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Abstract:

CA is practised on about 100m ha worldwide. hasv a farmer-proven technology
resulting in cost, time and energy savings and dtemeductions in soil erosion. CA is
complementary to other resource conserving teclgnedqe.g. raised beds, agroforestry
and terracing) which together confer greater ectesy resilience and services to
production systems. CA equipment (principally fi¢anting, fertilizer placement and
weed control) can be tractor, animal or human pedetllustrations of CA equipment
supply situations in South America, Africa and Aaia given; the range of equipment
available is described as is the range of staken®lich the CA equipment input supply
chain. National and international policy issueatilitate the local manufacture and
provision of appropriate CA equipment are emphasiSehese include: formulation of
mechanization strategies; improvement of rurakistiructure; facilitation of finance
options; tax relief and subsidies; batch purchissljtation of testing and R&D
services; technical and business management tgaipravision of quality extension
services; land tenure reform; revision of obsopeikcies; inclusion of CA in academic
curricula, etc. Policies and strategies for o8takeholders (manufacturers, importers,
retailers, hire and repair service providers amohéas) are also discussed. The main
conclusions suggest the formulation of policiethatGovernment level to promote CA
for environmental protection, improve the supplgaglity CA equipment and promote
acceleration of farmer adoption of CA.

Key words: Energy saving, resource conserving technologiessialist CA
equipment, equipment supply chains and stakehgldenstraints to adoption, policy
and strategy implications for policy makers anceotstakeholders

1. INTRODUCTION

Setting the scene

Conservation agriculture (CA) and one of its prraticomponents no-till (NT) is one of
the fastest growing agricultural practices arouraworld. No longer is it a novel idea
to protect the soil surface with vegetation anddw seeds directly through the mulch.

It is notoriously difficult to obtain precise ststits on a worldwide scale (Derpsch, 2008
a&b) but it is estimated that there are about 10@nof NT at the moment (Table 1).

And this figure is steadily growing.



Table 1. Estimated areas of no-till
agriculture in the world

Country or Area of no-till
region (million ha)
USA 25.3
Brazil 23.6
Argentina 18.3
Canada 12.5
Australia 9.0
Indo-Gangetic 1.9
basin
Paraguay 1.7
Bolivia 0.5
South Africa 0.3
Venezuela 0.3
Spain 0.3
Uruguay 0.3
France 0.2
Chile 0.1
Colombia 0.1
China 0.1
Others 1.0
TOTAL 95.5
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In terms of global distribution, Figure 1 shows
the relative importance of NT in different
regions of the world.

As Huggins and Reganold (2008) point out,
“although no-till is feasible in practically all
agricultural situations, the high cost of
equipment and herbicides often diminishes the
attractiveness of adoptioh” Of the more than

half a billion farms in the world, 85% are less
than 2 ha. On these farms, with poverty stalking
the farm families, a radical change in the way
crops are grown is even more difficult to
contemplate.

Giller et al (2008) review small farmer

constraints to adopting CA from an African
perspective. These include: the fear of decreased
yields in the initial years; increased labour
requirements when herbicides are not avaifable

a gender shift of the work burden towards

women; and lack of mulch due to low productivitydgressing needs for feeding crop
residues to livestock.

Rest of World, 4%

South
America,
47%

Australia, 9.4%

USA & Canada,
39.6%

Figure 1. No-till adoption in different world regions

Source: After Derpsch, 2008b

! Although, no-till is possible without costly equipnt and without herbicides. In India, a no-tililldrosts about
US$500 and less herbicide is needed than with cdioreal wheat. Some African basin systems doredhepstly

equipment.

2 |n South Asian rice-wheat systems, weeds are fictaas in NT wheat, so herbicide use is no mbaentin
traditional systems and over time with NT and heidds, weeds become less of a problem.



CA is a proven technology

Tilled soils, exposed to the damaging impacts dewand wind, are in their most
erodible state. Solil erosion results in astronahgosts to national economies. Losses
in the US, for example, are estimated to cost USBB0Illion annually (Morgan, 2005).
Increasingly intensive use of land as the worldytaion inexorably climbs from 6.7
billion to more than 9 billion will mean that erosirates will continue to increase
unless more sustainable production methods areogenhl Furthermore, soil erosion
releases vast amounts of £i@to the atmosphere through organic matter oxadati
contributing to the greenhouse effect and globahviag. Lal (1995) estimates that soil
erosion releases 1.1410° tonnes of C annually in this way.

Given this situation of increasing costs and fallymelds, it is not surprising that CA
systems have evolved in parallel with advancescdhriology (especially in herbicide
and machinery development). Today CA is no lormgeovelty, but rather it is a
farmer-proven technology. Traditional soil tillagesually plough-based) has been seen
to degrade soils and result in loss of crop pradlitgf. CA adoption was a direct
response to soil degradation and the increasingorunf CA adopting farmers is
testimony that it is an economically viable systemachieving agricultural

sustainability (Hobbst al., 2008).

CA, with its minimal soil disturbance and mainteoamf permanent soil cover, tends to
mimic natural systems, particularly that of thenfarest. In the rainforest, nutrients are
recycled via leaf fall and decomposition which riegsi a rich soil biota. Removal of
this cover, and destruction of the natural chanfuglsvater infiltration and gaseous
exchange, means that natural sustainable systezdsmée replaced by expensive and
damaging tillage. Permanent soil cover also prewiother important benefits to the soil
(the control of soil temperature and moisture cohéee two of them) but above all,
cover protects the soil from the degrading effe¢twind and water erosion. Erosion
can be brought down from annual rates greater3baha' under traditional tillage to
natural rates in the region of 0.005t'tper year (Morgan, 2005).

Energy savings in CA

Modern agriculture has prospered but at the coseobming dependent on cheap fossil
fuels. Fossil fuels are used to power mechanizadion for tillage, cultivation,
spraying and harvest, but also for pumping irrgativater, powering dryers and
transport of agricultural products and inputs. didsiel energy is also used for
powering the Haber-Bosch conversion of nitrogean umea, a major source of nitrogen
fertilizer, the most important nutrient limitingap yield. The world is very close to
“peak oil” (the maximum rate of global fossil fusttraction) and may have already
passed it. Once peak oil is reached, availabldeaslines and the days of cheap fossil
fuel will be gone as extraction will fall short démand. At the same time extraction
costs increase as the process becomes more diffiratilprices rise both for oil and also
the agricultural production that uses it. The dagpike in fossil fuel prices in the past
year is an example of this impact and partly exygdhe increase in food prices. This
will happen well into the future and will requirgr&culture to use this natural resource
more efficiently and ultimately to identify altetinge energy sources.

® Having said that, farmers also recognize thdtt#iaige will release available soil nutrients aswl
enhance yields in the short term. However asadeg}y this leads to tilled soils requiring moréate to
slow the decline in yields due to long-term fallisgl fertility.



No-tillage is an appropriate technology to achiwae efficient energy use in
agriculture. In NT, crops are planted in just pass of the tractor, animal powered
seeder/planter or person equipped with a jab-plamata from South Asia, where
wheat follows a transplanted rice crop, show thaners save up to $US55 him

diesel costs or 50-60 litres héess diesel for land preparation (Hobbs and G@fia3).
This is an extreme case because of the difficuityraditional tillage systems, of
obtaining a fine seedbed on soils that has beedlgddor rice (ploughed when
saturated). It requires multiple passes of thall®etined cultivator or disc harrow to
get a fine tilth. Adoption of NT technology givegnificant savings in energy for
farmers and in 2006 it is estimated that 4.0 ofliB& million hectares of rice-wheat in
the Indo-Gangetic Plains of South Asia used NT wR¥WC websitd). There were
also savings in water pumping (much of the wheedage is irrigated) since water
flows more rapidly across no-tilled fields compategloughed fields. Fertilizer
efficiency also increased because the nitrogermpandphorus inputs are drilled with the
NT equipment rather than broadcast as in convesitiptilled wheat plots. The
hundred million hectares of NT reported for the MdDerpsch, 2008 a & b) means
large fossil fuel savings and reductions in gre@isieayas emissions. Yields have also
not been sacrificed by adopting no-tillage andaict they have been sustained and
increased over time by this technology as a reguihproved soil structure and health
(Hobbs, 2007). In the RW systems of South Asieldg are higher than conventionally
tilled plots (100-200kg hamore).

Complementarity with other Resource Conserving Teologies (RCTS)
Resource-conserving technologies (RCTS) includeide wange of practices: NT and
minimum tillage lead to dramatic reductions inaijje operations, and hence costs, a
crucial incentive for resource-poor, undercapitadiZarmers to adopt them. Other
technologies include surface seeding, raised-beudtipg, skip furrow irrigation in row
planted cropping systems, laser or other land ilegeintercropping, water harvesting
and supplemental irrigation, organic farming, muighand residue management, live
fences and vegetative barriers, agroforestry andichtiure, integrated nutrient
management, integrated pest management, integrmesdcrop-livestock farming
systems, contour farming, and terracing. RCTs l@en shown to increase production
and improve soil health, make ecosystems moreassiind reduce their vulnerability
to climate change. They are often seen as theercpmce of sustainable land
management but need vital economic, institutiomal policy options to promote their
adoption. RCTs help produce more crop at less(sasing labour, fuel, energy, water,
and other inputs) while minimizing environmental pacts. They also provide a
platform for diversification and intensification pfoduction systems.

The need for specialist equipment

CA practices are based on the need to keep thpewmilanently covered and for crops

to be sown through this cover with minimal soiltdidance. Although this can be
achieved by hand (see Figure 2) no-till machinexy Ibeen (and is being) developed and
is becoming more widely available.

* http://www.rwe.cgiar.org/Pub_Datasheets.aspessed 5th November 2008




Figure 2. Planting sticks (possibly with steel tip) can be used
to plant through soil cover. They have been useaf
generations, for example in many Latin American culres.
But more efficient equipment has been developed for
increasing productivity and sowing larger areas.

Traditional implements for tillage, such as moulditzband disc ploughs, cultivators and
harrows, are not needed for CA. Equipment foP €&n be manual, animal or tractor
powered. Tractor mounted equipment offers manfgidiht designs from cutting discs
and rotary systems that penetrate the mulch anal thygesoil for seed and fertilizer
placement, to other innovative systems that pudilaw away the loose residues for
planting before returning them as mulch.

Vegetation management can be mechanical (using ahalashing or animal or tractor-
drawn knife rollers and residue handlers); or cloamwvith herbicides such as
glyphosate (systemic) or paraquat (contact). Hatbiapplication can be manual with
weed wipers or sprayers (baghack or hand—pulled) or by animal or tractaulled
sprayers. There is a wide range of animal-dravehteactor mounted spraying
equipment (see Figure 3 for example).

- Figure 3. Spraying weeds before or after no-till [@anting.
| The animal-drawn sprayer greatly enhances the

. productivity of labour and a well-calibrated machine will
| give a precise application rate.

Effective CA adoption requires suitable, good gqyadiguipment to be available to
farmers. This in turn requires an active manufaatusector to research, adapt and
make available this equipment and spare partsiialde numbers for accelerated
adoption. The most effective model is found inpalits of the world where no-till and
CA has been rapidly adopted; it has the manufadaively involved in innovative
networks of concerned stakeholders working togdthetentify and improve
appropriate equipment priced to meet farmer cir¢antes.

Who is providing CA equipment in South America, Ada and Asia?

South America
In Latin America the major producers of CA machynfar all sizes of farm and all
power sources are to be found in Brazil. Howereraasingly other countries (notably
Argentina and Mexico are entering the internationaftket (Derpsch, 2008 a&b).
Concern for the conservation of natural resouresp€cially soil) in southern Brazil

® Detailed information on machinery options for €&n be found at: www.fao.org/ag/ca



was intensified in the mid 1970s (Casao Junior 8lli&ume de Araujo, 2008). Pioneer
farmers investigated possibilities of reducedg#land resolving the issue of erosion
through the import of equipment from Europe andtNé&merica. Research and
development at national and regional centres, lays in close collaboration with the
manufacturing industry, followed and led to furtllewvelopments throughout the 1980s
(especially with improvements in cutting discs)y tBe 1990s no-till drills and planters
were available on the market. At this time smadis farmers were encouraged to
adopt CA through federal government subsidies #m@achinery. This, of course,
stimulated the manufacture of suitable equipmd&matday there are over 25m ha of CA
in Brazil, and about 300 different models of nbibanter in commercial production by
over 25 manufacturers. An important lesson lefom the Brazilian experience is that
the success achieved is due to the synergistingratiip between the public sector (at
state and national levels); the private sectorutigoippliers and machinery
manufacturers); and development organizationsiudaitly the World Bank).

Africa
The situation in Africa is in stark contrast to gnehievements in South America.
Equipment is being imported (from Brazil princigalto countries such as South Africa.
But the indigenous manufacturing industry is inifgncy. In East Africa there are
several manufacturers making simple equipment, imaesed on Brazilian concepts —
although the Zamwipe herbicide applicator madeamiia is a notable exception to
this. These include jab planters, animal-drawmfeles and knife rollers. International
development organizations, especially FAO, haventemliseveral pilot projects for CA
(FAO, 2008a). These have included the provisiomathinery for no-till planting,
knife rollers and herbicide application sprayersifoman and animal traction. FAO
also organized a trade mission in 2008 to take @+bel East African entrepreneurs to
Brazil to interact with their Brazilian homologue$he purpose was to energize the
East African CA equipment manufacturing sectorrmdpce equipment adapted to their
local conditions. Reduced tillage animal-drawrpeps are made extensively in East
African countries together with sub-soilers for mnmg hardpans as a prerequisite to
CA. Of course hoes and machetes, which are akhinsCA systems, are made
industrially in a range of African countries, arré also imported into the region from
China and India.

Asia
In South Asia and China, where farmers generalyghary small land holdings, they
are also benefiting from the NT revolution. InA&Sia and China local artisans have
taken up the challenge of producing the needed @ARCT equipment. In India, for
example, there are many small scale manufactuféd3 drills. In S. Asia this came
about as these same manufacturers switched frormgnsiknple seed drills to
modifying the furrow openers (imported from New [&éeal Harrington and Hobbs,
2009) strengthening the frames and producing lost, ¢cactor powered NT seed drills.
Whereas a heavy, complex NT drill may cost thousardliollars in developed
countries, developing countries can provide farnaedsll that does a similar job for
US$500 or less. In some African and S. Americamtrdes and also in S. Asia and
China local artisans can also produce low cost anamd manual powered equipment
for no-till and other RCTs. Larger companies iditnand Pakistan manufacture laser
land levelers that have made this technology affoleito local farmers and resulted in
improved efficiency in water and input use.



In a country like India, where 60% of the populatis involved in agriculture and
where many farmers cannot afford to own tractassfract ploughing was common.
Farmers would rent the services of tractor owneg@daugh their land. Similarly,
resource poor farmers who don’t own tractors hdse lenefited from NT by
contracting service providers to sow their land.this way, there are many farmers
with small land holdings who have adopted NT areddtare many villages in India
where the entire village uses this new efficienywaestablish wheat after rice.

Although national policies in S. Asia focus on agtiure and the manufacturing
sectors, little attention is paid to the farmemséd for good agricultural implements. S.
Asian farm machinery supply enterprises for traetwd other farming equipment are
mainly serviced by small and medium size privateegmeneurs (SMEs). Services
include laser land levelers, NT drills, bed makaygtems, sprayers, input dealers and
contract farming units. Unfortunately, in spitetbé acknowledged importance of the
role of these services in the national economys#utor doesn't feature adequately in
government support and motivation programs. lhtyeaervices such as land leveling
and no-till / raised bed planting are providing éoyment opportunities to jobless rural
youths and employment in small scale manufactusimdjtransport related sectors
(Gupta and Sayre, 2008).

2. CA & RCT MACHINERY SUPPLY CHAINS

Brief description of currently available equipment
The CA equipment available worldwide can be classifccording to the power source
used: manual; draught animal; and motorised.

Manual equipment
Possibly the most useful and universally used fimoplanting through mulch is the jab-
planter. Sold in their millions and owned by cdass CA farmers the jab-planter can
be used for all crop types and can be adaptedpy &tilizer at the same time as
planting (Figure 4).

Figure 4. Farmers try a variety of jab-planters
(fitted with hoppers for both seed and fertilizer)

| to plant through crop residues on the soil surface.
Photo: John Ashburner

Other manually operated equipment for cover crapva@ed management includes the
Zamwipe herbicide applicator (Figure 5) and a ramigmore conventional sprayers
(Figure 6).



Figure 5. Zamwipe herbicide applicator Figure 6. Knapik hand-pulled sprayer

Animal-drawn equipment
Draught animal powered CA implements comprise méinyplanters as well as
herbicide sprayers of different tank capacitiesie @sidue and cover crop management
- tool is the knife roller (which can also be traetiwawn) for
~ crushing vegetation and providing a dead vegetativieh
. prior to no-till planting (Figure 7). This type efjuipment is
. only suitable for small family farms and in facettendency in
Brazil is for farmers to move away from draughtraais and
. to use small tractors as the preferred power source

Figure 7. Animal-drawn knife roller

Tractor-powered equipment
Tractor-mounted no-till planters, although undemtcwious development, have now
reached very high levels of technical effectivenddschines are available for planting
wide-row crops (maize, soya, sunflower) and alsa&row-row crops such as cereals,

= = .8 canolaand cover crops (Figure 8). Tractor-mousfedyers

have been commercially manufactured since longrbdfee
advent of CA. Laser land levelling machinery, Ipdahters,
improved water distribution systems (sprinklers drig)
and other RCT equipment are also available in & Asd

In Asia (China and S. Asia) there are also a grgmnmber
of CA prototypes for NT seeding/planting being deped
for small 2-wheeled and 4-wheeled tractors thattion
better in the smaller field sizes. (Figure 9).

Figure 9. NT planter attached to a two-wheel traatr

Stakeholders in the equipment supply chain

For CA equipment to arrive into the hands of thenker and for there to be an effective
service backup network to sustain it in use, a<fuglttioning supply chain is required.
When the complexities of the supply chain have béentified in any particular
scenario, then the appropriate policies and irigiits needed to nourish the provision
of appropriate technology can be formulated andbsaput in place.



The different stakeholders in the CA equipment suppain will usually include the
following groups:

Policy makers

R&D institutions (uiversities, public institutiorad private manufacturers)
Extension and training services

Finance institutions

Manufacturers, importers and retailers for equiphaga spare parts
Machinery hire services

Machinery repair services

Farmers

A fundamental aspect of all stakeholders in theggAipment supply chain is that they
will normally need to derive all or part of theivélihoods from their participation.
Although government policy makers and public seB&D and extension institutions
(and even finance institutions) will often be cisérvants and will probably not be at
high risk if there are failures in the supply chagtwork. The way that the stakeholders
may interact is illustrated in Figure 10.

Innovative ideas
from:

Technical
institutions,
dealers and users

Short term Investment
credit capital

Y
Manufacturers

Hire services [*

A A

Mechanics

Finance

A 4 A 4 A 4

Deqlers Training > Farmers
National and 7Y
external

Figure 10. Machinery supply chain for CA tractor powered equipment in southern
Brazil

From Figure 10 it can be seen than CA equipmenufaaturers have access to
innovative ideas from a number of sources, inclgginblic sector R&D. A national
dealer network supplies technical back up (anditng) for end users (farmers and
contractors) and at the same time is kept fullyaugate and trained by the
manufacturers themselves. The policy environmdnthvhas led to this well-
functioning supply chain has, in the past been eraged by government policies which
have included extending credit and subsidies tondas for machinery purchase,
collaborative research between research institsitioranufacturers, input suppliers and
international donors. It has received carefulumimg over several decades to evolve
into its present state (Caséo Junior & Guilherm@gijo, 2008).



Constraints to greater adoption of CA equipment

There are several constraints to increased adogatidrscaling up of the area sown to
CA and RCTs. One of the most important is the tecanservative nature of farmers;
they are adverse to taking risks and experimentatiy new technology. Changing this
mindset of a farmer requires a new paradigm foerdking technology. In S. Asia it
required several components (Harrington and Hob®39); first a local champion who
would promote the technology; second the identificaof innovative farmers willing
and able to experiment and take a risk; and thisljitable NT drill was needed which
was affordable and performed well. Once these wepéace and innovative farmers
obtained good results, other farmers were shownethdts through visits and farmer to
farmer extension; accelerated adoption then ocdurvéhere the technology was
demonstrated to farmers by extension or researcisarg the older, top down extension
approach, results were much slower; there had txtiee participation and
experimentation by farmers to convince them ofrttegits of adoption.

Farmers are also reluctant to change practicestbgthave relied on for raising crops
in the past and it took specific crises to convifazeners to change. In Brazil, the issue
of soil erosion on the sloping lands of the “Ceasidneant new practices like CA were
needed to reverse and slow a major environmenthtep productivity issue. In S.
Asia, late wheat planting and the development adbib&le resistance by a common
grassy weedPhalaris minor,in the 1990s resulted in a crisis that farmersidoand
could be overcome by adopting NT and other RCTs.

The availability of suitable equipment was alsoaganconstraint to adoption in the
early years and can account for the usual 10-16plegse lag seen in many countries
from when NT technology was first introduced uritbbecame widely adopted. The
manufacturers had to get up to speed in manufagtsufficient numbers of drills to
meet demand. The first hurdle was to convince tteemvest in the manufacture of NT
drills. This was achieved in S. Asia by univergtygineers working closely with local
artisans in adapting conventional seed drills todlls with just a few modifications.
These were then purchased by scientists and eatensing aid donor funds and made
available to innovative farmers for experimentatiddeighbouring farmers saw the
results and demanded they also test the equipniretitis way a supply and demand
mechanism was generated that has led to a rapahsxgm of CA equipment
manufacturers and farmers adopting the technol&jmilar stories occur in other
regions.

One major factor in the success of scaling outesmhanufacture of suitable, well
constructed and good quality equipment. NT indmsliffered a severe setback in the
1990s when very poorly constructed equipment wésated to farmers and failed to
perform well. Some system needs to be in placetify equipment at the
manufacturing level to protect the farmer from unpalous people and ensure the
technology works as intended.

Another major constraint in the adoption of CA tealogy exists when the scientific

and extension communities in a country do not agidethe benefits of the technology
and actively discourage adoption. In Brazil, itswiae farmers and their associations
who pressed forward with CA without the supporérfension. In S. Asia, there are

still today, despite 4m ha of no-tillage wheat egsion personnel who speak against the
use of NT. This has slowed adoption since farmasjinistrators and manufacturers
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are all confused as to who is right. Mass mediasages promoting the benefits of CA
are not produced. This uncertainty also leadsléalkaof policies which would promote
the manufacture and adoption of CA.

3. POLICY AND STRATEGY IMPLICATIONS FOR
NATIONAL AND INTERNATIONAL POLICY MAKERS

In this Section we discuss the policy implicatidoisCA promotion and equipment
manufacture from the viewpoint of policy makersectton 4 will then look at the
implications for other stakeholders in the CA sypgiain. The aim is to offer some
guidance for these stakeholders, or would-be std#lels, in the CA promotion and
supply arena.

National policy implications

Here the focus is on information for policy maksesthat they may be guided towards
creating a facilitating environment for CA supplyain entrepreneurs and so make an
important contribution both to the supply of appiafe CA mechanization inputs for
developing country agricultural sector producergifdarmers and processors) and also
to the industrial sector via support for CA machyn@manufacture.

Formulation, revision and implementation of nationd mechanization strategies
For many years international development instingisuch as FAO) have been
promoting the importance of formulating and implenigg national strategies so that
the provision of farm power to the agricultural teecan take place in a logical ordered
sequence with the best options being made avaitalz# stakeholders in the supply
chain (FAO, 2008b). This is a sound starting paimd it is the contention of this paper
that a national mechanization strategy is a necgg¢lsat not sufficient on its own)
starting point for facilitating access to CA mecization technology which is needed
for the sustainable adoption of CA. The followjmgints indicate some of the main
issues that would be relevant components of sisthategy.

Improvement of rural infrastructure
Rural infrastructure, particularly roads, is a nmajppediment to the free operation of
markets. Poor infrastructure is a disincentiveneoket access and will always add to
input prices. Infrastructure improvement is likébyform part of a wider national
strategy for economic improvement (as was, andistithe case in Brazil), however its
importance to mechanization input supply is empeaki One of the principal causes of
failure of public sector machinery hire schemeslyeen the extraordinarily high cost of
transport both in terms of distances and time we)] access to fuel and services in
remote areas, and the damage done to farm machldogng transportation.

Facilitation of financing options for machinery acauisition
In many countries the majority of measures takeamfwove CA equipment input will
take place in the private sector. The commera@aaking sector has frequently been
averse to extending financial credit to relativiedgource-poor farmers. But studies
have shown that such investment is often highlyitatale. This is especially the case
for technologies with a lower capital cost and vishgemand a lower level of
management skills. Draught animal power optioesaacase in point (Hollinget al,
2007) where financial instruments could be exterwethe private sector at relatively
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low risk. To make such schemes even more attestivne government guarantee,
perhaps in the form of crop insurance, would shsehdller-scale farmers who are
working to emerge into the commercial sector thiotige adoption of sustainable CA,
from the worst risks of crop failure and other sataphes.

The Brazilian experience has been particularlyniluating with respect to financing.
Early in the process of innovation in CA systenesgbvernment realized the need to
extend attractive credit lines, especially to sraall medium sized farms. Programmes
like FINAME® from the National Economic and Social Developniaik targeted
resource poor farmers and allowed them to raisdymtoon and family livelihoods
through the acquisition of farm power and equipnienCA.

Experience teaches that policy makers would be agklised to channel lines of credit
for input purchase through farmer and communityugso Channelling funds via
influential Village Organizations in Pakistan is@ccessful case in point (Abbas, 2007).

Tax and duty relief for agricultural machinery and raw material imports
Tractors and agricultural machinery are frequegihen privileged status by
governments actively promoting the developmenheirtnational agricultural sectors.
Such equipment can usually be imported free of.dutgwever sometimes (as in the
case of Kenya) machinery parts and raw materiaisgjpally steel) are excluded from
this arrangement and this puts the national matwfaof agricultural machinery at a
disadvantage. Few developing country governmentddwvant to jeopardize the
development of their national industrial sectothis way. One simple way of
providing tax relief to national CA equipment maaetirers would be to give them a
rebate on the duty paid for materials that canfieéty be shown to have been used in
agricultural machinery construction. The positRakistan experience of this
arrangement is a useful model (Amjad, 2004).

Batch purchase of agricultural machinery
Many people working to improve the developmenthef agricultural sector point to the
need for a fresh impulse to the partnership betviieeprivate and public sectors of the
economy (e.g. Simalenga, 2007).

One way to do this and to motivate the private@eact manufacture novel equipment to
promote adoption of CA practices, particularlyle smaller scale farm sector, is to
commission batch production of equipment whicthentsold to farmers via the
extension service or other outlet (Figure 11)this way confidence in the market can
be built and sustainable commercial production Afrtachinery is a more probable
outcome.

Figure 11. Batch orders from private sector manufatirers
is one way that the public sector can reduce thegk for
entrepreneurs and facilitate greater farmer accest CA
mechanization inputs

Credit line (from BNDES - Brazilian Bank for Econamand Social Development [Banco Nacional de
Desenvolvimento Econémico e Social]) for agricidiumachinery purchase (Linha de Financiamento de
Maquinas e Equipamentos do BNDES).
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Provision of impartial machinery and materials tesing services
A mutually respectful collaboration between the lpubector and the private sector
would make it possible for the public sector todumpartial machinery and materials
testing centres in direct response to the neetteeahanufacturing industry. Previous
efforts (e.g. in East Africa and Pakistan) havenshthat extremely few manufacturers
seek advice and guidance from public sector ingiits set up to provide those services.
A new approach must consider the needs of the indixtem the outset. A strategy for
sustainability of the service would be to phasepultlic sector support over a number
of years so that the service is maintained by anthie private sector. It is by no means
certain that manufacturers would consider sucmacgeto be a worthwhile investment.
Local manufacturers in Tanzania, for example, nraker little use of the testing
institution (CAMARTEC) that is available to them. In Brazil, manufaetsrtend to do
their own testing and may outsource particular etspihat they believe can be done
better by others. On the other hand, and alsaaziB the role of public sector
institutions in organizing side-by-side comparawluations of NT planters has been
a notable success in improving the quality of paidun machines. The trials were
made with crops sown 30 days before the publictettbin of the machines at work.
This allowed farmers to compare the field perforoeaaf different machines and to
judge the quality of seed placement and crop emegyé-igure 12).

Figure 12. No-till planter at a dynamic evaluationevent
in 2003 in Guaira PR.(Photo Ruy Cas&o Junior)

The trials resulted in a marked improvement in f@aperformance and quality as
positive elements were adopted more widely anddésstive components eliminated.

R&D and facilitation of innovative technology provision
The public sector, especially in developing cowstrhas historically been notoriously
less than successful in developing prototypes aowing them into commercial
production. R&D by researchers in isolation frothey key stakeholders is a
discredited paradigm. New models of collaborapaéicipation are more likely to
produce results, especially those that are camdidteal manufacture at an affordable
cost and which respond to technologies activelpdpeought by farming communities.
When considering a novel technology like CA, adrifte R&D arrangement, whereby
the voices of farmers, manufacturers and resea d¢tare equal value, is an activity that
should be funded by the public sector and its leitgeshould be dependent on the
production of outputs valuable to all parties.

Another way that the public sector should be inedlin the development of the CA
machinery input supply chain is by facilitating tinéroduction of valuable, farmer-
proven, technologies from other regions. One examfithis approach is CA in East
Africa (Simset al, 2007). Box 1 gives another example, the intotida of raised beds
for crop production under controlled traffic conalits in Pakistan and Zimbabwe.

" Centre for Agricultural Mechanization and Rural fiealogy, Arusha, Tanzania

13



The experience of IAPARN Brazil in creating awareness and interest aught
animal powered NT planters is a useful example.rkidg with manufacturers and
farmers, IAPAR was able to produce a planter whias served as the prototype for
many lines of commercial production in ensuing gd&igure 13).

= Figurel3. TheGralha azulanimal traction no-till
| planter and fertiliser applicator developed at
IAPAR ® in the mid-1980s

Technical and business management training schemes
There appears to be a great need, as well as &h(ingnany developing countries), for
training programmes aimed at improving businessagament capabilities and
technical competence. Large scale manufacturepmrters and dealers are, of course,
fully conversant with the need for financial coérand with the tools needed for
calculating costs and profits. Other sectors ef¢hpply chain are sometimes less
familiar with the methods required and are in nekdrientation. These include small-
scale manufacturers, hire service providers, machirepair services and small to
medium-scale farmers.

Technical training is needed at many levels fronrmafiacturing skills needed by small-
scale entrepreneurs, to servicing and repair remqents for new technology (e.g.
combine harvesters and power tillers) to trainimmgew practices for farmers (e.g. CA).
Technical and business management training coargeprogrammes are expensive for
individuals and constitute an ideal and acceptafalg for governments to demonstrate
their commitment to development.

The policies of particular governments are cruicidhis regard. The current
administration in Brazil under President Luiz Irdtula da Silva is particularly keen to
promote technology exchanges between his counthytanAfrican continent. This
situation should be exploited by training Africamtrepreneurs in the technical and
financial skills needed for successful manufactirproductivity-enhancing agricultural
equipment.

Provision of quality extension services in agricultral mechanization
An active, motivated and well trained extensiorvieeris a prerequisite for a
progressive, developing agriculture sector. Adtiral extension does not belong
wholly in the public sector, but elements of it déor example machinery
demonstrators from larger scale manufacturers, itepand dealers are part of the
extension effort and the public sector service &hbaise closely with their
counterparts in the private sector. Experiencednaght that, unfortunately, extension
services have too frequently tended to be negleeaté@cting poorly trained recruits
who then are poorly rewarded and have little otigab transfer to the farming
community. The growing numbers of organized fargreups (such as farmer field

8 parana State Agricultural Research Institute (mstiAgrondmico do Parand)
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schools, earthworm clubjsriends of the soil and no-till clubs) which amactive in

the technical assistance that they demand areliyrsggn that extension services will
need to respond to a greater extent to farmersiir@aents. The public sector has a
key role to play here in ensuring that the extamsiervice delivers high value
information and training and in return is highlgaeded by the farming community that
it serves. Another important aspect of extensioamare complex technology such as
CA and no-till is the use of farmer to farmer exdi@n. This was successful in Brazil, S.
Asia and probably all countries with significant @doption. It starts with an
innovative farmer experimenting with the technol@gyl then informing his neighbours
who are more likely to respond positively and tiuist to another farmer.

Land tenure and payment for environmental servicesssues
One major impediment to adoption of CA and RCTated to land tenure. One
frequently encountered way of farming in developiagions consists of a land owner
allowing a tenant to cultivate his land with theyiso that part of the produce is given
as rental payment. The actual amount given toweer varies but it is often half of
the produce and in many cases the tenant beacoshef the inputs. This system
provides little incentive for the tenant to impradwis practices and adopt management
systems that would improve the land quality andicedhegative environmental impacts.
The tenant essentially wants to get the most othiefand with the least input cost.
Tenants are also averse to taking any risk assacwith a new technology like CA or
RCTs since they are not interested in improved ity over time. The main reason
is that the owner has no obligation to renew th&reat with the tenant so any
investments in the owner’s land would not benék tenant unless there was an
obligation to continue the rental agreement in eghsent years.

A policy that encouraged tenants to adopt CA or R@duld be a win-win situation
since the tenant would get at least equal yieldissstcost and the owner would benefit
from improved land quality. This could take thenfioof an equipment subsidy to allow
the tenant to afford its use or a payment for ilmptbenvironmental services such as a
reduction in greenhouse gases or increased cadopestration. In fact, any policy that
rewards farmers for improving environmental quadibd services would provide
incentives for them to adopt CA and RCTs. A keggiion is: “Who would pay for this
service, the government or consumers?” Consunoetld participate by paying a food
surcharge that resulted in farmers being rewardegdsitive environmental practices.

° For exampleclubes da minhoca; clubes amigos da tefEBRAPDP in Brazil
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Box 1
Tractor hire services for raised beds and reducedos
compaction

Keeping traffic (wheeled, animal hoof and pedesjrta a minimum in
conservation agriculture systems is very importameduce soil compaction.
Confining traffic to permanent tracks or pathwagd growing the crops on
raised beds (1.2 m wide) between the pathwaysnOaéde) can achieve this
goal both under rainfed and irrigated conditio@sops can then be produce
under CA conditions on the raised beds where peentazover can be
maintained, crops of differing rooting depths rethtind crops sown with no
till.

.

One of the main limitations to the uptake of CAAlfnica and Asia is the
scarcity of mechanization services. The establestirof the raised beds is a
one-off operation and the practice could be more widelgpted if tractor hir
services were equipped and trained to use the ppate tools required
(ridger, bed-maker, chisel plough for initial haagigbursting and perhaps no
till planters).

Such tractor hire services have worked well in Btaki as part of an FAO
food security programme. It is a good examplemf fiarmers, machinery
hire services and machinery suppliers can workthagewith international
technical assistance programmes to raise agrialijpuoduction in a
sustainable way.

High density carrot crop on raised beds in Zimbabwe
Source: Fintan Scanlan, FAO. Personal communitatio

Revision of obsolete policies — the case of Centrasia
The negative synergy between the biophysical anmhssronomic drivers of land
degradation has always been a challenge, partigita€entral Asia. Policies,
institutions and markets have a large influencéaad degradation and rehabilitation.
Insecure land tenure and property rights, a virtaek of extension services for the
dissemination of good agricultural practices, aggkttlement policies have all been
seen to worsen land degradation problems. Castohparamount importance in
Central Asia due to its generation of foreign exgerevenues and consequent GDP
improvement; and for providing employment and inecsecurity to millions of rural
households. However cotton has also been blanrezttmomic stagnation, poverty
and causing the ecological catastrophe known agrifieg Aral Sea syndrom®. The
irrigation practices in cotton monoculture consumassive amounts of water from the

10 http://earthobservatory.nasa.gov/I0OTD/view.php ? B84
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Amu and Syr Darya rivers which feed the Aral Sead e leaching of pesticides and
fertilizers has resulted in pollution and saliniaatof the waters of the shrinking lake.
Rudenkogt al (2008) have indicated that restructuring theasofiroduction chain
could result in a reduction in cotton area in th®kezm region by about 70%. This
implies that about 80 000 ha could be released state control and diversified into
alternative crops or land uses (e.g. tree plamtatay forage production) and so making
agriculture more environmentally friendly while m&ining its economic importance.

In agriculture, operations such as tillage, plaptimrvesting, irrigation and agro-
chemical application etc. are usually time-sensitiFarmers find it difficult to acquire
new implements appropriate for their small farrRsiblic sector machinery hire service
providers are small, have meager resources andigigencentive for the staff to work
the necessary extra hours in peak seasons. Eaggdntly results in inordinate delays
(with consequent yield losses) and conflicts amfanigners requiring the services at the
same time. Private sector hiring of agricultunaplement services is increasing but has
not yet approached its potential. If small-scalegte entrepreneurs were to be further
encouraged to manufacture agricultural implemesgt, service and lease them, then
private markets could emerge for the provisionmgtbound operations and hence
boost agricultural production. Some of these paleforms have the potential to reduce
unresponsive state controls and reduce the neguifidic services which may, in turn,
result in enhanced production and productivity.

Further examples of the need to reform obsoleteipslin some Asian situations are
given in Box 2.
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Box 2

Revision of obsolete policies, some examples fronsia
Agriculture in South Asia has mechanized over th&t few decades, mostly
through 4-wheel tractors, combines and variouagélimplements; harrows and
cultivators. This is yet to occur on a significaotle in Central Asia where
farmers depend on leasing companies and importdylauty, fuel inefficient
tractors often used for petty operations (mairdy&port). Agricultural
machinery providers in Central Asia generally syppw tractors with
cultivators for soll tillage. These tractors asaially fitted with wide tyres that
hamper operations in raised bed-furrow systemgltorting high value and
cereal crops. Similarly, combine harvesters alsgehnsufficient adjustment to
make their wheel track compatible with the bed famcbw layout being
promoted to farmers as a way to improve resourfogesicy. Appropriate CA
planter designs, which can plant crops in the presef anchored and loose
residues, have yet to be developed and/or adagtdtebmachinery supply chai
in the Central Asian region.

-

The rotary cultivator and planter (or ‘rotavatas)being promoted in India at
the moment by some parties. This system incorpsnasidues into the soil and
plants crops in a single tractor pass. This issngbod way to establish crops
since it destroys soil structure and leaves thiesswiace bare, the opposite of
what CA tries to promote. Due to imbalances ingbeernment subsidy
component in India, this new reduced tillage sysiebeing promoted at the
expense of other more environmentally friendly &#dtype machinery such as
the Turbo and Happy seeders, zero till, and rdisedplanters. The Turbo and
Happy seeders work on the principal of picking opske residues ahead of the
no-tillage coulters and then replacing this residaeop of the soil after the
coulter places the seed in the ground. To acdeléna pace of conservation
agriculture adoption these policy distortions thatbsidize the wrong equipment
need to be removed and applied instead to equipthantesults in
environmentally friendlier CA equipment. Subsidwesuld be given to farmers
who save water, reduce green house gas emissidng@mote clean eco-
friendly agriculture (such as CA). Policies alg®d to encourage private sector
manufacture of CA equipment and imported compleargrRCT machinery
(including the laser land levelling systems andaparts) by subsidising impof
duties, VAT and other taxes.

—

CA in school and university curricula; extensionyesearch and farmer training

Many farmers (especially smallholder farmers) ofterk adequate access to research

information, infra-structure and value-adding seegi, limiting their ability to produce

more profitably and use natural resources moreswaily. In Central Asia, extension

services are virtually non-existent and scientisige to perform both research and

extension functions including overseeing the statdrolled operations such as cotton

picking. With the demise of the Soviet Union, fbemer channels of knowledge
transfer have been disrupted. Involvement of tineape sector, especially NGOs,

private entrepreneurs, input and service provides,partly fill the vacuum created by

weak and non-existent extension systems.
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Any research-extension framework must attemptigerthe efficiency, responsiveness
and relevance of research to production while nedjmg to farmers’ needs for capacity
building at different levels. In most parts of theian continent most graduates
emerging from academia have no experience of Cierdis an urgent need for CA
text books to help prepare the young minds foibigechange- from ‘plough-based to
ploughless agriculture’. Promotion of CA requigeshift in the way research is
conducted and knowledge is transferred to the fesmim the case of smallholder
producers, it should be farmer led participatogesgch. This would require new
statistical tools and methodologies for analysithefresults of farmer field trials. With
more and more farmer experimentation, the RCTs'ealevolve’ with critical
contributions from other agents of change (e.glipubsearch and extension systems,
champion farmers, CA equipment manufacturers, custervice providers and private
sector agri-input dealers).

Site specific policy strategies

Agro-ecological regions are relatively homogenowsia delineated in terms of
landscape, length of growing season and bio-climhatespite of this, the socioeconomic
resource endowments of the farmers who dependnohfta their livelihoods vary
greatly. Natural resource management (NRM) probleery often are location specific
and the basic tenets of CA would need some fine¢guto address local issues.
Different zones within an agro-ecological regiondfs as the Indo-Gangetic plains)
suffer from one or more problems such as: (i) lafigéd gaps between those obtained
on experiment stations compared to farmer plajslofi yields but high production
costs, (iii) a tendency for monocropping and neralite sources of productivity growth.
Crop diversification and intensification throughencropping (e.g. autumn planted
sugarcane with chickpea / wheat / Indian mustamd)ralay crops (wheat or mungbeans
in standing cotton) in north-west parts of IGP examples that can help resolve this
problem); and (iv) high production risks as for exade in low-lying flood prone
environments, salt affected and degraded areasrefidre we suggest that any policy
on research for development must promote and asltliedollowing location specific
issues:

Bridging yield gaps that exist between what isiathle on experiment stations

compared to lower yields on farmers’ fields (imprayproduction efficiency);

Yield enhancing and cost cutting (resource savieghnologies;

Generation of alternative sources of productivityvgth (intensification and

diversification) and;

Reducing farmers’ risks of natural calamities (engked cropping in flood-

prone areas and watershed management and watestiagvin drought prone

areas).

The introduction of a new generation of agrononmd erop management practices
appropriate to the sub-humid climates of the easBangetic plains of South Asia
offers tremendous opportunities for reducing theage of ‘rice fallows’ (i.e. land that
remains fallow during winter season due to late harvest) increasing land
intensification and better exploitation of unddrméd, but potentially productive, land
and water resources.

Management and use of crop residues

One of the key pillars of CA is the maintenanc@@fmanent soil cover either through
the use of previous crop residues or cover cr@za have been compiled from various
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sources that show that NT without the use of resdian have a negative impact on
yields (Sayre and Hobbs, 2004). These authorstrepa multi-year study that looked
at different residue management strategies on bedlat planted wheat-maize systems
in Mexico. The poorest treatment was no-till wiih residue retention and the best no-
till with residue retention. This study and marnlgers highlight the importance of
permanent soil cover which improves water infiimat reduces erosion and improves
surface solil physical properties in addition todfémg many soil biological and
chemical processes (Hobésal, 2007, 2008).

In many parts of the world, especially in develgpaountries, crop residues have
multiple uses: they are fed to animals, used fdkingpadobe type housing, and burnt as
fuel. Unfortunately, they are also burnt in theddisince they can be a hindrance to
plough-based land preparation, especially wherpscaoe harvested with un-modified
combines that leave piles of loose residues irighé. This is the case in the NW areas
of S. Asia and China after the rice is combine bst@d and the farmer needs to plant
the next wheat crop quickly; residue burning resurtsevere air pollution and also
leads to degraded soils and loss of organic mattertime. This problem was
addressed in S. Asia by developing equipment haitdigplant into loose residues and
thus provide both minimal soil disturbance and Earent ground cover. Policies that
would encourage engineers and manufacturers tangsand develop solutions to
these residue problems are essential if environatigritiendly CA practices are to be
adopted widely. This was accomplished by a nurobeoulter and soil opening
systems from the “Happy Seeder” (an Australiangied) that picks up the loose straw
ahead of the seeding mechanism and then distrilitgesnly on the ground following
the seeder by blowing it out of the back of theipauent, to designs of coulters that
don’t rake the straw into piles, to strip till sgsts that cut the straw and plant the seed
without blocking. Exchange visits of manufacturerd\ustralia and also within the
region helped catalyze this development.

Interestingly, in the developed, temperate regtbese is talk of using residue “waste
products” for producing cellulosic ethanol. Thssai more efficient system for
producing ethanol than using corn grain, but wdwdde serious implications for soll
health, especially in tropical and sub-tropicaliemvments since the residues are a
valuable source of food for the biological compdnathe soil and soil physical
structure. Policies are needed to restrict thaibgrof residues, initially to reduce air
pollution but also to provide farmer incentivesuise the residues for the benefit of the
soil and the environment through adoption of CA.

Anticipation of externalities
Within the future scenario for meeting the foodwség needs of the growing world
population, externalities such as climate changduél production, fossil fuel prices,
fertilizer and other input prices make the tasknenmre challenging and complex. The
2008 spike in fossil fuel costs was a major cadsheospike in food prices which have
no doubt reversed the declining trend of crop grieemers have experienced over the
last 40 years. But farmers also see an increas$e iprice of inputs like nitrogen
fertilizers and crop protection chemicals that@gependent on fossil fuels for their
production. In fact, if farmers had not receivikd increase in crop prices in the past

Y http://www.aciar.gov.au/system/files/sites/acifed/node/5019/Final+report+PLIA-2006-180.pdf
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year, many would have been unable to afford thk prgces of inputs and so would
have obtained lower yields.

The situation was not improved when developed nattarned to production of

biofuels from corn, soybeans, sugarcane and otbes@s a substitute for fossil energy.
Policies that required a percentage substitutiogtiwdinol for fossil fuels and provided
subsidies to biofuel producers and manufacturexs @ntributed to the recent price
hikes. The biofuel crops competed with food cropsagricultural land and resulted in
food crop shortages. Food reserves availableltdragitrade dropped to the lowest
level in the past 40 years and encouraged specsifatarive up the future prices of
food. This had much less impact in developed amstvhere the percentage of a
person’s salary used for food is small. Howewednad a major impact for the poor who
pay a much higher percentage of incomes for foldtese people had no extra money to
absorb rising food costs and so essentially ate I&his resulted in food riots and the
need for governments to introduce policies to diiste cheap food to the poor at a cost
to the tax payers. A logical policy would be ts@iurage growing any biofuel crop on
land that is needed for food production. The issugse of residues for cellulosic
ethanol also needs careful thought as mentionedeatince these residues play an
essential role in CA.

Global climate change, which is already occurrias@nother major factor to consider in
future food production. There are many possik#itivith some regions benefiting from
changes in temperature and rainfall patterns terettvhere these changes would be
disastrous. One of the major concerns of globalate change is the melting of the
polar ice pack. Data show this is happening maskef than anticipated. The result
will be an increase in the level of the oceansaifig much of the agricultural land in
coastal areas. Another concern is the meltinp®@Barth’s glaciers that supply fresh
water for agriculture and human needs; the Himalayaciers are an example of this.
These are the major sources of fresh water forrtigated food bowls of NW India and
Pakistan, an area of the world that is dependeirtigation and would be a desert
without it. Other global climate change effectsuldobe temperature changes (up or
down), droughts, floods, and more erratic and vibkeeather (hurricanes, typhoons,
etc.) that could seriously affect mankind’s abitibyproduce enough food for the
world’s population or at least in countries serlgwdfected by climate change. The
increase in fossil fuel prices also affects resperie emergencies with food aid because
of increased transportation costs. Policies mesiriplemented to reduce the impact of
greenhouse gas emissions on climate change. Gagetmafrost starts melting, large
quantities of methane (with a heating potentiati@es greater than carbon dioxide)
will be spewed into the atmosphere with seriousat$f on warming the planet. Policies
are needed to reward activities that result ingased carbon sequestration and reduce
these emissions. Policies that would promote #eeall environmental and sustainable
farming practices like CA and RCTs are one wayctueve this.

The pros and cons of subsidies
Subsidies are part and parcel of agriculture inyr@muntries of the world. Developed
and developing countries use them to help makeifg profitable in an environment
where governments also want cheap food and/or teare competitive on pricing of
agricultural products for world trade. There hals been discussions about providing
subsidies for CA equipment which would be benefimdarmers if they resulted in
cheaper equipment needed for no-tillage and plgmtito loose residues. Others argue
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that no-tillage already results in savings to fassrend improved profits so why use
valuable taxes to provide an incentive? In marsgsdhe subsidies don’t end up in the
hands of the farmer, but are usurped by business®sther intermediaries. A subsidy
made to a manufacturer of equipment for CA mayrestlt in a cheaper price of
equipment for the farmer, if the manufacturer desidot to lower the price of his
machine. However, the cost of some new agricultecinologies like land levelling
are extremely high and it may be better to subsithis practice for the environmental
benefits obtained in water savings, greenhousegéssions and improved productivity.
The policy should also insist that the benefitchethe farmer through lower equipment
and rental costs.

There are other examples of poor subsidy policythé Punjab province of NW India,
the State Government provided a subsidy of freetret@y for pumping groundwater in
agriculture. Farmers were happy at first as itrggawater costs were reduced, but the
policy resulted in farmers keeping their pumps apeg for 24 hours a day and
ignoring the need to improve water productivity fact, the electric supply in the State
could not handle this demand and the result wagpiéet blackouts and no electricity
available for anyone to pump water. A better poliould have encouraged and
rewarded farmers and users who used water moeeetftiy and adopted farming
practices like CA that improved water productivity.

Closing the knowledge gap
Another factor that limits CA adoption is lack afdwledge. If a farmer does not know
about CA and what it can do to improve his livebdpthen he will not adopt it.
Similarly, if the proper equipment is not availabdeallow a farmer to experiment with
CA, he will not be able to benefit from its useoliBles are needed to improve
communication and knowledge concerning CA througbsglies for production of
extension materials in various media including bapy, radio, TV and even internet
and web based material. It is hoped that in theréuelectronic access to knowledge
through the internet and also mobile phones willtaeeh more accessible to farmers
than today even in developing countries.

The traditionally used method for transfer of temlogy to farmers is to lay out a few
researcher-led demonstrations on the farmers’dielith all or most of the inputs
provided to farmers to get them to participatenm program. For promoting CA this
methodology is not very appropriate. Demonstratisimould be farmer-led and backed
by intensive knowledge. It is our experience thsiin farmers most often progress in
the adoption of innovations in small steps. Fartoeiarmer exchange of technology
and information invariably gives them greater $atiSon and raises their confidence in
the technology (which is backstopped by additiorakarch information). To this
effect, organization of travelling seminars of CtAkeholders provides a unique
opportunity to overcome ‘mindset problems’ and tarmmpion farmers who have
infectious new ideas to communicate to the fenttersij free riders and other people in
two minds about the benefits of CA.

Dissemination of any set of best-bet practiceases if they are extended to similar
sites or zones elsewhere. For the effective prmmatf RCTs and for targeting
solutions to specific problems a well-organiseddase of the characteristics and
limitations of the different technologies, the aextand distribution of land types and the
NRM problems of the specific areas (salinity, wiatgging, moisture supply, flood

22



events - their intensity and duration etc.) is reggi The application of remote sensing
and GIS can help gather and synthesise importargrdic spatial information as an aid
to pre-planning diffusion and targeting stratedagsRCTSs in different domains.

4. POLICY AND STRATEGY IMPLICATIONS FOR OTHER
STAKEHOLDERS

Section 3 discussed the policy and strategy imjtioa for policy makers. It also
discussed some specific issues which will ofteprearities for different classes of
stakeholders. This section discusses policy anatkesfy implications for other groups of
stakeholders in the CA machinery input supply chaamely: manufacturers, importers
and retailers; machinery hire service providersgimrgery repair and maintenance
service providers; and farmers.

Manufacturers, importers and retailers

Demand creation
Manufacturers, importers and dealers should bectix@ain increasing the demand for
agricultural machinery; that is they should notliyprespond to demand but participate
in its creation. This group is typically betteuedted than the majority of their
potential farmer clients and they have access t@mmaurces of information. They
should take advantage of this to ensure that tkep labreast of current advances in
mechanization for CA systems in similar agro-ectessys around the world. One good
example would be the outstanding success of CA@ziBand the current efforts to
introduce farmers in several African countriesite benefits of this kind of labour
saving crop production system. At the same tingedtoup should make itself aware of
current worldwide concern with climate change dralimplications that this has for
environmental protection. Again CA has an impadrtaie to fulfil.

Manufacturers who involve themselves with the vamgwf innovation introduction

can expect to benefit from batch orders of equigrfampilot projects. These will
usually be funded by governments or developmerdroegtions and can remove the
risk associated with production for direct saléaianers who may have poor purchasing
power and equally poor access to credit supplldge experience gained from this kind
of pilot activity puts both manufacturers and desla a good position to judge the
farmer demand for the product. It also gives atebent opportunity to master the
manufacturing processes required and to assessshef the production process.

Although it is true that costs and benefits willuiggpermost in manufacturers’ minds,
they are also capable of philanthropic actionschifelogy transfer to African countries
through in-house training is one example that e lproposed by Brazilian
manufacturer€. It should, however, be pointed out that techgplmansfer in the form
of joint venture manufacture in developing courstieonly likely to be successful
when a mature market demand has been built uphnéatechnology in question.

Synergistic associations

2 During a three day trade mission seminar with Bieazand East African manufacturers in Londrina,
PR, Brazil, May 2008 (www.act-africa.org)
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By associating with other stakeholders promotirlguant innovations (such as
international development organizations like FA@ #PAD, trade associations,
national extension services and rural financetuntstins) manufacturers can take a lead
in promotion and demand creation through partiagoain on-farm trials and
demonstrations, field days and other opportunfoepractical demonstrations.

Participation in machinery testing programmes
Manufacturers are key stakeholders in programméarof machinery testing. As noted
above with reference to policy makers, manufactuaed importers must be included,
along with end users, in any testing scheme. @n-fasting during the prototype
development phase is an essential, but an ofteerastimated activity. By including
representatives of farmer user groups at an etatye0f product development, it is
more probable that the finished article will enpphigher level of acceptance than a
product introduced without consultation and pap@étion.

Improve business management
The business management of larger scale manufesturgorters and dealers is of
high quality almost by definition as poor perforroann this area would quickly lead to
financial failure. However there is evidence thaaller scale actors are deficient in
their business management. Training in the sulgeaften necessary and this group
should actively seek out sources of informatioie most likely provider of appropriate
services will be a government sponsored trainingregebut NGOs and credit
institutions may also play important roles in tlpsly of relevant orientation and
training.

Staff training programmes
There is an increasing awareness on the part of geweloping country governments
that to achieve environmental protection throughdpplication of sustainable farming
practices, there is a crucial need for more anttbetechanization services for farmers.
This means that the technology available will beeanore sophisticated for many
countries as their economies become more integwéatadhe global market. In this
situation staff will need to have access to prognas of continuous training (both for
production and sales personnel) to improve staffalecand keep them up to date with
innovative techniques and practices.

Attain and maintain competitive advantage
To achieve market share and competitive advantageufacturers need to pay
attention to a series of factors (according to essful companies). These include:

Quality control, perhaps even to the extent of ciempe with ISO 9008
standards.

Provision of technical assistance to dealers artsudn this context it is
important to avoid ‘over selling’; that is sellimgore machines than can be given
the needed technical backup in terms of trainirdjraplacement parts.

Good geographical coverage with the distributiotwoek.

Competitive pricing of the product.

A policy of continuous product improvement.

13 Adherence to ISO 9000 standards does not of &sslre product quality, but rather that consisten
business processes are being applied (http://epsdia.org/wiki/ISO_9000)
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Investment in technology innovation.

Machinery hire services

Coordination with other stakeholders
The business of providing machinery hire servicesXA should be developed in close
coordination with other stakeholders (especiallyiars) to define needs and select the
most appropriate solutions. It makes little sefseinstance, for a machinery hire
service to be offering disc ploughs and harrowsmithe extension service is
recommending reduced cultivation to cut energy irequents for agricultural
production and to protect the environment. Farrmaamot adopt new practices if the
service is not available, so that hire service lens need to liaise with manufacturers
and importers to have access to the more profifgtdarmers) and more
environmentally friendly technologies of CA.

Business management
Public sector machinery hire services have prowdsetnotoriously unprofitable and
therefore, in the long term, unsustainable. difBcult, in the current free market
climate, to endorse public sector machinery sesviCehis means that the services
offered must be profitable and experience has shbatthe ability to calculate
charging rates that reflect their real costs isrofacking. This is probably the most
important aspect for private sector service pradaad they will need to be trained in
this discipline, just as was recommended for smedle equipment manufacturers.

Quality control
Whereas there is some evidence that farmers ayeedntly satisfied with cheaper
services of inferior quality, this is unlikely te bhe best service to offer for long-term
sustainability. Maintaining high standards of dfyah the work done requires tight
quality control and will also require rigorous ogtear training.

In-service training for operators
The need for continuous in-service operator trgjfiollows from the previous point. It
is also important in the dynamic environment ofradiag and improving the
technologies being demanded. New practices regeineapproaches and, in the case
of CA, novel machinery to implement them. It id nealistic to expect operators to
reach acceptable levels of proficiency withoutdperopriate training.

Maintenance and servicing
There is abundant evidence of poor servicing atinacy hire centres and this is
manifested in machines lying idle through breakageslack of parts. Again, training
is required in parts control and adherence to senyischedules.

Machinery repair services

Machinery repair services in developing countriesfeequently under-capitalized and
operate out of inadequate premises with insuffidieals and equipment. Many of the
points mentioned above in the case of hire seiptiogiders also apply to repair service
providers. In particular improvements are widadguired in the following areas:

25



Business management
This is needed especially for the calculation ausate operating costs and, therefore,
profitable charging rates. Current practices tencharge according to perceived ability
to pay, or by comparison with prices charged byo#ervice providers (which may
also undervalue the costs of work done).

In-service training for technical staff
As has been mentioned in the cases of other stiderkan the supply chain, a dynamic
technological situation (of CA adoption, for exaejplill give rise to specialist repair
needs which are best acquired through thoroughteahtraining rather than by trial
and error. Manufacturers and importers may pleglain this process, but in most
developing country situations there is likely toedbeeed for a partnership between these
stakeholders and the public and NGO sectors foptbeision of the appropriate
training.

Farmers

Large-scale farmers (rather like the larger-sca@ufacturers and importers) are quite
capable of managing their finances, providing trggrfor their operators, gaining

access to credit lines, keeping abreast of innomatand are fully integrated into the
commercial market. On the other hand smaller-deaieers may often require some
assistance and orientation to become integratedtet market economy. In the process
of becoming more commercially oriented, many osthtarmers will need to acquire

CA mechanisation services through hire or purchase.

Business expertise
Farmers need information on how to choose betwesrhmery options and for this
they will need training in cost calculations, ciishv management and budgeting
(especially partial budgeting).

Knowledge of innovations
Smaller-scale farmers will usually not have easyeas to knowledge of innovations
(via the internet for example). This knowledge twabe supplied by the extension
service, by NGOs, by regional knowledge brokerhsagcthe African Conservation
Tillage Network (ACT), or through development piigefunded by international
organizations.

Farmer groups
When farmers organize themselves in groups thdyusilally find themselves in a
better position to control their businesses in cangon with individual farmers
working on their own. A farmer group with a bardcaunt will clearly have better
possibilities of gaining access to rural financevers. They will also be better placed
to acquire technology for enhancing the value efrthroducts (by the purchase of a
mill, for example, or other processing technologMpowever group ownership of farm
machinery that is highly seasonal in its use caaiwhys be recommended. A tractor
and NT planter will be needed by all, or most, gronembers at the same time and
allocating access to the equipment may be diviskar. this kind of technology,
experience indicates that better service is pravideindividual entrepreneurs
(typically larger-scale farmers) who then offerustom hire service.
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How farmer groups might be integrated in the magtyimnput supply chain is shown in
Figure 14. The Figure indicates how financialilmgibns may channel credit for farm
power input acquisition via farmer group savingsesoes (which could be supervised,
for example by the Village Organization in the RBamni situation). The financial
institution then links with the machinery suppehich can supply equipment directly
to the farmer group, or via an equipment servicwider. The appropriate extension
messages, relevant to the proposed technologyeaiv@iced by competent, well trained
extensionists, are supplied to the CA machinerypbers, service providers and farmer
groups.

Machinery manufacturer,
importer or dealer \ MOoA providing
4 v extension and
technical training » training services
N (technical and
v \ business
Financial ¥ management)
institution Farmer group
offering 7y
financial
instruments v
for | Farmer group saving v
machinery %7 scheme Mechanization
acquisitior 4 service provider

\ 4

Commercial bank
account

(hire and repair)

Figure 14. Possible interrelationships in the farnpower input supply chain to
farmer groups

5. CONCLUSIONS

CA for environmental protection

Worldwide many policy makers are justifiably conueal about tackling environmental
degradation, reducing pollution, saving energy landing global warming. Promoting
CA to achieve more widespread adoption is an ingmband increasingly attractive

way to contribute to these goals. A major constrid CA adoption, particularly among
smallholder farmers in developing countries, isdahquisition of appropriate equipment;
and especially equipment that is locally made agatl adapted to local conditions.

CA policy should be compatible with other policytiatives and so should ideally form
part of a coherent national policy on agricultunaprovement, and particularly

mechanisation strategies. This should consideptbgent and desired situations and
map out the measures needed to move from one tahbe

Improving the quality and supply of CA equipment
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Where there is no track record of manufacture ofégAipment then this can be a major
hurdle for CA promotion. Policy options to encaggdocal manufacture include the
following:
Tax relief on raw materials if these attract impstuty when finished agricultural
machinery does not. This will need imagination determination; it will not
help to hold that raw materials favoured in this/waay be deviated to other,
non-agricultural, uses.
Batch purchase of novel equipment for resale touseas via public sector
institutions such as the extension service.
Collaborative R&D. R&D is expensive, agriculturakearch institutions and
universities can play an important role in parthgrsvith the private sector
(both manufacturers and farmers).
Machinery testing is closely allied to the previgumsnt. Collaborative testing
programmes involving manufacturers, test enginaedsfarmers would ensure
that testing is relevant to the needs of all staldgrs and does not become an
academic exercise with few, if any, beneficiari@mparative testing of a
range of makes and models in an on-farm environiisesrie attractive option.
Training manufacturers and other stakeholdersillssuch as business
management and manufacturing techniques for maetgripment (plastic
moulding, for example) would fill a felt need fdretindustrial sector. Training
farmers in CA techniqgues and equipment use and geament are also useful
roles for the public sector.

Encouraging farmer adoption of CA
Farmers in many developing countries may be unaofatee benefits of CA, they may
be reluctant to make the change from traditionatpeces to CA or they may not wish to
risk isolation, or even ridicule, in their commue# by embarking on radically different
practices. Some of the ways that policies andtinigins can help are:
- Providing a well trained and knowledgeable extemsiervice. It is the
unfortunate case that many extension servicesarahte to attract well
gualified experts who may often be less knowledtgetdat their farmer clients.
Such a change requires a long-term public sectoingtment to improving the
quality of the service offered and a more thoropghetration of the agricultural
sector. Training and refresher courses at all$eaes needed.
The extension services are required to train fagsrteeadopt and adapt CA
practices with the goal of ‘beating the heat’ andeemmodating agricultural
practices to climate change. TV, radio and prietim must reach the farmers.
One suggestion would be to create science TV chamnt the express purpose
of explaining to farmers (and indeed many policykera) the long term
consequences of their current practices.
Extension services need to be empowered to cafaumer knowledge on how
they fine tune different elements of CA and RCTsdpe with location
specificity. Farmerto—farmer exchange visits between sites would be
synergistic in this respect. Farmer farmer extension systems also need to be
promoted since farmers are less wary of and madimgvio listen to other
farmers when adopting new technology. Documemiapablication and
dissemination of results are critical componentafascaling CA.
Creating knowledgeable personnel for extensionR&D programs will also
require another gap to be filled. Currently formaiversity and agricultural
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college training pays scant regard to CA practisgstems and potential. This
appears to be an important constraint.

Finance options for smallholder investment in agtioal technology are
typically few and far between. Private sector fioaservice providers (usually
banks) are often reluctant to extend finance optiorfarmers whom they view
as resource poor and a risky market. The exterdisnbsidized rural credit
may not be a panacea unless accompanied by widgdevelopment initiatives
such as rural infrastructure and support for consrakzed agriculture.

Revision of obsolete policies

Many government policies have been formulated dweryears and can now be seen to
be distorting the situation with regard to adoptimyironmentally friendly and cost
saving technologies (like CA). Such policies skidu carefully reviewed and
ruthlessly pruned when they are seen to be inapptedor today’s situation of
increasing population growth and environmental ddgtion where the need is for
greater protection and more productive agricultuBex 2 gives some examples from
the situation in Asia.

Land tenure and payment for environmental services

Land tenure systems as they stand today provideceatives for tenants to farm land
sustainably and to use CA practices. This resuléslose-lose scenario for both owner
and tenant. Policies are needed to protect a ternamwestment in land improvement.
This issue could be resolved by providing incerttiteetenants through direct payments
for environmental services such as improved salthereduction in greenhouse gas
emissions and carbon sequestration credits iniaddi ensuring the tenant’s rights to
farm the land continuously.
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