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INTRODUCTION
Agriculture will remain critically important despite its declining contribution to the national  economy.  Demand  for  agricultural  and  particularly  animal  products  will increase with better economic status of most developing countries. However, as input sources  of  land,  feed  resources,  and  labor  become  increasingly  scarce  for  animal production,  new  technologies  will  be  required  to  improve  the  efficiency  of  the production systems. Systems analysis is the methodology to be used to evaluate and plan for the future development of integrated production systems.
The systems vary according to the type of agro-ecological zones 
(AEZ), biophysical environment, extent and quality of the 
natural resources available, and the level of poverty with 
resource-poor farmers. Success in agricultural development 
is dependent to a very large extent on the efficiency in the use and management of the natural resources (land, crops, animals and water). In this context , increased efficiency in natural resource management  (NRM), and environmental sustainability is justified by the need for improved land use systems and total factor productivity The latter is dictated by three principal factors:

• Defining the objectives clearly in terms of production and profitability

• Understanding the significance and implications of soil-crop- animal   interactions, and

• Ensuring that the resulting benefits are consistent with productivity  enhancement,   environmental  integrity  and sustainable development. 

With reference to animal production, there is increased emphasis and justification for improved production systems  to accelerate the output of foods of animal origin in most 
countries in South East Asia. This is directly linked to the fact that current outputs of meat and milk from ruminants are relatively low, as are the levels of self-sufficiency in 
these products, which are exacerbated further by increasing 
imports at high cost. Increased costs can trigger higher 
commodity prices that can be associated with strong global 
demand.
Benefits of including livestock into vegetable operations.

1) A source of nutrients that can be used for direct application and/or composting. By combining livestock and vegetable production, your whole farm nutrient balance of imports and exports becomes more even. 

2) Along with nutrients, manure and compost applications tend to improve soil organic matter, biological activity and potential disease suppression. This improved “soil health” will manifest itself quickly and include improved soil nutrient cycling, improved soil structure, better water holding capacity in droughty soils and improved drainage in heavy soils.

3) Livestock operations improve the potential for profit in lands that are in a “sod” rotation. Sod crops help to build soil structure (grass roots) and soil drainage (legumes/alfalfa). Sod crops high in legume content will also provide a source of nitrogen when those fields are returned into the row crop rotation.

4) Livestock provide a use for crop residue and waste or cull vegetable crops. This can help to reduce disease prevalence while providing a “cheap” source of feed for livestock. Cows turned into a field of pumpkins in November provide great feed for the cows and help vegetable producers clean up a field!

5) Grain crops used by vegetable operators as cover crops can fit well into livestock

rations. Winter grain crops provide fall nutrient catch, weed control in both fall and spring, and can be undersown with clover or other legumes to provide nitrogen in subsequent rotations and a sod crop establishment with minimum tillage.

6) Adding livestock products to your marketing can help improve cash flow in the winter and add a new aspect to CSA operations. 

7) While not always discussed, successful “coupled” animal/vegetable operations

can also help to build community with a farm region. Coupled operations also tend to share machinery resources and labor resources during busy periods.
INTEGRATION AND INTEGRATED SYSTEMS

            It  is  important  to  keep  in  perspective  the  terms 
integration  and  integrated  systems.  Integration involves 
various components, namely crops, animals, land and water. 
Integrated systems refer to approaches that  link  the 
components to economic, social and ecological perspectives. 
The  process  is  holistic,  dynamic,  interactive,  multi-
disciplinary  and  promotes  efficiency  in  natural  resource 
management (NRM). 
The integration of various crops and 
animals enables synergistic interactions, and result in  a 
greater additive and total contribution than the sum of their 
individual effects (Edwards et al., 1988). Thus for example, 
swamp buffaloes in rice growing areas provide valuable 
draught power for land preparation, soil conservation and haulage operations, and the integration of goats and beef cattle with oil palm results in value addition and increased FFB, palm oil and also beef production.  Additionally,  both  ecological  and  economic sustainability  are  addressed  in  a  mutually  reinforcing manner.
Such integrated systems are especially well developed in East and South East Asia. An overview of their potential importance  and  relevance  to  small  farms  in  Asia,  and description  of  the  distinctive  characteristics  has  been reported (Devendra, 1995; 1996).   The  characteristic features include inter alia :
•  Diversified  and  integrated  use  of  the  production resources, mainly crops and animals.

• Use of both ruminants  (buffaloes, cattle, goats and sheep) and non-ruminants (chickens, ducks and pigs). 
• Animals and crops play multi-purpose roles. 
• The process is holistic, interactive, multi-disciplinary 
and promotes NRM.

•  Crop-animal-soil  interactions  are  varied  and  have 
socio-economic, ecological and environmental implications. 
• Low inputs use, indigenous and traditional systems, 
and,
 •  Is  associated  with  demonstrable  sustainability  and sustainable production systems.
In view of the various types of natural resources that are involved (land, crops, animals and water) and the numerous interactions both positive and negative, understanding their relevance, implications, priorities for their improvement and resolution, necessitates interdisciplinary and participatory R and D approaches. With respect to NRM, key disciplines that are involved include inter alia agronomy; soil, animal and veterinary science; sociology, economics and extension. The participatory approaches involve joint efforts by researchers, extension personnel and farmers.

An important feature of integration and integrated 
systems is the involvement of resource-poor small farmers 
and rural communities throughout Asia. The practice of 
integrated systems is the norm in the small farms which are 
diverse, complex, are found across all AEZs, and involved 
with various biological and livelihood diversification 
strategies. The  latter  are  often  associated  with  the 
significant  participation  and  contribution  of  women  to 
animal production (Devendra and Chantalakhana, 2002). A 
large proportion of the rural poor people are found in small 
farms, living in the shadow of poverty and hunger, with an 
enduring wish for improved and a more comfortable life 
tomorrow. In the developing countries, it has been reported 
that 50%  of  the  estimated  four  billion  rural  poor  are

dependent on livestock to maintain basic quality of life. The 
resource   poor   small   farmers   are   characterised   by 
deprivation, 
subsistence, 
illiteracy, 
survival, 
and vulnerability (Devendra, 2010b).
Integration and integrated systems are characterised by 
the following features, typical of the small farm scenario: 

• Low input use

• Diversification of agriculture

• Extensive use of indigenous knowledge and traditional systems

• A high proportion of the land is used for food crops, 
mostly for home consumption and also food security 

• Diversification and integration promotes feed security 

• Cash crops are grown to generate income 

• A mix of animals is present, but seldom are more than 
two species of ruminants reared together, and 

• Poor access to market outlets and poor marketing 
arrangements.

INTEGRATED SYSTEMS IN ASIA
Asian  agriculture  is  characterised  by  mixed  farming activities which form the backbone of farming systems. It is typified  by  a  variety  of  systems  in  the  various  AEZs, involvement of the diversity of crops and animals, mainly small  farm  systems,  small  farmers  and  poor  people 
(Devendra, 
2007b).   Mixed   farming   systems   are synonymous with crop-animal systems,  are  varied  and integrated with cropping in various ways. Mixed farming systems are widespread in all AEZs, and in South East Asia these systems mainly occur in the humid/sub-humid regions. With  the  increasing  need  for  food  in  the  future,  these systems are likely to see important growth and continue to be dominant in the Asian region.

Both ruminants (buffaloes, cattle, goats and sheep) and non-ruminants (poultry, pigs and ducks) are involved, and the choice of one or more species is dependent on the biophysical  environment,  type  of  cropping  system,  the overriding  influence  of  consumer  preference,  market dictates, potential to generate income, contribution to crop cultivation and livelihoods. Much will depend on the extent of the functional contribution of animals. Mixed farming provides  a  range  of  products,  and  enables  farmers  to diversify risk from a single commodity.

Mixed farming involves both annual and perennial 
crops. However, the decreased availability of arable land in 
many countries and the need for more food from animals 
could encourage further integration of ruminants with tree 
crops in the upland areas. Associations of tree crops and 
animals are established farm practice in many developing 
countries.  The  expansion  and  intensification  of  these 
systems is a realistic objective, given the extent of farmer 
experience,  the  periodic  collapse  of  world  prices  for 
plantation  commodities  and  the  projected  demands  for 
animal products in the future. New technologies to intensify 
production and better scientific guidelines for managing the components of silvo-pastoral systems are now available that can  lead  to  higher  farm incomes  and  a more  protected 
environment.  However,  future  development  of  these 
integrated systems will require policy support to encourage 
the  introduction  of  ruminants  and  to  increase  their 
productivity.

Integration with aquaculture
The integration of crops and animals places less 
dependence on the natural resources base than if they are 
produced separately. Integration with aquaculture is quite 
feasible and has the potential to improve the sustainability 
and income generation of small farms, when it is fully 
integrated with other enterprises and household activities so 
as to allow farm families and communities to manage their 
natural resources effectively. Fish convert crop, livestock 
and household wastes into high quality protein and nutrient-
rich pond mud that can replace fertiliser completely in small 
vegetable gardens.  Between annual and perennial crops, 
integration with aquaculture is more common with annual 
crops throughout South East Asia rather than perennial 
crops, probably due to the increased availability of crop 
residues as feeds. Integration of tree crops and aquaculture 
systems which are less common, are found in the 
Philippines and Vietnam.

Aquaculture systems are especially advanced in China 
(Congyi and Yixian, 1995) and Vietnam (Thien et al., 1996) 
in terms of practice, efficiency and complementary 
management of the natural resources. On the other hand, 
despite   some   individual   success   stories,   intensive 
aquaculture can do more to reduce poverty and malnutrition. 
Integrated  farming  systems  that  include  semi-intensive 
aquaculture  can  be  less  risky  because,  when  managed 
efficiently,  they  can  benefit  from  synergism  among 
enterprises,   diversity   in   produce   and   environmental 
soundness. The Asian economic crisis clearly demonstrated 
that mixed farming systems are much more resilient than 
was imagined formerly.  Farmers were able to survive 
mainly because of their use of local production resources 
and diversification.

In integrated crop-pig-aquaculture systems in South 
East Asia, pig manure is drained and the clear affluent 
applied as fertiliser to vegetable plots or to rice fields. The 
solid component is used for the production of biogas. In 
Vietnam, manure from intensive per-urban pig and poultry 
production around Ho Chi Minh City is applied to fish 
ponds.    In    irrigated   rice-duck-aquaculture   systems 
throughout South East Asia, duck excreta fertilises the rice 
crop and also provides food for fish. In poverty stricken 
small farm systems, these integrated systems provide a most 
important source of dietary animal proteins especially for 
the children, pregnant mothers and elders to improve the 
livelihoods  of  the  poor  and  the  stability  of  the  rural households.   It   follows   that   any   improvements   in productivity of the integrated systems will also improve the livelihoods of the poor. In perennial plantation crop systems, animals grazing the understorey vegetation provide manure to increase tree yields.

It is pertinent to note that in  Asia,  mixed  farming 
provided 90% of the milk, 77% of the ruminant meat, 47% 
of pork and poultry meat, and 31% of the eggs. Past growth 
trends suggest (Steinfeld, 1999) that mixed farming systems 
grew half as fast (2.2% per year) compared to industrial 
systems (4.3% per year), and three times as fast as that of 
pastoral systems (0.7% per year). The data suggests that 
ruminant production in mixed farming systems will 
continue to be important, but more particularly that there 
needs to be increased development attention in the future.

Categories of integrated systems
Two broad categories of mixed farming systems can be identified:

i) Systems combining animals and annual cropping in which there are two further sub-types:

• Systems involving non-ruminants, ponds and fish eg. Vegetables-pigs-ducks-fish systems in Vietnam, Rice-maize-vegetables-sweet   potatoes-pigs-dairy   cattle (China)

• Systems involving ruminants eg. Maize-groundnuts/soya  bean-goats  systems (Indonesia),  Rice-  finger millet-rice-goats (Nepal).

ii) Systems combining animals and perennial cropping in which there are again two sub-types:

•  Systems  involving  ruminants  eg.  Coconuts-sheep

integration (Philippines), Oil palm-cattle integration (Malaysia)

•  Systems  involving  non-ruminants  eg.  Oil  palm-chickens integration (Malaysia).
Integrated tree crops-ruminant systems
Among the ruminant production systems,integrated systems involving tree crops (e.g.  coconuts,  oil  palm, rubber)are least developed and underestimated. An estimated area of 210,000 million hectares are found under perennial tree crops in South  East  Asia (Alexandratos, 1995). The presence of a range of perennial tree crops in the uplands of many countries provides a common thread for the   development   of   integrated   systems   involving ruminants  .In this context, it is appropriate to also draw attention  to  the  major  tree  crops  that  are  potentially important  from  the  standpoint  of  developing  integrated systems and the main country locations where are to be found. 
Preferred animal options

Thefact remains that ruminants provide the entry  point  for  the 
development of integrated tree crops-ruminant systems. 
The production systems together are unlikely to change 
in the foreseeable future (Mahadevan and Devendra, 1986; 
Devendra, 1989). However, there systems will no doubt 
respond to changing demand and consumer preferences at 
varying    levels    through    increasing    intensification, 
specialisation   and   commercialisation,   depending   on 
resource endowments, supporting infrastructure, market 
potential and policy. In particular, there will be a shift from 
extensive to systems combining arable cropping, induced 
by population growth. The principal aim should therefore 
be improved feeding and nutrition, and maximum use of the 
available  feed  resources,  notably  crop residues  and  low 
quality  roughages,  and  various  leguminous  forages  as 
supplements-   the   oil   palm   environment   provides 
opportunities for increasing productivity. Issues pertaining 
to feed resources in Asia, strategies for their efficient use, and  intensification,  have  very  recently  been  discussed (Devendra and Leng, 2011).

AGRICULTURAL DIVERSIFICATION

Diversification   is   the   process   of   spreading   the 
production resources and enterprises for example crops and 
animals to reduce risks and losses to seek economic benefits 
and sustainable production Agricultural diversification in 
small farms is directly associated with two key reasons-
risks and seasonality. Both factors become more serious 
with decreasing quality of arable land.  Diversification 
involves the addition of crops or animals or other 
enterprises at the farm level. The development of integrated 
tree crop-ruminant systems is a good example of 
diversification.

Apart  from  meeting  the  immediate  needs  of  the household-mainly food and also traditional self-sufficiency, specialisation  follows,  in  which  income  generation  and market   orientation   become   new   driving   forces. Diversification  in  terms  of  the  use  of  the  production resources sees expression in mixed farming activities in humid AEZs of South East Asia, and least in the more semi-
arid and arid areas. The former involves a mix of crops and animals and possibly also aquaculture.

ISSUES OF SUSTAINABILITY

The concept of sustainability is an important element in the development of integrated systems. The MEA (2005) defined it as a characteristic or state whereby the needs of the  present  and  local  population  can  be  met  without compromising the ability of future generation or population in other locations to meet their needs.

The concept of agricultural sustainability initially 
focused environmental aspects, but has now been expanded 
to include broader socio-economic and political elements:

Ecological :  focus  on  environmental  protection  to enhance   ecosystem   resources   and   preservation   of biodiversity.  
Socio-economic : concerns the value and management

of  the  resources,  their  enhancement,  socially  acceptable technological  improvements,  farmers  organizations  and cooperatives, and improved livelihoods of poor farmers.

ADVANCES IN RESEARCH AND DEVELOPMENT ON RUMINANT-TREE CROPS SYSTEMS

There   have   been   significant   advances   in   the understanding of the methodologies used, crop-animal-soil interactions,  and  resultant  benefts  in  integrated  systems with ruminants and tree crops. The research has to be focused on  the following main areas :

• Characterisation of environmental conditions within plantations.

• Measurements of forage availability and quality, as well as seasonality of production.

• Assessment of the availability of crop residues agro-
industrial by-products (AIBP), evaluation of nutritive vale 
and use.

• Evaluation and selection of grasses and legumes for environmental adaptation and increased herbage production. 

• Measurements of animal performance under different nutritional and management regimes.

• Measurements of soil compaction and tree damage resulting from the introduction of ruminants. 

• Measurements of tree crop yields in integrated systems. 

• Management of animals under tree crops, 

• Implications of climate change on heat tress, animal performance and productivity and

•  Analyses  of  the  economic  benefits  of  integrated systems.
CARBON SEQUESTRATION AND GREENHOUSE GASES

An  area  that  has  not  been  addressed  in  Malaysia 
concerns  carbon  sequestration,  which  is  defined  as  the 
complex and secure storage of carbon that would otherwise 
be emitted or remain in the atmosphere  (Watson et al., 
2000). Notwithstanding the fact that animals emit methane 
from enteric fermentation and manure, the expanding land 
areas under oil palm provide good opportunities for carbon 
sequestration through more widespread use of grasses and 
tree legumes, and improved forage management practices, 
with resultant decreased carbon atmospheric emissions and 
global warming. Pretty et al. (2006) has calculated that in 
mixed farming systems, the carbon sequestered per hectare 
was 0.32 tC/ha/yr. The practical implication of this is that 
agronomic practices need to enhance these carbon sinks 
through enrichment of soil organic matter and the forage 
biomass under the oil palm.

Associated with above is the issue of greenhouse gas 
emissions  (GHG), mainly CH4, N2O and CO2 and their 
effects on climate change or global warming. Improved 
grass- legume pastures to feed grazing ruminants will have 
the beneficial effect of enhancing carbon sequestration and 
releasing more O2 into the atmosphere. On the 
other hand, the presence of grazing ruminants will mean 
emissions  of  more  CH4  into  the  atmosphere,  and  their 
possible  effects.  In  Brazil,  Zebu  cattle  grazing  tropical pastures  produced  a  larger  methane  loss  of 27  g/kg compared to either Holstein or Nellore cattle fed sorghum 
silage-concentrate diets that averaged 22 g/kg. Holstein or 
Nellore cattle on Bracharia or Panicum pastures consuming 
sorghum  had  methane  losses  that  were  close  to  the 
temperate forage-based diet of 20 g/kg (Lima et al., 2004). 

In  response  to  possible  effects  on  climate  change, 
mitigation efforts have therefore concentrated on ways of 
reducing  the  CH4  emissions  in  which  a  wide  range  of 
strategies to include enhanced feed quality, supplemental 
lipids, tannins, protozoal inhibitors with varying success 
(Johnson,  Poungchompu  and  Wanapat,  2005).  Of  these, 
strategies  to  reduce  GHG  have  largely  focused  on 
methanogen inhibitors and substrate levels, rather than at 
the feed quantity and quality end.

What is required is more understanding of the relative 
GHG  emissions  from  improved  grass-legume  pastures, 
including the O2 under oil palm trees compared to grazing 
ruminants. If the emissions are in favour of the former 
especially in respect of more O2 into the atmosphere, the 
case  for  integrated  systems  and  sustainable  agriculture 
becomes even stronger. In practice, strategies will need to 
be developed that can have a balance between the two types 
of emissions which is consistent with minimal effects on 
climate  change.  These  interrelated  and  complex  issues 
justify   the   need   for   more   vigorous   research   and 
development.

It is also pertinent to note that recent studies suggest 
that the fermentable nitrogen requirements of ruminants on 
diets based on low protein cellulosic materials can be met 
from nitrate salts (Trinh et al., 2009) and this potentially 
reduces methane production to minimal levels (Leng, 2008). 
Trinh et al. (2009) demonstrated that with adaptation, young 
goats given a diet of straw, tree foliage and molasses grew 
faster with nitrate as the fermentable N source as compared 
with urea Further studies from the same group have shown 
that nitrate can be used as a fermentable N source for beef 
cattle fed treated straw (Nguyen Ngoc Anh et al., 2010). In 
a recent study (Nolan et al., 2010), sheep were fed oat hay 
and either potassium nitrate or urea (5.4 g N/kg hay), first in 
metabolism  cages  and  then  in  respirations  chambers. 
Methane production was reduced by feeding nitrate instead 
of  urea  but  there  were  no  effects  on  feed  intake,  DM 
digestibility or microbial protein synthesis in addition van 
Zijderveld et al. (2010a) have shown a 60% reduction in 
methane production by sheep fed nitrate in a corn silage 
based diet. The same group have shown persistent reduction 
of 16% methane in dairy cows supplemented with nitrate 
(see van Zijderveld et al., 2010b quoted by Hulshof et al., 
2010) and a 32% reduction in methane production in beef 
cattle in Brazil when 2.2% nitrate replaced urea in a sugar 
cane/concentrate based diet (Hulshof et al., 2010). This is a major step forward in ruminant nutrition and production.

ECONOMIC BENEFITS

The economic benefits due to positive crop- animal- soil interactions  are  especially  significant.  A  review  of  the existing information (Devendra,  2007c) as well as from more recent information suggest the following results with reference to the use of cattle:

i) Increased animal production and income 
This  arises  from  increased  productivity  and  meat offtakes 

ii) Increased yield of FFB and income

By  about  30%  with  measures  of  between  0.49-3.52 mt/ha/yr.

iii) Savings in weeding costs

By about 47-60%, equivalent to 21-62 RM/ha/yr. iv) Internal rate of return

The IRR of cattle under integration was 19% based on actual   field   data.   Several   theoretical   calculations approximate to this value.

Additionally, it is also interesting to note the benefits of 
using other ruminants such as goats and sheep. Haji Basir 
Ismail  (2005) calculated the economic returns from four 
hectares of land under oil palm, inter-cropping as well as 
fodder cultivation for a seven year period. The RM 14, 562 
is income from oil palm after seven years. The beneficial 
incomes  generated  as  a  percentage  of  total  incomes  in 
favour of integration for cattle, sheep and goats were 44.4%, 
86.6% and 91.5% respectively. The income from goats was 
the highest as follows:

An   important   biological   advantage   influencing productivity and income generation from goats’ concerns fertility  and  the  productive  lifespan  of  goats.  Goat production has a particular niche in these circumstances (Devendra, 2007d).

POTENTIAL PRODUCTION AND ENVIRONMENTAL SUSTAINABILITY

Considered  together,  the  following  key  potential benefits  provide  major  opportunities  and challenges  for production   and   environmental   sustainability.   Their realisation is dependent on a combination of policy support , greater  awareness  and  understanding  of  the  benefits  of integration   and   efficiency   in   NRM,   institutional commitment , and increased resource use can be brought to bear on expanded integrated systems in the future : 
•Increased productivity from ruminants, mainly meat 
• Value addition to the oil palm crop, and higher palm 
oil output

• Improved forages and forage management in oil palm plantations can promote carbon sequestration and reduced possibilities of climate change

• Enhance carbon sinks and enriched soil organic matter, 
and

• Demonstrable sustainable agriculture.

Constraints to integration

Given the very low adoption of integrating ruminants with oil palm, it is relevant to ask what are the reasons for this situation. The reasons are many and are associated with the following:

• Poor awareness of the potential of integrated systems eg. oil palm and ruminants

• Resistance by the crop- oriented plantation sector • Inadequate technology application

• High prices for crude palm oil

• Unattractive investment climate

• Weak inter-agency collaboration, and

• Absence of policies to encourage integrated systems.

OVERCOMING THE CHALLENGES AND CONSTRAINTS

There exist a number of opportunities to address the challenges  and  constraints  with  the  primary  purpose  of more vigorously promoting and expanding integrated tree crops -ruminant integrated systems.

The key aspects of this strategy are as follows:

i) Need for a definition of a coherent and clear policy on integration.

ii) An awareness campaign is necessary through such approaches   as   publications,   meetings,   media   and announcements.

iii)
Increased
inter-agency
coordination
and collaboration in the activities to ensure efficient use of the resources as well as ensure more rapid progress and impacts. 

iv) Definition of a national breeding policy for cattle is necessary that includes choice and control of the imports of exotic cattle and the use of the oil palm areas for integration 

v) Increase the participation by the private sector and major  stakeholders  are  necessary  though  awareness  and dialogue, and

vi) A stimulus package of incentives in necessary to promote the systems. These can include inter alia provision of animals, tax breaks for allocation of land for integration, tax exemptions, and interest free loans.

CONCLUSIONS

Integrated tree crops-ruminant systems are potentially very important, but are underestimated in South East Asia. The  inclusion  of  animals  provides  the  entry  point  for development, and has the twin advantages of increasing the supplies of animal proteins and also value addition in the oil palm. The benefits of integration are considerable and are mediated through positive crop-animal-soil interactions and merit expanded development. The key benefits are : 


• Potential increased of animal protein supplies (mainly 
meat and milk) amd draught power for haulage operations 

• Increased yield of FFB and income

• Savings in weeding costs

• Integrated and efficient use of the natural resources • Enhanced C sequestration

• Distinct economic impacts, and

• Development of intensive and sustainable production system

A combination  of  clear  policy,  increased  technology application, more intensive production systems, increased investments   and   private   sector   participation   can significantly accelerate the wider adoption of the systems and  demonstrable  environmental  sustainability.  These aspects constitute the challenges for the future.
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