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Abstracts

Different feedstuffs and feeding svstems may affect the sustainabiline of livestock
production. In this review, two aspects of sustainability: have heen taken into
consideration namely, ecological and economic sustainabiline. Comparisons between
the twvo aspects of sustainabilinv: (ecological and economic) have heen made for
pasture-hased systems and indoor feeding svstem. This has been done for developing
countries ds well as for developed countries. While the impact of intensive farming
svsiem on cconomic sustainability in developed countries is relativelyv stable, their
environmental and ccological sustainabilive in these countrios is gquestionable. In less
developed  conniries, poor cconomic and environmental sustainability: have  heen
associated with bureaucratic procedures for accessing and nsing land resources. poor
availabiline of feed resources, lack of capital. and pastoral mohiliny. 1t is recommended
that profitable livestock  production  should  focus  on integrated  crop-livestock
production  svsteims 1o achieve  food security and  enviconmental  susiainability.,
ltegrared crop -livestock systems can provide opportunities to capture ecological
interactions among different land use svstems and improve nation economic well-
heing.

Keywords: Ecological sustainabiliny, Environment. Economic susiainability, Livestock,
Svstems

Introduction
gricultural sustamability has recently become a hot debate all
over the world, While the concept of  sustamabihty  has
difference meanmg to different scholars. 1t appears 1o oftfer the
potential focus for future development plans (Gibon 1999). In
the context of hivestoek production. sustamability 1s defined as
the production system that attempt to meets the needs of the present population
without compronusmg  the ability of  future  generation (Thompson  and
Nardone1999). However. the mierpretation of the sustamability concept is very
complex amd subjecuive. depending on o socicty’s perceptions. Morcover.
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sustainability 1s not static. what 1s acceptable today may not be acceptable in
future.

According to Thompson & Nardone, (1999) a hvestock production system 1s
considered to be sustainable 1if the resources required for production arce
percetved to be available 1n the foresecable future. The rate at which resources
arc produced and the ume frame within which production takes place arc key
aspect 1 this  definition. For example m most developed countrics,
technological  advance offers sustainable feed production  sufficient  for
livestock consumption such as silage, hay and various concentrates within short
time span. However the use of heavy machinery and chemicals in making these
fceds may afteet environmental sustainability on the long run. For that matter,
the following discussion highlights the effect of mtensive and cxtensive
livestock production systems on environmental and cconomic sustainability. In
the discussion, comparison has been made between less developed countries in
Africa and developed countries particularly i Europe m terms of livestock
production systems and the ccological and cconomic sustainability.

Environmental Sustainability

Intensive livestock production system

Intensive livestock production systems in well developed countries particularly
in the European countries mvolve the use of external (purchased) mputs for
feed production. These mputs nclude industrial fertilizers, pesticides and
herbicides i order to incrcase feed production and improve livestock
performance. However, application of such inputs impairs the environmental
and ccological sustamability of livestock production. Wauchope (1978) pointed
out that. despite the important role played by application of pesticides in the
improvement of pasture yield. they are potential source of adverse impact in the
cnvironment. Most of these agricultural inputs have long term residues effeet in
the soil. Hormgan er «f. (2002) highhghted that many of the pesticides and
industrial fertthizers generate waste that 1s harmful to the environment and to
public health. According to the above authors. these chemicals have long term
cffects on biodiversity among plants and anmimals. croding soil much faster than
1t can be replenished. Use of such chemical more often inerease water and air
pollution through contamination, evaporatton and volatilization (Horrigan ¢z
al.. 2002).

[ntensification of production systems in developed countries by using high-
yielding agricultural mputs such as fertilizer. irrigation water, and pesticides
has contributed substantially to significant increase i production over the past
50 years. However. this mtensification has altered the biotic mteractions and
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patterns of resource availability in ecosystems leading to serious environmental
consequences (Matson er al 1997). In such countries, livestock teeds have
become richer in grains than grasses. Most of these grains are obtained from
monoculture production systems which depend on the use of chemicals to
increase yield per unit ot land. As a consequence use of such chemicals have
impacts that atfect a wide range of ecosystem services, including water quality,
environmental pollination, nutrient cycling. soil retention. carbon sequestration,
and biodiversity conservation (Dale and Polasky 2007). In additional to
application of industrial agro-inputs to increase forage yield for livestoek
production, use of growth-promoting hormones 1s one of the factors
contributing to environmental and public health consequences. According to
Horrigan er al. (2002), an increase in pesticides resistances and prevalent food-
borne pathogens are overwhelmingly associated with animal products. most of
which come from factory tarms and high-speed processing tacilities. Matson et
al. (1997) cautioned on the long term environmental consequences of applying
the industrial agricultural mputs. According to these authors, production
systems that rely heavily on agro-inputs such as inorganic fertilizers, pesticides
and herbicides are not sustainable. because these chemicals increased soil
erosion, reduce biodiversity, increased pollution of ground and surface water
and have impact on atmospheric constitutes and climate.

Chemical inputs such as application of ndustrial fertilizers in pasture
production systems, leads to environmental degradation as a result of Nitrogen
leaching. Nitrogen leaching from livestock intensive production systems has
been blamed for raising the concentration of nitrate in ground and surface water
worldwide (Di and Cameron, 2002). High concentration of nitrate in water has
consequent effects on the environment and subsequently to animals and human
health. According to Baso and Ritchie (2005). nitrate concentration in excess of
10mg/L in drinking water, may pose risks to both animals and human beings.
Nitrogen has high affinity to hemoglobin, and thus presence of high
concentration of nitrogen in drinking water can oxidize ion in hemoglobin and
form methemoglobin in the red blood cells (Baso and Ritchie 2005). Such
chemical reaction lowers the capacity ot hemoglobin to carry sutficient oxygen
and as a consequences lead to respiratory problems for those animals drinking
water with high level of nitrates. In addition potential cancer risk has been
reported from areas with high concentration of N contents (Jasa ¢z al. 1999).

Intensive livestock production systems mn developed countries do not only
affect soil ecosystems but also contribute significantly to the atmospheric
greenhouse emission. Although use of high quality forage and alternative feeds
such as concentrates can decrease emission ol Green House Gasses (GHG). but
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use of fossil fuel and machinery in pasture production offsets such gains,
contributing significantly to emission of these harmful gasses. The use of fossil
fuel in manufacturing fertilizer in highly industrialized countries emits up to 41
tons of carbon dioxide per year (Table 1). In fact more than 60 % of Nitrogen
fertilizers produced in developed countries uses electricity from coal (Steinfeld
et al. 2006). Indeed, on-farm use of fossil fuel by intensive system produces
almost two times higher Co> emission than those from Nitrogen fertilizers.

Table 1: Carbon dioxide emission from burning fossil fuel to produce
Nitrogenous fertilizer in selected countries

Amount of N fertilizer produced Emitted Co2

1000 x tons 1000 tons/year
Argentina 126 314
Brazil 678 1,690
Mexico 263 656
Turkey 262 653
China 12,998 14,290
Span 491 1,224
UK 887 2,212
France 1,371 3,284
Germany 1,247 3,109
Canada 897 2.237
USA 4,697 11,711
Total 14 million tons 41 million tons

Source: Steinfeld er al. 2006

Globally, there has been concern about environmental sustainability with
respect to intensive livestock production system. As a way of combating
environmental consequences related to intensive farming, organic farming has
recently been taken as an alternative way of halting environmental degradation.
Organic farming through integrated crop—livestock systems could provide
opportunities to capture ecological interactions among different land use
systems and thus preserving natural resources and the environment, improving
soil quality, and enhancing biodiversity (Lemaire ef al., 2013). Organic farming
is directed towards biologically based fertilizers (bio-fertilizers) and bio-control
of diseases (Sinha et al., 2011). Organic farming is considered an effective way
of reducing environmental degradation compared to more intensive
conventional farming systems (Baso and Ritchie 2005). Organic farming
systems are believed to eliminate agrochemicals and reduce other external
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mputs which subsequently mmprove the environment while also sustamimg
cconomic profitability. According to Pimental ¢ «/. (2005). the aim of organic
farming 1s o augment ccological processes that foster plant nutrinon and et
conscrve  sotl and  water resources. For o environmental  and - ceological
sustamability mn developed countries. organic hvestock production systems can
be adopted mstead of the convenuonal mtensive production systems. which
have been blamed for having sertous negatuve impacts on the environment.

Disappearance of forage crops and grass-land mteraction reduces the potential
attainment of ccosystem services traditonally obtamed from diversified crop

livestock svstems. Increased itensification and specialization of agricultural
system. has come with mereasimgly negative impact on environment (Schils
2007). Production has been largely driven by use of non-renewable resources
which mmparr environmental sustainability through emission of considerable
amounts of greenhouse gasses, which have long term residues cftects 1 the
soil. Poor management of antmal manure also contributes significantly to
cmission ot Methane. Nitrous Oxide. Anmmonia and Carbon Dioxide (Stemnfeld
et al.. 2006). Hence. one of the most promising approaches for mmproving
hivestock  producuon and  subscquently  reducing negative mmpact on the
environment 1s to adopt integrated farming svstems. According to Lemaire ¢f
al. (2013). mtegrated  farming  system. mmproves  soll structure,  water
imfiltration. nutrient cveling. sotl organic Carbon sequestration. sotl brological
diversity: and controlling weed communities. msects. and disease populations.

Extensive Livestock Production System

This part of the discussion focuses on environmental  and  ccological
sustamabihity m relation to extensive hivestoek productuon system. which s
dommant m Africa. Most African pastorahists mhabit arid and semi-and arcas
arc  dominated by vartable and unpredictable ranfall. The  biophysical
environment (chimate. topography. dramage. vegetauon and fauna) determines
livestock production i pastoral societies (Homewood. 2008). Most pastorahsts'
strateeies mvolve movement and patchy use of forage resources ranging from
very mobile to relatively sedentary production systems. Transhumance: the
scasonal movement of hvestock herds between spatally distant sites 18 a
common grazing system m African countries that enable pastoralists to make
use of the best pasture. water and mmeral resources. This system optimizes the
quantity and quality of forages which vares from one place 1o another.
Although. the pastoral ccosystem has been percerved as unproductive and
environmentally damaging (Vetter. 20030 currendy there 1s evidence that
ranshumance svstem may fead o significant better health and productive
antmals compared to sedentary hvestock svstems (Homewood 20080 In Tine
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with the negative perception against pastoralism. different countries m Africa
have attempted to develop some polictes against pastoral mobility as a way of
halting environmental degradation. For example. Mattee and Shem (2000)
highlighted that. 1 African countries. negauve perception pervade pastoral
policies espeeially i regard to pastoral mobihty.

Since extensive grazing systems mvolve free rangmg of large hivestock herds
have detrimental effects on vegetation and soil through mechanical soil
compaction and nutrients removal. Although 1t i1s possible that plants may
mcrease thewr growth rate following defolhiauon and thus compensate for the
total amount of biomass removed, but heavy grazing normally exposes the soil
cover to eroston and thus affeets soil structurce. Chronic intensive grazig in one
arca 1s detrimental to vegetation because 1t removes the leaf arca that 1s
responsible  for converting active radiatton to chemieal energy through
photosynthesis (Briske er al. 2008). Reduction of photosynthetic leaves by
grazing animals normally lead to poor root mass development which
subscquently affects the plant’s ability to access soil water and nutrients.
Accordimg to Valentine (2001). trampling plant and soil by livestock leads to
loss of forages and soil compaction m artd and semi-anid regions and thus
reducing environmental sustainability.

Negative views regarding the effect of extensive hivestock produetion system
on ccological and environmental degradation in African have received eritical
criticisms from many scholars (Scoone 1995: Vetter 2005). Some of them
arguing that, m arid and semi-arid regions, with high climatic variation,
intervention focused only on manipulation of hivestock population may not be
appropriate, since rangcland produetivity and hvestock performance m these
regions arc neither driven by livestock number. nor atfected by production
systems.  Rather. stochastic abiotic factors are considered primary driver of
vegctation dynamic and livestock performance (Vetter 2005). Several factors
may affect environmental or ceological sustamability of® African rangelands,
namely drought. overgrazing, fire and poor sotl fertility. Prolonged drought in
artd and semi-artd environments has detrimental effect on plant communities.
Although. pastoral communities living m arid and semi-artd areas they have the
ability to cope with drought related challenge. Nonctheless, prolonged droughts
stretch their coping mechanisms beyond their limit,

During prolonged drought. fire is prevalent i Afrrcan rangeland ecosystem,
which accelerates  environmental  deterioration. thereby  affecting  the
sustamability of livestock production in these margmal arcas. Although fire 1s
used as a management tool m African rangeland (controlled tire has positive
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influences on the rangeland ccosystems such as plant germination. rapid
growth, nutrients recycling and pest control). but uncontrolled fire may have
adverse effects on the sustainability of rangeland ccosystem. Depending on the
fire’s severity. mtensity, plant response and scasonality. fire can destroy and
degrade favourable rangeland ccosystem (Glennis 1988).

Livestock Production Systems versus Economic Sustainability
Intensive livestock production system and economic sustainability

Intensive systems are high mput - high output in nature, with animals spending
therr hifetime m stalls, receiving improved feeds or partly spending time on
pasture and get finished n feedlot. This system 1s very common in developed
countries.  For example feedlot production with high milk yield (more than
10,000kg/vear) 1s a common practice in modern dairy production m developed
countrics (Rodriguez-Martinez 2009). High yicld 1s a combination of improved
geneties, good feeding system and management. For example, in Sweden, the
average mitk yield production per cow almost doubled between 1957 and 2002
(Figure 1). However. the main concern here 1s whether such yield 1s
cconomically sustainable over time. Rodriguez-Martinez, (2009) established a
negative relationship between milk yield and cow fertility over tume. The
argument here 1s that, despite high livestock productivity in developed
countries, reproductive performance m terms of calving rate 1s hikely to
decrease in many animals with mmproved genctic potential because of fertility
and health mmpairment. For example. improved genetic potential for high milk
yield can lead to poor fertility as well as poor animal health and thus affect
economic sustainability of the production system n the long run. Oltenacu and
Broom (2010) commented that, livestock production in well developed
countries should be viewed with great concern because the mcerease in milk
yicld has been accompanied by declining fertility, increasing leg disorder and
other metabolic problems which subscquently lead to declining longevity of
animals.
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Figure 1. The trend of milk production in Sweden from 1957 to 2002

Source modified from: Oltenacu and Broom. 2010

Apart from genetic potential, the type and amount of feeds and the entire cost
of production are mmportant factors determining the economic sustainability of
livestock production i developed countries. In European countrics for
example, fceding animals with silage has advanced considerably since the
1960s. Within pastures, most of the silage is made from grass, followed by
legumes (such as Luccrne), whole crop cereals (such as maize) and beetroots
(Cherney, er al., 1998). Improved crop husbandry practices that result in high
yield nutritious ensiled forage have reduced the cost of silage production
making silage an cconomically attractive feedstuff. Availability of important
materials used to make silage, such as polythcne covers, big round balers,
additives and their applications as well as high technological mnovations
related to mechanization and storage have contributed to adopting silage
making m developed countries. To ensure sufficient stlage 1s produced, high
use of mdustrial fertilizers and use of heavy machinery for silage harvest is
common m developcd countries. For that matter, the cconomic evaluation of
livestock production through silage feeding is complicated as sustainability
depends among other things on operating cost in relation to the total revenue.
In most cases intensive livestock farming in developed counties has always
been encouraged by financial incentives (subsidies) from governments
(Drennan. 2009).
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Extensive livestock production system and economic sustainability
Throughout the African continent. most of the rangelands are managed on the
basts of complex and negotiable land use system. Unlike western countries. the
system of access and use of land m Africa 1s not clear-cut, land is generally
held by groups (common pool resources) rather than individuals. In most
African countrics land ownership for grazing is largely owned communally.
where its acquisition relies on birth-rights and close family relationship
(Selemant. 2014). Mcanwhile. the feeding regime for hvestock m Africa
mvolves extensive livestock production system. which 1s characterized by free
ranging on natural pasture whose quality and quantity vary with scason.
Despite scasonal varability in the quality and availability of forage in African
semi-arid regions. a body of literatures indicates that, extenstve production
system gives higher cconomic returmn per unit arca compared to other intensive
feeding regimes (Campbell ¢ o/, 2000: Sclemant 2017). Breman and de wit
(1983) shows that. production of protein per ha of nomadic pastoralists in Mah
and Botswana 1s two to three times higher than production from sedentary
systems with similar chimatic conditions.

While pastoral mobility is claimed to offer high cconomice return in Africa due
to opportunistic utilization of rangeland resources (Sclemant, 2014), little effort
has been made to analyze the cost-effectiveness  pastoralists™ mobility
(Nkedianye er «/.. 2011). Such mobility may have economic implication for
African pastoralists 1 terms of animals™ performance, which subscquently
affects livestock marketing. For example, Nkedianye er «f. (2011), found a
significant high mortality rate of livestock m the Maasailand (at Kitengela n
Kenya and Simanjiro in Tanzania) due to immigration of large herds of
livestock from drought stressed arcas. A Very high loss of livestock was also
noted in Tanzania m 2011 where more than 50% of pastoralists from the
Usangu plains m Mbarali district, Mbeya region were forcibly reallocated to
avert further cnvironmental  damage  of the great Ruaha  watershed.
Subsequently. many pastoral fanulics suffered from food mseccurity duc to
livestock losses following pastoral mobility (Neatlo 2011). The loss of
livestock could was atrtbuted to migration of targe herds over a long distance
to new allocations. which increased competition for forage and water resources
en-route. thereby lowering the body condition of migrating animals. sometimes
leading to their death. Morcover. interaction of livestock herds from different
arcas mcreases the risk of contracting discases. which affected the body
condition of restdent and timmigrant hivestock (Nkedianye er al.. 2011).
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In general there 1s a contradiction or a difference regarding how  the
profitability of extensive livestock production systems 1s perceived  and
computed among rescarchers. In Africa valuation of cconomic profitability of

extensive hvestock production should incorporate various variables including:
such as hvestock population dynamic, forage production, climatic condition,
production cost and opportunity cost, which arc often difficult to model
(Kobayasht ¢7 «al.. 2003). For example the temporal and spatial variability of
rainfatl coupled with vegetation heterogencity sceriously hmits the cconomic
evaluation of extensive livestock production system duce to seasonal fluctuation
in the quality and availability of forage resources. The multiple uses of
livestock (as capital mvestment, social value and saving for risk management)
also complicate economic analysis of African pastoralists. Livestock are
themselves considered a productive mput that 1s set aside and used to generate
more productive output (Homewood, (2008). For example. livestock directly
contributes to modification of Carbon and Nitrogen cycles (Steinfeld e al.
2006). Livestock 1s used as a source of food in terms of milk and meat, while
also contributing to crop production (manurc and draught power). Howcever, the
integration between hvestock products and cultivated crops 1s a fundamental
determinant of pastoral cconomy. In most African countrics where the main
cconomic activity 1s agriculture, increased cconomic profitability gained from
cultivated crops determines the purchasing power of livestock products. In
thesc countrics, where the prices of commodities are relatively unstable,
marketing system depend on the negotiation power between the owners of
commoditics and buyers, thus making 1t difficult to predict economic stability.

Conclusion

Sustamability is a complex concept involving several aspects such as resources
availabihity. environment, ccological integrity. soctal support and cconomic
aspect. Achicving sustainable system depends on achieving among other
things, cnvironmental integrity and cconomic cfficiency. Livestock production
systems vary across the African continents and across the world. Although
intensive production with specialized high-input svstems appear to be a goal for
modern farming in developed countries because ot high economic return, this
system has a high level of environmental degradation. reflecting the low
sustamnabtlity  of non-diverse farming systems. Integrated crop livestock
production systems. thercfore. could be a key form of ecological intensification
needed for achieving future food sccurity and environmental sustainability.
Unlike most developed countries. African pastorahists are characterized by
mobility. scarching for forage and water for thewr hvestock. Due 1o the muluple
functions of livestock m Atrica and among pastoralists in particular. (a source
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of life saving, production of organic fertilizers and social status). mereasing the
number of hivestock 15 a normal trend i pastoral commumties. High livestock
population may generate highly specralized and umform pastoral land use
systems. which may subscquently lead to environmental degradation. Hence.
for both cconomic and environmental sustammability. integrated crop-livestock
systems could provide opportunitics to capture ccological mteractions among
different land use systems and mmprove cconomic well-bemg with minnmal
production cost.

Acknowledgement

This review manauscript was written following the leraning experience from
NOVA course conducted i Sweden on sustamable ruminat production systems
m Nordic countries. Many thanks to the coordinator of NOVA courses from
Swedish University of Agricultural Science, Skara. for organizing the short
course related to sustamable livestock production system in 2010.

References

Baso. B.. and Ritchie, J. T, (2003). Impact of compost. manure and morganic
fertilizer on nitrate leaching and vield for a 6-year maize--alfalfa
rotation m  Michigan. Agriculture. Leosystems and  Environment,
108:329-341]

Breman. H. and de Wit C.T. (1983). Rangeland Productivity and exploitation
i the Sahel. Science. 221: 1341-1347.

Briske, D.D.. Derner, I.D.. Brown, J.R.. IFuhlendorf, S.D., Teague, W.R.,
Havstad, K.M., Gillen. R.L.. Ash. A.J. and Wilthms, W.D. (2008).
Rotattonal Grazing on Rangelands: Reconcethation of Perception and
Experimental evidence. Rangeland Lzcological Management, 61: 3-17

Campbell, B.M., Dore, D., Luckert, M., Mukamurt, B. and Gambiza, J. (2000).
Economic comparisons of hvestock production i communal grazing
lands i Zimbabwe. Ecological conomy. 33: 413-438.

Cherney. LH.AD and Chemey, DR (1998). Grass for Dairy cattle: CAB
International.334p s.

Dale, H.D. and Polasky. S. (2007). Mcasures of the cffects of agricultural
practices on ecosystem services. Eeological Eeconomy. 20:1-11

1032



A Review of the Impact of Different Types of Livestock Production System...

D1, H.J. and Cameron K.C. (2002). Nitrate leaching in temperate agro-
ccosystems: Sources, factors and nutigating stratcgies. Nutrient Cycling
m Agro-Ltcosystems, 46: 237--256.

Drennan, M.J. (2009). Performance of spring-calving beef sucker cows and
their progeny to slaughter on intensive and extensive grassland
management systems. Livestock Secience., 120: 1-12.

Gibon, A., Sibbald, A.R. and Thomas, C. (1999). Improved Sustainability
Livestock Systems, a challenge for aniumal production system.
Livestock Production Scienee, 61: 107-110.

Glennis, A.K., Donald W. Kaufiman, and Imer, J.F. (1988). Influence of Fire
and Topography on Habitat Selection by Peromyscus maniculatus and
Reithrodontomys megalotis in Ungrazed Tallgrass Prairie. Journal of
Mammals, 69: 342-352.

Homewood, K. (2008). Ecology of African pastoralist societics. Oxford: James
Currcy and Ohio UP. Illius 1999.

Horrigan, L., Lawrence, R.S. and Walker, P. (2002). How Sustainable
Agriculture Can Address the Environmental and Human Health Harms
of Industrial Agriculture. Environmental Health Perspective, 110:445-
456.

Jasa, P., Skipton, S.,Vamer, D., Hay, D.(1999). Drinking water: NO3-— N.
NebGuide, Published by Cooperative Extension Institute of Agriculture
and  Natural Rcesources, University  of  Nebraska-  Lincoln.
http://www.ianr.unl.edu/pubs/water/g1279 htm.

Kobayashi, M., Howitt, R. k., Jarvis, L. S. and Laca, A. (2003). Modelling
Extensive Livestock Production Systems: An Application to Shecp
Production in Kazakhstan.Paperpresented at the American Agricultural
Economics Association Annual Meeting, Montreal, Canada, July 27-30.

Lemaire, GG., Franzluebbers. A., de Faccio Carvaltho, P.C. and Dedic, B. (2014).
Integrated crop livestock systems: Strategics to achieve synergy
between agricultural production and environmental quality. Agriculture,
Ilcosystems and Environment, 190: 4-8.

Matson, P.A., Parton. W.J.. Gower. A.G. and Swift. M.J. (1997). Agricultural
Intensification and Lcosystem Properties. Science. 277:504-509.

1033



Selemani. 1.5.

Mattee. AL 7. and Shem. MONLD (2006). Ambrvalence and Conuadicuon A
review of the policy environment m Tanzania i relation to pastoralism.
Landon: International mstitute of environment and development. 40 pp

Neatlo. J. AL (2011). Assessiig the effects of evicton on houschold food
security  of hivestoek  keepers from the Usangu wetlands m SW
Tanzania. Livestock Rescarch for Rural Development. 23.

Nkedianye. Do, de Lecuw o Ogutu, J.o Said. MUY Saidimu, T.L.. Kifugo.
S.C.. Kacto, D.So and Reid. R.S: (2011). Mobility and  hivestock
mortabity m communally used pastoral arcas: the umpact ot the 2005-
2006 drought on Iivestock mortality m Maacailand. Pastoralism:

Research. Policy and Practice. 1T:11-17.

Oltenacu. P AL and Broom. DM, (2010). The imp'wt of genetic selection tor
mercased miutk yickd on the welfare of damry cows. Anim. Welfare 19:
39-49

Pimental. D.. Hepperly. P Hanson. J.. Douds, Do and Seidel, R. (20035).
Environmental Energeue and Econonmic Comparisons of Organic and
Conventional Farming Systems. Bioscience. 33:373-382.

Rodriguez-Martiez, H. (2009). TThieh nulk vield by dairy cow is it sustamable
Division of I{meduumn_ SLU. (Upubhisert manuskript).

Schils. R.L.M., Otesen, J.I... de Prado, A, and Soussana 1.1 (2007). A review
of farm level modelling approaches tor mitigating greenhouse gas
emissions from rununant livestock systems. Livestock Science. 12 (3):
240-251.

Scoone. 1. (1995). Lxplomng heterogenerty: habitat use by cattle 1 drvland

Zimbabwe. Journal of And Environment. 29:221-237.

Selemani IS (2017). The cquilibrium  thinkmg: challenges refated 1o
management of community ranching m Last Africa; review paper.
Livestock Research for Rural Developiment. Folume 29, Article #65. Retrieved
April 23,2017, from hupywww Irrd org/lrd 29/4/suma29065 himl.

Selemani LS. (2014, Communal rangelands management and  challenges

underpinmng pastoral mobihity m Tanzama: a review. Livestock Rescarch
Sor Rural Development, 26 (3) 2014

1034



A Review of the Impact of Different Types of Livestock Production Systen...

Smha. R.J.. Hahno G. Singh. P K. Suhanc. R.IK. and Allam. A.R. (2011).
Organic Farming by Vermiculture: Producmg Safe, Nutritive and
Protective  Foods by Earthworms (Charles Darwin’s  Iriends  of
Farmers). America Journal of Experimental Agriculture, 1(4): 363-399.

Stemnfteld, .. Gerber. P., Wassenaar, T., Castel, V.. Rosales, M. and Haan,
C.D. (2000). Livestock's long shadow: Environmental Issues and
Options. Food and Agriculture Organization of the United Nations,
Rome.390 pp.

Thompson. B.P. and Nardone, A. (1999). Sustainable Livestock Production:
Mcthodological and Ethical Challenges. Livestock Production Science,
61 111-119.

Vetter, S. (2005). Rangelands at Equilibrium and Non-Equilibrium: Recent
Developments in the Debate. Journal of Arid Environment, 62 (2): 321-
341,

Wauchope, R.D. (1978). The Pesticide Content of Surface Water Draining

from Agricultural Field. A Review of Journal of Environmental Quality.
7:459-472.

1035



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

