
Introduction

In sub-Saharan Africa (SSA), increases in yields of the major crops in small-
holder farming systems have failed to match population growth, with increased 
production resulting rather from agricultural area expansion (Worldbank, 
2007), very often at the expense of the natural resource base, such as carbon-
rich and biodiverse forest land (e.g. Gockowski and Sonwa, 2011). Intensifica-
tion of smallholder agriculture is a must under high population densities but 
also desirable in less populated areas in order to protect natural ecosystems. 
Smallholder farming communities and systems in SSA are heterogeneous, both 
at the community and farm level, driven by varying and often limited access 
for production resources (land, labour, capital) (Tittonell et al., 2010). At the 
community level, variable resource endowments and production objectives 
are often conceptualized through the construction of farm typologies. At farm 
level, preferential management of specific plots within a farm has resulted in 
within-farm soil fertility gradients, often with soils of higher fertility near the 
homestead, and more degraded soils towards the outer limits of the farm. For 
many households and regions, agriculture alone will not be able to provide 
rural populations with adequate livelihoods due to limited farm size and access 
to land (Harris and Orr, 2014; Jayne et al., 2014). Besides heterogeneity at farm 
and community level, enabling conditions for intensification, often expressed as 
access to agro-inputs, markets, and credit, quality of rural infrastructure, or con-
ducive policies, also vary considerably. Intensification of smallholder farming 
systems will thus require co-learning among research, development, and private 
sector actors for the tailored integration of both technical and institutional 
innovations (Giller et al., 2011; Coe et al., 2014).

Sustainable Intensification (SI), though ill-defined, encompasses the need 
to enhance productivity, whilst maintaining or improving ecosystem services 
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and system resilience. Although the discourse on what constitutes SI and how 
it relates to other intensification paradigms is very active nowadays (e.g., van 
Noordwijk and Brussaard, 2014; Petersen and Snapp, 2015; Wezel et al., 2015),
advancing this discourse is beyond the scope of the current paper. In this chap-
ter, the productivity dimension of SI refers to total farm productivity, using the 
unit of land as the denominator for areas with high population densities and 
limited smallholder access to land. Total farm productivity can be expressed in 
various ways, partly related to the objectives of why such data are collected. 
Summing up dry matter yields over various crops does not really make sense 
since crops such as cassava (with up to 25 ton dry matter ha-1 year-1) have a 
much higher yield potential than others such as cowpea (with up to 2 seasons 
of 3 ton ha-1 or 6 ton ha-1 year-1). Farm-level productivity can be aggregated 
based on total value generated (in USD farm-1), total energy (kJ farm-1), pro-
tein (kg farm-1), or other nutritional components generated (energy (kJ farm-1), 
protein (kg farm-1)), or total biomass produced (in kg dry matter farm-1). While 
the first indicator is important in the context of income generation, the sec-
ond set of indicators is relevant in relation to the food and nutrition security 
discourse while the latter indicator is relevant when focussing on carbon and 
nutrient stocks and flows that affect natural resource integrity.

Ecosystem services that require maintenance under SI are many and are 
regulated at different scales. Following TEEB (2010), ecosystem services are 
classified as provisioning, regulating, habitat, and cultural services, whereby (i) 
provisioning services refer mainly to goods that can be directly consumed, and 
include food, water, raw materials, such as fibre and biofuel, and genetic, medic-
inal, and ornamental resources; (ii) regulating services comprise regulation of 
climate, air quality, nutrient cycles, and water flows; moderation of extreme 
events; treatment of waste; preventing erosion; maintaining soil fertility; pol-
lination; and biological controls of pests and diseases; (iii) habitat services are 
those that maintain the life cycles of species or maintain genetic diversity; and 
(iv) cultural services refer to the aesthetic, recreational and tourism, inspira-
tional, spiritual, cognitive development, and mental health services provided by 
ecosystems.

In the context of this chapter, we focus on plot/farm level intensification 
and provisioning services are covered by the enhanced productivity dimension 
of SI. Only regulating services operating at plot/farm level are considered and 
these include regulation of climate, regulation of nutrient cycles and water 
flows, preventing erosion, and maintaining soil fertility. All of these can be posi-
tively affected by increased soil organic carbon (SOC) contents. For instance, (i) 
increased SOC contents enhance climate change mitigation; (ii) SOC interacts 
positively with the biological (e.g., provision of energy for biological activity), 
chemical (e.g., exchange capacity for nutrient retention), and physical dimen-
sions (e.g., enhanced aggregate stability) of soil fertility; and (iii) application of 
mulch and increased aggregate stability reduce soil erosion and increase water 
infiltration. For the remainder of the chapter, SOC or soil fertility status is 
used as an indicator of ecosystem service maintenance, thereby recognizing that 
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SOC contains several distinct pools or fractions, each with their own functions 
and consequent contributions to specific ecosystem services (Lehmann and 
Kleber, 2015). We also recognize that beyond biophysical dimensions, social, 
economic, and human dimensions are critical for SI (e.g., Loos et al., 2014), but 
these are outside the scope of this chapter.

The objectives of this paper are (i) to conceptualize the yield reduction and 
soil fertility degradation processes and how these interact; (ii) to conceptual-
ize and provide evidence from long-term soil management trails for potential 
rehabilitation trajectories as proposed by various intensification paradigms; and 
(iii) to evaluate the potential impact on yield and SOC of those paradigms in 
response to the question posed in the title of this chapter: can SI interventions 
simultaneously address the need for more produce and the delivery of other 
soil-based ecosystem services, or are trade-offs in space and time inevitable?

Soil degradation and yield decline

After conversion of natural fallows to agricultural land (Figure 11.1a), it has 
been frequently observed that in the absence of the use of external nutrients, 
crop yields decline over time as do soil fertility conditions, often expressed as 
SOC content. In the short-term, the first degradation process that is commonly 
initiated is nutrient mining, resulting in deficiencies of those nutrients of which 
removal by a crop quickly exceeds the nutrient replenishment potential of 
the soil (Stoorvogel et al., 1993). In most cases in cereal-based systems, these 
nutrients are N and P (e.g., Sanchez et al., 2001). Note that under specific cir-
cumstances, other degradation processes can also be immediately initiated, e.g., 
soil erosion on fields with steep slopes and lack of surface cover. As a result, not 
only crop yields decline but also the amount of crop residues produced that 
can either be retained in the plot or recycled through livestock feeding systems. 
Consequently, declining crop yields are accompanied by declining soil fertility 
conditions, with both processes reinforcing each other. In the initial stages of 
land conversion (e.g., the first 5–10 years, depending on the soil type), solu-
tions to these trends can be found in the application of those nutrients that are 
limiting crop growth, with N, P (and K) fertilizer being the most commonly 
available. Application of these nutrients can help rehabilitate crop yields, and 
the provision of crop-residue-related biomass, thereby contributing to reduce 
the rate of SOC loss.

Where the soil degradation process is not addressed and thus allowed to 
proceed, several other degradation processes gradually take effect reducing the 
effectiveness of nutrient applications, ultimately resulting in non-responsive 
soils (Vanlauwe et al., 2010) (Figure 11.1b). Such degradation processes include 
acidification caused by the removal of crop residues (Van Breemen et al., 
1983), soil erosion due to a reduced surface cover (Valentin et al., 2004), or 
the generation of nutrient imbalances causing secondary and micronutrient 
deficiencies (Turmel et al., 2015). Other degradation processes that can trigger 
non-responsiveness include soil crusting reducing infiltration and germination 
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Figure 11.1  Conceptual depiction of the slash-and-burn cycle whereby (a) land is left to 
return to fallow after a certain period with continuous yield and soil fertility 
decline, and (b) how an extension of the cropping cycle with increasing popu-
lation density can generate fields with low yields and severely degraded soils. 
The conceptual pathways from a current situation (degraded soil with low pro-
ductivity; lower left circle) to a SI situation (healthy soil and high productivity; 
upper right circle) are described by two possible situations: (c) where limitations 
to crop growth can be readily addressed (e.g., application of N fertilizer on 
N-deficient soils, application of lime on acid soils), and (d) where soil rehabilita-
tion will require more complex and longer-term investments (e.g., soils with 
multiple chemical, biological, and/or physical deficiencies). The upper left half 
of each circle refers to the status of productivity and the lower right half to soil 
fertility conditions with darker (half)circles indicating better conditions

(Rouw and Rajot, 2004) or hardpan formation reducing rooting depth (Lahmar 
et al., 2012). In such conditions, soil fertility rehabilitation is a pre-condition for 
inducing increased crop growth and the nature of the degradation status should 
determine whether it still makes economic sense to rehabilitate certain soils, 
especially in the absence of specific incentive schemes such as food-for-work 
programmes aiming at establishing physical and/or biological erosion control 
measures.

Sustainable Intensification (SI) could be placed in the top right circle in 
Figure 11.1b. A substantial acreage of cropland in densely populated areas
of SSA, characterized by low crop productivity and poor soil health due to 
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long-term nutrient mining and SOC decline, can be situated within or near 
the conceptual ‘initial status’ circle of Figure 11.1c. That said, as described above, 
within each farm, various fields can be positioned at different locations within 
the two-dimensional space. While homestead plots commonly have good yields 
and better soil fertility conditions, and are often reserved for high-value crops, 
degraded outfields can often be mapped at the lower left of this space and 
reserved for other uses, e.g., woodlots.

Pathways towards SI and potential entry points

Sustainable Intensification requires increases in productivity and maintenance/
restoration of ecosystem services, and in this chapter we focus on field-based 
ecosystem services that are regulated by soil conditions. Various pathways can 
be followed to turn the ‘lower left’ situation of Figure 11.1b back to a ‘top 
right’ situation. Path (1) of Figure 11.1c depicts a pathway focussing primarily
on increases in crop productivity, thus assuming that this will not only result in 
higher yields but also in higher amounts of biomass in the form of crop residues 
which can then be re-invested in rehabilitating soil fertility conditions. Inte-
grated Soil Fertility Management (ISFM) (Vanlauwe et al., 2010) follows this 
logic, using fertilizer as entry point towards the SI of smallholder agriculture. 
ISFM also recognizes that non-responsive conditions require other entry points 
(Vanlauwe et al., 2010, Vanlauwe et al., 2015), including the application of lime 
on acid soils, or the use of high rates of farmyard manure (Zingore et al., 2008). 
Zingore et al. (2005), for instance, demonstrated that on clayey soils, com-
mercial farmers were able to retain substantially higher SOC contents when 
using high yielding maize varieties and fertilizer in comparison with communal 
farmers who were practicing low input agriculture on the same soils.

On the other hand, path (2) follows a logic whereby investments in improved 
soil fertility conditions will gradually improve crop yields and thus move 
towards SI. Some agroforestry practices fit this logic since tree establishment 
can take some years before these deliver their full benefits to productivity and 
soil fertility (e.g., Garrity et al., 2010). Nevertheless, other agroforestry prac-
tices like improved fallows (Barrios et al., 1998; Chirwa et al., 2003), as well as 
those which rely on existing tree cover, like farmer-managed natural regenera-
tion (Dossa et al., 2012) and the Quesungual agroforestry system (Fonte et al., 
2010), have a more rapid impact and can contribute more quickly to enhanc-
ing crop productivity, as do other paradigms, such as conservation agriculture 
(e.g., Kassam et al., 2009), ‘push–pull’ intercropping (e.g., Khan et al., 2000), or 
crop–livestock integration (e.g., Achard and Banoin, 2003), which likely fol-
low intermediate paths (3). Note that for severely degraded soils with multiple 
deficiencies, path (1) is not an option and rehabilitation of soil fertility, e.g., 
through the application of large amounts of manure for several years (Zingore 
et al., 2008), may be required to restore the responsiveness of soils to standard 
fertilizer and other amendments. For instance, in southern Benin Republic, 
deep-rooting Senna siamea trees were able to access the relatively fertile subsoil 



164 Bernard Vanlauwe et al.

of a site with severe topsoil degradation and thus restore crop productivity 
(Aihou et al., 1998). More details on the above paradigms are given in relation 
to their potential impact on yield and soil fertility conditions in Table 11.1. 
Recognizing the strong demand for crop residue as livestock feed in West-
African smallholder systems, Lahmar et al. (2012), based on CA (Conservation 
Agriculture) principles, explored the option to use prunings of native evergreen 
multipurpose woody shrubs to provide field permanent soil cover and rehabili-
tate degraded land through an aggradation than a conservation phase. The work 
of Fatondji et al. (2009) demonstrated the potential of significantly increasing 
cereal yields on degraded land using the Zai technology, whereby crops are 
grown in planting pits for harvesting water and spot-placing organic inputs 
and fertilizer. However, to our knowledge, there is no published research on 
the long-term management after the initial labour-demanding rehabilitation of 
degraded land through Zai.

Yield and SOC data from long-term trials in  
support of potential entry points

Besides restoring crop productivity and rehabilitating degraded soils, it is equally 
important to ensure that yields and soil fertility conditions are maintained on 
fields with favourable conditions (‘top right’ situations in Figure 11.1c). Data 
from two long-term trials (Figure 11.2), established on sites that had been 
cleared from natural fallows with supposedly favourable soil fertility conditions 
at their establishment, provide some insight into how this could be achieved. 
Data from a long-term agroforestry trial in Ibadan (Figure 11.2a) demonstrate 
that only the treatment with Senna siamea alley cropping and fertilizer applica-
tion succeeds in retaining yield and relative SOC within the vicinity of the data 
at trial establishment, although some decline in yields is obvious. Without ferti-
lizer, both yields and SOC decline in the Senna alley cropping treatment. Yields 
in the no-input control treatment decline very rapidly to values near zero while 
SOC decline takes more time. With fertilizer application, the decline in yield 
and SOC was reduced but did reach unacceptably low levels after 20 years (Fig-
ure 11.2a). This decline in SOC with fertilizer application contradicts what was
earlier observed in Zimbabwe (Zingore et al., 2005), which is very likely related 
to the fact that maize yields in Nigeria were less than half those of Zimbabwe, 
with consequent lower inputs of maize crop residues and the lighter texture of 
the soil in Nigeria, thus providing less physical protection for applied organic C 
(Six et al., 2002). In a conservation agriculture trial in Zambia (Figure 11.2b), 
standard practices tend to result in decreasing yields and SOC, especially since 
maize residues were removed in this treatment (Thierfelder et al., 2013). Only 
the treatment with inclusion of cotton and sum hemp appears to retain yields 
at original levels (though SOC contents did not appear to decrease under all 
treatments with direct seeding and residue retention).

While both trials in Figure 11.2 started from relatively good soil fertility 
conditions, experiments in Figure 11.3 started on degraded and non-degraded 
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Figure 11.2  Trends in yields and relative soil organic carbon (SOC) contents for (a) a long-
term (1986–2005) agroforestry trial in Nigeria, and (b) a long-term (2005–
2010) conservation agriculture trial in Zambia. In (a) SOC data from 1991 were 
interpolated between those of 1986 and 1996. In (b) ‘CPM’ means ‘conventional 
ploughing, residue removal, sole maize’, ‘DSM’ means ‘animal traction direct 
seeding, residue retention, sole maize’, ‘DSM-C’ means ‘animal traction direct 
seeding, residue retention, maize-cotton rotation’, and ‘DSM-CS’ means ‘animal 
traction direct seeding, residue retention, maize-cotton-sun hemp rotation’. Fer-
tilizer was applied in all treatments. Dashed oval shapes indicate yields and SOC 
data at the start of the trials

Source: (a) Diels et al., 2004; Vanlauwe et al., 2005; Vanlauwe et al., 2012; (b) Thierfelder et al., 2013.
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ha-1 and 30 kg P ha-1, applied annually, while in the mixed treatment, 100 kg N 
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Source: Rusinamhodzi et al., 2013.

sites with sandy and clayey soils in Zimbabwe (Rusinamhodzi et al., 2013). In 
situations where crop residues are removed from the field, only the treatments 
with high application of manure managed to increase yields and SOC contents; 
however, fertilizer application doubled yields in 2011 on the clayey soil (Fig-
ure 11.3). As expected, yields and SOC declined on both non-degraded soils 
without the application of fertilizer and/or manure. Again, only in the treat-
ment with application of manure do SOC contents increase substantially while 
yields in the fertilizer-only treatment are marginally lower than those in the 
combined treatment on the clayey soil (Figure 11.3). As for the data presented 
in Figure 11.2a, recycling maize crop residues does not appear sufficient to 
increase SOC contents.

Similar long-term data assessing the status of yields and SOC (and other eco-
system services) are required to make objective inferences about the SI nature 
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of various soil management paradigms and are unfortunately in short supply, 
especially for sub-Saharan Africa.

Productivity and natural resource integrity:  
Friends or foes?

System productivity and natural resource integrity are inherently foes since 
opening up natural ecosystems for agriculture consistently reduces their C 
stocks, above as well as below ground, and agriculture results in a net removal 
of nutrients from available soil stocks, thus initiating nutrient mining and a 
consequent suite of degradation processes. In addition, conversion from natural 
to agricultural land can strongly reduce ecosystem diversity. Traditional systems 
under low intensification levels succeeded in managing trade-offs between 
agriculture and nature by limiting the agricultural phase to a relatively short 
period allowing nature to regenerate during relatively long fallow periods. 
Although in many situations such a model is no longer feasible and/or desir-
able, continuous agriculture without inputs of nutrients and organic matter 
either through fertilizer, biomass transfer, or integration of trees extracting 
nutrients below the crop root zone consistently leads to yield declines and soil 
degradation (Figures 11.2 and 11.3). In the short-term, more crop residues can 
be removed, e.g., to feed livestock, or crops having a higher yield and nutrient 
extraction rate can be chosen, but in the long-term, these practices cannot be 
sustained, unless organic resources are imported from outside the plot/farm, at 
the expense of other plots or natural lands. Some researchers suggest that an 
increase in livestock should be part of the solution, but Bekunda and Woomer 
(1996) and Sseguya et al. (1999) have shown that the use of cattle manure is 
closely related to farm size and that the latter is continuously shrinking under 
increasing land pressure. Unless cattle feed is imported from outside the farm, 
the use of fodder and crop residues for feeding zero-grazing cattle generally 
decreases nutrient replenishment at the plot level. The collapse of traditional 
‘nutrient transfer systems’ under current population growth has also been dem-
onstrated by Baijukya et al. (2005).

The main question then is how farmers can move from current, degraded, 
and low productivity conditions to SI and thereby ensure that improvement 
in either productivity or natural resource integrity does not occur at the 
expense of further degradation of the other. Considering the plot level, based 
on the data from the long-term trials, to maintain productivity and SOC con-
ditions at the initial, relatively high levels (Figures 11.2a, 11.2b, 11.3b, 11.3d), 
under most conditions, simultaneous interventions are needed that address 
both crop productivity and SOC status. While fertilizer alone resulted in yield 
declines over time, except when maize yields were really high (Figure 11.3d), 
applying fertilizer in combination with tree prunings (Figure 11.2a), high 
biomass intercrops (Figure 11.2b), or farmyard manure (Figure 11.3b, 11.3d) 
allowed yields and SOC conditions to stabilize (Figures 11.2a, 11.2b), or fur-
ther increase (Figures 11.3b, 11.3d). For degraded conditions (Figures 11.3a 
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and 11.3c), while application of fertilizer results in gradual increases in crop 
yield for the clayey soil, the co-application of fertilizer and manure increases 
both yields and SOC contents.

Notwithstanding the continuing reference in literature to thresholds for 
SOC, it will remain hard or impossible to derive these for various soil and 
climatic conditions since SOC regulates various functions that will prob-
ably require different levels of SOC. For instance, Diels et al. (2002) noted 
that to increase the amount of plant-extractable water in the topsoil, an 
increase of 8 to 13 g kg-1 SOC would store an extra 1 mm of water in 
the top 15 cm of soil while the cation exchange capacity (CEC) function 
of SOC is only relevant for soils of which the CEC of the mineral frac-
tion is less than 2 cmol

c
 kg-1 (e.g., Arenosols or coarse-textured Ferralsols). 

On the other hand, plant-available N supply from the soil organic matter 
pool is known to commonly increase with higher SOC content. Studies 
on sandy soils in Zimbabwe showed that non-responsiveness was associ-
ated with SOC contents less than 4 g kg-1 (Mtambanengwe and Mapfumo, 
2005; Zingore et al., 2008), although the SOC functions that influence crop 
response in these cases were complex and not clearly understood (Zingore 
et al., 2008). Interventions addressing crop productivity are ‘friends’ of natu-
ral resource integrity mainly when crop yields are high and crop residues 
recycled, while interventions addressing SOC can have a positive effect on 
crop yield only if substantial amounts of organic inputs with the right qual-
ity characteristics (e.g., high N content, low lignin, and soluble polyphenol 
contents) are applied (Palm et al., 2001).

Pathways towards SI can be considered as consisting of consecutive phases. 
An initial phase focussed on increasing productivity and thus in-situ biomass 
accumulation (ISFM paradigm) followed by a stabilization phase in which 
other paradigms take over. For instance, agroforestry, after some time, can 
facilitate SI by addressing the challenge of optimizing crop productivity while 
maintaining the provision of other ecosystem services (Barrios et al., 2012). 
Vanlauwe et al. (2014) argued that fertilizer is needed to kick-start CA since 
at low crop yields insufficient crop residue biomass is produced to keep the 
soil covered.

At farm level, farmers can make decisions on where to apply inputs and 
organic resources within their heterogeneous farms. Such decisions affect the 
productivity and natural integrity status of individual fields and the total farm 
whereby it is common for farmers to degrade certain plots (e.g., outfields fur-
thest from the homestead) in favour of others (e.g., homestead plots), very often 
through the transport of crop residues for livestock feed and the consequent 
recycling of farmyard manure produced. Rowe et al. (2006) observed that regu-
lar applications of manure to only part of a farm, common on farms with 
limited manure availability, rapidly led to large gradients in crop yield while 
spreading manure evenly at a lower rate would give greater whole-farm yields. 
Fertilizer should be applied only on fields where grain yield is responsive to 
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higher nutrient inputs, and not on infields which are nutrient-saturated or on 
degraded outfields. Of course, to improve the relevance of fertilizer and manure 
recommendations, it is necessary to consider resource limitations and produc-
tion at the farm scale, and the effects of applying nutrient resources not only 
on current crop yield but also on the development of soil fertility of different 
fields. In highland conditions, with farms covering steep gradients, larger appli-
cations of nutrients in the uphill end of the farm, combined with live barriers 
following contour lines, may favour greater whole-farm yields given the natural 
redistribution of nutrients in steep terrain as a result of leaching and soil erosion 
which favours higher fertility soils downslope.

In reality, trade-offs in time and/or space between productivity and soil fer-
tility rehabilitation will be the rule rather than the exception since not all the 
required inputs, amendments, and implements will be available to most small-
holder farmers at the required time for the required space. Most smallholder 
farmers are resource-constrained and the earlier-mentioned soil fertility gra-
dients are a manifestation of spatial trade-offs between productivity on home-
stead fields at the cost of degradation of outfields, mostly via biomass transfer 
to livestock feed and manure recycling strategies. Indeed, one can expect 
that crop-livestock farmers favour feeding their livestock, which contribute to 
multiple livelihood functions, to the detriment of long-term maintenance of 
their SOC status. Moreover, since decisions made by farmers on resource allo-
cations in time and space will depend on their production objectives, resource 
endowments, and/or attitudes towards farming, assisting farmers with deci-
sion support tools that can facilitate decision-making is likely to have more 
impact in the route towards SI than providing ‘best’ recommendations for all.

The current chapter focussed on two important dimensions of SI of small-
holder agriculture, thereby recognizing that achievement of SI will require insti-
tutional, economic, and social dimensions to be aligned. While agro-input and 
output market forces can provide the necessary incentives to invest in enhanced 
productivity, investing in natural resource rehabilitation that is independent 
of immediate benefits generated through improved productivity will require 
other incentives such as subsidy or payment for ecosystem service schemes 
and changes in land tenure systems with land ownership being a major driver 
for long-term investments in improving soil fertility and land quality. Mov-
ing towards SI requires investments from farmers and farming communities in 
terms of capital and labour and where many households are trapped in poverty 
and lack the necessary resources to invest (Tittonell and Giller, 2013), the move 
towards SI at scale will require substantial support and facilitation. Without this, 
the issue of ‘friends or foes’ is irrelevant.

Conclusions

In many cases, after clearing natural fallows, nutrient mining is the first deg-
radation process kick-starting a number of other degradation processes, if 
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not contained in time. Declining soil fertility drives crop yields down and 
triggers a mutually reinforcing vicious cycle of resource degradation which 
can often be reverted at early stages with the application of nutrient inputs. 
After years of soil degradation, soils can become non-responsive to fertilizer 
applications and must be rehabilitated before becoming productive again. 
Different SI trajectories, and land management paradigms associated with 
such trajectories, are discussed, and their potential impact on productivity 
increases and soil fertility conditions are evaluated. This is supported by yield 
and SOC data from ISFM, CA, and agroforestry trials, established on sandy 
to clayey soils.

The question of whether system productivity and natural resource integ-
rity in smallholder farming are friends or foes does not have a simple answer. 
When population pressure over land is low, the potential for ‘friendship’ is high 
because there is often room to manage negative interactions and trade-offs 
through changes in the temporal and spatial arrangements across fields. As pop-
ulation pressure on land increases, and the flexibility for land use arrangements 
is limited or not possible, soil degradation is invariably initiated in the absence 
of nutrient inputs. External nutrient inputs are thus needed to prime farming 
systems, thus breaking the downward spiral of soil degradation. The biophysi-
cal context (e.g., non-responsive soils), however, can determine which nutrient 
input type would be effective (e.g., manure) under such circumstances. To make 
ends meet, poor smallholder families often curtail their investment horizons, 
resulting in a bias towards short-term returns which might jeopardize long-
term land productivity.

Lastly, more long-term trials related to various intensification options are 
needed to guide meaningful inferences on the SI nature of those options, 
including aspects of resilience to biophysical stresses.
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