. Most of the population growth is still
happening in rural areas and this increase in rural population is very unlikely to be
absorbed by employment in the primary agricultural sector (Sikora et al. 2020).

Changes in Food Demand and Food Insecurity Changes in food demand is not just
a matter of more people needing more calories, but depends on various factors such
as demographic structure, changes in diet, economic development, etc. (Rotter et al.
2007). Changes in diets due to more wealth and associated changes in lifestyles and
food consumption patterns (toward more meat) possibly have the strongest influence
on increased per capita calorie demand (Tilman et al. 2011). There is a large food
demand-supply gap for southern Africa that may even widen in the future decades
as a consequence of rapid population and income growth. The World Food Summit
(1996) defined: “food security represents a state when all people at all times have
physical and economic access to safe and nutritious food to meet their dietary needs
and food preferences for an active and healthy life.” Among the rural population
in southern African countries about 16% have consistently been classified as “food
insecure” (SADC 2018). Geo-referenced data on the current status of food insecurity
and related indicators at (sub-)national scale can be found in WFP. The ongoing
COVID-19 pandemic has again since 2020 increased the total number and relative
share of people experiencing chronic hunger—globally by about 120 million people,
with a considerable share of those in Sub-Saharan Africa (FAO, IFAD, UNICEF,
WFP and WHO 2021).

20.3.2 Climate Variability and Change, Natural Resource
Limitations and Low Agricultural Productivity

Climate Variability Southern Africa is one of the world regions characterized
by high rainfall variability (Davis-Reddy and Vincent 2017). There is evidence
that inter-annual rainfall variability over southern Africa has increased since the
late 1960s and that droughts have become more intense and widespread in the
region (e.g., MacKellar et al. 2014). Among the many factors influencing rainfall
variability, the El Nino Southern Oscillation (ENSO) phenomenon has possibly
the strongest impact over large parts of southern African regions. Here, El Nifio
conditions are generally associated with below-average rainfall years over the
summer rainfall regions (see Fig. 20.5, above), while La Nifia conditions are
associated with above-average rainfall. The 1982/1983 and 2015/2016 droughts in
many parts of SA10 coincided with strong El Nifio events. Chapter 5 gives more
details on current and recent past climate variability.

Observed Impacts: In 2015/2016 South Africa experienced the worst drought
since 1930. Large parts of maize (83%) and wheat (53%) are produced under
rainfed conditions, making them especially vulnerable. In 2015, The Free State,
KwaZulu-Natal, Limpopo, Mpumalanga, Northern Cape and North-West provinces
were declared drought disaster areas. Also other countries (Lesotho, Swaziland,
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Zambia, Zimbabwe) experienced yield reductions and associated increases in maize
prices (WFP 2016). Verschuur et al. (2021) showed that drought in South Africa and
Lesotho in 2007 resulted in severe food insecurity in Lesotho.

Climate Change For southern Africa, Engelbrecht et al. (2015) report drastic
increases in surface temperature for the region—about twice as high as the global
rate of warming. A decrease in late summer rainfall (JF, i.e., January and February)
has been reported over the western regions including Namibia and Angola. Long-
term records have shown significant increases in average rainfall intensity and the
length of the dry season (New et al. 2006). Trends in flood occurrences have been
decreasing prior to 1980 and increasing afterward. Mean annual temperatures have
increased in the last five decades and have reached 0.2-0.5°C/decade in some
regions such as in south-western Africa. Under the highest emission scenarios
(RCP8.5 or SSP5-8.5), almost all African regions will very likely experience a
warming larger than 3°C, while under a low emission scenario (RCP2.6 or SSP1-
2.6), the warming probably remains below 2°C (IPCC 2021). Some projections of
annual temperature and precipitation changes (as anomalies referring to 1986-2005)
are presented in Fig. 20.15. Chapter 7 gives information about the latest climate
change projections for the region.

Consequences: Accelerated climate change will put additional pressure on the
multifunctionality of southern African savanna ecosystems and the Western Cape
winter rain area (Midgley and Bond 2015). Ecosystem services such as provision of
food, feed, fuel, carbon sequestration, nutrient cycling, habitat quality, pollination
and natural pest control are under threat (Rotter et al. 2021). Both agricultural and
hydrological drought are projected to increase in southern Africa—most severe for
agriculture will be the projected significant increase in the probability of extremes,
especially heat waves and severe droughts (IPCC 2021). The number of days with
maximum temperature exceeding 35°C is projected to increase in the range of 50—
100 days by 2050 under high emission scenario SSP5-8.5 for most regions in Africa.
Some adaptations are possible, e.g., through judicious choice of more suited crop
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cultivars (see Sect. 20.4.1.2). Global warming will very likely increase the frequency
of extreme El Nifio events.

Natural Resource Limitations, Land Degradation and Low Agricultural Pro-
ductivity

Vlek et al. (2020) described the natural resource situation in southern Africa as
“land rich but water poor,” at the same time stressing the need for agricultural
intensification and emphasizing options to stop soil nutrient mining and land
degradation by integrated nutrient management practices (Vanlauwe et al. 2010)
with special attention to soil organic matter.

Sub-Saharan Africa is dominated by low input agriculture with associated low
farmer’s yield which may be well below 20% of the climatic potential (Van Ittersum
et al. 2016). This has often been compensated by additional land clearing and
“over-cropping” of already marginalized land (Nkonya et al. 2016). Yield levels
for major staples such as maize remain low (at 1-2 t ha~!) due to low inputs.
Average fertilizer application rates in 2017 in sub-Saharan Africa were still below
17 kg ha~! (NPK together) (Vanlauwe and Dobermann 2020). The huge nutrient
gaps, i.e., the gaps between the nutrients actually applied and those required to
replenish the nutrients removed by harvested products (Ten Berge et al. 2019),
resulting in soil nutrient depletion, are a main cause of stagnating low agricultural
productivity, land degradation and poverty of smallholders (Vlek et al. 2020).
Land clearing and deforestation to expand agricultural land use has led to rapid
degradation of more than 95 million ha of land in SSA (Nkonya et al. 2016). The
loss of vegetative cover, depletion of soil organic matter, lack of management skills
and appropriate technologies are recognized factors codetermining soil degradation
(Kuyah et al. 2021). Little fertilizer, no irrigation is what we may call the “status
quo management practice” of smallholder farmers in southern Africa (Chap. 23).
On the other hand, it has been demonstrated at many on-station and on-farm field
experiments and by yield statistics of commercial farms that cereals yields of 6—
7 ha~! are achievable at high nutrient and water use efficiencies. Such yields can
be sustained if applying appropriate technologies and good management, such as
site-specific nutrient management, smart crop rotations and deficit irrigation (e.g.,
Swanepoel et al. 2018). Yet, the considerable increases in cropland and harvested
area for the main crops are largely responsible for the recent increases in crop
productivity in southern Africa (FAOSTAT 2021) (Sects. 20.1-20.2).

20.3.3 The Quest for Sustainable Intensification and Diversification

Southern Africa has also been identified as a hotspot for biodiversity, whereby agri-
cultural expansion is a key driving force for the declining species diversity (Midgley
and Bond 2015). The demographic and climate change projections underline the
urgency of science-informed identification of sustainable land management options
that, on the one hand, lead to sustainable increase of crop yields per unit area so
as to meet increasing food demand and, on the other hand, protect biodiversity in
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forests and natural vegetation by saving these areas from agricultural expansion
(IPCC 2019; Sikora et al. 2020).

From Definitions to Implementation Sustainable agricultural intensification (SI)
means “to produce more with less land, water and labour to meet growing food
demands and save space for biodiversity.” This definition has been phrased during
the 1990s in the context of market liberalization and economic growth in countries
with densely populated areas in S, SE and E Asia (Rétter et al. 2007). Godfray
et al. (2010) emphasizes that SI is the logical response to the threefold challenge
of a further strong increase in food demand, increasing competition for natural
resources and decline in resource availability and quality, and climate change
threats. While under some conditions SI can be achieved through specialization on
one/few crops, diversification of crop production, horticulture and livestock toward
mixed farming systems can increase the economic viability and resilience of farms
and farm households (Kuyah et al. 2021), especially climate variability and change.
Tibesigwa et al. (2017), among others, found that such mixed farming systems
are less vulnerable compared to specialist crop farms. SI is commonly defined
as an increase of agricultural production and improvement of ecosystem services
from the same area of land—with constant or reduced inputs and reduced negative
externalities such as the agricultural carbon footprint (Garnett et al. 2013). In order
to minimize greenhouse gas emissions from the African land-use sector, SI must
be favored over an expansion scenario, as the latter leads to higher greenhouse gas
emissions and jeopardizes climate protection more than intensification (Tilman et
al. 2011; Van Loon et al. 2019). But so far, the contrary has been practiced.

Multiple techniques for SI in Africa, both traditional and novel, are already at
hand (Rotter et al. 2007; Jeffery et al. 2017; Kuyah et al. 2021) Yet, still ongoing
is the generation of knowledge on appropriate, site-specific measures that take
the various sustainability dimensions (environmental, economic and social) into
account. Likewise, the associated knowledge diffusion for wider adoption for a
broad spectrum of crop and livestock systems is receiving increased attention.
Besides efficiency and environmental impacts also cultural and financial limitations
affecting adoption rate of sustainable management practices need to be considered.
Market access, education, land rights and availability of inputs will finally steer the
direction of the implementation and the magnitude of impact. In Sect. 20.4, a brief
synthesis of recent review publications on SI with technologies suitable for southern
Africa is made.

20.4 Agricultural Management Challenges and Transformation
Pathways for a Sustainable Future

20.4.1 Most Pressing Agricultural Management Challenges

Key to a sustainable transformation of agriculture in SA10 will be to convert low
productivity and food insecure subsistence farms to productive and economically
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viable commercially oriented systems applying sustainable land management prac-
tices (Sikora et al. 2020). Current smallholder systems suffer from vulnerability
to climate variability and change, rapid soil nutrient depletion, shrinking farm
size, lack of agricultural knowledge and technology and poor access to input
and output markets. Hence, the most pressing management challenges include
improving soil health, germplasm and water management from field to watershed in
conjunction with climate change adaptation and mitigation, natural pest control and
protection of biodiversity through its integration into farm management. Moreover,
existing commercial farms have to become more resource-efficient, climate-smart
and environment-friendly (e.g., Vanlauwe and Dobermann 2020; Kuyah et al. 2021).
A few examples are given below.

20.4.1.1 The Need of Improving Soil Health in the Face of Climate
Change

Soil fertility is broadly defined as the suitability of soil physical, chemical and
biological characteristics, at a given site to match the site specific production
and management objective. Measures counteracting nutrient-mining, as well as
for preventing soil erosion (Chap. 13) and carbon-stock degradation must be
implemented. It has often been reported that soil carbon losses are associated with
a decline in soil quality and crop yield (Lal 2004). Given the many nutrient poor
soils, year-round high temperatures and the (semi-) humid to semiarid conditions,
soil organic carbon (SOC) concentrations in southern Africa are generally low.
Swanepoel et al. (2016) found that 58% of the top soils have SOC concentrations of
<0.5% or less and that conventional farming has further depleted native SOC stocks,
on average by 46%. The protection of the remaining SOC is therefore imperative.
Conservation agriculture (CA) represents a possible avenue to enhance climate
change adaptation and mitigation in conjunction with soil fertility improvement and
increased yields (Thierfelder et al. 2017). The central challenge is to develop and
implement measures enabling soil fertility improvements by smallholders, such as
shown for Integrated Nutrient Management (INM) techniques in Africa (Vanlauwe
et al. 2010).

20.4.1.2 Water Management from the Crop via Farm to the Watershed

According to Vlek et al. (2020), agriculture in SA10 consumes about 85% of
the water withdrawn from nature (rivers, streams, aquifers, etc.). Nhemachena
et al. (2020) provided a comprehensive analysis of the projected climate change
impacts on the interrelated agriculture and water sectors of the Southern African
Development Community (SADC); the largest share of this geo-region (75%) is
characterized as marginal with arid to semiarid climatic conditions (<650 mm
precipitation year—!). The share of irrigation in SA10 is somewhere between 10%
and 15%, whereby The Republic of South Africa keeps the lion’s share with
about 1.5 million ha in 2010 (Vlek et al. 2020). The overall picture is that of a
fragile region with high livelihood dependence on variable rainfall regimes and
prevalence of largely inefficient irrigation technologies—with climate change likely
to even worsen that picture. Consequently, the SADC region may face losses in


http://doi.org/10.1007/978-3-031-10948-5_13

576 R. P. Rotter et al.

agricultural productivity ranging from 15% to 50%. This baseline situation and the
projected outlook require rapid and widespread adaptations in water management
from crop/field to watershed level (Chap. 22).

Watersheds and River Basins Major rivers such as the Okavango, Sambesi,
Limpopo or Oranje have a transboundary character. Unsustainable management of
these resources also has geo-political implications. From a hydrological perspective
only in Mozambique and Zambia, and, to a lesser extent in Zimbabwe, viable
options for increasing the share of irrigated crops exist (Vlek et al. 2020). Increasing
water demands from urban areas is also lowering the agricultural use of the water
resources.

Farm Level On farm water-harvesting structures must be mainstreamed and
efficient irrigation schemes and technologies developed and deployed. Efficient drip
irrigation systems can save water and extend watering times. Further, soil moisture
conserving agronomic practices and rainwater harvesting must be adopted (e.g.,
Kuyah et al. 2021).

Field and Crop Level Varietal choice regarding water consumption and water-
use complementarity, and adopted planting dates can improve the water use and
utilization at plant level. Additionally, development of new breeds with reduced
transpiration, increased water use-efficiency and deeper rooting must be developed.
Breeding of climate-smart plants is a key-stone for the adaptation of the agricultural
sector to future climates (Chap. 23).

20.4.1.3 Integration of Biodiversity at Farm and Landscape Level

Southern Africa landscapes harbor a significant part of global biodiversity. The
Cape Floristic Region, the Succulent Karoo and the Maputaland-Pondoland-Albany
biodiversity hotspot are recognized as a global priority for nature conservation in
the context of the world’s 34 biodiversity hotspots. Meanwhile, habitat loss has
been accelerated by the ongoing transformation and fragmentation of landscapes.
Unique biomes like fynbos, renosterveld and strandveld have been converted for
fruit and cereal production. Nowadays, only 5% of the original renosterveld biome
remains in the agricultural lowlands. According to the South African “Threatened
Plant Species Program” (South African National Biodiversity Institute, SANBI),
67% of all threatened plant species occur in the fynbos biome of the Cape region.
Many of these species have a very limited distribution range and only persist
in small areas or even in a single location. Remaining patches are situated on
private lands: implying that the integration of natural habitats into agricultural
landscapes is a priority issue. In general, a functioning mosaic of agricultural fields,
orchards, conservation areas and landscape-scale ecological networks can increase
ecological resilience at watershed/landscape level. The direct interactions between
crops and natural vegetation and fauna can have positive effects on crop production
(Chap. 22). The increased introduction of natural and seminatural vegetation into
the agricultural landscape promotes the settlement of animals. This is particularly
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important for predator-prey relationships for natural pest control and the abundance
and diversity of pollinators. On the other hand, with the decrease of habitats and the
simultaneous increase in population, the animals are driven toward closer contact
with humans, which leads to a significant increase in human—wildlife conflicts
with crop raiding by wildlife having become an important negative commercial
factor for farmers (Seoraj-Pillai and Pillay 2017). Development of large-scale
ecological networks serving as corridors that connect the remaining natural habitats
in fragmented landscapes can improve structural and functional connectivity for the
exchange of biodiversity, and increase the effective size of local protective areas.
Redesign of integrated landscapes can result in a win-win situation for agriculture
and conservation, but needs further strategic research and practical implementation.

20.4.2 Outlook on Sustainable Transformation Pathways

Southern Africa is in need of doubling its food production within the next two
decades. Facing the contemporary challenges of climate change, land degradation,
biodiversity loss and other interferences with the planetary boundaries, it is clear that
staying within “safe operation space” (Rockstrom et al. 2020) will be a challenge
but must be achieved without compromise.

Key to a sustainable transformation of agriculture in southern Africa will be to
convert low productivity and food insecure smallholder farming systems, suffering
from vulnerability to climate variability and change, rapid soil nutrient depletion,
shrinking farm size, lack of agricultural knowledge and technology and poor access
to input and output markets, to more productive and economically viable systems.
This calls for sustainable land management practices (Sikora et al. 2020) and
continued policy support of the ongoing structural transformation of African farm-
ing systems (Barrett et al. 2018). Transformation of agricultural land-use systems
requires a systemic, integrative multiscale and multidisciplinary approach (HLPE
2020). The challenges that evolve—e.g., to develop climate-smart and resilient
farming systems—are often studied with a reductionist approach (e.g., investigating
single plants or animal breeds on their drought or heat tolerance) without subsequent
integration of its findings with required adjustments of other system components of
the farm or landscape. However, if the whole system is transformed, it is essential
to study the mutual interactions of crop and livestock production systems jointly
with other major land uses in a region and their interrelations with the natural
resource base. Moreover, all agents (agricultural producers, extension services,
other resource managers, etc.) have to be involved in the process, and apart from
evaluating the systems for efficiency gains, also the impacts on economic, ecological
and social aspects have to be taken into account. There are only a few projects
that look at the multifunctionality of agricultural landscapes in view of possible
transformation pathways, using such a systemic integrative approach. Exceptions
include SPACES2-SALLnet that develops such scenarios for Limpopo (Rétter et al.
2021; Chaps. 22 and 23) and SPACES2-ASAP that integrates agroforestry systems
into land management in southern Africa (Sheppard et al. 2020). There are strong
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arguments for the development and implementation of SI strategies tailored to the
local biophysical and socioeconomic settings (Cassman and Grassini 2020). Plenty
of choices exist on how to implement these strategies on the ground in terms of
cropping systems, agronomic practices, breeding and other enabling technologies
and support systems/infrastructure. A common goal is to move from the current
situation, which most often is unsustainable (economically and/or ecologically)
to desirable sustainable farming systems. Such transformations require SI and
diversification strategies (Vanlauwe and Dobermann 2020). While the availability
of many options for intervention may create the need to prioritize the means (i.e.,
the interventions/technology options), we think that it is equally important that
solutions are codesigned by multiple stakeholders including scientists as otherwise
they will not turn out to be sustainable. The best strategy will not only depend on
the prevailing agroecological conditions but also on several other factors such as
human capabilities (e.g., education, practical skills; entrepreneurship), as discussed
by Gatzweiler and von Braun (2016).

There are many possible or conceivable transformation pathways for agriculture
globally and for world regions such as southern Africa. Construction of agricultural
development scenarios have been an integral part of future-oriented assessments for
many years (IAASTD 2009). Also more recent agricultural development scenarios
(e.g., Antle et al. 2017) go back to four archetype scenarios: Global orchestration;
Fortress; TechnoGarden; AdaptiveMosaic (Du-Lattre-Gasquet et al. 2009). Here, we
only consider the two archetype scenarios “TechnoGarden” and “Adaptive Mosaic”
since both aim at environment-friendly sustainable management practices, although
with slightly different foci (Fig. 20.16).

According to Du-Lattre-Gasquet et al. (2009), (1) TechnoGarden combines
new technologies with focus on high resource use efficiency as globally devel-
oped/exchanged with site-specific knowledge, whereas (2) AdaptiveMosaic tailors
diverse low cost management practices to the local specificities, continuously adapt-
ing them to changes and largely utilizing local resources & knowledge focusing
on soil health and biodiversity conservation. A prerequisite for any sustainable
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transformation pathway is that it is: (1) economically viable (2) environmentally
sound, (3) resource-use efficient, (4) climate-resilient with (5) a low or negative
carbon footprint and (6) based on equity among the various actors.

Here, we sketch some features of two potential future transformation pathways
(Fig. 20.16), but refrain from prescribing where and under what conditions exactly
these should be developed. Principally, we also do not claim that a “TechnoGarden”
pathway would best fit to high or medium agroecological potential areas (e.g., where
maize-mixed or root and tuber-based systems dominate), and the “AdaptiveMosaic”
suits more to the marginal semiarid ecozones (e.g., Karoo) and savanna zones
(where mixed crop-livestock/agropastoral systems dominate). Yet, there may be
some argument that, initially, the “High Tech” would often be found rather closer to
urban centers or in well-connected rural areas, while the “Adaptive local” pathway
would initially rather be found in remote, less accessible rural areas. In the longer
term we will likely see that the more commercially oriented, “TechnoGarden”
with High Tech and relatively capital-intensive input will converge with the
smallholder low input local “AdaptiveMosaic” systems that are based on diversity
and agroecological principles. Both need to lead to systems that are profitable,
highly productive and environmentally sound (Fig. 20.16).

TechnoGarden This will lead smallholders to become more commercial farmers,
and current commercial farmers to apply environmentally sound practices using
the best available technologies (e.g., precision farming). Apart from being capital-
intensive, TechnoGarden recycles resources (water, nutrients) whether land-based or
decoupled (e.g., vertical farming; cultivating insects for protein, etc.). Furthermore,
it integrates renewable energy networks like photovoltaic, wind power, biogas
and energy storage. This requires a high level of technical and managerial skills,
and tailors technologies to local conditions by utilizing agroecological principles,
complemented by local knowledge & resources. For southern Africa, this pathway
could comprise climate-smart crop rotations or legume-based intercropping systems
(e.g., Hoffmann et al. 2020), efficient irrigation or season-specific management of
input use (based on weather forecasts & crop monitoring)—whatever is technically
feasible/reasonable under the given local settings. Practices can include (climate-
and pest-) resilient and new (food and fodder) crops/cultivars (Chaps. 19 and 23),
integrated and site-specific nutrient management (INM and SSNM) (Vanlauwe and
Dobermann 2020; VanLauwe et al. 2010) and natural pest control/integrated pest
management (Chap. 22). Wherever feasible, such technology packages should be
combined with mechanization (e.g., shared machinery at community level). A few
studies have explored the impacts on yield, environment and/or farm economics
of some elements of such technology packages in Africa (see, e.g., Rotter et
al. 2016; Swanepoel et al. 2018; Hoffmann et al. 2020 and Chap. 23). Crop
yield increases in the range of 100% to 300% compared to status quo have been
reported—narrowing the yield gap from the usual 0.2 of the climatic potential yield
to 0.5 or more (e.g., Van Ittersum et al. 2016). The TechnoGarden will aim to
reduce different agricultural risks by newest technologies and adequate, if necessary
capital-intensive, resource use and recycling technologies.
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Fig. 20.17 Diversification and integrated farming concepts: (a, b) diversified cropping enabled
by water-saving mulching and drip irrigation (Photo: Frank’s smallholder at Ndengeza Village),
Limpopo Province, South Africa; and Integrated Farming supporting sustainability, biodiversity
and crop productivity: (c¢) in the Winelands of the Western Cape and (d) in the rangelands at
the Bokkeveld Mountains in the Northern Cape, South Africa (Photo: Farm Papkuilsfontein,
Niewouldtville)

AdaptiveMosaic will allow smallholders that are currently mainly subsistence-
oriented to become more commercially oriented. The pathway will largely build on
local resources and adaptive management (e.g., Kuyah et al. 2021). The term “adap-
tive” indicates that risk reduction takes place by continuously adapting/adjusting
to changing conditions. It may comprise different local means of integrated soil
nutrient and residue management, combining use of available organic materials with
(little) industrial fertilizer (Vlek et al. 2020; Thierfelder et al. 2017). Furthermore,
it applies the principles of conservation agriculture (CA) and natural pest control.
Often irrigation will not be possible, but rainwater harvesting may be applied. Crop
diversification and intercropping options need to be tailored to (the often limited)
water availability (Fig. 20.17a, b). In more humid areas, diversification through
diverse agroforestry (Chap. 21) and crop rotations consisting of cereals, legumes and
root crops might be introduced. In their comprehensive review, Kuyah et al. (2021)
identified fertilizer micro-dosing, planting basins, push and pull technologies (pest
control), conservation agriculture, agroforestry and double-up legume cropping as
appropriate SI measures for Sub-Saharan Africa.
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Whenever possible, management practices/use of material inputs such as fertil-
izers should be season-specific based on weather forecasts (Phillips et al. 1998).
The agronomic application of pyrogenic carbon, i.e., biochar has been recognized
by IPCC (2019) as an appropriate and scalable negative emission technology
with high impact potential. Biochar application as a means to amend soil fertility
and sequester carbon should be an integral management component, especially
in agroforestry systems. The cultivation of new indigenous cash crops can con-
tribute to an integrated and sustainable farming system. Medical plants (e.g.,
Devil’s claw Harpagophytum procumbens) and Rooibos tea (Aspalatus linearis)
and honeybush (Cyclopia spec.) are good examples for increased use of indigenous
crops. Integrated farming in combination with biodiversity and nature conservation
can be observed in marginal regions of southern Africa (Fig. 20.17c, d). Nature-
based tourism can generate income, which contributes significantly to the revenues
obtained from traditional sheep and crop farming. This requires a good understand-
ing of ecosystem services and their uses in the heterogeneous landscapes of the
farms.

20.5 Conclusions

The high diversity of agroecologcial conditions in southern Africa in conjunc-
tion with the different economic and sociopolitical settings creates a multitude
of agricultural management challenges. In most of the region, high to medium
potential agricultural land is amply available, but water resources are scarce.
While commercial farmers are usually well-endowed with resources, the many
smallholders increasingly face serious resource limitations that have resulted in
negative environmental impacts and persistently low productivity. It is very likely
that climate change will further reduce water security and food security. This
situation is unsustainable and, in conjunction with rapid increase in population
and food demand, is likely to lead to social unrest and ecological disaster for the
region, if no major transformation of agricultural systems will take place. Key future
management challenges, required policy interventions and research needs include:

¢ agronomic means for smallholder farms to restore soil health, implement climate-
resilient cropping systems, integrate biodiversity for pest control and increase
productivity must be complemented by policy measures

e policy interventions must be tailored to smallholder needs so they get access
to required inputs, technologies and knowledge, markets, etc. so that farming
becomes more profitable and environmentally sound in the long term

e investments into training of extension services and farmers on sustainable man-
agement of soil, water, crops and livestock to increase resource use efficiencies,
productivity and reduce undesired outputs

e investments into the design of local solutions for new technologies including
precision farming, digitalization (e.g., weather and market information via
mobile-phone), production of renewable energy, techniques for the recycling of
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nutrients and water, GMO and advanced breeding tools for breeds resilient to
climate extremes, pests, etc.

* prioritize research into climate-neutral and adaptive farm management

e stimulate systemic, multiscale and multidisciplinary research approaches to
explore and evaluate options that support the multifunctionality of the diverse
agricultural landscapes

* support research on the redesign of agricultural landscapes and integration of
biodiversity to maintain ecosystem services and for conservation

The two agricultural transformation pathways sketched, each with somewhat
different means, (1) aim to boost productivity by overcoming key constraints
to agricultural production, (2) lead to economically viable farming systems, (3)
restore/maintain ecosystem services and (4) reduce the environmental/carbon-
footprint agricultural production.
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