SUSTAINABLE LAND MANAGEMENT, BETTER LAND HUSBANDRY AND NO-TILLAGE SYSTEMS 

General

The goal and basic challenge of Sustainable Land Management (SLM) is to make better use of available biophysical and human resources in a given area. SLM implies that governments and major stakeholders place among their priorities, the implementation of appropriate policies and coordinated interventions, which will lead to five objectives:

· more rational land use,

· fair access to land resources,

· improved land management practices,

· avoidance of land degradation, and 

· development of an updated knowledge and information base. 

As such, SLM encompasses a broad array of interventions such as farm field, roads, infrastructure, market places, parks, water, forest and reserve management etc., to ensure the sustainability of the ecological, economic and social exchanges taking place among upstream and downstream residents of a given territory (i.e. watershed). It also includes the participatory establishment of a conducive legal framework, socio-economic practices and technical measures. Examples of SLM systems embody specific practices for resource conservation, such as reforestation, rural sanitation, buffer strips, and grassed waterways
. 
Agricultural land management issues cannot be addressed solely through individual solutions. The drive to improved land management must integrate the biophysical and socioeconomic forces. This can be referred to as the Better Land Husbandry (BLH) approach.
 In this paper, BLH is considered as the “agricultural component” of SLM (see Box 1). BLH is in line with, and encompasses, related approaches such as the Sustainable Agricultural Systems (NRC, 1987) and Conservation Agriculture (FAO, 2001).
 

Box 1: Better Land Husbandry Components  

	The following are intrinsic components to Better Land Husbandry:

· An integrated and synergistic resource management approach embracing locally appropriate combinations of the following technical options:

· build-up of soil organic matter and related biological activity to optimum sustainable levels (for improved moisture and nutrient supply and soil structure) through the use of compost, farmyard manure, green manures, surface mulch, enriched fallows, agro forestry, cover crops and/or better crop residue management;

· integrated plant nutrition management with locally appropriate, and cost effective, combinations of organic/inorganic and on/off-farm sources of plant nutrients (e.g., organic manures, crop residues, rhizobial N-fixation, transfer of nutrients released by weathering in the deeper soil layers to the surface via tree roots and leaf litter, rock phosphate, lime and chemical fertilizer);

· better crop management, improved seeds of appropriate varieties, improved crop establishment at the beginning of the rains (to increase protective ground cover, thereby reducing water loss and soil erosion), weed management and integrated pest management;

· better rainwater management to increase infiltration and reduce runoff so as to improve soil moisture conditions within the rooting zone, thereby lessening the risk of moisture stress during dry spells, while reducing erosion;

· improvement of soil rooting depth and permeability through breaking of a cultivation-induced compacted soil layer (hoe/plough pan) through conservation tillage practices by means of tractor-drawn subsoilers, ox drawn chisel ploughs, through no-till and hand-hoe planting pits/double dug beds; and/or interplanting of deep rooted perennial crops, trees and shrubs, and annual cover crops; and

· reclamation, where appropriate (i.e. if technically feasible and cost effective), of arable land that has been severely degraded by such processes as gullying, loss of topsoil from sheet erosion, soil compaction, acidification and/or salinisation.

· Adoption of people-centered learning approaches through which farmers are enabled to learn about, and investigate for themselves, the costs and benefits of alternative land husbandry practices.

· Community-based participatory approaches to planning and technology development that build on rural people’s inherent skills and capability to formulate and implement their own development plans, and to develop and disseminate their own improved land husbandry technology.

· Better land husbandry for business through the promotion of field level interventions that offer farmers tangible economic, social and environmental benefits.

Adapted from: FAO – United Republic of Tanzania, Soil fertility Initiative, 2000.


Organic agriculture is also seen nowadays as a pathway towards SLM and BLH.  However, the “organic pathway” does not address adequately the most urgent needs of the rural poor in developing countries.
  It can be seen at best as a complementary opportunity to generate additional rural income in peri-urban areas and/or in lands with initial, or recovered, high productivity potential, and where workforce is not a constraint.

BLH is about combining investment in natural capital and investment in human and social capital to ensure sustainable farming systems’ intensification and area expansion where appropriate,
 as well as the sustainability of land management improvements in rural environments. In general terms, farming systems’ intensification refers to the fuller use of land, water, and biotic resources to enhance the agronomic performance of agro-ecosystems. The BLH approach emphasizes the application of skills and knowledge in managing the biological cycles and interactions that determine crop productivity. It differs from that which guided agricultural systems in the industrial countries in recent years. The conventional model of agricultural development stresses intensification through progressively specialized operations and the substitution of capital and purchased inputs for labor. It has entailed loss of diversity (in crop germplasm, cropping patterns, and agro-ecosystem biota), and high cash production costs. Instead, the new approach seeks to meet the concurrent goals of increased productivity and reduced environmental risks in both temporal and spatial dimensions, through diversification involving the selection of crops, livestock, inputs, and management practices that foster positive ecological relationships and biological processes within the agro-ecosystem as a whole. At field and farm level, the intensified use of available resources is sought through more diverse rotations and optimal harvesting schedules. Similarly, optimum resource use in rural landscapes of heterogeneous slope, soil type, and water resources is achieved through diversity of systems, adopting techniques and growing crops that take full advantage of available sunlight, moisture, nutrient reserves, and biotic interactions, both aboveground (for example, through mixed cropping), and below-ground (for example, through legumes cover crops and deep rooted tree crops). Finally, the ultimate goal of BLH is to improve productive efficiency and agro-ecosystem performance through mixed cropping and careful management of all internal resources, as well as necessary external inputs (lime, agro-chemicals, seeds, etc.) [NRC, 1987].

No-Till Farming Practices

This sub-section discusses the “technical” aspects of NT farming, including a general description, followed by a short presentation on specific aspects such as NT equipment, plant cover and cover crops, crop rotation and integrated pest and weeds management. 

The underlying principles that led to the development of NT farming practices were to protect the soil surface from sealing by rainfall, to achieve and maintain an open internal soil structure, enhance soil biological processes and to develop means for safe disposal of any surface runoff that would nevertheless still occur. NT farming practices
 encompasses four intertwined soil and crop management techniques, namely: 

· minimal soil disturbance: restricted to planting/drilling, i.e. no plowing, disking or soil cultivation; 

· permanent vegetative soil cover: crop, cover crop and weed residues stay on surface; no burning of residues;

· direct-sowing: specialized planters or seed drills, insert seeds and fertilizer (chemical, organic) through/across/below residues; lime and non-nitrogen fertilizer are mostly surface applied; 

· sound crop rotation: combining different plant families (e.g., cereals and legumes), adequate biomass generation and continuous cropland use.

All four techniques must be adhered to if economically and environmentally favorable results are to be obtained in a sustainable fashion. The key message here is that NT farming practices mimic ecologically sustainable forest ecosystems (Seguy, 2001). NT practices
 comprises the planting of crops in previously unprepared soil by opening a narrow slot, trench or band of sufficient width and depth to obtain proper seed coverage. No other soil preparation is performed and soil remains covered by plant residues from previous crops and/or cover crops and most of the plant residues remain undisturbed at the soil surface after seeding. However, when the same crop or cover crops are repeated on the same piece of land each year, no-till is an imperfect and incomplete system, because diseases, weeds and pests tend to increase and profits tend to decrease (Phillips and Young, 1973; Derpsch, 2000).

Farming practices have an impact on soil characteristics, which may affect soil functions,
 and consequently have the potential to improve or minimize soil environmental benefits.  From this perspective, conventional tillage, with plowing/ harrowing and incorporation of organic residues is less desirable for the environment.  Conventional tillage leaves the soil bare for a significant period of time with direct consequences in the partitioning of water (generally resulting in more runoff) and of energy (generally higher soil surface temperature).  Internally, conventional tillage leads to soil compaction, collapses the pores and tunnels constructed by soil fauna changing the water- gas-, and nutrient-holding capacities of the soil.  The incorporation of organic residues strongly affects the soil biological activity and stimulates the rate of decay of these residues as well as the residual soil organic matter.  Consequently, under tropical conditions, the plowing-in of crop residues results, most of the time, in a decrease in soil organic matter (Pieri, 1989).  On the contrary, NT farming practices have overall positive agro-ecological impacts.  Undisturbed soil, permanently protected by vegetative cover, mimics or even improves the functions played in native ecosystems, including the maintenance of porous and soft soil layers through litter accumulation, intense biological activity, soil fauna upwards and downwards movements, and active and diverse root systems which altogether result in efficient water, heat and gases transfers within the entire soil profile while preventing the degradation of the land resources base i.e. soil, water and biodiversity.  The close-nutrient re-cycling and improved water use efficiency of the forest environment is replicated. In addition, crop rotations and cover crops are used to maximize biological controls of weeds, pests and diseases.
Substantial benefits can result from the adoption of NT farming, which can be assessed at three different levels: farm, community and watershed, and global levels (Box 2 and Figure 1): 

Box 2: Descriptive Benefits and Impacts
	Farm Level 
	Community, Watershed Level
	Global Level

	· Labor, time and farm power savings through reduced cultivation and weeding requirements;

· Less costs due to reduced operations and external inputs;

· Mechanized farms: longer life span, less repair costs of equipment, less fuel consumption;

· Better trafficability in the field, less drudgery;

· More stable yields, particularly in dry years due to improved nutrients and moisture availability to the plant;

· Labor savings provide opportunities for diversification (livestock, high-value crops, agro-processing)

· Maintained or increasing yields with decreasing inputs;

· Increased profits, in some cases from the beginning, in all cases after a few years due to increase efficiency of the production system.


	· More constant water flow in rivers/stream, improved recharge of the water table with reemergence of dried up wells and water sources;

· Cleaner water due to less erosion and reduced sedimentation of water bodies;

· Less flooding due to increased infiltration; less damage from droughts and storms;

· Improved sustainability of production system and enhance food security;

· Increased environmental awareness and better stewardship of natural resources;

· Lower municipal and urban water treatment costs;

· Reduced rural maintenance costs;

· Increased associative activities;

· Improved rural livelihood and quality of life.
	· Improved Carbon balance through reduced carbon emission, less fuel and energy consumption, and increase carbon sequestration  in the soil organic matter and biomass;

· Better biodiversity protection at the microflora and fauna levels (bird’s nest in NT fields, fish in streams and ponds etc.);

· Improve hydrological cycle at river basin and continental levels;

· Improve combat to desertification and land degradation, through reduced risks of soil erosion and enhanced soil build up;

· Recharge of aquifers through the capture and infiltration of rain water;

· Recognition of the role of rural dwellers and farming activities in providing key environmental services to the society at large.
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Figure 1:  Impact of Sustainable Land Management on Rural Livelihoods
Figure 2.   An Example of a Framework for Piloting NT Farming (adapted from FAO/WB, 2000)
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	Farmers’ Group Activities
	
	Technical Support Group
	
	Backstopping

Group
	
	Monitoring and Evaluation
	
	Supporting 

Activities

	(20 to 30 farmers per farmer group)

NT field development, PTD, provision of inputs and equipment, training,  etc.





Continuing process for about 5 years, identification of pathway of changes, and adaptation as needs arise.


	
	Development of : tools, 

implements, and 

equipment
· research/PTD

· blacksmiths

· tool makers

· manufacturers

· distributors

· retailers

· importers

	Screening and multiplication of suitable cover crops

· research/              PTD

· multipliers

· distributors


	
	(Technical Assistance)

· local expertize

· Brazilian/Latin American NT experts  

· regional networks 

· CGIAR (e.g. ICRAF, CIMMYT, etc.)

· FAO

· NGOs


	
	Contracted to an independent institution
	
	1. National Support Committee

2. Program assistant

3. Study tours

4. Farmers’ groups exchange visits 

5. Research to address issues identified during the piloting process 





� EMBED RFFlow  ���





Preparatory activities: information and sensitization; clarify NT farming systems’ development approaches and practices, selection of “best opportunities areas”, agreement with participating communities on objectives and expected outputs. Local Meetings organised by National Support Committee





Piloting: learning and training through community-based Farmers' Groups, together with other stakeholders  (testing, validation and adaptation of NT farming options)


(testing, validation and adaptation of technical CA options)





Participatory learning spirals & cross checking





Monitoring





Planning





Evaluation








Implementation





Dissemination of findings, scaling up successful pilots, national and regional networking of NT practitioners








� 	January 2005; extracted and adapted from: No-till Farming for Sustainable Rural Development; Christian Pieri et al.; World bank Agricultural & Rural Development Working Paper Nbr 2; June 2002.


� 	Although indigenous practices, such as traditional no-till and minimum tillage, and shifting cultivation have been considered as “sustainable practices” for a long time, their productivity may not be able to cope with the growing population pressure on the land resources.  However, indigenous NT and minimum tillage practices can be the basis for developing more productive and sustainable NT systems.


� 	The concept of husbandry, signifying understanding, management and improvement, is widely understood when applied to crops and animals. It is equally applicable to land. Land Husbandry has been defined as “the care and management of the agricultural land for productive purposes”.


� 	The term “Conservation Agriculture” (CA) is largely comparable to “NT farming” as presented in this document. CA can be defined as (FAO, 2001): “a concept aimed at enhancing agricultural production on a sustainable and environmentally friendly basis. This is achieved by efficient exploitation of natural resources to conserve and enhance soil fertility, soil moisture availability and biological resources. CA practices include no soil inversion and direct planting, maintenance of a soil cover and diversified crop rotation”.


�	The organic alternative receives considerable recognition mostly in developed countries, from consumer groups concerned with human health and environmental pollution triggered by input-intensive agriculture, and from producers receiving a premium in selling their organic-certified products. Although this approach may find some “niche market” opportunities, it may not adequately address the main issues of increasing food production. Regarding productivity, either the intensity of land use is reduced to locally restore soil fertility with the use of organic wastes (“fertility transfer”) or lower yields are experienced.  Moreover, “organic” certification and quality control (e.g. bacterial and heavy metal contamination) of organic material use for soil fertility purposes require a legal framework, generally difficult to establish and enforce. 


�	Although the scope for area expansion is limited and may increasingly occur on marginal land, it will often not be possible to prevent such area expansion, hence the same principles of SLM/BLH must be followed on those newly opened land to ensure sustainability of the production systems.


� 	Erenstein (1998) observed that there is much confusion over terminology and that NT is carried out by many traditional farmers but without a residue or mulch cover and that this term is therefore inexact.  A widely used definition of Conservation Tillage is "any tillage and planting system that covers 30% or more of the soil surface with crop residue after planting, to reduce soil erosion".  Conservation Tillage is also associated with the substitution of plowing by ripping with tractor or animal traction (e.g. the “Magoye” ripper for animal traction in eastern and southern Africa).


� 	While written technical information was minimal in the 1970s, at the beginning of the NT development in Brazil and Latin America , several comprehensive publications as well as practical manuals have been published since early 1980’s (Derpsch et al., 1991; Crovetto, 1992; Landers, 1994; Séguy et al., 1996; Hebbelthwaite, 1996; Rasolo et al., 1999;  FAO, 2000/2001).


� Soil plays several functions in ecosystems (Warkentin 1995), including: (i) recycling of organic material to release nutrients and/or to synthesize new organic materials; (ii) partitioning of rainfall at the soil surface into runoff, infiltration and evaporation; (iii) storage and gradual release of water, nutrients, and gases; �(iv) maintaining habitat stability, including soil structure and diversity of pore sizes, and buffering of habitat against rapid changes of temperature, moisture, toxic materials; and (iv) partitioning of energy at the soil surface which is important in global processes.
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