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Feature Articles 
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The livestock sector provides more than one third of 
human protein needs and is a major provider of livelihood 
in almost all developing countries. While providing such 
immense benefits to the population, poor livestock 
management can potentially provide harmful 
environmental impacts at local, regional and national 
levels which have not been adequately addressed in many 
countries with emerging economies. Twenty six percent 
of global land area is used for livestock production and 
forest lands are continuously being lost to such 
production. The intensification of livestock production 
led to large surpluses of nitrogen and phosphorus at the 
farm in many parts of the world with non-point source 
pollution of water resources that became a national 
concern. The sector is one of the largest sources of 
greenhouse gases (GHG) contributing around 14.5% of 
all human induced GHG emissions, a major driver of use 
and pollution of freshwater (accounting 10% 
anthropogenic water use) and contributed to the loss of 
biodiversity. About 60% of global biomass harvested 
annually to support all human activity is consumed by 
livestock industry, undermining the sustainability of 
allocating such large resource to the industry.  

The Soil and Water Management and Crop Nutrition 
Section of the Joint FAO/IAEA Division of Nuclear 
Techniques in Food and Agriculture reviewed the impacts 
of livestock production on nutrient pollution and 
greenhouse gas emissions as part of the coordinated 
research project on “Optimizing Soil, Water and Nutrient 
Use Efficiency in Integrated Cropping-Livestock 
Production Systems”. The review paper has been 
accepted by “Advances in Agronomy” and will be 
published in August 2016.  

The review showed that while the livestock sector is 
significantly important for global food security and 
economic activity, the interaction between livestock 
production and the environment is both a political and 
biophysical threat to the sustainability of the industry. As 
the intensity of livestock production increases to feed the 
increased global population, appropriation of more 
resources to support the expansion is required and this 
will put enormous pressure on ecosystem beyond their 

capacity leading to the collapse of the ecosystem and 
seriously affect services provided by the ecosystem. 
Additionally, in grasslands and permanent pastures, 
changes in livestock management by enabling maximum 
ground cover, minimal soil compaction and efficient 
nutrient utilization are difficult to achieve as the intensity 
of livestock production increases leading to more land 
and water quality degradation. Further, the increased 
livestock intensification and demand for limited water 
resources will force stakeholders to think carefully about 
the impacts of livestock production on water resources. 

Without any corrective measures livestock intensification 
leads to (1) large areas of grazing land with high 
concentrations of N and P polluting surface and ground 
waters, (2) more native forest clearance feed crop 
production with losses of natural habitats and 
biodiversity, (3) increased anthropogenic greenhouse gas 
emission with climate change and extreme weather 
events, and (4) the degradation of arid and semi-arid land 
with continued marginalization of rural poor. As more 
forest is cleared the natural hydrology of the landscape 
changes with unpredictable discharge and flooding. 
However, there is optimism towards a sustainable 
livestock industry by addressing the conflicting demands 
for livestock production and environment. This 
sustainability can be achieved through innovative new 
technologies that will reduce the environmental impacts 
of livestock production and improve efficiency in the 
sector. Encourage efficiency through adequate policies, 
institutional support and market prices for the resources 
being used in livestock production is important for the 
sector to expand and play a major role in global hunger, 
nutrition and poverty reduction.  

Proper incorporation of livestock manure into forage 
production systems would be an effective way of 
recycling manure to improve soil fertility and quality and 
reduce impacts of livestock management on water quality 
degradation. Forage production removes and recycles 
more nutrients from the soil than other crops especially 
when plants of high biomass yield with relatively high 
nitrogen (N) uptake capacity, tolerance to wet soil 
conditions, prolonged vegetative growth, and tolerance to 
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frequent harvest are used. This will maximize manure 
nutrient utilization and reduce N and phosphorus (P) 
movement to surface and ground water. When using 
livestock manure for forage production careful 
consideration will be given to the N and P concentrations 
of manure. Integrating cropping with livestock production 
system reduce overall fertilizer consumption leading to 
reduced losses of N and P from the system compare to 
stand alone cropping or livestock production systems.  

Stocking density in intensively managed pastures is an 
important factor controlling the extent and magnitude of 
the environmental impacts of livestock production. At 
low stocking density the number and frequency of hooves 
decreased leading to enhanced nutrient cycling and 
biodiversity, and at high stocking density damage to 
pasture may occur leading to soil erosion, runoff and 
water quality degradation. Reducing stocking density may 
be one option to reduce the environmental impacts. 
However, at low stocking density the economic return 
may be affected. The challenge is to optimize the stocking 
density taking into consideration factors such as soil 
texture, topography and the drainage system that reduces 
the environmental impacts of grazing without 
compromising the economic return of small farm holders. 
The development of GHG mitigation strategies and the 
ability to understand and adapt to changing environment 
are critical for sustaining livestock production system and 
reducing its GHG emissions.  

The livestock industry has an overwhelming social 
importance in almost all developing countries as it is 
supporting rural population through year round income 

and human nutrition. Over the years the economic 
importance of livestock production has been given 
widespread attention. Even though it is possible to reduce 
the environmental impacts of livestock production at a 
reasonable cost, it has not been given priority in the past. 
Adequate institutional support and political willingness 
are important to reduce environmental impacts including 
GHG emissions and land and water quality degradation. 
A sustainable and profitable livestock system is possible 
through improved technologies, practices, and policies 
that promote incentives to stakeholders and balance the 
trade-off between sustainability and profitability of the 
system.  

Further research, appropriate policy development and 
institutional support are important to ensure the 
competitiveness of the industry. Research focus can be 
directed towards integrating crops with livestock and 
incorporating silvi-pastoral systems are some options for 
sustainable livestock production and improve the 
system’s environmental and climate footprints. 
Identifying sources of N2O and CH4 emissions from soils 
could help develop management plans that control source 
availability and overall GHG emissions reduction under 
livestock production. 
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1. The challenge 

Soil degradation induced by human activity is a major 
concern in Madagascar. More than 30% of the island’s 
total soil area, covering 184 338 km2, is degraded. 
Moreover, soil erosion and sedimentation cause not only 
on-site degradation of agricultural fertile soils in 
Madagascar, but also off-site problems such as 
downstream sediment deposition in floodplains, water 
streams and reservoirs. Therefore, there is a clear need to 
acquire reliable data on the pattern and magnitude of soil 

redistribution under various agricultural practices to 
promote effective conservation strategies. 

2. The technique 

Nuclear techniques such as 137Cs and 210Pbex possess 
specific characteristics that make them effective soil 
tracers for erosion studies (IAEA, 2014). These fallout 
radionuclides (FRNs) have been initially uniformly 
distributed across the landscape via precipitation. After 
fallout, they are rapidly adsorbed onto fine soil particles. 
The determination of 137Cs and 210Pb redistribution 
provide information on medium-term (~50 years) and 


