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Abstract – The increase of population and the low production represent a big problem in many
countries, especially in arid and semi-arid regions of the Mediterranean basin. The climatic changes as
well as environmental phenomena are the cause of low productivity. To deal with this situation, the
soil quality in terms of organic matter must be improved which need to leave a permanent soil cover
on soil surface. Livestock can be integrated in conservation agriculture system and competition
between crop and livestock for residues can be solved by many solutions. In this context, the
implementation of conservation agriculture is becoming a real challenge for farmers and presents an
alternative to traditional system based on tillage.
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1. Introduction
Climatic change and catastrophic environmental conditions as well as the increase of the population
make a pressure on agriculture system traduced by reducing the productivity and damage the quality of
soil. In this context, farmers are facing a big problem especially in arid and semi-arid regions suffering
of drought, water scarcity and climatic change. Moreover, the tillage system and the disturbance of
soil threat the quality of soil and increase the costs related to machinery. The conservation agriculture
becomes as an alternative to traditional system. It’s based on three principals: minimal soil disturbance
(no-till) and permanent soil cover (mulch) combined with rotations. The No-tillage system enhances
the productivity, improves the soil quality and reduces costs due to machinery use. Conservation
agriculture is increasingly developed in many countries of the world (Valipour, 2014) and adopted by
farmers in many regions especially in developing countries. In addition, livestock is a main component
in farming system and represents a source of income. The integration of livestock under conservation
agriculture has several positive impacts: the diversification of inputs; the recycling of nutriments; the
improvement of cultural rotations; the preserving of energy and the reduce of environmental problems
caused by concentrated intensive livestock production (FAO, 2006). However, there is a problem
between the use of crop residues to feed animals or to cover the soil. This conflict must be resolved
and some studies mentioned solutions in order to ensure the integration crop-livestock under
conservation agricultural system (CA). Unfortunately, the crop-livestock interaction in conservation
agriculture has rarely been studied and few data are available in the literature. In the current revue we
tried to highlight the importance of livestock in CA and to propose benefits of this integration and
finding compromise between soil covering and by livestock feeding.
2. History of conservation agriculture
In the end of 1940, the No-tillage system started to be practice in the USA due to bad environmental
conditions such as wind erosion in the great American plains. The first direct seeding in the Maghreb
begun in 1950 due to negative impact of conventional agriculture (Chatterton and Chatterton, 1997).
In 1960, the direct seeding started in the European Mediterranean countries.
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3. Principals of conservation agriculture
Conservation agriculture is a method of agro-ecosystem management which aims to improve the
sustainability of production, to increase profits and to ensure the food security while preserving and
enhancing the resources and the environment. Conservation agriculture is based on three principals
(Figure 1):
- Minimum soil disturbance
- Permanent soil cover (mulch)
- Crop rotations or associations with leguminous (Scopel et al., 2013).

Figure 1: Principals of Conservation agriculture (FAO, 2014)

3.1. Reducing or suppressing of soil tillage
One of the principals of conservation agriculture is the suppression of tillage in order to ensure a better
cohesion between soil aggregates, reduce organic matter mineralization and develop the soil biota.
Seeding under cover crop in absence of soil disturbance is regarded as the ideal. However, some farmers
reduce tillage especially when they start to adopt the conservation agriculture (Lahmar, 2006).
3.2. The permanent soil covers
In Conservation agriculture conditions, the soil should be permanently covered either with previous crop
residues (mulch) on soil surface. These cover crops play an important role in improving soil structure
against weather aggressions and erosions, keeping the soil moist (Lal, 1997), competing weeds growth
and providing habitat and food for organisms (Blanchart et al., 2006). In semi-arid conditions, where
biomass production is limited and livestock breeding is relatively abundant, there may be competition
between the use of crop residues to cover the soil or to feed animals (Corbeels et al., 2010).
3.3. Crop rotations or associations with leguminous
The alternation between winter and spring crops ensures the disruption of weed cycles and reduces their
development. Thus, diversifying and lengthening crop rotations limit weed flora. The adoption
monoculture farming promotes the transmission of fungal diseases or the development of some pests.
Crop rotation is necessary for the sustainability of conservation farming systems by optimization the
management of natural resources and all the factors of production in farms (Scopel, 2012).
4. Adoption of conservation agriculture
Conservation agriculture represented in 2013 a superficies of about 155 M ha (11% of arable cropland)
(Kassam et al., 2015). The higher percentage (50%) of CA presented in the North- Western parts of
North America and the southern parts of South America. In Europe, the highest superficies are observed
especially in Spain and Italy. The development of conservation agriculture still grown in Asia countries
mainly dominated by China (6.67 M ha). The African countries have experienced a modest development
in CA system. In Tunisia, the No-tillage system has developed to attend 12,000 ha of superficies in
2009-10. The project of CA imply different organizations such as the National Institute for Agronomic
Research of Tunisia (INRAT), the National Institute for Field Crops (INGC), the International Center
for Agricultural Research in the Dry Areas (ICARDA) and the International Maize and Wheat
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Improvement Center (CIMMYT). 15 Sub-Saharan countries are adopting CA (Kenya, Uganda,
Tanzania, Sudan, Swaziland, Lesotho, Malawi, Madagascar, Mozambique, South Africa, Namibia,
Zambia, Zimbabwe, Ghana and Burkina Faso). Due to the high costs and climatic change, the no tillage
system represents an essential step of agricultural development in African countries (Kassam et al.,
2015).
5. Interaction between crop and livestock under conservation agriculture
The integration of livestock under conservation agriculture is becoming a worry for farmers in terms of
how percentage of residues must be left on soil surface to ensure this integration. In this context, Köller
(2003) mentioned that 30% of mulch must be left on soil to integrate livestock into conservation
agriculture system. The development of population, the bad environmental conditions, the climatic
change, and the high costs of machinery in conventional agriculture system influence the productivity
and encourage farmers to find an alternative to tillage system. In this context, the conservation
agriculture represents a revolution in agriculture. To satisfy the population requirements, livestock
represents an essential component of agriculture system especially in arid and semi-arid countries.
Ryschawy (2012) affirmed that the sustainability of agriculture is insured by the interaction between
crop and livestock. Bashour et al. (2016) reported that this integration is based on how residues quantity
must leave on soil surface. Calatrava and Franco (2011) noticed that the crop-livestock interaction in
conservation agriculture system has rarely been studied and few data are available in the literature.
Mulch is used as animal fodder, to enhance soil quality and to increase biomass yield (Fassino and
Maire, 2012). Cover crop improves animals’ performances thanks to its high levels of nutrients which
satisfy the requirements of animals. Lander (2007) mentioned that integration livestock into
conservation agriculture system participates to diversify farmers’ incomes and reduces the costs of
machinery used in conventional system. The No-tillage decreases the phenomena of erosion and
controls the weeds (Sanchez, 1995). Fassino and Maire (2012) indicated that animals benefit from direct
seeding through producing forage which contributes to crop fertilization by producing organic matter.
The moving of animals allows the transfer of minerals and organic matter between plots. Also, the
integration of crop-livestock may improve the economic stability of farmers and could capitalize and
make them less dependent on the socio-economic environment (Escribano, 2006).
A major problem of integration of livestock into conservation agriculture system is consisting on if the
residual biomass is used to feed animals or to cover the soil and this represents a constraint for livestock
(Abbas and Zitouni, 2011). This paradox influences the feed resources for animals. The concept of
integration crop-livestock into conservation agriculture represents a constraint for the adoption of
conservation agriculture techniques in regions where livestock is considered as a main component.
However, the competition between crop and livestock under no-tillage system must be managed to be
compatible with the conservation agriculture practice (Landers 2007) by optimizing the grazing. Abbas
and Zitouni (2011) suggested certain solutions to solve the problem of competition between livestock
and the cover crop. They proposed solutions such as: The evaluation of the number of residues needed
for soil protection and the valorization of the remaining quantity that can be used for livestock feed, the
insertion of cover crops that can be used to protect the soil and the livestock feed as a part of the crop
rotation plan. Furthermore, decreasing the herd size by transhumance presents an important solution in
the context of CA. The respect of stocking rate capacity prevents overgrazing and ensures a good
permanent soil cover. The herd’s size must be well studied by considering the availability of forage and
the capacity to produce it. In this context, Moujahed et al.(2015) reported that livestock can be fully
integrated into conservation agriculture and animals conserved their body weight. They studied the
effect of stocking rates and period (SR15 and SR30) on Live Weight Gain (LWG) (Figure 2a) and Daily
Live Weight Gain (DLWG) (Figure 2b) of lambs under conservation agriculture conditions. They
found that animals lost their live weight (P<0.001) which is higher (P<0.05) in SR15 than in SR30
group (-610 and -110 g, respectively). The same trend was observed also in DLWG (23.3 and -4.1 g/d,
respectively for SR15 and SR30, P<0.05). In the second period (15 days after), lambs for both stocking
rates registered a positive DLWG (around 171g/d) resulting in an increase in LW (around 2kg). In the
last period (30 days after the beginning of the experiment), SR15 group maintained their body weight.
The SR30 group registered a decrease by about 400g in LW compared to the second period. Authors
mentioned that the loss of body weight at the beginning of the experiment can be explained by this
adaptation period in which lambs select heads and grains causing some digestive disturbances for
animals. The increase in animals’ body weight in the second period confirmed that biomass was not
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limiting and satisfy all nutrient requirements of lambs and contributed to safeguard livestock even in
absence of supplementation. The same results were found by Treacher et al. (1996).

(a)

(b)

1: Weighing at 0 days; 2: Weighing after 15 days; 3: Weighing after 30 days; SR15: 15 lambs/ha; SR30: 30 lambs/ha
Figure 2: Variation in LWG (a) and DLWG (b) according to stocking rates (Moujahed et al., 2015)

In this context, Masmoudi (2012) showed that the integration of livestock at different levels of stocking
rates requires a rate of biomass cover higher than 78% before grazing (Figure 3). However, the adoption
of No-tillage system still relatively lower especially in Africa where farmers need some encouragements
from extension services to more adopt CA by providing subventions and vulgarization sessions about
this new concept.

Figure 3. Evolution of biomass cover rate according to stocking rate (Masmoudi, 2012)

6. Conclusion
The adoption of conservation agriculture is becoming a big challenge actually. The integration croplivestock under CA system ensures the sustainability of agriculture. Indeed, the permanent soil cover
enhances the soil quality, maintains the soil fertility, and eliminates the risks of erosion. Also, animals
enhance the soil quality by giving organic matter. In the other part, the residues improve animals’
performances especially in arid and semi-arid regions suffering from climatic change and where
livestock presents a main component in the farming system. Indeed, several studies mentioned that
biomass satisfies all nutritional needs of animals and livestock can be fully integrated into conservation
agricultural system

GUESMI et al. (2019) / Journal of new sciences, Agriculture and Biotechnology, 65(1), 4061-4065

4064

Volume 65(1). Published August, 01, 2019
www.jnsciences.org
E-ISSN 2286-5314

Acknowledgements
This study is part of the IFAD/ICARDA, CLCA I Project. We are grateful to the CLCA I project for all
the scientific resources that we have received in order to enrich our manuscript.
7. References
Abbas K, Zitouni S (2011). Compte rendu d'atelier n°3 : Conduite de l'élevage en AC : conflit ou
complémentarité ? In : Bouzerzour, H., Irekti, H., Vadon, B., (Eds), 4. Rencontres Méditerranéennes du
Semis Direct, Zaragoza, pp. 235- 236.
Bashour I, AL-Ouda A, Kassam A, Bachour R., Jouni K, Hansmann B, Estephan C (2016). An overview of
Conservation Agriculture in the dry Mediterranean environments with a special focus on Syria and
Lebanon. Aims Agric. Food 1, 67–84. Doi:10.3934/agrfood.2016.1.67
Blanchart E, Villenave C, Viallatoux A, Barthès B, Girardin C, Azontonde A, Feller C (2006). Long-term
effect of a legume cover crop (Mucuna pruriens var. utilis) on the communities of soil macrofauna and
nematofauna, under maize cultivation, in southern Benin. Eur J Soil Biol 42,136-144.
Doi:10.1016/j.ejsobi.2006.07.018
Chatterton L, Chatterton B (1997). Sustainable Dryland Farming Combining Farmer Innovation and Medic
Pasture in a Mediterranean Climate. Indian J Agr Sci 52, 799-799. http://agris.fao.org/agrissearch/search.do?recordID=XF2016079314
Corbeels M, Triomphe B, Tittonell P, Affholder F, Lahmar R, Scopel, E, Alary V, Jourdain (2010).
Tailoring conservation agriculture to local contexts and conditions of smallholder farmers in Africa. In:
Wery J, Shili-Touzi I, Perrin A, (Eds.) Proceedings of Agro. XIth ESA Congress, Montpellier, France, pp.
37–38.
Escribano M, Gaspar P, Pulido F, de Ledesma AR. Mesías FJ (2006). Análisis económico de las explotaciones
extremeñas de dehesa a través de indicadores de capital, costes, producciones y rentabilida. In: Espejo M et
al. (Eds), Gestión ambiental y económica del ecosistema dehesa en la Península Ibérica. Junta de
Extremadura. Consejería de Infraestructuras y D.T., Mérida, pp. 339–350.
FAO 2006. Conservation agriculture. Brazil: Agriculture and consumer protection department.
http://www.fao.org/ag/ca/ (accessed 30 June 2015).
Fassino
C,
Maire
(2012).
Accompagnement
d’agro-éleveurs
à
Madagascar.
http://www.supagro.fr/resspepites/AccompagnementAgroeleveur/co/AC_Elevage.html/ (accessed 5 May
2017).
Kassam A, Friedrich T, Derpsch R, Kienzle J, 2015. Overview of the worldwide spread of conservation
agriculture. Field
Actions
Science
Reports.
J.
Field
Actions, 8.
https://journals.openedition.org/factsreports/3966
Köller K (2003). Conservation tillage-technical, ecological and economic aspects. In: Conservation Tillage and
Direct Seeding Workshop, İzmir, pp. 9-34.
Lahmar R. (2006). Opportunités et limites de l'agriculture de conservation en Méditerranée. Les enseignements
du projet KASSA.
Lal R (1997). Residue management, conservation tillage and soil restoration for mitigating greenhouse effect by
CO2-enrichment. Soil Till Res. 43, 81-107. Doi: 10.1016/S0167-1987(97)00036-6
Landers J.N (2007). Tropical crop-livestock systems in conservation agriculture: the Brazilian experience,
Rome, Italy.
Masmoudi A (2012). Etude de certains paramètres de durabilité des systèmes de production céréaliculture élevage
dans le contexte de l’intégration des techniques de l’agriculture de conservation. Sétif, 51.
Moujahed N, Abid, S, Youssef S.B, Darej C, Chakroun M, Ben Salem, H (2015). Effect of stocking rate on
biomass variation and lamb performances for barley stubble in Tunisian semi-arid region and under
conservation agriculture conditions. Afr. J. Agric. Res. 10, 4584-4590. Doi: 10.5897/AJAR2015.10396
Ryschawy J, Choisis N, Choisi JP, Joannon A, Gibon A (2012). Mixed crop-livestock systems: An economic
and environmental-friendly way of farming? Animal. 6, 1722-1730. Doi: 10.1017/S1751731112000675
Sanchez M (1995). Integration of livestock with perennial crops. Wld Anim. Rev. 82, 50–57.
http://www.fao.org/3/v4440T0j.htm
Scopel E, Triomph B, Affholder F, Da Silva F. A. M, Corbeels M, Xavier J. H. V, De Carvalho Mendes I
(2013). Conservation agriculture cropping systems in temperate and tropical conditions, performances and
impacts. Agron Sustain Dev. 33, 113-130. https://link.springer.com/article/10.1007/s13593-012-0106-9
Treacher T T, Rihawi S, Owen E (1996). Stubble grazing by sheep. In Proceedings of Second FAO Electronic
Conference on Tropical Feeds. Livestock Feed Resources within Integrated Farming Systems. 9, pp. 319330.
Valipour M, Eslamian S (2014). Analysis of potential evapotranspiration using modified temperature-based
models. Int. J. Environ. Sci. Technol. 4, 192-207. DOI: 10.1007/s13201-014-0234-2

GUESMI et al. (2019) / Journal of new sciences, Agriculture and Biotechnology, 65(1), 4061-4065

4065

