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Abstract

Meeting the food demand of a global population expected to reach 9.1 billion in 2050 and over 10
billion by the end of the century will require major changes in agricultural production systems.
Improving cropland management is key to increasing crop productivity without further degrading
soil and water resources. At the same time, sustainable agriculture has the potential to deliver co-
benefits in the form of reduced GHG emissions and increased carbon sequestration, therefore
contributing to climate change mitigation. This paper synthesizes the results of a literature review
reporting the evidence base of different sustainable land management practices aimed at increasing
and stabilizing crop productivity in developing countries. It is shown that soil and climate
characteristics are key to interpreting the impact on crop yields and mitigation of different
agricultural practices and that technology options most promising for enhancing food security at
smallholder level are also effective for increasing system resilience in dry areas and mitigating
climate change in humid areas.






1. Introduction

Agriculture is the most important economic sector of many developing countries. Agricultural
production systems are expected to produce food for a global population that will amount to
9.1 billion people in 2050 and over 10 billion by the end of the century (UNFPA 2011). To secure and
maintain food security, agricultural systems need to be transformed to increase the productive
capacity and stability of smallholder agricultural production. However, there is a question of which
technologies and practices are most appropriate to reach this objective, and considerable discussion
about the inadequacy of the dominant model used for intensification so far—relying on increased
use of capital inputs such a fertilizer and pesticides. Generation of unacceptable levels of
environmental damage and problems of economic feasibility are cited as key problems with this
model (Tillman et al. 2002; IAASTD 2009; FAO 2010a). Greater attention is thus being given to
alternative means of intensification, particularly the adoption of sustainable land management
(SLM) technologies." Key benefits of these technologies are increasing food production without
further depleting soil and water resources (World Bank 2006), restoring soil fertility (IFAD 2011; Lal
1997), increasing the resilience of farming systems to climatic risk, and improving their capacity to
sequester carbon and mitigate climate change (CC) (FAO 2009; FAO 2010c).

SLM technologies can generate both private and public benefits and thus constitute a potentially important
means of generating “win-win” solutions to addressing poverty and food insecurity as well as
environmental issues. In terms of private benefits to farmers, by increasing and conserving natural capital —
including soil organic matter, various forms of biodiversity, water resources — SLM can generate productivity
increases, cost decreases and higher stability of production (Pretty 2008; 2011). SLM practices contribute to
improving soil fertility and structure, adding high amounts of biomass to the soil, causing minimal soil
disturbance, conserving soil and water, enhancing activity and diversity of soil fauna, and strengthening
mechanisms of elemental cycling (Woodfine 2008). This in turn translates into better plant nutrient content,
increased water retention capacity and better soil structure, potentially leading to higher yields and greater
resilience, thus contributing to enhancing food security and rural livelihoods (FAO 2009).

At the same time, widespread adoption of SLM has the potential to generate significant public
environmental goods in the form of improved watershed functioning, biodiversity conservation and
CC mitigation. The technical potential for mitigation from agriculture by 2030 is estimated to be
between 4,500 MtCO,e/year (Caldeira et al. 2004) and 6,000 MtCO,e/year (Smith et al. 2008), which
can be reached by reducing GHG emissions — of which agriculture is an important source
representing 14% of the global total — and increasing soil carbon sequestration — which constitutes
89% of agriculture technical mitigation potential (IPCC 2007).> Many SLM technologies can increase
the levels of soil organic matter, of which carbon is the main component, therefore delivering
significant CC mitigation co-benefits in the form of reduced GHG emissions and increased carbon (C)
sequestration.? Improving productivity would also reduce the need for additional land conversion to

! According to the UN Earth Summit of 1992, SLM is “the use of land resources, including soils, water, animals and
plants, for the production of goods to meet changing human needs, while simultaneously ensuring the long-term
productive potential of these resources and the maintenance of their environmental functions”. SLM comprises four
main categories of land management technologies: improved cropland management, improved pasture and grazing
management, restoration of degraded land, and management of organic soils.

> To a lesser extent, improvements in rice management and livestock can reduce CH, emissions, providing an
additional 9% of mitigation potential. Adopting measures in crop management could reduce N,0 emissions from
soils, representing the remaining 2% of agriculture’s mitigation potential.

* The SOC content is likely to reach its maximum 5 to 20 years after adoption of SLM practices and remain similar,
under continuous use of SLM practices and similar environmental conditions. The actual rate of SOC sequestration in
an agricultural system depends on soil texture, profile characteristics and climate, ranging from 0 to 0.15 t C/ha/year
in dry and warm regions and 0.10 to 1 t C/ha/year in humid and cool climates.



agriculture, which on its own represents almost as much GHG emissions as those directly generated
from agricultural activities (Cerri et al. 2007; Houghton 1999; Lal 2004).

Despite the capacity to generate both public and private benefits, the adoption of SLM practices has
been relatively low globally (FAO 2010a). Thus, there is considerable interest in understanding better
the benefits, costs and barriers to adoption of these practices. The goal of this present work is to
synthesize the evidence base on the yield impacts (e.g. private benefits) of a range of improved
cropland management options, known to have high potential for sequestering soil carbon and thus
contributing to CC mitigation (e.g. public benefits). By assessing the impact of adopting such
practices on the level of food production, this paper also highlights the state of knowledge on where
synergies between food security and CC mitigation in croplands are most likely to be found.

To fully realize these synergies, we also need a better understanding of the costs and barriers faced
by households when deciding to adopt SLM practices. In a separate companion piece, we consider in
more detail household-level studies of adoption of SLM practices, focusing on the costs and barriers
to adoption by farmers and the institutional changes and policy frameworks needed to reduce
transactions costs and barriers to adoption (McCarthy 2011).

The Paper is structured as follows: Section 2 describes data and analytical methods used in this study
(literature review and empirical analysis), Section 3 reports main results, which are then discussed in
Section 4.



2. Materials and methods

2.1 Dataset

The present study is based on a review of the existing literature showing the impact of selected
sustainable cropland management mitigation options on the productivity (average yield) of crops.*
We compiled data from the literature published in English, Spanish and Portuguese, considering the
following set of technologies as reported in IPCC 2007: (i) improved agronomic practices, (ii)
integrated nutrient management, (iii) tillage and residue management, (iv) water management, and
(v) agroforestry (see Table 1).

Table 1. Sustainable cropland management practices considered in the analysis

| Management Practices Details of the Practices |

Agronomy Use of cover crops

Improved crop or fallow rotations

Improved crop varieties

Use of legumes in crop rotations

Integrated nutrient management Increased efficiency of Nitrogen fertilizer

Organic fertilization (use of compost, animal and green manure)

Tillage and residue management Incorporation of crop residues

Reduced/minimum/zero tillage

Water management Irrigation

Bunds/zai, tied ridge system

Terraces, contour farming

Water harvesting

Agroforestry Live barriers, fences

Crops on tree-land

Trees on cropland

Source: IPCC 2007

To be included in the analysis, studies had to report: the specific improved cropland management
practice (or group of practices) adopted; the crop on which the practices have been implemented,;
and the corresponding change in crop yield. Reporting of variability data (min-max or range, variance
or standard deviation) was preferred but not essential. Only studies reporting empirical results from
wider implementation at farm level of the selected technologies in developing countries were taken
into account. Thus, publications reporting model estimations or results of plot experiments in
research stations or on-farm field trials and studies related to documented cases in developed
countries were not considered. Studies which do not report any quantitative impact of the SLM
practice on the yields, but only an overall indication of such impact (i.e. if positive or negative) were
also excluded. Reports of projects implementing a set of different practices (technology package)
were excluded as well since it was not possible to isolate the impact of the specific practice on crop
productivity.

* Grasslands are also a potentially important resource for carbon sequestration. However, the evidence on benefits
to grasslands management in terms of both carbon sequestration and livestock productivity is scarcer than for
croplands (though see Abberton et al. 2010 and Lipper et al. 2007 for a review of empirical evidence on
productivity, and Conant et al. 2001 for a review on carbon sequestration effects). This paper will focus only on
cropland, while acknowledging the potential role of grasslands.



The main data source was publicly available published peer-reviewed studies. Literature
searches (mainly in English, but also in Spanish, Portuguese and, some French) were conducted
through the Food and Agriculture Organization of the United Nations (FAO) and the University of
[llinois libraries as well as through search engines such as Google Scholar. The following
electronic databases have been consulted: CAB Abstracts, Science Direct, Science Magazine
Online, ProQuest, Economist Intelligence Unit, World Bank Publications, OECD Publications,
CIRAD (Centre de coopération internationale en recherche agronomique pour le développement)
library and the World Overview of Conservation Approaches and Technologies technology
database (WOCAT 2011). Using the WOCAT database, case studies from the questionnaire of
technologies were extratced, and those which report the effects of the practices on average
yields (quantitative data) were selected. Also, the following journals were systematically
checked: Agriculture, Ecosystems & Environment; Agroforestry Systems; Soil & Tillage Research;
Soil Science; Agricultural Systems. Additional information was collected consulting the Global
Farmer Field School Network and Resource Centre (FFSnet),” the FAO database on proven
agricultural technologies for smallholders® (TECA) and the FAO Investment Centre (TCl)
electronic library of project documents.’

Keywords used in the search include, among others: sustainable farming/SLM/improved
agronomic practices/tillage management/water management/agroforestry/pasture
management & crop yields. Key words for the search in Portuguese include: rotacdo de
culturas/cobertura do solo/pousio/variedades melhoradas/cultivo minimo/plantio
direto/incorporacéio  de residuos/cordéo  vegetado/corddo de pedra/patamar de
pera/reflorestamento  conservacionista/estercos/adubacao  organica/adubacao verde &
productividade. Key words for the search in Spanish include: cultivos de cobertura/rotacion de
cultivo/variedades mejoradas/labranza cero/sebes vivas/cercas vivas/agroforesteria o
agrosilvicultura/estiércol/suministros o abonos organicos & cosechas o rendimientos. Key words
for the search in French include: stratégie amélioration de la fertilité/rotations, successions et
associations cultural/gestion de I'eau/plantes fourrageres et de couverture/paillage/haie vive
antiérosive/productivité.

When a relevant study was found, papers which were cited by the study, as well as papers which
cited the study itself were checked, to obtain as complete set of papers as possible. For each
case study, the following information is reported in the database: detailed description of the
practice(s) adopted, crop(s), location (geography, climate), information about land-use history,
and yield variation with respect to previous conventional agricultural practices.

> Unfortunately, we could not find useful quantitative data from this source of information. In fact, as shown in a
recent study which reviewed 25 impact evaluations, largely from unpublished sources (van den Ban and Hawkins
1996), in assessing the results of Farmer Field School (FFS) activities, no agreement has yet to be reached as to what
to measure and how to measure it. Nevertheless, almost unanimously, studies have demonstrated notable increases
in rice, cotton and vegetable yields (Braun et al. 2006) consequent to the implementation of FFSs.

® Such as a technology for which there is evidence that the technology has been used or adopted by target
beneficiaries (farmers), especially in rural areas, and that it can be easily reproduced, shows maturity by successful
application in projects, the information that is available is a public good and has been developed with a participatory
approach, and contributes to the increase in yields by making sustainable use of natural resources (FAO 2011).

7 We examined reports such as: Staff Appraisal Report (SAR), Project Appraisal Document (PAD) and Completion
Report (ICR). Unfortunately, due to a complicated and long consultation procedure, it was possible to extract only a
limited amount of information. Also, in many cases, project documents provided only qualitative information or
reported the impact of the whole technology package, without providing the productivity effect of the single
management practices adopted.



Overall, 217 observations from about 160 publications were included in the database for the current
study.® The database covers five main management practices — agronomy, integrated nutrient
management, tillage and residue management, water management and agro forestry — applied in
three regions — Asia and Pacific, Latin America and sub-Saharan Africa — 41 countries — Bangladesh,
Benin, Bolivia, Botswana, Brazil, Burkina, Cameroon, China, Colombia, Dominican Republic, DR
Congo, El Salvador, Ethiopia, Ghana, Ghana, Guatemala, Honduras, India, Indonesia, Kazakhstan,
Kenya, Malawi, Mexico, Morocco, Mozambique, Nepal, Niger, Nigeria, Pakistan, Paraguay, Peru,
Philippines, Rwanda, Senegal, South Africa, Sri Lanka, Tanzania, Togo, Uganda, Vietnam, Zambia and
Zimbabwe — and mainly over cereals—maize, wheat, sorghum, millet and teff (see Tables 2 and 3).

Table 2. Dataset description: number of observations by management practice

Management practice Cereals Other crops

Agronomy 28 10 38
Integrated nutrient 24 7 31
management

Tillage and residue management 55 15 70
Water management 44 8 52
Agroforestry 20 6 26
Total 171 46 217

Table 3. Dataset description: number of observations by geographical area

| Region Cereals Other crops Total
| n
Asia and Pacific 49 10 59
Latin America 32 15 47
Sub-Saharan Africa 90 21 111
Total 171 46 217

2.2 Study designs

The studies used in the current review are essentially journal articles and reports of academic
research, edited books and book sections, and project reports. Although seemingly a large number
of studies are available on the topic — since many articles cite evidence from others — the number of
original field studies is considerably more limited. However, the search was expanded using the
World Overview of Conservation Approaches and Technologies (WOCAT 2011) database which
contains a full range of different case studies documented from all over the world, comprising
datasets on 380 technologies from over 40 countries and reporting original field data as well as grey
literature (thesis, manuscripts and other unpublished work).

Most publications in the database make reference to original project data and report findings from
projects aimed at promoting the adoption of improved cropland practices in a specific area and
implemented by local institutions, often in cooperation with scientists (e.g. Altieri 2001; Edwards

& The number of observations (data points) does not coincide with the number of publications for two reasons: if the
publication reports a separate analysis for different countries or for more than one crop type, then the
corresponding results were considered as separate cases in the database; in some cases one observation results
from more than one publication (e.g. data reported in WOCAT database of technologies).



2000; Erenstein et al. 2007; Garrity 2002; Hine and Pretty 2008; Jagger and Pender 2000; Kassie et al.
2008; Kaumbutho and Kienzle 2008; Pender 2007; Place et al. 2005; Pretty 1999; Scialabba and
Hattam 2002; Sharma 2000; Shetto et al. 2007; Sorrenson 1997; Verchot et al. 2007). Most of these
studies report results of observations over a limited number of years. However, some also report
results of long-term observations: e.g. Sorrenson (1997) analyzed the profitability of Conservation
Agriculture on farms in two regions of Paraguay over ten years.

Some publications report empirical results measured in other studies when building a model (e.g.
Dutilly-Diane et al. 2003), while some others are a literature review: Lal (1987) basically reviews all
advances in management technologies that have proven to be successful within the ecological
constraints of Africa by looking at past studies and literature; Parrot and Marsden (2002) and Rist
(2000) generated information through a desk-based literature review, supplemented by a semi-
structured survey of organic organisations, NGOs and academics, and a select number of face-to-
face and telephone interviews; Pender (2007) reviews the literature on agricultural technology
options in South and East Asia, drawing conclusions concerning technology strategies to reduce
poverty among poor farmers in less-favoured areas of this region; Derpsh et al. (2010) report and
comment on results from previous studies on tillage management.

Only in a limited number of cases have results of research experiments been included, specifically in
the case of long-term or worldwide experiments or when a relatively high number of farmers have
been involved: e.g. Govaerts et al. (2007) report the results of a long-term experiment started in
1991 (to 2007) under rainfed conditions in the volcanic highlands of central Mexico, where crop
rotations maize/wheat, zero tillage and residue management practices have been successfully
tested; Hossain et al. (2003) assessed the contributions of international research centres to rice
productivity gains in the developing countries of Asia and Latin America over the period 1965-99,
through a questionnaire and in-depth interviews; Rockstrom et al. (2009) conducted on-farm trials
over 1999-2003 in eight different locations at 11 experimental sites, engaging varying numbers of
farmers at each site.

Unfortunately, in most cases the publications reviewed do not explain clearly how the information
on the effect of the SLM practices on the yields were collected. Only a limited number of studies
used proper impact analysis to document the effect of the introduction of the new technologies. For
example, in the study by CIAT (2008) — aimed at estimating the impacts of new bean varieties
released in eastern, central and southern Africa — the Pan-Africa Bean Research Alliance (PABRA)
coordinated a set of impact studies: field research was conducted between 2004 and 2006 in Kivu
province of DR Congo, Ethiopia, western Kenya, Malawi, northern Tanzania, Rwanda and Uganda,
and data for the country studies was obtained through sample surveys covering 2,476 farm
households. Place et al. (2005) combined qualitative and quantitative analysis: quantitative
measures from surveys, enumerator ratings and farmer self-assessments and qualitative research
methods. Stoll (undated) reported impacts of programmes and projects promoting SLM
technologies. Some studies report the results of surveys conducted among farmers: e.g. Ekboir et al.
(2002) asked an open-ended question about the three most important changes that no-till brought
to farming activities and a majority of the farmers (62%) mentioned higher yields; Erenstein et al.
(2007) used community-level surveys to compare yields from smallholders under conventional
tillage (high-intensity agriculture) and zero tillage in Zimbabwe; Franzel et al. (2004) used
guestionnaires to document the results of other report results of farm-led trials conducted after
researcher-led trials.

Most studies report results from single cases in a specific area of a country, and with reference to a
particular climate. However, some studies are a global review of results from various countries: e.g.
Derpsch and Friedrich (2009) compare conservation agriculture systems with conventional tillage
systems in Latin America, Africa and Asia; Hine and Pretty (2008) — which is by far the largest study



examining sustainable agriculture initiatives in developing countries — compile the analyses of 286
projects covering 37 million hectares in 57 countries; Pretty (1999) examines a typology of eight
technology improvements currently in use in 45 sustainable agriculture projects in 17 countries,
finding that some 730,000 households have substantially improved food production thanks to cereal
yield increases. Also, some studies report results under different climatic conditions: e.g. Kassie et al.
(2008) use two sets of plot-level data for their empirical analysis in Ethiopia, one from a low rainfall
region (Tigray: 500 farm households, 100 villages, 50 peasant associations and 1,797 plots) and
another from a high rainfall region (Amhara: 435 farm households, 98 villages, 49 peasant
associations and about 11,434 plots).

To isolate the production effects of the improved cropland management technologies, in many cases
the results have been compared with control areas where the practices have not been implemented
(e.g. Erenstein et al. 2007; Franzel et al. 2004; Hellin and Haigh 2002; Hodtke et al. (undated); Li et al.
2008). In other cases, the long-term trends in crop yields have been modelled for several alternative
technology options and compared to crops produced under conventional management practices, on
the basis of extensive farm-experiments (e.g. Garrity 2002, Nelson et al 1998).

In almost all cases included in the literature database, publications have analyzed the results of
peasant farming projects which deal with small-size farms (ranging from less than 1 ha to about
1-2 ha). Only a few cases report results of projects involving medium/large-scale farms: e.g. Alvarez
and Flores (1998) in Honduras; Fileccia (2008) in Kazakhstan; and Sorrenson (1997) in Paraguay.

2.3 Literature review and empirical analysis

We have analysed the effect of adopting improved cropland management technologies on crop
productivity through a traditional literature review — examining the publications collected as
described above — complemented by the analysis of empirical evidence, using the results from the
individual studies contained in the database of publications. The basic assumption underlying the
empirical analysis is that each study result is one observation that can be thought of as one data
point in a larger dataset containing all available observations (Arngvist and Wooster 1995; Gurevich
and Hedges 1999). A single publication might contribute more than once to the empirical analysis if a
separate study was done for different countries or if more than one crop type was studied.’ Most of
the studies did not report any measure of variance for the crop yields resulting from the
implementation of the improved practices. Thus, only effects on the average yield have been
considered.

Since the main goal of the empirical analysis was to determine whether the implementation of
various improved cropland management practices elicited quantitatively different responses in crop
yields, we considered the percent change of average yields with respect to the corresponding yield
obtained under conventional agriculture in the same geographical area and under the same climate
conditions. We also tested whether there are significant differences in mean response among
various categories of cropland management technologies (range, standard deviation and coefficient
of variation).

Per each management practice — agronomy, integrated nutrient management, tillage and residue
management, water management, agroforestry — a crop (or group of crops) is selected and the
percentage variation of yield with respect to conventional agricultural practices by agroclimatic
conditions (dry/humid) is examined. Some of the studies report the change in crop yields in absolute
terms (t/ha), while others report data in percentage yield change due to the introduction of
improved practices. To make the results comparable, all data have been transformed into

% See also footnote 8 above in the text.



percentage change with respect to the average yield (using the approximate average yield for the
specific crop and country and under the prevailing climate characteristics of the project area, when
available).



This section presents the evidence base of the impact of selected improved cropland management
options on crop yields as a result of the literature review (Section 3.1) and of the quantitative
analysis of the empirical evidence (Section 3.2).

3.1 Global trends from the literature review

The main benefit of implementing improved cropland management practices is expected to be
higher and more stable yields, increased system resilience and, therefore, enhanced livelihoods and
food security, and reduced production risk (Conant 2010; Vallis et al. 1996; Pan et al. 2006;
Woodfine 2009; Thomas 2008).

In this next section, we summarize findings from a global literature review on yield effects of the
adoption of specific improved crop management practices. To the extent possible, we distinguish
between agro-ecological and farming system type, as well as long run vs. short run effects. However,
the analysis of these factors is highly constrained by the availability of information in the literature
cited.

Use of cover crops is reported to lead to higher yields due to decreased on-farm erosion and nutrient
leaching, and reduced grain losses due to pest attacks. For example: Kaumbutho et al. (2007)
showed that maize yield increased from 1.2 to 1.8-2.0 t/ha in Kenya with the use of mucuna (Velvet
Bean) cover crop; Olaye et al. (2007) showed that there was a significant yield loss of about
31.4-42.4% in the long run and 36.7-48.5% in the short run for continuous maize planting compared
to maize cropped using different cover crop types—Cajanus spp. (e.g. Pigeon pea) and mucuna;
Pretty (2000) showed that farmers who adopted mucuna cover cropping benefited from higher
yields of maize with less labour input for weeding (maize following mucuna yields 3-4 t/ha without
application of nitrogen fertiliser, similar to yields normally obtained with recommended levels of
fertilisation at 130 kgN/ha); Altieri (2001) reported that maize yields in Brazil increased by 198-246%
with the use of cover crops.

Crop rotations and intercropping designed to ensure differential nutrient uptake and use — e.g. between
crops, such as millet and sorghum and Nitrogen-fixing crops, such as groundnuts, beans and cowpeas —
will enhance soil fertility, reduce reliance on chemical fertilizers, and enrich nutrient supply to
subsequent crops (Conant 2010), leading to increased crop yields (Woodfine 2009). For example, Hine
and Pretty (2008) showed that in the North Rift and western regions of Kenya maize yields increased to
3,414 kg/ha (71% increase in yields) and bean yields to 258 kg/ha (158% increase in yields); Hodtke et al.
(undated), as cited by Parrot and Marsden (2002), report that, in Brazil, intercropping maize with
legumes led to increases in both grain yield and total nitrogen content by 100%.

Increased crop yields after a fallow period have been widely reported (Agboola 1980; Hamid et al. 1984;
Saleen and Otsyina 1986; Prinz 1987; Palm et al. 1988; Conant 2010), although the magnitude of yield
increment after each successive fallow is variable, and bare fallow may increase soil erosion risk.

The use of improved crop varieties is expected to increase average yields because of the greater seed
diversity of the same crop. For example, Pretty (2000) showed that introduction of new varieties of
crops (vegetables) and trees (fruits) increases yields in Ethiopia by 60%; the International Centre for
Tropical Agriculture (CIAT 2008) showed that the average yield increase due to the introduction of



10

new bean varieties in seven African countries was 44% in 2004-2005, although the gains varied
widely across countries, ranging from 2% in Malawi to 137% in western Kenya.°

Adopting organic fertilization (compost and animal manure) is widely found to have positive effects
on the yields. For example, Hine and Pretty (2008) showed that maize yields increased by 100%
(from 2 to 4 t/ha) in Kenya; Parrot and Marsden (2002) showed that millet yields increased by
75-195% (from 0.3 to 0.6-1 t/ha) and groundnut by 100-200% (from 0.3 to 0.6-0.9 t/ha) in Senegal;
and Scialabba and Hattam (2002) showed that potato yields increased by 250-375% (from 4 to
10-15 t/ha) in Bolivia. Altieri (2001) quotes several examples from Latin America where adoption of
organic fertilization and composting led to increases in maize/wheat yields between 198-250%
(Brazil, Guatemala and Honduras) and in coffee yield by 140% (in Mexico); Edwards (2000) showed
that in the Tigray province of Ethiopia, composting led to yield increases compared to chemically
fertilized plots: barley (+9%), wheat (+20%), maize (+7%), teff (+107%), and finger millet (+3%); Rist
(2000), as cited in Parrott and Marsden (2002), reports that farmers in Bolivia increased potato
yields by 20% using organic fertilizers. Also, enhancing inputs of nitrogen through nitrogen-fixing
plants that are not harvested (green manure) is key to maximizing production and ensuring long-
term sustainability of agricultural systems (Fageria 2007; Hansen et al. 2007). For example, Kwesiga
et al. (2003) showed that in Zambia, including Sesbania sesban (an indigenous nitrogen-fixing tree)
fallow in rotation led to increases in yields for maize with respect to continuous cropping. Maize
yields increased from 6.75 to 7.16 and 7.57 t/ha following 1, 2 and 3 years fallow, showing that short
leguminous fallow rotations of 1-3 years have the potential to increase maize yields even without
fertilizers, thanks to the nitrogen-fixation capacity and mineralization of the belowground root
system.

Increasing the proportion of nutrients retained in the soil — e.g. through mulching and limiting
nutrient leaching — is also expected to have positive effects on crop yields (Smolikowski et al. 1997;
Conant 2010; Silvertown et al. 2006). For example, Lal (1987) reported vyield increases by
incorporating residue mulch of rice husks (about 6 t/ha) on different crops—from 3.0 to 3.7 t/ha on
maize, 0.6 to 1.1 t/ha on cowpea, 0.6 to 0.8 t/ha on soybean, 16.4 to 28.3 t/ha on cassava and 10.7
to 17.9 t/ha on yam. Also, soil water contents are generally higher under mulch cover (Unger et al.
1991; Arshad et al. 1997; Barros and Hanks 1993; Scopel et al. 2004).

Tillage systems — which adopt no-tillage, minimum tillage and crop residue management — provide
opportunities for increasing soil water retention. Therefore, crop yields are often higher than under
conventional tillage (Derpsch and Friedrich 2009), especially in semi-arid and dry sub-humid
agroecosystems. For example, substantial increases in rain-use efficiency with implementation of
conservation tillage practices in sub-Saharan Africa are reported by Rockstrom et al. (2009). Studies
examining maize production in semi-arid Mexico produced similar results (Scopel et al. 2005). Also,
in semi-arid areas, no-tillage benefits seem to be higher on severely degraded soils because of low
organic matter content and poor physical conditions (Acharya et al. 1998).

There is also evidence of yield and soil improvements from humid tropical and temperate
agroecosystems (e.g. Rasmussen 1999; Diaz-Zorita et al. 2002; Bronick and Lal 2005), where
primarily minimum and zero-tillage practices are applied. In semi-arid sub-Saharan Africa,
documented success with minimum tillage practices is limited and scattered, largely in relation to
certain development projects, e.g. in Tanzania and Zambia (Rockstrom and Jonsson 1999), even
though significant success has been reported from commercial farms (Oldreive 1993). Conservation
farming success in Africa remains concentrated to more humid environments where many studies
report positive effects on crop yields compared to traditional tillage management: Hine and Pretty

% New varieties were planted on 49% of total bean acreage in 2004-2005, but the proportion varied across countries
(DR Congo-Kivu 68%, N. Tanzania 56%, Malawi 68%, Rwanda 43%, and Uganda 31%).



(2008) report increases in maize yields (+34%) and soya (+ 11%) in Argentina; Hine and Pretty (2008)
record increases in yields of maize (+67%, from 3 to 5t/ha) in ten years and soya (+68%, from 2.8 to
4.7 t/ha) in Brazil (Paranad and Rio Grande do Sul) and again maize (+ 47%), soya (+83%), and wheat
(+82%) in Brazil (Santa Caterina).

Proper water management can help capture more rainfall (Vohland and Barry 2009), making more
water available to crops, and using water more efficiently (Rockstrom and Barron 2007), which are
crucially important for increased agricultural production (Conant 2010; Rockstrom et al. 2010).
Bunds/Zai and Tied Ridge Systems generate higher yields, particularly where increased soil moisture
is a key constraint (Lal 1987). Terraces and contour farming practices can increase yields due to
reduced soil and water erosion and increased soil quality: Altieri (2001) showed that restoration of
Incan terraces has led to 150% increase in a range of upland crops; Shively (1999) finds that contour
hedgerows can improve maize yields up to 15% compared with conventional practices on hillside
farms in the Philippines; Dutilly-Diane et al (2003) reported an increase millet yields from 150-300 to
400 kg/ha (poor rainfall) and 700-1,000 kg/ha (good rainfall) in Burkina Faso; and from 130 to
480 kg/ha in Niger but also note that bunds lead to increased yields in the low and medium-rainfall
areas, but lower yields in the high rainfall area (which had exceptionally high rainfall the year of the
survey). Dosteus (2011) reports that building excavated terraces (bench/fanya juu™) in the Ulugurus
mountains in Tanzania has improved soil composition: for example, soil testing results have shown
that the average moisture level in areas with terraces/ fanya juu is higher than in areas without
structures (1.6% vs 0.3%) and average soil compaction is lower than in areas with no terraces
(1.05 km/m? vs 3.05 km/m?). Consequently, crop performance in areas with interventions has
improved in terms of crop growth rate and yields: maize and beans yields harvested on excavated
structures increased three times. Also, farmers were able to introduce high value crops like tomato,
cabbage and spices (Dosteus 2011). Posthumus (2005) showed that in Peru yields obtained with
bench terraces are higher than yields without terraces for maize in Pachuca (640 versus 408 Kg/ha)
and for potato in Piuray-Ccorimarca ( 3,933 versus 850 kg/ha). However, it is also found that the
yield increase is nullified by the amount of area lost (20%) due to the terracing, which makes it
necessary to fully exploit the terraces (e.g. cultivation of a second crop during the dry season, use of
organic fertilizers, or use of irrigation) in order to counterbalance the production loss (Posthumus
2005).

Water harvesting techniques (e.g. run-off collection techniques, water storage tank construction,
use of devices for lifting and conveying water, microcatchment water conservation with film
mulching) also increase yields: Parrott and Marsden (2002) showed that water harvesting in Senegal
changes the yields of millet and peanuts by 75-195% and 75-165% respectively and that water
conservation techniques resulted in 50% increase in productivity in eastern and central Kenya; Pretty
(2000) report that cereal yields went up more than 100% in Zimbabwe thanks to the implementation
of water harvesting technology.

Agroforestry refers to land use practices in which woody perennials are deliberately integrated with
agricultural crops, varying from very simple and sparse to very complex and dense systems. It
embraces a wide range of practices (e.g. farming with trees on contours, intercropping, multiple
cropping, bush and tree fallows, establishing shelter belts and riparian zones/buffer strips with
woody species etc.) which can improve land productivity providing a favourable micro-climate,
permanent cover, improved soil structure and organic carbon content, increased infiltration and
enhanced fertility (WOCAT 2011) reducing the need for mineral fertilizers (Schroth and Sinclair 2003;
Garrity 2004). For example, Sharma (2000) as cited by Parrott and Marsdem (2002) reports yield

' A Fanya juu (“throw it upwards” in Kiswahili) terrace comprises embankments (bunds) which are constructed by
digging ditches and heaping the soil on the upper side to form the bunds which are usually stabilized with grass
strips (WOCAT, 2007).

11



12

increases of 175% on farms in Nepal; Soto-Pinto (2000) studied outputs from shade grown coffee
production in Mexico and found that shaded groves had vyields 23-38% higher; Verchot (2007)
reported an increase in maize yields from 0.7 to 1.5-2t/ha in Malawi. Use of live fences is also
expected to increase yields (e.g. Ellis-Jones and Mason (1999) reports increased from 13.5 to
31.7t/ha of cassava yields) although results are controversial: e.g. Hellin and Haigh (undated) reports
no difference in yields from adoption of live barriers/fences. A summary of these findings is reported
in Table 4.

Last, while we do not present detailed results relating to pasture management, it is worth noting
that SLM practices on grasslands can have a positive impact on food security by livestock yields.
Research has documented that improved pasture management by improving vegetation community
structure (e.g. seeding fodder grasses or legumes with higher productivity and deeper roots) can
lead to higher livestock yields due to greater availability of better quality forage with potential
increased returns per unit of livestock (Sleugh et al. 2000; Hussain 2007). Adopting improved grazing
management (stocking rate management, rotational grazing, enclosures to allow degraded pasture
to recuperate) has also the potential to increase livestock yields. For example, Derner (2008) showed
that average daily gains (kg/head/day) decreased with increasing stocking rate and grazing pressure:
heavy stocking rates reduced average daily gain by 16% and 12% compared to light and moderate
stocking rates, respectively. Haan (2007) reported that grazing cattle return to the pasture over 80%
of Phosphorus and other nutrients consumed in forage (Berry et al. 2001), and these nutrients
become available to support forage growth and livestock productivity (Bakker et al. 2004). However,
as noted above, for the most part there is very limited evidence on changes in livestock productivity
from various management options, and even the extent to which there is documented overgrazing
(c.f. the review in Vetter 2009) particularly in semi-arid regions. Thus, we do not delve into these
issues further here.

Table 4. Impact of improved cropland management practices on crop yields: summary of global trends

Practices Details of the practices  Impacts on Crop Yields
Improved Cover Crops Higher yields due to reduced on-farm erosion and reduced nutrient leaching. E.g.
agronomic Kaumbutho et al. (2007); Olaye, et al., (2007); Pretty (2000); Altieri (2001)
practices Crop rotations Higher yields when cropped, due to increased soil fertility. E.g. Kwesiga et al.
(2003)
Improved Varieties Increased crop yield. E.g. Pretty (2000); CIAT African Coordination Kawanda Ag

Research Institute (2005); Hine and Pretty (2008)

Use of legumes in the rotation  Higher yields due to increased N in soil. E.g. Hine and Pretty (2008); Hodtke, et al
(undated), as cited by Parrot and Marsden (2002);

Integrated Increased Efficiency of N Higher yields through through increased soil fertility and more efficient use of N
nutrient Fertilizer; organic fertilization;  fertilizer. E.g. Hine and Pretty (2008) ; Parrot and Marsden (2002); Scialabba and
management legumes and green manure; Hattam (2002) ; Altieri (2001); Edwards (2000); Rist (2000), as cited in Parrott and
compost; animal manure. Marsden
Tillage/residue Incorporation of Residues Higher yields through increased soil fertility, increased water holding capacity. E.g.
management Lal (1987)
Reduced/Zero Tillage Higher yields over long run, particularly where increased soil moisture is valuable.
E.g. Hine and Pretty (2008)
Water Irrigation Higher yields, greater intensity of land use. E.g. Khan (2005)
management

Bunds/Zai, Tied Ridge System Higher yields, particularly where increased soil moisture is key constraint. E.g. Lal
(1987), Kasie (2008)

Terraces, contour farming Higher yields due to reduced soil and water erosion, increased soil quality. E.g.
Shively (1999); Altieri (2001); Dutilly-Diane et al (2003); Posthumus (2005)
Water harvesting Higher yields. E.g. Parrott and Marsden (2002); Parrott and Marsden (2002), Pretty
(2000)
Agroforestry Live Barriers/Fence Higher yields. E.g.: Hellin and Haigh (-); Ellis-Jones and Mason (1999)

Various agroforestry practices  Potentially greater food production, particularly if undertaken on marginal/less
productive land within the cropping system. Greater yields on adjacent croplands
from reduced erosion in medium-long term, better rainwater management; and
where tree cash crops improves food accessiblity. E.g.: Sharma (2000) as cited by
Parrott and Marsdem (2002); Soto-Pinto (2000) ; Verchot et al (2007)



Table 4 summarizes the results of the review by major category of practice. There are three
important trends that emerge from this analysis related to the potential of these practices to be
widely adopted and benefit smallholder farmers as well as the global community.

First, the practices can be adopted in a wide range of different combinations, and this matters very
much for impacts on yields as well as externalities across different locations. It depends very much
on the entire package that is adopted in terms of yield effects Table 5 exhibits the range of practices
in different systems for on location in Brazil — indicating the range of farm effects realized. FAO 2010
and Bassi 2009 provide other examples. This issue of packaging and combining practices is clearly
key to obtaining desired results from SLM adoption and creates difficulties in generating
comparisons across sites and combinations of technologies.

Table 5. Impact of improved cropland management technology packages on crop yields: an example
from Brazil

Profitability of adopting SLM practices:
some examples of improved cropland management in Brazil

Activity Area Specific practices Average Average farm Project time
productivity  net Income horizon
increase increase (%)
(%) (%)

Millet, soybeans, S.Paulo Contour cropping, summer and 50.3 40.7 10
coffee, oranges winter rotation crops, minimum

tillage, IPM
Maize and other S.Caterina  Conservation agriculture and agro- 205.0 161.0 15
grains, beans, forestry
banana, cassava
Cotton, maize, S.Paulo Terracing, minimum tillage, agro- 45.5 69.3 5-7
pastures forestry, integrated nutrient

management
Maize and other Parana Vegetative contours, reduced 81.7 104.0 7
grains tillage, terracing, integrated

nutrient management
Source: FAO-Technical Cooperation Department

A second major issue that arises is the timing of yield effects; short run vs. long run. In many of these
studies, yield benefits emerge only over time: for several options, short-term impacts may be
negative depending on underlying agro-ecological conditions, previous land use patterns, and
current land use and management practices. Yield variability can also increase in the short term
where changes in activities require new knowledge and experience, and farmers unfamiliar with
such systems require a period to successfully adopt the practice (e.g. fertilizer application or the
construction of water retention structures where incidence and severity of both droughts and floods
are expected to increase in the future) (McCarthy et al. 2011; FAO 2009). Long-term impacts are
expected to be positive for increasing both the average and stability of production levels. For
instance, crop and grassland restoration projects often take land out of production for a significant
period of time, reducing cultivated or grazing land available in the short-run, but leading to overall
increases in productivity and stability in the long run (FAO 20009).

Giller et al. 2009 presents data from several field studies of conservation agriculture adoption
indicating a significant lag in yield effects. They also emphasize the importance of specific site
characteristics in influencing yield effects and timing. In areas where soil moisture is a key constraint
on yields, conservation agriculture can have very immediate yield benefits. However, in humid areas
on water-logged soils the same practices could lead to yield decreases.
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Figure 1. Effect of conservation agriculture practices on crop yields in Nigeria and Zimbabwe
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A final general finding from this analysis is that there are relatively few studies that report decreases
or lack of yield effects. Giller et al. 2009 do report a few for the case of conservation agriculture, but
in general agronomic studies on the adoption of sustainable land management practices report yield
benefits. This finding can lead to two different conclusions: one is that sustainable land management
does indeed have yield benefits across a wide range of practices, agro-ecologies and farming
systems. The second is that studies where sustainable land management did not generate any yield
benefit or actually reduced benefits are much less likely to be published and thus a bias exists in the
literature in terms of our understanding of SLM impacts on yield. This latter conclusion is only
speculation and not based on any evidence, but may be important to keep in mind as a possibility
when assessing the overall conclusions from the literature.

3.2 Evidence from the empirical analysis

The empirical analysis focuses on the effect of the adoption of improved cropland management
practices on the yields of cereals. As for other crops, the number of observations was too limited to
be statistically significant (see Tables 2 and 3 above). Our analysis clearly shows that improved
cropland management increased cereal productivity. Figure 2 reports the average global marginal
increase in cereal productivity with respect to average yield under conventional agriculture (in
percentages). However, not all categories of practices had the same impact on average yield
increases (and on the variability among the average) as shown in Figure 1.

The data in Figure 1 were further analyzed in relation to the predominant climate and to the
geographical area where the practices were adopted."” The impact of the adoption of SLM practices
was tested in both dry and humid areas. Results show that agronomy practices, integrated nutrient,
and water management are more effective at increasing crop yields in humid than in dry areas. On
the other hand, the marginal yield increase observed under tillage management and agroforestry
practices is higher in dry areas (Table 6).

2 We also tested if the size of the farm is a variable with some effects on the average vields. As mentioned, most
observations reported in the sample refer to smallholders. However, we isolated the effect of the practices on the
yields of a few medium-large farms in the sample, and the farm size was found not to be a factor affecting the yields.



Figure 2. Effect of improved cropland management practices: average % marginal increase of cereal
yields at global level with respect to conventional agriculture

(95% confidence intervals about the mean are shown, and numbers of observations are in parenthesis)
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These results highlight the key role of water as a determinant of crop productivity. For example, in
more humid areas, effective water management through terracing and other soil and water
conservation measures will have the effect of reducing soil erosion, therefore increasing soil organic
matter and nutrient availability in the root zone.

In drier environments, practices that allow plants to make better use of the limited amount of water
available result as being most productive. Reduced/zero tillage (often in combination with mulching)
will actually increase water availability to plants, improving the capacity of the soil surface to
intercept rainfall (by affecting the hydraulic conductivity of the topsoil, soil roughness, and soil
surface porosity), reducing direct evaporation, and increasing water storage (Scopel et al. 2001).
Agroforestry controls runoff and soil erosion — thereby reducing losses of water — and increases
water-use efficiency from crops and trees, which could be improved if used in combination with
water harvesting techniques.

However, it is worth noting that the marginal yield increase shown in Table 6 is only referring to the
yield change compared with yields under conventional techniques used before SLM adoption on the
same fields and that the change could follow different patterns over subsequent years, depending
on several factors (crops, agro-ecological conditions, previous land use, SLM practice type). Also, the
sample variability should be considered—as the range of yield changes for agronomy and
agroforestry practices in dry areas and for nutrient and water management in humid areas are
significant (see Figures 3 and 4).
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Table 6. Impact of other SLM practices on cereal yields: summary of global trends

Management practice Average marginal yield increase with respect to
conventional agriculture
(%)

Agronomy 116 122

L L N

Tillage and residue management

Agroforestry 81 61

Figure 3. Effect of improved cropland management practices: average % marginal increase of cereal
yields in dry areas with respect to conventional agriculture

(95% confidence intervals are shown and numbers of observations are in parenthesis)
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Figure 4. Effect of improved cropland management practices: average % marginal increase of cereal
yields in humid areas with respect to conventional agriculture

(95% confidence intervals are shown and numbers of observations are in parenthesis)
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Differences in the impact of cropland management practices at regional level were also taken into
account. Interestingly, the impact was higher in sub-Saharan Africa than in Asia for most of the
practices with the exception of water management (see Figure 5).

Figure 5. Regional differences in the impact of improved agricultural practices on crop yields
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This could be explained by considering that in Asia soil capacity may have reached a productivity limit
after the ‘Green Revolution” which was based on improved crop varieties, synthetic fertilizers, pesticides,
irrigation and mechanization. There is in fact evidence, albeit largely anecdotal, of increasing production
problems in those places where yield growth has been most marked. For example, evidence in Southeast
Asia suggest there are serious and growing threats to the sustainability of the yields of the Green
Revolution lands (Pingali and Rosegrant 1998). And there is even evidence of declines in the rates of yield
growth (Cassman 1999; Mann 1999; Pingali and Heisey 1999).

Crop production in Asia has increased mainly as a result of increased yields, while in sub-Saharan
Africa this happened mainly by expanding the area of land under farming (Figure 6).

Figure 6. Regional differences in the increase of agricultural production
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The benefit from adopting improved practices is not therefore surprising for Asia and sub-Saharan Africa
(where there is more potential to increase crop yields). However, limited access to and affordability of
fertilizers and other inputs (e.g. improved planting material) has forced African farmers to cultivate less
fertile soils on more marginal lands; these in turn are generally more susceptible to degradation and have
poor potential for production (Henao and Baanante 2006). Thus, there is very limited scope for further
expansion in sub-Saharan Africa without highly detrimental impacts on natural resources (e.g.



deforestation) and there is the need to increase productivity through the adoption of sustainable
practices.

3.3 Synergies between food security and climate change mitigation

The literature review and the quantitative analysis of the empirical evidence have shown under
which conditions improved cropland management practices can increase crop productivity therefore
contributing to food security. The same practices can also deliver significant CC mitigation co-
benefits in the form of reduced GHG emissions and increased C sequestration.

Improved agronomic practices have, in fact, the potential to generate higher inputs of C residue,
leading to increased soil C storage (Follett et al. 2001)—introducing rotation with N fixing crops will
increase biomass production, and improving land cover by avoiding use of bare fallow and using
cover crops can avoid CO, release. Integrated nutrient management can: (i) decrease N,O emissions
on-site by reducing leaching and volatile losses; (ii) improve nitrogen (N) use efficiency through
precision farming and fertilizer application timing;"? (iii) increase C storage by increasing biomass and
improving soil equilibrium to store more C; and (iv)improve soil fertility through manure
management. In general, the use of organic manures and compost enhances the soil organic carbon
pool more than application of the same amount of nutrients as inorganic fertilizers, so that more soil
organic carbon is reported under organic than conventional farming systems (Leiva et al. 1997).

Proper water management can enhance biomass production, increase the amount of above-ground
and root biomass returned to the soil, and improve soil organic C sequestration potential by
increasing available water in the root zone (Kimmelshue et al. 1995).

Tillage management practices — with minimal soil disturbance and incorporation of crop residues —
decrease soil C losses through enhanced decomposition and reduced erosion. Systems that retain crop
residues tend to increase soil C because these residues are the precursors of soil organic matter. For
example, conservation tillage which leaves at least 30% of ground covered by crop residue mulch during
seedbed preparation (Lal 1997b) increases soil organic C content when land is converted from
conventional (plow-based) use. Based on average benefits of all conservation tillage systems, the C
sequestration potential of adopting a conservation tillage system is about 0.15t/ha (Lal 1997a,b).
Adoption of reduced tillage may also save fossil fuels at the rate of about 8 KgC/ha/year (Lal and Bruce
1999).

Different estimates of the mitigation potential of agroforestry exist (Dixon 1995; Montagnini and
Nair 2004; Palm et al. 2000; Watson et al. 2000). Agroforestry systems can increase C storage in the
vegetation and in the soil and may also reduce soil C losses stemming from erosion (Lal 2001b;
2004b; Bruce et al. 1999; Olsson and Ard6 2002; Paustian et al. 2004; Paustian et al. 1997; Lal and
Bruce 1999; Lal 2003). The standing stock of C above ground is usually higher than the equivalent
land use without trees, and planting trees may also increase soil carbon sequestration (Oelbermann
et al. 2004; Guo and Gifford 2002; Mutuo et al. 2005; Paul et al. 2003). However, the effects on N,O
and CH, emissions are not well known (Albrecht and Kandji 2003).

Table 7 summarizes the annual mitigation potential in each climate region for the above-described
SLM options expressed in units of CO, equivalent per hectare and per year: it shows average net
mitigation through an increase in soil C stocks or N,O and CH, emissions reductions. Such estimates
were derived from studies conducted in regions throughout the world, standardised using a linear
mixed-effect modelling approach and integrated by results of simulation models (IPCC 2007).

B Judicious nutrient management is crucial to humification of C in the residue and to SOC sequestration. Soils under
low-input and subsistence agricultural practices have low SOC content which can be improved by judicious use of
inorganic fertilizers, organic amendments and strengthening nutrient recycling mechanisms (Lal and Bruce 1999).
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Table 7. Mitigation potential of sustainable cropland management technologies"

Climate Management Practices All GHGs (tCO2e/ha/year) ‘

zone

Cool-dry Improved Agronomic Practices 0.39
Integrated Nutrient Management 0.33
Tillage/Residue Management 0.17
Water Management 1.14
Agroforestry 0.17

Cool-moist Improved Agronomic Practices 0.98
Integrated Nutrient Management 0.62
Tillage/Residue Management 0.53
Water Management 1.14
Agroforestry 0.53

Warm-dry Improved Agronomic Practices 0.39
Integrated Nutrient Management 0.33
Tillage/Residue Management 0.35
Water Management 1.14
Agroforestry 0.35

Warm-moist Improved Agronomic Practices 0.98
Integrated Nutrient Management 0.62
Tillage/Residue Management 0.72
Water Management 1.14
Agroforestry 0.72

Source: IPCC 2007

Combining the results of the literature review and empirical analysis with the mitigation potential
analysis from IPCC (2007), it is possible to highlight where the synergies lie between food security
and CC mitigation (Table 8).

Figure 6 highlights that in dry areas the impact of the majority of the practices is more relevant in
terms of increased food security than in the form of CC mitigation (with the only exception of water
management which can deliver significant mitigation co-benefits also in dry areas). On the other
hand, in humid areas, there is evidence of the synergies between increased crop productivity (food
security potential) and CC mitigation.

" The mitigation potential is expressed in terms of tCO,e, which already accounts for the fact that some management
options may cause other GHGs (CH, and N,0) emissions that may partially offset the CO, emission reductions determined
by the implementation of the practice. IPCC (2007) does not reports confidence intervals the for specific mitigation
coefficients of single management practices as reported in the table. 95% confidence intervals are reported only with
reference to average mitigation coefficients (all practices, by region) which are not used in the present analysis. The
Climatic Zones are defined based on the classification of IPCC which makes reference to: annual mean daily temperature,
total annual precipitation, total annual potential evapo-transpiration (PET) and elevation (IPCC, 2006).



Table 8. Food security and CC mitigation potential of improved cropland management practices in
dry and humid areas

MANAGEMENT PRACTICE
FOOD SECURITY POTENTIAL MITIGATION POTENTIAL
Average marginal yield increase All GHGs (change in
with respect to conventional soil C stock + emissions)
agriculture (cereals) (%/year) (tCO2e/ha/year)

dry moist dry moist
Agronomy 116 122 0.39 0.98

Tillage and residue management

Agroforestry 81 61 0.35 0.72

Figure 6. Synergies between food security and CC mitigation for improved cropland management
practices in humid and dry areas
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We looked at changes in smallholder agriculture aimed at promoting food security through the
adoption of improved cropland management practices and investigated under which conditions we
can expect the highest mitigation co-benefits. Main conclusions are summarized in what follows.

Most practices (agronomy, integrated nutrient management, tillage/residue management,
agroforestry) show significant CC mitigation potential in humid areas but smaller mitigation co-
benefits in dry lands. Only water management is found to be effective in delivering significant food
security benefits and mitigation co-benefits both in dry and humid areas. However in dry areas, the
marginal benefit to food security from SLM is high — thus the marginal contribution of mitigation
(soil carbon sequestration) is high. This has important implications for the potential and means of
capturing synergies between mitigation and food security. The higher “productivity” (e.g. t/ha
emissions reduction) in humid areas provides an economic basis for supporting higher transaction
costs in mitigation crediting programmes — which is key to accessing many forms of mitigation
finance. However, dry lands offer another type of potential, since they are characterized by a large
number of producers which crop their land in areas where small incremental improvements in
management of water resources and soil fertility lead to large productivity gains. SLM implemented
over a large enough scale, therefore, gives significant mitigation benefits, although it also requires
crediting mechanisms designed for these circumstances.

Geographic differences influence the magnitude of crop productivity increases in response to the
adoption of improved practices. Specifically, SLM practices seem to be more effective at increasing
crop yields in low fertility and drier areas of sub-Saharan Africa than in other regions of the world
(especially in Asia where the Green Revolution seems to have reached a productivity limit of soils).
On the contrary, differences in farm size are not found to be a factor determining the impact on
yields. However, most publications cited here conducted the analysis at smallholder level (only a
very small number of observations refer to medium and large-scale farming) thus it is difficult to
derive conclusions of general validity on the relationship between farm size and yield effects.

e The validity of our results differs across the technologies considered. Data on tillage and residue
management, as well water management practices, show less variability and more consistent
results than those related to other technologies. For example, agronomy practices and
integrated nutrient management show a relatively high variability in the results, as they
constitute heterogeneous technology packages and include practices which are significantly
different in terms of soil fertility and overall agronomic effects — e.g. use of cover crops, which is
often associated with tillage in CA systems, very much differ from crop rotations and use of
improved crop varieties — and the use of organic fertilization techniques and green manure very
much differ from technologies aimed at increasing N efficiency. Also, the effect of agroforestry
practices on the yields of crops is not well documented and sometimes controversial.

e The results of the analysis may be biased by the limited number of crops and agro-
environmental conditions considered in the studies reviewed. Most studies focus on cereals
(especially maize and wheat) and there are only a few examples of positive effects on other
food crops like roots and tubers (e.g. cassava, potato) and legumes (e.g. beans, soybeans). Also,
the studies consulted refer mainly to warm dry and warm humid areas and other climates are
much less represented (e.g. only a few studies are conducted in mountain areas and refer to
cool climates).



e The results of the analysis may also be biased by the absence of studies reporting negative yield

responses in the literature reviewed. This may be explained by the fact that the analysis has
considered only studies reporting empirical results from wider implementation at farm level of
the selected technologies in developing countries. It is plausible to expect that only
technologies that have been proven to be successful were implemented on a wide scale.
Therefore, it may be interesting to expand the analysis to also consider the results of plot
experiments in research stations or on-farm field trials. This would give a more balanced
picture, in particular as concerns the quantification of the short-term yield losses. Additionally,
a quantitative analysis of experimental data would enable more analysis of the factors involved,
especially if there is experimental data which combines research on crop productivity with CC
research.

More research is needed. Firstly, the review should be expanded (e.g. exploring grey literature,
national surveys and project reports) in order to: (i) increase the number of observations and
types of crops analyzed, thus improving the statistical significance of the empirical analysis;
(i) refine the analysis reporting results at the level of single practices instead of group practices
(e.g. analyzing the use of cover crops and the adoption of crop rotations instead of focusing on
the “agronomy” package, or better examining the vyield effect of organic fertilization
techniques); and (iii) improve evidence across different agro-ecological zones and land-use
systems. Secondly, there is a need to compare this analysis with literature which looks at the
establishment, maintenance and opportunity costs of SLM adoption in order to highlight the
trade-offs of SLM implementation (e.g. see Antle et al. 2007; McCarthy 2011; Ringius 2002;
Tennigkeit and Wilkes 2008; Tschakert 2004). Thirdly, it would be interesting to replicate the
same analysis focusing on grassland productivity, sustainable grazing and pasture management,
and livestock production. Fourthly, the analysis reported in the paper groups specific practices
into five categories and presents results for those categories. However, there may be some
types of specific practices which are worthy of further analysis, and some of these may cut
across categories. For example, the use of leguminous crops in agronomy, nutrient
management and agroforestry may lead to higher average yields than treatments using other
crop types.

23



24

References

Abberton, M., R. Conant and C. Batello. 2010. Grassland carbon sequestration: Management, policy and
economics. Proceedings of the Workshop on the role of grassland carbon sequestration in the mitigation of
climate change. Rome, Food and Agriculture Organization of the United Nations. Integrated Crop
Management, 11-2010.

Acharya, C., O0.C. Kapur and S.P. Dixit. 1998. “Moisture conservation for rainfed wheat production with
alternative mulches and conservation tillage in the hills of north-west India.” Soil Tillage Res. 46(3-4): 153-
163.

Agboola, A. A. 1980. “Effect of different cropping systems on crop, yield and soil fertility management in the
humid tropics.” FAO Soils Bulletin 43(Organic Recycling in Africa): 87-105.

Ahmadi, N. and B. Traoré. 1998. Pratiques paysannes et systéemes de culture alternatifs en riziculture de bas-
fond. Conditions d'adoption des innovations par les producteurs. Aménagement et mise en valeur des bas-
fonds au Mali. Bilan et perspectives nationales, intérét pour la zone de savane Ouest-africaine: Actes. -
Montpellier: CIRAD, 1998.

Altieri, M. 2001. Applying agroecology to enhance the productivity of peasant farming systems in Latin
America. Reducing Poverty through Sustainable Agriculture. University of Essex, London.

Alvarez, W. L. and G. Flores. 1998. El mejoramiento de suelos en relacién al uso de tecnologias de produccion
en laderas del sur de Lempira, Honduras, America Central. Experiencias en manejo de suelos y cultivos de
cobertura en laderas. Siguatepeque, Honduras, Proyecto Lempira Sur GCP/HON/018/NET.

Andriantsilavo, M. and H. Andriamandraivonona. 2002. Projet de diffusion de systemes de gestion
agrobiologique des sols et des systéemes cultivés a Madagascar: rapport de campagne 2001/2002.
Collectivité. CIRAD-CA-GEC.

Antle, J.M. and B. Diagana. 2003. “Creating Incentives for the Adoption of Sustainable Agricultural Practices in
Developing Countries: The Role of Soil Carbon Sequestration”. American Journal of Agricultural Economics
85(5): 1178-1184.

Antle, J.M., J.J. Stoorvogel and R.O. Valdivia. 2007. “Assessing the Economic Impacts of Agricultural Carbon
Sequestration: Terraces and Agroforestry in the Peruvian Andes.” Agriculture, Ecosystems & Environment.
122(4): 435-445,

Aquino, P. 1988. The adoption of bed planting of wheat in the Yaqui valley, Sonora, Mexico, International
Maize and Wheat Improvement Center, Wheat Special report.

Arnqvist, G. and D. Wooter. 1995. “Meta-analysis: synthesizing research findings in ecology and evolution.”
Trends in Ecology & Evolution. 10: 236-240.

Arshad, M. and K.S. Gill. 1997. “Barley, canola and wheat production under different tillage-fallow green
manure combinations on a clay soil in a cold, semiarid climate.” Soil Tillage Res. 43(3-4): 263-275.

Barretto, V. C. M., P.C. Timossi, B.J. Santos, M.G.B. Cava, V.A. Pereira and C.F. Franco. 2010. Plantas daninhas
e productividade de milho em sucessao a adubos verdes no cerrado. XXVII Congresso Brasileiro da Ciéncia
das Plantas Daninhas. Centro de Convengdes - Ribeirdo Preto - SP.

Barros, L. and R.J. Hanks. 1993. “Evapotranspiration and Yield of Beans as Affected by Mulch and Irrigation.”
International Journal of Agricultural Research. 85(3): 692-697.

Bassi, L. 2009. Avaliagdo SocioeconO6mica: Analise dos indicadores de resultado e impacto relacionados ao
meio ambiente e recursos naturais do Projeto Microbacias 2. Relatério Final. Floriandpolis, Programa de
recuperacao ambiental e de apoio ao pequeno produtor rural (PRAPEM/MICROBACIAS 2). Empréstimo
n.4660/BR.

Bationo, A., B. Waswa, et al. 2007. Short-term effects of cover crops on stem borers and maize yield in the
humid forest of southern Cameroon. Advances in Integrated Soil Fertility Management in sub-Saharan
Africa: Challenges and Opportunities. Springer Netherlands: 195-199.




Batjes, N. H. and W.G. Sombroek. 1997. “Possibilities for Carbon sequestration in tropical and subtropical
soils.” Global Change Biology. 3: 161-173.

Baudeon, F., H.M. Mwanza, B. Triomphe and M. Bwalya. 2007. Conservation agriculture in Zambia: a case
study of Southern Province. Nairobi, African Conservation Tillage Network, Centre de Coopération
Internationale de Recherche Agronomique pour le Développement. Rome, Food and Agriculture
Organization of the United Nations.

Berger, M. 1991. La gestion des résidus organiques a la ferme. Savanes d'Afrique, terres fertiles? = [African
savannahs, fertile lands?]/Piéri, C. (ed). - Paris: Ministére de la coopération.

Bhatt, R., K.L. Khera and S. Arora. 2004. “Effect of Tillage and Mulching on Yield of Corn in the
Submontaneous Rainfed Region of Punjab, India.” International Journal of Agriculture and Biology: 126-
128.

Boahen, P., B.A. Dartey, G.D. Digbe, E.A. Boadi, B. Triomphe, D. Daamgard-Larsen and J. Ashburner. 2007.
Conservation Agriculture as Practiced in Ghana. Rome, Food and Agriculture Organization of the United
Nations.

Borrell, T., E. Conte, et al. 2003. Comment fertiliser sans engrais minéraux ? Comment font les Bio ? Est-ce
efficace ? Est-ce durable ?. [Cd-Rom]. Atelier “Agriculture biologique en zone tropicale: objet ou outil de
recherche pour le Cirad”, 27 mars 2003, Montpellier. - Montpellier: CIRAD, 2003.

Braun, A,, J. Jiggins, N. Réling, H. van den Berg and P. Snijders. 2006. A Global Survey and Review of Farmer
Field School Experiences, International Livestock Research Institute (ILRI).

Broadheadm, J. S., C.R. Black and C.K. Ong. 2003. “Tree Leafing Phenology and Crop Productivity in Semi-arid
Agroforestry Systems in Kenya.” Agroforestry Systems 58: 137-148.

Brouwers, M. 1993. Gestion des terres pour une agriculture durable. Congrés International du Wye College de
I'Université de Londres sur I'Agriculture Durable. 3. - Montpellier: CIRAD-CA, 1993/09.

Camillo de Carvalho, M. A., R. Peres Soratto, M.L. Ferreira Athayde, O. Arf and M. Eustaquio de Sa. 2004.
“Produtividade do milho em sucessdo a adubos verdes no sistema de plantio direto e convencional.” Pesq.
agropec. bras., Brasilia 39(1): 47-53.

Cassman, K. G. 1999. “Ecological Intensification of Cereal Production Systems: Yield Potential, Soil Quality, and
Precision Agriculture.” PNAS 96: 5952-59.

Chabi-Olaye, A., C. Nolte, F. Schulthess and C. Borgemeister. 2007. Short-term effects of cover crops on stem
borers and maize yield in the humid forest of southern Cameroon. Advances in Integrated Soil Fertility
Management in Sub-Saharan Africa: Challenges and Opportunities, Springer: 195-199.

Chabrier, C. and P. Quénéhervé. 2001. L'agriculture raisonnée, entre agriculture conventionnelle et agriculture
biologique [Diaporama). [Cd-Rom]. Sécurité sanitaire, sGreté alimentaire et qualité des productions et
produits animaux et végétaux dans la Caraibe, 26 - 29 novembre 2001, Go. - Montpellier: CIRAD, 2001.

Chen, C. P. 1990. Cattle Productivity under oilpalm in Malaysia. Workshop on Forages for Plantation Crops,
Bali, Indonesia.

Ching, L. 2008. Is Ecological Agriculture Productive?, Third World network.

CIAT. 2008. The impact of new bean technologies on rural livelihoods in seven African countries. Highlights
CIAT in Africa. Kampala, Uganda.

Conant, R. T., K. Paustian and E.T. Elliott. 2001. “Grassland management and conversion into grassland:
effects on soil carbon.” Ecol. Appl. 11: 343-355.

Conant, R. T., M. Easter, K. Paustian, A. Swan and S. Williams. 2007. “Impacts of periodic tillage on soil C
stocks: A synthesis.” Soil and Tillage Research 95: 1-10.

Conant, R. T. 2009. Rebuilding resilience: Sustainable land management for climate mitigation and adaptation,
Technical Report on Land and Climate Change for the Natural Resources Management and Environment
Department. Rome, Food and Agriculture Organization of the United Nations.

25



26

Conway, G. R. 1998. The Doubly Green Revolution: Food for All in the 21st Century. Ithaca, N.Y., Cornell
University Press.

Coulon, J.B., M.P. Chazal and C.H. Calvez. 1984. “Bilan de 15 années d'expérimentations agro-pastorales sur la
Station IRHO de Saraoutou, Vanuatu Croisement charolais x Hereford, paturage sous cocotier.” Revue
d'Elevage et de Médecine Vétérinaire de Nouvelle-Calédonie n°2: 29-40 + 1 micro-fiche numéro VT_51954.

Critchley, W., C. Reij and A. Seznec. 1992. Water harvesting for plant production. Case studies and conclusions for
Sub-Saharan Africa, Vol. Il. Washington DC, The World Bank. Technical paper No. 157.

Daly, P. and L. Desvals. 2003. Amélioration des systemes de cultures maraichéeres en Nouvelle Calédonie. [Cd-
Rom]. Productions maraicheres et horticoles: sessions lutte intégrée et agronomie. - Montpellier: CIRAD-
FLHOR, 2003.

Da Silva, F. J. and J.R.C. Silva. 1997. “Produtivitade de um solo litélico associada ao controle da erosao por
cordoes de pedra em contorno “ R. Bras. Ci. Solo, Vicosa 21: 435-440.

De Carvalho, A. M., M.M. da Cunha Bustamante, J.G. de Abreu, Sousa J. and L.J. Vivaldi. 2008.
“Decomposicdo de residuos vegetais em latossolo sob cultivo de milho e plantas de cobertura.” Rev. Bras.
Ciénc. Solo [online] 32(n.spe): 2831-2838.

DeFries, R. and C. Rosenzweig. 2010. “Toward a whole-landscape approach for sustainable land use in the
tropics.” PNAS 107: 19627-19632.

Derner, J. D., R.H. Hart, M.A. Smith and J.W. Waggoner. 2008. “Long-term cattle gain responses to stocking
rate and grazing systems in northern mixed-grass prairie.” Livestock Science 117: 60-69.

Derpsch, R. 2008. No-tillage and Conservation Agriculture: a progress report. No-till farming systems. T.
Goddart, Zoebisch M A, Gan Y T, Ellis W., Watson A., Sombatpanit S. Bangkok, World Association of Soil and
Water Conservation. Special publication: 7-39.

Derpsch, R. and T. Friedrich. 2009. Global Overview of Conservation Agriculture Adoption. 4th World Congress
on Conservation Agriculture. New Delhi, India: 429-438.

Derpsch, R., T. Friedrich, A. Kassam and L. Hongwen. 2010. “Current status of adoption of no-till farming in
the worls and some of its main benefits.” International Journal of Agricultural and Biological Engineering.
3(1).

Diagana, B., J. Antle, J. Stoorvogel and K. Gray. 2007. “Economic potential for soil carbon sequestration in the
Nioro region of Senegal’s Peanut Basin.” Agricultural Systems 94: 26-37.

Dongyinglin, Changpiguang, Wangzhihua. 1990. “Discussion on several questions on increasing production of
the terrace with two banks.” Soil and Water Conservation Science and Technology in Shanxi 1: 36-37.

Drinkwater, L. E., P. Wagoner and M. Sarrantonio. 1998. “Legume-based cropping systems have reduced
carbon and nitrogen losses.” Nature (396): 262-265.

Dugué, P. 1999. Utilisation de la biomasse végétale et de la fumure animale: impacts sur I'évolution de la
fertilité des terres en zone de savanes. Etude de cas au Nord-Cameroun et essai de généralisation: rapport
final de I'ATP “Flux de biomasse et gestion de la ferti: 175-[14] p.

Dugué, P. and J.P. Olina. 1997. Utilisation des Iégumineuses pour I'amélioration des jachéres et la production
de fourrage: compte rendu d'activités 1996. Convention IRAD/DPGT: 32 p.

Dutilly-Diane, C., E. Sadoulet and A. de Janvry. 2003. “How Improved Natural Resource Management in
Agriculture Promotes the Livestock Economy in the Sahel.” Journal of African Economies 12: 343-370.

Edwards, S. 2000. A Project on Sustainable Development Through Ecological Land Management by some Rural
Communities in Tigray. Tigray, Ethiopia, Institute for Sustainable Development.

Ekboir, J., K. Boa K. and A.A. Dankyi. 2002. Impacts of No-Till Technologies in Ghana. Mexico CIMMYT.

Ellis-Jones, J. and T. Mason. 1999. “Livelihood Strategies and Assets of Small Farmers in the Evaluation of Soil
and Water Management Practices in the Temperate Inter-Andean Valleys of Bolivia.” Mountain Research
and Development 19 221-234.




Erenstein, O., U. Farooq, M. Sharif and K. Malik. 2007. Adoption and impacts of zero tillage as resource
conserving technology in the irrigated plains of South Asia. Comprehensive Assessment of Water
Management in Agriculture. Colombo, Sri Lanka, International Water Management Institute: 55.

Erenstein, O., K. Sayer, P. Wall, J. Dixon and J. Hellin. 2008. Adapting no-tillage agriculture to the smallholder
maize and wheat farmers in the tropics and sub-tropics. No-Till Farming Systems. M. A. Z. Goddard T.,
Y.T.Gan, W. Ellis, A. Watson, S. Sombatpanit. Bangkok, World association of Soil and Water Conservation
(WAWSC). 3: 253-277.

Evenson, R. E. 2003. Production impacts of crop genetic improvement. Crop variety improvement and its
effect on productivity: The impact of international agricultural research. R. E. Evenson, D. Gollin.
Wallingford, UK, CABI Publishing.

Fageria, N. K. 2007. “Green manuring in crop production.” J. Plant Nutr. 30(4-6): 691-719.

FAO. 1987. Overview of the Economic Impact of Conservation Agriculture in South America and the
implications for Policy. Rome, Food and Agriculture Organization of the United Nations.

FAO. 2001. Conservation agriculture - Case studies in Latin America and Africa. FAO Soils Bulletin: 78. Rome,
Food and Agriculture Organization of the United Nations: pp. 69.

FAO. 2006. Legume Fooder Production in Rice fields for or increased milk yields. Rome, Food and Agriculture
Organization of the United Nations.

FAO. 2007a. Conservation agriculture in Zambia: a case study of Southern Province. Rome, Food and
Agriculture Organization of the United Nations.

FAO. 2007b. Conservation agriculture in Tanzania: a case study. Rome, Food and Agriculture Organization of
the United Nations.

FAO. 2009. Food Security and Agricultural Mitigation in Developing Countries: Options for Capturing Synergies.
Rome, Food and Agriculture Organization of the United Nations.

FAO. 2010a. Sustainable crop production intensification through an ecosystem approach and an enabling
environment: capturing efficiency through ecosystem services and management. FAO Committee on
Agriculture, June 16-19 2010(COAG/2010/3). Rome, Food and Agriculture Organization of the United
Nations. Available at:
www.fao.org/docrep/meeting/018/K8079E01.pdf.

FAO. 2010b. Investment Centre Database of Projects. Rome, Food and Agriculture Organization of the United
Nations.

FAO. 2010c. “Climate-Smart” Agriculture. Policies, Practices and Financing for Food Security, Adaptation and
Mitigation. Rome, Food and Agriculture Organization of the United Nations.

FAO. 2011. “Proven technologies for smallholders.” Retrieved January 2011, from http://www.fao.org/teca/.

FAO/WOCAT. 2009. SLM in Practice. promoting Knowledge on Sustainable Land Management for Action in
Sub-Saharan Africa Roma, Food and Agriculture Organization of the United Nations.

Fernandes, E. C. M., A. Oktingati and J. Maghembe. 1985. “The Chagga homegardens: a multistoried
agroforestry cropping system on Mt. Kilimanjaro (Northern Tanzania) “ Agroforestry Systems 2: 73-86.

Fileccia, T. 2008. Conservation agriculture and food security in Kazakhstan. Working paper. Rome, Plant
production and protection division. Rome, Food and Agriculture Organization of the United Nations.

Franzel, S., G.L. Denning, J.P.B. Lilles¢ and A.R. Mercado. 2004. “Scaling up the impact of agroforestry:
Lessons from three sites in Africa and Asia.” Agroforestry Systems 61-62(1-3): 329-344.

Freibauer, A., M. Rounsevell, P. Smith and A. Verhagen. 2004. “Carbon sequestration in the agricultural soils
of Europe.” Geoderma 122: 1-23.

Garrity, D. 2002. Increasing the scope for food crop production on sloping lands in Asia: contour farming with
natural vegetative strips in the Philippines. Agroecological innovations: Increasing food production with

participatory development. N. Uphoff. London, Earthscan.

27



28

Garrity, D. 2004. “Agroforestry and the achievement of the millennium development goals.” Agroforestry
Systems 61(1): 5-17(13).

Giller, K. E., E. Witter, M. Corbeels and P. Tittonell. 2009. “Conservation agriculture and smallholder farming
in Africa: The heretics’view.” Field Crops Research 114: 23-34.

Gonzalez-Estrada, E., L.C. Rodriguez, V.K. Walen, J.B. Naab, J. Koo, W.J. Jones, M. Herrero and P.K. Thornton.
2008. “Carbon sequestration and farm income in west Africa: identifying best management practices for
smallholder agricultural systems in northern Ghana.” Ecological Economics. 67: 492-502.

Govaerts, B., M. Fuentes, M. Mezzalama, J.M. Nicol, J. Deckers, J.D. Etchevers, B. Figueroa-Sandoval and K.D.
Sayre. 2007. “Infiltration, soil moisture, root rot and nematode populations after 12 years of different
tillage, residue and crop rotation managements.” Soil and Tillage Research. 94(1): 209-219.

Gregory, P., J.S.I. Ingram and M. Brklacich. 2005. “Climate change and food security.” Philosophical
Transactions of the Royal Society B 360: 2139-2148.

Gurevitch, J. and L.V. Hedges. 1999. “Statistical issues in ecological meta-analyses.” Journal of Ecology 80:
1142-1149.

Haan, M. M., J.R. Russell, J.L. Kovar, W.J. Powers and J.L. Benning. 2007. “Effects of Forage Management on
Pasture Productivity and Phosphorus Content.” Rangeland Ecology Management 60: 311-318.

Hamid, A., G.M. Paulsen and H.G. Zandrsta. 1984. “Performance of rice grown after upland crops and fallows
in the humid tropics.” Trop. agric. (Trinidad) 6(41): 305-310.

Hansen, E., J. Eriksen and F.P. Vinther. 2007. “Catch crop strategy and nitrate leaching following grazed grass-
clover.” Soil Use Manag 23(4): 348-358.

Hazell, P., C. Pulton, S. Wiggins and A. Dorward. 2007. The Future of Small Farms for Poverty Reduction and
Growth. Policy brief. Washington DC, IFPRI

Hellin, J. and M.J. Haigh. 2002. Impact of Vetiverua Zizanioides (Vetiver Grass) Live Barriers on Maize
Production in Honduras. 12th ISCO Conference Beijing.

Henao, J. and C. Baanante. 2006. Agricultural production and soil nutrient mining in Africa: implication for
resource conservation and policy development Muscle Shoals, Al. USA, IFDC Tech. Bull. International
Fertilizer Development Center

Hine, R. and J. Pretty. 2008. Organic agriculture and food security in Africa. Geneva and New York, United
Nations Conference on Trade and Development (UNCTAD) and United Nations Environment Programme
(UNEP).

Hodtke, M., U. Képke and D.L. Almeida. undated. Nutritional status, grain yield and n-balance of organically
grown maize intercropped with green manure. Bonn, Institut fiir Organischen Landbau.

Hossain, M., D. Gollin, V. Cabanilla, E. Cabrera, N. Johnson, G.S. Khush and G. McLaren. 2003. International
Research and Genetic Improvement in Rice: Evidence from Asia and Latin America. Crop Variety
Improvement and its Effect on Productivity: The Impact of International Agricultural Research. R. E.
Evenson, D. Gollin. Oxon, U.K., CABI.

Howeler, R. H. 1991. “Long term effect of cassava cultivation on soil productivity.” Field crops research. 26: 1-
18.

Hussain, F. and F.J. Durrani. 2007. “Forage Productivity of Arid Temperate Harboi Rangeland, Kalat, Pakistan.”
Pakistan journal of Botany. 39(5): 1455-1470.

IAASTD. 2009. Agriculture at the Crossroads. International Assessment of Agricultural Knowledge, Science and
Technology for Development. Washington, DC, Island Press.

IFAD. 2011. Rural poverty report. New realities, new challenges: new opportunities for tomorrow's generation.
Rome, International Fund for Agricultural Development.

IPCC. 2006. Guidelines for National Greenhouse Gas Inventories. Volume 4. H. S. Egglestone, L. Buendia, K.
Miwa, T. Ngara and K. Tanabe, Intergovernmental Panel on Climate Change (IPCC), IPCC/IGES, Hayama,
Japan. http://www.ipcc-nggip.iges.or.jp/public/2006g|/vol4.html



IPCC. 2007. Climate Change 2007: Mitigation. Contribution of Working Group Il to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change, Chapter 8-Agriculture. Climate Change 2007:
Mitigation. Cambridge, United Kingdom and New York, NY, USA Cambridge University Press.

Jagger, P. and J. Pender. 2000. The Role of Trees for Sustainable Management of Less-Favored Lands: The Case
of Eucalyptus in Ethiopia. EPTD Discussion Paper. Rome, International Food Policy Research Institute.

Kassie, M., J. Pender, M. Yesuf, G. Kohlin, R. Buffstone, P. Zikhali and E. Mulugeta. 2008. Sustainable Land
management Practices Improve Agricultural Productivity. Policy brief. Addis Ababa, Ethiopia, Environment
for Development (EFD).

Kato, E., C. Ringler, M. Yusuf and E. Brian. 2009. Soil and water conservation technologies: A buffer against
production risk in the face of climate change? Insights from the Nile basin in Ethiopia. Discussion Paper
Washington, D.C., IFPRI 00871.

Kaumbutho, P. and J. Kienzle. 2008. Conservation Agriculture as Practiced in Kenya: Two case studies. Rome,
Food and Agriculture Organization of the United Nations.

Kihara, F. I. 1999. An investigation into the soil loss problem in the Upper Ewaso Ng’'iro basin, Kenya Nairobi,
University of Nairobi. MSc Thesis.

Kimmelshue, J. E., J.W. Gilliam and R.J. Volk. 1995. “Water management effects on mineralization of soil
organic matter and corn residue.” Soil Sci. Soc. Am. J. 59: 1156-1162.

Klein, R. J. T., S. Huq, F. Denton, T.E. Downing, R.G. Richels, J.B. Robinson and F.L. Toth. 2007. Inter-
relationships between adaptation and mitigation. Climate Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group 1l to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. M. L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson.
Cambridge, UK, Cambridge University Press: 745-777.

Kwesiga, F. and R. Coe. 2003. The Effect of Short Rotation Sesbania Sesban Planted Fallows on Maize Yield.
Nairobi, Kenya, ICRAF.

Kwesiga, F. R., S. Franzel, F. Place, D. Phiri and C.P. Simwanza. 1999. “Sesbania sesban improved fallows in
eastern Zambia: Their inception, development and farmer enthusiasm.” Agroforestry Systems 47: 49-66.

Lal, R. 2004a. “Carbon emissions from farm operations “ Environment International 30: 981- 990.

Lal, R., C.C. Cerri, M. Bernoux, J. Etchevers and E. Cerri, eds. 2006. Carbon Sequestration in Soils of Latin
America. Binghamton, NY, Food Products Press, The Haworth Press, Inc.

Lal, R. 2004c. “Climate Change and Food Security Soil Carbon Sequestration Impacts.” Science 304: 1623.

Lal, R. 1997. “Degradation and resilience of soils.” Phil. Trans. R. Soc. London B 352: 869-889.

Lal, R. 2003. “Global Potential of soil Carbon Sequestration to Mitigate the Greenhouse Effect.” Critical review
in Plant Sciences 22(2): 151-184.

Lal, R. 1987. “Managing the Soils of Sub Saharan Africa.” Science 236(4805): 1069-1076.

Lal, R., J. M. Kimble, R. F. Follett and C.V. Cole, eds. 1998. The potential of US cropland to sequester carbon
and mitigate the greenhouse effect. Chelsea, MI. Ann Arbor Press.

Lal, R. and J.P. Bruce. 1999. “The potential of world cropland soils to sequester C and mitigate the greenhouse
effect.” Environmental Science and Policy 2: 177-185.

Lal, R. 1997. “Residue management, conservation tillage and soil restoration for mitigating greenhouse effect
by CO2-enrichment.” Soil and Tillage Research 43: 81-107.

Lal, R. 2004b. “Soil carbon sequestration to mitigate climate change.” Geoderma 123: 1-22.

Lamachére, J. M. and G. Serpantie. 1991. Valorisation agricole des eaux de ruissellement et lutte contre
|'érosion sur champs cultivés en mil en zone soudano-sahélienne, Burkina Faso, province du Yatenga,
région de Bidi. Utilisation rationnelle de I'eau des petits bassins versants en zone aride. AUPELF-UREF.
Paris, John Libbey Eurotext: 165-78.

29



30

Langlais, C. 2005. Agriculture biologique en Martinique: expertise et programmes de recherche [Poster].
Réunion annuelle FlIhor, Montpellier, 4-6 juillet 2005: filieres productions maraichéres et vanille. Recueil de
posters. - Montpellier: CIRAD-FLHOR, 2005.

Lassoudiere, A. 1998. “Banane biologique: la production de banane biologique au Cap-Vert.” Fruitrop n°50. -
suppl.: IV.

Leiva, F. R., J. Morris, and B.S. Blackmore. 1997. Precision farming techniques for sustainable agriculture. First
European Conference on Precision Agriculture, Warwick.

Lescot, T. 2004. Expériences productions biologiques. [CD-Rom]. Réunion annuelle Flhor, Montpellier, 5-
9 juillet 2004. Montpellier, Centre de coopération internationale en recherche agronomique pour le
développement (CIRAD).

Li, Y. X., J.N. Tullberg, D.M. Freebairn, N.B. Mclaughlin and H.W. Li. 2008. “Effects of Tillage and Traffic on
Crop production in dryland cropping systems: Il. Long-term simulation of crop production using PERFECT
model “ Soil and tillage research 100(1-2): 25-33.

Liniger, H. P. and D.B. Thomas. 1998. “GRASS — Ground Cover for Restoration of Arid and Semi-arid Soils “
Advances in GeoEcology 31 1167-1178.

Liniger, H. P., R. Mekdaschi Studer, C. Hauert and M. Gurtner. 2011. Sustainable Land Management in
Practice - Guidelines and Best Practices for Sub-Saharan Africa, TerrAfrica, World Overview of Conservation
Approaches and Technologies (WOCAT) and Food and Agriculture Organization of the United Nations.

Lipper, L., C. Dutilly-Diane and N. McCarthy. 2010. “Supplying Carbon Sequestration from West African
Rangelands: Opportunities and Barriers.” Rangeland Ecology and Management 63(1): 155-166.

Malézieux, E. 2004. Eco-agriculture, agriculture raisonnée, agriculture biologique. Eléments pour une
discussion. [Cd-Rom]. Réunion annuelle Flhor, Montpellier, 5-9 juillet 2004. - Montpellier: CIRAD, 2004.

Mann, C. C. 1999. “Crop Scientists Seek a New Revolution.” Science 293(311-314).

McCarthy, N., L. Lipper and G. Branca. 2011. Climate Smart Agriculture: Smallholder Adoption and
Implications for Climate Change Adaptation and Mitigation. Working paper. Rome, Food and Agriculture
Organization of the United Nations.

Mejia Marcacuzco, A. P. undated. Folleto de divulgacion: Andenes, construccién y mantenimiento, Instituto de
Estudios Peruanos. DESCO.

Montagnini, F. and P. K. R. Nair. 2004. “Carbon sequestration: An underexploited environmental benefit of
agroforestry systems.” Agroforestry Systems 61: 281-295.

Mutabazi, K. D., E. E. Senkondo, B.P. Mbilinyi, D.S. Tumbo, H. F. Mahoo and N. Hatibu. 2005. Economics of
Rainwater Harvesting for Crop Enterprises in Semi-Arid Areas: The Case of Makanya Watershed in Pangani
River Basin, Tanzania. Soil and Water Management Research Network (SWMnet) Nairobi, Kenya, ASARECA.

Mutunga, C. N. 1995. The influence of vegetation cover on runoff and soil loss — a study in Mukogodo, Laikipia
district Kenya University of Nairobi, Kenya. MSc Thesis.

MWR. 1989. Terraces in China. Beijing, PRC, Ministry of Water Resources.

Nelson, R. A., R.A. Cramb, K. Menz and M. Mamicpic. 1998. Gliricidia, napier and natural vegetation
hedgerows. Improving smallholder farming systems in Imperata areas of Southeast Asia: alternatives to
shifting cultivation. K. Menz, Magcale-Macandong, D., Rusastra, I.W. (eds). Canberra, Australia, ACIAR: 95-
112.

Neuhoff, K., S. Fankhauser, E. Guerin, J.C. Hourcade, H. Jackson, R. Raja and J. Ward, eds. 2009. Structuring
international financial support to support domestic climate change mitigation in developing countries
Climate Strategies.

Ngigi, S. N. 2003. Rainwater Harvesting for improved land productivity in the Greater Horn of Africa Nairobi,
Kenya Rainwater Association.



Niles, J. O., S. Brown, J.N. Pretty, A.S. Ball and J. Fay. 2002. “Potential carbon mitigation and income in
developing countries from changes in use and management of agriculture and forest lands.” Philosophical
Transactions of the Royal Society of London A 360: 1621-1639.

Nkonya, E., J. Pender, P. Jagger, D. Sserunkuuma, C. Kaizzi and H. Ssali. 2004. Strategies for sustainable land
management and poverty reduction in Uganda. Research Report n.133 Washington, D.C., International
Food Policy Research Institute.

Nyende, P., A. Nyakuni, J.P. Opio and W. Odogola. 2007. Conservation agriculture: a Uganda case study.
Nairobi, African Conservation Tillage Network, Centre de Coopération Internationale de Recherche
Agronomique pour le Développement. Rome, Food and Agriculture Organization of the United Nations.

Oldeman, L. 1994. The global extent of soil degradation. Soil Resilience and Sustainable Land Use. D.
Greenland, Szabolcs I. Wallingford, CAB International: 99-118.

Olesen, J. E., K. Schelde, A. Weiske, M.R. Weisbjerg, W.A.H. Asman and J. Djurhuus. 2006. “Modelling
greenhouse gas emissions from European conventional and organic dairy farms.” Agriculture, Ecosystems
and Environment 112: 207-220.

Olesen, J. E., T.R. Carter, C.H. Diaz-Ambrona, S. Fronzek, T. Heidmann, T. Hickler, T. Holt, M.l. Minguez, P.
Morales, J. Palutikov, M. Quemada, M. Ruiz-Ramos, G. Rubzek, F. Sau, B. Smith and M. Sykes. 2007.
“Uncertainties in projected impacts of climate change on European agriculture and ecosystems based on
scenarios from regional climate models.” Climatic Change 81(in press).

Olson, K. R., S.A. Ebelhar and J.M. Lang. 2010. “Cover Crops Effects on Crop yields and Soil organic Content.”
Soil Science 175(2): 89-98.

Palm, C. A,, P. L. Woomer, J. Alegre, L. Arevalo, C. Castilla, D. G. Cordeiro, B. Feigl, K. Hairiah, J. Kotto-Same,
A. Mendes, A. Moukam, D. Murdiyarso, R. Njomgang, W.J. Parton, A. Ricse, V. Rodrigues, S.M. Sitompul
and M. van Noordwijk. 2000. Carbon sequestration and trace gas emissions in slash-and-burn and
alternative land-uses in the humid tropics. Final Report, Alternatives to Slash and Burn (ASB) Climate
Change Working Group, Phase II. Nairobi, Kenya, ICRAF.

Palm, O., W.L. Weerakoon, M. Ananda, P. De Silva and T. Rosswall. 1988. “Nitrogen mineralization of Sesba
sesban used as green manure for lowland rice in Sri Lanka.” Plant Soil 108: 201-209.

Pan, Y., R.A. Birdsey, J. Hom, K. McCoullough and K. Clark. 2006. “Improved satellite estimates of net primary
productivity from MODIS satellite data at regional and local scales.” Ecol. Appl. 16(1): 125-132.

Parrott, N. and T. Marsden, eds. 2002. The Real Green Revolution: Organic and agroecological farming in the
South. London, Greenpeace Environment Trust.

Pauletti, V., M. Barcellos, A.C.V. Motta, B. Monte Serrat and I.R. dos Santos. 2008. “Productivitade de
culturas sob diferentes doses de esterco liquido de gado de leite e de adubo mineral.” Scientia Agraria,
Curitiba 9(2): 199-205.

Paustian, K., O. Andren, H.H. Janzen, R. Lal, P. Smith, G. Tian, H. Tiessen, M. Van Noordwijk, P.L. Woomer.
1997. “Agricultural soils as a sink to mitigate CO2 emissions.” Soil Use Manage. 13: 230-244.

Paustian, K., J. Antle, J. Sheehan and E.A. Paul. 2006. Agriculture’s Role in Greenhouse Gas Mitigation, Paper
prepared for the Pew Center on Global Climate Change.

Pender, J., E. Nkonya, P. Jagger and D. Sserunkuuma. 2002. Strategies to Increase Agricultural Productivity
and Reduce Land Degradation: Evidence from Uganda. Reconciling Rural Poverty Reduction and Resource
Conservation: Identifying Relationships and Remedies. Cornell University

Pender, J. 2007. Agricultural Technology Choices for Poor Farmers on Less-favored areas of South and East
Asia. Discussion Paper. Washington DC, IFPRI

Pender, J. and B. Gebremedhin. 2007. “Determinants of Agricultural and Land Management Practices and
Impacts on Crop Production and Household Income in the Highlands of Tigray, Ethiopia.” Journal of African
Economies 17(3): 395-450.

Perez, C., C. Roncoli, C. Neely and J.L. Steiner. 2007. “Can carbon sequestration markets benefit low-income
producers in semi-arid Africa? Potentials and challenges.” Agricultural Systems 94: 2-12.

31



32

Petersen, C., L. E. Drinkwater and P. Wagoner. 2000. The Rodale Institute’s farming systems trial. The first 15
years. Kutztown, PA, Rodale Institute.

Pieri, C. 1992. La gestion de la fertilité des terres tropicales: l'intensification agricole. Environnement et
développement durable. Contribution de la recherche francaise dans les pays en développment/Pochat R.
(dir.). - Paris: Ministére de la recherche et de |'espace, 1992: 40-41.

Pingali, P. L. and M.W. Rosengrant. 1998. Intensive Food Systems in Asia: Can the Degradation Problems Be
Reversed? Preconference workshop “Agricultural Intensification, Economic Development and the
Environment” of the annual meeting of the American Agricultural Economics Association. Salt Lake City,
Utah.

Pingali, P. L. and P.W. Heisey. 1999. Cereal Productivity in Developing Countries: Past Trends and Future
Prospects. Economics Paper 99-03. Mexico, CIMMYT (Centro Internacional de Mejoramiento de Maiz y
Trigo)

Place, F., M. Adato, P. Hebinck and M. Omosa. 2005. The Impact of Agroforestry-Based Soil Fertility
Replenishment Practices on the Poor in Western Kenya. RESEARCH REPORT 142. Washington DC, IFPRI.

Posthumus, H. 2005. Adoption of Terraces in the Peruvian Andes. Doctoral Thesis, Wageningen University.

Pretty, J. 1999. “Can Sustainable Agriculture Feed Africa? New Evidence on Progress, Processes and Impacts.”
Environment, Development and Sustainability 1: 253-274.

Pretty, J. and A. Ball. 2001. Agricultural influences on carbon emissions and sequestration: a review of
evidence and the emerging trading options._Occasional Paper 2001-03, Centre for Environment and
Society, University of Essex.

Pretty, J. and R. Hine. 2001. Reducing Food Poverty with Sustainable Agriculture: A Summary of New Evidence.
Final Report of the “SAFE-World”(The Potential of Sustainable Agriculture to feed the World) Research
Project. Colchester, UK, Centre for Environment and Society, University of Essex, UK.

Pretty, J. 2008. “Agricultural Sustainability: concepts, principles and evidence.” Philosophical Transactions of
the Royal Society of London B 363(1491): 447-466.

Retty, J. 2011. “Editorial: Sustainable intensification in Africa.” International Journal of Agricultural
Sustainability 9(1): 3-4.

Pretty, J. N., ed. 1995. Regenerating agriculture: policies and practice for sustainability and self-reliance.
London, Earthscan.

Pretty, J. N., A.S. Ball, L. Xiaoyun and N.H. Ravindranath. 2002. “The role of sustainable agriculture and
renewable resource management in reducing greenhouse-gas emissions and increasing sinks in China and
India.” Phil. Trans. R. Soc. Lond. A 360(1741-1761).

Pretty, J. N., J.L.L. Morison and R.E. Hine. 2003. “Reducing food poverty by increasing agricultural
sustainability in developing countries.” Agriculture, Ecosystems and Environment 95: 217-234.

Pretty, J. N., A.D. Noble, D. Bossio, J. Dixon, R.E. Hine, F.W.T. Penning de Vries and J.l.L. Morison. 2006.
“Resource-Conserving Agricultural Increases Yields in Developing Countries.” Environmental Science and

Technology 40.

Prinz, D. 1987. “Improved fallow. Increasing the productivity of smallholder farming systems.” ILEIA 3(1): 4-7.

Ramakrishma, A., H.M. Tam, S.P. Wani and T.D. Long. 2003. Effect of Mulch on Soil Temperature, Moisture,
Weed Infestation and Yield of Groundnut in Northern Vietnam. VASI. Tran Tri, Hanoi, Vietnam.

Richard, L. 1995. “Fertilité des sols de savane et systéme de culture en République centrafricaine. Il.
Intensification des productions et protection du milieu naturel.” Comptes Rendus de ['Académie
d'Agriculture de France vol.81:n°7: 141-153.

Richards, K. R. 2004. “A Brief Overview of Carbon Sequestration Economics and Policy.” Environmental
Management 33(4): 545-558.

Ringius, L. 2002. “Soil carbon sequestration and the CDM: opportunities and challenges for Africa.” Climatic
change 54: 471-495.



Rist, S. 2000. Hidden organic food production: a new approach for enhancing sustainable agriculture in
developing countries. IFOAM 2000: The World Grows Organic. 13th International IFOAM Scientific
Conference,. T. Alfoldi, Lockeretz, W., Niggli, U. Basel, Switzerland: 657 - 660.

Robert, M., J. Antoine and F. Nachtergaele. 2001. Carbon sequestration in soils. Proposals for land
management in arid areas of the tropics. Rome, Food and Agriculture Organization of the United Nations.

Robertson, G. P., E.A. Paul and R.R. Harwood. 2000. “Greenhouse gases intensive agriculture: contributions of
individual gases to radiative warming of the atmosphere.” Science (289): 1922.

Rocheleau, D., F. Weber and A. Field-Juma. 1988. Agroforestry in dryland Africa. Nairobi, Kenya, ICRAF.

Rockstrom, J. and J. Barron. 2007. “Water productivity in rainfed systems: overview of challenges and analysis
of opportunities in water scarcity prone savannahs.” Irrig. Sci. 25(3): 299-311.

Rockstrom, J., L. Karlberg, S.P. Wanic, J. Barron, N. Hatibud, T. Oweise, A. Bruggemane, J. Farahanie and Z.
Qiangf. 2010. “Managing water in rainfed agriculture — The need for a paradigm shift” Agricultural Water
Management 97(4): 543-550.

Rockstrom J., P. Kaumbutho, J. Mwalley, A.W. Nzabi, M. Temesgen, L. Mawenya, J. Barron, J. Mutua and S.
Damgaard-Larsen. 2009. “Conservation farming strategies in East and Southern Africa: yields and rain
water productivity from on-farm action research.” Soil and Tillage Research 103: 23-32.

Rosenzweig, C. and F.N. Tubiello. 2006. “Adaptation and mitigation strategies in agriculture: an analysis of
potential synergies.” Mitigation and Adaptation Strategies for Global Change 12: 855-873.

Sainjiu, U. M., W.F.Whitehead and B.P. Singh. 2003. “Agricultural Management Practices to sustain Crop Yields and
Improve Soil and Environmental Qualities.” The Scientific World Journal 3: 768-789.

Saleen, M. A. and R.M. Otsyina. 1986. “Grain yield of maize and the nitrogen contribution following
Stylosanthes pasture in the Nigerian sub-humid zone.” Exp. Agric. 22: 207-214.

Sanchez, P. A. and B.A. Jama. 2000. Soil fertility replenishment takes off in east Southern Africa. Int. Symp. on
Balanced Nutrient Management Systems for the Moist Savanna and Humid Forest Zones of Africa,
Cotonou, Benin.

Schroth, G. and F. Sinclair. 2003. Tree crops and soil fertility: concepts and research methods.. Wallingford,
UK, CABI.

Scialabba, N. and C. Hattam. 2002. Organic Agriculture, Environment and Food Security. Rome, Food and
Agriculture Organization of the United Nations.

Scopel, E., F. Tardieu, G.0. Edmeades and M. Sebillotte. 2001. Effects of Conservation Tillage on Water Supply
and Rainfed Maize Production in Semiarid Zones of West-Central Mexico. Mexico, D.F., CIMMYT. NRG
Paper 01-01.

Scopel, E., F. Macena, M. Corbeels, F. Affholder and F. Maraux. 2004. “Modelling crop residue mulching
effectsd on water use and production of maize under semi-arid and humid tropical conditions.” Agronomie
24:1-13.

Scopel, E., A. Findeling, E.C. Guerra and M. Corbeels. 2005. “Impact of direct sowing mulch-based cropping
systems on soil carbon, soil erosion and maize yield “ Agronomy for Sustainable Development 25: 425-432.

Severino, L. S., G. Barbosa Ferreira, C. R. de Almeida Moraes, T.M. de Souza Gondim, G.D. Cardoso, J. R.
Viriato and N. E. de Macedo Beltrdao. 2006. “Produtividade e crescimento da mamoneira em resposta a
adubacgdo organica e mineral.” Pesq. agropec. bras., Brasilia 41(5): 879-882.

Sharma, G. 2000. Sustaining Nepalese agriculture: the permaculture (sustainable agriculture) approach. IFOAM
2000: The World Grows Organic. 13th International IFOAM Scientific Conference. T. Alfoldi, Lockeretz, W.,
Niggli, U. Basel, Switzerland: 680.

Shetto, R. and M. Owenya. 2007. Conservation agriculture as practised in Tanzania:three case studies. Nairobi,
Kenya, African Conservation Tillage Network. Centre de coopération Internationale de Recherche
Agronomique pour le Développement. Rome, Food and Agriculture Organization of the United Nations.

33



34

Shively, G. E. 1999. “Risks and returns from soil conservation: evidence from low-income farms in the
Philippines.” Environmental Monitoring Assessment 62: 55-69.

Silvertown, J., P. Poulton, E. Johnston, G. Edwards, M. Heard and P.M. Biss. 2006. “The Park Grass
Experiment 1856-2006: Its contribution to ecology.” J. Ecol. 94(4): 801-814.

Sleugh, B., K.J. Moore, J.R. George and E.C. Brummer. 2000. “Binary Legumes - Grass Mixtures Improve
Forage Yield, Quality and Seasonal Distribution.” Agronomy Journal 92.

Smith, K. A. 1999. “After Kyoto protocol: can scientists make a useful contribution?” Soil Use Manag. (15): 71-
75.

Smith, P., D. S. Powlson, M.J. Glendenning and J. U. Smith. 1998. “Preliminary estimates of the potential for
carbon mitigation in European soils through no-till farming.” Glob. Change Biol. (4): 679-685.

Smith, P., D. Martino, Z. Cai, D. Gwary, H.H. Janzen, P. Kumar, B. McCarl, S. Ogle, F. O’Mara, C. Rice, R.J.
Scholes, O. Sirotenko, M. Howden, T. McAllister, G. Pan, V. Romanenkov, U. Schneider, S. Towprayoon,
M. Wattenbach and J.U. Smith. 2008. “Greenhouse gas mitigation in agriculture.” Philosophical
Transactions of the Royal Society B 363(1492): 789-813.

Smolikowski, B., J.M. Lopez, M. Querbes, A. Querido, O. Barry, P. Perez and E. Roose. 1997. “Utilisation du
paillage léger et de la haie vive dans la lutte contre I'érosion en zone semi aride de montagne (Cap Vert).”
Réseau Erosion Bulletin ORSTOM n°17: 99-110.

Sorrenson, W. 1997. Financial and Economic implications of No-tillage and crop rotations compared to
conventional cropping systems. TCl occasional paper. Rome, Food and Agriculture Organization of the
United Nations.

Sorrenson, W. J. 1997. Economics of No-till Compared to traditional cultivation systems on small farms in
Paraguay. Soil Conservation Project. MAG-GTZ.

Soto-Pinto L., I. Perfecto, J. Castillo-Fernandez and J. Caballero-Nieto. 2000. “Shade effect on coffee
production at the Northern Tzeltal zone of the state of Chiapas, Mexico.” Agriculture, Ecosystems &
Environment. 80(1): 61-69.

Steinfeld, H., T. Wassenar and S. Jutzi. 2006. “Livestock Production Systems in Developing Countries: Status,
Drivers and Trends.” Rev Sci Tech. 25(2): 505-516.

Stern, N., ed. 2007. The Economics of Climate Change: the Stern Review. Cambridge, UK. Cambridge University
Press.

Stoll, G. 2001. Regional overview: Asia and the international context. Report on Organic Farming in Asia. ESCAP
regional workshop.

Tennigkeit, T. and A. Wilkes. 2008. An Assessment of the Potential for Carbon Finance in Rangelands. Working
Paper no. 68.

Ternisien, E. and J. Ganry. 1990. “Rotations culturales en culture bananiére intensive.” Fruits. n°spéc.: 98-102.

Thomas, R. 2008. “Opportunities to reduce the vulnerability of dryland farmers in Central and West Asia and
North Africa to climate change.” Agriculture, Ecosystems & Environment. 126(1-2): 36-45.

Tilman, D. 1998. “The greening of the green revolution.” Nature. (396): 211-212.

Tilman, D., K.G. Cassman, P.A. Matson, R. Naylor and S. Polasky. 2002. “Agricultural sustainability and
intensive production practices.” Nature. 418: 671-677.

Trébuil, G. 2004. “Intensification durable de la production agricole dans les zones a forte densité de population
et productivité élevée d'Asie.” Les collogues de I'Académie d'agriculture de France. vol. 90:n°1: 65-82.

Tschakert, P. 2004. “The costs of soil carbon sequestration: an economic analysis for small-scale farming
systems in Senegal.” Agricultural Systems. 81: 227-253.

Tschakert, P. 2007. “Environmental services and poverty reduction: options for smallholders in the Sahel.”
Agricultural Systems. 94: 75-86.




UNFCC. 2008. Challenges and opportunities for mitigation in the agricultural sector. Technical paper:
FCCC/TP/2008/8.

Unger, P., B.A. Stewart, J.F. Parr and R.P. Singh. 1991. “Crop Residue Management and Tillage Methods for
Conserving Soil and Water in Semiarid Regions.” Soil Tillage Res. 20(2-4): 219-240.

Unger, P. W.,, B. A. Stewart, J. F. Parr and R. P. Singh. 1991. “Crop Residue Management and Tillage Methods
for Conserving Soil and Water in Semiarid Regions.” Soil Tillage Res. 20: 219-240.

UNPFA. 2011. State of the world population 2011, United Nations Population Fund.

Vallis, 1., W.J. Parton, B.A. Keating and A.W. Wood. 1996. “Simulation of the effects of trash and N fertilizer
management on soil organic matter levels and yields of sugarcane.” Soil Tillage Res. 38(1-2): 115-132.

Van den Ban, A. W. and H.S. Hawkins, eds. 1996. Agricultural Extension. Oxford, United Kingdom. Blackwell
Science.

Van Noordwijk, M. 1999. “Productivity of Intensifies Crop-Fallow Rotations in the Trenbath Model.”
Agroforestry Systems. 47: 223-237.

Verchot, L. 2007. Opportunities for Climate Change Mitigation in Agriculture and Investment Requirements to
Take Advantage of These Opportunities. UNFCCC Secretariat Financial and Technical Support Programme.

Verchot, L. V., M. Van Noordwijk, S. Kandji, T. Tomich, C. Ong, A. Albrecht, J. Mackensen, C. Bantilan, K.V.
Anupama and C. Palm. 2007. “Climate Change: Linking adaptation and mitigation through agroforestry.”
Mitigation and Adaptation Strategies for Global Change. 12: 901-918.

Vetter, S. 2009. “Drought, Change, and Resilience in South Africa’s Arid and Semi-Arid Rangelands.” South
African Journal of Science. 105(1/2): 29-33.

Vohland, K. and B. Barry. 2009. “A review of in situ rainwater harvesting (RWH) practices modifying landscape
functions in African drylands.” Agriculture, Ecosystems & Environment 131(3-4): 119-127.

Watson, R. T., I.R. Noble, B. Bolin, N.H. Ravindranath, D.J. Verardo and D.J. Dokken. 2000. “Land Use, Land-
Use Change, and Forestry.” Agroforestry Systems 61: 281-295.

Wilson, G. F., R. Lal and B.N. Okigbo. 1982. “Effects of Cover Crops on Soil Structure and on Yield of
Subsequent Arable Crops grown under Strip Tillage on an Eroded Soil.” Soil and Tillage Research 2: 233-250.

WOCAT. 2007. Where the Land is Greener — Case Studies and Analysis of Soil and Water Conservation
Initiatives Worldwide. H. Liniger, Critchley W., World Overview of Conservation Approaches and
Technologies.

WOCAT. 2011. “Database on SLM Technologies.” Retrieved January, 2011, from http://www.wocat.net/.

Woodfine, A. 2009. The Potential of Sustainable Land Management Practices for Climate Change Mitigation
and Adaptation in Sub-Saharan Africa. Rome, Food and Agriculture Organization of the United Nations.

World-Bank. 2006. Sustainable Land Management: Challenges, Opportunities, and Trade-offs. Washington, DC
20433. The International Bank for Reconstruction and Development/The World Bank.

Xianmo, Z., ed. 1989. The soil and agriculture of the Loess Plateau. Beijing City, China, Agriculture Press.

Zougmoré, R., S. Guillobez, N.F. Kambou and G. Son. 2000. “Runoff and sorghum performance as affected by
the spacing of stone lines in the semiarid Sahelian zone.” Soil and Tillage Research 56(3-4): 175-183.

35



Meeting the food demand of a global population expected to reach 9.1
billion in 2050 and over 10 billion by the end of the century will require
major changes in agricultural production systems. Improving cropland
management is key to increasing crop productivity without further
degrading soil and water resources. At the same time, sustainable
agriculture has the potential to deliver co-benefits in the form of reduced
GHG emissions and increased carbon sequestration, therefore
contributing to climate change mitigation. This paper synthesizes the
results of a literature review reporting the evidence base of different
sustainable land management practices aimed at increasing and
stabilizing crop productivity in developing countries. It is shown that soil
and climate characteristics are key to interpreting the impact on crop
yields and mitigation of different agricultural practices and that
technology options most promising for enhancing food security at
smallholder level are also effective for increasing system resilience in dry
areas and mitigating climate change in humid areas.
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