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Conservation Agriculture: Growing more with less — the future of sustainable
intensification

Wall P C
La Canada 177, Sector O, Bahias de Huatulco, Oaxaca 70989, México
pcwallmex@gmail.com

Sustainability:
Satisfy human food, feed and fibre needs (and contribute to biofuel needs)
Enhance environmental quality and the resource base
Sustain the economic viability of agriculture
Enhance the quality of life for farmers, farm workers, and society as a whole
(NRC, 2010)

Sustainable intensification: sustainable increase in production per unit of land.

Sustainability and Efficiency

There are biophysical, economic, social and political aspects to sustainability and a set of
agricultural practices alone cannot provide sustainability — rather the technology needs to be
embedded in a comprehensive set of actions that lead to sustainable agriculture. Conservation
agriculture (CA) itself without markets, input supply, knowledge development and sharing,
stable and non-prejudicial policies etc. will not lead to sustainable intensification. There have
been a number of publications in recent years arguing that CA is only applicable to relatively
small groups of farmers (e.g. Giller et al., 2009) or exploring for which farmers CA may be
applicable (e.g. Corbeels et al., 2013). Undoubtedly there are many impediments to adoption
of CA, but today most accept that, biophysically, CA is functional under most conditions in
Africa, and more sustainable than current tilled systems. However, institutional and market
factors limit adoption in many instances (Ndah et al., 2013). | believe that this is indicative
that far more attention should now be paid to overcoming these institutional bottlenecks -
rather than identifying which farmers can benefit from CA, we should be identifying and
investing in changing those factors that limit adoption. The Green Revolution in South Asia
was based on technology (high-yielding dwarf varieties of rice and wheat, fertilizers,
irrigation and pest control) — but the Green Revolution took place because there was decided
political will and the institutional aspects necessary for widespread technology adoption
(input and output markets, credit, subsidies where deemed necessary, seed
production/importation, etc.) were put in place.

Growing more for less implies increased efficiency in agricultural systems. It is pertinent to
ask here of what the farmer is going to grow (produce) more, and of which resource he/she is
going to use less. For sustainable intensification, agriculture needs to produce more (food,
feed, fibre, fuel) per unit of land area, but often, especially among smallholder famers, this is
not the primary objective. The farmer’s priority is normally to produce more income per
hectare, but it could also be to produce more income per day worked (Ekboir et al., 2001), per
dollar (or Kwacha) invested, or even per bag of seed. This shows the disparity between
different views and aspects of sustainability, depending on who is defining the objectives.

What measure of efficiency should we use? If we are comparing two agricultural systems,
then comparing efficiencies would appear to be relatively simple: define the most limiting
factor and whichever system gives the most production (of a defined output) for each unit of
the most limiting factor is therefore the most efficient. However, comparing efficiencies with
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respect to yield per hectare, the most common measure used by agronomists, between a
conventionally tilled system and a conservation agriculture system - two complex, multi-
component, systems that often require different equipment and weed control methods, land
preparation activities, may have different planting dates and may need modifications in
nutrient use and other factors - may in fact give erroneous results as to which is the “best” or
most efficient system. An economic analysis is better able to integrate the different effects
and factors than an analysis of yield per se and is therefore arguably far more meaningful for
comparing different systems than physical yield - unfortunately economic analyses are
seldom reported in the literature. | should stress that of course for this analysis to be
meaningful, we should be comparing two locally adapted systems — too often an untried and
unadapted CA system imported from another environment has been compared in research
trials with a traditional system that has been adapted, practiced and fine-tuned by farmers
over decades. That CA has performed as well as or better than conventional practices in most
of the published results from sub-Saharan Africa, especially eastern and southern Africa
(Wall et al., 2013), is testimony to the resilience and potential of the system.

While research comparisons between systems are academically interesting, far more
meaningful is the question “how efficient is the CA system?” What is the gap between actual
yield and potential yield? Fischer et al. (2009) differentiate between farmer vyield,
economically attainable yield and potential yield (set by the environment — temperature,
radiation and available water). Interestingly attainable yield under present market conditions
may be very different from attainable yield under efficient market conditions. They
differentiate between non-water-limited potential yield, and the water-limited potential yield
of French and Schultz (1984). The demonstration of the water-limited wheat yield potential
by French and Shultz was not only a very meaningful measure for South Australian farmers,
still used today. French and Schultz also demonstrated that in many cases published research
yield results showing (significant) treatment effects, were well below the water-limited
potential yield, suggesting that there were other factors limiting yield and not solely the
research treatments or the environment. The utility of the French-Schultz relationship for
South Australia stresses the need for a realistic measure of yield potential in any environment
so that farmers, and researchers, can measure their crop yields against what they should have
been able to achieve.

Numerous studies have shown that CA is not a low-input system (e.g. Thierfelder and Wall,
2012; Thierfelder et al., 2013) — system functionality relies on relatively high productivity,
not only to produce sufficient crop residues, but presumably also to produce sufficient root
mass. Therefore where farmers currently use extremely low-input production strategies, such
as in many areas of sub-Saharan Africa, it is doubtful that CA can in fact “produce more for
less”. At the same time these current practices are not sustainable, and moving towards more
sustainable systems will involve more inputs, whether from renewable, on-farm resources, or
from off-farm “imported”, non-renewable inputs. However, where the majority of farmers
use extractive, low-input management practices it implies that the attainable yield under
current market conditions is very low, and that efforts to improve markets and institutions
will have a greater effect on productivity and technology choice than will technology per se.

Achieving potential yield (or water-limited potential yield) requires optimal levels of
nutrients, efficient management to optimize both the aerial and edaphic environments, and
limit the effects of other organisms (pests, diseases and weeds) on system productivity.
Achieving efficient production systems may often require more inputs than smallholder
farmers’ use today, but the key is to use these inputs efficiently — grow more with less
wastage — as inefficiency and wastage lead to reduced and/or uneconomic benefits.



Efficiency is best measured in terms of the most limiting factor(s) — water, nutrients, labour,
land, capital investment etc. If other factors restrict system productivity, efficiency will be
reduced. So what are the most common principal limiting factors in African agriculture, and
can CA increase the efficiency of their use?

CA and sustainable intensification.

Nutrients water and risk. Excessive nutrient mining over most of Africa (Stoorvogel et al.,
1993) is acute, and adequate plant nutrition is often cited as the most limiting factor to crop
production in sub-Saharan Africa, while at the same time fertilizer use is very low (less than
10 kg ha! in sub-Saharan Africa [NRC, 2010] and about 20 kg ha™* of nutrients in eastern
and southern Africa in 2009/10 calculated from FAO’s FAOSTAT database [Wall et al.,
2013]). Even lower levels of fertilizer are applied to staple crops — considerably more is
applied to cash crops (Groot, 2009). Therefore the problem is not that farmers do not
understand the benefits of fertilizer but rather that they make a conscious decision not to
apply fertilizer, or to apply very little, to their staple crops. Fertilizer use by smallholders is
not just a function of availability and affordability, but also of both production and market
risk (Morris et al., 2007). Smallholder farmers, in particular, are averse to risk given their
precarious financial situation and their poor access to credit — if fertilizer application to a crop
is perceived as too risky, it will not be applied (Rockstrém et al., 2002). One of the major
causes of risk in much of Africa is the risk of moisture stress, which is often more a function
of inefficient use of rainfall than of insufficient or poorly distributed rainfall per se. Between
70 and 85% of rainfall is lost to surface runoff, deep drainage and evaporation rather than
being used by crops for productive transpiration in the semi-arid tropics of Africa (Rockstrom
et al., 2002) while in Zimbabwe 30% of rainfall may be lost to runoff alone (Elwell and
Stocking, 1988). Even though total rainfall may be sufficient for optimal crop growth,
available water may be considerably lower and limit crop productivity.

As a result of climate change, increased variability of seasonal distribution of rainfall is
expected throughout most of Africa coupled with a reduction in rainfall in much of the
continent (Lobell et al., 2008) - factors that will aggravate the inefficiencies in rainfall use
noted above. CA can reduce the risk of moisture stress by increasing water infiltration and
storage (summarized in Wall et al., 2013), reducing compaction impediments to root growth
and reducing evaporation (Mrabet, 2008), and therefore remove some of the barriers to
smallholder fertilizer use. By improving the crop water balance, CA reduced risk at eight of
nine sites in Malawi — yield in the worst seasons was significantly higher under CA than it
was under the normal farmer ridged and cultivated practice (Wall et al., 2010, Ngwira et al.,
2013). We hypothesize that reduced risk will increase the feasibility of farmers using higher
levels of fertilizer — once they are convinced of the risk reduction.

CA also markedly reduces soil erosion (generally by over 90%) avoiding nutrient losses by
erosion - annual farm losses of soil organic matter through erosion in Zimbabwe were over
850 kg ha! together with approximately 50 kg ha™ nitrogen and 8 kg ha™ phosphorus
(Elwell and Stocking, 1988) — i.e. in reducing erosion CA reduces nutrient wastage, and more
will be produced for every kilo of fertilizer applied — because it stays where it is applied and
the crop has moisture to be able to use it.

ICRISAT and CIMMYT have recommended the use of very low levels of nitrogen fertilizer
(micro-dosing) for maize production in the semi-arid areas of Zimbabwe, as has ICRISAT in
parts of West Africa (Twomlow et al., 2011). Micro-dosing is based on the normal response
curve to applied fertilizer and takes advantage of the initial steep slope of fertilizer response.
However, | believe that micro-dosing is not a feasible technology for CA situations,



especially as it is promoted largely for semi-arid situations. In conventional agriculture,
nitrogen fertilization focuses on the present season and has little effect on subsequent
seasons, whereas under CA N fertilization, because of the effect on residue amounts
(especially important in semi-arid situations), has a large effect on crop performance not only
in the present season but also in subsequent seasons. Of course this is only true if farmers do
manage to keep some of the residues on the soil surface.

CA, labour and fuel use. Labour is frequently the most limiting resource for smallholder
farmers, and labour savings have been cited in numerous surveys as the principal reason for
adoption of CA by smallholders. However, labour savings depend to a large degree on weed
management and the type of CA practiced. If herbicides are used, then labour savings from
both the lack of tillage and the weed control are large (e.g. in Ghana — Ekboir et al., 2001),
whereas if manual weeding is practiced, there may be a higher labour requirement in CA than
in conventionally tilled fields (Rockstrom et al., 2001; Djamen et al., 2013). In Malawi,
labour costs were lower in CA systems with chemical weed control than with conventional
tillage by between 28% (Ngwira et al., 2012) and 63% (Ito et al., 2007). Costs of production
were higher with CA because of the cost of the herbicides, but yields were higher with CA:
net returns were increased by US$130-370ha, net benefits by 69% and returns to labour 92-
100%. Weeds may also be controlled by green manure cover crops (GMCC). The work of
Mariki (2004) in northern Tanzania showed that initially more labour (11%) was used with
CA because of the greater weed populations, but after four years with a maize-GMCC system
(Mucuna or Lablab) labour use was 45% lower in the CA system than in the conventional
system.

The basin system of CA, called Conservation Farming in Zambia and Zimbabwe, also
requires more labour than conventional tillage (34 versus 13 person days ha™' [Umar et al.,
2012]). However the labour requirement for digging basins is in the winter when competing
labour requirements are low, and because of the increased maize yield the returns to labour ($
day! worked) in Zambia were five times higher in the basin system than with conventional
tillage (Umar et al., 2012). More production for more work — but more production for each
day worked.

More efficient machinery use has been one of the drivers of CA adoption on mechanized
farms in the Americas (e.g. Wall, 2002-80% reduction in fuel use with CA in the lowlands of
Bolivia). There are few data on machinery use in CA in sub-Saharan Africa, but on the ART
farm near Harare, machinery costs for CA were reduced by 66% compared to conventional
tillage (MacRobert et al., 1995). Considerably more production per liter of fuel used.

Capital. Not only are the returns to investment generally higher under CA than under
conventionally tilled fields (Wall et al., 2013), but the risks of losses are lower (losses are less
frequent) under CA (Wall et al. 2010). Cost savings, as noted above, depend to a large degree
on the type of CA conducted and weed management methods. Some of the benefits of CA
only accrue over time, but to be acceptable to smallholders the CA system must give
economic benefits immediately. Because of the effects of CA in moisture saving, these short-
term benefits are more likely in drier and unirrigated environments than they are in wetter or
irrigated environments.

Knowledge. One area where growing “more with less” does not apply is knowledge. CA is
more knowledge-intensive than traditional low input systems, partly because it is new, but
also because of the need for the farmer to understand the basis of the system and so be able to
mould it to his or her particular conditions, the need in most instances for chemical weed



control, and the need for good farm and crop management. Smallholder farmers are often
poorly linked to knowledge systems external to the community (Wall, 2007). Overcoming
this barrier and increasing the knowledge base of the smallholder farmers of Africa is
probably the biggest hurdle to be overcome in achieving widespread adoption of CA in the
continent. Success will not only depend on enhancing the knowledge of CA and CA systems
among researchers, extension (change) agents and policy makers, and the facilitation of
farmer-to-farmer knowledge flow, but the development of local innovation systems
incorporating agents representing as many as possible of the principal components of the
local agricultural value chains, using their own comparative advantages and information
networks to remove bottlenecks to farm productivity.

Conclusions.

Conservation agriculture is not a low input system, and therefore “growing more for less” is
unlikely, especially in situations, such as smallholder farming situations in much of sub-
Saharan Africa, where farmers currently apply very low levels of inputs. The benefits of CA
lie rather in using applied inputs (fertilizer, water, labour, fuel) more efficiently than
conventionally tilled systems. In the short term, CA generally gives crop yields equal to or
greater than yields under conventionally tilled situations — with higher yields more common
in situations where moisture stress limits yield in tilled systems. However, economics and
labour savings depend, to a large degree, on weed management strategies — if herbicides are
used labour use and production costs are markedly reduced in CA, but if weeds are controlled
manually labour requirements for weeding may offset all of the benefits of reduced tillage.
CA, because of the increase in available water, does however permit the intensification of
cropping systems. Sustainable intensification of agriculture in Africa will require more than
technology alone, and institutional change and adequate markets may be just as, or more,
important than technology in increasing farmers’ economically attainable yields and
achieving sustainable intensification.
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Introduction

Most of the agricultural land in the world is currently producing below its capacity. Yield
gaps, defined as the difference between potential and current yield levels, are wide for most
major crops on a global scale. Their magnitude and their determinants vary from crop to crop,
from region to region, and from farm to farm (e.g., van Ittersum et al., 2013). At global scale,
however, the average yield of most major crops has increased steadily over the last 50 years
(FAO, 2012). Yet, growth in both production and productivity has been unequal across the
world and today’s yield gaps tend to be the widest in the poorer regions of the world, and
even wider for the less resource endowed farmers at any given location (Tittonell and Giller,
2013). In the least favoured regions of the world, food production per capita remains at the
same level as in the 1960s. Such is the case in much of sub-Saharan Africa unfortunately
(WFP, 2012). There are three major reasons, in my view, for such disparities:

1. Inadequate models of agricultural development coupled with increasing (settled)
population densities in rural areas led to severe degradation of the natural resource
base;

2. Poor farmers in the poorer regions of the world do not have access, cannot afford or
are unwilling to adopt ‘modern’ agricultural technologies;

3. Such technologies were not developed to fit the reality of smallholder systems (in the
tropics) and hence they are ineffective at increasing crop and livestock productivity;

In the most affluent regions of the world, by contrast, agricultural intensification through the
use of inputs in excess of what their factor elasticity would dictate led to environmental
pollution with often noxious consequences for human health and high costs for society as a
whole (costs that are never internalised in the price paid for the agricultural produce). The
two most emblematic regions of the world to showcase the success of the so-called green
revolution, the Punjab in India and the Yaqui valley in Mexico, are also the most conspicuous
examples of environmental degradation associated with agricultural intensification (e.g.,
Maredia and Pingalli, 2001). We do not want to take that road again. A decade ago, Tillman
et al. (2002) already warned us on the fact that the doubling of yields experienced over the
last 50 years was paralleled by an increase in nitrogen fertiliser use by a factor seven, in
phosphorus use by three, and in irrigation water by two. If we need to increase food
production by an extra 70% over the next 40 years, as the most pessimistic scenarios seem to
suggest, then such an increase cannot be fuelled by further inputs of N, P and water — at least
not at the same rate as experienced over the last 50 years. We need new forms of agricultural
intensification in order to produce more but differently, to produce more food where food is
urgently needed, and to make use of the natural functionalities that ecosystems offer in order
to reduce the need for and increase the efficiency of external inputs. This paper explores
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some promising avenues in this regard based on recent experiences in sub-Saharan Africa in
which agroecological principles are put at the service of designing restorative and resource
use efficient agriculture.!

A need for systems re-design

“Design is the first signal of human intention”. This sentence was coined by William
Macdonough, one of the proponents of the ‘Cradle to cradle’ approach to industrial design
and architecture. The approach relies on three major principles that are also largely applicable
in the field of agriculture: (i) waste is food, (ii) use current solar income, (iii) celebrate
diversity. The first principle refers to recycling and reusing materials (nutrients, carbon,
water) in different production processes, the second one points to a maximisation of capture
and utilisation efficiencies of solar radiation, and the third one refers to diversity in different
ways, which in the particular case of agriculture can be assimilated directly to the idea of
(agro-)biodiversity in space and time or to the concept of combining diverse knowledge
systems (e.g., scientific and lay knowledge). Many of the sustainable agricultural production
technologies and practices, such as those used in agroecology or in conservation agriculture,
were originally built on these principles, namely on recycling, efficiency and diversity, which
are the principles behind ecological intensification (Tittonell, 2014). A strong implication of
these principles is the need for a gradual decoupling of agriculture from the petrochemical
industry and/or from any other form of exploitation of non-renewable resources.

Is it possible to imagine a future for smallholder agriculture in which the natural
functionalities of the agroecosystem are used in a smart and intensive way, reducing its
dependence on fossil fuels and its impacts on the environment, while ensuring sufficient and
stable food production in the face of global environmental and demographic change? This is
undoubtedly a challenging question, but there are promising avenues to be explored. One of
them is the insufficiently tapped potential of biological nitrogen fixation. Figure 1A shows
recent evidence from a multi-year no-tillage experiment in central Mozambique in which the
response to N and P fertiliser by maize is compared across cropping systems consisting of
continuous maize monoculture, maize and pigeon pea (Cajanus cajan) intercrops and maize
in rotation with pigeon pea (Ruzinamhodzi et al., 2012). Responses to chemical fertilisers, as
well as yields without fertilisers, were very poor in maize monoculture. The amount of crop
residue biomass was consequently low in these treatments and thus insufficient to provide
enough soil cover through mulching, impacting negatively on soil thermal and hydrological
regimes. In the maize-pigeon pea intercrop and rotation, maize responded to 20 kg ha-1 P and
only in the rotation to 30 kg ha-1 N. Maize yields without fertiliser in intercrop or in rotation
with pigeon pea were five times greater than the average maize yields of sub-Saharan Africa.

A major problem that faces global agricultural production nowadays is the degradation of
formerly productive — although often fragile — soils. The FAO estimates that about 25% of
the agricultural soils worldwide are in a state of severe degradation. Restoring productivity of
these soils will not only contribute to food security (specially because such soils are mostly

1 Most of the experiences and data that will be presented during the conference are drawn from the on-going
EU-funded projects ABACO (Agroecology-based aggradation-conservation agriculture), CA2Africa and WASSA.
Here, | just introduce two illustrative examples from the literature.



located in resource-poor environments) but also represent a large sink for atmospheric CO2,
therefore contributing to climate change mitigation. The hypothesis often put forward during
the first decade of this century that chemical fertiliser use can boost productivity and
therefore restore organic matter in degraded soils has not yet been demonstrated. Figure 1B
shows evidence from a degraded sandy soil in Zimbabwe (an ‘outfield’) published by
Zingore et al. (2007). In such situations, absolute control yields (i.e., no fertiliser or manure
inputs) are impractical, as the soils are too depleted in nutrients to produce a yield without
inputs. That is why the control treatment in Fig. 1B received 100 kg ha-1 N. The applications
of 30 kg ha-1 P were done as simple super phosphate or as the equivalent amount contained
in cattle manure (for which 15 t ha had to be applied). The results indicate that productivity
is hard to restore in these soils under conventional tillage, even with relatively large amounts
of fertilisers. Application of 100 kg ha-1 for three consecutive years did not allow to reaching
more than half a tonne of maize yield. Adding phosphorus lead to more than doubling yields,
but yet productivity remained around 1 t ha-1, and was low during the third year due to poor
rainfall. Adding manure had a build-up effect on crop yields that was not cumbered by the
lower rainfall received in the third year. Yet, to be able to collect 15 t of manure for
application in one hectare of land means that a farmer needs to own the equivalent to 10-15
cattle heads, which is most often not the case. Thus the amounts of both fertilisers and
manure in this experiment are hardly or not affordable to most smallholders in resource-
constrained regions.
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Figure 1: (A) Yields of sole maize and maize intercropped or in rotation with pigeon pea (Cajanus cajan) with
different rate of N and P fertiliser application per ha under no-tillage in central Mozambique (Ruzinamhodzi et



al., 2012). (B) Yields of maize on a degraded sandy soil in Zimbabwe during three consecutive years with
application of fertiliser and manure (Zingore et al., 2007).

Scientific evidence is mounting on the integration of agriculture with elements of the natural
vegetation in savannah agroecosystems. The case of cereals growing under Fahiderbia albida
trees is well known and documented (e.g., Garity et al., 2010). In a different tropical context,
Sa et al. (2011) showed that the maximum soil temperatures that can be measured with or
without soil cover can differ in 30 °C, with enormous consequences for water storage and
organic matter dynamics. A yet less explored example of integration of agriculture and
natural vegetation is the combination of crops and native shrubs in Sahelian agriculture. This
practice was developed by smallholder farmers and is now being optimised through scientific
research, and has been documented by Lahmar et al. (2012) (Figure 2). Deep-rooting shrub
species that grow on residual water during the dry season are a source of biomass for soil
amendment (mulching). Due to the accumulation of organic matter and biological activity
(e.g. association with mycorrhyza) under the shrub canopy, soil physical quality (water
infiltration and storage) and nutrient availability tend to increase creating ‘islands of fertility’.
Farmers recognise this effect and traditionally prune the shoots of these shrubs at the onset of
the rainy season to grow crops in and around these islands. Alternatively, when shrubs are not
naturally occurring due to soil degradation, the collection of shrub biomass and its application
to crops can increase productivity and also boost the response of crops to fertiliser inputs. In
the example from Burkina Faso (Barthélémy et al., 2014) presented in Figure 3 sorghum
yields did not differ significantly from the unfertilised control when they received either
chemical fertilisers (100 kg ha™* of NPK plus 50 kg ha of Urea) or 2.5 t ha* of leaf biomass
of Piliostigma reticulatum — a native shrub to this region. Sorghum responded significantly to
such relatively large amounts of fertilisers when they were applied together with shrub
biomass.
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Figure 2: An illustration of a crop-native shrub sequence as practised by smallholder farmers in the Sahel
(adapted from Lahmar et al., 2012). The inset shows phosphorus availability in the topsoil under different shrub



species (From Duponnois, 2011) as compared to uncovered soil. Farmers make use of such islands of fertility to
grow crops on degraded soils.

Crop-livestock integration is crucial in low input farming systems. Livestock mediate nutrient
flows to and within the farming system, they provide manure and draught power for crop
production, allow capitalisation and diversification of the farm system, and create
opportunities to establish crop-grassland rotations or to grow N-fixing legume cover crops
with the dual purpose of improving soil fertility and feeding livestock. But crop-livestock
integration can lead to farm-scale nutrient inefficiencies when either the system is not well
designed or its management or infrastructure are not the appropriate ones. In other words,
increasing the diversity of systems components and the complexity of their interrelations can
only lead to more favourable system regimes when such diversity and complexity are
organised in a particular way. Such organisation can be studied by conceptualising the system
as a network, in which the nodes of the network represent the various components within the
system, and the connections between nodes represent the flows of energy, matter or
information between system components. Table 1 presents a number of indicators of N
network size, diversity and organisation corresponding to case study farms of higher or lower
resource endowment from highland cereal-cattle agroecosystems in Ethiopia, Kenya,
Zimbabwe and Madagascar (Rufino et al., 2009; Alvarez et al., 2013).
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Figure 3: Sorghum yield Sahelian Burkina Faso with application leaf biomass of Piliostigma reticulatum at rates
of 1.25 and 2.5 t ha-1, without or with application of 100 kg ha-1 NPK fertiliser and 50 kg ha-1 urea for
topdressing (from Barthélémy et al., 2014).

Across sites, the presence of livestock or their increasing number was associated with greater
system N throughput, and in some cases with less dependence on N imports and a greater
proportion of N recycled on-farm. System N throughputs were larger in Ethiopia, where
cattle ‘import’ N through grazing on communal land. Madagascar systems were the least
dependent on external N due to the presence of grasslands or fodder produced on-farm and
substantially greater stocks of N in their soils. In all cases the proportion of N recycled was
below 10% of all N flowing through the farm system, and only the wealthier farms owing
livestock in Kenya and Zimbabwe were able to recycle more than 5%. The relatively low
values of AMI (average mutual information) calculated across sites and farm types indicate
that system components are connected and that N flows through most of them. There is room



for improvement. The presence of livestock and their number increase the organisation of N
flows within the system, notably in the case of Kenya and Zimbabwe. This contributes to
explaining the differences in N recycling, in whole-farm N use efficiency and ultimately in
food self-sufficiency between poorer and wealthier households. Within each site, the size of
the total N flow within the farm is associated with food self-sufficiency, but not when
comparisons are made between sites. While open grazing systems like the one in Ethiopia are
often less efficient in using N imports, the higher efficiency of N use by Kenya and
Madagascar farms may be in part only apparent, simply associated with greater stocks of N in
the soil or with more conducive environments for agricultural and animal production (ample
rainfall and deeper, more fertile soils).

Table 1: Indicators of resource endowment, and of the size and organisation of the network of nitrogen flows within eight case study smallholder farms
(from: Rufino et al,, 2009; Alvarez et al., 2012)

Cropped Livestock  Farm N network size Farm N network organisation Farm N
Location/ land owned use Food self
efficiency sufficiency
Farm type (ha) (TLU) Total system Dependency on  Finn’s cycling Average mutual  Diversity of (kg kg N-1)  ratio
throughput imports (%) index (%) information flows
Ethiopia
Poorer 0.3 1.2 230 72 2.9 1.1 2.2 23 0.4
Wealthier 2.4 10.0 1340 66 2.6 13 2.4 18 1.7
Kenya
Poorer 1.0 0 45 45 2.2 1.1 2.5 74 0.3
Wealthier 2.9 3.5 190 34 11.0 1.7 33 216 1.2
Zimbabwe
Poorer 0.9 0.3 40 65 0.9 1.0 2.2 44 0.5
Wealthier 2.5 5.4 480 45 55 1.5 29 86 3.4
Madagascar
Poorer 2.7 3 110 33 3.5 1.2 2.6 122 1.9
Wealthier 6.9 12 400 31 2.5 1.4 3.4 198 4.7

Total system throughput is the sum of all N flows between all components (activities) of the farming system, expressed here in kg N per family member to allow for comparisons across farms of
different size; Dependency on imports is the ratio between N flows into the farm system and total system throughput; Finn’s cycling index is calculated as the ratio of the sum of all internal flows to
total system throughput; Average mutual information (AMI) is the average number of connexions of each system component and the diversity of flows (HR) or statistical uncertainty is the maximum
number of possible cc ions between comp or the upper limit to AMI; both AMI and HR are measured in bits (binary decisions); if all the components of a system are connected and the
total flow is equally distributed among all components, AMI will approach zero; typical values of AMI in natural ecosystems range between 0 and 6; Farm N use efficiency is the ratio of total biomass
productivity to total N flowing into the system; Food self-sufficiency ratio is the ratio of edible calories produced on farm to caloric household needs.

Towards an ecological intensification of smallholder agriculture

Increasing agricultural productivity is one of the necessary stepping-stones to achieve current
and future food security at global scale. Yet, further increasing yields in already highly
productive environments will entail enormous energy costs and environmental risks, and
rather than alleviating poverty this will contribute to further deepening the North-South
divide. Increasing yields in the poorest regions of the world is more cost effective, requires
less energy inputs, and can more efficiently contribute to global food security and poverty
alleviation. Most agricultural systems developed since the so-called green revolution, during
the second half of the 20™ century, were designed by ignoring the structure of the original
ecosystem to which they were introduced and/or the lay knowledge of people managing those
landscapes. Often the design responded to a need for simplification of structures and diversity
in space and time, leading to uniform and mono-specific crop and livestock systems. This
facilitated practices, mechanisation and sanitary control. The simplification of the ecological
structure of the agro-ecosystem led to a loss of functionalities, notably of the ecosystem
regulation functions provided by biodiversity (Bianchi et al.,, 2013). Oligo-specific
agroecosystems as those that predominate in the world nowadays are not only vulnerable to
pest and disease outbreaks but also less efficient in making use of natural resources such as
light, water and nutrients. Due to such inefficiencies, some of these resources have to be often
brought from outside the system in the form of energy, nutrient or financial subsidies.



The examples presented here show that there is potential for synergistic effects between
agriculture and nature through crop diversification, crop-livestock integration and use of
locally available resources and knowledge. The case studies from Table 1 in particular
indicate that the total nutrient flow through a farming system is only partly associated with
food production or self-sufficiency. They indicate that more can be done with less. Even
when fertiliser inputs are affordable by farmers, their use efficiency can be much improved
through crop diversification (cf. Figure 1), especially on degraded soils in which crop
responses tend to be poor (cf. Figure 2, 3). Yet closing yield gaps in smallholder tropical
agriculture, which are in the order of 80% for many cops in several regions (Tittonell and
Giller, 2013), requires a paradigm shift in the way we think agricultural technologies and
intensification. We need to be aware that:

a. Making agricultural inputs more accessible to smallholders may be a necessary — in
some cases — but not sufficient condition to close yield gaps;

b. Agricultural inputs do not work on degraded soils; soil rehabilitation is a prerequisite
for any form of agricultural intensification;

c. Replacing the natural vegetation of tropical landscapes with annual crops and frequent
tillage disrupts their basic ecological infrastructure and leads to degradation and/or
inefficient capture and use of energy, water and nutrients;

d. Smallholder farmers do not reason in terms of crops or cropping systems, they make
decisions that concern their whole livelihood system;

e. Regulatory ecological services that can contribute to pest and disease management do
not operate at the scale of a single field, they operate across and are influenced by the
wider agricultural landscape;

Closing yield gaps in smallholder agriculture requires research that contributes to a thorough
re-design of agroecosystems, drawing inspiration from the structure and functioning of the
natural ecosystems that evolved in each region, taking stock of the wealth of local
agricultural knowledge and institutions governing natural resource management, and
reasoning at scales broader than the agricultural field plot. We need to move away from the
idea of crop yield gaps and embrace the concept of whole-farm productivity gaps (Cortez
Arriola et al., 2013). But none of this would be effective without paying due attention to the
geographical and socio-political contexts in which smallholders operate. In other words,
closing yield gaps in smallholder farming systems implies closing socio-economic gaps,
technology gaps, and institutional gaps. The challenge is complex and requires multi-
disciplinary action. But through focusing our effort to help find solutions to smallholders we
will be targeting 500 million farms, which produce about half of all the food that the world
eats in only 20% of the agricultural land. Targeting smallholder farms means working for
97% of all the farms in the world (FAOSTAT, 2012).
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Making Conservation Agriculture EverGreen: It’s Climate Smart and Key to the
Success of CA in the Tropics

Dennis P Garrity
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After decades of research, and the sustained efforts of pioneering farmers, the practice of
conservation agriculture (CA) has been steadily expanding globally. Currently, about 120
million hectares of land are now managed under minimum or zero-tillage conservation
farming practices. Meanwhile, worldwide concerns about the potentially devastating effects
of climate change on food production continue to accelerate. CA has been highlighted as an
important component of a climate-smart agriculture.

Investments in CA in the developing world are increasing. However, the uptake of CA in
Africa, and in the rainfed upland areas of Asia, has been quite modest so far. Evidence from
research, and from widespread indigenous practice, indicates that successful CA systems for
tropical smallholders benefit substantially from the integration of trees into these systems.
Such an EverGreen Conservation Agriculture (ECA) addresses a number of the critical
constraints to sustained smallholder CA uptake, to increasing and sustaining productivity in
these systems, and to buffering them in the face of climate change. We are now beginning to
observe the success of ECA at scale in several countries in Africa.

There are three long-established principles in conservation agriculture: Minimum soil
disturbance, crop residue retention, and crop rotation. The short-term advantages observed
where CA is currently practiced are earlier planting that enables better use of seasonal
rainfall, and increased rainwater conservation in the soil to better tide crops over during
drought periods (Rockstrom et al 2009). But there are a number of unique constraints to
smallholder adoption of CA that are retarding its more rapid uptake. Most important among
these are: Competing uses for crop residues where livestock production is common,
inadequate biomass accumulation of cover crops in the off-season, increased labor demands
for weeding when herbicides are not used, variable yield results across soil types, and the
need for greater application of organic and inorganic nutrients.

EverGreen Conservation Agriculture Systems in Africa

Most African smallholders are engaged in both crop and livestock production. But their
available fodder resources are usually very inadequate, particularly in the late dry season.
Thus, farmers typically use all of their available crop residues for animal fodder or fuel, and
cannot afford to retain them as a soil cover. There must be other ways to increase plant
biomass in their farming system. In addition, more than 3 out of 4 African smallholders are
not applying any inorganic fertilizers, often because of cash constraints and high climatic
risk. Low vyields and declining soil fertility are inevitable in this situation if greater use of
biological nitrogen fixation and more efficient nutrient cycling are not practiced.

How can biomass production be increased to enhance surface cover and to generate more
organic nutrients to complement whatever amounts of inorganic fertilizers a smallholder
farmer can afford to apply?

The CA and agroforestry research and development communities have now recognized the
value of integrating fertilizer trees and shrubs into CA systems to dramatically enhance both



fodder production and soil fertility (e.g. FAO 2010; FAO 2011). Practical systems for
intercropping fertilizer trees in maize farming have been developed and are being extended to
hundreds of thousands of farmers in Malawi and Zambia (Garrity et al 2010). The portfolio of
options includes intercropping maize with fast-growing N-fixing trees, including Gliricidia
sepium, Tephrosia candida or pigeon peas, using trees such as Sesbania sesban as an
improved fallow, or integrating full-canopy fertilizer trees such as Faidherbia albida into the
CA system (Akinnifesi et al 2010).

The integration of the Faidherbia albida into CA systems has proven to be a particularly
effective practice (conservationagriculture.org). Faidherbia is an indigenous African acacia
that is widespread on millions of farmer’s fields throughout the eastern, western, and
southern regions of the continent. It is highly compatible with food crops because it is
physiologically dormant during the rainy season. It sheds its nitrogen-rich foliage at the
beginning of the wet season, and re-foliates at the beginning of the dry season. Thus, it
exhibits minimal competition with food crops grown in association with it, while enhancing
yields and soil health (Barnes and Fagg 2003; Garrity et al 2010). Several tons of additional
biomass can be generated annually per hectare to accelerate soil fertility replenishment,
and/or provide additional high protein fodder livestock. Numerous publications have
recorded increases in maize grain yield when it grown in association with Faidherbia,
ranging from 6% to more than 200% (Barnes and Fagg 2003), depending on the age and
density of trees, agronomic practices used, and the weather conditions.

Faidherbia’s effects tend to be most remarkable on soils of low inherent fertility. In semi-arid
cropping systems based on millet and sorghum, double-story production systems with
medium-to-high densities of fertilizer trees are now observed across more than five million of
hectares in the Sahelian countries (Garrity et al 2010). Depending upon which woody species
are used, and how they are managed, their incorporation into CA helps to maintain vegetative
soil cover, increase nutrient supply through nitrogen fixation and nutrient cycling, suppress
insect pests and weeds, enhance soil structure and water infiltration, increase carbon storage
and soil organic matter, and conserve above- and below-ground biodiversity.

ECA systems expand on the principle of residue retention to include the integration of trees
and shrubs throughout the crop fields to supply increased high-quality residues from tree
biomass and other organic sources of nutrients. This broadens the concept of crop rotations to
incorporate the role of fertilizer/fodder trees to more effectively enhance soil fertility and to
provide needed biological and income diversity in the system.

Conservation Farming in Zambia Champions Faidherbia

In Zambia, maize production is the foundation of agriculture and the basis for the country’s
food supply. However, the average maize yield is only 1.1t/ha. Nearly seven out of every 10
Zambian smallholders farm without use of mineral fertilizers. Since 1996, a coalition of
stakeholders from the private sector, government and donor communities has promoted a
package of agronomic practices based on the principles of conservation farming (Haggblade
and Tembo, 2003). The effort is spearheaded by the Zambian Conservation Farming Unit
(CFU), and during the past decade conservation agriculture has been introduced over large
areas of the country.

As the Zambian CFU worked to make conservation farming feasible, they encountered a
problem that defied conventional solutions: More than two-thirds of the country’s
smallholder farmers were unable to afford inorganic fertilizers, and had little or no access to



livestock manure or other nutrient sources. This fundamentally limited smallholder maize
yields and further depleted their soil fertility each year. To address the problem, the Zambian
CFU investigated the incorporation of Faidherbia albida trees into maize-production
systems. They found that maize yields were dramatically increased when the crop was
associated with these trees.

The Zambian CFU incorporated Faidherbia into its CA extension program, recommending
that Faidherbia seedlings be planted in a grid pattern at a density of 100 trees per ha. Fields
with Faidherbia-maize systems managed with such a planting pattern (10m x 10m) can
accommodate full mechanization. The result is a maize-farming system under an agroforest
of Faidherbia trees. The trees may live for 70 to 100 years, providing inter-generational
benefits for a farm family, with a very modest initial investment. As the trees mature and
develop a spreading canopy, they are gradually thinned down to about 25 to 30 trees per
hectare. Currently, 68,000 farmers are estimated to have Faidherbia trees on their farms
(Nkatiko, 2013). The technology is also widely recommended in Malawi. There is increasing
recognition of Faidherbia’s potential in many other parts of Africa, including the launch of a
National Faidherbia Program in Ethiopia.

In Niger, millet production in combination with Faidherbia is accompanied by non-inversion
tillage methods. The majority of Nigerian farmers do not use a plow or the hoe for land
preparation on their typically sandy soils. Rather, they use a hand-drawn form of shallow-
sweeping implement that is passed just underneath the soil surface, loosening the soil and
undercutting the weeds. Thus, agriculture in Niger is now essentially an ECA system (Garrity
et al 2010). Fuel wood availability has now become a critical constraint in many farming
systems. ECA farms, however, have a ready supply of fuel wood for household use with a
surplus for sale. The creation of medium-to-high density agroforests on the farmlands of
Niger has stimulated the widespread development of wood markets where excess wood is
being marketed by farmers as an additional source of cash income. Some of this wood is now
being exported to Nigeria.

In Burkina Faso, zai cultivation in planting pits is a variation of ECA. Its practice has been
steadily expanding for decades. The pits intensify cereal and tree production in combination.
Biomass production in these systems is dramatically increased, for both soil amelioration as
well as livestock fodder (Reij et al 2009). The experiences of Zambia, Malawi, Niger, and
Burkina Faso indicate that the principles of ECA are applicable to a broad range of food crop
systems in Africa, if accompanied by adequate testing and farmer engagement.

Climate-Smart EverGreen CA

Incorporating trees into crop farming may confer sustainability benefits through ecological
intensification. And they may increase the resilience of the farm enterprise to climate change
through greater resilience to drought at the crop level and at the household level.

At the crop level there are two key processes in play for drought resilience. First, the presence
of the trees increases rainwater capture and storage. This improved rainfall infiltration and
soil moisture storage are particularly valuable on farmlands where rainfall runoff is a
problem. According to farmers in Niger the presence of the trees not only provides more soil
moisture to their sorghum and millet crops, but also elevates the entire village water table
levels.



Tree cover on crop fields also reduces wind speeds at the canopy level, providing a
windbreak effect that reduces the deleterious effects of desiccating winds. In the Sahel, for
example, farmers report that high winds and sand-blasting often destroy crop seedlings as
they emerge, necessitating repeated planting of the crop to achieve a successful
establishment. But with a moderate density of fertilizer trees they no longer have to plant
more than once a season.

Daytime and night temperatures are increasing as a result of climate change. Higher
temperatures increase crop heat stress, particularly at mid-day, and they are a particularly
devastating prospect during the crop flowering stage. Higher temperatures also reduce the
length of the grain-filling period, which is now being observed to directly lower crop yield
potential in Europe as well as Africa. The dispersed light shade provided by the trees in an
ECA system reduces crop canopy temperatures significantly during the mid-day period, thus
providing a helpful canopy-temperature buffering effect (CIMMYT, personal
communication, 2013). Global temperatures will continue to rise rapidly, as predicted by the
global climate models, intensifying the utility of this microclimate buffering effect. Thus, the
value of tree-based CA systems is expected to become increasingly important in the future.

ECA systems also increase drought resilience at the household level. Trees on croplands
serve as an additional household asset that can be harvested for cash during periods when
severe drought or other emergencies are experienced. This was observed to be an important
means by which families coped with household food deficits during the 2009-10 drought in
the Sahel.

The climate change mitigation potential of ECA is also significant. They accumulate much
more carbon than is possible with CA alone. Conventional CA systems tend to sequester a
maximum of 0.2-0.4 t C ha—1yr—1. ECA systems accumulate carbon both above and below-
ground in the range of 2—4 t C ha—1yr—1, roughly an order of magnitude higher than with CA
alone. This is particularly true for systems incorporating fertilizer trees such as Faidherbia or
Gliricidia (Makumba et al. 2007).

Consequently, there is considerable interest in the development of reward systems to channel
carbon offset payments from developed countries to stimulate more carbon sequestration in
African food crop systems, while simultaneously enhancing the livelihoods of smallholders
and the environment. These investments will encourage development pathways resulting in
higher carbon stocks at a whole landscape scale.

Making conservation agriculture evergreen could therefore be one of the most significant
ways to help climate proof agriculture in the future while also helping agriculture to reduce
the level of its CO2 emissions, and thus become part of the solution to climate change.

From Fertilizer Subsidies to Sustainability

The incorporation of fertilizer trees into CA systems offers a major opportunity for countries
to increase food production by enhancing the biological fixation of nitrogen in farmers’
fields. This in-field fertilizer production can help to reduce the costs of fertilizer purchases at
the farm level, and help offset fertilizer importation and subsidies at the national level. For
example, the Government of Malawi launched an input-subsidy programme in 2004 that
generated large maize surpluses and helped improved rural welfare. This success caused a
surge of interest among African governments in deploying fertilizer subsidies as a means of
enhancing food security. However, in Malawi itself, the recurrent costs of the programme



later contributed to the country’s recent near-bankruptcy, which has brought on massive
economic difficulties. The fertilizer-subsidy programme is now being gradually scaled back,
while an alternative strategy for the long term is taking root.

The Malawi Agroforestry Food Security Programme has been assisting farmers to deploy
biofertiliser trees on about 200,000 farms across the country. These practices have doubled
farm yields without inorganic fertilizer inputs, although modest additional fertilizer
applications may further increase yields. A pilot programme is currently being implemented
to link the fertilizer subsidies with these evergreen agriculture investments to provide long-
term sustainability in nutrient supply and to build up soil health. This ‘subsidy to
sustainability’ pathway for integrated soil-fertility management has provided a medium-term
solution to the fertilizer-subsidy conundrum (Garrity et al, 2010).

A recent evaluation of the performance of fertilizer subsidies among the 12 countries that are
currently implementing them has emphasized the their generally poor return on investment,
and the major burdens that they place on incurring national trade deficits and budget deficits
(IFPRI 2013). By shifting attention to upscaling fertilizer tree technologies, governments can
reap substantial benefits and create a sustainable crop nutrient supply situation.

Looking forward

ECA systems should attract much more research and extension attention than has been the
case so far. Their success will depend on more knowledge and practical solutions in a number
of areas, including: the identification of a wider range of tree species for varied
agroecologies, higher quality tree germplasm, better tree seed dissemination systems, and
further improvements in tree propagation and establishment methods. The optimum tree
densities for different ECA systems have yet to be fully understood, and the best practices in
exploiting the soil fertility synergies between organic and inorganic nutrient sources also
need to be elucidated.

CIMMYT and ICRAF are now actively collaborating in a number of projects to document the
effects of trees incorporated into maize and wheat cropping systems, and to determine the
best management practices for a range of cereal-based farming systems in eastern and
southern Africa. Pioneer Hi-Bred Seeds Corporation has recognized the future importance of
ECA systems and has been evaluating their maize hybrids under ECA systems in order to
recommend the best varieties for these management systems. The company has entered into a
collaboration with ICRAF to promote evergreen agriculture as a key direction in creating a
more sustainable and climate-smart agriculture.

Targeting and scaling-up methodologies for ECA deserve particular attention. These need to
be supported by work to reverse the policy frameworks in some countries that currently
discourage farmers from cultivating trees. Farmer organizations have always been
instrumental in the development and spread of CA. They will play an increasingly important
role in expanding the practice of ECA. There is, for instance, a growing interest in Landcare
for community-based grassroots mobilization in Africa and Asia (landcareinternational.net).
Landcare can provide a particularly suitable approach for the engagement of farming
communities in the refinement and spread of ECA.

The EverGreen Agriculture Partnership

Currently, there are efforts under way to upscale evergreen agriculture including ECA in 17



countries in Africa and several countries in Asia. But an accelerated effort is needed to
expand the reach of these systems to transform the farms of tens of millions of the poorest
small-scale farmers. Therefore, a global partnership has been launched to support
governments, farmers’ organizations, the NGO community and civil society to achieve a
massive scaling-up movement, known as The Partnership to Create an EverGreen Agriculture
(ICRAF 2012; evergreenagriculture.net). The Partnership is supporting the information
needs, capacity building, and knowledge generation required to assist in this effort. The major
international and regional organizations have endorsed this work and are they supporting it.
Many NGOs are now engaged in implementing this work on the ground. Thus, the
momentum that has been generated is encouraging. We are beginning to glimpse a future of
more environmentally sound and productive farming where much of our annual food crop
production occurs in conservation agriculture incorporating trees.
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EverGreen Conservatlon Agrlculture with Faldherbla alblda trees is now practiced by
tens of thousands of farmers of farmers in southern Africa.

Food security: integrating conservation agriculture into smallholder and family farms
in Africa.

Bashir Jama*, Abednego Kiwia, Rebbie Harawa and David Kimani,
AGRA — Nairobi: *Corresponding author email: BJama@agra.org

Increasing the productivity of smallholder agricultural and family farms is key to achieving
sustainable agriculture that includes the practice of Conservation Agriculture (CA). This
requires improving access to production inputs especially improved seeds and fertilizers,
extension and advisory and remunerative markets. There is ample evidence from various
pilot projects that these interventions can achieve remarkable results within a 2-3 year period,
especially if access to financing to procure inputs and farmer organizations are also
improved. These are core interventions that AGRA is now supporting in 16 countries in sub-
Saharan towards catalyzing a uniquely African Green Revolution, one that not only increases
smallholder agricultural productivity but also conserves the environment.

AGRA is on course and well advanced into its target of reaching 20 million smallholder
farmers by 2020. Key achievements so far include:

a) Over 80 local seed companies strengthened to enhance access to improved seeds that
are bred locally by National Agricultural Research programs with the participation of



farmers; together, they are now providing over 80,000 metric tons of seed annually to
farmers;

b) Over 23,000 agro-dealers trained and supported to stock production inputs; they have
helped reduce the distance farmers have to travel to access farm inputs, to under 2
km, in some regions;

c) About 1.0 m hectare within 1.5 m smallholders land brought under sound soil fertility
management practices. This includes the integration of organic and inorganic
fertilizers, as well as increased area under grain legumes that if well managed, can
improve soil fertility naturally. The yield of staple food crops (e.g., maize) on many
farms has increased by 2-3 folds over the typical low yields of 1.0 t/ha under
smallholder production;

d) Over 360 on-farm storage facilities established/refurbished in many countries with
about 730,000 farmers trained on post-harvest handling, quality management and
market linkages;

e) About 20,000 famer organizations strengthened; and

f) Financing mechanisms established with banks in nearly all the AGRA-focal countries.

Additionally, universities and training institutions in many countries have been strengthened
to train the next generation of breeders, soil scientists, agribusiness experts, and agricultural
economists and policy experts. On the policy front, the establishment of local policy hubs
and nodes are providing opportunities for “home grown” evidence- based policies.

These achievements provide unique opportunities for docking on initiatives to scale up
Conservation and Climate-Smart Agriculture in Africa. This is, indeed, the roadmap that
AGRA is taking. In this regard, several projects on CA are currently supported by AGRA in
Kenya, Malawi, Mozambique, Zambia, Tanzania, and Ghana. An additional one is currently
under development for Tanzania. In some cases, the interventions promoted include
agroforestry technologies.

The lessons emerging from these projects and others would allow us to guide the promotion
of CA practices that are productive and sustainable (enhance the use of yield-enhancing
technologies especially fertilizers and improved seeds as well as good agronomic practices),
promote minimum tillage and soil cover. This, however, has to take into consideration the
biophysical and socio-economic constraints of farmers and improve their access to markets
and affordable sources of credit. This will require forging strong public-private sector
partnerships. We are well poised to do that given the tremendous potential and promise of
CA towards enhancing the productivity and resilience of smallholder agriculture in Africa.



Let’s dream big! How can we cover millions of hectares with Conservation Agriculture?
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Introduction

Allow me to be quite frank for a moment. | am tired of hearing people say that conservation
agriculture (CA) isn’t spreading as fast as it should. I am tired of reading that smallholder
farmers in Africa rarely dedicate more than half a hectare to CA. 1 like it even less when |
am told that CA is just a temporary fad, or when people insinuate that CA will eventually die
a sad and lonely death.

| am not saying that all of these statements are false. | agree that CA is not spreading as fast
as it should. And I am disturbed by how often even the earliest adopters are still using CA on
less than 0.5 ha. But | do not think CA is going to die away. In fact, | believe that if we do
things right, it could become, over time, the dominant way of producing food in sub-Saharan
Africa.

To achieve such a goal, we need to look at CA with a cold eye to its faults as presently
practiced, and then find practical solutions that will a) significantly increase basic grain
productivity, b) require less labor than do other farming systems, c) use only local resources
that are plentiful, and d) increase net benefits for the farm family.

A surprising number of these changes can be achieved with the incorporation of green
manure/cover crops (gm/cc) into the CA system. In southern Brazil, gm/ccs were a part of
CA right from the start in the 1980s, and over two million farmers are now using CA in
Brazil.

Gm/ccs are defined as “any species of plant, usually leguminous, whether it is a tree, a bush,
a climbing vine, a crawler or a water-borne plant, that farmers grow to maintain or improve
their soil fertility or control weeds, even when they have many other reasons for growing
these plants.”

Material and Methods

The material in this case comes from over 25 years of experience in working with both CA
and green manure/cover crops (gm/ccs) across some 45 nations in the global south (including
21 nations in sub-Saharan Africa). The methods have been diverse. Gabino Lopez, a
colleague of mine, and | have searched out zero tillage systems, mulch systems, and gm/cc
systems across the world. Many of these systems are now practiced by over 10,000 farmers,
and a few are practiced by well over 100,000 farmers.' These latter tend to be traditional zero
till and gm/cc systems that farmers have used for centuries. We have interviewed thousands
of smallholder farmers who have originated or adopted these systems. We have made
repeated visits to the programs of EPAGRI in the State of Santa Catarina, Brazil, to learn
from that extremely valuable experience.

In Honduras, we worked with over 4,000 farmers, introducing different possible zero tillage,
mulch and gm/cc systems, identifying farmer experimenters, and watching which systems



were adopted or disadopted by the farmers. Although most of this effort consisted of learning
from others’ experiences and experiments, we occasionally encouraged certain top-quality
farmer experimenters to carry out specific experiments that we needed to have done in order
to answer critical questions in this multi-decade search for answers. After some 14 years of
using these various approaches, we organized two technical conferences, attended by selected
smallholder experimenters from across the country, most of them trained by one or another of
six NGOs. At these conferences over 75 star farmer experimenters were brought together and
each presented their most important discoveries, much as we professionals are doing at this
conference.

Results and Discussion

How well is CA fulfilling the criteria of a scalable technology? To begin, we need to look at
how CA rates according to the four criteria mentioned above: does it a) significantly increase
basic grain productivity, b) require less labor than do other farming systems, c) use local
resources that are plentiful, and d) increase net benefits for the farm family?

a) In terms of yields, it has a spotty record. In some cases, | have heard of impressive yields
of over 3 t/ha. In other cases, yields are hardly over a disappointing 1.5 t/ha.

b) In terms of labor demands, I'm afraid this is where the diagnosis starts to look a little
sickly. Hauling mulch material onto fields requires a lot of work. I’ve seen estimates of
anywhere from 5 to 12 days to gather the mulch for a quarter of a hectare. That means it
would require a solid month for one person to collect enough mulch material for just 1 ha.
And that’s only if we make the highly optimistic assumption that one doesn’t have to go a lot
farther to gather the mulch for the last 3/4 ha. And if the whole community starts gathering
the mulch, it could take more than twice that long to fetch it, as one may have to walk up to a
km to get a decent load of grass. Furthermore, the easiest mulch material to gather is all grass,
which means the farmers’ young crops have a difficult first month or so. This happens
because much of the nitrogen is tied up when the rains come, because the rains also increase
the decomposition of all that mulched grass.

Furthermore, as we are all aware, gathering all this grass means there isn’t much left for the
village’s grazing animals, which means that we may be reducing over-all incomes of those
who have animals, because grass frequently provides more income when they feed it to cattle
than when it is shielding and fertilizing the soil.

c) In terms of the use of local resources, CA also has some problems. Grass for mulching is
available for the small plots of a few farmers, but if everyone in a village decides to use CA
on all of his or her land, there would usually be a very serious shortage of mulch material.
Also, a lot of the higher yields achieved with CA depend on the use of animal manure or
compost. These resources, too, become very limiting when farmers want to expand their CA
to more than a fraction of a hectare. Furthermore, the cost of making compost, from bringing
the material together, making the compost pile, turning it over, transporting the material out
to the field and spreading it across the land, is prohibitive for use on basic grains (except for
rice). And it takes a minimum of about 20 t/ha of biomass a year to maintain yields over
time." Has anyone ever seen a smallholder farmer apply 20 tons of compost to a hectare of
CA?

d) Thus, the profits from CA can be very attractive for about 1/4 ha, but if we expand the use
of CA to even just one hectare, the cost of mulching and enriching the soil become
prohibitive. It is therefore not at all surprising that farmers usually have less than 0.5 ha of
CA.



Of course, it could be possible that these problems are just part of the nature of CA. Maybe
we just have to be content that farmers are planting a quarter of a hectare of CA. At least in
doing so, they are probably maximizing the output of their animal manure, compost and
labor, even if only on a small part of their land.

But we have incontrovertible evidence to the contrary. In southern Brazil, by far the best and
most extensive example of CA anywhere in the developing world, over two million farmers
are using CA. Another 1 million farmers use CA in Paraguay. Many of those farmers use CA
on anywhere from 5 to 20 ha. Some wealthy farmers in Brazil use CA on literally thousands
of hectares. There are much smaller instances of farmers using CA, numbering in the
thousands, in Central America and Asia. Many of these people are smallholder farmers who
discovered the principles of CA on their own, and have allowed the technology to spread to
thousands of their colleagues.

So we need not resign ourselves to the idea that CA can only be practiced profitably on a
small scale, or that its dissemination must be slow and difficult.

What Can We Do? There is one very simple and obvious difference between CA as practiced
in southern Brazil, and that practiced in most of southern Africa. That is the use in CA of
green manure/cover crops (gm/ccs). Most Brazilian farmers would never think of using CA
without using gm/ccs along with it. In fact, in order to make their zero tillage much more
productive right from the first year, they plant gm/ccs (usually intercropped with their basic
grains) for a year or two before they even start using zero tillage. In this way, they fill the
soil with as much as 60 t/ha of organic matter (green weight) each year for two or three years,
so that when they convert to zero tillage, the soil will be soft and pliable, and their crops will
produce very well from day one. '™

We have proven that in Africa, such a process is not necessary. Nor would it be particularly
desirable in areas that are more drought-prone than southern Brazil. In droughty areas, the
mulch is of tremendous importance. Operating two or three years without the mulch would
not be advisable.

But the incorporation of gm/ccs into CA is of the essence. There are a good dozen very
important synergies between gm/ccs and CA. In fact, gm/ccs can make tremendous strides
toward solving every one of the three major problems identified above. Gm/ccs can produce
prodigious amounts of in situ mulching material. They can greatly improve soil fertility and
soil quality, so that yields in CA will rise even higher than the best yields achieved so far.
And after a farmer has a handful of seed, s/he can produce all the seed s/he needs. No other
local resources are essential except the land itself. Lastly, because of the reduced labor and
higher yields achieved with gm/ccs, the net profit, or benefits, from CA will increase
dramatically. Gm/ccs can also make farming systems completely sustainable over decades,
provide high-protein food for the family, improve soil quality, reduce weed populations, and
completely rid people’s land of particularly noxious parasites and weeds like striga (Striga
hermonthica) and speargrass (Imperata cylindrical).

All these advantages are the good news. But no cure-all like this comes free. The bad news is
that we as program people will have to do a lot of learning to find the best gm/cc systems for
the people with whom we are working. Incorporating the right gm/ccs into CA is not just a
matter of planting a lot of mucuna (Mucuna spp.) or lablab beans (Dolichos lablab)
everywhere. The best gm/cc systems have to be appropriate to the climate, the local farming
system, the needs of the farmers, the topography of their land, their food preferences and their
major crops, among other things. There is a lot of homework to be done.



Using Gm/ccs. First, what can we expect gm/ccs to do for CA in terms of the four criteria
above?

a) Different yield increases will be achieved by different systems among the 130 or so known
gm/cc systems. Nevertheless, most of us can reasonably expect that over five years, gm/ccs
should raise yields of maize by at least 100% if they are presently under 1.5 t/ha, by 50% if
they are between 1.5 t/ha and 2.5 t/ha and by 30% of they are higher than that.

These increases in yields will be brought by any of perhaps a dozen improvements in the
farmers’ production systems. Probably the most important issue here, especially for people
who are as committed to mulching as CA proponents are, is the role that a mulch can play in
a gm/cc system.

Many humid tropical forests inhabit some of the poorest soils on the planet, with pHs of 5.0
or less, virtually no available phosphorus, and toxic levels of aluminum. Yet they go on, year
after year for millennia, producing phenomenal amounts of biomass. A smallholder farmer
cuts down a piece of these forests, and within three to five years the soil has become so
infertile that s/he has to let the forest grow back again to restore the soil. Why is the forest so
able to do what any farmer wishes s/he could do, but can’t? The answer we are given, if
anyone does give us an answer, is that the farmer has used up the few nutrients left in the soil.
But the nutrients used by a smallholder farmer in five years are insignificant. Furthermore, if
those lost nutrients were so important, how does the forest go about restoring the fertility of
the soil without them?

The trees of a humid tropical forest obtain their nutrients mostly from what foresters call the
litter layer. We agronomists call the same thing a mulch. If you dig up the top 20 cm of a
forest floor, you will find a mat of tree roots several cm thick. These roots are not feeding
from the soil; they’re feeding from the mulch. Why? The soil, with high acidity, aluminum
toxicity and virtually no available phosphorus, is basically a hostile environment for plant
roots. Feeder roots always go to where the environment is more favorable and the nutrients
more abundant and well-balanced. In this case, that environment is the mulch.

Given two caveats, the same will happen in CA. In the mulches we maintain, there are
abundant nutrients that are made available to the feeder roots of our farmers’ crops over a
period of just a few months. Crops will grow extremely well, but only if the mulch is
biodiverse, like the litter layer of a forest, and it is moist, which also is true in a humid
tropical forest. The moisture content of the mulch is an issue we will take up below when we
speak of dispersed shade. The biodiversity of the mulch will be achieved when we use
gm/ccs. Unfortunately, if the mulch is entirely, or is largely, composed of grasses, it will lack
nitrogen (the C/N ratio will be too high), and the crops’ feeder roots will not feed there very
well. That is, by not including significant amounts of leguminous material in our mulches,
we are denying our farmers by far the best and most efficient manner of feeding their crops.
Once we do have a healthy amount of leguminous biomass in our mulches, dinner is served.
Our crops will be able to take advantage of the best feeding environment this side of a
scientific laboratory.

But nitrogen is not the only issue. Acid soils tie up phosphorus in minutes, and don’t leave
more than half a percent of the soil phosphorus in forms that are available to plants. This
means that the vast majority of the generally low amounts of phosphorus we have in southern
African soils is unavailable to crops. Thus, crops that feed from the soil will be starved of
phosphorus, even when there is quite a bit there. In a mulch, however, virtually all the
phosphorus that is not available right now, will be available sometime within the next few
months, when the organic matter that contains it decomposes (ie mineralizes).



Furthermore, gm/ccs have proven that they can, like the tropical forest, produce enough
biomass to maintain soil fertility for decades. The standard of 20 t/ha (green weight), which |
used above, is a fairly easy target. Lablab beans, runner beans, mucuna, and many other
gm/cc species can all produce more than twice that much biomass in a season.

So farmers will produce a lot more, and more sustainably, if they feed their crops through a
mulch that includes legumes. In that way, millions of African farmers can do exactly the
same thing a tropical forest does—produce huge amounts of edible biomass for decades, if
not centuries, without in any way damaging the environment." That this can be done has been
proven by a good number of gm/cc systems.”

b) Even when CA reduces the labor input involved in soil preparation, CA as it is practiced
here in southern Africa has huge labor demands that come from hauling grass for mulching
and hauling biomass to fertilize the soil, whether it is animal manure, compost, kitchen scraps
or compound sweepings. Gm/ccs will produce high-nitrogen biomass that kilo for kilo
fertilizes the soil roughly as well as animal manure, and can provide over 40 t/ha (green
weight) of mulch material, with absolutely no transportation costs whatsoever, because it is
produced in situ. The labor required by the gm/ccs is rarely more than that required to plant
them and cut them down. Planting is a very simple operation that often can be done together
with the planting of the maize or whatever species the gm/cc is intercropped with (i.e. often
by throwing the gm/cc seeds in the same hole as the maize), and the cutting down of the
green manure, though a major task, requires much less labor than cutting down a forest
fallow, or cutting down and hauling maize stalks around to pile them up and burn them. They
are also a good deal less than the labor required to haul mulch material and organic fertilizers
out to the field. Thus, the labor requirements of using gm/ccs are approximately 20 to 40%
less than those required by the practices presently being used for CA.

c) The materials required for most gm/cc systems are nothing more than a handful of gm/cc
seeds for the first planting. After that, the farmers produce their own seed, year after year. If
farmers can’t easily produce their own seed from a particular species of legume, we simply
don’t use that species. There is no material involved in growing gm/ccs that is in short
supply, that becomes scarcer if everyone in the village uses CA, or that becomes more labor-
intensive if everyone decides to grow 1 ha of CA. The cost of using gm/ccs remains almost
exactly the same per ha planted, whether the farmer does CA on 0.25 of a hectare, or on 25
hectares, unless s/he can mechanize, in which case the cost/ha of CA will be reduced as the
size of the plot expands, rather than being increased.

d) The net profits of CA using gm/ccs will vary a good deal, but will almost always be better
than the net profit of doing CA without them. This happens because, as mentioned above,
yields increase and labor costs—on larger plots—decrease.

The additional benefits gm/ccs can provide for CA. In addition to those already mentioned,
gm/ccs provide a huge number of additional benefits:

e Increased soil organic matter and soil nutrients. There is occurring, all 