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Integration of crop and livestock production in
 conservation agriculture:

guidelines for project design

Conservation agriculture (CA) aims at achieving sustainable and profitable agriculture and subsequently ensuring improved livelihoods of farmers through the application of the three CA principles: minimal soil disturbance, permanent soil cover and crop rotations
. 
Key CA assumption is that satisfactory yields should be achieved by combining agricultural activities with sustainable environmental practices through the enhancement of natural biological processes above and below the ground. Hence, CA represents an innovative paradigm promoting the sustainable use of natural resources
 as well as a new approach to management of farming systems. In light of this, livestock keeping activities, which are of fundamental importance for many households, may be integrated into the traditional agricultural practices by developing a holistic approach tailored to local ecosystems. In this sense, the integration of livestock and diversification of the commonly specialized production appears to be a natural long term process in CA being a step to achieve resilience. Developing strong relations and mutually reinforcing activities amongst livestock keepers (including pastoralists and agropastoralists) and farmers
 can also lead to improved relationships among these two groups as well as to a more efficient and effective natural resource management including the facilitation of nutrient recycling and improved system diversity.   
The purpose of this paper is to provide key inputs for project design in the domain of agricultural development with a special focus on the integration of crop and livestock production in Conservation Agriculture. To this end, some of the experiences and lessons learned regarding current systems integrating stock, pasture and cropping activities have been documented, drawing on knowledge gained within the Community of Practice on Pro-poor Livestock Development. 
The paper will briefly describe and analyze the following three crop-livestock combined systems:  

1. Pasture cropping system
; 
2. No chemical inputs cropping system;

3. Holistic Management system.
In chapter 3, integrated crop-livestock systems, combining livestock into crops by inserting forage crops into a crop rotation and applying controlled grazing or forage harvesting as addition on to crop production are also described.
Building on these, the paper provides inputs and recommendations for the design and formulation of pro-poor livestock development projects integrating livestock and farming activities so as to promote long-term sustainability. 
1. Integrating crop and livestock production in CA 

Integrating livestock and crop production in Conservation Agriculture means shifting from the traditional systems focused exclusively on livestock or crop to a new approach which sustainably combines both, within the comprehensive framework of the CA approach and core principles.

In some agro-ecological systems where CA has been already adopted (both in developed and developing countries), livestock is a very important asset for local livelihood while in others the livestock-related activities count less
. An indication of the role played by livestock in livelihood is the animal population which tends to be less in the case of a traditional crop-based system meaning that households’ livelihoods mainly depend on crop farming activities. Furthermore, in densely populated areas the farm size tends to be small and there are only few livestock-related activities, while in those areas with limited human population, livestock concentration tends to be higher consistently contributing to local livelihood. Despite of this, there are cases, like in Ethiopia, where farm sizes are relatively small and livestock still play a very important role.
In light of this, the approaches and the modalities to integrate livestock in CA need to take into account various factors such as the agroecological conditions, the livestock population density as well as more complex issues related to the local market, socio-ecomomic/cultural, bio-physical aspects.  

To this end, it is worth noting that the key common principles characterising CA practices may have different effects in the way animals and crops could be integrated. 

CA is characterised by the following three principles in terms of farming practices
: 

· Principle no. 1 “Minimum soil disturbance- no tillage” 

This principle entails the reduced or zero tillage. Purpose of minimum soil disturbance is very closely linked to the principle one. Minimizing soil disturbance will enhance soil biota and associated soil biological processes that builds soil porosity and structure as well as reduce organic matter decomposition, transform organic matter into more stable form of humus, promote the conservation of soil, soil moisture and plant nutrients, and help establish a permanent soil cover of plant organic matter. It requires specialized seeding equipment designed to plant seeds into undisturbed crop residues and soil. In regions with low production of crop residues of fodder, this leads to reduced draft animal numbers and health, which in conventional system affects the timeliness of field operations such as ploughing. However, many farmers (especially those without their own draft animals) delay sowing because they cannot get their fields ploughed at the onset of the rains. The demand for draft power at the peak period (the onset of the rains) normally exceeds the supply (Shumba et al., 1989). A suitable adaptation of zero tillage could limit this problem, allowing more farmers to plant on time, reducing the need for draft animals. Minimization or avoidance of soil disturbance not only reduces a demand for draft animal power by minimizing number of field operations, but it also reduces number of hours  farmers would to have spend in the field. Instead, they could spend that saved time for optimizing planting times of crops, increasing planted crop areas, fattening their animals, processing farm produce, etc
.    

Moreover, the no-till principle has an important carbon sequestration potential, particularly through the storage of soil organic matter in the soil by transforming organic matter into more stable forms of carbon. Without tilling, the air does not mix into the soil layers which form a firmer, yet porous soil matrix and the result is that the carbon is not lost from the soil into the atmosphere. 
In view of promoting sustainable practices, incentives could be also given to farmers including payments for ecosystems services while sequestering carbon in their own fields. Incentives of that sort would certainly influence tradeoffs toward more sustainability.
· Principle no 2: ”Permanent soil cover” 
Purposes of permanent soil cover are to: a) protect soil from both water and wind erosions; b) reserve soil moisture from evaporation; c) suppress weeds; d) supply organic matter and carbon as substrate for soil life and build up of soil organic matter; and e) ultimately increase soil production capacity through improved soil quality and soil and moisture conservation. In the context of marginal crop production areas where crop residue is low, building a permanent soil cover can be an issue, especially if livestock open-grazing is involved. Countries such as Mongolia, where livestock graze on a crop and pasture lands openly, crop-residue can be grazed/consumed by livestock and it may delay or challenge the process of building soil cover. Therefore, how to properly manage livestock in Conversation Agriculture is important issue to be addressed also in view of better understanding farmers’ allocation strategies. 
It is in the case of a low crop residue production where the permanent soil cover is ensured particularly through the retention of crop residues on the soil surface. Of those residues produced, most are consumed by livestock. In this context, the idea of using residues or plant organic matter (grown in one season) as mulch (for the following season) often is simply not feasible, or at least not effective to cover all of the above objectives. However, in view of the sustainability of the production system a compromise or a balance must be struck to at least maintain a positive carbon balance for the soil (as pointed above). 

Complementary projects, however, are exploring the use of agroforestry to provide the alternative fodder sources as well as increase soil fertility to enhance crop biomass residues
. 
· Principle no 3. “Crop rotations and associations”

This principle entails the use of sensible and profitable crop rotations and associations including mixed-cropping (intercropping and relay cropping within the season). Purposes of crop rotation and associations in Conservation Agriculture are to create biodiversity and maximize the use of growing period, which would help: a) controlling diseases, pests/insect, and weeds; b) maintaining balanced utilization of soil nutrients and other natural resources through diverse rooting structures; and c) increasing the soil cover and biomass production; and finally, d) diversifying production (including livestock) and income.  A specific aspect linked to the crop rotation is the use of legumes in crop rotation; this entails two major positive aspects 1) Biological Nitrogen Fixation (BNF) and 2) High quality fodder to supplement livestock diets.

The introduction of animal feed and fodder crops in the rotation provides an opportunity to further diversify and extend the rotation with positive yield effects on following crops and to fill gaps in the cropping season with a crop producing a commercial value. Also in some cases, animal grazing is used in crop rotation instead of harvesting the fodder, including in situations where fodder production is extended during the season. In seasonally dry ecosystems, rotations also help to raise the quality of livestock feed and increase the amount of good quality feed during the dry season through deep rooted legumes and grasses that use greater amount of soil moisture and produce fodder during the dry season, and also contribute higher quality biomass for silage production for use in the dry season
. 
However, it should be noted that in some systems there are constraints to adoption of this technology mostly related to labour requirements, know-how, conservation conditions, feed poisoning (mycotoxins) 

It has been applied largely in those systems where animals are only a minor component given the difficulties of providing high quality grassland to livestock while at the same time ensuring high profitable crop rotation. In this context, cereal-legume rotations including high biomass legumes such as mucuna, dual purpose cowpeas and green manure cover crops have been a major topic of research and development efforts
. However, with Conservation Agriculture there is the opportunity of growing a crop without ploughing the soil, and thus the option is open to grow crops also on some land which is considered suitable for pasture only
. In fact, there is trend for pasture livestock farmers to integrate CA crops into their pasture land for rehabilitation of degraded pasture systems.
2. Current systems integrating cropping activities with livestock and pasture 
This section provides an overview of three systems currently integrating livestock, pasture and cropping. Each system adapts the key principle characterizing CA on the basis of the agriculture techniques, the local agro-ecological conditions and the degree of integration amongst crop and livestock.  

For each of the three systems, tangible and intangible benefits as well as costs (mainly in terms of investments to improve the system) that can be afforded are described.  
2.1 Pasture cropping system

Pasture cropping system is a direct seeding technique of sowing annual cereal crops into perennial pasture (usually native species) and having these crops grow symbiotically with the existing pasture. Hence the land will be used for the dual purposes of both food crop production and pasture maintenance. The system is based on one annual crop, such as oats, millet or others into dormant summer pasture. The land is never laid bare, the landscape has a permanent plant cover over the year, the crop grows well, and after the harvest the animals can return to the pasture - which is just starting to grow up under the crop. This system relies on perennial grasses to maintain soil organic carbon and it is well suited to environments where rainfall is less seasonal and particularly to soils with limited water holding capacity. It is currently implemented in Scandinavia, Australia, the USA and in South American countries
.
The system is expected to combine advantages deriving from pastures with those from crops. Pastures are combined with the common agricultural practices in order to take advantage from livestock-keeping activities. 

In light of this, the following benefits are envisaged:
· Low cost of cropping: financial costs of the system are very low compared those of the conventional cropping. Manure is used as a natural organic fertilizer so to contribute to the soil fertility especially by adding organic matter and nutrients like nitrogen. 
· Mixed farm situation: grazing is expected to have high benefits on the crops. The grazing crops perform well and good grain yields are registered especially when compared with the loss of grazing due to ground preparation and weed control required in traditional cropping methods. Furthermore, enhancement of the pasture is also another tangible benefit. 
· Environmental benefits: improvements in soil fertility, improved water use efficiency and general improvement in ecosystem function.
· Biodiversity: these are the vast improvement in perennial plant numbers and diversity of the pasture following the crop. This means that there is no need to re-sow pastures, which can have an extra-cost.
· Soil carbon sequestration and reduction of greenhouse effect: the system has positive effects on the level of soil carbon sequestration hence reducing some of the atmospheric carbon dioxide. In this sense, grazing management systems play an important role. 
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2.2 No chemical inputs cropping system

This system is similar to the pasture cropping system except that no herbicides or fertilisers are used; hence, no organisms are removed from the overall system, either plants or animals. In this system, crops are sown into existing plant and litter cover without eliminating any other plants giving growers flexibility throughout the growing season. The raining conditions become crucial in this system as farmers recur to these techniques when they receive enough rain which they feel would justify planting. 

The system is flexible and very low cost, based on the complementary effects of diverse pastures rather than competitive uses. In a context where there is no competition on the different uses of lands and natural resources amongst farmers and livestock keepers, they could both be seen as complementary and mutually reinforcing. 
A part from the economic profit, the system is very low cost as fertilisers and/or herbicides are not at all used, this method has considerable effects on the preservation of biodiversity. 
Below, the five key-principles:

1. Sowing is done dry
: it gives the crop the advantage over germinating annual weeds. It also keeps compaction effects to a minimum by travelling over the ground at its highest strength and that leads to lower fuel usage.
2. Coulter type implements are used:  to cut through the existing plants and residue while disturbing as little as possible. 
Main consequences of this approach are very low draft in dry soil and the ability to retain large amounts of residues on top of the soil and weed germination is kept at a minimum.
3. No Herbicides or Pesticides used: no organisms are taken out of the system and the ecosystem is not modified other than by mechanical interventions above the soil surface and by plant competition and suppression.
4. No Fertilisers used: the grassland is not modified and production costs related to inputs acquisition are therefore reduced
.
5. Good grazing management: animal grazing needs to be properly managed in order to achieve sustainable plant, land, environmental or economic results while ensuring a continuous supply of forages to grazing animals and a good animal quality. It will allow for the conditions that promote desirable plants while inhibiting the germination and growth of weeds. 
2.3 The Holistic Management system and the livestock integration in CA

The holistic management system promotes the inclusion of grazing into the farming system in a way which regenerates the pastures, not ruins them. Animal and crops are seen as two complementary activities at the core of a comprehensive management of natural resources. In light of this, it is crucial to monitor and control the number of animals grazing and the grazing duration (the stocking rate/exposure time) as well as the type, the timing of grazing, the soil fertility and the soil composition
.     

Furthermore, this could contribute to manage potential conflicts among livestock keepers and farmers as both activities become complementary with greater benefits to both sides. Such complementarity depends also on the grazing management adopted which needs to be adapted to the local circumstances in respect of the land’s livestock carrying capacity (as indicated in the key management principles characterizing the system), the land condition, the quality and quantity of forages and the rainfall
. A sustainable grazing management is needed to maintain a healthy and productive pasture ensuring at the same time good level of physical and chemical soil fertility. Hence, the quality of the grazing land is ensured as well as the soil productiveness.  

Direct and indirect benefits of the holistic management refer to the following areas: 
· Soil fertility: more biologically active soils, more productive rangeland or cropland and controlled livestock carrying capacity;
· Environment: control of desertification, enhanced soil carbon sequestration and related reduction of the existing carbon dioxide from the atmosphere, use of cleaner water,  protection from drought; 

· Economic benefits: reduced costs for inputs/technology acquisition, increased savings and increased food security (particularly due to the crop and livestock production);
· Biodiversity: restoration of natural wildlife habitat, improved economic viability for organic production.
Below key aspects characterizing the three systems: 
	
	Pasture cropping system
	No chemical inputs cropping system
	The holistic management system

	Key principles
	· Direct seeding technique of sowing one annual crop into perennial pasture so as to have these crops grow symbiotically.
	· No herbicides or pesticides used;
· No fertilisers applied;

· Limited soil disturbance. 
	· Combination of grazing into the farming system.

	Main environmental benefits
	· Improvements in soil fertility;
· Improved water use efficiency;
· Pastures enhancement; 
· Enriched biodiversity;

· Flexible farming system that has potential benefits for rejuvenation of native pastures. 
	· Preservation of biodiversity;
· Positive effects on soil compaction and water content.
	· Reducing soil erosion;
· Enriched biodiversity; 

· Sustainable land livestock carrying capacity. 

	Financial aspects
	· Reduced costs for inputs/technology acquisition: one annual crop is seeded and manure is used as a natural organic fertilizer. 
· No need to re-sow pasture.

	· Zero costs for fertilisers and herbicides acquisition.
	· Increased potential income generating activities (particularly due to the combination of crop and livestock production);
· Reduced costs for inputs acquisition.

	Principle risks
	· Risks on soil fertility derive from inappropriate animal grazing. 
· In case of inadequate rainfall, benefits are reduced.  
	· Inadequate supply of forages to animals if the grazing system is not properly management with a long term vision. 
	· Risks might derive from the number of animals grazing, the type and the timing of grazing.

	Impact on soil carbon sequestration
	· Enhanced soil carbon sequestration
	· Enhanced soil carbon sequestration
	· Enhanced soil carbon sequestration


3. Integrated livestock-farming systems into CA-cropping
Farming systems that successfully integrate crop and livestock enterprises stand to gain many benefits that can have a direct impact on whole farm production (FAO CA website, 2009). 

It appears that animals, especially ruminants, could be successfully integrated in CA practices especially given their ability to convert forages, browse and crop residues high in cellulose to useful food and fibre products
.
Furthermore, their inclusion into an integrated farming system can have positive impacts in terms of bioversity and soil fertility, recycling of nutrients and soil enhancing rotation crops by providing at the same time power and transportation. As a matter of fact, animal power could be also used in farming system as power source for transportation as well as for other activities such as milling, logging, road construction, marketing and water lifting for irrigation 
. 
However, it is worth noting that uncontrolled and free grazing might cause conflicts over natural resources access and use, particularly water and land. Although livestock is often one of the most important income generators for rural families, conflicts might arise among farmers and livestock keepers when encroachment leads to crop cultivation being preferred to pasture. To avoid such conflicts emerging among farmers and herders especially in extensive mixed systems, the focus should be placed on the entire integrated livestock farming system where food and cash crops, livestock and value-added processing are combined within the framework of CA over village landscapes and watersheds. 


[image: image2]
Live fences might be a way to integrate farming and livestock-related activities within the context of CA principles profiting from the potential synergies and avoiding conflicts over natural resources. Throughout this system, livestock movement is controlled and possible conflicts on the access of natural resources could be avoided
. In the meanwhile, this system could promote positive tree-crop interactions which can enhance whole-farm productivity; it could provide a source of soil cover and a management tool for controlling cattle movement, being at the same time a potential source of livestock feed (depending on the species used). Live fences also improve soil structure, soil moisture and nutrient availability as well as soil productivity, contributing to the soil Carbon sequestration
. Furthermore, this system provides opportunities to reduce the costs of traditional fencing while simultaneously producing timber and non-timber forest products that can be used for household consumption or sold in local markets
. As in the FAO experience in Burkina Faso, integrating agro-forestry with crop production into CA by planting living fences of fodder trees such as Ziziphus mauritiana, Piliostigma reticulatum resulted to have positive effects protecting the crops and crop residues from livestock during the dry season
In light of exploiting synergies of livestock-farming integration in CA, it is worth noting that animal manure and urine, once collected, could be used as a natural fertilizer of crop fields. In a hypothetical crop-livestock integrated CA system, livestock and crops would be produced within one common holistic framework where waste products of one component serve as a resource for the other. For example, manure is used to enhance crop production; crop residues to a certain extent, “add-in” cover crops, and by-products feed the animals, supplementing often inadequate feed supplies, thus contributing to improved animal nutrition and productivity. The result of this cyclical combination is the mixed farming system which is built upon key-features of traditional livestock and farming systems.  
The case of the In Situ Manuring in Livestock in Mixed Farming Systems of the Hindu Kush-Himalayas (Tulachan and Neupan, 2000) is a good example of integration of livestock and crop farming. In situ manuring is an important form of soil fertility management, particularly in the high mountains where cultivation of forage and application of manure are difficult. In this practice, during winter animals are kept on fallow land and dung and urine are used directly on the field
. Farmers believe this system makes the best use of urine. The animals are also moved from one terrace to another, particularly in the uplands, and migratory sheep and goats graze on stubble on arable land. However, it would appear that this practice has been declining in recent years due to the fall in livestock population and the intensification of crops.

4. Key issues for project design

The previous sections explored some of the key issues connecting livestock and conservation agriculture. 

The following have been identified as key elements that should be taken into account to support the design of development interventions based on mixed crop-livestock systems:  
· Adapting key principles of the integrated crop-livestock systems to local agro-ecological system – using tailored approach:  Key CA principles, providing the ecological underpinning of production practices, rather than being a compulsory set of prescriptive rules serve as flexible guiding principles to be necessarily adapted to farming practices reflecting the local agro-ecological and socio-economic context. With specific reference to the integration of animal/crop activities, a clear attention should be given to the specific agroecological system and the traditional livestock-keeping practices (including feeding/transhumance practices). Livestock keepers as well as farmers have traditionally adapted to various environmental and climatic changes by building on their in-depth knowledge of the environment in which they live. CA practices should be interpreted into farming practices to take into account such extensive knowledge.  
· Collaborative management: Integrating crop-animal system should be based on participatory approaches which lead to a transparent and sustainable management of all natural resources with a broad consensus and support of the entire farming (village) community, and beyond to the watershed level to harness landscape-related ecosystem services and benefits such as elimination of erosion, improving water resource quality and quantity, adaptability to climate change etc.
· Community involvement: integrated crop-livestock strategies including livestock management entail the community involvement to deal with cross-cutting issues in order to avoid possible conflicts concerning the environment, the human and animal health conditions, the use of natural resources etc.
· Innovating and capitalising on indigenous knowledge: Local communities and indigenous peoples have an in‑depth understanding of their environment with special reference to the most appropriate farming techniques as well as animal keeping and access and management of common property resources. Mixed crop-livestock strategies should reflect the above. It implies the adaptation of these principles to local circumstances which might lead to innovative integrated crop-animal practices. However, some techniques, like ploughing which is a traditional concept, do not match with the CA principles therefore indigenous knowledge should be integrated and combined into CA principles.     
· Incentives and subsides: incentives, subsides as well as ad hoc frameworks and regulations should be provided for promoting a comprehensive and holistic crop and livestock integrated system. It would lead to the sustainable integration of crop-animal mixed system through new pasture/grazing management and farming systems. However, they have to be judiciously designed to avoid dependency-type reactions or the feeling of free handouts. They should be understood as insurance against risks or as payments for environmental services through good farming practices.
· Awareness and capacity building: Capacity building of local producers on the integrated livestock and crop farming systems is a crucial component of its adoption and adaptation to local circumstances. It is important to ensure an understanding of integrated crop-livestock systems’ key-principles and the related knowledge sharing at community and watershed level amongst different stakeholders. 
· Climate change mitigation and adaptation: integrating crop-livestock systems promotes a sustainable use and management of land and natural resources. To this end, long term benefits are also expected in terms of soil quality and productivity. Since conservation agriculture's emphasis on minimising soil disturbance and keeping soil covered at all times, allows the soil to hold water far longer and facilitates deeper rooting of crops. This results in adaptation against drought as well as against excessive rainfall preventing floods though better water infiltration. Furthermore, living fences based on trees and shrubs or solar-powered live fencing could be incorporated into the CA system which, together with the minimum soil disturbance and integration of densely rooting grasses into crop rotations, would allow for many of the benefits of Carbon sequestration as contribution to climate change mitigation, additional Nitrogen, a source of soil cover and a management tool for controlling cattle movement as well as livestock feed. 
· Cost and labour saving:  Adopting mixed systems as a cost and labour saving approach for small holder farmers, especially to the farmers’ households without sufficient power of labour. These integrated systems reduce the drudgery and work load in the field, thus saving time which could be dedicated to do other things, such as income diversification, off-farm employment, attending learning events or taking care of household chores and more time with family and children. 
· Collaboration with the private sector: Integrated crop-livestock systems as an opportunity to collaborate with private sector, especially with livestock-related business activities. This could be done for instance through production input supply and training, as well as for facilitating access to finance, equipment and machinery. 
Acknowledgments: 

This paper has benefited from inputs and materials provided by: D. Chuluunbaatar (IFAD), T. Friedrich (FAO), B. Gerard (ILRI), K. Kamp (CARE) and A. Kassam (FAO). Responsibility for its content rests entirely with the authors and does not necessarily reflect the position of the International Fund for Agricultural Development.

References 

Abrol, I.P., R.K. Gupta and R.K. Malik (Editors) 2005. Conservation Agriculture. Status and Prospects. Centre for Advancement of Sustainable Agriculture, New Delhi. 
Elbasha E. , P.K. Thornton and G. Tarawali, 1999. An Ex Post Economic Impact Assessment of Planted Forages in West Africa, ILRI Impact Assessment Series 2, International Livestock Research Institute, Nairobi.

FAO, 2008. Report of the International Technical Consultation on: Investing in Sustainable Production Intensification: The Case of Improving Soil Health. July 2008, FAO, Rome. Integrated Crop Management Vol. 6-2008, FAO, Rome.


FAO, 2009. Enhancing Crop-Livestock Systems in Conservation Agriculture for Sustainable 

Production Intensification.  A Farmer Discovery Process Going to Scale in Burkina Faso. Integrated Crop Management Vol.7-2009. FAO, Rome.
FAO, 2007. Tropical crop-livestock systems in conservation agriculture. The Brazilian experience. Integrated Crop Management, Vol. 5-2007. FAO, Rome.  

Heitschmidt, R. K. and J. W. Stuth, 1991. Grazing Management: An Ecological Perspective. Timber Press, Portland, OR. 

Landers J. N.and Weiss J. 2008. Study on the Conversion of Degraded Tropical Pastures to Productive Crop x Livestock Rotations and their Effect on Mitigating Deforestation. WWF and The Nature Conservancy. 
Lenné J. and Wood D., 2004. Is there a ‘logic of legumes’ in Africa? Food Policy
Nori, M. and Neely, C. 2009. The Tragedy Is On, The Tragedy Is Over: Pastoral Challenges and Opportunities for Conservation Agriculture. Paper prepared for the IV World Congress on Conservation Agriculture. 
Pamo T. E.. 1993. Some problems hindering forage seed production in Cameroon . XVII International Grassland Congress New Zealand 1757-1758. New Zealand
Peters, M. et al., 2001. The role of forages in reducing poverty and degradation of natural resources in tropical production systems. AGREN Network Paper no. 117
Rota A. and Sperandini S. 2009. Thematic paper on integrated crop livestock farming system. IFAD thematic paper livestock series. . 

Rota A, Calvosa C, Chuluunbaatar D. et al. 2009. Thematic Paper on livestock and climate change, IFAD thematic paper livestock series
Rota A, Calvosa C. and Liversage H., 2008. Thematic paper on livestock and land.  IFAD thematic paper livestock series. .

Tandon, S.K and Singh, S. 2009. Energy Balance in Conservation Agriculture and Conventional Farming: a Comparison. Indian Council of Agricultural Research. New Delhi. 
Tarawali, S.A., 2002. Development of strategies to promote farmer utilization of herbaceous legumes for natural resource management. GTZ Project Annual Report, 2001. IITA, Ibadan.
Thomas D. and Sumberg J.E., A review of the evaluation and use of tropical forage legumes in sub-Saharan Africa. Agric. Ecosyst. Environ. 54 (1995), pp. 151–163

Twomlow S, Urolov JC, Jenrich M and Oldrieve B. 2008. Lessons from the field – Zimbabwe’s Conservation Agriculture Task Force.  Journal of SAT Agricultural Research 6.
Tulachan, P. M. and Neupane, A. 2000. Livestock in Mixed Farming Systems of the Hindu Kush-Himalayas. FAO, Rome 
Vallentine, J. F. 2001. Grazing Management. 2nd Edition. Academic Press, London.

Journal 
Agroforestry Systems, Adoption of improved fallows in West Africa: lessons from mucuna and stylo case studies, Volume 47,  Issue  - 1, 1999-12-17. 
    http://www.springerlink.com/content/q8514638x3063474
Web sites
www.complusalliance.org 
www.fao.org/ag/ca

www.nokillcropping.com
www.winona.net.au/farming.htm
http://www.pasturecropping.com

Contact: 
Antonio Rota

Senior Technical Adviser on Livestock and Farming Systems

Technical Advisory Division

Programme Management Department 

IFAD 
Tel: +39065459 2680

Email: a.rota@ifad.org
Authors: 
Antonio Rota

Senior Technical Adviser on Livestock and Farming Systems


Chiara Calvosa 
Consultant 
Technical Advisory Division

Programme Management Department 

IFAD 
Tel: +39065459 2429
Email: c.calvosa@ifad.org 

[image: image3.jpg]}.IFAD

Enabling poor rural people
1o overcome poverty.








Box 1: Benefits of adopting CA using integrated crop–livestock zero tillage system





1. Increased profits through reduced production costs;


2. Risk reductions through diversification;


3. Very low, or zero, pasture renovation costs;


4. Opportunities for strategic winter grazing on crop areas;


5. Increased whole-farm herd carrying capacity as a result of point 4;


6. Reduced disease, pest and weed pressures in crops;


7. Great reduction in environmental pollution through erosion control;


8. Consequent reductions in use of agricultural chemicals;


9. Maintenance of a high average stocking rate on rotated pastures;


10. Consequent mitigation of the demand for clearing new land;


11. Improved soil structure for annual crops through soil aggregation by grass roots;


12. Increased biomass generation for surface residues;


13. Increases in soil organic matter (SOM), in Soil Cation Exchange Capacity (CEC) and water-holding capacity;


14. Reduced fertilizer needs through recycling and reductions in leaching and phosphorus fixation;


15. Improved rainfall infiltration rates, reducing erosion and flood peaks and increasing aquifer recharge;


16. Reduced silting of reservoirs, especially those used for hydro-electricity generation;


17. Faster depreciation of farm machinery;


18. Rationalization of overhead costs;


19. Professionalization of farmers and employees, with higher returns to labour;


20. Evening-out of income and labour peaks over the year;


21. Stabilization of the rural population and agribusiness job creation;


22. Generation of incremental employment in agro-industry.





Source: FAO, Integrated Crop Management Vol. 5–2007.





Box 2: Enhancing Crop-Livestock Systems in Conservation Agriculture


for Sustainable Production Intensification.  A Farmer Discovery Process Going to Scale in Burkina Faso (FAO, 2009)





Burkinabe farmers traditionally grow a restricted range of subsistence crops, mainly the cereals maize, pearl millet, sorghum, and the legumes groundnut and sprawling variety of grain and dual purpose cowpea, locally called niebe. The production of livestock in the Oubritenga province of Western Burkina Faso, in particular, is precarious due to shortage of feeds and the prolonged severe dry season when livestock, especially small ruminants experience high weight losses and in some cases, may even die. Although cotton seed is sometimes used to feed livestock to supplement available feeds, this has not been sufficient. 


The FAO PRODS/PAIA project adopted a crop-livestock system in CA with the aim of extending the range of crops in the cropping system profiting from an integrated crop-livestock systems. Activities included improved crop mix and crop rotations as well as investments on local livestock-related activities so to raise incomes, enrich diets, improve soil fertility, and increase biomass for fodder and silage and for soil cover with cover crops and residues.


More precisely, Mucuna surrounded by living fence in rotation with no-till maize and cotton, has been used as a cover crop and, at the same time, to livestock feeding. This choice resulted to have positive effects both on livestock, mainly through increased meat and milk production as well as on soil fertility, as it provided soil cover to prevent top soil loss, increase effective rainfall, suppress weeds and add biological nitrogen. Moreover, through the introduction of forage technology for the production of livestock feeds, farmers successfully increased the levels of animal production and enhanced their farm incomes. Farmers were also encouraged to judiciously collect crop residues of several leguminous plants including Mucuna, fodder cowpea, grain cowpea and soybean for incorporation into livestock feed rations during the dry season, while leaving soils covered to protect them from erosion and to increase soil organic matter. 


The project also introduced the high biomass grass, Brachiaria ruzizensis, to improve availability of livestock feeds during the dry season.  Furthermore, in order to diversify crop production, cassava has been introduced in the cropping system as a ‘new’ crop for food security as well as an energy source for food and feed rations. At the same time, a new silage production technology has been developed to successfully feed livestock during the dry season, demonstrating to be at the same time also as an income generating opportunity through the sale of silage and salt-lick blocks. 


As a result of improved supply of better quality livestock fodder and feed, the range of livestock reared by farmers was expanded by the introduction of better management practices for cattle, sheep, goats, chicken and guinea fowls, through FAO’s support to a companion activity – The Special Programme on Food Security.


However, adoption is far from being widespread and practice is limited to a small number of demonstration and trials. An in-depth impact study should be carried out to better understand the constraints faced as well as the opportunities available.    





Livestock Thematic Papers








� FAO, Agriculture Department, Conservation Agriculture website: � HYPERLINK "http://www.fao.org/ag/ca/" ��www.fao.org/ag/ca/� 


� CA combines agricultural production with environmental concerns and sustainability issues. It also aims at responding to the critics raised to the “Green Revolution” in Asia which focused exclusively on enhancing production and productivity of pre-selected foodgrains and other crops, sometimes leading to resources degradations. 


� The term “farmer” will refer to a crop and vegetable producers and it will not include livestock producers in the context of this paper. 


� Pasture Cropping is: zero till sowing of crops into perennial pasture. The guidelines for Pasture Cropping are the following: Never Plough, Never kill perennial species, Perennial pastures can be native or introduced, better results are achieved from native grass species, Weeds are controlled by creating large quantities of thick litter by using correct grazing management of livestock, and Weeds can also be controlled with very careful herbicide use. Visit www.pasturecropping.com for further details. 





� Rural livestock keepers usually rely on livestock to improve their diet and food security, earn cash for basic requirements or investments and accumulate animals as savings for emergencies and/or as symbols of wealth.


� � HYPERLINK "http://www.fao.org/ag/ca" ��www.fao.org/ag/ca� and Abrol et al., 2005


� However, it should be noted that weeds might become a problem within the zero-tillage system. Resource savings from absence of primary tillage might be contrer-balanced by later higher weeding labour requirements. See Journal of SAT Agricultural Research 6, 2008


� Also, mineral fertilizers can have a critical role in producing more biomass and reducing biomass pressure. Therefore, it is worth noting agroforestry can enhance soil fertility in some systems while mineral fertilizers and manure might have a large role to play as well.





� By using participatory approaches, a clearer understanding of how and when farmers will integrate herbaceous legumes into crop-livestock systems is emerging and requests for herbaceous legume seed have increased dramatically (Tarawali, 2002).


� According to Lene and Wood (2004) green manuring had limited beneficial effect on soil fertility and was demonstrably less effective than native grasses.


� Cropping of marginal lands might be also a treat to systems sustainability. Adoption of improve pasture technologicial packages have been very low in Africa so far. In many system pastoral/range land is a communal resource which needs collective mobilization for improvement 


�Further details available at: � HYPERLINK "http://www.winona.net.au/farming.html" ��www.winona.net.au/farming.html� and www.agbiodiversity.net/tabid/109/Default.aspx  


� However, it should be noted that any success stories of pasture cropping in developing world where land endowment and socio-economic context can be quiet different from the regions it has been implemented in. For instance, the introduction of stylosanthes and mucuna in WCA for improving fallows had a mixed success. For further details see Tarawali G. et al, 1999. 





� Also known as the No Kill cropping system or Advanced sowing system. Further details available at � HYPERLINK "http://www.nokillcropping.com/" ��www.nokillcropping.com� 


� It should be noted this principle needs to be adapted to local ecosystems, since it depends on climate and how rainy season established. 


� In some systems external inputs might be needed (see the pros and cons of organic farming in ‘Science and Innovation for Development’ by Conway et al. 2010).  


� However, in some systems partially depending on communal resources to feed livestock, this solution can become complex and complicated to be properly applied especially.





� The slow adoption of forage legume technologies in Africa has been attributed to lack of participatory approaches, lack of understanding of the systems, lack of recognition of farmers’ perceptions as well as unfavorable policies (Pamo, 1993; Thomas and Sumberg, 1995; Elbasha et al., 1999; Peters et al., 2001), among other reasons.


�See also SLP/CIMMYT/IRLI studies in the Indo-gangetic plains by Erenstein et al. � HYPERLINK "http://www.vslp.org/vslp/front_content.php?idcatart=220" �http://www.vslp.org/vslp/front_content.php?idcatart=220� 


� For further details Thematic paper on integrated crop livestock farming system, IFAD 2009. 


� In light of this, it should be noted many systems are still very open and practice free-grazing, particularly in West Africa. Fencing is only restricted to high value crops such as vegetable gardens. Change in livestock mobility as some implications in term of labour requirement for animal feeding and for redistribution of manure on the land. Relative scarcity and cost between land and labour and market opportunities really drive the choice and mode of biomass exploitation for livestock feeding (see TRA SLP funded research by Staal et al. in EA) and Erenstein et al. publications.   


� For further details Thematic Paper on Livestock and climate change, IFAD 2009. 


� IFAD and ICRAF development interventions in the Sahel. 


� Similar practices can be found in semi-arid WA, see authors such as Hiernaux, Ayantunde, Powell, Schlecht. However one main finding of the research is that manure can only cover a relatively small fraction of crop nutrient requirements with the conclusion that without external inputs those systems will not intensify   
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