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Preface

Historically, land improvement schemeswere based on encouraging, through financia incentives,
land users to adopt specific soil management and conservation measures. Insufficient attention
was paid to the congtraints faced by farmers or to the policy, biophysical and socio-economic
environment. In many cases such approaches have failed in restoring the natural resources and
in increasing productivity in sustainable manner. For too long farmers have been the passive
recipients of externally derived research and extension recommendations for soil management
and conservation.

Recently soil management and conservation efforts have been moving toward a more
Participatory Approach, in which both selection of management solutions and their
implementation are decided upon and executed in cooperation with beneficiary groups. The
participatory approach seeks to enhance farmers’ inherent skills, knowledge and capability to
develop and disseminate their own technologies.

It is evident that farmers will participate on alarge scale in learning activities only if these will
yield clear and significant benefits within ashort timein return to their investment of time, effort
and other inputs. Smilarly, government agencieswill only start, support and sustain the organization
of such participatory learning activitiesif they recognize significant benefitsto loca communities
and to the national economy, achieved at alower cost than would be needed for other types of
extenson methodology that might yield similar benefits. Both the methodology and the subject
matter used in thefarmer field school (FFS) approach need to be vaidated for these requirements
to be met and adopted for the country biophysical and socio-economic environment.

After afew years of subject matter development and several years of development and pilot
testing of the training and learning approach, the FFS approach for integrated pest management
(IPM) for various crops has been validated on a large scale in severa countries in southeast
Asia. On the basis of this successful example, efforts by FAO started in 1996, to adapt the FFS
concept to other aspects of farmers’ management, particularly integrated soil and plant nutrient
management and soil and water conservation.

The FFS methodology on integrated soil and nutrient management (ISNIM), through support of
the FAO Farm Management and Production Economics Service ( AGSP), and the Land and
Plant Nutrition Management Service (AGLL) has been pilot tested in four southeastern Asian
Countries. A Facilitator's Manual on the basis of this testing was developed, in 1998, by the
FAO Farmer-centred Agricultural Resource Management Programme (FARM) in Asia.

On the basis of the above limited experience, AGLL has endeavoured to prepare this document
for wider dissemination of reference material and practical exercises, from global perspectives,
for the benefit of farmers and extension workers.

These Guiddlines, of globa nature, are aimed at developing and implementing FFS for better
management and conservation practiceson |ISNM, with aview to sustaining the natural resource



base (mainly soil and plant nutrients) and enhancing productivity and income of small-scale
farmers.

These guidelines provide abasic conceptua framework and supporting reference materia which
it is believed will assis in the development and implementation of effective FFS. They are
intended for use by FFSfacilitators; with an agricultural extension, agronomy, soil science, plant
nutrition, soil conservation or land husbandry disciplinary background; for the production of
country or local specific manuals and curricula. These should be adapted to the agro-ecol ogical
environment, the cropping/farming systems, and the socio-economic conditions and educational
level of the farmersin the areas where the FFS are to be implemented.

The guidelines presented in this document on course structure and topics are intended to be of
global applicability. Users of these guidelines must therefore select and adapt topics to make
them relevant to the needs and circumstances of the farmerswhere the FFSisto be established.

Theultimate end users of these guidelines, once adapted to local field circumstances are expected
to be:

 field based agricultura extension officers; crop, plant nutrition and land husbandry subject
matter specidists, farmers' leaders; and field level community development workerswishing
to fecilitate the implementation of FFS;

* individuas and ingtitutions interested in organizing FFS for integrated soil and plant nutrient
management and conservation; requiring ideas and exercises on how to set up a school
programme; and

* trainers or coordinators who will be training field-level facilitators using these guidelines.

Theterm Integrated Soil and Nutrient Management (ISNM) has been interpreted, in the document,
in the broader and more holistic sense of “land husbandry” , which embraces soil, nutrient, water,
crop and pasture management, with the implied aim of sustaining productivity over the long
term.

Additiona elaborated training modules on “Soil and Water Conservation”, “Tillage Systems”
and “Water Management/Irrigation”, are being finalized by the Land and Water Development
Divison (AGL) and will in due course be widdly disseminated as complementary documents. It
is hoped that these Guiddines and Reference Material will assst on-going projects and soil
fertility management programmes, such as the Soil Fertility Initiative (SFI) and the Specia
Programmefor Food Security (SPFS), in devel oping country-specific manuasand sound curricula
for the implementation of FFS.
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The conceptual basis for learning about
Integrated soil and nutrient management
through farmer field schools

THe ProBLEM TO BE TACKLED

Given escd ating popul ation growth, intensified cropping, widespread land degradation, shrinking
agricultura land and increasing demands on limited water resources from the expanding urban
and industrial sectors, sustaining agricultural production through improved soil management is
critical to theissue of food security and poverty dleviationin mog, if not al, developing countries.
The challenge facing the research and extension services in these countries is one of how to
increase output from their country’s agricultural sector while sustaining and enhancing the
productive potentid of the available natural resources (notably the climate, soil, vegetation and
water).

Few developing countries currently have the financia resources required to widely promote
good soil management, through the traditional means of government extension services, with the
am of achieving food security at both the national and household levels. This is despite the
considerable efforts put in by their research and extension services over the years. Thislack of
success, especially for small-scale resource-poor farmers, can be partly attributed to traditional
extension methods which have not aways focussed on farmers' priority issues, or have given
recommendationsthat wereingppropriate or with no immediate tangible benefits. The underlying
reason for these failings is that farmers were insufficiently involved, or not involved at all, in
identifying their problems, or in sdlecting, testing and evauating the possible solutions.

Another factor that appears to have limited the success of traditional extension methods has
been the assumption that farmers only need to be taught the technologies that experts have
identified asthe solutionto their problems. Thisapproach teachesfarmerstechnological “recipes;”
it does not allow them to learn the underlying principles and processes, and so does not enable
them to cope with new sSituations or different problems. Farming is constantly changing; the
prices and availability of agricultura inputs vary, the cost and availability of labour fluctuates,
marketing opportunities change, and the incidence of pests and disease may sometimes preclude
the production of certain crops. Thus, farmers are forced to change their farming system or
management practices when the economic, technical or social conditions change. Providing
farmerswith technical packages or “recipes’ which are only valid for specific Situations, merely
maintains their dependence on the extension service.

THe FARMER FiELD ScHooL APPROACH

In contrast to the limited success achieved in past years by traditional extension methods, the
farmer field school (FFS), based on an innovative, participatory, learning by discovery approach,
has been the success story of the 1990s. The FFS approach was developed by an FAO Project
in southeast Asiaas away for small-scalerice farmersto investigate, and learn, for themselves
the skills required for, and benefits to be obtained from, adopting integrated pest management
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(IPM) practicesin their paddy fields. Subsequently the FFS approach was extended to several
countriesin Africaand Latin America. At the same time there has been a shift from IPM for
rice based systems towards other annual crops, vegetables and cotton and the curriculum has
been enriched with other crop management aspects. More recently farmer field schools on the
principles and practice of integrated soil and nutrient management have been piloted in Asiat.
Whereit has been found that the FFS approach, athough originally devel oped for IPM purposes,
provides a proven people centred learning methodology whereby farmers can learn about, and
investigate for themselves, the costs and benefits of aternative soil management practices for
sustaining and enhancing farm productivity.

The FFS approach offers an aternative to the traditional extension approach inwhich farmers
are passive recipients of externaly formulated extension messages that are demonstrated to
farmers by the field assistant. The approach isaimed at exposing farmers to alearning process
in which they are gradudly presented with new technologies, new ideas, new situations and
new ways of responding to problems. The knowledge acquired during the learning process can
be used to build on existing knowledge enabling farmers to adapt their existing technologies so
that they become more productive, more profitable, and more responsive to changing conditions,
or to adopt new technologies. There is now a rapidly growing awareness that a much more
participatory approach is required if extenson recommendations are to be fully acceptable -
technicaly, socidly, environmentally and economicaly.

CHARACTERISTICS OF THE FARMER FiELD ScHooL APPROACH
The characteristics of the approach are as follows?:

* FarmersasExperts. Farmers‘learn-by-doing’ i.e. they carry out for themselvesthevarious
activities related to the particular farming/forestry practice they want to study and learn
about. This could be related to annual crops, livestock/fodder production, orchards or forest
management. The key thing is that farmers conduct their own field studies. Their training is
based on comparison studies (of different treatments) and field studies that they, not the
extension/research staff conduct. In so doing they become experts on the particular practice
they are investigating.

* The Field isthe Primary Learning Place. All learning is based in the field. The rice
paddy, yam plot, maize field, banana plantation, coffeg/fruit orchard, woodlot or grazing area
iswherefarmerslearn. Working in small sub-groupsthey collect datain thefield, andysethe
data, make action decisions based on their analyses of the data, and present their decisionsto
the other farmers in the field school for discussion, questioning and refinement.

* Extension Workers as Facilitators Not Teachers. Therole of the extension worker is
very much that of afacilitator rather than a conventional teacher. Once the farmers know
what it is they have to do, and what it is that they can observe in the field, the extension
worker takes a back seat role, only offering help and guidance when asked to do so.

1 Through theregional Farm-Centred Agricultural Resource Management Programme (FARM) of eight
Asian countries coordinated by the FAO Regional Officefor Asiaand the Pacific, Bangkok, Thailand.

2 Thenotesinthisandthefollowing section arelargely derived from material to befoundin Indonesian
National Integrated Pest Management Program, 1993. IPM Farmer Training: The Indonesian Case.
FAO-IPM Secretariat, Y ogyakarta, Indonesia.
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Presentations during group meetings are the work of the farmers not the extension worker,
with the members of each working group assuming responsibility for presenting their findings
in turn to their fellow farmers. The extension worker may take part in the subsequent
discussion sessions but as acontributor, rather than leader, in arriving at an agreed consensus
on what action needs to be taken at that time.

e Scientists/Subject Matter Specialists Work With Rather Than Lecture Farmers:
Therole of scientists and subject matter speciadistsisto provide backstopping support to the
members of the FFS and in so doing to learn to work in a consultative capacity with farmers.
Instead of lecturing farmerstheir roleisthat of colleagues and adviserswho can be consulted
for advice on solving specific problems, and who can serve as a source of new ideas and/or
information on locally unknown technologies.

e The Curriculum is Integrated. The curriculum is integrated. Crop husbandry, animal
husbandry, horticulture, silviculture, land husbandry are considered together with ecology,
economics, sociology and education to form a holistic approach. Problems confronted in the
field are the integrating principle.

* Training Follows the Seasonal Cycle. Training is related to the seasond cycle of the
practice being investigated. For annual crops this would extend from land preparation to
harvesting. For fodder production would include the dry season to evaluate the quantity and
quality at a time of year when livestock feeds are commonly in short supply. For tree
production, and conservation measures such as hedgerows and grass strips, training would
need to continue over severa yearsfor farmersto seefor themselvesthe full range of costs
and benefits.

* Regular Group Meetings. Farmers meet at agreed regular intervals. For annua crops
such meetings may be every 1 or 2 weeks during the cropping season. For other farm/
forestry management practi ces the time between each meeting would depend on what specific
activities need to be done, or be related to critical periods of the year when there are key
issues to observe and discussin the field.

e Learning Materials are Learner Generated. Farmers generate their own learning
materials, from drawings of what they observe, to thefield trial sthemsalves. These materials
are dways congistent with local conditions, are less expensive to develop, are controlled by
the learners and can thus be discussed by the learners with others. Learners know the
meaning of the materials because they have created the materials. Even illiterate farmers
can prepare and use smple diagrams to illustrate the points they want to make.

e Group Dynamics/Team Building. Training includes communication skills building, problem
solving, leadership and discussion methods. Farmers require these skills. Successful activities
at the community level requirethat farmers can apply effectiveleadership skillsand havethe
ability to communicate their findings to others.

Farmer Field Schools are conducted for the purpose of creating a learning environment in
which farmers can master and apply specific land management skills. The emphasis is on
empowering farmers to implement their own decisions in their own fields.
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Some Key ConcepTsAND PriNciPLES oF THE FARMER FiELD ScHooL APPROACH

The following are some of the key concepts and principles underlying the FFS approach:

Communication. Communications in extenson have come to mean the marketing of
informationa packages. Messages are crafted to focus on a particular aspect, put on flip
charts, the mass media, or on posters that are developed in central offices. In addition they
may be disseminated to farmers via ‘model’ demonstration farms where the farmer is
effectively serving asalabourer, merely following theinstructions of the research or extenson
worker. Thisis not education and use of these communication approaches does not educate
afarmer, they treat him or her as atarget. The farmer is used by others to implement their
decisonsin hisor her field.

Education is the most important thing that an ‘extension’ programme can do and the farmer
isthemost important person being educated. Within the educational approach, communication
must take place at the field level, dealing with field issues in a didogue with learners. The
communications model cannot do this. However it can be done within the context of the
Farmer Field School. The field school dedls not only with the practice that farmers want to
learn about but aso with farmers as farmers. Such farmer field schools are conducted for
the purpose of helping farmers to master and apply field management skills. The farmer
implements his or her own decisionsin his or her own field.

Problem-Posing/Problem-Solving. Within this form of training problems are seen as
challenges, not congtraints. Farmers groups are taught numerous analytica methods. Problems
are posed to groups in a graduated manner such that trainees can build confidence in their
ability to identify and tackle any problem they might encounter in the field.

Field Based Education. Put farmersin aclassroom and if they have been to school, what
they remember isthe bad timesthey probably had in the classroom. Education in the classroom
can only mimic the natural world. Putting the classroom in the field dlowsthe field to be the
learning material and the farmer to be able to learn from red live examples. Putting the
classroom in the field means that the educator (extension worker) must come to terms with
the farmer in the farmer’s domain.

Principles not Packages. Educationa programmes should not promote packagesin which
are presented weekly atomized messages. Educationa programmes should take a broad
integrated approach to working with farmers, based on the belief that farmers want to learn
to be better farmers and wish to optimize their incomes. The FFS approach teaches principles,
any activity encompasses severa principles, principles bring out cause and effect relationships,
principles help farmers discover and learn, principles help farmersto learn so that they can
continue to learn. Packages have nothing to do with learning and do not encourage learning,
inthelong run they are neither cost effective nor effective at improving the quaity of farmers
management skills. Skilled farmers can optimize yields independently of others. Packaged
approaches increase the dependence of farmers on central planners.

Training Driven Resear ch. Research must be responsive to field needs. By and large
researchers have got it backwards. Research programmes in agriculture drive the extension
or education programme that the research should actually be serving. What farmers need to
know to be able to operate sustainably, both environmentally and economicaly, should drive
the research programme. In the FFS approach research is based on training needs or is a
part of thetraining itsalf. Through their participation in the field schools farmers canbecome
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a part of awider programme of loca, district and national research networks investigating
agricultura production problems and devel oping local solutionsfor improving the sustainability
and productivity of the country’s farming systems.

THe CoNcerTs AND PRINCIPLES OF INTEGRATED SoiL AND NUTRIENT M ANAGEMENT (I SNM)

In these guidelines the term ISNM s interpreted in the much broader more holistic sense of
“land husbandry”. It thus embraces soil, nutrient, water, crop, and vegetation management
practices, tailored to a particular cropping and farming system, undertaken with the aim of
improving and sustaining soil fertility and land productivity. ISNM aimsto optimize the condition
of the soil, with regard to its physical, chemicd, biologica and hydrologica properties, for the
purpose of enhancing farm productivity, whilst minimizing land degradation. Thereisnow gregter
awareness that ISNM can, not only provide tangible benefits in terms of higher yields, but
simultaneoudy and almost imperceptibly conserve the soil resource itself. The field level
management practices considered under the heading of ISNM would include the use of farmyard
manures, natural and mineral fertilizers, soil amendments, crop residues and farm wastes,
agroforestry and tillage practices, green manures, cover crops, legumes, intercropping, crop
rotations, falows, irrigation, drainage, plusavariety of other agronomic, vegetative and structural
measures designed to conserve both water and soil.

The underlying principles on how best to manage soils, nutrients, water, crops and vegetation
to improve and sustain soil fertility and land productivity and their processes are derived from
the essentia soil functions necessary for plant growth. The following are fundamental to the
gpproach outlined in these guidelines:.

* lossof sail productivity ismuch moreimportant than the loss of soil itsdf, thusland degradation
should be prevented before it arises, instead of attempting to cure it afterwards - i.e. the
focus for ISNM should be on sustaining the productive potentia of the soil resource;

* s0il and plant nutrient management cannot be dealt with in isolation but should be promoted
as an integra part of a productive farming system,;

* under rainfed dryland farming conditions soil moisture availability isthe primary limiting factor
on crop yields, not soil nutrients as such, hence ISNM requires the adoption of improved
rainwater management practices (conservation tillage, tied ridging etc), so asto increase the
effectiveness of the seasona rainfall;

 with declining soil organic matter levelsfollowing cultivation, the adoption of improved organic
matter management practices are aprerequisite for restoring and maintaining soil productivity
(improved soil nutrient levels, soil moisture retention, soil structure and resistanceto erosion);

e it isonly after they have made improvements in the biological, physicad and hydrologica
properties of their soils, that farmers can expect to get the full benefits from the supply of
additiond plant nutrients, in the form of inorganic fertilizer, to their crops.

At the farm field level ISNM therefore calls for an integrated and synergistic approach
which involves.

* matching theland use requirements of individua agricultural enterpriseswith theland qualities
present in the areas where they are undertaken - i.e. the biological, chemica and physical
properties of the soil, the local climatic conditions (temperature, rainfal etc) and the areas
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topographic characteristics (dope, aspect, atitude etc) should match the bio-physical
requirements of the land uses followed;

* seeking to improve yields by identifying and overcoming the most limiting factorsin order of
their diminishing influence on yidd;

* hetter plant management, especialy: (i) improved crop establishment at the beginning of the
rains, so as to increase protective ground cover thereby reducing splash erosion, enhancing
infiltration and biologica activity; and (ii) timely weeding to reduce crop yield losses from
competition for nutrients and soil moisture;

* combinations of complementary crop, livestock and land husbandry practiceswhich maximize
additions of organic materials and recycle farm wastes, so as to maintain and enhance soil
organic matter levels (idedlly at levels of at least 50-75% of those under natural vegetation);

* land management practices that ensure soil moisture conditions are favourable for the
proposed land use (e.g. moisture harvesting/conservation in low rainfal areas, drainage in
high rainfall areas, impoundment for paddy rice);

* the replenishment of soil nutrients lost by leaching and/or removed in harvested products
through an integrated plant nutrition management approach that optimizes the benefits from
al possible on- and off-farm sources of plant nutrients (e.g. organic manures, crop residues,
rhizobia N-fixation, P and other nutrient uptake through root mycorrizha fungi infestation,
transfer of nutrients released by weathering in the deeper soil layers to the surface viatree
roots and leef litter, rock phosphate, inorganic fertilizer etc);

» combinations of crop, livestock and land husbandry practices that reduce rainfall impact,
improve surface infiltration, and reduce the vel ocity of surface runoff thereby ensuring any
s0il lossisbelow the ‘tolerable’ level for the soil type;

* conservationtillage, crop rotation, agroforestry and restorative fallow practicesthat maintain
and enhance the soils physicd properties through maintaining an open topsoil structure, and
breaking any subsoil compacted layer (hoe/plough pan) thereby encouraging root devel opment
and rainfal infiltration (e.g. use of ox drawn chisel ploughs, double dug beds, pasture leys,
interplanting of deep rooted perennial crops/trees and shrubs);

* reclamation, where appropriate (i.e. if technically feasible and cost effective), of farm land
that has been severely degraded by such processes as gullying, loss of topsoil from sheet
eroson, soil compaction, acidification and/or salinization.

XiLLs REQUIRED BY FARMERS FOR | NTEGRATED SOIL AND NUTRIENT MANAGEMENT

By participating in a farmer field school, so as to learn what is involved in integrated soil and
nutrient management, farmers can be expected to acquire avariety of different skillsrelated to
improved soil, water and plant nutrient management and related crop, animal and land husbandry
and silvicultural practices. However, the precise skills needed by farmers (and thus to be learnt
through the FFS) will depend on their particular cropping and farming systems, their physica
environment, the scale of their production, and their access to machinery, inputs and advisory
services.

The range of skills farmers might acquire through participating in a farmer field school for
integrated soil and nutrient management (and conservation) could include;



Guidelines on integrated soil and nutrient management and conservation for FFS 7

e production of compost

* improved crop residue management

* dtorage of manures

* preparation of slage

* marking of contour lines

* establishment of grass barriers

* intercropping with cover crops

e growing of new grain legumes as intercrops or in rotation
* improved fallows (pasture leys, fast growing leguminous trees & shrubs)
» congruction of hillside ditches

* congruction of infiltration pits

* use of ox drawn rippers/subsoilers

¢ mulching

 fertilizer gpplications

e use of lime/rock phosphate

*  s0il sampling

* improved pasture management

e establishment of windbresks

* establishment of live fences

It should be noted that a vast array of local variations in the types of soils, sopes, climates,
crops and crop combinations can be expected. Consequently, the specific skills required by
farmers will vary greatly from areato area. It is however beyond the scope of these guidelines
to cover the full range of combined skills required and the specific variations needed to tackle
local soil management problems. These guiddines will therefore focus on a limited number of
skills with the aim of illustrating the underlying concepts and describing the procedures for
conducting farmer field schools for integrated soil and nutrient management.

PROMOTING INTEGRATED SOIL AND NUTRIENT MANAGEMENT T HROUGH FFS

The main objective of the FFS approach is to increase the capacity of farmers to respond
adequately to changing farming situations. Farming circumstances are continually being
transformed by periodic changes in technical, economic, socia and environmental factors that
force farmersto change their production and/or management practices. It isthe farmer’ s ability
to take advantage of new opportunities and to cope adequately with new problems that will
determine his success in improving and sustaining the productivity of hisfarm. To achieve this,
farmers need to become more experimental and innovative. A farmer’s capacity to respond to
changing circumstances becomes al the more important where farmers have no access to
regular and reliable technical support from extension agencies. A second objective of the FFS
approach isto increase farmer’ sknowledge and skillsin improved soil and nutrient management
practices.

As indicated earlier the FFS approach has successfully enabled farmers to learn about the
principles of IPM and to take rational decisionson appropriate |PM practices, and it was believed
that the same approach could be used to promote integrated soil and nutrient management.
Preliminary experience from the pilot farmer field schools for integrated soil and nutrient
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management conducted by the FARM programme in China, the Philippines, Thailand and Viet
Nam has so far been encouraging.

Conducting aFFSfor the purpose of enabling farmersto learn the principles and practices of
integrated soil and nutrient management should be an essentia part of along-term and dynamic
drategy for sustaining and enhancing agricultural productivity.

Thefocusshould not just be on diagnosing the nature and extent of the variousland degradation
and fertility decline processes locally at work and seeking ways to combat them. The FFS
should aso focus on the rehabilitation, conservation and sustainable management of the land
and water resources, leading to enhanced, smultaneous land productivity and improved living
conditions at farm and community level.



Guidelinesonintegrated soil and nutrient management and conservation for FFS 9

Setting up and running a farmer field
school

Some PrRerequisiTES FOR IMPLEMENTING FFS

The vast majority of professional extensionists have been trained in a traditional manner based
ona“top-down” approach to farmers, which iscontrary to the present emphasis on participatory
approaches. Consequently, the attitudes and skills of most trainers will need to be radically
modified, if they are to successfully change from being “instructors’ to becoming “facilitators’.
The role of the facilitator and his/her relationship to farmers contrasts significantly from that of
the instructor or trainer. The instructor imparts knowledge to farmers who adopt a passive role
of merely receiving information. In contrast, afacilitator creates conditionsfor farmersto learn,
by arranging opportunities for farmers to observe and interpret differences in soil conditions
and crop performance, to carry out simple tests and exercises, and through discussions. The
facilitator encourages farmers to adopt an active role in the learning process.

The main features of the attitude and role of afacilitator are:

* to accept that there is no monopoly of wisdom or knowledge on the part of the facilitator

* to listen to farmers and respect their knowledge, experiences and perceptions

* to givefarmers the confidence to share their knowledge and experiences

* to create suitable conditions and activities from which farmers can learn

* to beresponsive to farmers needs and flexible in organizing the course

* toincrease farmers knowledge, problem-solving ability, capacity for innovation and skills
so that the facilitator becomes redundant

Political support, appropriate policies and assured sources of funding to organize and
implement the FFS, train facilitators and produce specific ISNM manuals are essentid if the
FFS approach isto become successful, widespread and sustainable. A budget must be prepared
with detailed costs of inputs, training & learning materiass, refreshments, and transport. Moreover,
decision-makersat both national and local levelswill aso need to become aware, and convinced,
of the greater benefits and impact of these new approaches. The participation of local government
institutions, NGOs, and the private sector together with farmers in the development and
promotion of improved technologies which are productive, profitable, conservation-effective
and socialy acceptable is to be encouraged.

Promoting ISNM by means of the FFS approach will necessitate a“bottom-up” rather than
a“top-down” strategy,” aflexible curriculum that can respond to farmers™ perceived needs and
interests, and placing the emphasis on the learning of principles and processes rather than

“recipes’.

GETTING STARTED

Theway that a FFS programmeisinitiated in an areawill vary depending onloca circumstances.
In some cases the initiative will come from within the farming community where farmers
recognize that they have a problem of declining soil productivity and have asked for assistance
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to solve it. Alternatively the problem may have been identified from within the research and/or
extension services, and be seen as one that could be addressed through the mechanism of a
FFS. Irrespective of where the initiative came from the common denominator would be
recognition of the benefits that could be gained from bringing farmers together to learn through
discovery based exercises about firstly, the nature of the problem, and secondly ways of solving
it.

Initially broad target aress (i.e. in which digtricts, regions or provinces to mount a FFS
programme) should be determined by the national government using criteria such as poverty
indices, access to infrastructure and markets, land degradation problems, agricultural potential
etc. The find sdlection as to the particular villages/communities in which to run farmer field
schoolswould depend on local interest and the seriousness with which particular soil productivity
problems need to be tackled. However the following two criteria should guide thefinal selection
as to which communities to enlist in the FFS programme:

 firstly the community should be aware of the direct and wider implications of a declining
natural resource base, and understand the importance of improving the management of their
soil in an ecologically oriented and integrated manner so as to sustain their livelihoods;

» secondly within the community there should be sufficient scope for sustaining the FFS for
aslong asis needed (potentias for the development of adequate local leadership, no strong
opposing factions that hamper action and organizationa growth, etc).

PrePARATORY SrEPS

A prerequisite for a successful farmer field schoal is that the participating farmers should have
expressed their interest in the school’s subject (in this case integrated soil and nutrient
management), and that they are interested in actively participating in the identification of soil
management problems and finding appropriate solutions. For this reason it is important for the
FFS facilitators to begin the process by holding a series of formal or informa preparatory
mestings with farmers, local government and non governmental organizations. The aim of
such meetings would be to confirm that combatting soil productivity decline, through improved
soil management, is one of their priority concerns and that they are sufficiently interested to
attend at least a season-long course organized on the subject.

During the preparatory phase, and in part through the participatory meetings, the following
matters would need to be addressed to facilitate the smooth running of the FFS programme:

* Review of secondary information - on farmers expressed crop production constraintsin
relation to soil management. Such information to be obtained from the reports of previous
participatory rural appraisal/diagnostic surveys, socio-economic/anthropological studies,
benchmark surveys, etc. Thereview should focus on the characteristics of the existing farming
systems, the agricultural practices pursued and the farming technologies available within
the community, and specifically on the agricultural production constraints identified by
farmersthemselves. The information thus obtained should be discussed with farmers, which
would aso provide an opportunity for the facilitator to begin to focus their thinking on soil
management issues and on identifying specific farmer interests in this area.

* Review of existing data on soil typesand soil fertility - to obtain agenerd overview of the
soils and soil management limitations and potentias. Thisto involve collecting and reviewing
the secondary data (e.g. topographic maps, soil maps and relevant reports, soil fertility and
land suitability surveys), typically available from such sources as the local area and district/
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regiona leve offices of the Ministry/Department of Agriculture and regional/ national level
soil research ingtitutes. This information should be used to determine the potential content
of the FFS curricula and for the preparation of smple hand outs that could be distributed to
farmers during the school sessions where al, or the mgority of farmers are sufficiently
literate to be able to make use of them.

* Review of existing soil management practices - asalready practised by farmers and/or
recommended by the research and extension services. Where the recommended practices
are not adopted the review should seek to understand why not so as to determine whether
they are onesthat should be tested in the school or whether alternative practices will need to
be identified. The review should aso note whether farmers indigenous practices have the
potentia to serve asthe basisfor the development of more cost and/or conservation effective
practices.

* ldentification of farmerswith the same interests and/or problems - so asto form a
group of farmers for whom the school approach, and topics to be investigated, could be
considered as a worthwhile response and method, to tackling their problems. The group
should contain no more than 25 farmers, al from the same village. Ideally the group should
contain both male and female farmers, however in some traditional societies cultural and/or
religious constraints may require that separate schools be run for men and women. Efforts
should be made to ensure that everyone' sinterests areincluded. In particular attention should
be paid to the different needs of men and women from within the same village. Timing of
school sessions may be critical as due to their other commitments women may not have the
same availability to attend as men.

* Presentation of the objectives, principlesand proceduresof the FFS appr oach - by the
FFSfacilitator(s) through forma meetingsor informa discussionswith those men and women
farmers expected to attend the school. For most farmers the FFS approach will be new, and
they will be unfamiliar with thismethod of learning. It isthereforeimportant for the successful
development of the FFS that the facilitator(s) let farmers know from the outset what they
can expect from the school, and also what is expected from them, namely:

- tolean

- toexchange

- to identify

- totest

- toevauate

- to explain and discuss their findings

* Reachingagreement on a season-long participation in theschool - asactive participation
is expected from all the members of the school for at least one cropping season. Henceit is
important to ensure at the outset that all prospective participants are committed to the full
programme, once they have been briefed on what is expected from them.

* Selection of a cropping system- that isof common interest and which will be the specific
focus of the school sessions. For practica reasons the school cannot address the problems
of al of the crops grown by the participating farmers. Hence the curricula has to restrict
itself to identifying and studying different soil, nutrient and water management options for
a selected crop or intercrop mixture. Thus a common decision should be reached among
farmers on the crop/crop mixture that they consider to be most relevant to their needs, are
most interested in investigating, and where the present production problems are soil and
nutrient management related.
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* Agreement on thelength and frequency of the school meetings - aswhen scheduling the
school’s activities it is important to involve the participants in scheduling the meetings with
regard to setting their time, length and frequency. It israre for farmersto be ableto spend a
full day away from their farms and families, hence it is important to achieve a consensus
amongdt the participants as to how long each meeting should be. For most farmers this
would be haf aday (3-4 hours). Women in particular may not have the sametime availability
as men, and suitable times of day and duration should be identified to guarantee regular
school attendance by women.

* Agreement on the school’s location - by canvassing al participants opinions so as to
identify a suitable, and acceptable, field location where they would meet and jointly conduct
the school’ s discovery based exercises.

* Agreement on theschool’sstart and end dates - so that thereis aconsensusamongst the
participants as to when the school will commence its learning activities and how long it
should run. Whereas IPM farmer field schools have usually lasted one cropping season, for
ISNM purposesthere may be instances where farmerswould wish (and may need) to continue
the school for alonger period. In particular where specific practices have to be tested over
several seasons to determine the variation in production level s associated with the degree of
risk of crop failure (particularly where climatic variability is a key condraint) or where the
full benefits may only be realizable after severa cropping seasons rather than just one (e.g.
improved falows, aley cropping, restoration of organic matter levels, etc).

* Preliminary field reconnaissance - to familiarize the facilitator(s) with the bio-physical
characterigtics (e.g. soil types, topography, vegetation, water resources etc) of the village
area and the land use enterprises and soil management practices used by the various
households within the farming community prior to the commencement of the school.

TimiNG AND ScHEDULING CONSIDERATIONS

The most convenient time to commence an ISNM FFSisusualy just after the beginning of the
dry season. Thus, learning modules dealing with the diagnosis of the farming environment,
problems, causes and possible solutions and planning of on-farm trias, can be completed during
the dry season when typically workloads are lighter. Thetesting of possible solutions by farmers
would then be carried out during the following cropping season.

However, for annud dryland cropping systemstheidentification of soil and nutrient problems
may be better accomplished during the latter part of the previous cropping season when crops
are dill in the fidld. This is a time when many soil related problems can readily be seen by
farmers, for instance: (i) stunted crop growth and abnormal leaf colour indicating plant nutrient
deficiencied toxicities; (ii) distorted tap roots of crops like tobacco and cotton indicating the
presence of compacted subsoil layers; (iii) the presence of weeds like Striga and Imperata
that are indicators of declining fertility; (iv) surface crusting or sedling restricting rainfall
infiltration and seedling emergence; and (v) visible evidence of sheet and rill erosion that
could be masked during subsequent cultivation. In such situations there would be considerable
benefits to be gained by starting the ISNM FFS during the previous cropping season, so that
some of the soil management problem diagnostic exercises could be undertaken at a time when
the problems can be observed and their impact on yields noted. The ISNM FFS would then
continue over the dry season, through the next cropping season and into the start of the next dry
season (see Box 1).
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There are no fixed rules on when individua FFS meetings are held or on the duration of
each meeting. This will depend in part on the farmers and facilitators availability and in part
on the seasonal cropping calendar, the latter determining when specific tasks have to be done or
when key issues should be observed and discussed in the field. The main requirement is that
meetings be held on aregular basis with an agreed timetable so that al participants know when
each meeting is due to take place. Typicaly meetings are held every 2-3 weeks during the
cropping season, whereas the frequency may vary during the dry season. For instance several
meetings may be held close together (e.g. daily) during slack periods in the agricultural and
social caendar, with longer periods between groups of meetings. Typicaly meetings will last
half a day (3-4) hours and scheduled for the morning or afternoon depending on what is most
convenient for the participants.

FarmEer FieLp ScHooL M obuLEs

As indicated in Box 1 the curricula for an individual ISNM FFS can be broken down into a
series of modules:

* Modulel - amsto provide farmers with the skills to diagnose their farming environment
and show them how to identify, primarily through field observation, soil management related
problems. It is suggested that this should start during the previous cropping season when
many soil management related problems can be readily seen in the field and continue into
the dry season.

* Modulell - focuses on diagnosing the causes of the problems and seeking ways to solve

them. This should follow immediately after module | and be completed well before the start
of land preparation for the next cropping season.

* Modulelll - focuses more specificaly on discovering the principles of, and learning the
skills required for, integrated soil and nutrient management. This should be initiated on the
conclusion of module I and before the start of the next cropping season so that some of the
discovery based learning exercises can be undertaken under dry season field conditions.

* ModulelV - amsto alow farmersto learn from practica experience the skills required to
plan and implement the fidd levd testing of possible solutions, and how to monitor and
evaduate the results of such tests. This module is expected to run in parale to module 111
and would begin with land preparation and continue through to harvest.

* ModuleV - is a short concluding module that follows the completion of module IV in
which the FFS participants and facilitator(s) evaluate: (i) the success of the school with
regard to the change in the participants knowledge and field skills between the beginning
and end of thetraining; (ii) the technica content of each module with regard to its relevance
to the local agricultura production problems; and (iii) the way particular issues were dealt
with (e.g. learning methods used) during schools meetings.

Note most of the activities related to the implementation and monitoring of farmers' tests
would be carried out by farmers on their own farms in their own time, however severa FFS
sessions would be needed to guide and assist farmers in how to plan, establish, monitor and
evauate their tests (i.e. module 1V). Individual sessions could treat the following as specia
topics. (i) how to plan and establish field tests; (ii) what indicators to look for and how to
monitor them; (iii) how and what to measure when harvesting the crop; and (iv) how to finaly
evaluate the results of the test.
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SeLecTING THE VENUE FOR FARMER FIELD ScHooL AcTIvITIES

Given that one of the key principles of the FFS approach is that learning is based in the field
then the principle venue for FFS activities will be one or more fields selected from the fields of
the participating farmers. When sdlecting a suitable FFS field in which to conduct the discovery
based exercises and investigative field tests and demonstrations this should be a site where
access is good, and the topography, soil type and cropping systems are representative of the
area. In some circumstances one field may be designated as the FFS experimental area, much
as in FFS for integrated pest management. However, there will usually be severd soil types,
dopes, cropping systems, and sometimes climatic zones within a community, and the full range
of these situationsis unlikely to be encountered in any one field. Consequently, severa farmers
fieldswill usualy be needed to fully reflect the different farming situations within the community.

In addition to the field site the FFS will require somewhere to meet out of the sun where the
field findings can be reviewed, presented and discussed by the participants. To maintain the
distinction between the conventional classroom based farmer training and the FFS approach,
the non field based meetings and activities should not be conducted in a classroom setting. In
the past a variety of alternative venues have been used by IPM and ISNM field schools, some
have sat beneath a shady tree, others have used their local church or community hall, and afew
have constructed their own simple roofed shelter. Within the chosen venue seating should be
arranged in acircle so that al participants feel on equal terms with the facilitator and with each
other. Experience has found that a flip board, paper and markers should be available to
participants to assist the presentation and discussion sessions. Evenilliterate farmers can make
use of ample diagrams and symbols to assist in putting over ther findings.

SrrRUCTURING AND RuNNING FARMER FiELD ScHooL Sessions

Each session commences with one participant summarizing the findings of the previous session.

The facilitator then introduces the activity for the present session, and explains what the
participants will be doing and what they can expect to achieve. This effectively creates a
“contract” between facilitator and participants.

For discussions, and if possible for field activities, it is beneficid to divide the participants
into groups of 3-5 persons so that al participants are obliged to actively participate. One person
is nominated to present the group’s findings to the whole assembly, and the nominated person
rotates within the group. It is often beneficial for women to be in separate groups to the men, as
their perceptions of problems are frequently different, and they often feel more able to express
their opinions in the absence of men.

To help participants fed less inhibited and more confident at expressing their opinions and
relating their experiences within a group, various activities such as games, singing, plays and
miming may be introduced, where the activities focus on ISNM problems and their solutions.
In thisway participants also become accustomed to working together as a group.

OpPeniNG AND CLosING CEREMONIES

The presence of dignitaries from the municipality and local communities at the opening and
closing ceremonies of the FFS is important as it lends credibility to the FFS and attaches
importance to ISNM. All participants who satisfactorily complete the course in ISNM should
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receive a “Diploma in Integrated soil and nutrient management” at the closing graduation
ceremony. This will provide recognition to the participants of the importance attached by the
community to their achievements in ISNM, and will probably be the first time their kill as a
farmer has been recognized.

CoMPLEMENTARY FARM M ANAGEMENT SKILLS

Since farming can only develop through an integrated approach to agriculture, there is scope
for introducing modules on other farm management disciplines into the FFS curriculum. The
selection and order in which these are presented will depend on farmers' interests, needs and
priorities, and the time they have available. The following are examples of such additional
topics that could be included in a FFS:

* Integrated pest management

* Integrated crop and weed management

e Land reclamation

* Water harvesting

* Irrigation and drainage

* Credit management

* Farmers organizations

* Livestock production

* Alternative fuelwood and fodder sources
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Module I: Diagnosis of the farming environment
and observation of field problems

PurpPose

The primary purpose of the first module of the FFS is to achieve a consensus amongst the
participants as to the nature of their bio-physical farming environment, to share and assess the
farming practices used in the area, to look for evidence of soil management related field problems,
and to make a preliminary assessment of the effect of these problems on farm production. The
field based activities would be expected to include direct observation, field transect walks and

community mapping.

Direct OBSERVATION

Throughout the variousfield based activities that are engaged in during the course of conducting
a FFS, direct observation will figure as the primary method used by the participants to make
their field assessments. The role of the facilitator is to encourage them to use their eyes, to
discuss what it is they can observe, and to explain to them what non observable soil properties
they might be able to assess by using visual indicators.

When the school’ s participants are assessing their local farming environment direct observation
can provide information on the different landforms, dopes, soils, water resources, vegetation,
pests and diseases and the degree and extent of existing land degradation. It can aso help in
relating these factors to land use, crops, livestock and cultivation practices. Some factors may
not be directly observable but rely on the use of observable indicators, such asindicator plants -
the presence of the parasitic weed Striga or the grass Imperata in cultivated fields is a sign of
declining fertility, likewise the presence of sedges in grasdands are indicators of regular
waterlogging.

The following is indicative of the range of soil and nutrient management related problems
and the types of indicators that could be observed by farmers during a discovery based field
assessment exercise.

Soil Management Problem Observable Indicators

Soil erosion by water - exposed plant roots
pedestds, rills, gullies, accumulations of soil
reduced topsoil depth (seen in the side of gullies, or
by digging or augering)
change in colour and/or texture indicating subsoil
exposure

Wind eroson - dgns of wind scouring and exposure of plant roots
wind blown deposits accumulating at field margins
or where the winds progress has been obstructed
in extreme conditions presence of mobile dunes
dust storms
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Nutrient level - deficiency/toxicity

Sdinization/Alkainity

Waterlogging

Surface compaction/crusting

Subsoil compaction

Lowering of the groundwater table

Declining water qudlity

Sedimentation of water reservoirs

Degradation of grazing areas

Degradation of forest resources

FieLp TransecT WaLks

pH (using afield pH metre)

relaive nutrient levels (using afield soil testing kit)
leaf colour as an indicator of nutrient deficiencies
crop growth and vigour

pH (using afield pH metre)
salt on soil surface

presence of indicator plants (e.g. sedges)
stunted & dying dryland crops

high water table

mottling within the topsoil and upper subsoil

thickness and strength of a soil crust
excessive surface runoff

uprooting and observation of the shape & distribution
of the tap roots of indicator plants

number, size and distribution of roots per soil horizon
as seen on the side of a profile soil pit

drying of wells
deepening of boreholes
dying trees

discolouration of the water by sediment
algee
bad smell

discolouration of the water by sediment
sediment deposition visible as water level drops

gullying of livestock trails

poor ground cover (estimation in %)

signs of ‘bush’ encroachment

relative proportion of palatable to non-palatable
pasture species

condition of grazing animals

stunted trees with limited regeneration
poor ground cover (estimation in %)

A field transect walk isawalk and discussion undertaken by the FFS participants, usually in the
company of a facilitator, along a transect (route) that enables the participants to observe, for
their local areg, the variationsin the main landforms (e.g. hills, flat dluvia areas, terraces), soils,
land-use, soil, water and crop problems and possible opportunities, and how these are related to
thelandscape. Transect walks areimportant activities, and are particularly useful wherethereis
arange of land use types, and where soils vary over short distances.

Prior to undertaking atransect walk the participants, in consultation with the facilitator, should
plan aroute that will cover as much of the diversity of local land types, land uses and problems
as possible. When discussing and selecting the route the participants should be encouraged to
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prepare and make use of a map depicting the key bio-physical and socio-economic features of
the community’ sland area (see next section). Once the route to be followed has been agreed on
it could be plotted on such a map. The route need not be in a single straight line, or evenin a
straight line, and should not be confined to the most accessible roads, as this will often give a
fase impression of the area. In hilly terrains, the transect may start at a high point near to the
hydrological divide between two catchments and move downhill towards adrainageline. In flat
areasthe transect should cross as many land uses and soil types (based on farmers” knowledge)
as possible, and at least part of it should be aligned perpendicular to the direction of the main
drainage course.

During the transect walk there should be regular stops asthe landscape and land use patterns
change. Thisisfor the participantsto observe thelocal features of the farming environment, and
to provide an opportunity to discuss how and why these have changed from one part of the
transect walk to another. The participants should be encouraged to record their findings at each
stop in the form of atransect diagram, with different individuals being responsible for different
aspects. Exactly how this is to be done will depend on the degree of literacy amongst the
participants. It would not normally betherole of thefacilitator to record such information however
this could be necessary when working with primarily illiterate farmers. In such a situation the
facilitator should assume the role of a scribe recording the information given to him/her by the
participants. Subsequently he/she should prepare a simple visual transect diagram using visua
symbols so that the diagram can be verified and discussed by the participants.

The type of information to be recorded at each stop could include:

» Soils: using the farmers’ criteriafor defining different soil types, if these are very smplistic
(e.g. just acolour difference) thefacilitator may to improve the descriptions by prompting for
additional details on stoniness, depth, fertility or management requirements.

* Crops/vegetation: usinglocal termsand criteriato describe the cropping system(s), pasture
types, tree crops and vegetation.

* Animals: recording the different types and approximate numbers of livestock and whether
they are stall-fed or free grazing.

* Water supplies: using visual evidence and local knowledge to record the permanence of
rivers, streams, springs, incidence and source of flooding.

* Problems: using observable indicators and local knowledge to record problems related to
soils, nutrients, crops and water, and especialy if there have been changes in recent years,
e.g. eroson, increasing need for fertilizers or manures, declining yields or pollution.

* Management practices. describing soil practices such as tillage, conservation measures,
falows; cropping practices such asrotations, burning or grazing of residues, nutrient practices
such as manuring, composts, fertilization; water practices such asirrigation and drainage. As
far as possible this should be based on what the participants can observe during the transect,
however the time of year may affect what can be seen so information on management
practices not pursued at that time of year should be noted, using the local knowledge of the
participants or other farmers met during the transect walk.

* Opportunities: recording the participants and other farmers™ opinions of the opportunities
for increasing productivity and reducing land degradation in specific locations.
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It may not be practical, or desirable, for al 20-25 FFS participants to undertake the walk
together. In such a situation one option is for the FFS participants to select some five or six
farmers, including a couple of women farmers, to accompany the facilitator and represent the
group as a whole, with possibly other participants being met during the walk. An dternative
option is to divide the group into two or three subgroups and have each subgroup undertake a
transect walk across adifferent part of the area. If there is more than one facilitator then these
subgroup walks could take place at the same time. If not then they would have to take place
consecutively. The facilitator must ensure there is no bias in the collection of information by
talking only to the better-off male farmers. Care must be taken to ensure that poorer farmers,
wives and women farmers are involved and consulted for their information and opinions, astheir
knowledge and perceptions may be different. However the transect walks are conducted, the
facilitator should ensure that there isan opportunity for thefull group of FFS participantsto meet
immediately afterwards, to discuss and review the findings of each one.

CommuniTy Lanp Use anp NaTturaL Resource M APPING

A recent participatory rural appraisa tool that can be used in a FFS for describing the farming
environment isthat of participatory mapping or modelling. This exercise would involve asking a
representative sub-group of the FFS participants to draw a map or construct a model of the
main bio-physica and/or socio-economic features of their village and its surrounding area. Separate
subgroups might be asked to map or model different features. The technique can be used for
diagnostic purposes with the maps and model s being used as ameans of characterizing theloca
farming circumstances, and as visua aids to describe these to the facilitator and other FFS
participants. Preparing such maps or modelsduring theinitial sessonsof the school isaparticularly
useful meansfor achieving aconsensus, anongst the participants, on how they perceivethe bio-
physical resources and socio-economic Situation within their community.

There are several types of maps and modelsthat could be prepared, and many usesto which
they can be put, as part of discovery based |earning exercises during the course of a FFS. One
such map that should be prepared would be a general community resource map showing the
location of the participating farmers fields, communal pastures and woodlands, catchment
boundaries etc. A participant who is particularly knowledgeable may be asked to prepare a
single topic map such as asoils map (classified according to the locally recognized soil types), or
amap showing the distribution of groundwater resources (perhaps based on the knowledge of a
local water diviner or the seasonal location of shalow wells). FFS participants may aso use
maps to record the severity and extent of problems such as pest incidence, soil quality and
erosion severity. Whereas these maps may initialy be prepared on the basis of the participants
exiging loca knowledgethey could be refined subsequently following further field investigations
during the course of the FFS.

Maps and models could aso be used to combine a historical view with those of the present
and the likely future situation. FFS participants could be asked to prepare a series of maps/
models - e.g. one that describes the situation 30 - 50 years ago, another the present situation,
and a third how they expect the area to look 20 years in the future. Such time series maps/
models can form the basis for lively and informative discussions between the map makers/
modellers, the other FFS participants and the facilitator on the reasons for the past changes, and
what can be done to prevent further adverse changes.

Normally the boundaries of the map would conform to the boundaries of the land in which
the community pursuesits various land use enterprises. However there may be occasionswhen
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it would be necessary to prepare a broader catchment map, for instance when there are serious

environmental problems (e.g. erosion caused by runoff from steep lands or roads, water pollution,

deforestation or overgrazing) which require catchment-scal e sol utions such as the install ation of

physical soil conservation structures, interceptor drains, reservoirs, road realignment, reforestation

or land and vegetation recuperation. Maps of the catchment will also be necessary when a
significant proportion of the river water isto be used for irrigation. Where the upstream and/or

downstream portions of the catchment extend beyond the boundaries of the community a
catchment map could be used by the facilitator to draw attention to: (i) the way the land use
activities of communitiesliving upstream may affect the school’ s participants with regard to the

way in which use their land and their choice of management practice; and (ii) how their own
land use activities might have an impact on those of downstream farming communities. The

subsequent discussion may highlight the need for inter-community collaboration/conflict resolution

to solve and/or prevent particular problems.

ConsiperATION OF SoiL FuncTions IN ReLATION To L anDscaPe anD SoiL Type

Following on from the transect walks and field observations the facilitator should ask the
participantsto reflect on the basic demands (needs) made by crops on the soil. This can be done
by linking the basic needs of a human to those of a plant, i.e. both need to eat (plants absorb
nutrients), to drink (plants take in water), to breathe (plants take in oxygen through their roots
and leaves), the freedom to grow (plants need soilsthat are not excessively strong so that shoots
and roots can develop), a stable environment (plants need to anchor their roots in stable sites
protected against erosion, landdides and flooding), and a healthy environment (soil health is
maintained by the biologica processes of soil macro- and micro-organisms).

Therefore to satisfy the needs of crops, soils must fulfil various functions. The six most
important functions for plant growth are:

* an adequate supply and retention of water;

* an adequate supply and retention of available nutrients;

* an adequate supply of oxygen (except for irrigated rice which receives oxygen at the roots
by transfer from the leaves down the stem);

e favourable biological processes due to soil fauna (worms, ants, termites etc.) which create
pores for root penetration and drainage of excess water, and soil micro-organisms (bacteria
and fungi) which convert nutrients in organic materias into forms usable by plants;

* an absence of excessive soil strengths which hinder shoot or root growth;

* dte stability so that the quality and usefulness of the site is not damaged by water or wind
erosion, mass movements or flooding.

The facilitator in consultation with the FFS participants should select three representative
soil profile pits of contrasting characteristics. Their selection being guided by information on the
loca soilsgained fromthe preliminary review of secondary data, the transect walk and participants
local knowledge. Once dug these pits should be used to discuss soil functions in relation to
landscape and soil type. In hilly terrains the pits would usually be located in upper, middle and
lower dope positions, wheressin flat terrains the pits might be located in light, medium or heavy
textured soils, or in well, imperfectly and poorly drained soils, or in different land use types.

It is suggested that the participants be divided into three subgroups with each one being given
the task of examining one of the three soil pits. The subgroup should be asked to discuss and
describe the characteristics of their soil profile, in their own way, and using their own words.
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Subsequently a representative of each sub-group should present their findings to the other sub-
groups while vigiting each of the three locations in rotation. The facilitator should encourage
further discussion and probing to ensure that by the end of the exercise the participants will be
familiar with the main physical characteristics of different soil types and be able to relate these
to the different soil functions (water retention, oxygen and nutrients supply). In addition they
should be able to identify the most limiting soil function at each location, and relate this to plant
growth.

FieLp | penTiFicaTiON oF SoiL AND NUTRIENT PROBLEMS

When introducing the subject of soil and nutrient problems the facilitator should advise that the
ultimate effect of such problemsislow crop productivity which ariseswhen the soil in which the
crop is growing does not satisfy the crop’s needs. This should be related back to the previous
topic with the participants reminded of the essential soil functions, and how soil and nutrient
problems are related to inadequate soil functioning.

Specific soil and nutrient problems known to cause low soil productivity can be summarized
asfollows:

* insufficient supply and retention of water;

* insufficient supply and retention of available nutrients;

* insufficient supply of oxygen;

* |ow biologicd activity;

* presence of toxins,

* excessive soil strength restricting shoot emergence, root growth and ease of tillage; and
* dteindability.

Soil and nutrient problems can often be identified by means of various soil, site and crop
indicators. Since crop conditions are frequently useful indicators of soil and nutrient problems,
this is a reason for conducting this part of the FFS during the cropping season, so that the
participants can directly observe the indicators of various soil and nutrient problems. However
even during the cropping season some indicators, e.g. wilting, low crop emergence, erosion and
surface crusting, may have been evident prior to the field visit, but have since disappeared or
been obliterated by subsequent crop husbandry practices, e.g. weeding. However the participants
can ask the person farming the plot which, if any, of such indicators were previousy evident,
and whether the observed problems occur frequently or are of rare occurrence related to
exceptiona climatic, pest, disease or management events.

The facilitator in consultation with the FFS participants should identify two stes in close
proximity within the same field or adjacent fields, but with contrasting crop performance, that
can sarve to highlight soil and nutrient problems, and their impact on crop productivity. The
selection of representative sites requires knowledge of the area' s soils and soil problems which
should have been obtained from the preliminary secondary data review and the transect walk.

A comprehensive list of field indicators that could be used by farmers in a FFS, to detect
specific soil and nutrient problems can be found in Annex 6.
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Module II: Diagnosis of problems, causes and
possible solutions

PurpPose

Having identified the main soil management problems during the previous module the primary
focus for the second FFS module is to diagnose the causes of these problems and to seek
possible solutions to them. Getting the participants to identify the problems and their possible
solutions should provide a clear indication of their interest in knowing more about specific soil
management, or related crop management topics. This should serve as the basis for selecting
the specific topics to be addressed by the school during the third module (principles and skills of
ISNM), and the field trids to be undertaken in the fourth module (planning, testing, monitoring
and evaluation of possible solutions). It ishighly unlikely that all of theidentified problems can be
addressed by the field trials that would be conducted under the auspices of a FFS during one
cropping season (module V). However some of these could be covered as ‘ specia topics in
the sessions covering the principles and skills of ISNM (module [11).

I DENTIFYING THE CAUSES

Theidentification of the cause(s) of aparticular soil management problem would be undertaken
within the FFS through group or sub-group discussion. The starting point would be the previoudy
prepared list of identified problems. The objective of the focussed discussions, is to identify the
causes and effects, and the causes of the causes. Two aternative diagramming techniques can
be used to help show the cause and effect linkages, namely “causa diagramming” and the
inverted “problem-cause tree’ (see annex 4 for detailed guidelines on, and examples of, both
techniques). The facilitator should explain the use of one of these techniques and then ask the
group or sub-group to use it to identify the various causes of one of the main soil and nutrient
problems within the dominant land use system in the community.

The facilitator should be aware, and explain to the group that alot of the identified problems
may be causes or effects of other problems and each cause of a problem in itself can be a
problem and an effect for which other causes can often be identified. The group/sub-group
should jointly revise the causes and effects on the diagram, eiminating those that are duplicates
orinvalid, to arrive at aconsensus agreement on the causes for the problem. The processisthen
repeated for the next “problem”. During the diagramming process it will often become clear
that by solving one problem alot of other problems will be automatically solved as well.

By dividing the group into sub-groups, and asking each sub-group to focus on a different set
of problems, it should be possible for alarger number of problemsto be assessed. Furthermore
by having each sub-group then present their diagrams to the group as a whole it would be
possible to stimulate further discussion and consideration of the various causes of the identified
problems.

Many of the causes of the problems which contribute to low productivity will stem from the
socio-economic, organizationd, infrastructura, credit and marketing environment in which farming
takes place. Such problems should have been identified from the transect walk as well asfrom
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secondary datasources. The causes of these problems may aso be considered inthe diagramming
exercise, though the emphasis would be primarily on the technica problems as these are the
ones for which solutions can be tested in the field during the course of a FFS.

If there are any uncertainties, within the group or sub-group, about the main causes, aranking
procedure may be used in which each participant “scores’ (i.e. assigns avaue or a number of
seeds out of atotal of 20) to each of the causes according to his/her perception of the relative
importance of that cause.

ProBLEM PRIORITIZATION

During the previous school exercisesthe participantswill have observed and discussed their soil
management practices, identified their soil management and crop production problems and
determined the causes of these problems. In order to identify what the participants see as their
most relevant soil management problems, and to decide what they would like to learn more
about during the subsequent school modules, the identified problems need to be summarized and
prioritized according to the participants assessment. Problem prioritization can be undertaken as
a group exercise through “individua voting” or “pairwise ranking”. The former allows alarge
number of problems to be ranked whereas the latter is better where the number of problemsis
no more then 4 or 5.

With individua voting the facilitator or one of the participants would write on a blackboard or
large sheet of paper the list of identified problems (by mgjor categories). The group would then
review the list and add additiona problemsif one or more of the participants wished them to be
included. Following this a matrix would be prepared on the blackboard or large paper with the
problems listed on the left of the matrix. Each of the participants would then go individually to
the chart to record their priority rating against each problem (1 low priority, 2, 3, 4, 5 etc high
priority). The preference scores would be totalled and the problems ranked accordingly. At this
point the group would review the results of the exercise to ensure that there is a consensus
agreement on the fina priority listing. They would then discuss with the facilitator whether the
problems represent the topics they would like to investigate further and learn about during the
farmer field school. The same exercise could be undertaken with predominantly illiterate
participants by using asymbol to characterize a particular problem, preparing the matrix on the
ground, and having each participant place a number of stones or seeds, corresponding to their
priority rating, against the problem.

With pairwise ranking the prioritization of problems takes place in a structured way which
compares problems one with another. The same process as used for individual voting would be
followed to arrive at the list of problems for prioritization. However when preparing the matrix
the problems are written across the top and down the left of the matrix. To get the group’s
preferences the participants would be asked to compare the problems one with another. The
first problem on theleft side of the matrix would be compared with &l the problems|isted across
the top. The participants ranking can be assessed by a smple raising of hands. The process
would be repeated until al the problems have been covered. The number of times each problem
was assessed as being the most important would be noted, summarized and ranked accordingly.
Again there would be a discussion to achieve a consensus that these are the priority problems
that should be addressed by the farmer field school.

The following questions could be used to facilitate the group discussion:
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* have dl the problems identified during the previous exercises been listed?

» arethere ill some problems missing from the list?

* arethere any problems on the list which are closaly related to each other or may even be
considered the same?

* are there problems which can be considered as specific for a certain area or group of
farmers (e.g. on a dope, on a specific soil type, or farming system)?

* which isthe most serious problem?

* what specific criteria are used to arrive at a priority ranking for each problem?

* isthere agreement on the fina problem prioritization lig?

| DENTIFICATION OF SOLUTIONS

Having identified and prioritized the problems and determined their causes the next step is for
the participants to identify possible solutions to the problems. The participants with the support
of the facilitator and/or a technical specidist brought in for this FFS session, should initialy
identify which, if any, solutions are aready being used localy. The school facilitator and/or the
technical specialist may draw on their specialist knowledge to suggest new practices or
technologies not currently known about in the area, with potentia for solving particular local
problems®. Similarly the appropriate solutions may be found within the farmers' indigenous
knowledge, either within the community, or in nearby communities. During this exercise dl
these possible solutions should be listed and discussed, first in small groups of 4-5 participants,
with their conclusions and suggestions subsequently being presented and discussed in aplenary
session. After the plenary presentations the facilitator should assist the group to note similarities
and differences in the suggested solutions, and to cluster/regroup the solutions according to
major categories, removing duplication so as to remain with a total of 3-4 solutions listed for
each problem. The fina discussion should seek to achieve consensus agreement amongst the
participants on the find list of solutions.

AsSESSMENT AND SeLECTION OF PrACTICES TO BE TESTED

Farmers use agricultural practices that are suited to their farming system and household
circumstances, and are thus heavily influenced by the resources available. Thus to be able to
choose appropriate solutions/practices to be tested, it isimportant for the school participants to
assesscorrectly whether an identified improved soil management practice (solution) isappropriate
to the problem they experience within their farming system. The participants should therefore
be asked to make a simple assessment of the resources needed (labour, land, cash, on-farm
materials, external inputs etc) and their availability within the household and/or community. This
exercise would help the participants to identify from amongst the several possible solutions, the
most promising practicesto be experimented with during the school, and to identify what changes
to the present household farming system may be required in order to adopt a particular practice
or technology.

1 A comprehensivelist of possible solutionsfor awiderange of problemsand causesisgivenin Appendix
5 of Annex 2. This could be used by a FFS facilitator for the preparation of a short list of locally
appropriate solutions, i.e. ones that match the area’ s agro-ecological environment, farming systems,
household socio-economic circumstances and level of production.
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The exercise can be conducted with sub-groups (4-5 farmers in each) or through a plenary
session. The previoudly identified solutions (practices) should be written up on a blackboard or
large sheet of paper for al the participants to see. Discussion and exchange of opinions and
information should be promoted by asking the participants to indicate al possible limitations and
difficulties they foresee in testing and using the proposed practices (Iabour, availability of on-
farm materias, cash for purchasing external inputs, land access, risks etc). Efforts should be
made to ensure that everyone expresses their views, in particular the women who may see the
labour and cash requirementsfrom avery different perspective given their specific responsibilities
for their household' s socid welfare. In a plenary session the results of the previous discussion
should be used to re-write the list of solutions starting with the most promising (i.e. of most
interest to the participants) and ending with the least promising. Care should be taken to ensure
that the criteria used are not biased towards the views of the facilitator or the better off and
more influential farmers within the school. Since only a limited number of solutions/practices
(e.g. 2-3) can be tested during one cropping season the participants should be asked to select
those they wish to test in the fidlds, and any additiona specia topics they would like to know
more about.

The following questions could be used to facilitate the group discussion:

» what impact will the new practice have on family labour (men may have different opinions
to the women)?

* isthe necessary organic material available (if more use of organic fertilizer has been
identified as a solution)?

* what changes might be needed in the system to produce more organic fertilizer and what
effect will it have on the present system?

* what would be the labour requirement needed to adopt such a practice?

* isitavailable?

* what externa inputs might be required (f inorganic fertilizer and/or herbicides have
been identified as solutions)?

* aethese avalable locally?

* how much would they cost and does the household have the cash to pay for them; and aso
is the cost:benefit ratio favourable?

For complementary information, reference is made to FAO/AGL Guidelines for
Participatory Diagnosis of Constraints and Opportunities (PDCO) for Soil and Plant
Nutrient Management (in press).
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Module Ill: Principles and skills of integrated
soil and nutrient management

PurpPose

Whereas the previous two modules have been concerned with diagnosing the farming
environment, determining the problems and their causes, and identifying possible solutions, this
modul e focuses more specificaly on discovering the principles of, and learning the skillsrequired
for, integrated soil and nutrient management. Although some of thesewill belearnt by conducting
field tests of possible solutions in module 1V, this module aims to provide the FFS participants
with a broad understanding of their soils and why the way the soil is managed will affect the
level of crop production that can be achieved. The module will involve a variety of discovery
based field exercises, aswell asarange of participatory diagramming sessions, group discussion
and simple exercises modelling various soil degradation and integrated management processes.

PotenTiaL Torics

The specific topics to be covered in this module will have been agreed on by the participantsin
consultation with the facilitator during the previous module. It islikely that mogt, if not dl, of the
following topics will be covered during this module:

* Why soil isimportant: Soil isthe part of the earth where plants grow and humans depend
on plants for the bulk of their primary welfare needs, e.g. staple food (ceredls, roots, grain
legumes, vegetables fruits etc), clothing (fibre crops), fud (firewood), shelter (timber, poles,
leaves/grasses for thatching), medicines, aswell asfeeding livestock from which man getsa
variety of other valuable products.

* What arethecharacteristicsfor an ideal soil: Most cropsrequire soilsthat are: (i) deep
with no impedimentsto root devel opment; (ii) well drained and well aerated, with the capacity
to store sufficient soil moistureto support good crop growth; (iii) capable of supplying adequate
guantities of the essentid plant nutrientsto growing crops,; (iv) neutral to dightly acid; and (v)
located on gently doping sites (1-5% dope).

* How soilsareformed The soil forming factorsinfluence the action of particular soil processes
(e.g. weathering and leaching) and it is these processes acting over time that produce the
variety of different soil types that can be recognized today. The factors of climate, relief,
hydrology and man directly affect the processes of soil formation. Thetimefactor determines
how long the processes have been active. The parent material factor supplies the minera
substance from which the soil profile is developed. While vegetation and soil organisms both
supply organic substances and affects processes. Although some of thisis theoretical most
of these factors can beillustrated and discussed with FFS participants through field visits to
sites showing different soil types where different factors and processes have been involved
in their formation (e.g. old land surfaces, colluvia deposits, volcanic ash, weathered rock
showing signs of decomposition aluvia waterlogged valley floors etc. A point to emphasize
is the time it takes for soil formation and the need to ensure that soil is not lost through
eroson faster than it is formed.
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Module 11 Principlesand skills of integrated soil and nutrient management

Under standing soil physical properties. Asadversechangesinasoilsphysical properties
following cultivation can lead to reduced yields and increased damage from soil erosion. The
s0il’ sphysica properties can generally be observed and assessed in thefield so lend themsel ves
to avariety of discovery based learning exercises. Farmers can learn the technique of hand
texturing so as to be able to accurately recognize differences in texture between different
soils. Comparisons can be made of the structure of two topsoil samples of the same soil type,
one collected from a field that has been cultivated for severa years, and the other from a
forest or permanent pasture area, to show how tillage affects structure. The physica condition
of the soil surface can be compared between different fields to show the effect of different
forms of management and/or the susceptibility of different soil types with regard to the
thickness and strength of asoil crust and itseffect on rainfall infiltration. Soil pits can be used
tolook at subsoil physical conditions particularly differences between horizonswith regard to
texture, consistence, the size and abundance of soil pores, ease of root penetration, and
presence of compacted layers (plough pan) or other limiting horizons.

Understanding soil biological properties: With declining soil organic matter levels
following cultivation, the adoption of improved organic matter management practices are a
prerequisite for restoring and maintaining soil productivity (improved soil nutrient levels, soil
moisture retention, soil structure and resistanceto erosion). Discovery based learning exercises
could focus on comparisons of colour, structure, fee, and faunal (worms, termites etc) activity
between aforest soil and acultivated one. Alternatively the FFS participants could undertake
s0il ecosysten observation to compare the diversity of living and non-living things of awell
managed and poorly managed soil.

Under standing soil chemical properties. Chemica degradationintheform of acidification
and nutrient decline is indicative of poor soil management and a common problem in many
agriculturd aress. A variety of diagramming and modelling exercises can be used by the FFS
facilitator to explain to the participants about the importance of soil nutrients, and nutrient
flows within the farming/household system. If simple soil testing kits and/or pH metres are
obtainable thefacilitator should try to get hold of them and make them available to the schoal
so that the participants can use them to compare levels of the key primary and secondary
nutrients, and soil reaction (pH), in different soil samplestaken from fields with different soil
types and/or past management histories. The facilitator can aso link these sessionswith the
transect walk/direct observation exercises, undertaken in module I, that looked for plant
foliar indicators of nutrient deficienciesand toxicities, and visible evidence of sdlinity problems
(indicator plants, surface salt deposits, taste etc).

Under standing soil hydrological properties. The moisture properties of a soil are of
considerable importance in assessing its agricultural potential. A range of discovery based
exercises could be used to investigate differences between soils and management practices
with regard to such soil hydrologica properties as drainage, field capacity, wilting point,
available water capacity and infiltration capacity.

Under standing soil erosion processes. Water erosion may take different forms (e.g.
splash, shest, rill and gully erosion), wind erosion may be a problem in some areas and both
can have detrimental on- and off-site effects. There are a variety of different factors that
determine the risk and severity of erosion - notably rainfall pattern, dope stegpness, dope
length, soil type, ground cover, land management practices and in the case of wind erosion
wind speed. Discovery based exercises can assess the type, nature and severity of current
erosion damage within farmers' fields and severa of the erosion processes can be modelled
using boxes of soil and a watering can.
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* Production and use of organic fertilizers. A variety of different organic fertilizers can be
used to supply plant nutrients and improve the condition of the soil. Furthermore micro-
nutrient and trace element imbalances can occur where farmers rely solely on inorganic
fertilizersto supply the macro nutrients and one or two secondary nutrients. Organic fertilizer
can be produced from the recycling of farm wastes such as crop residues, animal manure
and kitchen waste. A range of green manures can be grown on farm to supply plant nutrients
and organic matter for incorporation into the soil (e.g. herbaceous legumes grown in a crop
rotation, or agroforestry systems where the leaves and stems of nitrogen fixing trees/shrubs
are used to fertilize adjacent crops). Some farmers may have access to off-farm sources of
organic fertilizer (chicken/pig manure from commercia producers, silt from fish/prawn ponds,
sugar factory waste, urban refuse etc). The FFS participants could investigate the costs and
benefits of aternative organic fertilizerse.g. making compost, using green manures, improved
storage of farm yard manure, incorporation of crop residues.

* Inorganic fertilizer: Thereis frequently a variety of different types of inorganic fertilizer
available to farmers and they may have a limited understanding of which are the best for
their specific circumstances. Thereistherefore scope for the FFS participantsto learn about
the differences between compound and single nutrient fertilizersand how to comparefertilizer
costsin relation to the amount of nutrients supplied, for instance abag of Ureatypically costs
more than abag of Sulphate of Ammoniabut isusually cheaper per unit of nitrogen supplied.
The participants can a so test (perhaps as part of module V) different amounts of, and ways
to apply, inorganic fertilizer, plus comparing the costs and benefits of inorganic versus organic
fertilizers and combinations of the two.

* Tillage practices. The form of tillage used for land preparation will have an impact on the
productive potential of a soil. In parts of Africa there is evidence that tractor drawn disc
ploughs, ox drawn mouldboard ploughs and even the annua splitting and reformation of crop
ridges with a hand hoe have resulted in the formation of a compacted upper subsoil horizon
that can affect yields by limiting the crops root development and ability to obtain nutrients
and moisture from the lower soil horizons. FFS participants could investigate and compare
through field trials or observation of exigting differencesin field practices, dternative tillage
techniques to determine their impact on both crop germination, establishment, growth and
yield, and the soils physica properties.

* Crop rotation/intercropping: Amongst the FFS participants there may be a variety of
different cropping systemsand crop rotations pursued and these may differ from neighbouring
communities. Each cropping system and crop rotation will have its own advantages and
disadvantages many of which will be related to the soil characteristics and/or availability of
water in the area where they are practised. A variety of discovery based exercises can be
used to explore the relationships between different crop combinations and rotations to see
whether they are competitive for nutrients and moisture or beneficial (e.g. by raising nitrogen
levels by including alegume in a cereal based cropping system). Likewise the relationships
between the crops, soil types and/or water availability.

* Improved fallows: Falowing has been atraditiona practice used by farmersto restore the
productivity of their soil. However as the farming population has grown and the amount of
agricultural land available to each household has decreased, traditional fallowing practices
(i.e. abandoning the land to weeds and leaving it to recover on its own) have ceased or the
length of fallow period has becometoo short to restore the soil to itsformer condition. Where
farmers till have sufficient land resourcesfor fallowing to still be apotentia technical option
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there is scope for the FFS participants to investigate aternative improved fallow systems
that would either: (i) reduce the length of thefallow period (e.g. by scattering pasture legume
seed or planting short lived (2-3 years) perennia leguminous shrubs at the end of the cropping
period); or (ii) provide a tangible economic benefit in its own right (e.g. including a 2-3 year
pasture ley in the crop rotation and using this for livestock production).
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Module IV: Planning, testing, monitoring and
evaluation of solutions

PurpPose

By participating in module 1V of the FFS farmers have the opportunity to learn, from practica
experience, the skills that are required to plan and implement the field leve testing of possible
solutionsto their soil management problems, and how to monitor and eval uate the results of such
tests. Furthermore by the end of the module the participants would have seen for themselves a
range of alternative soil management practicestested under their local circumstances and assessed
the potentia of each to tackle specific soil management related farm production problems.

Usually the testing of possible solutions as a component of the FFS involves the participating
farmersinvestigating, through field tests, one or more solutionsthat they themselves have identified
and developed to solve specific problems. The purpose of their field “investigation” being to the
effect of that solution when tried under their local circumstances. Sometimes appropriate “off-
the-shelf’ ISNM solutions may already exist, i.e. well tested and validated ISNM practices may
have been used in another part of the country, by farmers with similar bio-physical and socio-
economic circumstances, to solve similar farm production problems. However such practices
may be unknown to the farmerswithin the FFS, in which case, the “testing” of possible solutions
will in redlity be local “vdidations’ executed by the FFS participating farmers.

THe NumBER oF FARMERS INnvOLVED IN CARRYING Out THE TESTS

Each possible solution to aparticular soil or nutrient problem should be tested by several farmers,
50 that the suitability of the possible solution can be assessed for a range of soil, Site and
management conditions in different parts of the community area. If only 1 or 2 farmers are
involved in testing a specific solution, the results can be mideading should those tests have been
carried out on unrepresentative sites, been subjected to unusual attacks of pests or diseases, or
were exceptionally well or badly managed. A further justification for many farmers testing
possible solutions is that this encourages farmers to become more innovative. Thus within the
FFS smal groups of farmers (5-6) may be given responsibility for testing particular solutions
with thetest’ s progress and results being shared during the FFS meetings with the other members
of the FFS.

THe NumBER oF PossiBLE SoLuTions To BE TESTED PER FARMER

The number of solutionstested by an individual farmer will vary from farmer to farmer depending
on their interest, time and resources. To solve some problems will require the combination of
severa possible solutions because of their interdependent nature, e.g. leaving residues on the
surface, applying pre-sowing herbicides, no-tillage and direct sowing. In genera farmers should
test no more than 3 possible solutions a any one time. This might limit the number of solutions
the FFS can test in anyone cropping season, and would be ajustification for the FFS to continue
over a number of seasons rather than as with the IPM FFS lasting one cropping season.
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SELECTION OF STES

The FFS facilitator(s) should assist the participating farmers to select sites in fields where the
soil type, and its previous management and cropping history are representative of the genera
conditions faced by the community. Likewise within the field the selected location of the test/
demondtration plots should betypicd of that field. Field observation, combined with the knowledge
of the farmer whosefield it is, should be used to: (i) avoid exceptionaly stony, poorly drained or
weedy areas which are not typica and where crops never yield well; (ii) avoid the borders and
entrance of afield where there may have been severe compaction from the congregation of
cattle, or the entrance of vehicles or machinery; and (iii) avoid atypical areas where crops
alwaysyield better than the rest of thefield. The farmer’ sintimate knowledge of higher field is
obvioudy very important in deciding the preferred location however if there is any doubt, then
one or more soil pits should be dug (adepth of 50 cm will usudly be sufficient) to check that the
soil typeistypical of that of therest of thefield. In areas where runoff or flooding is a problem,
the experimenta site should be located away from the influence of such dangers. Likewise in
areas where livestock roam freely and marauding animal's can be a nuisance, the experimental
site should be adequately fenced.

DesieN AND L AavouT oF THE TESTS

The size of the plots will vary with the nature of the “possible solution” that is being tested. In
genera, solutionsto water and wind erosion, the control of runoff, water harvesting, and practices
involving drainage or water interception require large experimental areas. Tests of conservation
practicesto control water erosion, such asvegetative barriers, hillside ditches or surface residues
should use plots at least 20 m wide (in the cross-dope direction) and as long (in the downhill
direction) asthelength of thefield. These dimensionswill enable theinfluence of dopelength on
the generation of runoff to be fully expressed.

For those “possible solutions” where time, fuel, labour costs or water supplies may limit the
acceptability of the practice, plots should be sufficiently large to permit the practice to be
implemented on a field scae, so that redistic assessments of time, labour, fuel and water
requirements can be made (FAO, 2000). Mechanized tillage trials need large plots so that the
tractor and implement achieve the implement’ s optimal working speed a which its effect on the
soil isfully expressed. For tillagetrials, plot size should be at least 50 metreslong (inthe direction
of tillage) and not less than 20 metres wide. When time and fuel considerations are important in
atillagetria, the plot size should equal the length of the field and be at least 40 metres wide so
that time and fuel requirements can be redlistically determined. For the testing of most other
solutions, plots of 100-200 n? will normally be adequate for annual crops, and a minimum of 5
trees per treatment for perennial crops.

The design of the test is usudly very smple, often involving just two plots - the “treated”
plot (where the possible solution is implemented) and the “control” plot (the farmer’s practice)
against which the effect of the “possible solution” is evaluated. All of the area surrounding the
“treated” plot is effectively a control, but to avoid problems of soil variahility it is preferable to
mark out asimilarly sized “control” plot close to the “treated” plot. Where the possible solution
involves severa levels of the treatment, e.g. three rates of nitrogen fertilizer, there would be
three “treated” plots and one “control” plot.

When a combination of ISNM and IPM solutions are to be smultaneoudly tested, a more
complicated design, asplit plot design, may be used. If the IPM solutions arethe main treatments,
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then both the plot to which the |PM solution isapplied and that which receivesno |PM treatment
(the control) would be split into as many subplots asthere are ISNM treatments. The allocation
of the ISNM treatments within each IPM plot should be random and if thereis a changein soil
moisture, texture, or dopein a particular direction, the subplots should be marked out paralle to
this direction as shown in Figure 1.

FIGURE 1
Example of the layout of a test when combining IPM and nutrient treatments
Main plot Main plot
with IPM practices without IPM practices
Direction of slope
or of change in
moisture, texture
or fertility
0 40 80 80 0 40 v
|
Nitrogen fertilizer (kg N/ha)

The number of replications should be restricted to one, i.e. one treated plot and one control
plot on the same farm. However, if several farmersimplement the sametria on their farms, the
different locations can sometimes be considered as replications of the test. As appropriate the
facilitator could verify thiswith astatistician. The procedures used in implementing the tests will
vary according to the nature of the possible solutions, the farmer’ s resources and whether the
farmer is mechanized or not.

M ONITORING OF THE TESTS

Thereareavariety of soil, crop and siteindicators (Table 1) that farmers could useto detect and
monitor changes in soil conditions and crop performance, so that the effects of the possible
solutions being tested can be evaluated by the FFS participants. Therole of the facilitator would
be to assist the farmers to select indicators that are capable of reflecting changesin the limiting
soil or nutrient properties that the possible solution was intended to overcome. Thus, if the
possible solution was intended to control water erosion, the selected indicator must be one that
enables differences in the degree of erosion to be easily detected.

The indicators must so change sufficiently quickly to alow changes in soil conditions and
crop performance to be detected over the period of the test, which is usualy one cropping
season. For example, differencesin the number and size of rills between the treated and control
plotswill probably be sufficiently sensitive, whereas differencesin thickness of thetopsoil horizon,
which changes very dowly, would not.
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Not al of the changesin soil propertiesthat occur following cultivation will berapid. Many of
these changes will be gradual and take place over along period of time, i.e. it will be severa
years, before they become apparent. For this reason it is often difficult to detect the effect of
some trestments on soil properties within just one cropping season. In these Situations it is
usualy easier to monitor crop growth and yield which are frequently more sensitive indicators.

Some indicators may be quantified very easily, e.g. the height of a crop, whereas other
indicators, e.g. soil moisture content by fedl, can only be described in smpleterms, such asvery,
moderately or dightly moist. Both forms of evaluation indicators are valid, and especidly as
farmerswill be comparing the treated and control plots at the sametime. The use of descriptive
terms to monitor an indicator over time when there is no control plot with which to compare, is
extremely difficult and would be inadvisable.

TABLE 1
Possibleindicators for monitoring short-term changes in soil, nutrient and site conditions and crop
performance

Indicators

Crop foliar deficiency symptoms, foliage colour, crop arowth/vield (see
below). weed diversity, weed density, weed species.

Problem
Nutrient supply/soil fertility

Water supply

Soil moisture by feel and soil colour, surface residue cover, surface
crusting or sealing. surface porosity, crop wilting, rooting depth.

Oxygen supply

Depth to water table, soil moisture content by feel, rooting depth, weed
species that love water, e.q. Cyperacea.

Toxicities

Foliar toxicity symptoms, salt deposits, deformation of roots, rooting
depth.

Root restriction (excessive soil
strength/presence of a
compacted subsoil layer)

Root depth, root growth pattern, soil consistency, soil resistance to a
spade, density of visible-sized pores,

Seedling emergence
(excessive soil strength)

Thickness and strength of soil crust

Biological activity

Quantity of surface residues, numbers of worms, other organisms,
casts, burrows. termite galleries. chambers. biopores

Water erosion (site stability)

Density and size of rills, soil pedestals, root exposures, accumulations
of transported soil particles, splashed deposits.

Wind erosion (site stability)

Sand deposits, micro-dunes. exposure of plant roots. crop inclination

Crop growthlyield

Crop height, vigour, number of tillers, leaves, female flowers, number

and size of fruit, cobs, length of panicles, crop yield, tree diameter, size
of canopy.

The frequency with which individual indicators should be monitored will generaly be once
every 2-4 weeks, and should be undertaken as a part of the programme of FFSfield activities.
Soil indicators should be monitored when they are most likely to be evident. For instance when
the problem islack of water, the soil moisture indicator should be evaluated during dry spellsand
at the beginning of the dry season. For indicators of water erosion, the evaluations should be
carried out immediately after intense rainstorms. When drawing up the schedule for the FFS
individual sessions could be programmed at the time of year when such conditions can be
expected to occur. Alternatively there may be occasions when the FFS participants would want
to call an additional specia meeting to observe the impact of a one off climatic event (suchasa
short intense rain storm, strong wind or severe frost) that occurred between the dates of the
scheduled meetings.

The examples of indicators presented in Table 1 arefor usein tests within acropping season,
and for farmerswith few resources and no accessto soil laboratory facilities. More sophisticated
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indicators may be used when soil anaytical facilities are available (e.g. the FFSiscloseto a
research station or agricultural collegewith asoil |aboratory). Once anew management practice
has been introduced into a farming system, the effect of the practice should be monitored over
much longer periods of several years so that the sustainability of the practice can be assessed.

Indicators that change more dowly, such as soil colour, can then be used. If the FFSisto last
only one cropping season then an alternative mechanism would need to be put in place to ensure
that the results continue to be shared between the participating farmers.

EvaLuaTioN OF TESTS

The results of the tests of possible solutions should be evaluated on the basis of whether they
are technicaly, socialy, economicaly and environmentaly acceptable at the farm household
level. In the case of environmental aspects, they should also be acceptable to the community at
large. Whenever possible, the results and their evaluation should be recorded by the facilitator
asthis data may be inva uable when seeking assi stance from funding agencies to promote more
FFS.

Technical evaluation

The possible solutions must be eval uated as to whether they overcome or reduce the soil, water
and nutrient problems for which they were intended, and whether they improve yields. Thiswill
be apparent from comparing the soil and crop indicators from the treated and control plots. If
the possible solution “leaving crop residues’ was tested, and the presence of rillsand crop yield
were used as indicators, the number and size of the rills should be significantly less on the
treated plot compared to the control. The yield would aso be expected to be greater, or no less,
from the treated plot compared to the control.

Social evaluation

The most important aspects of the socia evaluation of the possible solution compared to the
normal farmer practice are:

* time and labour required;

e timing or seasonality of the labour (compared to other demands and interests of the farmer
and higher family); and

» degree of physica exertion.

Economic evaluation

This can be determined by comparing the profit (gross margin) obtained by applying the possible
solution with that obtained from the normal farmer practice, but it isimportant that the data used
areredistic of field conditions, and were obtained from sufficiently large plots. The profit (gross
margin) is calculated from the difference between the income from the sale of the produce and
the variable costs of production, i.e. labour, seed, fertilizer, pesticides, bags, transport etc.
Recording the data on forms such asthose given in annex 5 hel psin remembering the costs, and
helps with the calculations.

Environmental evaluation

The most important aspects to be considered during the testing of possible solutions are:
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* the extent of possble toxicity or pollution;
» water and wind erosion hazards.

Other environmental aspects which usually become apparent over periods longer than one
cropping season are:

» water supplies - water levelsin rivers and wells,

* water qudlity - the sediment content and chemical composition (the colour, taste and smell
are often good indicators);

* tree and vegetation cover.
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Module V: School evaluation

EvaLuaTing THE IMPACT OF THE | SNM CouURSE ON PARTICIPANTS

To evauate the benefits to participants of attending the ISNM course by setting pre- and post-
course tests is not considered acceptable. Written tests would not be culturally appropriate for
many farmers, and practica tests on farming skills would be very limited in scope because of
the time congtraints. Moreover, such approaches are typical of traditional top-down, learning by
instruction methods, and are contrary to the participatory, farmer-centred, learning by experience
approach of FFS. It is aso unlikely that tests could redlistically assess a participant’s ability to
identify and solve problems within the congtraints of his own farming environment, which isthe
key to farmers developing sustainable systems of agriculture.

An aternative approach is to evaluate the changes that occur in afarmer’s property, and in
particular, the change in yield and profitability of hisgher cropping systems, and the change in
health of his’her soils over athreeto five year period after the completion of an ISNM FFS. This
would provide a much more realistic and useful assessment of the benefits gained from FFS

participation, whilst acknowledging that not al of the changes may be entirely attributable to the
FFS.

Changesin profitability of afarmer’s cropping systems may be evaluated by comparing the
gross marginsin the periods prior to, and 3-5 years after, completing the ISNM FFS. Because of
inevitableyield fluctuationsfrom year to year, the gross margin trend over a3 year period will be
more meaningful. These calculations are only possible if afarmer records hisyields, production
costs and income for each cropping system each season, using forms like that in Table 1 of
Annex 5. An example of how to present yield and gross margin datais aso given in Table 2.

TABLE 2
Presentation of yields and gross margins (GM) pre- and post-FFS
Cropping Pre-FES Post-FFES
System Average Year 1 Year 2 Year 3
Yield GM Yield GM Yield GM Yield GM
Maize
Beans
Sorghum

Soil hedlth refers to the productivity of a soil, as influenced by land management practices,
and may be considered comparable to the health of a person. To evaluate changes in “soil
hedth” in a gquantitative manner would require much data collection, a set of base line dataor a
control area, and would be time consuming. Such a quantitative assessment is unlikely to be
satisfactorily carried out unlesstechnica staff areinvolved - which would be costly. An dternative
more participatory option is to evaluate changes in soil health by means of a multi-factor
questionnaire which assesses whether various positive or beneficia features and practices have
increased, decreased or not changed, and whether various negative features and processes
have increased, decreased or not changed during the 3-5 years since the FFS. Such a
questionnaire, adapted from Douglas (1996), isshownin Table2 of Annex 5. By subtracting the
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total number of “decreased” and “not changed” factors (indicated by Y and Z) from the total
number of “increased” factors (indicated by X), an overall indicator of the changein soil health
(indicated by J) can be obtained. This procedure can be implemented by participants, and gives
auseful indication of the success of the ISNM course inimproving soil health. A preliminary set
of positive and negative factors that could be used for such and eval uation, should be drawn up
by the FFS facilitator(s) with the aid of a soils specialist and then adapted to loca conditionsin
consultation with the FFS participants.

EvaLuating THE ISNM FFS

Feedback from the participants on completion of an ISNM FFS is essential to improve the
technical content, and mode of operation, of any future schools conducted in the area, to ensure
they are morerelevant to farmers’ needs and interests, and better adapted to thelocal environment.
Participants should be asked to evaluate the usefulness and degree of understanding of the
activities undertaken, the principlesintroduced, and skillslearnt during the course of the FFS. In
addition they should be asked to evaluate the way the organization of the FFS, and the ability of
the facilitator.

The facilitator should make it clear that this exercise is designed to help the FFS organizers
and facilitator improvethe ISNM FFSfor the benefit of future participants, and that by expressing
their honest opinions they will be providing valuable assstance! Despite this comment, many
participantsmay il fed unwilling to openly express criticisms of the FFS. Inafarming community
with areasonable degree of literacy one way to overcome such reluctance, isto suggest to the
participantsthat they write their opinions on separate cards for each subject that isto be evaluated,
and place the cards in “ballot boxes’ to preserve confidentiaity. Opinions may be coded using
numbers, eg. 1 (very beneficid), 2 (moderately beneficia), 3 (not beneficid), 4 (needs to be
improved), 5 (needs less time), 6 (needs more time).

An example of the questions used to eva uate the useful ness, quality, and level of understanding
of the modules, principles and skills presented during alSNM FFSisgiven in Table 3 of Annex
5. The names of the specific modules, principles and skills to be evaluated should be inserted
intothetablein placeof 1, 2, 3, etc. An example of the questions used to eva uate the organization
of the FFS and the ability of the facilitator is given in Table 4 of Annex 5, and the types of
guestionsto be put to participants on how to improve the courseis shown in Table 5 of Annex 5.

Once the results of each evaluation have been received they should be presented by the
facilitator for further discussion, clarification and amplification by the participants. At this stage
of the proceedings the participants may be lessinhibited in their comments.
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Annex 1

Examples of discovery-based exercises and
trials for use in farmer field schools on

Integrated soil and nutrient management

The following pages provide a number of examples of the type of discovery-based exercises
and trialsthat could be undertaken by farmers during the course of afarmer field school to learn
about the principles and skills required to practice integrated soil and nutrient management.
Given that each farming community has its own unique set of bio-physical, socio-economic and
cultural circumstances it would be the responsibility of the FFS facilitator to identify which
discovery-based exercises would be locally appropriate, and to develop others as needed, to
promote a farmer-centred learning approach to integrated soil management.

Note: additional examples of ISNM FFS exercises can be found in:

FARM Programme 1998. Farmer Field School on Integrated Soil Management.
Facilitator’ s Manua. FAO-RAP Bangkok.
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Exercise 1. CarcHMENT Map Or CommuNiTY MaP

Aim:

To produce a catchment map or community map to locate natural resources, like rivers and
forests, different land uses, like roads, houses, cropping areas, communal areas, etc. and
environmental problems, like land degradation and polluted areas. The map can be used for
planning activities such as transect walks, experiments, land degradation control measures,
changes in land use or improved management of communal grazing or forest areas.

Duration:

2-3 hours

Materials required:

Large sheets of paper and markers. Alternatively, if the map is prepared in the soil using sticks,
stones and seeds etc., large sheets of paper will be required to make copies of the map.

Procedure:

1. Explain the objectives of the activity, and discuss the type of information that should appear on
the map. In case of a catchment map explain the importance of crest lines (which determine
whether rain enters this or a neighbouring catchment) and drainage lines (distinguish between

rivers, permanent and seasonal streams and springs). Locate first the crest lines, drainage
lines and roads to form the skeleton of the map, then details of the land use, housing and

problem areas.

2. Divide the group into 2 or 3 subgroups

3. Make a list of the information to be presented, and help the group start by locating the main
reference points (crestlines, roads and drainage lines) on a large sheet of paper, or in the soil.
Then leave the group to elaborate the map.

4. Atthe end of the session, the group presents the map to the whole assembly for comments
and suggestions.

5. Discuss the usefulness of the map in terms of the Aim of the activity.
Expected output:

The participants would be able to produce a catchment or community map, identifying problems
and opportunities in their environment.

Questions to facilitate discussion:

Why do problems occur in certain areas?
What, according to you, is the cause of these problems?
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Example of a catchment map

Example of acommunity map from Andrha Pradesh (Source: Mascarenhas 1991)

Fik LD ViLage

“ha = Hiews E'E‘i::::._ 8 - Hovims Woany
g - Tarme

Kew: Bt = bAMg - % AR B ATRY e ey




44

Annex 1: Examples of discovery-based exercisesand trials

Exercise 2: TRansecT WALK
Aim:

To obtain information on the relationships between landscape, forms of land use, farming systems,
soil, water and crop problems. The activity serves to stimulate an initial discussion of the
community’s problems, possible solutions and potential opportunities.

Duration:

The transect should be completed in 3-4 hours within a morning, then allow an hour to finalize the
transect diagram using a large sheet of paper.

Materials required:
Large sheets of paper, markers, pieces of plywood as supports for the paper.
Procedure:

1. Explain that before considering possible changes to farming practices, it is important to
assess the current practices and problems, and the solutions that have already been tested.

2. Give the objective of the transect walk, the route on which was decided earlier and explain how
to register the information.

3. During the walk, stop frequently at interesting places, and where there are differences in land
use or soil type. Observe and record the position on the slope, or the distance from the main
river at each stop, and consult with participants and others living nearby on the following: soil
type, land use, livestock, water supply, management practices, problems and potential
opportunities. The facilitator should ask questions to clarify or to obtain additional information
on aspects which are overlooked.

4. Atthe end of the transect walk divide the participants into seven groups of 3-4 per group, and
ask each group to discuss one of the 7 aspects, and to write on the blackboard a brief
summary of the most important information recorded at each stop.

5. Initiate a general discussion on the information presented on the transect diagram, finalize
the diagram and retain it in the FFS for future use.

Expected output:

The participants would be able to produce a transect diagram for their local area depicting the
relationships between landscape, forms of land use, farming systems, soil, water and crop
problems.

Questions to facilitate discussion:

Are there differences in the type and properties of the soil which can be related to location?

How does the relationship between soil type and location affect the choice of land use and soil
management practice?
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Example of a transect diagram and village plan from the Highlands of Eritrea
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Exercise 3: SoiL FuncTions IN RELATION To LANDSCAPE AND SoiL TyrPE

Aim:

To understand the relationships between landscape (topographical position, slope gradient), soil
type (as indicated by colour, texture, hardness, pores, stoniness) and soil functions (the supply of

water, nutrients, oxygen, site stability and biological activity) from a study of three contrasting soil
profiles.

Duration:

4 hours

Materials required:

Spades or hoes, pick-axes, machetes or knives, tape measure, water in a water bottle, soil profile
description forms, clip board, sheets of paper, markers

Procedure:

1. Dig soil pits to 1 metre depth, and preferably 1 mlong and 0.7m wide. Where crops are present,
one side of the soil pit should be orientated parallel and adjacent to the crop row to enable the
crop’sroots to be observed in the pit face. Place each soil horizon in separate heaps to facilitate
refilling the pit. (This should be done beforehand)

2. Distinguish more than one topsoil or subsoil horizon if the differences are so marked that crop
growth is likely to be affected. Delineate with a knife the different coloured horizons in the profile,
the depth of penetration of the crop’s roots, and the maximum depth available for rooting.

3. Introduce the concept of soil texture, and explain that texture refers to the proportions of sand
and clay in a soil. As clay content increases, the texture changes from “very light” to “light” to
“medium” to “heavy,” and the soil becomes more difficult to till.

4. Show farmers how to assess soil texture in the field following the guidelines in Box 1. A simple
classification of soil texture is summarized in Table 4.

5. Pass samples of the two horizons to each farmer in turn to see the colour and feel the moisture,
texture, hardness or softness, presence of pores and cracks (porosity) and stoniness.

6. Ask the farmers to describe these characteristics for each soil horizon in turn, using simple
terminology or their own terminology. Request one farmer to record the descriptions for the two
horizons.

7. Discuss the soil function “water supply”, unless the climate is so humid that water availability is
not limiting to crop growth. Encourage farmers to think about and discuss the availability of
water in soils on the basis of their own experience, and how this is related to soil depth, texture,
organic matter, stoniness and root development. Same for nutrient supply and oxygen.

Questions to generate discussion:

What are the basic demands (needs) made by crops on the soil?

What is the significance of the dark colour of the topsoil, and the depth of the topsoil to moisture
supply in soils?

How does this relate to soil fertility and the supply of nutrients?

Is the soil very light, light, medium or heavy textured?

How does the clay content of a soil affect its moisture supply?

Do sandy, clayey, organic matter-rich or stony soils retain most moisture?

Do the roots extend deeply? If not, why not?

What is the advantage to crops of having deep roots?

How do plant roots penetrate the soil?

What types of horizons will stop roots from penetrating deeply?

How does soil depth affect the ability of the soil to retain rainwater?

What is the significance of biological activity?

What is the significance of soil erosion to nutrient supply in soils and fertility maintenance?
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Exercise 4: Soi. NUTRIENT SuppLY AND DEMAND

Aim:

To appreciate from an exercise in which N, P and K are depleted from a soil by successive
harvests of maize, that the capacity of soils to supply different nutrients is limited and varies with
the nutrient.

Materials required:

A bucket, 8 oranges, 5 limes and 15 palm kernels or similar numbers of other objects. Sheets of
paper and markers.

Procedure:

1.

Explain that a bucket is to be used to represent a soil, and different objects will be used to
represent different nutrients. In this exercise oranges will be used to represent 10 kg N, limes
torepresent 10 kg P, and palm kernels to represent 10 kg K. Any other objects such as stones,
coloured beads, different types of nuts or fruit may also be used.

Place 8 oranges, 5 limes and 30 palm kernels in the bucket, and ask the participants how
much N, P and K the soil contains?

Explain that the grain harvested in 2.5 t maize/ha contains approximately 40 kg N, 10 kg P, and
20 kg K. Ask the participants to remove from the bucket 40 kg N (= 4 oranges), 10 kg P (= 1
lime), and 20 kg K (= 2 palm kernels) to represent the major nutrients removed in the first
year’s harvest of 2.5 t maize/ha.

Repeat the process by removing the same quantity of N, P, and K to represent the major
nutrients removed in the second year’s harvest of 2.5 t maize/ha.

Continue the procedure noting for how many years the soil would be able to supply the N, P
and K removed in the grain harvests if no nutrients were added to the soil.

Stress that this exercise is merely to illustrate the principle, and that different soils will be able
to supply the major nutrients for longer or shorter periods. If desired, two buckets could be
used, one representing a sandy soil containing 40 kg N/ha, 30 kg P/ha and 100 kg K/ha, and
the other bucket representing a clayey soil containing 120 kg N/ha, 60 kg P/ha and 360 kg K/
ha. By carrying out the same procedure for the two sails, it would be apparent that the sandy
soil would be more rapidly exhausted of nutrients than the clayey soil.

Questions to facilitate discussion

What would be the effect of not returning the maize stover to the soil?
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Annex 1: Examples of discovery-based exercisesand trials

Exercise 5: NUTRIENT FLows AND THE FARMING SYSTEM

Aim:

To identify and portray the nutrient flows in the dominant farming system in the community.

Duration:

2-3 hours

Materials required:

Paper and markers, or if the diagram is prepared on the ground use sticks to draw or depict

flow lines, stones, seeds, crop residues, dried manure etc materials that represent the

products moving between different components of the farming system.

Procedure:

1. Select the farming system to be modelled in the flow diagram.

2. Start with the dominant cropping system and gradually build up the diagram by adding any
other component cropping systems, the homestead plot, the livestock kraal/shelter, pasture/
grazing area(s), forests.

3. Identify the products which contain plant nutrients that move between the component elements
of the household system (food crops consumed by the household, manure, crop residues,
kitchen waste etc) and draw lines between them showing this movement.

4. Identify the products which contain plant nutrients that either leave the farm (eg. products sent
for market) or are brought on to the farm (eg. purchased fertiliser, organic materials collected
from off farm sources).

5. Discuss the movement of nutrients into, out of, and within the farming system, as each
component of the system is introduced and arrows are inserted in the diagram to show the

direction in which the nutrients flow.

6. Atthe end of the session the final flow diagram should be reviewed by the whole assembly for
additional comments and suggestions.

7. Discuss the usefulness of the flow diagram in terms of the Aim of the activity.

Points to facilitate discussion

Discuss how to optimize the availability of nutrients to crops and livestock by reducing the outward
nutrient flows, increasing the beneficial transfers of nutrients within the farming system, and by

increasing the incoming nutrient flows. Consider only those actions, which the farmers consider
to be economically and socially acceptable.
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Example of nutrient flows in a mixed farming system (Source: van Veldhuisen et al. 1997)
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Annex 1: Examples of discovery-based exercisesand trials

Exercise 6: NUTRIENT CycLING, BioLocicaL AcTiviTy AND LAND USE (CAN BE COMBINED WITH THE EXERCISE ON SOIL
FUNCTIONS)

Aim:

To appreciate how land use and soil management affect nutrient recycling, biological activity and
soil characteristics.

Duration:
3-4 hours.
Materials required:

Hoes, spades, pickaxes, machete or trowel, sheets of plastic or paper, ruler, three 5 litre buckets,
water source, watch, paper and markers.

Procedure:
1.

2.

Questions to facilitate discussion

Why is there more litter at the forest site compared to the cropped site?

Why is there more faunal activity and a darker topsoil colour under forest than under annual
crops?

What happens to leaves once they fall on the forest floor?

Why are there more (large) pores in the forest soil than in the cropped soil?

Why are large pores important?

What is their effect on soil erosion, loss of rainwater, loss of nutrients and fertilizers?

What happens to nutrients absorbed by roots?

What happens to nutrients in dead leaves lying on the soil surface?

What kind of practices would favour nutrient cycling?

What would happen to nutrients carried away as fodder?

What is the advantage of cultivating annual crops between dispersed trees or in alley cropping
systems?

Select two sites, where root growth can be observed.

For both the sites estimate the depth to which the crop and tree roots have penetrated the soil.
Examine for both sites the accumulated litter, biological activity and porosity of the topsoil.
Collect samples from both sites for comparison. Observe colour, number of insects, presence

of earthworms, and other fauna.

Observe the number of large pores in both sites. lllustrate their function to drain the water from
the topsoil to deeper layers, using the exercise in Box 3 of the Reference material.
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Exercise 7: ReLD IDENTIFICATION OF SoiL AND NUTRIENT PROBLEMS
Aim:

To recognize soil and nutrient problems in the field through observations of soil, site and crop
conditions.

Duration:
3-4 hours.

Materials:

Pick axes, hoes or spades, machete or trowel, water bottle.

Procedure:

1. Select 2 sites under the dominant land use of the area which are typical of the local topographical
and soil conditions, and which show the commonly occurring soil and nutrient problems

2. Once suitable sites have been found, dig soil pits to 1 metre depth, 0.7 m in width, and 1 m long
parallel and adjacent to the crop row to enable the crop’s roots to be readily observed.

3. The farmer is invited to explain the cropping system, soil management practices applied and the
yield expected. Ask him/her to discuss the different crops in his/her field, tillage, irrigation, crop
management, fertilizers, etc.

4. Explain how to recognise those field indicators which can be observed on the day, explain the
problems which they signify, how to assess the severity of the problems (using terms “very
severe,” “severe,” “moderate,” and “slight”), and the causes of the problems.

5. Ask the participants to identify any crop nutrient deficiency symptom which is apparent at the site.

6. If evidence of a nutrient toxicity exists at the site, request the participants to identify the toxicity
using the foliar symptom descriptions provided, and to deduce possible causes.

7. Regardless of whether there are signs of wilting indicating crop moisture stress at the time of
observing the crop, ask the land-owner if wilting occurred previously, and for how long the
stress continued.

8. Assess the severity of the erosion problem at the time of observing the site in a qualitative
manner according to the number and size of rills, soil pedestals, exposed roots, gullies or
exposed subsoil, and deduce the causes of the erosion (e.g. lack of surface residues, too much
cultivation, slow development of crop cover, excessively steep and/or long slopes, overgrazing,
runoff from higher-lying steep lands, downhill footpaths or cattle tracks). Distinguish gully erosion
as a separate problem because of the site stability and access problems it creates.

9. If dense layers are present the facilitator should invite the participants to force a spade vertically
into the soil to experience the sudden increase in resistance at the upper boundary of the dense
layer.

10.The participants should also be asked to assess which, if any, roots penetrate the dense layer
and what happens to any roots that reach it but are unable to penetrate, do they stop, thicken,
bend back up, or grow sideways and what would be the effect on the plants growth.

11.If numerous stones are present in the soil profile ask the farmers whether the stones occupy, for
example, a half, quarter, an eighth, or less of the total volume of soil, are the stones a limiting
factor?

12.Initiate a discussion on the main differences in soil and nutrient problems at each location.
Questions to facilitate discussion.

Are the problems observed related to soil management or other crop management activities?
Are these really constraints or not?

What would be the likely effect on crop yields?

Are the problems related and if so has one been the cause of another?
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Annex 1: Examples of discovery-based exercisesand trials

Exercise 8: IbenTiFicatioN oF THE CAUSES AND EFFecTs oF Soil AND NUTRIENT PROBLEMS
Aim:

To determine from observations, deductions and focussed discussions the causes and effects of
the soil and nutrient problems identified for the dominant land use system.

Duration:

1 Y2 hours.

Materials required:

A large board, cards and markers, pins or adhesive tape.
Procedure:

1. Give a simple example using prepared cards of how to produce an inverted “problem-cause
tree” (see Annex 4).

2. Make a list of the problems on a sheet of paper. Symbols may be used to represent each
problem for illiterate participants.

3. Divide the participants into groups according to the main land use systems in the community
and request each group to carry out the same exercise for their land use system. Groups may
also be formed on the basis of those who farm hilly lands and flat lands.

4. Each group should identify the main problem(s), then discuss and identify the causes and
effects, the causes of the causes, and so on for each of the problems in turn until an inverted
problem-cause tree has been produced

5. Write the main soil and nutrient problems, which have been identified on a card, and fix the card
to the board using a pin or adhesive tape.

6. Beneath this card attach other cards adjacent to each other giving the causes of the main
problem and link the problem and the causes with arrows.

7. Atthe end of the exercise representatives of each group present their problem-cause trees, and
a general discussion is opened to confirm or modify each group’s problem-cause tree.

8. Alternatively the participants could be shown how to prepare a simple causal diagram in which
the main problem is placed on the left of the diagram and the various causal linkages are shown
flowing from right to left (see Annex 4).

Questions to facilitate discussion

All questions starting with “Why” and “Because of what”........
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Exercise 9: IDENTIFICATION AND SELECTION OF PossiBLE SoLuTIoNs To THE SoiL AND NUTRIENT PROBLEMS
Aim:

To identify and select possible solutions to the soil and nutrient problems which were identified for
the main land use systems.

Duration:
1 hour.
Materials required:

Copies of the problem-cause trees/causal diagrams already produced, a large board, cards,
markers, pins or adhesive.

Procedure:

1. Give the possible solutions for the causes of the problem, which was used to explain the problem-
cause tree/causal diagram.

2. Divide the participants into groups according to the main land use systems.

3. Request each group to identify possible solutions to the problems and causes given in their
“problem-cause tree/causal diagram.” The possible solutions should be based on their own
experience and knowledge, their observations of practices seen during the field visit, and the
adapted check list of possible solutions.

4. To identify possible solutions to a cause, each member of the group writes down what he/she
considers to be the possible solutions to the cause, using a separate card for each possible
solution.

5. The group jointly revises the “possible solutions,” eliminating those that are duplicates or invalid,
to arrive at agreed possible solutions. This process is then repeated for the next cause in the
problem-cause tree/causal diagram, and so on.

6. At the end of the exercise group representatives present to the whole assembly the possible
solutions to each of the causes in their problem-cause trees/causal diagrams for discussion
and refinement.

7. Requestthe farmers to decide which of the possible solutions, which they identified, they would
be willing to test on their own farms, and what inputs or assistance they would require.

Questions to facilitate discussion

What possible solutions for the problems listed have been mentioned in previous sessions?
What other solutions might there be?

Are these solutions realistic in the present farmers’ situation and what is needed to implement
them?
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Exercise 10: Maximize Soi. Cover To Repuce Erosion
Aim:

To demonstrate the beneficial influence of soil cover on enhancing rainwater infiltration and
reducing runoff and erosion of nutrient-rich soil.

Duration:
1-% hours
Materials required:

Two wooden boxes, sufficient air-dry well structured soil to fill two boxes to 8 cm depth, a watering
can of 5 litres capacity with a coarse sprinkler head, chopped crop residues to cover 1 box
completely.

Procedure:

1. Construct three open wooden boxes 30 cm wide, 40 cm long and 10 cm high with one end 2
cm lower than the other to provide a sill over which the runoff can flow. If it is not possible to
make wooden boxes, two mounds of soil can be used with one of the slopes of each mound
adjusted to about 25% and newspapers placed beneath the lower end of the mounds to
absorb the runoff and collect the eroded soil. If a watering can is not available, a bunch of grass
can be dipped into water and the water flicked onto the soil to simulate rainfall.

2. Remove stones and roots from the soil, and fill the boxes to 8 cm depth so that the soil at the
lower end is level with the sill.

3. Place a layer of chopped crop residue of about 0.5 cm depth over the soil in one box.

4. Prop the boxes at an angle of about 25%, with the lower sill of the boxes in the downhill
direction and place a bowl beneath each sill.

5. Holding the watering can about 2 metres above the first box, simulate a heavy rainstorm by
sprinkling one complete can of water onto the box as uniformly as possible.

6. Note the amount and the colour of any runoff that accumulates in the bowl.

7. As soon as the runoff has ceased, excavate the soil at the downhill end of the box, and note
the depth to which the water has penetrated.

Questions to facilitate discussion:

What changes have occurred to the soil surface and the surface pores?

In what other ways may surface pores be destroyed?

In which soil did more water infiltrate? And why?

What are the advantages to crops of a cover of residues on the soil surface?

What is the nature of the runoff from the bare soil?

What is being lost?

What evidence is there of soil erosion?

How does erosion affect the fertility of the soil?

What types of land use and cropping system (annuals, perennials, pastures, tree crops,
fallows) would result in least runoff and least erosion?
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Exercise 11: Maximize Soi. Cover To Rebuce Soi. MoisTure Losses

Aim:

To appreciate the importance of crop residues and mulches in decreasing soil water losses by
evaporation.

Duration:

1 hour on the first day, 30 minutes 2 days later, and then 1 hour a week later.

Materials required:

Stakes for marking out the two plots, buckets or a watering can for applying 30 litres of water,
convenient source of water, mulch or crop residues to cover 1 m2.

Procedure:

1.

7.

Itis important that no rainfall occurs within 10 days of commencing the experiment, and so itis
preferable to carry out this experiment during the dry season.

Select and mark out with stakes two plots of 1 m 2within 5 metres of each other in a field with no
crops where there is a convenient source of water nearby. To demonstrate the effect of tillage
on increasing soil moisture losses by evaporation, a third plot may be included which is tilled
after thoroughly wetting the soil and then left bare.

Remove any weeds, stones or residues from the two plots and gently apply 30 litres of water to
each plot, preferably with a watering can so as not to degrade the surface structure.

Request participants to note the similarity of the topsoil moisture content in both plots.

Cover one of the plots with crop residues or mulching material so that the surface is completely
covered, and leave the other plot uncovered.

Return two days later and note the difference in topsoil moisture between the two plots. Take
care to minimise soil disturbance and to replace the surface residues after checking the soil
moisture.

Return one week later, and compare the difference in soil moisture between the two plots.

Questions to facilitate discussion:

For which local soils and crops will these practices be most appropriate and feasible?

55
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Exercise 12: Maximize SoiL Cover To INCREASE BioLogicAL AcTiviTy

Aim:

To demonstrate that surface residues or mulches can increase soil biological activity.

Duration:

1 hour

Materials required:

Spade or hoe, sheets of plastic or paper

Procedure:

1. Towards the end of the rains when the soils are still moist, ask the farmers to examine the soil
under the crop residues or mulch, and to look for evidence of wide pores, i.e. biopores, that have
been created by soil organisms.

2. Excavate an area of 30 cm x 30 cm to a depth of 30 cm using a spade or hoe. Place each layer of
5-10 cm onto a sheet of plastic or paper, sort through the residues or soil, and record the
numbers of different soil organisms present, e.g. earthworms, ants, termites, millipedes,
centipedes.

3. Repeat steps 1 and 2 for an adjacent control area that received no crop residues or mulch.

Questions to generate discussion:

What organisms can be seen?

How might their activities affect the soil (aeration, organic matter incorporation, nutrient

provision)?
What would the soil be like if they weren't there?
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Exercise 13: CaLcuLatioN oF THE BENEFITS oF OrcANIC MATERIAL, FARM AND ExTERNAL AGRICULTURAL WASTES
Aim:

To present the procedure for calculating the value of nutrients in organic material.

Duration:

1 hour

Materials required:

Fertilizer prices, nutrient composition data for plant materials, farm and agricultural wastes (see
Appendix 6 Annex 2), calculator, paper and markers.

Procedure:
1. Calculate the value of the nitrogen in the locally available materials in terms of the cost of urea

fertilizer that would supply an equivalent quantity of nitrogen (use units to which the farmers are
accustomed).

Example:

| bag (50 kg) of urea fertilizer costs $10

Urea fertilizer contains 46% nitrogen (so 100 kg urea contains 46 kg of nitrogen)
1 bag of urea contains 0.46 x 50 kg = 23 kg of nitrogen

So 23 kg of nitrogen costs $10

1 kg N costs $0.43

6 tonnes of cattle manure contains the equivalent of 36 kg of nitrogen (see appendix 6
annex 2)

Compared to the nitrogen in urea (1 kg N costs $0.43)

36 kg of nitrogen cost 36 x $0.43 = $15.5

So 6 tonnes of cattle manure has a value of $15.5

or equivalent to 78 kg or 1.5 bags of urea

2. Similar calculations can be made for phosphorus and potassium.

3. Present to the participants the nutrient contents of some of the plant materials, farm and
external agricultural wastes. Compare these nutrient contents with the nutrient requirements of
a maize crop yielding 2 t/ha of grain

Questions to generate discussion:
Which organic materials in the area could be beneficially applied to soils?

What happens if you burn the residues?
What will be the cost to replace it?
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Annex 1: Examples of discovery-based exercisesand trials

Exercise 14: Maximize ApbiTions oF OrRGANIC MATERIAL
Aim:

To discuss practical ways of increasing the supply of organic material and the advantages to the
farming system.

Duration:

2 hours

Materials required:

Sheets of papers and markers

Procedure:

1. Divide the participants into groups of not more than 3-5 persons.

2. Requesteach group to consider the different ways in which greater quantities of organic materials
may be obtained for use in the farm, and particularly, how to reduce the use of crop residues
and organic manures for fuel and fodder, so that crop residues remain in the field, and manures
are applied to the sail.

3. Ifthe local practice is to burn crop residues as part of land preparation ask the participants to
consider what nutrients might be lost by this practice?

4. Give the groups up to 1 hour to discuss the topic, and request each group to nominate one
member to present the group’s findings to the rest of the participants for discussion.

5. Allow 1 hour for the general discussion on practices which are feasible and practical for
increasing the supply and production of organic materials for the main cropping/farming system

Questions to facilitate discussion:

What organic materials are available on-farm?

Are these currently used as fuel, fodder or for other purposes that would prevent their use as an
organic fertilizer?

Are there alternative sources of fuel or fodder that could be used in place of crop residues?

Are there organic materials available on-farm that are not currently used but could be used as
source or nutrients and soil organic matter?

Are there organic materials that could be obtained from off-farm sources (grasses, forest litter
etc)?
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Exercise 15: OeservaTioN oF LEGUMINOUS PLANTS AND THEIR NODULES

Aim:

To learn how to detect if legumes are converting atmospheric nitrogen into plant nitrogen.
Duration:

1 hour.

Materials required:

Samples of local legumes (preferably in flower) with their roots and nodules intact, small sharp
knife.

Procedure:

1. Demonstrate the presence of root nodules on samples of a range of local legumes collected
at or close to flowering if possible.

2. Emphasize the need to exercise care in collecting legume root samples so that the nodules do
not fall off whilst extracting the roots from the soil. Itis advisable to dig around the base of the
plant with a hoe or spade, and then carefully lift out the roots and soil. Carefully separate the
soil from the roots by hand, and if necessary, by immersing the roots and soil in a bucket of
water, or wash the soil off the roots with a stream of water directed from a plastic water bottle or
hose.

3. Demonstrate how to cut open a nodule with a knife or fingernail to detect whether or not the
nodules are actively fixing nitrogen.

Questions to facilitate discussion:

Which crop and tree legume species could be introduced into existing farming systems to
improve the supply of nitrogen?

Which types of cropping systems (e.g. green manures, cover crops, strip crops, intercrops) will
promote nitrogen fixation?
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Exercise 16: BenericiAL EFFecTs oF LEGUMES oN A SucceepING Grain Crop
Aim:

To demonstrate the better performance of grain crops planted after legumes in a nitrogen-deficient
soil.

Duration:

1 hour

Materials required:

keys and colour plates, if available, of nitrogen deficiency foliar symptoms.

Procedure:

1. Select a nitrogen-deficient soil sown to a grain crop, where the previous season one part was
sown to a legume (the treated area), and another part to a non-legume or left under fallow (the
control area). Apart from this difference, both areas must have been managed identically.

2. Visit the site when the grain crop has reached flowering or a more advanced growth stage.

3. Request the participants to observe any difference in colour of the foliage between the treated
and control areas.

4. Encourage participants to look for evidence of nitrogen deficiency in the control area using the
foliar deficiency symptoms given in annex 6.

5. Initiate a discussion on the advantages, disadvantages and feasibility of sowing legumes prior
to grain crops in the existing cropping systems.

Questions to facilitate discussion:

Which crops show nitrogen deficiency foliar symptoms?

Have they observed any changes in leaf colour when the crop follows a legume crop?

How does this colour change compare to that seen when a nitrogen fertilizer has been applied to
the same crop?
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Exercise 17: CaLcuLAtioN oF NecessaRY NUTRIENT SuppLy wiTH MINERAL FERTILIZERS

Aim:

To understand how to calculate the amounts of nutrients to be applied to a cropping system from
mineral fertilisers to make up the deficit in nutrient supply from organic manures and N-fixing
sources.

Duration:

1-% hours

Materials required:

Data on nutrient requirements for cropping systems and soil types, and the nutrient contents of
organic materials used in the area, paper, markers and calculator.

Procedure:
1. Explain how to calculate the additional mineral fertilizer required by a cropping system of
inoculated beans, to which 2 t cattle manure/ha are applied, followed by rice to which 4 t cattle

manure/ha are applied.

2. The recommended nutrient requirements for beans are 20 kg N/ha + 13 kg P/ha + 0 kg K/ha,
and for rice 120 kg N/ha + 13 kg P/ha + 50 kg K/ha.

3. Insert the recommended nutrient requirements for beans and rice in a table.
4. Calculate the nutrients in 2 t cattle manure/ha applied to beans, and in 4 t cattle manure/ha
applied to rice using the nutrient compaosition given in appendix 6 annex 2, and insert them in

the table.

5. Include a residual N contribution of 20 kg/ha from the beans to the following rice crop due to
nitrogen fixation by the inoculated beans.

Example

Beans Rice

Nutrient recommendations
Nutrients applied in manure
Nitrogen fixed by beans

Nutrients* to be applied by fertilizer
* Nutrients in fertilizer material are usually expressed in terms of N, P,O; and K,O.

6. Calculate the nutrient deficits for each crop by subtracting the quantities of nutrients supplied in
the cattle manure plus the residual N contribution from the beans, from the recommended
nutrient requirements. These are the quantities of nutrients to be applied as mineral fertilizers.

Questions to facilitate discussion:

What types of materials available in the area would be most suitable as external sources of
nutrients for the farm?
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Exercise 18: Use LAND As PER ITS SUITABILITY
Aim:

To discuss how differences in soil properties, slope and landscape position will determine the
suitability of a plot of land for particular land uses and crops.

Duration:

2 hours

Materials required:

Sheets of papers and markers

Procedure:

1. Divide the participants into groups of not more than 3-5 persons.

2. Requesteach group to draw on their local knowledge to consider why some crops grow better
in some fields than others. Ask them to identify what those crops require to grow well and how

might these requirements vary between different fields.

3. Give the groups up to 1 hour to discuss the topic, and request each group to nominate one
member to present the group’s findings to the rest of the participants for discussion.

4. Allow 1 hour for the general discussion on the optimum soil requirements for particular crops
and how to match the most appropriate form of land use to slope and soil type.

Questions to facilitate discussion:

Why do different crops grow best in different soil types?

Which crops grow well in a wide range of different soil types, and which have much more
specific requirements?

What affect does slope have on choice of land use?

What other factors should be taken into account in planning land use?
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Exercise 19: OvercomiNG LimiTiING FACTORs
Aim:
To appreciate that yields are determined by the most limiting production factor.

Duration:

1- 2 hours

Materials required:

Diagrams of the broken barrels, paper and markers.
Procedure:

1. Ask the farmers to list the ten most important factors that limit the yield of a crop or cropping
system.

2. Request the participants to rank the 10 factors.

3. Enter these limiting factors into the broken barrel, one factor for each plank of the barrel as
shown in the following figure. Assign the most limiting factor to the shortest plank, the next most
limiting factor to the second shortest plank, and so on.

4. Discuss the influence of the ten factors on crop yield.

5. Discuss on the basis of the limiting factors ranked in order of priority, the sequence of activities
that should be carried out to improve yields for the dominant cropping system.

Questions to facilitate discussion:

Which factors are likely to limit crop yields?

Which factor is likely to be the most limiting?

If this factor was to be overcome (eg. irrigation to overcome a water shortage) what other factors
would still need to be overcome and in what order?

What would be the effect on yield of overcoming one limiting factor (eg. applying fertilizer to

overcome nutrient deficiencies) if the most limiting factor (eg. inadequate soil moisture) had not
been overcome?

Diagram of a broken barrel to be

used by the FFS participants when

discussing the principle of limiting e
factors. Each factor to be assigned
to one of arrows linked to a barrel i L S e v
plank. The most limiting factor being P || Wl
assigned to the shortest plank, the o | ! 0o
next most limiting to the next | - | I'.'. |
shortest plank and so on in | | | Bl |
ascending order of their degree of =1 | | |
limitation. | |
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Exercise 20: Conbuct FReLb OperaTioNs PARALLEL To THE CONTOUR
Aim:

To appreciate the necessity of conducting all field operations in sloping land parallel to the
contour.

Duration:

1-% hours

Materials required:

Sticks or stones, watering cans, hoes, machetes, source of water nearby.
Procedure:

1. Select a field with a gentle slope of about 10-15%, which has been recently cultivated prior to

. Observe the orientation, size and storage capacity of the ridges and depressions in plots A and

. Apply water from a watering can to each plot from the upper plot boundary, and observe the

seeding, and where crops and crop residues are absent.
Mark out with stakes two plots (A and B) of 3 m x 3 m in size, separated by about 3 m.

Remove any surface stones or crop residues from the two plots, and smooth the soil surface
with a plank of wood or broom to remove surface irregularities.

Place sticks or stones along the upper and lower boundaries of plot A to mark the positions of 7
imaginary rows of maize at 50 cm spacing in a downhill direction. Similarly place sticks or
stones along the side boundaries of plot B to mark the ends of 7 rows at 50 cm spacing in a
cross-slope direction.

Request the participants to imagine the 7 rows of maize planted in a downhill direction along the
lines indicated by the sticks in plot A, and that each of 7 participants walks down the plot and
pretends to sow one of the 7 rows with maize. A further 3 or 4 passes will be carried out to
simulate the application of basal fertiliser, ridging up, the application of post emergence herbicide
or weeding. Using implements to simulate the activity more realistically would be preferable.

Request the participants to imagine 7 rows of maize in a cross-slope direction along the lines
indicated by the sticks in plot B, and repeat the same movements.

B, and discuss what effect they would have on runoff.

influence of the depressions and ridges formed by the traffic and field operations on the amount
and velocity of runoff. Also note any differences in the turbidity of the runoff which would indicate
the quantity of soil being eroded.
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Exercise 21: FHeLb GUIDE TO THE SIMPLIFIED ASSESSMENT OF SolL TEXTURE

Materials required:

Water bottle, smooth hard surface such as plywood or metal, ruler.

Procedure:

Add water to a volume of soil of approximately 2.5 cm x 2.5 cm x 2.5 cm until the soil is
sufficiently moist to be very pliable. Crumble and press the soil between fingers and thumb to
break down hard particles and remove stones, grit or roots until a smooth, soft, pliable mass

has been formed.

1. If the soil feels gritty and lacks cohesion (i.e. does not hold together),
the soil texture is ........ccoceveveveveeeenne. very light

2. Form the soil into a round ball, and then press the thumb into the ball of moist soil to form a
mould in the shape of a cup:

If no round ball can be formed, or the “cup” crumbles,
the soil texture is........ccoevveiieeeiieeninens very light

If a round ball can be formed, and the “cup” retains its shape, proceed to 3.

3. Roll the ball of moistened soil between the palms of the hands and then on a hard smooth
surface to form a ribbon as thick as a pencil and about 20-23 cm long:

If no ribbon or only a short ribbon can be formed,
the Soil texXture is .......ccceveeieeeiiecnieenen, light

If a long ribbon can be formed, proceed to 4.
4. Form the ribbon into a circle:

If a circle is formed with cracks,
the Soil teXture is .......ccevveeeviveeeivenens medium
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Annex 1: Examples of discovery-based exercisesand trials

Exercise 22: Comrarison oF THE CaraciTy oF CLAy, SAND AND OrcaNic MarTER TO ReTAIN WATER

Previous preparation:

Collect together quantities of at least 0.5 kg (or 1 Ib.) of the following and leave in the sun to dry
for at least 2 days:

i) clayey subsoil which is poor in organic matter, i.e. has no dark colour,
ii) a pure source of sand, perhaps from a river bed,
iii) well decomposed organic manure or compost,

Duration: 1-2 hours.

Materials required:

Scales or spring balance accurate to within at least 50 g, 4 clean dry cloth or jute bags with a
capacity of 1-3 kg, water barrel or water tank full of water.

Procedure:
1. Weigh 0.5 kg of each material and place in separate, but similar, cloth or jute bags,
2. Immerse the 4 bags simultaneously into a tank or barrel of water and leave for 10 minutes,

3. Remove the 4 bags from the water, stand on a clean dry surface, and wait until the excess water
has drained out of the bags,

4. Weigh each of the 4 bags and record their weights,

5. Calculate the difference between the initial and final weights of each material which is equal to
the amount of water absorbed.

6. Compare the weights of water retained by the four materials, and discuss the significance of
the results to the suitability of sandy, clayey, stony and organic-matter-rich soils to crop growth,
with emphasis on areas where dry periods are common.
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Exercise 23: CommRisoN oF WATER INFILTRATION Rates UNDER FoResT AnND ANNUAL CroPS

Aim:

To demonstrate the difference in water infiltration rate between a mature forest soil and a soil
that has been under annual crops for many years.

Materials required:

Hoes or spades, three 5 litre buckets, water source, watch, paper and markers, machete or
trowel.

Procedure:

1.

At each site prepare a circular earth bund, 30 cm in diameter, of 15 cm height and 15 cm basal
area without disturbing the soil surface. Subsoil is better than topsoil to make the bunds, and
should be thoroughly moistened so it can be well compacted. Pay particular attention to the join
between the earth bund and the soil surface, and use a mud seal to reduce leaks under the
bund. If infiltration rings, oil cans or metal pipes are available, use these as they can be inserted
10 cm into the soil and the likelihood of lateral leakage will be less.

Carefully pour 5 litres of water into the bunded area and record the time. Add the water from the
other two buckets as the water infiltrates until 15 litres have been applied.

Record the time when the last of the 15 litres has infiltrated into the soil. Infiltration is likely to be
very rapid in the forest soil.

Remove the residues and litter from the soil surface and carefully examine the surface for signs
of biopores (created by earthworms or other insects). Excavate the surface soil and observe the
porosity of the topsoil.

Initiate a discussion on the reasons for the difference in the time for the water to infiltrate into the
forest and annual cropping sites, and the impact this will have on soil erosion, loss of rainwater,
nutrients and fertilizers by runoff and deep drainage.

67
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Annex 1: Examples of discovery-based exercisesand trials

TriAL 1: ZERO TILLAGE AND CROP RESIDUES TO REDUCE EROSION, AND INCREASE SOIL MOISTURE, BIOLOGICAL ACTIVITY
AND CROP YIELDS IN SLOPING LANDS

Materials required: Machinery, equipment and supplies for land preparation, seeding,
weeding, harvesting and the application of fertiliser, manure, herbicides and pesticides.
Stakes, crop residues, spring balance, notebook.

Procedure:

1. Select afield of maize ready for harvest on gently sloping land, where the soil is typical of the
area and is susceptible to nutrient losses by erosion and moisture losses by runoff and
evaporation, is of low biological activity and low productivity.

2. Mark out with stakes two plots not less than 20 metres wide, which are, orientated parallel to
the direction of maximum slope down the whole length of the field.

3. Harvest the maize following normal farmer practice. If this involves removing all crop residues,
follow this practice for the control plot but leave all residues on the treated plot.

4. Prepare the land in the control plot according to normal farmer practice. Leave the treated plot
undisturbed with a good residue cover and apply a burn-down pre-sowing herbicide to control
weeds.

5. Sow the whole field with beans.

6. Control weeds following normal farmer practice for the treated plot, and apply herbicides to the
treated plot. All subsequent management practices, such as fertilization, manuring, and
pesticide applications, should be the same for both the treated and control plots.

7. At periodic intervals of 2-4 weeks during the growing season, and especially at periods of
drought, compare the treated and control areas using the following soil and crop indicators:

® crop appearance (foliage colour and plant wilting),

® evidence of soil erosion and runoff (rills, soil pedestals capped by stones, exposed roots),
* biological activity (presence of soil organisms, earthworm casts)

¢ soil moisture (by feel and soil colour).

8. Harvest the treated and control plots separately, and record the yields.

9. Evaluate the possible solution by comparing the indicators of erosion, soil moisture, biological
activity, crop yields and profit (gross margin) for the treated and control plots.
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TRIAL 2: LEGUME COVER CROP TO INCREASE SOIL NITROGEN AND INCREASE YIELDS

Itis assumed there are two cropping seasons per year, the legume is sown in the first cropping
season, eliminated as a cover crop at the pod-filling stage, and the grain crop is sown at the
beginning of the second season.

Materials required:

Machinery, implements, and inputs required for land preparation, sowing, fertilisation, manuring,
weeding, and control of pests and diseases for the grain and legume crops, machete or contact
herbicide, stakes, spring balance or scales.

Procedure:

1. Select a field which is typical of the soils, cropping and management history of the area, and
which is known to suffer from nitrogen deficiency.

2. Prepare the land according to normal farmer practice, and mark out adjacent treated and control
plots of 200 m? (10 m x 20 m) in a representative part of the field.

3. Sowthe legume in the treated plot only at the recommended spacing, and sow the control plot to
the same first season (non-leguminous) crop as the rest of the field.

4. If the soil is phosphorus-deficient, incorporate P fertilizer at the recommended rate to the whole
field at the time of sowing so that N-fixation is not inhibited. Apply the usual fertilisation, manuring,
weed, pest and disease control practices.

5. Whenthe legume reaches the beginning of the pod-filling stage, observe the degree of nodulation,
then eliminate it by cutting with a machete, mowing, rolling and cutting (using a rollofaca) or by
applying a contact herbicide.

6. Harvest the crop in the control plot and the rest of the field following normal farmer practice.

7. Prepare the land for the subsequent grain crop in the control plot and the rest of the field
following normal farmer practice. Leave the residues on the surface of the treated plot.

8. Sow the entire field including the two plots with a grain crop that responds well to nitrogen. A no-
till seeder will probably be needed to sow the treated plot.

9. Apply the normal fertilization, manuring, pest and disease control practices to the whole field.
Weed control in the treated plot will be by herbicide applications whereas either herbicides or
mechanical control may be used in the control plot and the rest of the field.

10. During the growth of the grain crop, visit the site every 2-4 weeks, and monitor the following
indicators for the treated and control plots:

* crop appearance (foliage colour, nitrogen deficiency symptoms),
® crop growth (height, vigour),

11. Harvest and record the yields of the grain crop from the treated and control plots.

12.Evaluate the legume cover crop treatment in terms of crop yield, profit (gross margin), and
nitrogen supply. Discuss advantages and disadvantages of the practice and for what types of soil
and crops the practice will be feasible.

Note: It is assumed that low levels of nitrogen fertiliser are applied; if optimum nitrogen rates are
applied, the fertilizer applied to the treated plot may be reduced by about 40 kg N/ha depending on
how much nitrogen the legume is expected to fix and release to the next crop.

Note: Darker green foliage in the treated plot should be taken as evidence of greater nitrogen
availability. Encourage participants to identify nitrogen deficiency symptoms in the control plot using
the key to foliar nutrient deficiency symptoms given in Annex 6.
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TRIAL 3: COMPOST COMBINED WITH MINERAL FERTILIZER TO OVERCOME NUTRIENT DEFICIENCIES AND INCREASE YIELDS

Materials required: Machinery, implements, and inputs for land preparation, sowing, fertilization,
manuring, weeding, and control of pests and diseases, compost for 200 m?, stakes, spring
balance or scales, paper and markers, blackboard and chalk.

The procedure presented here assumes that fertilizer recommendations exist for the cropping
system, and so the treatments to be tested are:

* the recommended nitrogen application rate as inorganic fertilizer (Plot A),

* the recommended nitrogen application rate, part supplied by inorganic fertilizer and part by
compost (Plot B),

* no fertilizer or compost (the control - Plot C).

The phosphorus and potassium fertilizers are applied at the recommended rates as a basal
application.

Procedure:

1. Select a field which is typical of the soils, cropping and management history of the area, and
which is used for horticultural crops. Decide which crop is to be sown for the test.

2. Prepare the land following normal farmer practice, and mark out with stakes three plots of 100-
200 m? each, referred to as plots A, B and C, ensuring that all plots are representative of the
dominant soil type, cropping and management history of the field.

3. Apply fertilizers and compost at the recommended rates and according to the treatments given
above. Follow normal farmer practice in terms of the timing of application, i.e. how much of the
inorganic nitrogen fertilizer is applied as a basal dressing, and how much as top or side
dressings, and the method of applying the basal dressing, e.g. by broadcasting and incorporating
or by placing in bands to the side of crop rows.

4. Sow the field, including the three plots, to the agreed crop.

5. Apply normal weed, pest and disease control practices.

6. Duringthe growth of the crop, visit the site every 2-4 weeks, and monitor the following indicators
for each plot:

* the appearance of the crop (colour of the foliage, foliar deficiency symptoms, crop height,
vigour, number and size of the fruits),

7. Harvest the plots separately, and record the yields.

8. Evaluate the two fertilizer/compost treatments by comparing the yields, evidence of nitrogen
deficiency, and profits (gross margins) with those of the control.
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TRiAL 4: DEEP CULTIVATION TO ENCOURAGE DEEPER ROOTING, GREATER SOIL WATER AVAILABILITY AND HIGHER YIELDS

Materials required: Spades or hoes, pickaxe, subsoiler or paraplough, machinery, equipment
and inputs for land preparation, seeding, weeding, harvesting and the application of fertiliser,
manure, herbicides and pesticides, stakes, spring balance, paper and markers.

Procedure:

1. Select a field where problems of restricted water availability due to dense subsoil layers
impeding root penetration are known to occur. The soil should be representative of the soils of
the area in terms of morphology, cropping and management history.

2. Confirm the presence of these dense root-restricting subsoil layers by digging a soil pit in the
field. Examine the soil profiles and determine the depth to the upper and lower boundaries of
the dense root-restricting layer.

3. Decide which crop is to be sown; it should be a crop that is sensitive to moisture stress and
which responds well to deep tillage.

4. Selectand mark out with stakes two similar plots - treated and control plots, of not less than 50
m x 20 m each, which are representative of the whole field in terms of soil characteristics,
cropping and management history.

5. Prior to normal land preparation when the soil is dry to slightly moist, use a subsoiler or
“paraplough” to loosen the subsoil in the treated plot only. The depth of penetration should be
approximately 10 cm deeper than the lower limit of the dense root-restricting layer, and the
spacing of the subsoiler shanks should equal the depth of subsoiling for narrow-spaced
crops, or correspond to, and coincide with, the row spacing for widely spaced crops.

6. Prepare the land for the whole field using normal farmer practice, and avoid excessive tractor
passes as this may cause compaction and offset the benefits of the subsoiling; greater benefits
are likely to be obtained with minimum tillage for land preparation.

7. Sow the whole field with the agreed crop, and apply the same fertilisation, manuring, weed
control, pest and disease management practices to both treated and control plots.

8. Visit the site at 2-4 week intervals during the period of crop growth and monitor the following
soil and crop indicators:
* the appearance of the crop (degree of wilting during dry periods, height, vigour),
® depth of rooting * (determine at flowering and during pronounced dry periods),

® soil moisture within and below the rooting zone (determine at flowering and during
pronounced dry periods),

9. Harvest the two areas separately, and record the yields.

10. Evaluate the deep tillage treatment by comparing the depth of rooting, soil moisture contents
during dry periods, yield and profit (gross margin) with that of the control plot.

* To observe the depth of rooting, dig a small 50 cm-deep pit of 1 metre length, parallel and close to
the crop rows in both the treated and control plots. Compare the depths of rooting and soil moisture
contents above and below the root-restricting layer in the plots.
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Annex 1: Examples of discovery-based exercisesand trials

TriAL 5: LIMING ACID SOILS TO REDUCE ALUMINIUM TOXICITY, INCREASE P AVAILABILITY, PROMOTE DEEPER ROOTING,
INCREASE SOIL W ATER AVAILABILITY AND YIELDS

Materials required: Pick axe, spades or hoes, lime, machinery, equipment and inputs for land
preparation, sowing, weeding, harvesting and the application of lime, fertilizer, manure, herbicides
and pesticides. Stakes, spring balance, notebook.

Procedure:

1. Select a field where the soil type, cropping and management history are representative of the

. Agree on the crop to be sown, which should be sensitive to aluminium toxicity.

. Apply lime at the recommended rate and incorporate to the recommended depth in the treated

. Visit the site at 2-4 week intervals and monitor the following crop indicators:

. When there are differences in crop water stress between the treated and control plots, dig two

Note: Because of the long time often needed for lime to fully react with the soil, it is advisable to
continue the monitoring and evaluation for at least the next two years.

area, and where aluminium toxicity is known to restrict root development and depress yields.
Detailed soil chemical analyses and recommendations on how to overcome the aluminium
toxicity should be available.

Select and mark with stakes two plots of 100-200 m? which are typical of the whole field.

plot. The other plot will receive no lime and will serve as the control.

Prepare the land following normal farmer practice, and sow the whole field including the treated
and control plots. Apply the same fertilization, weed, pest and disease management practices
to both plots.

* the degree of wilting - especially during dry periods,
® crop height and vigour,

small pits 60 cm deep and 100 cm long, parallel and close to the crop rows, within the treated
and control plots. Examine the following crop and soil indicators:

® depth of rooting,
* health of the roots,
® soil moisture within and below the rooting zone.

Harvest the two plots separately, and record their yields.

Evaluate the plot treated with lime by comparing the rooting characteristics, yield and profit
(gross margin) with those of the control plot.
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TRIAL 6: INTERMITTENT CONTOUR GRASS STRIPS TO SLOW DOWN RUNOFF AND DECREASE SOIL LOSSES

Materials required: Machinery, equipment and inputs for herbicide application, sowing, weeding,
harvesting and the application of fertiliser, manure, herbicides and pesticides. Stakes, A-frame or
other device for contouring, grass seed or slips, spring balance.

Procedure:

1. Select a field where the slope gradient and length, soil type, cropping and management history
are typical of the area, and where problems of runoff and erosion are known to occur.

2. Prior to the commencement of the rainy season, select and mark out with stakes two plots of at
least 20 m width, which run downslope parallel to the direction of maximum slope from the top
to the bottom of the field.

3. Mark out contour lines in the treated plot with stakes using an A-frame, hose or plank level. Space
the grass strips at the recommended intervals according to the slope of the field. In the absence
of local spacing recommendations, use 20 metre intervals.

4. At each contour line plant three rows of grass slips parallel to the contour line following local
recommendations, or in the absence of local recommendations at 25 cm spacing between
rows and 5-10 cm spacing within the rows. The grass may be planted at the beginning of the
rainy season, or after harvesting the associated crop if sufficient moisture remains to permit the
establishment of grass. Alternatively grass seed can be sown fairly densely in three rows parallel
to the contour line at 25 cm spacing between the rows.

5. Weed the grass strips at about 21-30 days after planting or sowing, and then again when, and
if, necessary. This would usually be done at the same time that the crop is weeded.

6. Sow the annual crop in both treated and control plots, and apply the same management practices
of fertilisation, manuring, weed, disease and pest control to the whole field.

7. Afterthe grass strips have become reasonably well established (which may take the first cropping
season), observe the plots at about 2-4 weekly intervals during the next rainy season, and
especially after heavy rainstorms.

8. Monitor the following indicators:
® rills (furrows),
® soil pedestals,
* deposition of soil sediments, especially on the upslope side of the grass strips,
® cropyield.

9. Harvest the crop from the two plots separately each season and record the yields.

10. Evaluate the effect of the grass strips by comparing the evidence for soil losses (assessed in
descriptive terms) and crop yield between the treated and control plots over each season.
Include the advantages, disadvantages and feasibility of establishing grass strips to control soil
losses in annual crops, and the slopes, soil types and cropping systems for which this practice
would be most suited.

Note: It may be necessary to continue monitoring for two seasons after the establishment of the
grass barriers before convincing data are obtained.
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TRIAL 7: RAISED BEDS TO REDUCE W ATERLOGGING, INCREASE OXYGEN SUPPLY TO ROOTS, AND INCREASE YIELDS

Materials required: Machinery, implements and supplies for land preparation, construction of
raised beds, sowing, harvesting, manuring, fertilization, weed, pest and disease control, stakes,
spring balance, notebook.

Procedure:

1. Selectafield with a poorly drained soil which is representative of the poorly drained soils of the
area in terms of soil type, severity of waterlogging, cropping and management history, and
where raised beds are, or could be, constructed.

2. Prepare the land in the conventional manner, and decide which crop is most suitable.

3. Mark out three plots, A, B and C, of at least 3.0 m x 2 m in size. Precise dimensions of the plots
will depend on the dimensions of the raised beds, which in turn will depend on the crop, crop
spacing and soil type.

4. Construct raised beds of the same width separated by graded furrows in each of the three
plots, but with the height of the beds above the soil surface at 60 cm in plot A, 40 cm in plot B,
and 20 cm in plot C.

5. Sow the three plots at the same time, and apply the same fertilisation, manuring, weed, pest
and disease control practices to all the plots.

6. Observe the performance of the crop, the degree of waterlogging, and the crop’s root development
by digging a soil pit parallel to the middle row of the middle raised bed in each of the three plots.
Monitor the following indicators at 2-4 weekly intervals:

* depth to the water table from the top of the raised bed,
® the zone of maximum rooting,
®* maximum depth of rooting,

® crop vigour.
7. Harvest the three plots separately and record the yields.

8. Evaluate the influence of the height of the raised beds on the depth to the water table, the
development of roots, crop vigour and yield. Include the reasons for the differences, and the
advantages, disadvantages and feasibility of constructing raised beds to decrease the extent
and duration of waterlogging on this soil. Consider alternative methods (i.e. drainage) that
could be used to create a deeper rooting zone free from waterlogging.
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Annex 2

Supporting reference material on integrated
soil and plant nutrient management for farmer

field schools

SoiL FuncTions In ReLaTion To Lanpscape anp Soie Type

A cross section of the soil is called asoil profile and each layer in the profileis called a horizon.
Changes in the colour and genera appearance of a soil can be used to determine different soil
horizons. Many soils have three mayor layers of horizons: topsoil, subsoil and parent material.

Horizon A:  topsoil: dark colours, high organic matter, high biologica activity, abundant roots
Horizon B: subsoil: below plough depth, brown or reddish coloured, more clay, fewer roots,

even deeper in the soil yellowish coloured and less clay.

Horizon C: parent material: unconsolidated, dightly westhered rocky mass from which the soil

developed, no biologica activity, few roots.

Itisnot the aim of the ISNM FFS approach to teach farmers how to describe soil profilesin

aprecise systematic manner using standard terminology, but to record the most prominent festures
of practical significance to plant growth, in a manner that farmers can readily understand and
use. The descriptions will serve as arecord of the differences in soil characteristics between
sites and between horizons. Both for topsoil and subsoil the following topics can be discussed:

rooting depth: is the effective depth at which root growth of crops and trees is strongly
inhibited. If the soil istoo shallow the roots of the plants cannot explore the soil and will not
develop in an optimal way, so the uptake of water and nutrients is limited. Soil depth is
determined by compacted layers, hard rock or a high groundwater table. In case of a high
groundwater table the roots cannot grow deeper because of lack of oxygen in the deeper
layers. To describe rooting depth unitsthat farmers are accustomed to can be used. Farmers
can be asked to think about which crops require deep soils and which can grow well on
shdlow soils.

colour: givesinformation about organic matter, biologica activity and fertility. The drainage
of asoil isasoreflected in its colour, but usualy in the colour of the subsoil (see Tables1 and
2).

soil moisture: varieswith typeof soil, climate and the amount of humusin that soil. The sail
pores are usualy partly filled with water. Soilswhich have larger pores can retain less water
than soil with smaller pores. Terms like “very wet, wet, moist, dry or very dry” can be to
describe soil moisture.

texture: refersto the mixture of sand, clay and silt in the soil. If the mixture contains more
sand the soil is said to be light and if more clay than it becomes heavier. Table 3 (and the
section on the simplified assessment of soil texture in Annex 1) provide smple guidelinesfor
assessing texture.
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* hardness: of the soil can be observed when digging the soil pit. It not only determines the
workability of the soil, but aso the germination of seeds and the facility of roots penetrating
the soil.

* poresand cracks: are either the result of the presence of earthworms and other soil fauna
or the natural processes in the earth. Farmers should be directed to thinking about the need
for spaces in soils to permit easy root penetration. Pores and cracks are also important to
drain water from the topsoil to deeper layers. On the other hand they can drain also soluble
fertilizers to deeper layers. Discussion should be focussed on horizons with no or very few
pores that occur in the area, e.g. plough pans, gravel horizons, cemented layers (calcrete),
gypsum or weathered rock, stones.

* stones: occupy spacesin the soil which then are no longer available for plant roots. Stones
also do not permit agood exchange of nutrients and water towards the roots and maketillage
more difficult.

* roots: indicateclearly if the soil issuitablefor cropsor not. Termslike*abundant, many, few
and very few” can be used to describe the presence of roots.

TABLE 1
Soil colour in relation to soil function
Dark (dark grey, brown Moderately dark (brown | Light (pale brown,
to black) to vellow brown) vellow)
Organic matter high medium low
Erosion factor low medium high
Aeration high medium low
Available nitrogen high medium low
Fertility high medium low
TABLE 2
Soil colour in relation to drainage condition
Drainage condition Subsoil colour
Water-loaaed soils. noor aeration dull grey (in low rainfall areas)
Well drained soils vellow. red-brown. black (if in forest soils)
Somewhat poorly drained soils mottled grey (if in humid areas)

If the soil at one of the sites shows signs of light grey, bluish-grey or greenish-grey mottles or
colours, farmers should be asked what could be the cause of this. Farmers will probably be
unaware of their significance, so it can be explained that these colours indicate soils which are
saturated with water and therefore lacking in oxygen for prolonged periods of time, usualy from
afew to severa months. The saturation of soil pores may be due to the pores being too small to
allow water to drain away and air to re-enter, or to the soil occurring beneath or closeto awater
table.

Farmers can be asked from where the excess water in the soil originates. Is it from
groundwater that isflowing laterally and dowly into ariver or stream?Isit from large quantities
of water flowing in from surrounding higher-lying areas and accumulating in alower-lying area?
Or isit from rainwater which isretained in the soil by very clayey or cemented horizons which
are lacking pores or channels sufficiently large to allow the water to drain through? Such a
discussion is likely to be most relevant in flat land areas where waterlogged horizons lacking
oxygen in the upper 1 metre depth are affecting crop growth.
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Farmers™ attention can be focussed on the differences between the soil profiles. For sloping
lands, the soil at the lower dope position may be deeper and with a darker coloured top soil, or
may possess a prominent stony horizon that is lacking in the soil at the upper dope position.
Initiate adiscussion asto why such differences occur. The discussion should be directed towards
soil erosion, how topsoil has been lost from the upper site and deposited in alower dope position.
Thismay result in a shallower soil with a paler-coloured topsoil in the upper dope position and a
deeper darker-coloured topsoil in the lower dope position.

TABLE 3
Soil texture determined by field tests*
Field test Very Light Light Medium** Heavy
(sand to (sandy loam (loam to sandy (clay)
loamy sand) fo loam) clay)
Lacks cohesion X
Eeels gritty X X
Moulds into a cup X X X
Eorms no, or only a short, ribbon X
Forms a long ribbon X X
Ribbon forms circle with cracks X
Ribbon forms circle with no cracks X
Eeels sticky X
Feels very sticky X

* Conventional texture classes are given in parentheses; ** Loam may sometimes be classed as light
textured and sometimes as medium textured depending on the clay content.

SoiL NuTtrients, NUTRIENT FLows AND FARMING SysTEMS

Thisis one of the few topics covered in a FFSthat is likely to be based largely on teaching and
discussion, because of the difficulty of perceiving nutrients and demonstrating their existence.
The degree of detail in these FFS sessions should be appropriate to the farmers” knowledge of
nutrients and their educationd level. The emphasis should be on those nutrientsthat are deficient
or present in unbalanced quantities, and any toxic substances, such as auminium, sodium or
sdlts, that occur in the soils of the area. The following presentation outline is suggested:

What are nutrients?

Like humans, plants need different types of food, or nutrients. There are 13 plant nutrientsin the
soil which are essential for plant growth. Of these, three nutrients, nitrogen (N), phosphorus (P)
and potassium (K) are required in greater quantities and so are referred to as major nutrients. If
any one of these nutrientsisinsufficient, plant growth is severely affected, athough sometimes
nutrients are required in very small quantities. Since the mgjor nutrients are required in the
largest amounts, it is often these nutrients (N, P and K) which are first to become deficient.

Note: Mention should be made by name of those secondary nutrients and micronutrients which
are locally deficient, and their importance to good crop growth emphasized.

How do nutrients occur in the soil?

Soils are formed by the very dow weathering of rocks into small particles, some of which are
the size of sand grains and others, so very small they cannot be seen with the naked eye,
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referred to as clay particles. The remains of plants and animals a so become incorporated, and
arereatively rapidly broken down to form soil organic matter which gives soilstheir dark colour.
Both rocks, plant and animal remains contain nutrients, and when soil is formed many of these
nutrients are retained by the clay and organic matter particles. Soil organic matter is particularly
important for the supply of nitrogen to plants.

Nutrient availability in acid and alkaline soils

In high rainfal areas many nutrients (especially Caand Mg) are washed out of the soil and the
soils are said to be “acid”. Very sandy soils are particularly prone to leaching. The continuous
cropping of soilsfor many years without returning nutrientsin the form of manures or fertilizers
causes large quantities of soil nutrientsto be “lost” in the harvests, thus enhancing acidification.
Acid soils can aso develop where certain types of nitrogen fertilizers (ammonium fertilizers)
are applied at high rates over prolonged periods. Where there has been intense leaching of
bases, like Caand Mg, high levels of aluminium may accumulate which istoxic to plants, and the
soils are said to be “strongly acid.” Aluminium effectively blocks the ability of plants to absorb
phosphorus and so plants suffer from P deficiency.

In low rainfall areas where there is greater loss of water through evaporation, instead of
nutrients being washed out of the soil, certain nutrients (e.g. sodium) often accumulate as sats
in the soil from rising ground waters or from irrigation water. The salts can often be recognized
as white deposits at the surface or within the soil profile. Such soils are said to be “saline/
akaline’, which may cause phosphorus and most of the micronutrientsto be changed into forms
that are unavailable to plants, causing crops to suffer from a deficiency of these nutrients. In
akaline soils the micronutrient boron may be present in relatively large amounts resulting in
toxicity problems.

What quantities of nutrientsare removed in crop harvests?

Cropsrequire nutrients to produce leaves, grain and roots, that nutrients accumulate in the grain,
and that every crop harvest leaving the field signifies aloss of soil nutrients. When continuous
harvesting results in the rapid depletion of a soil nutrient, it will be necessary to apply this
nutrient to avoid adeficiency. However, for those nutrients which the soil can continueto supply
at arate which satisfies crop demand, no nutrient additions will be necessary. In most soilsit is
likely that one or more of the soils' nutrientswill need to be replenished to avoid deficienciesand
to satisfy crop requirements.

The table presented in Appendix 1 gives an overview of the quantities of nutrients removed by
the different crops grown. In relation to the nutrients removed in crop harvests the following
observations can be made:

* thelargest quantities of nutrients removed are of N, K and P, followed by Caand Mg,

* the quantities of nutrients removed in crop harvests vary with the type of crop and crop
variety, and increase with increasing yield,

* very large quantities of nutrients are removed by cassava, sugarcane, bananas and grasses,

* large quantities of nitrogen are removed in grain crops, sugarcane and grasses,

* largequantitiesof potassium are removed in fruits, root crops, tobacco, sugarcane and grasses,

Note: Many farmerswill be unaware of the meaning of the symbols used for nutrients (such as
given on fertilizer bags) henceiit islikely that it will be necessary to explain that: N = nitrogen,
P = phosphorus, K = potassum, Ca = calcium, Mg = magnesium, etc.
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FIGURE 1
The well analogy to illustrate the contrasting capacities of two soil types to supply nutrients
without any nutrient replenishments

A — — B
- well A well B
good water supply 1 poor water supply
water level drops slowly water level falls quickly
well dries up slowly iritial level well dries up quickly

equivalent to a clayey soil equivalent to a sandy soil

good nutrient supply poor nutrient supply

nutrient levels decrease slowly nutrient levels decrease quickly

level after

12 weeks . o
nutrient deficiencies occur

quickly

nutrient deficiencies slow to
oceur

Different capacities of soilsto supply plant nutrients

The capacity of soilsto continue supplying nutrients removed in harvests varies. For some soils
itispossible to continue cropping for longer periods without applying nutrientsthan it isfor other
soils. The andogy shown in figure 1 can be used to compare the rate at which water levelsfall
when water is withdrawn from two wells and the capacity of two soils to retain nutrients for
plant growth. The level of water in well (A) only falls very dowly as water isremoved, and so
water can be withdrawn from thiswell for along time beforethewell driesup - thisisequivalent
to a soil that can continue supplying nutrients for severa years without yields diminishing. In
contrast, the water level in well (B) dropsrapidly as water iswithdrawn, and after a short time
the well dries up - thisis equivalent to a soil that can only supply sufficient nutrients for 1 or 2
years before yields become unacceptably low.

The participants should be invited to discuss, from their own experiences, which soil types
can be cropped for several years without applying nutrients (e.g. clayey soils with high organic
matter), and which soil types cannot be cropped for more than one or two years without applying
fertilizers or manures (e.g. sandy soils with low organic matter).

Nutrient flows and the farming system

All biologica and mineral materials contain nutrients, and so those materials brought into the
farm and applied to crops (e.g. fertilizers) or fed to livestock or fish (e.g. anima feeds and
concentrates) signify aflow (or movement) of nutrientsinto the farming system. When livestock
graze outside the farm and defecate mainly within the farm, thisa so signifiesaflow of nutrients
into the farm.
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The sdlling of farm produce (e.g. cattle, grain, eggs, vegetables), transporting waste materias
outsidethefarm (e.g. crop residues, rice husks, manures), and natural processes such asleaching
and erosion signify losses of nutrients out of the farm.

The transfer of vegetative materials from one production system to another within the farm
(e.g. applying animal manures and compost made of farm and household wastes to vegetabl es,
or grazing animals on pastures in the farm and applying the manure to arable land) signify a
transfer of nutrients within the farming system.

Although nutrient cycling within afield returns nutrients to the topsoil, the recycled nutrients
will till be deficient in the same nutrients as the soil. The only exception iswith leguminous crop
residues which enrich the soil in nitrogen. In poor soils there are few nutrients to be recycled,
and s0 extra nutrients will have to be introduced from outside the farm - either as organic
materials or minera fertilizers.

When biomass is brought from outside the field or the farm, there is atransfer of nutrients
from where the biomass originated to the field where the biomass has been applied. Smilarly,
when cattle graze on uncultivated land there is atransfer of nutrients from the grazing lands to
the arable fields, through the application of manures to the arable land.

If the nutrient content of materials is known, the change in nutrient sock of the farming
system can be monitored. There will be no change in the system when the same amount of
nutrients that is brought into the system is also taken out. Degradation will occur when more
nutrients are brought outside the farm then were previously imported.

Nutrient flow maps can be used to facilitate understanding of nutrient flows. When drawing
a nutrient flow map this should be gradually built up, starting with the crop (e.g. maize plants),
then the house, kraal, grass, vegetables, manure and so on. The movements of nutrientsinto, out
of, and within the farming system as each component is introduced should be discussed, and the
corresponding arrows inserted. A nutrient flow map presents a smplified overview of the farm
as only the visible flows are demonstrated, thus resulting in a partial nutrient balance.

NuTrIieENT CycLiNG, BioLoacicaL AcTiviTy anp Lanp Use

Soil processes are important for maintaining normal nutrient cycling in all ecosystems. Soil
decomposers (bacteria, fungi and possibly certain arthropods) perform one of the major nutrient
cycling processes, nutrient retention, in the soil. In order for nutrients to become available once
again to plants and animals, they must be mineraized by the interaction of decomposers and
their predators (protozoa, nematodes, microarthropods and earthworms).

In hedlthy ecosystems, while nutrient cycling and productivity increases, nutrient 10ss is
minimized. Astotal ecosystem productivity increases, biodiversity below ground also increases.
The greater theinteraction of decomposers, their predators and the predators of those predators
responsible for nutrient cycling and the retention of nutrients within the soil, the fewer losses of
nutrients from that system, the more tightly nutrients cycle from retained forms to plants, and
back again. Without the soil organisms, plants would not obtain the nutrients necessary for
growth.

What happensin the soil?

Bacteriabreak down easy to-use organic material, and retain the nutrients, like N, Pand Sin the
soil. About 60% of the carbon in those organic materials are respired as carbon dioxide, but 40%
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of that carbon is retained as bacterial biomass. The waste products bacteria produce become
soil organic matter. Thiswaste material isless decomposable than the origina plant material, but
can be used by alarge number of other organisms.

Fungi break down the more difficult-to-decompose, organic matter, and retain those nutrients
in the soil as funga biomass. Just like bacteria, fungal waste products become soil organic
matter, and these waste materials are used by other organisms

Protozoa are one-celled, highly mobile organisms that feed on bacteria and on each other.
Because protozoarequire 5 to 10-fold less nitrogen than bacteria, N isrel eased when a protozoan
eats abacterium. The released N is then available for plants to take up. (Between 40 and 80%
of the N in plants can come from the predator-prey interaction of protozoa with bacteria)

Beneficial nematodes eat bacteria, fungi and other nematodes. Nematodes need even less
nitrogen than protozoa, between 10 and 100 times less than a bacterium contains, or between 5
and 50 timeslessthan afungal hyphae contains. Thuswhen bacterid- or fungal feeding nematodes
eat bacteria and fungi, nitrogen is released, making the N available for plant growth.

Microarthropods (insects) have several functions. They chew the plant leaf materia, roots,
stems and boles of trees into smaller pieces, making it easier for bacteria and fungi to find the
food they like on the newly revealed surfaces. The arthropods can increase decomposition rates
by 2 to 100 times, although if the bacteriaand fungi arelacking, increased decomposition will not
occur. In many cases however, the arthropods carry around an inoculum of bacteria and fungi,
making certain the food they want is inoculated onto the newly exposed surfaces. Arthropods
then feed on bacteria and fungi, and because the C/N ratio of arthropods is 100 times higher
than the bacteria and fungi, they release nitrogen, which then is available for plant growth.

Larger soil organismslike earthworms and ants mix plant materid into the soil. Earthworms
also feed on microorganisms that decompose soil and have an important effect on the oxygen
diffusion in the root zone, together with drainage of water from it. Their burrowing activity
provides channels for ingress of air and exit of water. As casts contain up to four times more
total nitrogen than the topsoil, N-availability from casts is apparently higher than from soil.
Deposition of casts at the soil surface can generate a new soil layer, high in concentrations of
organic C and nutrients. Dry casts also have a high resistance to mechanical disintegration by
raindrops.

The greater production of foliage under forest compared to annual crops resultsin a higher
population of earthworms, insects and micro-organisms, therefore greater biological activity,
more humus formation, and hence a darker coloured topsoil. The greater leaf cover on the soil
surface under forest creates a moister environment which is more conducive to activity by soil
organisms. Because of greater numbers of worms, termites, ants, millipedes etc. due to greater
litter production and less disturbance under forest there are more large pores present.

In contrast, under annua crops, leaf production ismuch less, the leaves are frequently removed,
the soil istilled severa times each year and the soil is much drier. Consequently, less“food” and
moisture are available for earthworms and other insects, and their habitat is constantly disturbed.

A simple discovery based exercise (See annex 1) can be used to demonstrate the difference
in water infiltration rates between a mature forest soil and a soil that has been under annual
crops for many years. Large pores quickly conduct large amounts of water through the soil
after intense rainstorms, and aso provide easy pathways for root penetration.
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There is scope for a FFS facilitator to initiate a discussion that would enable farmers to
understand the concept of nutrient cycling. He/she should focus the discussion on the accumulation
of nutrients by tree leaves during growth, the desth of the leaves, and their falling to the ground.
Nutrients originated from deep in the soil and were transferred to the surface soil layer from
wherethey can betaken up by plant rootsagain. Thisisreferred to as nutrient cycling. Attention
should be drawn to the different depths from which nutrients can be cycled with and without
trees.

Discussion should be encouraged on the management practices that would favour nutrient
cycling and those that would prevent nutrient cycling. Farmers can be asked to consider what
would be the fate of the nutrients in crop residues if they are cut and carried to livestock for
fodder, grazed by livestock, burned in the field (nitrogen and sulphur are lost), or left on the soil
surface?

The depths of root penetration, leaf litter accumulation, biologica activity, soil humus content,
moisture content, and porosity are good indicatorsto investigate whether a soil is healthy or not.
Particular attention should be paid to soil porosity and the presence of large pores or channels
(referred to as biopores) formed by earthworms, termites and ants. Likewise fungal growths
should be looked for on the surface of buried, decomposing leaves.

FieLp | penTiFicaTion oF SoiL anD NUTRIENT PROBLEMS

This section contains a comprehensive list of field indicators of soil and nutrient problems and
discusses how they can be used in the determination of problems. A summarized list can be

found in gppendix 2.

Crop Indicators

Low or declining yields: This information should be obtained from the landowner. Evidence
for low yields may sometimes be apparent from differences in crop performance between
nearby fields. Better crop growth in localized patches in a field where there has been an
accumulation of manures, ashes, crop residues or eroded sediments may aso be indicative of
overdl low yidds. Nutrient problemsare most likely to be responsible, but the build-up of weeds,
pests and diseases can aso give rise to low or declining yields.

Low germination: Low crop density can be caused by low seed dendity, low germination or low
emergence. A very heavy texture and acloddy seedbed can be responsible for low germination.
Other causes are an exceptionaly wet season, excessively high temperatures, poor land
preparation (heavy textured soil in acloddy condition), untreated seed which suffered from pest
or disease problems, or poor quality seed (farmer’s own or purchased).

Sunted growth: Stunted crop growth can be due to excessively cold spells, pest or disease
problems, low soil fertility, the lack of crop rotation, recent flooding or ahigh groundwater table.
The cause may become more apparent when the site and soil indicators have been examined.
Non-uniform crop growth: If non-uniform growth is evident, this may be due to marked soil
differences over short distances. To identify whether the cause of these differences is soil
based, soil pits should beto 50 cm depth at steswhere crop growth is good and where poor, and
the soils compared. If the crop is deep rooting it may be necessary to dig the soil pits deeper.
Differencesin crop growth between the two sites may be due to differences in soil moisture or
salt concentrations associated with an undulating topography, differences in soil depth due to
parent materia variability, differences in soil texture and nutrient content especidly in dluvia
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soilswhich frequently vary greatly over short distances. However it should be remembered that
sometimes non-uniform growth might be due to variability in the planting materid, for instance
mai ze seed bought from the local food market could contain a mixture of recycled hybrid seed,
composite seed and seed of local varieties which if planted could result in marked variationsin
growth between adjacent plants.

Nutrient deficiency symptoms: During aFFS, only the foliar symptoms of nutrient deficiencies
known to occur in the area should be discussed. The facilitator can assist the discussion and
identification of nutrient deficiencies by providing descriptions and supporting colour plates of
the symptoms (see the descriptions and illustrated examples in annex 6). Acute nutrient
deficiencies can often be identified from the colour of a plant’s leaves, whether the older or
younger leavesarefirst affected, whether theterminal bud isaffected, and by the plant’ sgrowth
pattern. Slight or moderate deficiencies seldom show up asfoliar symptoms. Similar symptoms
can aso be caused by damage from machinery or wind. One deficiency symptom can aso
mask other deficiency symptoms.

Possible causes of nutrient deficiencies may be:

* |ong and/or intensive cropping with insufficient applications of manures or fertilizers,

» unbaanced applications of minerd fertilizers without applying manures,

* large applications of acidifying nitrogen fertilizers (e.g. sulphate of ammonia);

* excessve gpplications of trace element fertilizers causing other trace element deficiencies
(Note: even small quantities of trace element fertilizers can cause deficiencies of other trace
elementsin sandy soils); and

* excessve liming which has raised soil dkalinity sufficiently to cause nutrient deficiencies.

If a nutrient deficiency is suspected, the deficiency should be confirmed by sending a soil
sampleto aSoilsLaboratory for andyss. Alternatively, asmple soil testing field kit can be used.
The procedure for sampling soilsis given in Appendix 4.

Sampling the crop’'s leaves for foliar analysis is very hepful in detecting trace element
deficiencies, but precise details of which leaves and when to sample, will depend on the crop.
Expert advice must always be sought, as only when the recommended sampling instructions are
followed isit possible to interpret foliar analyses correctly.

Nutrient toxicity symptoms: During a FFS, only those nutrient toxicities known to occur in the
area should be discussed. The facilitator can assist the discussion and identification of nutrient
toxicities by providing the participants with descriptions of their foliar symptoms. Information on
nutrient toxicity foliar symptomsisgivenin Appendix 3. Nutrient toxicities are mainly found in
very acid soils, waterlogged soils such asirrigated rice fields, and in soilswith high salt contents.
The symptoms can be recognized by discolouration of the leaves, and whether younger or older
leaves are first affected. In the case of auminium toxicity the most obvious symptom is the
deformation of roots.

Wilting: If the subsoil is light textured, or the profile is very stony or shallow, this could signify
that it can only retain small amounts of water making the soil susceptible to drought. The crop’s
roots should be examined to assess whether rooting depth is restricted, and signs of excessive
soil strength should be looked for within in the subsoil. Rooting and thus water uptake can also
be restricted by very acid or akaline subsoil conditions. However, to identify this requires soil
chemicd anaysis.
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Site Indicators

FIGURE 2
Bare patches: Bare patches often Cyperus sp.as anindicator or poorly drained soils
signify the presence of high salt and alack of oxygen for plant roots

concentrationswhich may be apparent
by the presence of white surface
deposits, and by livestock congregating
and licking the soil surface. Bare
patches may be caused by salt
accumulation due to high evaporation
rates and saline ground waters, or by
irrigation with poor quality water and
inadequate drainage.

Weeds: Weeds can be useful
indicators of soil quality, and may
sometimes indicate specific soil
problems. In general, as soils become
more degraded, i.e. more depleted in
nutrients with lower infiltration
properties and less biologicd activity,
the weed population changes from
many to few species, and from broad-
leaved plants to grasses and other
difficult-to-manage species. Certain
weed species may indicate specific soil
problems, e.g. Imperata cylindrica
often indicates nutrient-poor soils,
Sriga (which is a parasitic weed on
the roots of maize) becomes more
abundant as soil fertility declines, many
ferns (Filicineae) indicate acid soils,
and Juncaceae and Cyperaceae
(Figure 2) indicate inadequate oxygen
supply in soilsthat are waterlogged or
with low infiltration rates.

Surface ponding: Surface ponding is caused by low infiltration rates resulting in saturated soils
and alack of oxygen during wet periods. The causeis usually subsurface compaction caused by
tillage with mouldboard or disc ploughs, traffic from heavy machinery or lorries, or excessve
trampling by livestock in wet conditions.

Flooding: Evidence of flooding, such as debrislodged in crops or vegetation by receding flood
waters, and non-humic sediments deposited on a dark coloured topsoil can rapidly disappear
through cultivation and weeding practices. Causes of flooding can be high runoff due to
deforestation or overgrazing.

Note: Site indicators related to water erosion, wind erosion and mass wasting (landdides) are
covered in detail in annex 3.
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FIGURE 3
A high cover of surface residues on a steep slope of 45% controls erosion on a volcanic soil

FIGURE 4
Visual estimation of percentage cover from the area occupied by the black colour in any one
of the four quarter squares

70%

Sail Morphological Indicators

Lack of surface residues: A good cover of surface residuesisimportant in crop production not
only to protect soils from erosion, crusting and moisture loss by evaporation, but also to promote
rainfal infiltration and biological activity. Thus, if erosion is the main problem, greatest cover
would be required when rainfall is most erosive or most intense. Conversely, if loss of moisture
by evaporation is the main problem, a good residue cover would be needed at the growth stage
when water is mogt critical. To adequately control erosion on shallow dopes less than 10%,
about 40% of the surface must be covered, whereas on slopes of 50%, about 70% cover is
needed (Figure 3). Figure 4 can be used to recognize 40% and 70% surface residue cover from
the proportion occupied by black in any one of the four quarter squares. Lack of cover can be
caused through lack of water, nutrients or biological activity. However improving land cover in
croplands may be difficult if crop residues are routinely removed because they needed for
feeding livestock or for fuel, where there is uncontrolled post harvest grazing of residuesin the
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croplands, if the foliage of the crops grown provides little cover and/or is deliberately removed
during the growing season (e.g. harvesting of tobacco leaves), and/or it is broken down very
quickly due to excessive termite activity or very high rates of natural decomposition (as for
instance occurs in humid tropica environments).

Surface salts: Salts can be recognized from white crusts or powdery deposits that usually
occur as small sporadic patches on the soil surface, but sometimes as more extensive deposits.
In the presence of high concentrations of salts, most plants experience difficulty in absorbing
water, and so may suffer from water stress even though water is present in the soil! In addition
there may be toxic concentrations of € ements such as sodium, boron or chlorine. If feasible, sl
samples should be taken for chemical analysis, so that the precise nature and degree of severity
of the salt problem can be assessed. The cause of the problem can be rising ground waters or
irrigation with inadequate drainage.

Dark coloured slippery surface which cracksin dry weather: Dark coloured dippery surfaces
under moist conditions which crack under dry conditions often indicate soils of high sodium
content. Sodium-rich soils (known as sodic soils) are characterized by poor structures that are
impermeable to water resulting in alack of oxygen to the crop’sroots. High sodium levels can
aso reault in sodium toxicity, and lead to nutrient imbalances causing a deficiency of other
nutrients, such as cacium. As with saine soils, it is advisable to send soil samples to a Soils
Laboratory for precise identification of the nature and severity of the problem. Rising sodium-
rich ground waters or poor quality irrigation water are possible causes of sodic soils.

Surface rusty-coloured mottling and oily films on free water surfaces. If red- or rusty-
coloured mottles are present at the soil surface and oily films occur on the surface of standing
waters, this often indicates in very acid soils an iron toxicity. Soil samples should be taken for
laboratory analysis, to assess the severity of the problem.

Hard surface layer: Recognition of hard surface layersis smplein dry conditions asthey are
hard and cannot normally be broken, or only with difficulty, by the hands. But in moist or wet
conditions recognition is much more difficult. Hard surface layers may be cemented or naturally
hard-setting,! and tillage is frequently difficult or impossible until after the soil has been wetted.
Thiswill delay planting and can lead to reduced yields. High soil strength may hinder seedling
emergence and early growth as the soil dries out. Under wet conditions the poor structure may
cause the surface soil to become saturated with water resulting in alack of oxygen, poor infiltration,
runoff and erosion. The causeisfrequently natural, but may have been accentuated by intensive
cultivation and the loss of soil organic matter.

Gravely or stony surface layer: Thisiseasily recognizable and the main problem isthat tillage
can bedifficult if not impossible, and seedling emergence and early growth may be harmed. The
problem is generally caused by natural soil forming processes.

Surface sealing: This is recognized by the presence of a very thin film-like layer, usudly
clayey, which forms a continuous impermeable layer over the soil surface, and which impedes
rainwater infiltration. Surface seals promote runoff, which may accentuate water stress and
cause erosion leading to the loss of soil nutrients. Surface seals may be caused by lack of cover
or excessive cultivations.

Surface crusting: Surface crusts consist of severa to many thin surface layers, usually made
up of sandy or silty particles, to form a crust with athicknessranging from afew mmto acm or
more (see Figure 5). Surface crusts are formed by the force of raindrops breaking down soil

1 Hard-setting soil s set to ahard, structurel ess mass during drying after being thoroughly wetted.
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FIGURE 5
Surface crusts in a light textured soil impeding rainfall infiltration and seedling emergence

FIGURE 6

Differences in soil colour between atopsoil from a mature forest and from the same soil after
four years cropping

aggregates into particles which clog the surface pores and build up a series of thin layers of
sediments deposited pardld to the surface. Under dry conditions, crustsare hard with considerable
strength and frequently inhibit seedling emergence. Theimpermeable nature of crustsdrasticaly
reduces rainwater infiltration, and so encourages runoff which may result in the loss of water
and topsoil nutrients that could have been used by crops. Its causes may be loss of surface
residues, excessive cultivations, deposition of eroded sediments or unusually intense rainfall.

Cloddy topsoil structure: Large, clayey aggregates are difficult to break down by tillage or
with the hands, even when moist. The difficulty of reducing the aggregate size of coarse cloddy-
structured soils makesiit difficult to form a seedbed and so germination rates are often low. The
cause is generdly the very heavy texture of the soil itsalf.

Low soil organic matter: Low soil organic matter can usually be recognized by the pale colour
of the topsoil, or in extreme cases by reddish or yellowish coloursif subsoils are exposed at the
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surface due to erosion. Soil organic matter contents can fall very rapidly to low levels when a
forest soil is cropped to annua crops (See Figure 6). Note: The dark surface colours of black
cracking clay soils (“vertisols’) are not reliable indicators of high soil organic matter contents.

Low soil organic matter may result in low structural stability leading to surface crusting and
sedling, low biologica activity, and low nutrient availability - especidly of nitrogen. Therefore
low soil organic matter may indicate problems of lack of water, lack of nutrients, and low
biologica activity. Soil organic matter contents less than 2% are generdly indicative of poor soil
hedlth in subhumid to humid regions. Long or intensive annua cropping, little return of crop
residues, no manure applications, excessive cultivations, or no fallow periods can be causes of
low soil organic matter content.

Restricted rooting: Restricted rooting can be easily recognized in acrop at flowering or amore
advanced stage of growth, by the pattern and depth of penetration of the crop’s roots.

Rooting may be physically restricted by very dense layers with very small pores which
restrict root penetration. Dense layers can be formed by mechanized tillage, by anima traction
and in some soils by hand-hoeing. The dense layers are formed immediately below the depth to
which the soil istilled each year, and are referred to as plough pans.

Other dense layers can be natural, such as those found in some heavy textured soils and
those formed by chemicals which cement the soil into hard layers. Cemented layers are hard
and difficult to break with the hands.

Root restriction can also be caused by toxic duminium or manganese in very acid soils, by
severe nutrient deficiencies, and by high salt levels; these causes can only be identified by soil
chemica analysis.

When restricted crop rooting is present, the rooting depth of the soil is limited to the volume
of soil above the dense layer. Plough pans often occur at 12-30 cm depth depending on the
normal depth of tillage (see Figure 7), whereas naturally dense layers can occur at any depth.
When dense layers prevent root penetration, the roots show an abrupt change of direction from
vertical to horizontal or a corkscrewing pattern of growth at the upper boundary of the root-
restricting dense layer. When a dense layer does not prevent, but impedes root penetration,
roots may show asudden kink or alocalized thickening at the depth where soil resistance to root
penetration has abruptly increased. Figure 8 illustrates the rooting patterns and growth habits
that are indicative of root restriction by dense layers.

A regtricted depth of rooting may diminish the supply of moisture and nutrients availableto a
crop, and the effect of diminished water supply will become more severein areaswhere moisture
shortage frequently limits productivity. Root restriction is far more important for annua crops
which have only a short time in which roots can penetrate the soil to absorb nutrients and water,
compared to perennia crops.

Dense layers of high resistance and low porosity: In the absence of a growing crop, the
presence of adenselayer (plough pan, naturally denselayer or cemented layer) is often apparent
from the sudden increase in soil resistance when forcing a spade into a moist soil profile. An
abrupt increase in soil resistance can also be experienced if the topsoil is moist and the subsoil is
dry. By excavating the looser soil above, the compact and often shiny upper surface of the
dense layer can be exposed.

To assess whether a dense layer is likely to restrict crop rooting, the soil’s pores should be
examined and an estimate made of the density of poresthat are sufficiently largeto bevisibleto
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FIGURE 7
Recognition of dense layers which restrict root penetration due to very visible sized and
larger pores

FIGURE 8
Examples of rooting pattern and growth habit which indicate the presence of dense-root

restricting layers
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thenaked eye, i.e. > 0.3 mmin diameter. Asarough field guide, if the horizon contains less than
6 visible pores/100 cn¥ penetration problems for the roots of many crops may be expected. The
nature and severity of the problem, and the probable cause of the denselayer, should be assessed.

Subsoil salts: The presence of sdltsis sometimes apparent by white powdery deposits in the
subsoil. Sats may inhibit root development, so signs of root restriction, associated with salt
deposits, should be looked for. The severity of the root restriction should be assessed and the
probable cause of the salts established (e.g. irrigation with inadequate drainage, risng ground
waters). If there are doubts about whether salts are inhibiting root growth or not, it is advisable
to take a sample of the subsoil for chemical andysis.

Sandy to very sandy subsoil: Subsoils of very light to light texture may be easily determined by
the field test described in annex 1. Soils of these textures will be very prone to drought because
of their low capacity to retain water. They will aso be low in plant nutrients, and susceptible to
nutrient imbalanceswhen inorganic fertilizersare applied. If the main problem isthe low capacity
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of the soil to retain water, the severity of the problem will obvioudy be greater where the
seasond rainfall islow than in high rainfall areas.

Very stony subsoil: If the soil’s volume is occupied by stones plant growth will be influenced
because the soil’s capacity to retain water and nutrients is decreased, and root devel opment
may aso be impeded.

Poor drainage mottling and colours: If the soil suffers from imperfect or poor drainage, light
grey, bluish- or greenish-grey colours may occur as mottles or as the predominant soil colour.
These colours indicate the problem of alack of air (oxygen) in the soil caused by waterlogging
for several months of the year.

Both plant roots and soil microorganisms (bacteria and fungi), need oxygen, and if there is
insufficient oxygen these greyish colours usually develop. In very humic soil horizons, reddish-
orange colours often develop instead of greys.

Poor drainage mottling and colours may be due to:

* the permeability of the soil being so low, as in many heavy textured soils, that the soil is
saturated with water for long periods. This is particularly likely in low-lying areas where
runoff accumulates.

» ahigh ground water saturating the soil. The presence of aground water can be distinguished
from low soil permeability by the increase in greyish colours from the highest limit reached
by the ground water to the lowest limit whereit is permanently present, and where the sail is
dominated by grey colours. Ground waters usualy fluctuate from shallow depths at the
height of the rainsto greater depths at the end of the dry season. The higher the upper limit,
the more severe the problem.

Note: If low permeable soilsand high groundwaters are common, both soil conditions should be
noted.

Some GENERAL PRINCIPLES OF INTEGRATED SoiL AND NUTRIENT M ANAGEMENT (I SNM)

The principles of ISNM are the principa underlying ideas or “laws’ on how best to manage
soils, nutrients, water, crops and vegetation to improve and sustain soil fertility and productivity.
They are derived from the essential soil functions necessary for plant growth. There are six
principles of ISNM which have genera applicability, and 17 other principles which have amore
specific applicability. Both categories will be discussed in the following part.

Maximize Soil Cover to Reduce Erosion and Enhancelnfiltration and Biological Activity

Sail is like a house with walls and rooms. The sand, clay and organic matter particles of soil
represent the walls, floors and ceilings of a house, and the spaces in a soil represent the rooms
inahouse. Itisin therooms of ahouse where all theimportant activities occur - egting, drinking,
deeping, breathing, etc. Similarly it isin the soil spaces where al the important soil functions
take place. Roots grow into the soil spaces, water enters and moves through the spaces, oxygen
enters the soil through spaces, earthworms and other soil organisms live in the spaces, organic
residues are pulled into the spaces, excess water drains out of the spaces, and moisture for plant
useisretained in narrow spaces.

The pores at the surface of the soil which alow water, air, fertilizers and organic residues
into the soil are smilar to the doors and windows of the house which let people into and out of
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the house. Therefore the surface pores of a soil must not be blocked or destroyed. Hence it is
important to ensure that the poresin a soil remain open and are not destroyed.

Theimportance of soil cover in maintaining open spaces at the soil surface can be demonstrated
by smulating rainfal with the aid of awatering can, and applying the ‘simulated rainfal’ to two
inclined boxes of soil, one of which isbare and the other covered by crop residues (see Exercise
10, Annex 1 for details). Pronounced crusting or sealing and clogging of surface pores may
occur in the bare soil due to the water drops destroying the surface structure, but with very little
changeto the soil surface protected by crop residues. Not only crop residues, but also cropsand
stones, can provide protection to the soil. More water will infiltrate because residues or crops
protect the pores from disintegration by raindrops, so crops will suffer less from drought.
Encouraging too much infiltration in some volcanic soils can increase the risks of landdides and
muddlides, but this need only be considered in an ISNM FFS in areas where the problem arises.

If the sealing of surface pore spaces reduces infiltration then there will be more runoff
increasing the risk of soil erosion. In this regard the colour of the runoff is a good indicator of
what isbeing lost during arainstorm. Soil, nutrients, fertilizers, even seeds and pesticides can be
lost by erosion. Erosion selectively removes the darker, more fertile soil. The performance of
crops growing in dark coloured top soils, where there has been little erosion or where eroded
sediments have accumulated, should be compared to crops growing in light coloured subsoils
where the topsoil has been lost. If further evidence of the effects of soil erosion on cropyieldis
required, an experiment can be established comparing crop yield in a plot where the topsoil has
been artificialy removed with that where the topsoil remains intact.

Leaving crop residues, mulches, prunings, weeds and stones on the soil surface, applying
zero tillage, intercropping, relay planting, cover crops and higher plant densitieswill al increase
surface cover and encourage infiltration. In contrast, burning, removing or grazing residues,
excessive cultivation, wide spacing and poor stands encourage runoff. Identify methods of
overcoming erosion and runoff problems that are gpplicable to the local situation.

The box experiment (Exercise 10, Annex 1) may be modified to demongtrate the effects of
soil pulverization (Smulating excessive tillage), different dope gradients, smulated trash lines,
bunds and other conservation measures on soil erosion and runoff.

Evaporation refersto loss of moisture asagasinto the air due to the heat from the sun. Loss
of moisture from a soil by evaporation is similar to a man losing water by swesting in the sun,
and applying amulch or leaving crop residues on the soil surface to reduce evaporationissimilar
to aman wearing a hat to fedl cooler, and not to swesat. Advantages of leaving residues on the
soil are less drought stress and higher yields; disadvantages are labour, availability of residues
and cost of direct-till seed drills for mechanized farmers.

Simple field demonstrations can be used in a ISNM FFS to show the effects of cover on
moisture loss (see Exercise 11 in Annex 1). Likewise field demonstrations can show the effect
of crop residues or mulches on biological activity (see Exercise 12 in Annex 1). This can be
most effectively demonstrated where there is an area where crop residues or mulches have
been applied for two years or more (the treated areq), adjacent to an area on the same soil type
where no crop residues or mulches have been applied (the control area).

The activity of both soil macro- and microorganisms (bacteria, fungi, etc.) is stimulated by
crop residues or mulch, and so helpsto maintain ahedlthy soil. Thisis because soil organisms: (i)
increase porosity which enhancesrainwater infiltration from high intensity sorms; (ii) incorporate
organic resdues into the soil; (iii) accelerate its decomposition and the liberation of nutrients;
and (iv) contribute to the formation of soil organic matter - humus.
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M aximize Additions of Organic Materials and Recycle Farm Wastes

Organic materias contain many plant nutrients (primary, secondary and trace elements) though
in varying and often in small amounts, whereas minera fertilizers usualy containonly 1, 2 or 3
nutrients. Nutrient contents can vary considerably for the same organic materia. For example,
the nutrient composition of cattle manure will vary with the nutritional status of the livestock and
the qudity of the bedding straw. Similarly, the composition of maize stover will vary with soil
fertility and loca climatic conditions, and the higher the quality of the wastes used for compost,
the better the compost.

For maize about 37% of the nitrogen, 33% of the phosphorus, and 54% of the potassum
requirement remain in the stover. This highlights the importance of recycling crop residues.
During a ISNM FFS the facilitator can point out the equivalent nitrogen fertilizer vaues of
various organic materia s and emphasizethe savingsin fertilizer costs by recycling waste products.
The table in appendix 6 shows the nutrient contents of those plant materials, farm and externa
agricultural wastes which are, or could be, available to farmers.

Other benefits of applying organic materialsto soilsare theincreased available water capacity
and the stimulation of soil biological activity. Organic materias may aso enhance the stability of
soil structure so that infiltration rates and soil aeration are improved.

Practica ways of increasing the supply of organic materials and their advantages to the
farming system can be discussed whilevisiting afarm where different types of organic materials
are being produced.

The following can be considered as sources for obtaining organic materias:

* on the farm from non-cultivated areas - forests, pastures, falow and wastelands, rice-field

bunds, terrace banks, farm and field margins and hedgerows. E.g. planting fast-growing
leguminous and non-leguminous trees or shrubs for firewood, posts, fruit, nuts, forage and
mulches, and by sowing grasses, cereals and legumes for silage, hay or mulching;

» onthefarm from cropped aress, e.g. by sowing leguminous cover crops and green manures
as intercrops, strip, relay and sequentia crops within the same field as annua or perennia
crops;

* by introducing new crops or varieties, e.g. which produce greater quantities of foliage, or
which are better adapted to drought, acidity or salinity;

* by improving biomass production in fallow areas in or outside the farm. E.g. by enriching
natural fallows with leguminous trees, shrubs, or cover crops;

* by production of Azolla or blue-green dgaein irrigated rice fields;

» from external sources which are sufficiently cheap to buy and transport for the cost and
effort to be worthwhile. E.g. waste products from oil processing plants, sugarcane factories,
grainmills, coffee processing plants, large scale poultry and pig farms, grassesfrom roadsides,
and litter from forests;

* by compost production from domestic and farm wastes; and

* by improving the collection and storage of animal manures.

Introduction of Legumesinto the Farming System

Nearly 80% of the air consists of nitrogen, yet nitrogen is frequently the most limiting nutrient
for crop growth. Nitrogen fertilizers are expensive and nitrogen in the air is free, but only
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FIGURE 9
Different types of nodules on leguminous roots: (1) soybean; (2) alfalfa; (3) pea; (4) white
clover (Solmer 1978)

leguminous plants can fix and use nitrogen from the air. Leguminous plants are characterized by
pods and their flowers generally have five petals. Examples of localy important legumes (e.g.
beans, pigeon peas, cowpeas, groundnuts, grams, chickpea, and soybean) could be discussed
during an ISNM FFS aong with any indigenous leguminous plants and trees that might occur
naturally in the area.

Certain bacteria (microscopic organisms) found in the nodules on the roots of legumes are
responsible for fixing the nitrogen, and that this is usualy greatest a flowering. Generaly the
more nodules on a plant the greater the amount of nitrogen that is fixed (Figure 9), but not al
nodules are active. If the interna colour of the nodule is rose-coloured, the nodule is actively
fixing nitrogen, wheressiif it is brown the nodule is inactive. By cutting open nodules of various
speciesit is possible to determine if they are active or not.

The fixation of nitrogen by legumes depends on there being sufficient bacteriain the soil of
the particular species, and strain, that can form nodules on that plant species. Only certain
bacteria can form nodules on certain plants. For indigenous plants the appropriate strains of
bacteria are invariably present in the soil, but for introduced crops the corresponding strain of
bacteria is often absent. In such cases inoculation of legume seed with appropriate strains of
Rhizobia bacteria will increase the amounts of nitrogen fixed. Appendix 7 gives details on the
amounts of nitrogen fixed by avariety of legume species. Legumes require adequate phosphorus
for nitrogen fixation to occur, and so soils deficient in phosphorus must befertilized with phosphates.

Leaving legumes on the soil surface as a cover crop and practising zero tillage has the
advantage of protecting soils from erosion, reducing weeds and moisture losses by evaporation,
and moderating soil temperatures. The crop following alegume may benefit from an additional
20-40 kg nitrogen/ha from the legume. A higher expected yield and darker green foliage where
the legume was sown the previous season, isfied evidence of the benefit of legumes on succeeding
grain crops due to nitrogen fixation.

However, for somelegumes, such as soybean, the quantity of nitrogen removed inthe harvested
grain may be greater than the quantity of nitrogen fixed, and so continued harvesting of soybean
may reduce soil nitrogen content.
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To maximize the amount of nitrogen contributed to the soil by legumes, grown as cover crops
and green manures, the plants should be incorporated at the mid-flowering or grain-filling stage.
A minimum of 2-3 weeks should el apse after ploughing in green manures before grain cropsare
sown to alow for the initial legume decomposition to be completed.

The precise manner in which a legume may be best introduced into an existing cropping
system, or the modifications of the cropping system necessary for thisto befeasible, will frequently
require considerable experimentation by farmers and researchers. In areas where two crops
can be grown per year, it is preferable to sow the legume in the treated plot at the beginning of
the firgt cropping season, eiminating it at mid-flowering or grain-filling stage, and then sow the
grain crop in both plots at the beginning of the second cropping season. The control plot may be
left in fallow, or sown to a traditiona non-legume crop during the first cropping season. For
areas where there is only one cropping season, the legume should be sown in the first year and
the grain crop the following year.

The choice of legume will depend on the length of growing period and climatic conditions
(expected rainfal, temperature and probability of frosts). It isimportant that the legume grows
well, produces large quantities of biomass, and fixes substantial quantities of nitrogen if it isto
provide marked benefitsto the following grain crop. I|n some climatic environmentslarge quantities
of biomass can be achieved from fast growing legumesin only 4-6 weeks. Screening trials will
need to be carried out (by researchers) to identify which legumes are most adapted to the soil
and climatic conditions of specific areas.

Whether the legume is left as a cover crop or incorporated as a green manure would be
decided by farmers based on local experience. In general, leaving the legume on the soil surface
as acover crop and practising zero tillage (on specific soils) is preferable to incorporating it as
a green manure, because of the cover crop’s added advantages of protecting the soil from
erosion, reducing weed competition, moderating soil temperatures, and reducing soil moisture
losses by evaporation.

Supplement Nutrients Supplied by Organic Sources with Mineral Fertilizers

The procedure of estimating nutrient deficits by comparing the nutrients removed in crop harvests
with nutrient supplies from organic and N-fixing sources, is often difficult and inaccurate (and
therefore may be inadvisable) because of a lack of reliable farming system specific data on
such factors as the composition of organic manures, the N fixed by legumes and left asresidual
soil N, and the amounts of nutrients fixed by soils or lost by leaching.

Preference should always be given to maximizing the use of organic materials as sources of
nutrients because they supply awide range of nutrients and they give many physical benefitsto
soils. Nevertheless, the quantities of nutrients supplied by organic manures and legumes are
frequently insufficient to satisfy the requirements of a cropping system with reasonable yields.

The whole cropping system must be considered, because some nutrients applied to one crop
become available to subsequent crops by the slow release of nutrients, especialy from organic
manures. Nutrients should be applied to that crop in the cropping system which makes best use
of them. The next crop will benefit from the residual effects.

Inthe Stuation of very infertile soils, the animal manures, crop residues and composts produced
on the farm will all be deficient in the same nutrients as the soils. In such infertile soils even
legumes may not be ableto fix nitrogen because of thelack of phosphorus. This Situation can be
solved through the introduction of nutrients from outside the farm, either organic or minera
fertilizers.
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Cdculating nutrient budgets, and the proportion of the nutrients required that would need to
come from mineral fertilizers, should only be undertaken as an ISNM FFS discovery based
exercise if farmers are reasonably numerate, and if fertilizer recommendations exist for the
local cropping systems and soils based on soil analyses and crop responses (see Exercise 17,
Annex 1).

Allocate Land Use According to the Suitability of Land

When planning the optimum use of farmland, it is important that both the requirements of the
crops, pastures and trees, and the nature of the soils are taken into account. Thus, the type of
land use assigned to a particular field should be appropriate to the dope of theland and the type
of soil present. To achieve agood matching between land use, dope and soil type, it is hecessary
to know wheat are the soil requirements of the cropsto be grown. Appendix 8 providesinformation
on optimum soil requirements for a range of crops.

Different crops grow better in different soils because they have different nutrient, water,
oxygen, temperature and sunlight requirements. Pastures and forestry grow well in a wide
range of soil types, whereas vegetables and coffee only grow well in fertile soilsrich in organic
matter. Some types of land use need to be all ocated close to sources of water - for irrigation or
drinking, or closeto aroad - for ease of transportation or the entry of machinery, or closeto the
house - for security and convenience of day-to-day management.

Sometimesit isimpossibleto satisfy the requirements of crops, and they haveto be established
onfiddswherethe soilsor dopesare not optimum. Inthiscaseit isvery important that appropriate
management and soil conservation practices are implemented to conserve and improve the soils
so that they become less susceptibl e to degradation and more suitable for the proposed land use.
An example of recommended soil conservation and management practices for grain crops,
horticultura crops and fruit trees on different dope gradientsis given in Appendix 10.

ImproveYieldsby Over coming Limiting Factorsin Order of their Decreasing I nfluence
onYied

Yields are determined by the most limiting factor, and only when this factor has been overcome
will yields increase until they become limited by the second most limiting factor, and so on. It is
very difficult to demonstrate the principle of limiting factors by asimple demonstration, however
this concept can be presented by using the analogy of a broken water barrel.

In the broken water barrel analogy the lengths of the barrel’ s planks vary (Figure 10), and
the amount of water that the barrel can retain will depend on the height (length) of the shortest
plank. The amount of water the barrel can retain may be thought of as being equivaent to the
yield of acrop. Just as the amount of water the barrel can retain will be limited by the shortest
plank, so the yield of acrop will be limited by the factor most limiting to yield.

If rainfal isthe most limiting factor, i.e. is equivalent to the shortest plank, then the yield will
be limited by the amount of rainfall that occurs. Oncethereis sufficient water available because
irrigation has been applied for example, i.e. this, the shortest plank of the barrel, has been
replaced by afull-length plank, the yield will then be determined by the next most limiting factor,
i.e. by the next shortest plank, which in figure 12 is fertilizer application rate.

The same concept gpplies to the nutrients present in a soil. Thus, it is the most limiting
nutrient which must first be overcome to improve yields. Once the most limiting nutrient has
been overcome, the second most limiting nutrient will then limit yield until this deficiency has
been overcome, and so on.
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FIGURE 10
Diagram of a broken barrel to be used to illustrate the principle of limiting factors
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Other Principles

There are several other ISNM principles which have less general applicability, but may be just
as important as, and sometimes more important than, the foregoing general ISNM principles, in
certain Stuations. The ISNM principles listed here have been classified according to whether
they relate primarily to the supply of nutrients, water or oxygen, or to the provision of biologica
activity, Ste stability, or lack of toxicities.

The soil specialists and extens onists/facilitators preparing the ISNM FFS curriculaand field
manuals should select only those principles which are relevant to the farming environment,
cropping/farming systems and farmers' socio-economic situations in the areawhere the FFS is
to beimplemented. Thus, the number of sessionsrequired for aparticular FFSwill vary with the
number of principles that are relevant to the participants.

Thefollowing ISNM principles may be presented during the main cropping season, or during
the previous dry season. Thetime required will depend on the number of principles selected, but
most require only about one hour, and so it is unlikely that more than 2-3 sessons would be
required for a particular FFS.
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ISNM Principles Related to the Supply of Nutrients
Split Fertilizer Applications

The benefits of splitting fertilizer applications so that the supply of nutrients to crops coincides
more closaly with the periods of greatest demand for nutrients can be introduced asatalk using
an andogy to facilitate understanding. To illustrate the principle by means of afield demonstration
would require a whole cropping season, and so would be very time consuming. However it
could be done as part of aFFSfertilizer field tria that ismonitored over the course of acropping
season by the FFS participants.

A crop is similar to a newborn child which hasto be fed when it is hungry! Giving food to a
child when it does not want food is a waste, and the food may easily be spilt and lost, whereas
giving food when the child is crying for food meansthefood iswell utilized and well appreciated.
Similarly crops have periods when they need a lot of food (nutrients) and other periods when
they need less. It therefore makes sense to apply fertilizer at those periods when the crop hasa
high demand for nutrients.

The primary nutrient whichismost eesily lost from soilsis nitrogen because it isvery susceptible
to leaching by rainfal, and part of it may change into agas which islost into the air when some
nitrogen fertilizers are gpplied to akaine soils (the loss of nitrogen as a gas is referred to as
volatilization). The need to split fertilizer applications is therefore most important for nitrogen
fertilizers.

The demand for nitrogen by maizeisvery dow initialy, but rapidly increases after about the
third week from sowing to reach a maximum during the period from about 10 days before
tasselling to about 25-35 days after tassalling. Therefore about 1/3 of the nitrogen and all of the
phosphorus and potassium should be given at planting to satisfy the early growth needs. The
remaining 2/3 of the nitrogen should be applied as a sde-dressing when the maize is knee-high
which corresponds to the beginning of the period of greatest nitrogen demand, which will attain
a peak shortly before tasselling.

In highrainfall areastherisksof losing nutrients by leaching will be greater, and especidly on
light textured soils. For maize under these conditions, it is preferable to apply nitrogen more
uniformly throughout the period of greatest nitrogen demand (i.e. from 10 days before tasselling
to 35 days after tasselling) by applying the nitrogen in three applications.- 1/3 at sowing, 1/3 at
knee-high stage, and 1/3 at silking.

For rice, the greatest demand for nitrogen is in the early tillering stage, and then at initial
panicle formation stage. Consequently, nitrogen fertilizer should be split into three equal
gpplications, 1/3 a sowing, 1/3 at 15-20 days after sowing (corresponding to early tillering), and
1/3 a panicle initiation.

The need to apply split fertilizer applications is greater for crops and varieties with long
growing periods, because of the long period during which nutrient losses can occur, and because
of the longer intervals between peak periods of nutrient demand.

Split nitrogen fertilizer gpplications are also more important when high levels of nitrogen are
applied, because this increases the risk of large amounts of nitrogen being lost by leaching,
unlessthetiming and split fertilizer applications supply nitrogen in quantitiesthat coincide closaly
with the crop’s demand for nitrogen.
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Placement of I norganic Phosphate Fertilizersin Acid (Phosphate-fixing) Soils

If phosphate fertilizers are applied to medium to heavy textured soils, which are also very acid,
the phosphorusis often retained so strongly that it becomes unavailable, or isonly available with
difficulty, to the crop. In such asituation it is said that the soils “fix” phosphorus. To overcome
this problem, the phosphorus fertilizer must be placed in the soil near to and below the seed, so
that it will beinthevicinity of, and easily taken up by, the crop’ sroots. Moreover, by concentrating
the P fertilizer, less of the fertilizer phosphorus will be in direct contact with the soil, so lesswill
be fixed and more will be available to the crop. Thisis smilar to giving grain to asmall chicken
surrounded by many larger chickens. If the grain is broadcast evenly throughout the chicken
pen the small chicken will receive very little. On the other hand, if alot of grainis placed close
to the smal chicken, it is much more likely to obtain some of the grain.

When applying abasa dressing of phosphate fertilizer to arow crop in a phosphorus-fixing
soil, it ismuch better to apply the phosphorusfertilizer 5-10 cm to the side of the seed, and about
5 cm below the seed, so that theroots of the crop will be ableto easily intercept the fertilizer. By
concentrating the fertilizer in this way, less phosphorus will be fixed compared to a uniform
application by broadcasting and soil incorporation.

When applying a very dowly available P fertilizer, such as rock phosphate, it is better to
broadcast and incorporate the crushed rock phosphate. With pastures and closely spaced crops
it is not possible to place fertilizer and so must be broadcast.

Placement of phosphate fertilizer resultsin a greater amount of phosphorus being absorbed
by the crop.

Application of Mineral Fertilizers Combined with Organic Manures Or Composts

A gresater crop response is obtained to minera fertilizers when they are applied in combination
with composts or organic manures. This is an important principle, and the practice should be
considered as a possible solution to the problem of low nutrient supplies. The principle can be
presented as atalk, or it could be part of an ISNM FFSfield trial conducted over the course of
a cropping season.

The application of mineral fertilizer, and in particular phosphate fertilizer, combined with an
organic manure or compost produces greater benefits than applying just minera fertilizer, organic
manure or compost on its own. The benefits are usudly attributed to:

* the extranutrient content, especialy of trace elements, present in the organic material;

* higher soil moisture contents due to the organic material which cause the fertilizer nutrients
to become more available;

* amore immediate release of nutrients from the chemical fertilizer combined with a slower
longer-term release of nutrients from the organic material to give a more uniform supply of
available nutrients over the whole growing period;

* anincreased activity of soil organisms due to the organic materia creating a more healthy
soil with improved porosity, nutrient- and water-retaining properties, and hence better crop-
growing conditions.

The compost or manure should be well decomposed and should have been well stored to
avoid nutrient losses. Best results are usually obtained when both the inorganic fertilizer and the
compost/manure contain at least 30% of the total nitrogen to be applied. In some acid soils
optimum response is obtained with the combined application of manures, fertilizer and lime.
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The combined application of organic manure or compost with minerd fertilizer ismost relevant
to horticultural crops, as there are seldom sufficient quantities of organic materials available for
application to grain crops.

This topic can be introduced to an ISNM FFS by holding a discussion on the advantages,
disadvantages and feasibility of applying acombination of organic manure or compost and mineral
fertilizer, and for which cropping systemswould this practice be most appropriate. Consideration
should aso be given to the changes in the farming system or farm household that would be
necessary to permit greater quantities of organic materias to be produced, stored and used.

Maximum Use of Cheap Naturally-occurring Minerals

Various mineral materials contain plant nutrients, however these nutrients are usually released
only very dowly. Rock phosphates are the most common naturally occurring minerals used as
fertilizers. They generally contain 12-16% phosphorus and 35-38% calcium, though they have
no liming effect. They are only usually effective on acid soils (pH lessthan 5.5), and when finely
ground. The addition of sulphur or organic manure smultaneously with the rock phosphate
increases soil acidity helping to dowly dissolve the rock phosphate, and so making it more
reactive. The value of rock phosphates asfertilizers vary with crop type, but the best responses
are generally obtained with perennial crops because of the slow rate of phosphorus release.

Findy-ground limestone, dolomitic limestone, gypsum, sulphur, and silt deposits from lakes,
rivers and ditches, al contain plant nutrients and so may be used as fertilizer materias, but the
rocks should be ground to speed up the rate of nutrient release.

Whether an ISNM FFS should include a demonstration of the vaue of naturally-occurring
mineral materials, such asrock phosphates, limestone and gypsum, as sources of cheap nutrients
would depend on the loca need (known nutrient deficiencies), the availability of suitable localy-
occurring mineral materials (at economically attractive prices), and whentheir value asafertilizer
has been proven for the crops and soils of the area. If a nearby demonstration exists on the
benefits of applying naturaly occurring mineral materids, one or morefied vists could be made
to this so the FFS participants can observe and discuss the costs and benefits of the practice.

Recycle Nutrients Through Deep-rooted Crops

Nutrients absorbed at depth by deep-rooting crops may have been released by weathering of
parent materials, or have been leached to these depths beyond the reach of annual crops. If a
soil sown to annud crops is deficient in a nutrient, the recycling of nutrients by deep-rooted
cropsisunlikely to introduce that nutrient into the topsoil, unlessit occurs at depth within the soil
profile beyond the reach of the annual crops’ roots, and the deep-rooting crops have only recently
been introduced.

It isdifficult to demonstrate that deep-rooted crops absorb nutrients that have been leached
and released by rock weathering from depths beyond the reach of annual crops’ roots, and are
then recycled to the soil surface through the accumulation of |eaves and residues. However, an
understanding of the concept of nutrient recycling by deep-rooted trees and crops can be gained
from exercise 6 of annex 1 on nutrient cycling, biologica activity and land use.

Within an ISNM FFS the discussion should be focussed on changes that could be made to
existing cropping and farming systems to promote nutrient cycling. Consideration should be
givento the benefits, disadvantages and feasibility of introducing deep-rooting cropsin association
with annual crops and pastures, (e.g. dispersed trees, alley cropping with trees or shrubs,
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intercropping or sequentia cropping with deep-rooted cover crops, pigeon pea or cassava; or
rotations with tree or cover crop fallows). Likewise consideration should be given to which
useful tree species (for fruit, firewood, timber or N-fixing) could be introduced.

Modification of Soil Acidity Through Amendments to I ncrease Nutrient Availability and
Reduce Toxicities

The addition of soil amendments that change soil acidity can reduce toxicity problems and
increase nutrient availability. A clear understanding of the precise nature of the problem is
essential, i.e. whether poor crop growth is due to:

» adeficiency of phosphorus or atrace element (iron, manganese, zinc, copper, boron) due to
soil dkalinity (high pH) which reduces nutrient availability;

* adeficiency of phosphate or molybdenum because of high soil acidity (low pH) reducing
nutrient availability;

* A toxicity of duminium or manganese caused by high soil acidity (low pH).

The exact nature of the problem will only be known from soil chemical analyses, and so
access to a soil laboratory is necessary. Foliar analysis of the crop sampled in the correct
manner and at the appropriatetime will aso give val uableinformation on crop nutrient deficiencies.

The type of amendment required for the problems indicated above will be:

* an acidifying material such as sulphur;

* an dkaine materid such aslime or dolomitic limestone;

* aneutra materia such as gypsum with a high calcium content to displace toxic aluminium;

* an dkdine materia such as lime or dolomitic limestone to neutralize excess auminium or
manganese;

* amixtureof gypsum and lime, or large quantities of organic materiasto disable and complex
excess aluminium or manganese.

Advice on the most appropriate amendment that might be used to solve such problems, in a
specific area, should be sought from the nearest soilsresearchinstitute. If thisisimportant to the
areain which an ISNM FFSis conducted, afield trial should be established to demonstrate the
effect of applying an amendment on crop growth and yield.

ISNM Principles Related to the Supply of Water
Loosen Root-restricting Dense Subsoil Layers

Crop water availability can be increased by loosening dense subsoil layers that impede root
penetration so that crop roots are able to penetrate more deeply and absorb water from a
greater volume of soil. Dense subsoil layers which impede rooting may be of natura origin, may
be caused by mechanized tillage, by animd traction or even by hoeing when the depth of cultivation
remains the same year after year. When the dense layers are impermeable and restrict both the
percolation of water and the penetration of roots, loosening will encourage deeper rainwater
percolation alowing oxygen to enter the rooting zone, encouraging deeper rooting, and increasing
the quantity of water percolating to greater soil depths.

Demondrating thisprinciplein an ISNM FFSrelieson thefacilitator having previoudy prepared
an areawhere the dense subsoil was thoroughly loosened prior to sowing the existing crop. The
loosened areawill correspond to the “treated area,” and the surrounding area that has not been
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loosened as the “ control area.” The loosened area may be quite small, and may correspond to
whereasoil pit was previoudy dug to demonstrate the effect of dense subsoil layers on depth of
rooting. In this case it isimportant that the soil horizons removed from the soil pit were replaced
in exactly the same order as they were found in the undisturbed pit. Alternatively, a loosened
areamay have been previoudly created by loosening an areaabout 3 m long and 30-40 cm wide
digned along a crop row.

In areas where dense subsoil layers are a mgjor problem, the practice of “deep loosening”
using tractor drawn subsoilers, oxen drawn chisd ploughs or hand hoes for double dug beds,
could be tested in afield experiment. When the crop has reached flowering or alater stage, dig
asmdl pit should be dug (50 cm-deep and 1 metrein length), parallel and close to the crop rows
in both the treated and control areas. Thiswill alow comparison of the depths of rooting and ol
moisture contents within the upper and lower parts of the soil profile in the treated and control
areas. Rooting depth would be expected to be greater in the treated plot than in the control area
because of the deep loosening. In the control area the soil moisture would probably be higher in
the lower part of the soil profile below the dense root-restricting layer, compared to the treated
plot, because of the absence of roots at that depth, though with time even the moisture in the
lower part of the profile will move upwards into the rooting zone. At harvest the yields of the
treated and control areas can be visually compared. If the treated area is sufficiently large the
yields may be harvested from the two areas separately and compared.

Such atrid would facilitate the initiation of a discussion on the benefits, disadvantages and
feasibility of deep tillage on soils that have dense layers which restrict root penetration. The
possibility of using biologicd tillage where crops with strong tap roots such as Cajanus cajan
are used to penetrate the dense layer can also be considered.

Overcome Chemical Limitations to Root Penetration

The application of an appropriate anendment to improve chemical conditions, which restrict the
depth of rooting will increase the volume of soil available. There are many types of adverse
chemical conditionsthat restrict rooting to shalow depths, e.g. auminium, sodium, molybdenum
and boron toxicities, high sdinity, phosphorus and calcium deficiencies. Speciadized knowledge
and detailed soil, and sometimes water, analyses will be necessary to identify the precise nature
of the problem, and to give specific recommendations on the appropriate recuperation,
management or fertilization practices needed to overcome the problem. Therefore farmers will
need good technical support to enable them to overcome this type of problem.

Examples of the types of practices that may be recommended are:

e lime, gypsum, or lime plus gypsum to overcome auminium toxicity;

* gypsum (in non-calcareous soils) or gypsum plus sulphur or green manures (in calcareous
s0ils) to overcome sodium toxicity;

* |eaching, drainage and gypsum to overcome sdinity and akalinity problems;

* phosphate and calcium fertilizers to overcome P and Ca deficiencies.

If the problem of unfavourable subsoil chemical conditions limiting the depth of crop rooting
and moisture availability isan important problem of the area, the appropriate recuperation practice
to overcome this problem should be tested in afield tria (see Trid 5, Annex 1). Sdlect afied
with annual crops where restricted rooting is known to occur due to unfavourable soil chemical
conditions. Send asample of the topsoil and subsoil for detailed chemical andysisto confirm the
nature of the unfavourable chemical conditions. Request recommendations on the required
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FIGURE 11
Relationships between restricted rooting and soil moisture
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amendment, management and/or fertilization practices with information on the type, quantity,
form and timing of gpplication of the amendment. Select a suitable time during the growing
season when the lack of water in the shalow restricted rooting zone, and the presence of water
at greater depths, can be clearly demonstrated (see Figure 11). This will be when:

* there has been sufficient rainfall during the cropping season to wet the whole soil profile;

* therewould have been sufficient time for the crop’ srootsto penetrate well into the subsoil in
the absence of unfavourable soil chemica conditions (may correspond to the flowering stage
of growth);

* there has been sufficient time, (10-15 days) after the last significant rainfall for the crop’s
roots to thoroughly dry the soil in the shalow rooting zone.

A discussion should then beinitiated on the problems of restricted rooting and how it influences
acrop’s susceptibility to drought. Where such a problem occurs, the necessity of sampling the
soil properly for chemica analysis, and seeking expert advice on the nature of the problem, and
the type of recuperation/management/fertilization practices required to rectify it, should be
emphasized.

Create Level Soil Surfacesto Encourage I nfiltration and Reduce Runoff and Soil L osses

Modification of the soil surfaceto form level areas (terraces) encouragesrainfal infiltration and
S0 reduces soil water loss as runoff and soil erosion. The same experiment as used to illustrate
the beneficia influence of soil cover to reduce runoff can be modified to demonstrate the
usefulness of terraces. Where agppropriate a discussion should be initiated on the benefits,
disadvantages and feasibility of constructing terraces to encourage rainfall infiltration, reduce
runoff and reduce soil erosion. The discussion should consider for which crops, ope gradients
and soil types in the area the construction of terraces is worthwhile, and the types of terraces
that could be constructed.



Guidelines on integrated soil and nutrient management and conservation for FFS 103

Application of Supplementary Irrigation Water During Critical Periods

The application of irrigation water to supplement soil water supplies during critica periodsis of
particular importance in areas where crop yields are frequently reduced by lack of moisture and
where the application of irrigation water is feasible, either by a rugtic or a more sophisticated
irrigation system, which could be manual, some form of surface, gravity-fed or powered sprinkler
system.

Irrigation water is most needed during the critical periods of acrop’s growing period. These
aretimes when acrop is most sensitive to water stress, and any stress at these times will cause
alasting effect on growth and a reduction in yield. The critical periods for different crops are
presented in appendix 9. Expert assi stance would probably be needed to hel p participants select
and implement the most appropriate system of irrigation should this be appropriate to the farming
systems being investigated by the schoal.

Conduct Field Operations Parallel to the Contour

If field operations are carried out up-and-down slope, the depressions formed by traffic and
implements will be in adown sope direction, and so will increase runoff losses as concentrated
flow provoking increased risks of rill and gully erosion. In contrag, if dl field operations in
doping lands are conducted paralel to the contour, surface irregularities formed as a result of
these operations will create water storage areas that will detain runoff, give more time for
infiltration, and so reduce water losses. Depressions and ridges can be formed specificaly for
the purpose of retaining runoff and promoting infiltration, i.e. furrows and tied ridges (or raised
beds).

The practice of conducting field operations parallel to the contour isnot by itsalf sufficient to
avoid water losses by runoff (or erosion), and needs to be complemented with other good land
husbandry practices that conserve water (and soil), like including operations such as pruning
and leaving the prunings and loppings aligned paral€ to the contour, and felling trees and crops
so that the trees fall across the dope to form barriers.

This principle may be demonstrated for non-mechanized farmersby simulating field activities
across sope and down slope on a sloping freshly cultivated site, where there is easy access to
asource of water (see Exercise 20, Annex 1).

Create | ntermittent Permeable Barriers Across the Slope

Permeable cross-slope barriers, such as vegetation strips and crop residues, located at intervals
down the dope will disperse and temporarily dow down runoff leading to moreinfiltration in the
vicinity of the barrier. Permeable barriers will be most effective in reducing runoff where the
volumes of runoff are low and dope gradients are gentle, but they can ill play a useful role of
complementing other land husbandry practices that conserve rainfall.

The effect of permeable barriers in dowing down runoff and promoting infiltration is most
pronounced in the vicinity of the barriers, and so will benefit only those cropsthat areimmediately
adjacent to, and downhill from, the permeable barrier. In a closely spaced grain crop with
comparatively widely spaced permeable barriers, the mgjority of the plants will therefore gain
little or no benefit from increased infiltration. In contrast, in coffee where permeable barriers of
prunings and weeds are constructed adjacent to, and immediately above, each row of coffee
bushes, the crop is likely to benefit much more from increased water infiltration.
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When impermeable subsoils occur which divert percolating waters laterally in a downhill
direction beneath the soil surface, the greater volume of water that infiltrates in a permeable
barrier may benefit crops beyond the immediate vicinity of the barrier. The effect of permeable
barriersin filtering out eroded soil particles carried by the runoff in the vicinity of the barriers,
and so reducing soil losses, will often be moreimportant than their effect of increasing infiltration.
The continua filtering out of sediments may lead to the progressive formation of terraces.

Theuseof grassstripsislikely to be successfully adopted only where farmers need grassfor
their livestock, or wherethe price of grassor hay in the areais attractively high. Grass strips can
only be successful if livestock are excluded from the field whilst the grass strips are being
established. This may take up to two years, during which time the field should be adequately
fenced to restrict the entry of livestock. Select a grass species that is adapted to the agro-
ecologica environment, which can be cut and fed to, or grazed by, livestock, which is not a
strong invader of the adjacent crop, and which forms a close, erect, dense barrier capable of
filtering out soil particles trangported in the runoff. Stoloniferous and rhizomatous grasses are
seldom suitable because of their strong tendency to invade the neighbouring crop. Intermittent
contour grass strips must generally be accompanied by other soil conservation practices, such
as crop residues on the surface, to adequately control soil losses, especially on slopes steeper
than 10%. For other farmers other types of permeable barriers, such as sugar cane or pineapples,
may be more acceptable, provided the crop used as the permeable barrier has an economic
value.

Impermeable barriers, such ashillsdeditchesand conservation banks, result in greater infiltration
of water at the barrierswhich similarly giveslittle benefit of increased soil water to the mgjority
of the crop in most situations. However, impermeable barriers can be important in retaining or
safely diverting runoff to limit rill and gully eroson.

Demongtration of the effect of apermeable barrier on infiltration can be done by making use
of inclined boxes of soil asdescribed in exercise 10 annex 1 and lacing a5 cm-wide trash line of
crop residues across the dope in the middle of one of the boxes. Another possibility will be the
design of afield trid. For further information seetria 6 annex 1.

When introducing thistopic to the FFS the discuss on shoul d focus on which types of permesble
barriers (crop residues and weeds, stones, prunings, closely spaced grass strips, and dense
strips of other erect plants) could be used for different cropping systems, and their advantages,
disadvantages and limitations. Their influence on soil erosion, and the formation of rills and
gullies, can aso be discussed.

Practice Zero Or Minimum Tillage

The practice of tilling the soil has in the past been seen as one way to increase fertility. Initialy
this may be true resulting from the mineralization of soil nutrients as a consequence of soil
tillage. However continued tillage leadsin the long term to areduction of soil organic matter. Soil
organic matter not only provides nutrients, but is aso, more than anything else, crucid for the
stabilization of soil structure. Therefore the physica properties of most soils degrade under long
lasting intensive arable agriculture. This structural soil degradation results in the formation of
crusts and compacted layers, and leads in the end to soil erosion. The process is particularly
dramatic under tropica climatic Situations.

In asoil that has not been tilled for many years, the crop residues remain on the soil surface
and produce a layer of mulch. This layer not only protects the soil from the physical impact of
rain and wind, but it also stabilizes soil moisture and temperature conditions in the surface
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layers. Such favourable conditions enables the zone to become a habitat for a number of
organisms, from larger insects down to soil borne fungi and bacteria. Those organisms macerate
the mulch, incorporate and mix it with the soil and decompose it so that it becomes humus and
contributes to the physica stabilization of the soil structure. At the same time this soil organic
matter provides a buffer function for water and nutrients. Larger components of the soil fauna,
such as earthworms, provide a soil structuring effect producing very stable soil aggregates as
well as uninterrupted macropores leading from the soil surface straight to the subsoil and alowing
fast water infiltration in case of heavy rain events. This process carried out by the edaphon, the
living component of a soil, can be cdled “biologica tillage’. However, biologica tillage is not
compatible with mechanical tillage and with increased mechanica tillage the biologica soil
structuring processes will disappear.

Engaging in agriculture with reduced mechanicd tillage is only possible when soil organisms
aretaking over thetask of tilling the soil. This, however, leadsto other implications regarding the
use of chemical farm inputs. Synthetic pesticides and mineral fertilizer have to be used in away
that does not harm soil life. As the main objective of agriculture is the production of crops,
changes in the management of pests and weeds becomes necessary.

Burning of plant residues and ploughing of the soil is mainly considered necessary for
phytosanitary reasons, i.e. to control pests, diseases and weeds. In a system with reduced
mechanical tillage based on mulch cover and biologica tillage, dternative methods have to be
developed and used to control pests and weeds. One important way to achieve this is crop
rotation, interrupting the infection chain between subsequent crops and making full use of the
physical and chemical interactions between different plant species. Synthetic chemicd pesticides,
particularly herbicides, are for some minimum/zero tillage systems inevitable in the first years.
However they have to be used with very much care to reduce the negative impacts on soil life.

Practise Good Weed Control

All plantstake up water from the soil through their roots, and thiswater islater released through
very small holes in the leaves into the air. The loss of water from plants' leaves is known as
“trangpiration” and is an important process in growing plants.

This can be demonstrated during an ISNM FFS session by selecting atall weed or clump of
weeds that are growing in amoist soil, completely within the shade and enclosing the weed or
clump of weeds with a plagtic bag, tying the bag to the stems of the weed(s) so that the drops of
water rel eased by transpiration do not escape. Beforetying the bag onto the weedsit isimportant
to show the participants that the bag is completely dry. After 10-15 minutes, the bag can be
removed and shown to the participants when they should be able to observe a quantity of water
droplets in the bag.

I nstallation of Windbreaks to Reduce Soil-Water Losses

The installation of windbreaks will prevent the excessive use of soil moisture by crops through
reducing wind velocity, in addition to reducing wind erosion. As wind velocity increases crops
transpire more water. Strong winds cause excessive transpiration and the soil dries out more
quickly. Consequently crops will suffer from moisture stress earlier than if there had been no
strong winds and the crops had transpired at normal rates. The rapid loss of water by transpiration
from cropsin windy conditionsis similar to the effect of wind on washing. Clothes hung out to
dry will dry far more quickly in awindy position than in a protected Stuation.
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During an ISNM FFS discussion should be initiated on the effect of windbreaks on crop
water use and hence on the drying out of soils (based on the comparison with the rate of drying
of clothesin protected and unprotected positions). Windbreaks can delay the onset of moisture
stressin crops. The advantages, disadvantages and feasibility of establishing windbreaks should
be discussed, as well as the soil types (e.g. droughty soils in particular) and crops or cropping
periods which would most benefit from wind breaks.

In areas where wind erosion is problem it should be possible, during a ISNM FFS transect
walk (Exercise 2, annex 1) to observe differencesin wind erosion damage between land that is
protected by awindbreak and land that is exposed. Conducting field visitswhen astrongwind is
blowing and the topsoil is dry, would enable the participants to see for themselves the effect of
wind protection on reducing wind erosion. Any discussion on wind erosion should emphasize the
importance of direct sowing (zero tillage) and leaving crop residues on the surface, in soils
susceptible to wind erosion, in addition to the need for windbreaks.

ISNM Principles Related to the Supply of Oxygen
Construction of Raised Beds to Reduce Waterlogging

Both human beings and plants require oxygen, and that whereas human beings breathe through
their noses and mouths, so most plants “breathe” through their roots. Although some plants
(notably irrigated rice, sedges and some grasses) take oxygen in through theleaves and transport
it to the roots via the stems. To avoid confusion these exceptions need only be mentioned in an
ISNM FFS if the subject is raised by the participants. Because human beings need oxygen to
breathe we cannot stay under water for along time. Just as a person cannot survive submerged
in a river with his nose and mouth beneath the water, so most crops (with the exception of
irrigated rice and some grasses) cannot survive with their roots submerged in water, except for
short periods.

Waterlogging in the rooting zone of a crop drastically reduces root development because of
areduction in oxygen supply. The depth and duration of waterlogging may be reduced by the
construction of raised beds, the installation of drainage ditches, or by diverting the sources of
incoming runoff. Sowing on raised beds or ridges elevates acrops roots above the water table,
alows greater oxygen supply to the crop’ s roots and better root devel opment. Comparison can
be made of roots developed in waterlogged soil and those developed in drained soils.

When the construction of raised bedsis considered to be a possible solution to the problem of
inadequate oxygen suppliesin an area, the practice should be one of those tested in the course
of an ISNM FFS. Alternative practices that can create rooting zones free from waterlogging
like implementing drainage ditches and diversion canals should be discussed and considered.
Specialized knowledge would be needed to assst in the selection and design of appropriate
drainage systems.

Application of Amendments to Sodic Soils

In soils with high sodium contents (sodic soils), the sodium produces an impermeable structure
that iswaterlogged during wet periodswith alack of oxygen. Application of chemical amendments
to sodic soils, followed by leaching, will improve soil structura conditions leading to increased
permesbility, a greater supply of oxygen to plant roots, and higher yields. The type and quantity
of amendment to be applied will depend on the degree of saturation of the soil with sodium, soil
texture, the presence or absence of calcium carbonates, and the cost of locally available
amendments.
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The most common procedures used to reclaim sodic soils are:

» gpplication of gypsum followed by leaching;

» gpplication of sulphur (when free calcium carbonate is present) followed by leaching;

* sowing sodium tolerant crops such asirrigated rice plusthe application of green manuresand
organic manures (when free calcium carbonate is present) - which isalow cost, ow-acting
procedure.

Soil chemica analysisand expert advice based on experiencefrom field trial swill be necessary
to determine the most appropriate reclamation practice for sodic soils.

Should there be a problem of sodic soils in the community where the FFS is located then a
visit should be organized to an areawhere there has been a successful reclamation of sodic soils
that are chemically smilar. The farmers who implemented the reclamation should be asked to
explain the procedure, the cosdts, the time involved (i.e. number of cropping seasons), and the
benefitsthey have achieved. The ISNM FFS partici pants should be encouraged to ask questions,
and to verify that the procedure would be feasible for their own situation.

Deep Till to Loosen I mpermeable Soil Layers (see also the earlier section on loosen root-
restricting dense subsoil layers)

Denseimpermesble layersrestrict water percolation and so inhibit the supply of oxygen to plant
roots. By loosening this layer, rainwater percolation to deeper horizons is encouraged, oxygen
enters the rooting zone and deeper rooting is enhanced.

The effects of loosening impermeable soil layers through deep tillage can be assessed by
means of comparative ISNM FFS fild trials. Such trias should be considered in areas where
dense subsoil layers are a mgjor problem. In the course of conducting such trials some of the
observations should take place just after a heavy rainstorm, when it would be expected that the
soil in the dense layer would be saturated in the untreated (control) area, but better drained in
the treated plot due to percolation of the excess water into deeper layers alowing the entry of
oxygen into the soil. Depth of rooting would also be expected to be greater in the treated plot
compared to the control area.

At harvest time visua comparisons should be made of the yields of the treated and control
areas. If the treated areais sufficiently large the yields may be harvested from the two areas
and compared. The effect of deep loosening can be evaluated by comparing data from the two
plots, with regard to the degree of waterlogging in the dense layer, the depth of rooting and crop
yidd.

ISNM Principles Related to Site Stability
Maximize plant and residue cover

It is usually mechanized farmers who face the most serious problems of wind erosion, notably
when the soil isdry, strong winds are common, and when few crop residues remain on the land
after the harvest. A good ground cover with crops or crop residues reduces wind vel ocity close
to the soil surface and so reduces wind erosion. Ploughing and harrowing the strip of land
paralld to the direction of the wind will dmost certainly result, if a strong wind is present, in
noticeable wind erosion from the bare land that is being harrowed, whereas no significant wind
erosion should be evident on the land covered by crop residues.
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Establishment of deep rooting tree crops

Mass movementsrefer to landdides and mudflows, i.e. the movement of land in mass. Mudflows
aresimilar to landdides but instead of the land moving as a solid mass, the land flows as though
it wereamost aliquid. Saturating asoil with water leadsto arapid loss of its stability and the soil
quickly becomesfluid. Landdides and mudflows most frequently occur during very heavy rains
which saturate the soils.

Treesand al other plantstake up water from the soil through their roots, and then release thisto
the air by transpiration through very small holes in their leaves. Degp-rooting tree crops in the
farming system will reduce soil moisture by the absorption and transpiration of water, which will
reduce the risks of mass movements and so physically stabilize soils. Trees which contain many
more |eaves than weeds, will absorb far more water than weeds from the soil and releaseit into
theair. Itispossibleto prevent soilsfrom becoming saturated, so that they becomeless susceptible
to landdides and mudflow, not only by planting trees with deep roots that absorb large quantities
of water from the soil, but aso by not cutting the trees down in the first place.

The effect of water saturation of a soil can be illustrated, in an ISNM FFS, by giving each
participant a small sample of dry soil from the subsoil of a soil known to be very susceptible to
landdlides or mudflows. The participants should be requested to add a little water to the dry soil
and to mould it between the fingers and the thumb asif they were determining the texture of the
soil. They should observe the effort needed to mould the moist soil. A greater quantity of water
should then be added to another sample of dry soil and again moulded between fingers and
thumb, with it being noted how much easier it is to mould the soil. Even more water should be
added to another sample of soil, until the soil can be observed to become very mobile as though
it could flow.
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Annex 2, Appendix 1
Nutrients removal in crop harvests

Crop Yield Nutrient Removal (kg/ha)
(tha) N p* K* Ca* Mg*
Maize grain 1 25 6 15 3 2
4 63 12 30 8 (6}
7 128 20 37 14 11
Rice grain 15 35 i 10 1.4 03
8 106 32 20 4 1
Wheat grain 06 12 2.4 3 03 1.0
5 80 22 20 2.5 8
Sorghum grain 1 20 09 4 4 24
8 65 4 13 18 128
Finger millet grain 11 17 5 59 - -
Cassava roots 8 30 10 50 20 10
16 64 21 100 41 21
30 120 40 187 77 40
Sweet potato roots 16.5 72 8 88 - -
Beans 1 31 3.5 6.6
Soybeans 1 49 72 21 - -
Peanuts (unhulled) 1 49 5.2 27 - -
Sugarcane 100 75 20 125 28 10
(2 year crop) 200 149 29 316 55 58
300 254 35 499 96 80
Rubber dry latex 3 7 1.2 4 4
Coffee dry beans 1 25 1.7 16 1 2
Teadry leaf 0.6 31 2.3 15 2 -
Tobacco cured leaf 1 116 14 202 - -
Cacao dry beans 0.5 10 2.2 5 1 1
Coconut dry copra 12 60 7.2 40 - -
Qil palm fruits 15 90 8.8 112 28 -
Cotton seed 0.8 30 4.4 7 - -
Banana bunches 10 19 2 54 23 30
30 56 6 161 70 82
| Pineapple fruits 125 9 2.3 29 3 -
Guinea grass 10 107 27 180 78 49
(annual production 23 288 44 363 149 99
from 6 cuts) 35 560 77 600 230 133

* To convert from P to P,O, multiply by 2.29; to convert from K to K,O multiply by 1.2; to convert from Ca
to CaO multiply by 1.4; to convert from Mg to MgO multiply by 1.66.
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Annex 2, Appendix 2

Comprehensive list of field indicators of soil

and nutrient problems

Crop indicators

Inadequate soil fupnctioning

Low or declining vield Various

Low germination Various

Stunted arowth Various
Non-uniform arowth Various

Nutrient deficiency symntoms Nutrients
Nutrient toxicity symntoms Toxic substances
Wilting Water

Site Indicators

Inadeqguate soil functioning

Bare patches
Water erosion
Weeds

Surface nonding

Salt toxicity

Nutrients

Nutrients, Oxvaen, Toxic substances
Oxvaen

Gully erosion Site stabhility
Wind erosion Site stabhility
Landslides Site stabhility
Flooding Site stability

Soil morphological indicators

Inadequate soil functioning

Lack of surface residues
Surface salts

Dark slinnery surface & cracks
Surface rusty mottles & oily films
Hard surface laver
Gravelly-stonev surface

Cloddy tonsoil structure

Surface crusting

Surface sealing

Low soil organic matter
Restricted rooting

Dense layers of high resistance & low porosity
Subsoil salt deposits

Light textured subsoil

Verv stonv subsaoil

Shallow soil profile

Poor drainage mottling (depth)

Water, Biological activity
Salt toxicity

Oxvaen. Sodium toxicity
Iron toxicity

Strenath. Oxvaen
Strenath

Strength. Germination
Strenath, Water

Water

Biological Activity, Water
Strenath. Nutrients, Toxicities, Water
Strength

Salt toxicity

Water. Nutrients

Water. Nutrients

Water

Oxvgen
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Annex 2, Appendix 3
Nutrient toxicity foliar symptoms

Iron: Iron toxicity usudly occurs only in irrigated rice. The foliar symptoms first appear on
lower leaves as small brown spots starting near the tips and spreading towards the base. The
spots coalesce on interveina areas, otherwise leaf colour normally remains green. In severe
cases the entire leaf turns purplish-brown, and eventually the lower leaves die. Some rice
varieties dso turn yellow.

Manganese: The most prominent symptom is raised interveina areas giving a puckered
appearance and brown speckling of the older leaves. In irrigated rice brown spots develop on
the veins of the leaf blade and sheath, especialy on lower leaves. The plant is stunted and
tillering is often limited.

Copper: Toxicity symptomsresembleiron deficiency symptoms, i.e. interveinal areas of youngest
leaves turn yellow to almost white, but the points and margins retain their green colour longest.

Boron: In irrigated rice chlorosis (loss of green colour) takes place at the tips of the older
leaves, especialy aong the margins, followed by the appearance of large, dark-brown dliptica
spots in the affected parts which ultimately turn brown and dry up. Note: the margin between
boron deficiency and toxicity is narrow.

Aluminium: The most obvious symptom is the formation of swollen, stunted and crooked roots,
which may turn brown with black necrotic spots, and with few fine feeder roots. Aluminium
toxicity may appear as manganese or iron toxicity or as calcium or magnesium deficiency. In
irrigated rice orange-yellow colours develop in the interveina leaf areas.

High salt injury: Inirrigated rice the tips of the leaves become whitish and, frequently, some
parts of the leaves aso lose their green colour.
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Annex 2, Appendix 4
Procedure for taking soil samples

The procedure for sampling soils for analysis should only be introduced to farmers who have
access to laboratory facilities and can afford to pay for analyses, or to those with access to soil
testing kits for use in the field.

Sometimesit isnecessary to take more than one soil samplefrom afield if the soil conditions,
crop performance or management history are markedly different in one part of the field to
another. However, the separate areas must be sufficiently large to warrant managing them in
different ways, e.g. applying different typesor amountsof fertilizers. Ingenerd itisnot worthwhile
dividing fieldsinto areas less than 0.5 hafor small-scale non-mechanized farmers, or into areas
lessthan 5 hafor mechanized farmers. The farmer will normally know if marked differencesin
soil type or crop yield occur in hisfield, and whether the areas are sufficiently large to warrant
managing them in different ways.

For areas that have not been previoudy cropped, fields may be divided on the bass of
marked differencesin topography (e.g. low lying and higher lying areas), colour (e.g. dark, light
or red coloured soils), texture (e.g. light and heavy textured soils), drainage (e.g. well and poorly
drained soils), cropping history (e.g. with legumes and non-legumes), or management history
(e.g. with and without manure/fertilizer applications). Present Figure 1 as an example of how to
subdivide a variable field into two areas for sampling.

FIGURE 1
Example of how a field may be subdivided into distinct sampling areas
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FIGURE 2
Taking soil samples using a soil sampler

FIGURE 3
Illustration of how to collect subsamples in a zig-zag route
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Since soils frequently vary considerably over short distances, even in afield that appears to
be uniform, 15 subsamples taken from different locations in the field should be combined and
thoroughly mixed to form arepresentative sample. Soil samplesmay be taken with asoil sampler,
spade, hoe, trowel or auger. The use of asoil sampler isthe best method, followed by astraight-
sided spade.

If the soil is sampled using a soil sampler as shown in Figure 2, press the sampler into the soil
to the required depth, give the sampler a half turn, then withdraw the sampler and transfer the
soil sampleinto abucket. The same procedure can be followed using atrowel, knife or machete,
but great care must be taken to ensure that the subsamples are as wide at the soil surface as at
the lower sampling depth.

Procedure:

* Decide whether it is necessary and worthwhile to divide the field into two or more sampling
areas.

* For each area to be sampled, subsamples should be taken from 15 points that are well
distributed throughout the area, avoiding “exceptional” sites such as termite mounds, small
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poorly drained patches, and accumulations of manures, ashes or crop residues. Demonstrate
how to take samples by zigzagging across the field from one end to the other and taking a
total of 15 subsamples uniformly distributed across the field (Figure 3).

* The recommended depth, which is generadly 15 or 20 cm for annual crops, varies from
country to country, and will depend on the depth of humic topsoil, depth of tillage, topsoil
moisture content and the ease of rooting in the subsoil.

* Figure4 demonstrates how to sample the soil to adepth of 15cm using aspade or hoe. Make
an opening inthe soil surfacein the shape of a“V” of 15cm depth, then remove adice of soil
of 3cm thickness from one side of the “V” with the spade.

¢ Removethe soil from the outside of the dice so that acentral dice of 3cm width remains on

the spade as shown in Figure 4b. Transfer this remnant dice of soil to abucket (Figure 4c).
Field methods of estimating 15 cm and 3 cm using the hand are also shown in Figure 4.

FIGURE 4
Recommended procedure for taking soil samples using a spade
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Proceed in azig zag manner across the field and collect additional soil samplesin the same
way until atotal of 15 subsamples have been collected, mix them thoroughly in the bucket to
obtain auniform combined sample (Figure 4d), and then remove asampl e of about 0.5kg and
transfer it into a plastic or cloth bag, carton or tin container.

Place a label in the container with the soil sample indicating the name and address of the
farmer, the name or number of the field, the depth of sampling and the date.

The soil samplesmay be sent to a Soils Laboratory for andysis, or may be andysed immediately
inthe field if a soil testing kit is available. Demonstrate the use of the soil testing kit to the
participants, explain the significance of the values obtained, and how to convert them into
fertilizer recommendations. No details are given here, as the use of soil testing kits and the
interpretation of the values obtained will depend on the type of kit and the loca fertilizer
recommendations.
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Annex 2, Appendix 5
Checklist of possible solutions for soil and
nutrient problems

Problem Cause Possible Solutions
A. Low sail i) Nutrient Inoraganic fertilizers
fertility deficiencies or Fertilizer nlacement
imbalances Snolit fertilizer annlications
Opportune timing of fertilizer
anplication

Non-acidifvina fertilizers
increase nutrient availability
Inorganic foliar fertilization
Rock phosphates

FYM

Comnposts

Guano

Addition of crop residues or forest
litter

Incorporation of green manures
Legume rotations1

Legume intercronping

Fallows

Enriched fallows

i) Low nutrient retention Split applications of inorganic
capacity fertilizers

Organic manures

Comnposts

Incornoration of nlant hiomass
Leave cron residues and zero tillage2
Cover crop fallows

i) Hiah leaching Deen rooting nerennial crons
losses of nutrients Alley cropping

Dispersed trees in annual crons
Dispersed trees in pastures
Tree-enriched fallows

iv) Erosion of Leave crop residues
topsoil Zero tillage
Mulches

Higher plant density
Cover crops
Covered beans
Intercropping

1 Legume inoculartion may be necessary.

2 Controlled grazing of residues, live fences, hay or silage production, improved pasture species and better
management of existing pastures may be required to enable the residues to be left in the field.
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Problem Cause Possible Solutions

Sequential and relay cropning
Weed control with herbicides
Controlled arazina
Trash lines
Veagetative cross-slone bharriers
Contour sowing. tillage and weedina
Minimum tillage
Strip tillage
Tillage to break up surface crusts
Tillage at the end of the rains
Deen till to loosen impermeable lavers
Stone lines
Stone bunds
Fanva iuu terraces
Bench. orchard and nlatform terraces
Diversion canals

B. Low cron i) Low crop vields Improved varieties

nroductivity Crop diversification

ii) Extensive use of
land

Hiaher plant populations 3
Intercropning

Seauential and relayv cronning
Alley cronning

Kitchen gardens

iiiy Poor auality
seed

Improved seed selection
Seed freatment

iv) Weeds

Herbicides

Semi-bhotanical herbicides
Integrated weed management
Cron rotations

Spreading crops such as
Cucurbitaceae

Cover crops

v) Pests or diseases

Intearated pest management
Inorganic pesticides

Natural pesticides

Insect traps

Insect-repellent crops

Crop rotations

vi) Adverse micro-

Shade trees

climate Wind breaks
See Liiiand v
vii) Low fertility See A

C. Presence of i) Aluminium or
toxic substances Manganese
toxicity

Acid-tolerant species
Acid-tolerant varieties

Lime or dolomitic limestone
Gynsum anplication
Gyvpsum and lime application

i) lron toxicity

Drainage

3

Fertilizers or manures may also be required.
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Problem Cause Possible Solutions
i) Salinity Leaching
Drainage
iv) Sodium Gyvpsum application
Leaching

D. Insufficient
supply & retention
of water

i) Low infiltration

Leave crop residues and zero tillage
Mulches

Cover crons

Leave stones on soil surface

Trash lines

Vegetative cross-slone barriers
Contour sowinag. tillage and weeding
Strip tillage

Minimum tillage

Deen till to loosen imnermeable lavers
Furrows with raised beds or ridges
Tied ridaes

Stone lines

Stone bunds

Infiltration ditches

Infiltration pits

Bench, orchard or platform terraces

i) Strong winds

\Wind breaks

iii) High
evaporation

Leave crop residues and zero tillage
Mulches

iv) Low ability of
soil to retain water

Incorporation of organic manures
Incorporation of cover crops
Moisture-conserving fallows
Sprinkler or drip irrigation

V) Low or erratic
rainfall

Drought resistant crops or varieties
Moisture-conserving fallows

Water harvesting

Strin cronning with runoff areas
Croopina within half-moon bunds or
nits

Water collection from roofs

Irrigation systems

vi) Restricted
rooting

Loosen dense lavers with deen tillace
Add amendments to neutralize
toxicities

Fertilize to correct nutrient
deficiencies

Drainage ditches to lower water table

E. Insufficient
supply of oxvaen

i) Accumulation
of runoff

Diversion canals
Safe discharge ogutlets

i) High water table
or impermeable
soil lavers

Raised beds and cambered beds
Ridaes

Subsoilina

Graded furrows

Drainage ditches

Safe discharge gutlets
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Problem

Cause

Possible Solution

F. Low biological
activity

i) Lack of residues
and soil organic
matter

Leave crop residues and zero tillage
Mulches

Cover crons

Organic manures

Crons or varieties producina large
auantities of slowly decomposina residues
Higher plant populations

ii) “Tired” soils

Cron rotations
Rotations with pastures
Qraganic manures and compaosis

iii) Toxic
pesticides

Natural pesticides
Insect-repnellent crons

Insect traps

Intearated pest management
Intearated weed management

G. Site instabhility

i) Water erosion
caused by runoff

Leave crop residues and zero tillage
Leave stones on soil surface
Cover crops

Mulches

Controlled arazing

Veagetative cross-slope barriers
Stone barriers

Earth contour hunds

Graded hillside ditches
Roadside trenches

Diversion canals

Safe discharge outlets

Bench terraces

Orchard terraces

Individual platform terraces

il) Wind erosion.

Leave crop residues and zero tillage
Harvest crons well above around level
Mulches

Cover crops

Intercropbing

Sequential and relay cropping

Higher plant populations

Ridaes and furrows

Wind breaks
iiiy Mass Tree crops
movements Diversion canals
iv) Flooding Diversion canals
Safe discharge outlets
4 Additional fertilizers may be required.

5 Fences, live fences, troughs and ponds may also be needed.



120 Annex 2: Supporting reference material on integrated soil and plant nutrient management

Problem

causes

Possible Solutions

H. Restricted root
arowth

i) Excessive soil
strenath due to dense lavers

Subsailina (for recuperation)
Vertical tillage with tined implements
Periodic deep tillage

Controlled traffic

Biological “tillage” with tap-rooted
CIops

ii) Lack of oxygen

See E

iii) Lack of
nhosphorus

Phosphate fertilizers
Rock nhosphates
Liming to reduce acidity

iv) Toxic
substances

See C

I. Poor seed
germination

i) Lack of moisture

Leave crop residues and zero tillage
Mulches

Deep placement of seeds in dry
conditions

i) Lack of oxvaen

Raised or cambered bheds
Drainage ditches
Diversion canals

Safe discharge outlets
Subsailing

Land levelling

i) Excessive

Leave crop residues and zero tillage

temperatures Mulches

iv) Very low Ridae tillage

temperatures Raised beds
Wind breaks

Drainage ditches
Absence of residues

v) Cloddy structure

Strip tillage

Disc tillage

Organic manures

Rotations with grass fallows

J. Poor emergence

i) Excessive soil
strenath due to
crusting

Leave crop residues and zero tillage
Plant into cover cron residues
Mulches

Organic manures

Plant on ridoes

Higher sowing density

Shallower depth of seeding

i) Excessive soil strength due
to dense

tonsoils

Fences, live fences, troughs or ponds may be needed.

Vertical tillage with tined implements

Organic manures
Incorporate cover crons
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—Rroblem

Calise

Possible Solutions

K. High production costs

i) High labour costs

Manual seeders-fertilizers
Animal-traction seeders-fertilizers

i) High machinery
costs

Manual no-tillage
Animal-traction tillage

iii) High pesticide
costs

Intearated weed management
Svstemic herhicides

Crop rotations

Cover crops

Intearated pest management
Natural pesticides
Insect-repellent crons

Insect trans

Bulk pesticide purchases

iv) Hiah fertilizer
costs

Leaume rotations

Oraganic manures

Comnosts

Economic annlications of fertilizers
Snlit applications

Fertilizer nlacement

Onnortune timing of application
Rock phosphates

Bulk purchases

v) High credit cost

Formation of communal banks

L. Low profits

i) Lack of diversifi-
cation

Cron and livestock diversification

Economic data for different enterprises

Marketing information

Credit access

Improved availability of seeds and
nlants

Farm planning

i) Low prices

Bulk sales through farmer organizations

Silos to delay time of sale
Farm processing to increase value

M. Environmental
nollution

i) Toxic pesticides

Natural pesticides

Inteagrated nest management
Insect-repellent crons

Insect traps

Cron rotations

Intearated weed management
Monitoring of soil and water quality

ii) Fertilizer
contamination of
waters

Snlit fertilizer anplications
Economic application rates
Fertilizer nlacement

Legumes to reduce N fertilizers
Greater use of organic manures
Greater use of compost
Monitoring of water guality

iiiy Sediment cont-
amination of water

See Gi).
Monitoring of water guality
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Annex 2, Appendix 6
Nutrient contents of manures, crop residues,
agricultural wastes and plant material

Source Amount produced Nutrient content (ka)

N P K
Manures
Cattle manure (1) 6 t/animal (l.u.)/vr 36 8 30
Poultry manure (1) 1 t/40 broilers/yr 23 9 10
Pig manure (1) 3 t/animallyr 15 5 13
Guano (6) 1t 10 5
Crop residues
Maize stover (2) 3t/ha 30 6 36
Rice straw (2) 1.5t/ha 7 1 18
Wheat straw (2) 1t/ha 3 0.8 14
Sorghum stover (2) 1.2t/ha 6 0.4 2
Cotton stalks (4) 1t/ha 13 3 23
Rural compost (3) 1t 7 1 4
Aagricultural wastes (11)
Sugarcane filter mud (4) 12 10 3
Sugarcane factory ash (4) 1 K] 19
Coffee pulp (3) 15 1 30
Coconut oil cake (3) 31 8 14
Groundnut oil cake (3) 45 7 12
Graundnut chells (4) 10 1 Q
Wood ash (4) - 6 40
Cottonseed meal (4) 75 11 12
Plant materials
Kudzu green manure (5) 8t 60 4 33
Guineagrass green manure 8t 20 5 29
(5)
Cassia hirsuta (7) 1t 29.8 1.8 12.8
Lantana camara (7) 1t 269 16 37
Nutrients required by 3 t/ha maize 72 16 45

(1) FAO, 1987; (2) Sanchez, 1976; (4) Songambele, 1982; (3) FAO, 1995; (4) FAO, 1980; (5) Wade
and Sanchez, 1983; (6) Cooke, 1982; (7) Kayizzi, 1998.
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Annex 2, Appendix 7
Estimates of nitrogen fixation by legumes

Crop Nitrogen fixed (ka N/ha)
Glvcine max (sovbean) 64-206
Vigna unguiculata (cowpea) 73-240
Vigna radiata (mung bean) 61-342
Arachis hvpnogaea (aroundnut) 72-240
Caianus caian (pigeon pea) 96-280
Cicer arietenum (chickpea) 103
Canavalia ensiformis 49
Cvamopsis tetragonolobus (guar) 41-220
Lens culinaris (lentil) 88-114
Pisum sativum (pea) 52-77
Vicia faba 45-552
Calopogonium muconoides 370-450

(FAO, 1980).
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Annex 2, Appendix 8
Soil requirements of crops,
pastures and trees

Species Max. Opt/Min Opt/Min Opt/Toler- Opt/Toler-
slope depth (cm) fertilityl able able
(%) drainage? texture3
Basic grains
Rice (dryland) 50 >50/20 H/M WI/P.I H/M
Rice (flooded) 0.1 >50/20 H/M VP-P/I H-MH/M
Beans 50 >50/20 M/L wW/w M/H.L
Maize 50 >50/20 H/L WIW M/H.L
Annual crops
Groundnuts 20 >50/50 H/M WIW M/L,H
Tobacco 20 >150/50 M/M wW/w L.M/H
Cowpea 50 >50/20 M/L WIW M/H.L
Tubers
Sweet potato 20 >50/20 H/L W/W M/L
Cassava 20 >50/50 M/L WI/W. LM/ML
Fruit trees
Avocado 60 >150/50 H/M W/W L.M.H
Coconut 50 >150/50 M/L W/W M.L./ML
Guava 60 >50/20 H/L WI/P.I L.M/H
Lime 60 >50/50 M/L WIW L.M/H
Lemon 60 >50/50 H/M W/wW L.M/H
Mandarin 60 >150/50 H/M WI/P.I| L.M/H
Mango 60 >150/50 M/L W/W L.M/H
Cashew nut 60 >150/50 M/L W/W L.M/H
Bananas >150/50 H/M W/W M/H.L
Orange 60 >150/50 M/L W/W L.M/H
Papava 60 <150/50 H/IM W/W M/L.H
Pineapple >50/20 M/M WIW L.M/H
Grapefruit 60 >150/50 H/M W/W. LM/H
Other perennial crops
Arabica coffee 60 >150/50 H/M W/W M/L,M
Sugarcane 15 >50/50 M/L W/l M.H/M.H
Pigeon pea 50 >150/50 M/L W/W L,M/H

Sisal 50 >50/20 M/L WIW L/L
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Species Max. Opt/Min Opt/Min Opt/Toler- Opt/Toler-
slope depth (cm) fertilityl able able
(%) drainage? texture3
Horticultural crops
Pumpkin 10 >150/20 H/L WIW M/L.H
Onion 10 >50/20 M/L WW M/L
Cucumber 10 >50/20 H/H-M WIW M/L.H
Beetroot 10 >50/20 H/M WIW M.L/H
Cabbage 10 >20/20 H/M WIW M,L,H
Watermelon 10 >150/50 H/L WIW M/L.H
Tomato 10 >20/20 H/M WW M/L.H
Carrot 10 >50/50 M/M W/W M/LH
Improved Pastures
Brachiaria decumbens 50 >20720 M/M-L WW L.MH
Star grass (Cynodon 50 >50/20 H/M W,P,I L,M,H
nlectostachyum)
Stvlosanthes guianensis 50 >150/50 L W LM/IM
Foraae trees
Leucaena leucocephala 60 >150/20 M/L WIW M.H/L
Mulberry (Morus nigra) 60 >50/20272 H/M WIW LMH
Timber trees
Acacia mangium 70 207?? M/? P.I.W L.M/?
Eucalyptus 70 >50/50 MI/L P,ILW L,M/H
camaldulensis
Grevillea robusta 70 >150/50 H/L W/W LM/LM

(FAO, 1994).

1 H= High; M= Moderate; L= Low.

2 W= Well; I= Imperfectly; P= Poorly; VP= Very poorly.

3 H= Heavy; MH= Moderately heavy; M= Medium; L= Light.
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Annex 2, Appendix 9
Critical periods for soil water stress for
different crops

Crop Critical periods

Alfalfa Just after cutting for hay and at the start of flowering for seed production

Apricots Flowering and bud development

Barley Early boot stage > soft dough stage > onset of tillering or ripening stage

Beans Flowerina and pod settina period > earlier staae > rinenina period. However.
ripening period > earlier stage if not prior water stress.

Broccoli During head formation and enlargement

Cabbage During head formation and enlargement

Castor bean Relatively high soil water level during full growing period

Cauliflower Reaquires frequent irrigation from planting to harvesting

Cherries Period of rapid growth of fruit prior to maturing

Citrus Flowerina and fruit settina staaes: heavv flowerina mav be induced bv withholdina
irrigation just before flowering stage (lemon).

Cotton Flowering and boll formation > early stages of growth > after boll formation

Groundnuts Flowerina and seed develonment > between aermination and flowerina and end of
growing season

Lettuce Requires wet soil particularly before harvest

Maize Pollination period from tassellina to blister kernel staces > prior to tassellina > arain
filling periods; pollination period very critical if no prior water stress

Oats Beginning of ear emergence possibly up to heading

Olives Just before flowering and during fruit enlargement

Peaches Period of rapid fruit growth prior to maturity

Peas Start of flowering and when pods are swelling

Potatoes High soil water levels; after formation of tubers >blossom to harvest

Radish During root enlargement

Sunflower Possibly during seeding and flowering - seed development stage

Small grains Boot to heading stage

Sorghum Secondarv rootina and tillerina to boot stace > headina. flowerina and arain
formation > grain filling period

Soybeans Flowering and fruiting stage and possibly period of max. vegetative growth

Strawberries Fruit development to ripening

Sugarcane Period of maximum vegetative growth

Tobacco Knee high to blossoming

Tomatoes When flowers are formed and fruits are rapidly enlarging

Water melon Blossom to harvesting

Wheat Possibly during booting and heading and two weeks before pollination

(FAO, 1977).
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Annex 2, Appendix 10
Example of a set of recommended soil
conservation and management practices from

El Salvador, Central America

Crop Slope Land management practices with emphasis on soil
conservation
Horticultural crops 0-5% Mulching, Contour planting, Strip cropping
5-10% Mulching, Contour planting, Strip cropping, Contour
bedding, Stone barriers, Bench terraces.
>10% Horticultural crops not recommended, but if it is
inevitable, apply the practices given for slopes of 5-
109%
Grain crops 0-10% No residue burning, Leave residues, No-tillage, Contour

sowing, Controlled grazing, Contour live fences,
Intercropped legumes

10-50% No residue burning, Leave residues, No-tillage, Contour
sowing, Controlled grazing, Contour live fences,
Intercropped lequmes, Live barriers, (Hillside ditches )

>50% Grain crops not recommended, but if they are
inevitable, apply the practices given for slopes of 10-
50%
Fruit trees 0-10% Mulching, Leguminous cover crops, Contour live
fences
10-60% Mulching, Leguminous cover crops, Contour live

fences, Live barriers, Individual platform terraces,
(Hillside ditches)?

>60% Fruit trees not recommended, but if they are inevitable,
apply the practices agiven for slopes of 10-60%.

Note: Structural practices are only recommended if agronomic and vegetative practices cannot solve
the erosion problem.
Lands subjected to runoff from steep slopes and roads will require interception canals for protection.
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Annex 3

Supporting reference material on soill
and water conservation for farmer
field schools

Asindicated earlier there is more to integrated soil and nutrient management than just meeting
the nutritional needs of plants. The previous annex contains supporting reference material on
the underlying principles, and the practice, of a wide range of integrated soil and nutrient
management practices. This annex likewise provides supporting reference material, but
concentrates specificaly on providing details on the principles and practice of soil and water
conservation. Although covered separately, soil and water conservation is an integral part of
integrated soil and nutrient management.

Basic ConcepTs

AnISNM FFSwould need to introduce to farmers the basic concepts of “ soil erosion”, “erosion
control”, “land degradation”, “ soil and water conservation” and “watershed/catchment concept”
aswell as some related terms.

Soil Erosion

Soil erosion means the processes by which soil is removed from one place by forces such as
wind, water, waves, glaciers, and human activities (construction and farming) and eventualy
deposited a some new place (Choudhury and Jansen 1997).

Soil aggregates can gradualy break down into smaller particles. If this happens on doping
land these particles may be transported down the slope. The water which runs from a dope
during a heavy rain is caled runoff. Factors which affect soil erosion caused by water are the
ranfal pattern, dope steepness (gradient), dopelength, soil type, existing erosion control structures,
cropping practices and time (see Box 1). The stronger the rain and the steeper the dope, the
more and the faster water erosion occurs.

Erosion caused by wind may aso happen on leve land and additionally it depends on the
strength of the occurring winds.

In contrast to natura erosion which happens dowly, human-induced erosion can happen fast
with large amounts of soil being removed. If this happens, it can be a seriousthresat to agricultural
production and the environment. Erosion aways has on-site effects, i.e. consequences at the
place from where the soil isremoved and off-site effects, i.e. consequences at placeswhich are
affected by the transport of eroded soil or where the removed soil is deposited (see Box 2).

Erosion Control

Direct eroson control involves measureswhich aim at stopping or dowing down erosion processes.
In the case of soil erosion caused by water it is based on the following principles:



130 Annex 3: Supporting reference material on soil and water conservation for FFS

BOX 1: Factors affecting soil erosion by water

* Rainfall pattern: The more rainfall and the higher the “force” of the rain (called the intensity, i.e.
the amount of rain which falls per minute), the more erosion will occur.

® Slope steepness: The steeper the field, the higher the erosion risk.

® Slope length: Erosion increases with slope length.

* Soil type: Clayey soils show in general more resistance to erosion than sandy soils.

® FErosion control structures: Well-established and well-maintained erosion control structures

can be very effective. But when such structures are poorly established or poorly maintained it is
possible that they accelerate erosion.

® Cropping practices: Varying cropping practices have different effects on soil erosion.

* Ground cover: The greater the groundcover the greater protection of the soil surface from the
impact of rainfall.

* Time: Soil erosion (as well as soil development) is a function of time.

(Source: van Keer et al. 1996, modified)

BOX 2: Effects of erosion

On-site effects:
* Losses of water, fertilizers and pesticides (Immediate production loss)
® Loss of soil (Long-term productivity loss)

Off-site effects:

* Deterioration in water quality (e.g. pollution of rivers, death of fish, higher costs of drinking
water, etc.)

® Sedimentation of transported soil (e.g. silting up of reservoirs, covering of crops, etc.)

* Flooding of inhabited areas (mud flows, sanded up ditches)

* Risein peak flows of rivers (destruction of structural works, bridges, etc.)

(Source: FAO 1994, modified)

* protecting the soil surface from the forces of raindrops;
* increasing water infiltration;

* decreasing the speed (force) of runoff water;

* intercepting the transported soil.

Indirect erosion control, such as land use planning, aims at using land in ways that prevent
and/or reduce the risk of erosion occurring.

Land Degradation

When land is degraded, its productivity is reduced and may continue to decline unless steps are
taken to restore the lost productivity and prevent further losses. Unchecked land degradation
may result in an amost total loss of the productive capacity of the land to produce anything of
vaue to humanity. Concern with such an outcome has led to land degradation sometimes being
defined as follows:
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Land degradation is the loss of the productive capacity of the land to
sustain life (IFAD 1992).

However such a definition is perhaps too broad and has somewhat emotive overtones. It
ignores the fact that whereas the productive capacity of an area may have been reduced by
land degradation, it may still be possible to use the land for productive purposes by adopting
dternative land uses, although with an inherent lower productive potentia. While land degradation
will have taken place, it will not have progressed to the extent that the land can no longer sustain
any form of life. It therefore may be more appropriate to define land degradation in a more
focused manner as follows:

Land degradation isthe reduction in the capability of the land to produce
benefits from a particular land use under a specified form of land
management (after Blaikie & Brookfield 1987).

Such a definition embraces not only the biophysical factor of land capability, but also such
socio-economic considerations as the way the land is used and the products wanted from the
land (the benefits).

Components of Land Degradation

There are anumber of interrelated land degradation components al of which may contribute to
adecline in agricultura production. The most important are:

* Soil degradation - decline in the productive capacity of the soil as a result of soil erosion
and adverse changes in the hydrological, biological, chemica and physica properties of the
0il.

* Vegetation degradation - decline in the quantity and/or quality of the natural biomass and
decrease in the vegetative ground cover.

* Biodiversity degradation - declinein genetic, speciesand ecosystem diversity (with possible
extinction of some species of fauna and flora).

* Water degradation - declinein the quantity and/or quality of both surface and ground water
resources and increased risk of downstream flood damage.

In addition, at the local leve, the following may contribute to declining crop and livestock
production:

* Climate deterioration - changes in the micro climatic conditions that increase the risk of
crop failure.

e Land conversion - decline in the totd area of land used, or with potentia, for crop and
livestock production as a result of arable land and/or rangeland being converted to urban,
industrial, water storage and infrastructural uses.

Soil and Water Conservation

Inits narrowest meaning the term soil and water conservation is used for erosion control only. In
its broader sense (asit is should be understood in an I1SM FFS) it refersto al efforts which aim
a guaranteeing long-term soil productivity, i.e. using the soil and keeping the soil in a healthy
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As atopographic and hydrological unit a watershed or catchment can be defined as (see also
Figure 1):

the area of land from which rainwater can drain, as surface runoff, via a
specific stream or river system to a common outlet point which may be a
dam, irrigation system or municipal/urban water supply off take point, or
where the stream/river dischargesinto a larger river, lake or the sea.

Soil and water conservation should deal with al lands within the boundaries of a drainage
basin. In the context of an 1ISM FFS it should not just be concerned with the agricultural lands
under cultivation but also focus attention on the need to look at soil and water conservation
within the area of the community as a whole, including its forest/woodland areas, range lands,
settlement areas and roads/access tracks. The hydrology of a watershed/catchment depends
on al its land. Therefore an understanding of the relationship between water movement and
agricultural productioniscrucia for the planning of soil and water conservation efforts. Planning
of soil and water conservation interventions at the farm and community level needs to conform
to the principles of watershed management (i.e. water flowsdown hill) and thisisakey component
of integrated soil management.

FieLp AssessmMeNT oF THE TyPe AND SEVERITY OF SoiL ErRosion

Thetype of erosion taking place aswell asits severity and status hasto beidentified in the field
before remedia actions can be determined and appropriate technol ogies are sel ected. The status
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of erosion at a specific site can be classified as to whether it is active (i.e. still taking place),
stabilized (i.e. erosion hastaken place in the past but isno longer active), or partly stabilized (i.e.
whereas there are some signs that erosion is still taking place there is also evidence that some
previoudy active erosion features are stabilizing).

Water erosion is the most widespread form of degradation within the tropics and occurs
widely in al agro-climatic zones. It includes processes such as splash erosion, sheet erosion, rill
and gully erosion and mass movement. In arid and semi arid climatic zones wind erosion may
also be as serious a problem if strong winds occur when the soil is bare and dry.

* Splash erosion: i.e. the spattering of soil particles caused by the impact of raindrops on the
s0il. The loosened particles may or may not be subsequently removed by runoff; splash
erosion is an important component of sheet erosion.

Symptomsto be observed inthefield: Poor soil structure at the surface (destroyed soil
aggregates). Tendency towards surface sealing and crusting. (See appendix 1)

* Sheet erosion: i.e. the removd of afairly uniform layer of soil from the land surface by
runoff or wind.

Symptoms to be observed in the field: After a rainstorm, small heaps of loose soil
material can be found between fine lines of sand. Severe sheet erosion results in soil
profile removal and can be identified by uncovered roots of trees (see appendix 1).

* RIill erosion: i.e. the remova of soil by the cutting of numerous small, but conspicuous
water channels by concentrated surface runoff. The marks of rill erosion may be obliterated
by ordinary tillage practices.

Symptoms to be observed in the field: Rills (see appendix 1, not to be confused with
furrows caused by tillage operations).

e Gully erosion: i.e. the remova of soil by the formation of relatively large channels (called
gullies) cut into the soil by concentrated surface runoff. In contrast to rills, gullies are too
deep to be obliterated by ordinary tillage practices.

Symptoms to be observed in the field: Gullies (see appendix 1). They may develop
from deep rillswhich act as drainage channels or in unstable soil by tunnel formation
by under cutting the bank until the overhang drops. Gullies progressively widen and
deepen; the gully head moves slope upwards.

* Mass movement: i.e. movements of parts of the whole slope. Heavy and/or prolonged
rains are usually the triggering factors of mass movements.

Symptoms to be observed in the field: Landslides, mudflows, rock falls and soil creep.
e Wind erosion, i.e. the removd of soil by the detrimental forces of wind.

Symptoms to be observed in the field: Wind induced scouring, transportation and
deposition of soil, and wind damaged plants.

Some GeNeraL PrincIPLES FOR SoiL AND WATER CONSERVATION

Water Erosion Control

The dominant soil degradation process faced by amost all resource poor small-scale farmersis
water erosion. Whether or not water erosion occurs at a particular site will depend on the
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erogvity of the rainfal received, the soil’ s infiltration capacity and erodibility, dope length and
angle, and the amount of ground cover provided by surface litter and growing plants.

Rainfall Erosivity

Erosivity is afunction of the physical characteristics of rainfal. Asrainfall intensity increases,
S0 in turn does raindrop size (up to certain high intengties), termina velocity and kinetic energy.
Thus, the higher the rainfal intensity the greater its capacity to cause erosion. There will be
considerable variation in total annual rainfall between and within different agro-ecological zones
from close to zero in desert regions to over 10,000mm in some humid highland tropical aress.
Irrespective of the area, total annual precipitation in the tropics typically comes in the form of
short duration high intengity rainstormswith maximum intensities associated with individua cyclone
events and the occasional typhoon/hurricane. Within thetropics at least some 40% of the annua
rainfall can be expected to be received at erosive intensities'.

Rainfall erosivity isafactor that cannot be modified by man’s actions. Given that rain will fal at
erosive intensities it has to be regarded as a fixed congtraint for integrated soil management
purposes. The only options open are to reduce its impact by providing protective ground cover
through appropriate crop management and revegetation practices. In an agricultural context the
aim should be to ensure the least amount of bare soil at the time the most intensive rainfall can
be expected. This could be achieved by such practices as mulching with crop residues and
improved crop husbandry designed to provide the maximum crop cover as quickly as possible.

In areforestation context the aim should be to keep to a minimum the area that has to be kept
clear to reduce weed competition during tree seedling establishment. Also it is important to
recognize when promoting tree planting as a conservation measure that it is the improved
groundcover from litter below the trees rather than the tree canopy itself that provides the bulk
of the protection against erosion.

Soil Erodibility

Soil erodibility is a measure of how vulnerable or susceptible the soil is to erasion. This will

depend on the soil’s structure and structural stability, texture, organic matter content, porosity,

and permeability. Erodibility is initially an inherent property of the soil, but can change as a
response to management. A soil’s erodibility can be increased or decreased by changes in soil

organic matter. Within upland aress, land that has been used for dryland annual crops (particularly

shifting cultivation) typicaly has alow soil organic matter content. When such conditions are
combined with coarse topsoil textures and weak surface structure it makes for highly erodible

soils. A soil’ serodibility can be reduced by management practices designed to raise the organic

matter content of the topsoil.

Slope Length and Angle

Slope length and angle in the geomorphological sense are undterable, but their values with
respect to erosion can be modified by conservation measures. Effective slope angle can be

1 Research work in anumber of tropical countries suggeststhat intensities of less than 30mm per hour
are virtually non-erosive, with intensities of 30-60mm per hour, some 10% of rainfall will be erosive,
once theintensity reaches 100mm per hour, al rainis erosive.
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dtered only by terracing. However, the cost of terrace construction and maintenance (especially
the labour requirement) is high. A shortage of labour within the household can result in low
quality terracing which may actualy increase soil erosion, should runoff concentrate at low
points. Also crop yields may be reduced if during terrace construction the origina topsoil is
removed or buried and crops end up being planted in less fertile subsoil.

Effective dope length can be reduced by conservation measures of the barrier type. These
may be physical structures (e.g. earth banks, stone walls, storm drains and cutoff ditches) or
biological barriers (e.g. grass strips, barrier hedges). When considering the use of barriers for
erosion control a distinction should be drawn between impermeable and permeable barriers.
Impermeable barriers are those, such as ditch and bank structureswhich check all runoff, either
by diversion or by retaining it in Situ until it can infiltrate into the soil. Permesble barriers are
those which alow some proportion of runoff to pass through. Examples of the latter would be
contour stone lines, hedges or grass strips.

By dlowing some runoff to flow through them, at a greetly reduced velocity, permeable
barriers have an automatic safety valveto cope with the occasional stormsof very high intensity
that would overtop and destroy earth banks. Hence contour grass strips and hedgerows may be
technically suitable aternativesto earth banksin high rainfall areas. Grass strips and hedgerows
can aso contribute directly to on-farm production by providing fodder, green manure, fuel and
mulch.

In semi arid areas crop production islimited by moisture availability. Production benefits may
follow the adoption of measures that encourage the conservation and infiltration of rainwater,
such asthe construction of impermeable cross dope barriers, retention ditches, level and backward
doping bench terraces. However the risk of mass movement increases with increased slope
angle, therefore caution should be exhibited in steeply doping areas, when adopting conservation
farming practices that increase infiltration and reduce runoff. Retaining more water in situ may
actually accelerate land degradation by mass movement. It therefore must be remembered that
not al dopes can be terraced safely, the critica factors being soil type and geologicd structure
and stability. Effortsto introduce terracing on unsuitable dopes can result in catastrophic landdides
and mud flows.

There are disadvantages to relying on structures aone to solve soil degradation problems
because:

* conservation structures have high direct costs (especialy labour) for both initial construction
and annual maintenance;

* they may involve foregone costs by taking strips of land - the width of the bank, channel and/
or terraceriser - out of crop production, without necessarily producing any immediate benefit
to compensate for the reduction in cropped area;

* they can counter only the effects of runoff - they have no effect against rainfall itself (raindrop
impact);

 they can prevent gully formation - but have no effect on declining soil fertility as a result of
continuous cropping in the inter-bank areas.

Conservation structures provide a means of dealing with excess storm runoff, but on their
own cannot substitute for improved conditions of soil structure and cover in the inter-bank
areas. They can be used safely and effectively only in support of other improved crop/plant, soil
and rainwater management practices.
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Ground Cover

Ground cover isthe factor that has the greatest impact on the rate of erosion by protecting the
soil surface from the impact of erosive rains. It is aso easily modified by changesin land and
crop management practice. Cover may be provided by the leaves and other parts of plants
growing above the surface (the canopy) or the dead materials deposited on the soil surface
below the plants (litter). In a natural system the litter would be composed of leaves, stems,
twigs, branches, seeds, fruits etc. In cropping and agroforestry systems the canopy will be
provided by the growing crop and the leaves of any woody perennias, while the litter may
consgt of deliberately applied mulch and/or crop residues.

Perennial tree crops with cover crops beneath have the potentia to reduce erosion to a
fraction of its rate on bare soil. Hence when planting perennid tree crops, as an aternative to
annual crops, consderation should be given to interplanting cover crops. Cover crops should not
only be conservation effective, but also offer productive benefits. For perennia cover crops to
be accepted by farmers they must be easily propagated, require little management, be shade
tolerant (so they will continue to provide surface cover as the tree canopy expands) and have
some economic value as afood crop, green manure and/or fodder.

Wind Erosion Control

Strong horizontal winds can cause both damage to vegetation and soil erosion. Such winds are
afeature of many arid and semiarid climatic zones. They are aso afeature of coastal areasthat
lie within the hurricane and typhoon belts. Wind erosion can be expected when the following
conditions occur:

» thesoil isloose, dry, and findly divided;

* the soil surface isreatively smooth and plant cover is sparse;

» fieldsarelarge and open; and

» thewind velocity is high enough and turbulent enough to move soil particles.

In addition to the problems of wind erosion, the strong dry winds, combined with low humidity,
that are afeature of the climate in arid and semi arid climatic zones can adversely affect crop
production by:

* reducing the effectiveness of rainfall by evaporation from the soil surface;

* increasing evapotranspiration from the leaf area of growing crops, increasing the risk of
moisture stress; and

» causing high evaporation losses from the surface of dams, rivers and irrigation canals.

Wind erosion is restricted to dry soils, and the amount is dependent upon wind velocity and
ground roughness. Control measures can therefore be directed towards changing one or more
of thesefactors, that isby maintaining soil moisture, reducing the wind velocity, or increasing soil
roughness.

The planting of windbreaks would assst in reducing wind velocity, which in turn would
reduce the ability of the wind to dry out the topsoil. Not only would windbreaks serve asawind
erosion control measure, but they would aso improve the microclimate for crop production. In
addition should there be any risk that irrigation would lead to waterlogging and sdinization of the
upper soil layers, then the planting of trees, in the form of windbreaks, would provide ameans of
counteracting this. The roots of mature trees can pump water at depth and thus would help in
re-establishing a downwards water circulation in the soil.
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For shelter belts or windbreaks with a height of less than some 10 m, avelocity reduction of
more than 20% can be obtained up to heights of haf the height of the belt and up to distances
15-20 timesthe height of the belt. Higher belts have relatively less effect. A key requirement of
awindbreak isthat it must not block the wind velocity. If the wind is blocked it causes serious
turbulation just behind the belt. Hence a porous belt (one that the wind can flow through) has
much more effect than a very dense one (one that wind has to go round or over). The best
effect is obtained with a belt of medium density and a dynamic porosity of about 40-50%.

Shelter belts require good care and maintenance as openingsin abdt giveriseto higher wind
speeds. This can be the case in old belts with heavy trees and a lack of undergrowth. The
adverse effect of openings in dense belts is still worse (jet formation). These streams cause
locally increased wind erosion or damage to vegetation. The same applies to both ends of a
shelter belt. A belt should therefore not be ended abruptly, neither should part of a dense shelter
belt be cut off; instead, porous ends should be maintained.

When deciding on the location and extent of shelter belt planting it should be borne in mind
that; @) asecond belt gives|ess protection than the first most windward one; and b) shelter belts
have the disadvantage of contributing to an irregular windspeed pattern over the fidld. When a
regular decrease in wind velocity is required trees and bushes (for fruit, green manure, fodder,
fuel etc) inavariety of agroforestry systems, could be spread evenly and in small groups across
the land. An increasing surface roughness and, consequently, a decrease in wind velocity will
then result.

Rain Water M anagement

In arid and semi-arid areas rain water management calls for techniques that will harvest, store
and/or spread water with the aim of concentrating moisture locally within a catchment, for the
purpose of crop production (e.g. earth and rock bunds, graded channels, rock weirs etc). In
dightly higher rainfal aresswhere moisture may till limit crop production the need isfor techniques
that will hold rainfal in Situ, reduce the velocity of any runoff, and promote infiltration (e.g. hill
sde ditches, retention terraces, stone lines, tied ridges, planting pits, earth basins, vegetative
strips, conservation tillage etc). In humid high rainfall areas the need is for techniques that can
utilize the available water (e.g. level paddy rice terraces), control and safely dispose of excess
rainfall (e.g. graded terraces and waterways) and drain soils that would otherwise be prone to
waterlogging and possible mass movement (e.g. graded hillside ditches and drainage channels).

SoiL AND WATER CONSERVATION TECHNOLOGIES

A soil and water conservation technology consists of one or more of the following complementary
measures (agronomic, vegetative, structural and management) that when used in the field would
make a positive contribution to soil and water conservation (WOCAT 1998):

* agronomic: i.e. measures undertaken within the cropping areafor primarily crop production
purposes and include practices such as intercropping, contour cultivation, minimum tillage,
mulching, manuring etc which are:

- are usualy associated with annual crops;

- are repeated routinely each season or in arotationa sequence;
- are of short duration and not permanent;

- do not lead to changes in dope profile;
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- are not zoned; and
- are independent of sope.

* vegetative: i.e. measures involving the deliberate planting of trees, shrubs, grasses etc, or

retention of areas of natural vegetation (eg. reforestation, windbreaks, contour hedgerows,
natural vegetative strips) which:

- involve the use of perennial grasses/pasture legumes, shrubs or trees;
- are of long duration;

- often lead to a change in dope profile;

- are often zoned on the contour or at right angles to wind direction; and
- are often spaced according to slope.

* dructural: i.e. measuresinvolving the congtruction of physical structures (e.g. graded banks

or bunds, contour stone lines, level bench terraces, artificial waterways and drop structures)
which:

- lead to achange in dope profile;

- are of long duration or permanent;

- are carried out primarily to control runoff and erosion;

- require substantial inputs of labour or money when first instaled;
- are zoned on the contour; and

- are spaced according to slope.

* management: i.e. measures arising from deliberate managerial decisions taken with the
intention of protecting land from erosion/improving production etc, (eg. land use changes,
area closure, rotationa grazing) which:

- involve a fundamental changein land use;

- involve no agronomic and structural measures,
- often result in improved vegetative cover; and
- often reduce the intensity of use.

* combination: i.e. measures that combine two of more agronomic, vegetative, structural and
management measures (in conditions where one measure does not work effectively without
the other), e.:

- dructural: an outward doping terrace with
- vegetative: grass and trees planted on the riser with
- agronomic: crops grown on contour soil ridges

Appropriate soil and water conservation technologies for ISM are those which offer for a
given production Stuation an optima solution for using the land for sustainable and productive
agricultural purposes. Appropriate technologies are not necessarily “simple” technologies.
However, in the context of many devel oping countries, the appropriate technologieswill be ones
which are not capita-intensive and which use local resources and the existing labour forcein an
optima way.

It should be emphasized that before introducing a new technology it is necessary to check
whether local soil and water conservation measures aready exist and why and how farmers
apply these indigenous technologies. If such technologies exist and continue to be applied by
farmers, then, providing they have not been introduced and maintained by legal force and state
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authority, they can be considered
successful and on investigation will be
found to providethe adopterswith tangible
benefits. Understanding the reasons why
farmers use such technologies, i.e. the
production and conservation benefits they
get from them, isthe key to the successful
introduction of any “new” technology,
which must at least match and preferably
improve on the benefitsto be obtained from
the existing ones.

By May 1998 some 113 soil and water
conservation technologies had already
been entered into the WOCAT database?.
It is thus impractica to include, in these
guidelines, detailed specifications on the
range of soil and water conservation
technologies that could be investigated as
part of an ISM FFS. However there exists
agrowing number of technica publications
(published at the international, regiona or
national levels) that provide technical
guidelines on alternative soil and water
conservation and integrated soil
management practices (see appendix 2 for
alist of some of these). These should be
consulted by those responsible for the
preparation of the curricula for individua
ISM FFS as reference sources when
preparing locally appropriate FFS
guidelines.

Normally, farmers recognize the
occurrence of erosion processes in their
fields. Crucid for the farmer’s decision to
take action against erosion is their
judgement on importance of the resulting

BOX 3: List of criteria for screening alternative
soil and water conservation technologies
Feasibility undr socio-economic
circumstances:

given

* Does the technology correspond with
farmers’ skills?

® Are input and produce markets available?
* Do the farmers have sufficient resources?

Correspondence with farmers’ goals and
preferences:

® |sthe technology compatible with the
cropping pattern and cropping calendar?

* Does the technology conflict with farmers’
preferences?

® Are there interactions between crop and
livestock to be considered?

Feasibility under given natural conditions:

* Expected production as compared to present
situation?

* Expected stability of production?

® Expected production risks?

Ecological viability:

* Expected effects on the natural environment?

® Expected effects on the long-term
productivity?

* Expected effects on diversity of agro-
ecosystems?

Economic viability:

* Profitability as compared to present situation?

* Expected effects on produce markets?

Further Criteria (such as cultural suitability, etc.)
(Source: Werner 1993)

damage. Some criteria for the selection (see also Box 3) of soil and water conservation
technologies by farmers are the following (van Keer et al. 1996):

* Therequired labour input should be low.

* The technology should provide short-term benefits.
* Thetechnology should be easy to implement, to maintain and to change.

* There should be no (or minimal) competition for area, light, moisture and nutrients between
the soil and water conservation technology and the crop.

2 Databaseof theWorld Overview of Conservation Approachesand Technologies (\WOCAT) programme
of the World Association of Soil and Water Conservation coordinated by the Centrefor devel opment
and Environment (CDE) of the University of Berne Switzerland.
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The selection of technologies depends also on the predominant farming system. In principa
there are three main groups of farming systems practices by small-scale farmersin the tropics:
tree based, animal-based and crop-based farming systems (see Figure 2). Most ISM farmer
field schools will be focused on improving crop-based farming systems, dthough appropriate
ISM FFS curricula could be developed for the other two systems.

FIGURE 2
Principal farming systems of the tropics (Source: Lal, after FAO, 1995a)

_ Tropical Farming Systems I

Tree-based Animal-based Crop-based
* Matural forest * Nomadic herding * Monocropping
= Successional forest = Ranching * Sequential cropping
* Shifting cultivation * Ley farming * Mixed cropping
* Perennial crop * Agroforestry
= Agroforestry
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Annex 3, Appendix 1

Guidelines for qualitatively assessing the
status, type and severity of soil erosion

by means of visual indicators

A qualitative estimate of the severity of existing erosion can be obtained through the use of
simplevisua indicatorsthat can be observed during field ingpection of both farm and forest land.
The following notes provide examples of some visua parameters that it is believed could be
used for ng qualitatively the state and severity of soil erosion in the course of a transect
walk undertaken as part of an ISM FFS. Such visua parameters call for the observer to make
a subjective visua assessment based on hisher past experience and local knowledge. It is not
possible to give quantitative or precise definitions of what congtitutes dight, moderate or severe
eroson. Thereis therefore an element of imprecision in this approach, in that it is possible for
different observersto arrive at different classificationsfor the same area. However it isbelieved
that adegree of uniformity can be achieved by the FFS participants through shared learning and

field experience.

Srate oF ErRosioN

Active one or both of the following conditions apply: evidence of
sediment movement; sides and/or floors of erosion form(s) [e.g.
rills, gullies] are relatively bare of vegetation.

revegetated.

Sabilized one or both of the following conditions apply: no evidence of
sediment movement; sides and/or floors of erosion form(s) are

stabilization.

Partly Sabilized evidence of some active erosion but also some evidence of

SeLasH Erosion

Splash erosion commonly initiates
water erosion and occurs when rain
drops fall onto the bare soil surface
(Figure 1). Rain drop impact breaks
up the surface soil aggregates and
splashes particles into the air. On
doping land relatively more of these
will fall downdope resulting in a net
downhill movement of soil. Some of
the soil particles may fal into the
voids between the surface aggre-
gates thereby reducing the amount
of rain water than can infiltrate into
the soil and increasing runoff.

FIGURE 1
In a high-intensity storm, the raindrops hit the ground
with great force, compacting the surface and splashing
water and soil particles for considerable distances
(Source: Shaxson et al., 1977)
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Not apparent

No obvious signs of splash erosion but evidence of minor splash
erosion may _have been masked by for instance recent tillage.

None

No visual indicators of splash erosion.

Slight

Some visual evidence of splash erosion from the presence of soil
particles having recently been splashed up onto the stems and
undersides of the leaves of crops; some signs of surface sealing due to
the impact of raindrops; any surface crust is thin and easily broken.

Moderate

Clear signs of splashing having thrown soil particlesinto the air with a
moderate coating of soil on the stems and undersides of the |eaves of
crops, clear signs of surface sealing due to the impact of raindrops; a
surface crust up to 1 cm in thickness and moderately easily broken.

Severe

Clear evidence of the wholesale splashing of soil particles into the air
from the presence of adistinct coating of soil on the stems and
undersides of the leaves of crops; obvious surface sealing due to the
impact of raindrops; a hard surface crust of over 1 cm in thickness.

SHeeT ErosION

Sheet erosion is the relatively uniform removal of soil from an area without the devel opment of
conspicuous channels. Indicators of sheet erosion include pedestalling® (Figure 2), root exposure
(Figure 3), exposure of subsoils, and soil deposits against field boundaries, hedge rows and
conservation structures down slope.

Not apparent | No obvious signs of sheet erosion but evidence of minor sheet erosion
may have been masked by for instance recent tillage.

None No visual indicators of sheet erosion.

Slight Some visua evidence of the movement of topsoil particles downs ope

through surface wash; no evidence of pedestal development; only afew
superficial roots exposed.

Clear signs of the transportation and deposition of topsoil particles
downslope through surface wash; some pedestalling but individua
pedestals no more than 5 cm in height; some tree and crop roots exposec
within the topsoil; evidence of topsoil removal but no subsoil horizons
exposed.

Clear evidence of the wholesale transportation and deposition of topsoil
particles downd ope through surface wash; individual pedestals over 5 cnr
in height; extensive exposure of tree and crop roots; subsoil horizons
exposed at or closeto the soil surface.

Moderate

Severe

RiLL Erosion

Arrill isasmall channel lessthan 300 mm deep (Figure 3) which can be completely smoothed out
by cultivation with animal or machine drawn implements, although traces (depression lineswithin
the field) may remain where dl cultivation is done by hand.

3 Pedestalling occurswhen an easily eroded soil is protected from splash erosion by astoneor treeroot,
isolated pedestal s capped by the resistant material areleft standing up from the surrounding ground.
Providing there is little or no undercutting at the base of the pedestal then the removal of the
surrounding soil isthe result of splash erosion rather than by surface flow.
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Norill erosion

Slight

A few shallow (< 100mm depth) rills affecting no more than 5% of
the surface area.

Moderate Presence of shallow to moderately deep rills (<200mm depth)
and/or rills affecting up to 25% of the surface area.
Severe Presence of deep rills (up to 300mm depth) and/or rills affecting

more than 25% of the surface area.

GuLLy Erosion

A gully isachannel 300 mm or more deep (figure 3). It will provide aphysica impediment to the
movement, acrossthe dope, of animal or machine drawn farmimplements. It cannot be smoothed
out in the course of normal cultivation.

No qully erosion

No gullies present within the field.

Slight

A few shallow (<0.5m depth) gullies affecting no more than 5% of
the surface area.

Moderate Presence of shallow to moderately deep gullies (0.5-1.0 m depth)
and/or gullies affecting 5 - 25% of the surface area.
Severe Presence of deep gullies (>1m depth) and/or gullies affecting more

than 25% of the surface area.

StrReaM BANK ERoOSION

Occurs along the side of banks of rivers and streams and contributes directly to the sediment
load of the river system. Can be severe during floods when a considerable volume of water is
flowing at great speed.

No stream
bank erosion

Stream bank with close to 100% vegetative cover and no active erosion
(rill and/or gully erosion) on the bank. Little if any signs of
undercutting on the outer bends of meanders and little active deposition
of sediment on the inside.

Slight

Limited loss of vegetative cover (>80% cover remaining) and no worse
than dlight erosion on the mid to upper portion of the stream bank. <5%
of the meanders over a 1km stretch with active undercutting of only the
lower portion of the bank on the outer bends of meanders and some
deposition of sediment on theinside.

Moderate

Moderate loss of vegetative cover (50-80% cover remaining) and slight
to moderate erosion on the mid to upper portion of the stream bank. 5-
15% of the meanders over a 1km stretch with active undercutting that
may extend into the mid portion of the bank on the outer bends of
meanders and moderate deposition of sediment on the inside.

Severe

Severe loss of vegetative cover (<50% cover remaining) and moderate
to severe erosion on the mid to upper portion of the stream bank. >15%
of the meanders over a 1km stretch with active undercutting extending
up to the upper portion of the bank on the outer bends of meanders and
heavy deposition of sediment on the inside.




144 Annex 3: Supporting reference material on soil and water conservation for FFS

M ass M oveEMENT

This includes dl relatively large down-dope movement of soil, rock or mixture of both, eg.
landdides, dumps, earth flows and debris avalanches. This category of land degradation would
be described for relatively large land units, such as watersheds, rather than for individual fields.

Status
Active Landdlide scars clearly visible with sharp boundaries and less than
10% vegetation cover within the landslide area
Sabilized Landslide scars still detectable but no lonaer with sharp boundaries
/Inactive and with greater than 50% vegetation cover within the land dide area.
Partly Stabilized Landdlide scars clearly visible with vegetation cover between 10-50%
of the area of landdlide.

Severity
No mass | None No evidence of mass movement (no visual signs of
movement land dides, or mass Sumping)
Present Slight Isolated examples of mass movement. Individual

events small in size and/or affecting less than 0.1%
of the total area.

Moderate A moderate number of mass movement events.
Individual events small to moderate in size and/or
affecting 0.1-1.0% of the total area.
Severe Significant number of mass movement events.
Individual events may be large in size and/or
affecting over 1% of the total area.

WinD ErRoOsION

Wind erosion involves both the remova and deposition of soil particles by wind action and the
abrasive effects of moving particles as they are transported. It occurs when soil is left bare of
vegetation asaresult of cultivation, and/or overgrazing following overstocking. Not only can the
wind remove topsoil from good farm land but can result in additional damage by burying land,
buildings, machinery and fences with unwanted soil.

Strong horizontal winds can cause both damage to vegetation and soil erosion. Wind erosion
can be expected when the following conditions occur:

* the s0il isloose, dry, and findy divided;

* the soil surface isrelatively smooth and plant cover is sparse;

» fiddsarelarge and open; and

* thewind veocity is high enough and turbulent enough to move soil particles.
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Not apparent No obvious signs of wind erosion but evidence of minor wind erosion
may have been masked by for instance recent tillage.

None No visual indicators of wind erosion.

Slight Some visual evidence of the movement by wind of soil particles

within individual fields; no evidence of wind scouring with only afew
superficia roots exposed; deposits of wind blown soil at field maradins
or where the winds progress has been obstructed under 2 cm
thickness; little accumulation of wind blown soil in drainage ditches.

Moderate Clear sians of the transportation and deposition of soil particles by
wind, some scouring but no more than 5 cm in depth; some tree and
crop roots exposed within the topsoil; deposits of wind blown soil at
field margins or where the winds progress has been obstructed 2-5 cm
thickness; moderate accumulation of wind blown soil in drainage
ditches.

Severe Clear evidence of the wholesale transportation and deposition of soil
particles by wind: extensive scourina with individual scours over 5cm
in depth; extensive exposure of tree and crop roots; subsoil horizons
exposed at or close to the soil surface; drainage ditches filled with
wind blown soil; elsewhere oridinal soil surface buried beneath at |east
5 cm of wind blown soil.

FIGURE 2

Soil that is not protected from the raindrops’ force is splashed and carried away. Pedestals of
soil are left standing where more resistant materials provide a protective cover(Source: Shaxson
etal., 1977)
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FIGURE 3
Different erosion processes (Source Vukasin et al., 1995)
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Annex 3, Appendix 2
Sources of information on soil and water
conservation technologies

In 1992 aworld wide programme known as the World Overview of Conservation Approaches
and Technologies (WOCAT) was launched by the World Association of Soil and Water
Conservation (WASWC) with the aim of systematicaly collecting and sharing information,
between countries, about different soil and water conservation technologies and approaches.
The WOCAT programme has to date worked with a number of collaborating ingtitutions, at the
nationa and internationa levels, to gather datafrom alarge part of Africaand in some countries
in Asanotably Thailand, China (Fujian Province) and the Philippines.

InMay 1998 WOCAT produced itsfirst mgjor output in the form of a CD-ROM, released as
FAO Land and Water Digital MediaseriesNo. 3. ThisCD-ROM contains not only the WOCAT
database software, but also the avail abl e results from the collaborative documentati on exercises
conducted over the last few years. To date some 113 technologies and 75 approaches have
been documented, by being entered into the WOCAT database.

Information onthe availability of the CD-ROM, and theindividua technologies and approaches
contained in the WOCAT database, can be obtained from:

CDE WOCAT FAO

Hallerstrasse 12 Chief AGLL

CH - 3012 Berne Videddle Terme di Caracdla
Switzerland 00100 Rome

Tel +44 31 631 88 22 Ity

Fax +44 31 631 85 44 Fax +39 06 570 56275

E-mail: wocat@giub.unibe.ch E-mail: land-and-water@fao.org

Internet: http://www.fao.org

In addition to the WOCAT database a number of soil and water conservation/integrated soil
management technologies and approaches are documented in a growing range of publications
produced by international, regional, national and loca agencies. The following are just some of
those that are available:

I nter national/Global Coverage

FAO 1984. Tillage systems for soil and water conservation. Soils Bulletin 54.

FAO 1985. Water shed Management Field Manual - Vegetative and Soil Treatment Measures.
FAO Conservation Guide No. 13/1

FAO 1986. Water shed Management Field Manual - Gully Control. FAO Conservation Guide
No. 13/2
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FAO 1987. Soil and Water Conservation in Semi-arid Areas. Soils Bulletin No. 57

FAO 1988. Water shed Management Field Manual - Sope Treatment Measures and Practices.
FAO Conservation Guide No. 13/3

FAO 1988. Water shed Management Field Manual - Landslide Prevention Measures. FAO
Conservation Guide No. 13/4

FAO 1989. Soil Conservation for Small Farmersin the Humid Tropics. Soils Bulletin No. 60

FAO 1991. Water Harvesting - a Manual for the Design and Construction of Water
Harvesting Schemes for Plant Production. AGL/MISC/17/91

FAO 1995. Tillage Systems in the Tropics - management options and sustainability
implications. Soils Bulletin No. 71. FAO Rome

FAO 1995. Sustainable Dryland Farming in Relation to Soil Productivity. SoilsBulletin No.
72 FAO Rome

FAO 1996. Land Husbandry Components and Strategy. Soils Bulletin No. 70 FAO Rome

FAO 1999. Integrated soil management for sustainable agriculture and food security. AG”/
MISC/23/99 FAO Rome

Herweg K. 1996. Field Manual for Assessment of Current Erosion Damage. Soil Consarvation
Research Programme Ethiopia and Centre for Development and Environment, Ingtitute of
Geography, University of Berne, Quartiergasse 12, CH-3012 Berne, Switzerland.

Ingram J. 1990. The Role of Trees in Maintaining and Improving Soil Productivity - A
Review of the Literature. Series No. CSC(90)AGR-15 Technica Paper 279 Commonwealth
Science Council London.

VukasinH.L. [ed.] 1988. Guidelinesfor Planning Environmentally Small-scale Agricultural
Projects. Arlington CODEL/VITA

Wijewardene R & Waidyanatha P. 1984. Systems, Techniques& Tools- Conservation Farming
for Small Farmers in the Humid Tropics. Commonwealth Secretariat Marlborough House
London.

World Neighbours 1985. Introduction to Soil and Water Conservation Practices. Oklahoma
City USA.

World Neighbours 1988. I ntegrated Farm Management. Oklahoma City USA.

Young A. 1989. Agroforestry for Soil Conservation. Science and Practice of Agroforestry
No 4. ICRAF Nairobi Kenya/CAB International Wallingford UK.

Asia Regional Coverage

APAN 1996. Asia-Pacific Agroforestry Profiles: Second Edition. Asia-Pacific Agroforestry
Network Field Doc. No. 4/RAP Publication 1996/20. FAO Regiona Office for Asa and the
Pecific, Bangkok.

FAO & IIRR 1995. Resource Management for Upland Areas in Southeast Asia - An
Information Kit. FARM Field Document 2. FAO RAP Bangkok Thailand, IIRR Cavite the
Philippines.
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Hafeez S. 1998. Appropriate Farm Technologies for Cold and Dry Zones of the Hindu
Kush-Himalayas. ICIMOD, Kathmandu Nepal

Partap T & Watson H.R. 1994. Soping Agricultural Land Technology (SALT) a Regenerative
Option for sustainable Mountain Farming. ICIMOD Occasional Paper No. 23. Kathmandu
Nepal

Africa Regional Coverage

ChineneV.R.N, Shaxson T.F., Molumeli P.R., Segerros M. and Douglas M.G. 1996. Guidelines
to Better Land Husbandry in the Southern African Region. Environment and Land
Management Sector SADC Maseru Lesotho

Critchley W. 1991. Looking After Our Land New Approachesto Soil & Water Conservation
in Dryland Africa. IED/OXFAM Oxford.

Ha M.T. 1998. Water Harvesting: An lllustrative Manual for Development of Micro-
catchment Techniques for Crop Production in Dry Areas. Regiona Land Management Unit
RELMA/SIDA Nairobi Kenya.

Rocheleau D., Weber F. & Field-Juma A. 1988. Agroforestry in Dryland Africa. ICRAF
Nairobi Kenya.

Caribbean Regional Coverage

GumbsF.A. 1987. Soil and Water Conservation Methodsfor the Caribbean. Department of
Agricultural Extension, University of West Indies, Trinidad

Country Specific Examples
1 China

MWR. 1989. Terraces in China Ministry of Water Resources, Beijing, Peopl€’ s Republic of
China

2. Ethiopia

CFSCD 1986. Guidelines for Development Agents on Soil Conservation in Ethiopia.

Community Forests and Soil Conservation Development Department, Ministry of Agriculture
Addis Ababa, Ethiopia.

3. India

Ker J& Sanghi N,K. 1992. Indigenous Soil and Water Conservation in India’s Semi-Arid
Tropics. Gatekeeper Series No. 34 Sustainable Agriculture Programme International Ingtitute
for Environment and Development (I1ED) London.

4, Kenya

Thomas D. 1997 Soil and Water Conservation Manual for Kenya. published by the Soil and
Water Conservation Branch, Ministry of Agriculture, Livestock & Marketing, Nairobi.
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5. Malawi

Shaxson T.F., Hunter N.D., Jackson T.R., & Alder JR. 1977. A Land Husbandry Manual.
Government Printer Zomba Malawi.

6. South Africa

Philip D et d. 1995. People’' s Farming Workbook. Environmental & Development Agency
Trust, Capetown & Jo'burg ISBN 0 86486 112 5.

7. Philippines
Agroforestry Technology Information Kit. DENR, IRRI and the Ford Foundation.

Agroforestry Species for the Philippines. US Peace Corps, Technology Support Center, 2139
Fida A. Reyes St. Malate, Manila 1004.

Ipil-Ipil Hedgerows For Soil Erosion Control in Hillylands. Celestino A.F. 1985. FSSRI
College of Agriculture UPLB Laguna.

Resource Book - On Sustainable Agriculture for the Uplands. IRRI, Mindanao Baptist
Rurd Life Centre, Mag-uugmad Foundation, World Neighbours.

Soping Agricultural Lands Technology. PCARRD Technology Series.

Soil Erosion Control Measuresfor the Uplands. Philippines Uplands Resources Center, dela
Sdle University Research Center, 2401 Taft Avenue, Manila 1004.
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Annex 4
Farm and community level problem
analysis methods

A. Use oF CausaL Diacrams

Unless the causes of a problem are clearly understood inappropriate interventions may be
proposed for solving field level soil management problems. Causal diagramming is a valuable
technique for determining and explaining the complex relationships between different causes
and how their effects, individually or combined lead to a particular problem. By clearly
demondtrating theseinterrelationships the technique can help avoid or resolve differences between
the participants of an 1ISM FFS as to which of their list of identified problems are the key ones,
which arein redlity causes, and how the various causes and constraints identified are linked.

In causal diagramming apotential cause or constraint that contributesto a particular problem
is known as a causal factor. Not all causal factors are equal or have a direct effect on the
problem. Some will be more distantly related to it than others and yet till be a contributory
factor to it. Thiscan be demonstrated through the use of causal chainslinking the various causal
factors in alogical sequence to the problem. The causal chain below shows that the causal
factor of low soil fertility hasthe effect of producing low crop yieldswhich in turn isthe ultimate
cause of the farm households key problem namely food shortage.

Shortage of (I_ow Craop /\’I_ow Saqil
Q Food ) Yields ) Fertility

Developing a Causal Diagram

The procedure for developing a causal diagramis as follows:

* |dentify the problem(s) to be explained.

* |dentify the causal factors involved in the generation of each problem.

* Decide onaword, short phrase or symbol to describe the problem and enter on the |eft-hand
side of the diagram and draw an ova around it.

* Decide on words, short phrases or symbols for the causal factors related to the problems.
Starting with the most significant factors enter these in ovals to the right of the problem.

* Examine the various factors and draw arrows between the ovals to show the cause and
effect relationships between them. The arrows pointing from the cause to the effect and
resulting in a series of chains linking the various causa factorsin alogica sequence to the
problem.

* Clean up thefirst draft of the diagram resulting from the previous step. Make any necessary
modifications to improve its consistency and clarity. Rearrange the position of the ovals as
needed so as to produce an orderly progression from right to left in the diagram.
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Identification of Intervention Points

Causal diagrams can be used to identify points within the system where there could be scope for
intervention at the field and/or policy level with the am of tackling a particular problem by
combating the causes or removing the congraints to increasing production on a sustainable
basis. The diagram is likely to reveal a number of possible points for intervention and the FFS
participants will need to determine which have the most potentia to make an impact on the
problem and which constraints have to be overcome before other potential interventions can
have any effect. The diagram can also reveal which causes are, for al intents and purposes,
fixed congraintsi.e. those that cannot at the present time be overcome by means of atechnical
or policy intervention for one or more bio-physical, socia, economic or political reasons.

FIGURE 1

Generalized causal diagram indicating the dominant natural and socio-economic causes of
the major problems faced by farmers in the Chamba Area, Zomba District, Malawi (Source:
Douglas, 1988)
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B. ProBLEM TREE ANALYSIS

In this method, the mgjor problems contributing to each of the identified constraints is anayzed
on the basis of available information. The main causal relationships between the problems are
then visualized in a problem tree. A problem tree consists of a diagram illustrating a set of
relationships amongst problems, by fitting them in a hierarchy of cause and effect relationships.
In such a diagram the causes are presented at lower levels and the effects at upper level. The
organization of problemsin alogica sequence should lead to logical conclusions and eventudly
to the identification of effective solutions.

The gtarting point for congtructing aproblem treeistheidentification of mgjor existing problems
(or foca problems) based on brainstorming and using available information. ‘Mobile Cards are
used for this purpose, with each participant writing down (or using a symbol) a suggestion for a
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focal problem (which he or she considers to be the central point of the over all problem). It
should be kept in mind that a focal problem is an existing negative state but not the absence of
solution. For example sodicity of soil is a problem, but non-availability of gypsum is not. The
group should discuss each proposal and try to agree on one focal problem. If agreement is not
reached, the proposed problems are arranged in a problem tree, according to casual relationships
between them, and on the basis of the overview achieved in this way, the group should try again
to agree on the focal problem

As the next activity, substantial and direct causes of the focal problem are identified and
placed in parallel on the line directly underneath. Similarly, substantial and direct effects of the
focal problem are identified and placed in parallel on the line above. Causes and effects are
further developed along the same principle, at several levels, to form the problem tree. The
process can be concluded when the participants are convinced that all essential information has
been included in the network, in order to explain the main cause-effect relationships characterizing
the problem. Care should be taken that it is not stopped until the root or underlying causes are
clearly specified. The location of the problem in a tree diagram does not necessarily indicate its
level of importance, but simply its position in a logical sequence of cause-effect relationships. As
there are likely to be many changes to the problem structure during the course of the exercise,
the use of pin boards or magnetic boards with problem boxes represented on small pieces of
paper or cardboard (mobile cards) is recommended. These could be moved around regrouped
or rearranged during the discussions.

After the construction of the tree is completed, it is reviewed, its validity and completeness
verified, and necessary adjustments made. At this stage, working from the bottom upwards, all
the elements of the tree are reformulated into positive desirable conditions. Each problem is
examined systematically, to determine which could be solved by interventions at the household
and community levels and which ones could not. This should provide one basis on which to
formulate options for solving the identified problems. (See figures 2-4).

FIGURE 2
Example of an inverted “problem-cause tree” for water erosion

WATER EROSION :
The principal problem
RUNOFF LACK OF GROUND COVER ‘

BURNING RESIDUES.

STEEP SLOPES | | COMPACTED SOILS

N\

OVERGRAZING REMOVING RESIDUES|

o AN

The causes are indicated by _ LACK OF FODDER FOR
the directions of the arrows. LIVESTOCK IN THE DRY
SEASON
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FIGURE 3
Example of an inverted “problem-cause tree” for the problem of “low soil fertility”
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FIGURE 4
Example of possible solutions to the causes of “water erosion”

[WATER EROSION
The principal problem

RUNOFF 'LACK OF GROUND COVER
(More cover, hillside (Higher plant densities, cover crops,
? ditches, live barriers) | leave more residues)
| STEEP SLOPES | | COMPACTED SOILS BURNING RESIDUES
} (Live barriers, more (Deep ploughing, cover (Campaigns, talks, posters)
cover, hillside ditches) crops, fallows)

OVERGRAZING REMOVING RESIDUES
(Live fences, improved (Cover crops, intercropping)
fences, fewer cattle)

NOTE
Causes are indicated by the

direc f the . :
Postible solutions are given in LACK OF FODDER FOR LIVESTOCK

parentheses for each cause. IN DRY SEASON
(hay, silage, improved pastures, forage trees)
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Annex 5
Forms for use during the farmer field school
evaluation
TABLE 1
Form for recording data and calculating gross margins
Costs
Inputs ' Jired labour [ Other
Amount (kg, ) Cost (Days, hours) ~ Cost | Cost
Seed Equipment
Fertilizer ' Medicine
Pesticides for animals
Water Spare parts
Bags Threshing
Transport
Petrol
Total costs Total costs | Total costs
i Total cash costs
i
i
Home Consumption
(kg, bags, cajas)
_j L‘ 'Value of Produce
Ar(h:a mgl%glztgd : Production [:: (use market price)
T (kg, bags, cajas)
------------- |

"Produce sold
(kg, bags, cajas)

Y A4

Gross margin = Total value of produce - Total cash costs
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TABLE 2
Evaluation form for soil productivity changes

Column A Column B Column C
Increased Decreased Not
changed

Part 1 Positive factors

Crop vields have ....?

Crop arowth vigour has .2

Overall impression is that soil fertility has ...?

Dark colour of the topsoil has ...?

Frequency of including legumes has ...?

Use of manures has ...?

Use of composts has ...?

Use of mulches has ...?

Use of green manures has ...?

Use of cover crops has ...?

Use of crop rotations has ...?

Use of zero or minimum tillage has ...?

Use of intercrops and relay crops has ...?

Plapnt density has .2

Quantity of surface residues has ...?

Activity of worms has ...?

Numbers of biopores have ...?

Ease of tillage has ...?

Total number of checks (+)

Part 2 Negative factors

Column A Column B Column C
Increased Decreased Not changed

Nutrient deficiency symptoms have ...?
Weed incidence has ...?

Numbers of grass weeds have ...?
Freqguency of crop water stress has ...?
Frequency of crusting/sealing has ...?
Frequency of low emergence rates has ...?

Frequency of surface ponding has ...?2
Frequency of restricted rooting has ...?
Need for subsoiling has ...?

Frequency of waterlogging has ...?
Frequency of runoff from rainstorms has ...?
Frequency of rilling has ...?

Frequency of gullies has ...?2

Frequency of wind erosion has ...?

Total number of checks (+)

Positive changes = Total No. of (+) Part 1, column A + Part 2, column B = (X)

Negative changes = Total No. of (+) Part 1, column B + Part 2, column A = (Y)

No changes = Total No. of (+) Part 1, column C + Part 2, column C = (2)
Overall change in soil health = (X) - (Y) - (Z) = J)
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TABLE 3
Evaluation form of ISNM course modules

Evaluation of the usefulness, quality and level of understanding of the ISNM course modules, principles
and skills.

Rating Madule/Principle/Skill
1 | 2 | 3 | 4 | 5
Usefulness
Very beneficial
Beneficial
Not beneficial

Quality

Acceptable as is
Needs to be improved
|_Needs less time
| Needs more time

Level of understanding

Well understood
Moderately understood
Poorly understood

TABLE 4
Evaluation form for FFS organization and facilitator

Evaluation of FFS organization and the facilitator’s ability

I | Good | Acceptable Needs Improvement

FES organization

Duration

Timing of sessions

Length of sessions
Locations

Suitability for women
Visits
Exercises
_Skills
| Field testing of possible solutions

Facilitator's ability

Knowledge

Ability to communicate
|_Understanding of farmers problems

Willingness to listen to farmers

Receptivity to farmers suggestions
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TABLES
Form for suggestions

Suggestions on improvements

General suggestions
Should there be more/less/same time devoted to:
exercises?

discussions?

field tests?

talks?

visits?

Specific suggestions

Which new topics/skills should be:
included?

excluded?

given less time?

more time?

How can the oraanisation of the
FES be improved?
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Annex 6
Foliar nutrient deficiency symptoms

COLOUR CHANGES IN LOWER LEAVES

Nitrogen: Appearance of alight green to pale yellow colour on the older leaves, starting from
the tips. This is followed by death and/or by dropping of the older leaves depending on the
degree of deficiency.

Phosphorus: The mature leaves have characteristic dark green to blue green colouration. In
acute deficiency occasional purple colours may be seen on the leaves and stems. Also restricted
root development, delayed maturity and poor seed and fruit devel opment.

Potassium: Laoss of green colour adong the leaf marginsfollowed by scorching and browning of
thetipsof older leaves. These symptomsthen gradually progressinwards. Also ow and stunted
growth, weak stalks and plants lodge easily.

Magnesium: Symptoms often appear in seedlings, the area between the veins becomes yellow
to white, mainly on older leaves, producing a streaked or patchy effect. With acute deficiency
the affected leaf may become reddish-purple from the edge inwards, then dries up and dies.

Zinc: Deficiency symptoms generally appear on the second or third fully mature leaves from
the top of the plant. In maize the symptom is alight yellow striping to a broad band of white or
yellow tissue with reddish purple veins between the midrib and the leaf edges, occurring mainly
in the lower haf of the leaf. In rice after 15-20 days from transplanting, small scattered light
yellow spots appear on the older leaves, which later enlarge, coal esce and turn deep brown. The
entire leaf becomes rust brown and dries out within a month.

COLOUR CHANGES IN UPPER LEAVES AND THE TERMINAL BUD DIES

Calcium: Calcium deficiencies are seldom seen because the secondary effects due to high
acidity often dominate. Theyoung leavesof new plantsarefirst affected, they are often distorted,
small and abnormally dark green. Leaves may be cup-shaped and crinkled. Termina buds may
die under severe deficiency, and root growth impaired or rotting of roots.

Boron: Leaves near growing point become light green to yellow, growth buds appear as white
or light brown dead tissue.

COLOUR CHANGES IN UPPER LEAVES AND THE TERMINAL BUD REMAINS ALIVE

Sulphur: Y ounger leaves including the veins turn uniformly yellowish-green to yellow.

Iron: Interveinal areas of youngest leaves yellow to aimost white, the points and margins of the
leaves keep their green colour longest.

Copper: In ceredsyoung leaves become uniformly pale yellow, or may wilt and wither without
losing its green colour.

Manganese: Young leaves show pale green to yellow colour with dead spots between the
veins. Greyish areas appear near the base of younger leaves and become yellow to yellow-
orange.
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PLATE 1
Nitrogen deficiency in maize (FAO 1984)

PLATE 2
Phosphorus deficiency in maize (FAO 1984)
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PLATE 3
Potassium deficiency in soybean (FAO 1984)

PLATE 4
Magnesium deficiency in maize
(FAO 1984)
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PLATE 5

Zinc deficiency in maize

(

Loué 1993)

PLATE®G
Copper defici
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PLATE7
Calcium deficiency in Banana (Belger et al.)

PLATE 8
Sulphur deficiency in rice (FAO 1984)
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PLATE 9
Manganese deficiency in wheat

(Loué 1993)

PLATE 10
Manganese deficiency in banana (Loue 1993)






