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Abstract

Identification and development of sustainable land management is urgently required because of widespread re-
source degradation from poor land use practices. In addition,the world will need to increase food production to meet
the nutritional needs of a growing global population without major environmental degradation. Ongoing climate
change and its impacts on the environment is an additional factor to consider in identifying and developing sustain-
able land use practices. The objectives of this paper are to: (1) provide a background to the need for sustainable
land management , (2) identify some of its major components ,and (3 ) discuss some examples of sustainable land man-
agement systems that are being practiced around the world. Some common components of this type of management
are; (1) understanding the ecology of land management, (2) maintenance or enhancement of land productivity,
(3) maintenance of soil quality, (4 )increased diversity for higher stability and resilience, (5) provision of economic
and ecosystem service benefits for communities,and (6) social acceptability. Several examples of sustainable land
management systems are discussed to illustrate the wide range of systems that have been developed around the world
including agroforestry ,conservation agriculture ,and precision agricultural systems. Improved technology ,allowing for
greater environmental measurement and for improved access and sharing of information , provides opportunities to i-

dentify and develop more sustainable land management practices and systems for the future.
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1 Introduction

Sustainable Land Management ( SLM ) has been defined as“a knowledge-based procedure that helps to in-
tegrate land ,water, biodiversity ,and environmental management to meet rising food and fiber demands while sus-
taining ecosystem services and livelihoods” ( World Bank ,2006). Smyth and Dumanski( 1993 ) defined SLM as a
combination of technologies, policies, and activities aimed at integrating socioeconomic principles with environmen-
tal concerns in order to maintain and enhance productivity ,reduce the level of production risk ,and enhance soil’s
capacity to buffer against degradation processes,protect the potential of natural resources and prevent degradation
of soil and water quality,be economically viable ,be socially acceptable ,and assure community access to the bene-
fits from improved land management. A definition developed at the 1992 Earth Summit identifies SLM as “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 encompasses other established approaches such as soil and water conserva-
tion , conservation agriculture , natural resources management, and integrated ecosystem management. It promotes
integration of social ,economic, physical and biological needs and values,to achieve a more holistic, productive , and
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healthy ecosystem. Land management itself could be considered “a planned intervention into natural processes in
order to assure predictable outcomes of benefits to the health and welfare of humans” and is often guided by socio-
logical factors( Lassoie and Buck,2000).

SLM will be imperative for the world to face the multiple challenges it will need to address currently and in
the future. Among these major challenges is the need to increase food production to meet the nutritional needs of
a growing world population without serious degradation to the environment. With the world’s population expected to
reach 9. 2 billion by 2050 ,0ne estimate is that food production will need to increase by 50% by 2013 and double
in 30 years( Glenn et al. ,2008). The need for meeting food demand is made more urgent by the fact that in 2009
over 1 billion people worldwide were undernourished and this number has been increasing over the last 20 years
(FAO,2009). In the past,increases in world food demand have been met by increasing the agricultural land are-
a,improving plant genetics and intensifying input use(e. g. ,fertilizers and pesticides) ,but in the future,the nee-
ded increased agricultural intensification may result in further global environmental degradation if more sustainable
agricultural practices are not widely adopted ( Tilman et al. ,2002).

Land degradation is a global problem and can be brought about by numerous ways such as overreliance on
monocropping , excessive tillage , overgrazing , deforestation ,and poor management of agricultural chemicals and fer-
tilizers. Increased agricultural intensification has caused a rapid increase in the number of hypoxic zones in the
world’s coastal waters from an estimated 44 in 1995 to 169 in 2008 ( Selman et al. ,2008).

The primary anthropogenic source of nitrous oxide ,a major greenhouse and ozone-depleting gas, is agricultural
soil management , which accounted for 60 percent of the nitrous oxide emissions reported in 2005 ( Smith et al. ,
2007). From 2005 to 2030, nitrous oxide emissions from agricultural soils are projected to increase by 34 percent
(EPA,2011). The primary reason for the increase in nitrous oxide emissions is the expected rise in crop and live-
stock production,with expanded use of synthetic fertilizers,to meet the growing fertilizer consumption requirements
of developing countries in Asia,Central and South America,and Africa( EPA,2011).

The number and amount of xenobiotic compounds considered harmful to human, plants, and animals have
been increasing steadily in production agriculture. Although synthetic chemicals are an integral part of modern ag-
riculture , serious negative impacts have been reported because of accumulation of these chemicals in the environ-
ment( Allran and Karasov,2000). Environmental exposure to agrochemicals,such as herbicides,can occur at vari-
ous locations and may include manufacturing sites ,loading sites, and application sites( Allard and Neilson,1997).

Development of sustainable land use practices and systems are urgently required because of widespread re-
source degradation from poor land use practices. For example,almost 75 percent of Central America’s,45 percent
of South America’s and 11 percent of Asia’s agricultural land have been seriously degraded( Scherr,1999). Three-
quarters of Africa’s farmland has severe soil degradation caused by wind and soil erosion and loss of mineral nutri-
ents( Henao and Bannante ,2006). The loss of potential productivity due to land degradation( soil erosion ) world-
wide is estimated to be equivalent to some 20 million tons of grain per year(UNEP,1999). Soil degradation may
result in increased poverty and severe environmental problems (e. g. , decreased biodiversity and water quality )
(Eswaran et al. ,1997). Examples of soil degradation include loss of soil organic matter,a decline in soil fertility
and soil structure ,increased erosion, salinity, acidity or alkalinity and the effects of toxic chemicals, pollutants or
excessive flooding( Lal et al. ,1998).

Soil degradation can be accelerated or mitigated by several factors including soil resilience ,landscape factors,
management practices and climate( Lal et al. ,1998). The impacts of climate change which include increases in
temperature and a higher frequency of extreme weather events,on soil quality will not be uniform across all agricul-
tural regions and are predicted have more severe negative implications for food production in food-insecure coun-
tries ( Parry et al. ,2004 ; Fuhrer,2003 ). Ongoing climate change and its impacts on the environment is an addi-
tional factor to consider in identifying and developing sustainable land use practices.

The objectives of this paper are to: (1) provide a background to the need for SLM, (2 ) identify some of its
major components,and(3) discuss some examples of SLM systems that are being practiced around the world. The
additional goals of this paper are to highlight the lessons learned and global achievements that identification and
development of these sustainable practices represent and to suggest that increased research and technological ad-

vancements may provide many opportunities for future improvements in land management.
2 Components of SLM
Extensive research has been conducted to identify and develop SLM practices and systems for a wide range of
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environments and socioeconomic conditions that exist across the world. This research suggests that while there is
great diversity among these systems, there are also several common components of these systems. Among these
common components are ; ( 1) understanding the ecology of land use management, (2 ) maintain or enhance produc-
tivity , (3 ) maintenance of soil quality, (4 ) increased diversity for higher stability and resilience, (5) provision of e-
conomic and ecosystem service benefits for communities, and (6 ) social acceptability.

2.1 Understanding the ecology of land use management

Sustainable land management requires a better understanding of direct and indirect effects of land manage-
ment on ecosystem functions. An example of an ecological assessment in agroecosystems was presented by Mo-
tavalli et al. (2004 )in examining the direct and indirect effects of the introduction of transgenic crops into agroeco-
systems on soil properties and processes ( Fig. 1 ). The direct effects may include changes in root exudates with
possible effects on the rhizosphere, gene transfer from plant materials into soil microbes and the effects of possible
changes in management practices,such as with pesticide applications ,fertilization or tillage. The indirect effects of
the transgenic crop includes changes in the quantity and composition of crop residues,changes in animal and agri-
cultural processing wastes, effects on soil erosion and runoff and the possible increased use of marginal lands. Sub-
sequent research by Mungai et al. (2005 ) investigated the effects of planting Bt corn on crop residue composition
and decomposition for both the initial corn crop and the subsequent soybean crop in the rotation.
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Fig. 1 The possible direct and indirect effects of the introduction of transgenic
crops on soil properties and processes( Motavalli et al. ,2004 )

Similarly , greater appreciation of the effects of individual field management on watersheds and other ecosys-
tems at different scales has also contributed to a better evaluation of SLM. Unfortunately,still very little is known
regarding ecological interactions in major agroecosystems and landscapes and the effects on ecosystem services as-
sociated with agriculture ( Robertson and Swinton,2005).

2.2 Maintain or enhance productivity

While world population is expected to reach approximately 9. 2 billion by the end of year 2050, agricultural
productivity has to be doubled to meet the rising need of food crops. Every year approximately 13 million ha of land
is converted to agriculture primarily from forest( FAO,2002). Yet it is envisioned that producing enough food for all
people in the world in the future would be a great challenge. Although global land productivity per unit area in-
creased by around 2. 4 times in 2005 than what it was in 1961 ,most of that increase occurred in the years from 1961
to 1990, after which the rate of productivity increase slowed down( Fig. 2)by a large proportion( Alston et al. ,2009).
To achieve a SLM system, it will be critical to prevent environmental degradation while optimising productivity.
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However , Robertson and Swinton (2005 ) pointed out that current management practices are devoid of ecosystem sus-
tainability approaches and thus the environment could become vulnerable under the immense pressure of higher food
production. Since productivity is ultimately linked to the ecological productivity or net primary productivity, exten-
sive research investigating the interaction between agricultural crops with their biotic and abiotic environment would
be crucial for developing SLM systems while maintaining or enhancing productivity.
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Fig. 2 Slowing rate of productivity in the last two decades compared to the
previous three decades( Adapted from Alston et al. ,2009)

2.3 Maintenance of soil quality

Soil quality has been defined as “the capacity to function within ecosystem and land use boundaries, to sus-
tain biological productivity ,maintain environmental quality and promote plant and animal health” ( Doran and Par-
kin,1994). The soil resource provides multiple functions or ecosystem services including nutrient cycling, mainte-
nance of water relations, biodiversity and habitat , filtering and buffering and physical stability and support( NRCS,
2011). Soil quality is an assessment of the soil’s capacity to support a particular function ,such as serving as a me-
dium for plant growth,and, therefore maintenance of soil quality is an important component of SLM.

A significant achievement for use of the soil quality concept as a management tool has been the establishment
of a process for identifying appropriate biological , chemical ,and physical indicators for assessing soil quality, devel-
opment of scoring functions for interpreting the results from the indicators,and the increased availability of indices
for integrating the results into a single understandable result( Andrews et al. ,2004 ). Examples of these soil quali-
ty indices include the simple multiplicative index proposed by Doran and Parkin(1994 ) ,the soil management as-
sessment framework put forth by Andrews et al. (2004) ( Fig. 3) and the Cornell Soil Health Test described by
Gugino et al. (2009).

1. Indicator Selection

e T T T o
| Minimum Data Set I
| . - X X B I
| ‘ Indicator | | Indicator | | Indicator | | Indicator | | Indlcat0r| |
[l — r ,,,,,,,,,,, — |
l’ 2. Interprftation [
‘ score | | score | | score | | score | | score |

S

Index Value

Fig. 3 Flow chart for assessing soil quality ( Andrews et al. ,2004 )

A major constraint for use of soil quality assessment as a tool for sustainable land use management has been
the high cost involved in traditional soil testing,the inaccessibility of soil testing facilities for land owners in devel-
oping countries ,and the relative lack of interpretation information and recommendations based on the results of the
soil test information. Development of rapid and low-cost soil quality assessment procedures, accompanying training
programs , and research-based recommendations are urgently required.
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2.4 Diversity for increased stability and resilience

Intensive agriculture usually involves mono-cropping, heavy tillage, high inputs of fertilizers, pesticides and
herbicides which may lead to ground water contamination, erosion, reduced biodiversity ( Aude et al. ,2003) and
degradation of soil and land resources. Modern agriculture with intensified farming practices has caused loss of
biodiversity around the world resulting in vulnerable ecosystems( Matson et al. ,1997 ; Tilman et al. ,2001). Di-
verse ecosystems are generally considered more constant,reliable , predictable , and less prone to change or invasion
than simple systems( Downing et al. ,2012). Some examples of increased diversity in agroecosystems include crop
rotation , inclusion of cover crops, intercropping , agroforestry managed fallow and polyculture. These practices often
reduce diseases and pests,increase production and income stability and possibly buffer against disturbances, such
as climate change( Lin,2011).

One example of the importance of diversity for sustainable land use management has been in the Andean high
plateau ( Altiplano ) region , which is one of the poorest regions in the world with a high vulnerability for extreme cli-
mate events(e. g. ,hail, drought , frost) affecting crop production( Quiroz et al. ,2006 ; Gilles and Valdivia,2009).
Indigenous farmers in this region reduce risk to maintain stable production by planting multiple cultivars of potato
and quinoa( Chenopodium quinoa Willd)in one field. This practice insures stable production in the event of poor
weather or the onset of pests and diseases since at least one cultivar may be resistant.

Another example of the importance of diversity is with soil microbial communities. These communities play a
very important role in ecosystem nutrient cycling( Wardle and Giller,1997 ) and indirectly in crop production. Van
der Heijden et al. (1998 ) demonstrated that mycorrhizal diversity directly affected plant diversity and production.
Soil health is one of the important criteria for SLM systems and soil health has been associated directly with soil
microbial diversity. Torsvik et al. (1990 ) showed that while the unit of microbial diversity can be up to 11, 500 in
a pristine sediment,the diversity gradually decreases with increased perturbation and can be only about 350 in a
methane amended agricultural soil. Griffiths et al. (2000 ) showed through empirical observation the clear relation-
ship between microbial diversity and ecosystem functions. Available research findings indicate that higher microbi-
al diversity can be directly proportional to the soil health and by extension for sustainable land management.

2.5 Economic and ecosystem service benefits for communities

The concept of ecosystem services has been defined as “the benefits people obtain from ecosystems” and in-
cludes a range of services such as provisioning services, regulating services,supporting services,and cultural serv-
ices( Millennium Ecosystem Assessment,2005). These services have a strong linkage with human well-being , but
have not always been calculated in economic assessments of different land management practices or systems. In
addition , improvements in SLM and livelihoods often results in improved protection of natural ecosystems and the
ecosystem services offered by those ecosystems(Fig. 4).
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sustain agro—ecosystems

Climate Technology

Natural . Social & Agro -
Soil/Water Social & osystem
ecosystems cEoREnte ecosystems

Flora drivers

Management/
Governance

Sustainable
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Fig. 4 An integrated ecosystem perspective between natural and managed ecosystems
(Adapted from Per Rydén,2010)
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An achievement in the identification and development of SLLM has been the increased awareness of the impor-
tance of insuring both short- and long-term economic and ecosystem benefits for communities who are involved in
the land management. Moreover,the land use practices should be identified and developed with the involvement of
the communities so that the practices are appropriate for the local socioeconomic and cultural conditions and,
therefore , would become more rapidly adopted by the community.

2.6 Social acceptability
The foundation for success of any SLLM system often depends on the adaptability and the social acceptability of

that system by the affected communities. Sustainability among different communities may have different levels of
social perception. Various factors such as knowledge and education, geographic variability ( Brunson and Steel ,
1996 ) , time ( Bengston et al. ,1998 ) , and social affiliation ( Steel et al. , 1998 ) may affect social acceptability.
While the primary goal of investigating social acceptability is to implement SLM systems , consideration needs to be
given to the variability among stakeholders in terms of need, perception,and demand.

3 Examples of sustainable land use systems

Several examples of sustainable land use systems exist around the world and each example contains more than
one of the components previously discussed in this paper. The examples included in this discussion have been se-
lected to illustrate the wide range of systems that have been developed or are in the process of being developed.
They also show the opportunities for further research,development and outreach and education.

3.1 Agroforestry systems

Agroforestry systems have been defined as “intensive land management that optimizes the benefits (i. e. ,
physical , biological, ecological , economic, and social ) from biophysical interactions created when trees and/or
shrubs are deliberately combined with crops and/or livestock” ( Gold et al. ,2000). The major categories of agro-
forestry practices are: (1) alley cropping, (2 ) buffers, (3 ) forest farming, (4 ) windbreaks, and (5 ) silvopasture.
These practices are widespread in the tropical regions but have not been extensively adopted in temperate regions.

Vegetable agroforestry( VAF ) practices have been extensively studied in the upland areas of the Philippines
and other Asian countries( Reyes,2008 ). Placement of trees as contour hedges with vegetable production has been
observed to reduce soil erosion,increase fertilizer use efficiency,increase incomes of smallholder farmers,and im-
prove soil carbon sequestration ( Mercado et al. ,2009 ). Competition among tree and vegetable crops was ad-
dressed by investigating optimum tree spacing and selecting suitable tree and vegetable species within the VAF
practice ( Fig. 5).
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Fig.5 The VAF practiced in the upland areas of the Philippines( Mercado,2009)
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3.2 Conservation Agriculture

Conservation Agricultural (CA ) systems are being extensively researched around the world and show promise
as a SLM system( Hobbs et al. ,2008). The principles of CA include: (1) minimum mechanical soil disturbance
(e. g. ,conservation tillage and direct seeding) , (2) permanent organic soil cover(e. g. ,residues, cover crops) ,
and (3 ) diversification of crop species grown in sequences and/or as associations ( e. g. , crop rotation) ( FAO,
2012). Interest in this system in several regions of the world has been in response to increasing resource degrada-
tion and declining crop yields that has been observed with conventional land use practices.

A review of research studies examining farmer adoption of CA indicate that highly localized social , economic
and environmental factors affect adoption( Knowler and Bradshaw,2007 ) and , therefore ,local on-farm research in-
volving community participation may be a successful approach to promote adoption of CA. Some issues with adop-
tion of CA have included competing uses for crop residues(e. g. ,livestock feed) ,increased labor requirements, the
difficulty of direct seeding without appropriate equipment, and initial increased weed problems and lower yields

(Giller et al. ,2009).

3.3 Precision agricultural systems

Precision farming has been defined as “an information and technology-based farm management system to i-
dentify ,analyse and manage variability within fields for optimum profitability , sustainability and protection of the
land resource” ( Roberts et al. ,1994). It has also been called site-specific farming or prescription farming, and
can range from simple practices,such as field scouting or spot application of pesticides,to more complex land man-
agement practices that utilize Global Positioning System ( GPS) -based technology ( McLoud et al. ,2007 ). Preci-
sion agricultural practices include yield monitoring and mapping, grid sampling, sensor-based mapping and remote
sensing ,and several variable rate application methods such as variable rate fertilizer application. The precision ag-
ricultural systems generally provide more in-season information for improved farmer decision-making and identify
spatial variability among soils and plants due to differences across agricultural landscapes.

More recently, Motavalli et al. (2012 ) have developed a variable source fertilizer strategy for corn production
that utilizes multiple sources of fertilizer (e. g. , enhanced efficiency nitrogen fertilizers, urea) for application to a
single field based on maps of areas of low and high potential environmental nitrogen loss( Fig. 6). This practice
has been shown to increase overall productivity and reduce environmental N loss. It also illustrates the use of new
technology to provide additional information that can improve land use management by better identifying spatial
variability in fields across agricultural landscapes and by identifying areas of greater potential environmental sensi-
tivity within those landscapes.

1. Use spatially — referenced 2. Develop variable source 3. Application map is transferred 4. Enhanced efficiency
information from field(e. g., application maps based on into the controller of a multi— fertillzer is applied
EC.) to define high N loss high N loss areas and user bin fertilizer spreader on to selected areas
areas preferences. in field to increase

returns and reduce N
loss

ESN Urea

(polymer—coated urea)

Fig. 6 Steps in variable source fertilizer management using urea and enhanced
efficiency nitrogen fertilizers( e. g. , polymer-coated urea)

4 Conclusions

A major challenge facing the world today is to increase food production to meet the needs of a growing global
population without a major negative impact on the environment and while climate change is occurring. Many exam-
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ples of sustainable land use management have been developed over the centuries by the world’s farmers and land-
owners and through scientific research. Some principal components of these land use practices have been to under-
stand the ecology of land use management, maintain or enhance productivity , maintain soil quality and plant diver-
sity ,and insure the practices are socially acceptable and provide sufficient economic and ecosystem benefits for
communities.

Improved technology recently being developed provides opportunities to develop more sustainable land man-
agement that will provide better information to the land owner for decision-making through guidelines in selecting
suitable crops,best management practices,and other cultural practices for his land. Such information should take
into account various scales(e. g. plot, watershed, region ) and should be readily available through public and pri-
vate extension services at the disposal of the stakeholders. Future research should focus on interdisciplinary ap-
proaches that involve scientific , economic ,and social components along with local and regional knowledge systems.
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