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OBJECTIVES (1) To give a series of seminars on:

(a) Farming systems research and technology transfer
(b) Land and water management investigations
(c) On-farm, operational-scale research
(d) Research priority determination

(2) To study the presently ongoing CPATSA research programs
at Research Centers and on farms.

(3) To prepare recommendations for the modification of research
program components, for the strengthening of the inter-
disciplinary character of the work, and for a more effective
transfer and diffusion of new technology.

(4) To suggest means for improving the support to, and the
linkages with State Research and Extension Organisations.

DUTY PERIOD April 8 - 23, 1980



-2-

DUTY STATION CPATSA, Petrolina (PE)

INSTITUTION ASSISTED Centro de Pesquisa Agropecuaria do Tropico
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COOPERATING STAFF

Name

Jose Ribamar Pereira
Aderaldo de Sousa Silva
Arnobio Anselmo de Magelhaes
Everaldo R. Porto
Otavio Pessoa de Aragoa

PERSONNEL INTERVIEWED

Name

C.A.D Oliveira Ventura
Jose Nunes Filho
L. de Souza Maeedo
Anlonio R. de Souza
Peter Penic
M. Eunice de Q. Vieira
Jose F. F ilho
Franciso N. Pereira
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S.G. de Albuquerque
Aderaldo S. Silva
Jose S. Si 1va
Arnobio A. de Magelhaes
Carlos E. Martins
L.H. de O. Lopes
N.N. de Siqueira
L.P. de Araujo

Technical Director
Soil and water management
Soil and water management
Model Iing/resource management
Soil and water management

Function

Director,I.P.A.
Soil & water management
Irrigation
Soil conservation
Pasture management

II II

Technology diff.
Fa rmer
Economist
Plant protection
Animal production
Soil, water management
Technology diff.
Soil, water management
Irrigation
Plant protection
Sertanejo Man.
Farmer

Locat ion

Serra Telhada
II II

" II

II II

" "
II "
II "
" 11

Ouricuri
"
"
"
"
II

"
"
11

11



Name

Renival Alves de Souza
Manuel Abilio de Quaeroz
Francisco Jose A.F. Tavore
Aldo Arnaldo de Medcires
Fidelfo Tavores de Sa
Helio Almeida Burity
Soaa Fel inho dos Santos
luiz B. Morgado
Manuel ~avier dos Santos
Marcos Antonio Drumon
Martiniano C. De Oliveira

SEMINAR PARTICIPANTS

Name

Antonio Gones de Aranjo
Pierre Michel Saint Chair
Aldo Arneldo de Modires
Helio Almeida Burity
Everaldo R. Porto
Oelavio P. Aragoa
Francisco J.A.F. Tavora
Harbans lal
Joao Felinko dos Sanlos
lan Beale
Filadelfo Tavores de Sa
M.M. Choudry
Orlando M. De C. Filho
Marcus Antonio Drumond
Martiniano C. Oliocira
Aderaldo de Souza Silva
Jose de Souza Silva
luiz Balbino Morgado
Eduardo Assis Menezes
Jose Ribamar Pereira
Renival A. de Souza
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Function

Oirector, CPATSA
Technical Oirector
Res. Coord.EPACE
Researcher EMBR
Tech. OiH·EPACE
Prod. SysLIPA
Soil Cons.EMEPA
Soil Fertil ity CPATSA
Plant breeding CPATSA
Forest ry CPATSA
rasture mans.CPATSA

Function

Agronomist
Consultant
Researcher
Resea rche r
Researcher
Researcher/Coord.
Researcher
Consultant
Researcher
Consultant
Techn. OiH.
Researcher
Resea rcher
Researcher
Researcher
So i1, Water Man.
Tech d if f .

Soi 1 Fe rt ,

Plant breeding
Soil fertility
Oirector

location

Petrol ina
II

II

II

II

II

II

II

II

II

II

location/Org

UEPAE, Teresina
CPATSA, I f CA
UEPAE, Cuiro
IPA, Seura Telhada
CPATSA
CPATSA
EPACE
CPATSA, I f CA
EMEPA
CPATSA,IICA
EPACE
CPATSA
CPATS.A.
CPATSA
CPATSA
CPATSA
CPATSA
CPATSA
CPATSA
CPATSA
CPATSA



Name

Eliane Mogueire Choudhury
Jose P. De AraMio

~Clementino M.B. De Faria
Josias Cavalcanti
Soao Fel inko dos Santos
Everaldo de V. Bandera
Luiz Corsino Freire
lose Nunes Filho
Mauricio Bernardes Coelho
Carlos E. Martins
Elias Oliveira Filho
Jose Maria Mei ra Lessa
Walter Brandao
Moaeir Alves da Silva
Arnobio Anselmo de Magelhaes
Paulo Sergio de S. Magelhaes
Gilberto José de Moraes
Gilberto Gomes Cordeiro
Valderi Vieira da Silva
Manuel Xavier dos Santos
Luiz Carlos Galindo Bairos
Marias A De 01 iveira Malos

ACTIVITIES DEVELOPED:
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Function Location/Org

Soi 1 physics CPATSA
So i1 Fertil ity CPATSA
Soi 1 Fertility CPATSA
Agronomist CPATSA
So i1 conservation EMEPA
Tech Diff. SUDENE
Economist CPATSA
Soi 1, water mano IPA
Irrigation CPATSA
Plant nutrition C?ATSA
Agronomist EPABA - Irece
Soi 1, water mano EPABA - Irece
Tech. Diff. SUDENE
Irrigation CPATSA
So i1, water mano CPATSA
Hydrology CPATSA
Entomology CPATSA
Soi 1 salinity CPATSA
Tech. Di ff. UEPAE, Teresina
Plant breeding CPATSA
Tech. Di ff. UEPAE
Tech. Di f f , UEPAE

(a) Prepared and presented several seminars on farming systems research
~nd natural resource development and management (for details see
Results of activities)

(b) Studied and discussed with CPATSA scientists research results of
previous years and means to improve experimentation and analysis
(for details see Results of activities)

(c) Proposed several new experiments in the areas of agronomy, soil
fertility and soil and water management (for details see Results of
activities).
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(d) To further improve the support of and the linkages with State
Organisations, suggested the setting up of small task forces
and the identification of personnel with specific responsibi-
lity for different phases of research especially the operational-
scale and on-farm studies.

(e) Identified lacunae in ongoing research programs that make it
difficult to attain early results and means to strengthen the
research and extension oriented programs.

RESULTS OF ACTIVITIES:

After arrival at Recife on April 10, brief visits were made to
on-farm rcsearch projects at Serra Telhada and Ouricuri. Work at the
Caatinga research station near Petrolina involving cropping systems,
forestry and range management was inspected on April 14 and 16; some irri-
gation experiments at the Bedebouro site were also seen. A seminar was
prepared and presented on April 17. On-farm irrigation development
activities near the Sobradinho lake were visited on April 18. A draft
report was submitted to the CPATSA Administration and briefly discussed.

(a) The Seminar;

(a.l) Determination of research priorities - Evidence from ICRISAT

Based on in-depth analysis of research in farming systems and
economics, conducted at ICRISAT during the last 8 years, a set of genera-
lizations has been derived. It is bel ieved that such general isations, once
fully tested, are useful for several purposes:

They lead to further researchable questions and sharpened
hypotheses for new enquiries. They may serve similar pur-
poses in the research planning stage at regional research
centers, particularly when scientists engage in new research
fields.

They may assist scientists at regional and at coordinating
research centers in interpreting a variety of research results
on a comparative basis across locations.
Once the geographical limits to the generalizations are known,
they can become useful to implementation and development fund-
ing agencies at the project identification level and possibly
in actual planning.
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In the past, farming systems research has focussed on : Assembly and
interpretation of existing base line data; The communication of basic and
applied research results; Basic or supportive research on methodologies;
Simulation or systems analytic studies; The organisation of inter-regional
cooperative trials and research networks; The training of researchers, and;
The development of appropriate farming systems at selected, representative
locations.

Past research results lead to suggestions for farming systems in
alternative regions that are of a striking location - specificness. Thus,
there is a further need for comparative evaluation of research results
derived elsewhere; for the early analysis and publication of research
results from resource management research; for research that will further
improve simple simulation models to be used for derivin9 long-term proba-
bilities; for using models to test alternative hypotheses and to determine
research priorities; for the production of "iso-technology" maps for various
production techniques; for the initiation of multilocation "omnibusll

experiments where uniform data sets are collected; for a greater research
effort into cooperative research programs at research centers and on farms,
and; for an increased emphasis on considering farming systems as consisting
of components to be assembled differently for distinct regions according to
their profitabili~ies, costs and local preferences.

In the discussion it was pointed out that for ICRISAT - as for
CPATSA - it is important to be able to select research priorities on the
basis of the potential returns envisaged. This is particularly true at
a time when financial resources for agricultural research become more
limited. Such annual updates of direction and orientation of research
programs is feasible only if the compilation, analysis and publication of
the collected data is done in time, well ahead of the subsequent planting
season. Although this may be difficult to achieve, research planning is
not feasible without it. At ICRISAT, the results of past research analysis
have much inc•.eased the emphasis towards operational-scale and on-farm
research. However, for CPATSA and the State Research Institutions there
appears to be a continuing need for further strengthening of component
research.
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In addition to supplemental irrigation from collected runoff or
groundwater, there are several other avenues to reduce the undependability
of rainfed agriculture. Examples are intercropping systems, use of chemical
ferti1izers, improved crop management, weed contro1, etc. Partly because
of the extreme unre1iability of the rainfa11 at the present CPATSA
Caatinga research site, supp1ementa1,"life saving" irrigation work may
have been overemphasized. It is important to a1so explore other potentia1
possibi1ities to improve and stabilize completely rainfed agriculture in
these regions for those farmers without acces to water.

In research on rainfed farming, it is important to realise that
two major questions must be answered:

A clear answer must be obtained to "what" is to be done
to improve the crop growth environment and to maintain
productivity.

The know1edge gained must be trans1ated into "how' this
new information is to be fitted into existing farming
systems. Such problem-so1ving, app1ied investigations are
most effective1y executed by farming systems studies on an
operational sca1e at research stations and on farms.

Although the pressure may often be great to start early on integrating
technology component into technica11y and economica1ly viab1e systems, one
must know the quantitative effects of components manipulation in different
environments - and different years - before one can effectively integrate
and synthesize farming systems.

(a.2) Farming systems research and techno10gy transfer
ICRISAT's Farming Systems Research Program attempts to contribute

to raising the quality of life in the Semi-Arid Tropics through interdis-
ciplinary and cooperative efforts to improve the use of natural, human and
capital resources. It has been found that dry sowing on clayey soils is
successfu1 if the ear1y rains are dependab1e; introduction of toolcarriers
results in greater time1iness and improved efficiency of cultural operations;
the broadbed-and-furrow system controls excess water and facilitates tillage;
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intercropping increases total yields substantially on Vertisols and
Alfisols; effective weed control can be attained through the integration
of mechanical, biological, and chemical means.

Watershed-based resource development and management contributes to
increased and more stable yields; the comLined effect of different produc-
tion factors appl ied together far exceeds the total effect of these factors
applied singly; and improved farming systems tested in operational-scale
research watersheds consistently result in three to five fold increases in
rainfall productivities. On-farm studies to involve farmers in appropriate
technology development and to search for effective forms of group action
have begun.

In discussing some research results in more detail considerable
attention was paid to improving the "s t eps in technology" experimentation.
Although in 1978 - at Philadelfia - the coefficients of variation (C.V)
were relatively small, the differences between entirely "traditional" and
fully "improved" technology was only about 30 percent. Extreme variability
in the research sites at the present Caatinga location has during the last
two years resulted In such high CVls that no statistically significant
differences can be derived. Additionally, the difficulties encountered are
considered due to:

Insufficient available information on the individual technology
components.
Plot sises too small for an economic analysis (only 36 m2 where
a minimum suggested size might be 150 m2)
The moisture regime of the individual research plots is not
independent and separation of plots by small drains is required.

It was generally agreed that there is an urgent need to increase the
research on sorghum and other more drought tolerant crops such as cassava
to arrive at more stable systems of farming under entirely rainfed conditions.
Although the dependency of the present Caôtinga research site upon the
availability o f supplemental irrigation is realised, initiation of work at
a second site under more dependable rainfall conditions is not judged
feasible. The need for more work on system modell ing to predict the long
term probabilities of results attained during only a few years of experiments
was emphasized. Possibilities for cooperative work with ICRISAT's Agrocli-
matology subprogram in multilocation experiments may be explored.
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(a.3) Land and water management investigations

Frequent shortfalls in food production and a deterioration of the
productive capacity of the resource base have become common in many areas
of the Semi-Arid Tropics. Watershed-based natural resource development
which involves the optimum use of the watershed precipitation through improved
water, soil, and crop management has the potential to contribute significantly
to greater productivity and resource conservation. The development of improved
watershed management technology, adapted to what farmers require, is a complex
and long-term task; alI land uses, including grasslands and forests must
be considered. To attain successfu1 agricultura1 development approaches,
the responsibility of a coordinating Institute consists of the generation of
improved research methods, cooperative investigations focussed on operational-
scale research and the integration of new technology, and training programs.

In ICRISAT's Land and Water Management research program, one can
distinguish between four major activities:

Evaluation of the in situ yield effects of soil and water use
and conservation practices that are presently common
Investigations of approaches towards improved soil and water
management resulting in higher and more stable production.
Studies on small-scale, supplemental irrigation of upland crops
to decrease the risk involved in rainfed agriculture.
Research on real farms towards implementation methods and
effective forms of group action for new systems of farming.

It is important to rea1ise that farmers in the Semi-Arid Tropics
have traditional1y obtained their 1ivelihood through primitive rainfed
agriculture and livestock grazing. Improvement of this situation will often
require very considerable investments and change because the strategy must
be to util ise development projects to provide the social and economic basis
for conservation programs. Once farmers have a productive resource in hand
they wil1 conserve this resource to the best of their abil ity. Thousands of
farmers in the Semi-Arid Tropics are poor because of their poor resources
and if one provides them with a poor technology as well, they simply will
remain poor.
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In the discussion, it waS illustrated that the graded broadbed
system of cultivation has great flexibility in adapting to the widely
different row spacings of sole and intercrops. Also, it must be real ised
that as long as the optimum range of per hectare populations is maintained,
considerable freedom exists in selecting suitable inter-and intra-row
spacings.

The local importance of groundwater as a source for supplemental
water was emphasised. Runoff water collection and storage on a small scale
may often be a relatively expensive measure and therefore all other availa-
ble options - including ~ situ water conservation in the soil profile -
should be explored first. However, potentials for improvement must also be
explored for those farmers located in the upstream portions of catchments,
on the shallow soils. Shifting attention to groundwater or larger scale
water collection means a move down the toposequences. The question must
always be asked if all possible options to improve the productivity of the
natural resource base in the upland areas have been exhausted. One may
sometimes have to consider economics of survival rather than to recognise
only direct benefits.

Finally, where "bad;' Ilmediumlland Ilgoodllrainfall years occur at
random, one can ask on wbich type of moisture environment the research should
focus. It was agreed that in the medium and high rainfall regions where
moisture on average is somewhat more dependable, one should be able to
"harve st the good vear s", Therefore, in these regions one would aim at
developing a technology that enables one to gain high yields in the years
of reasonably high and well distributed rainfall. To facil itate the imple-
mentation of such farming systems credit must be available on flexible terms
such that the initial risk becomes acceptable. In the drier semi-arid
regions where the main component of the farming systems is based on range
management and animals, stability is an important goal. One may therefore
aim at developing land management and cropping systems that will yield food
crops for subsistence even under adverse conditions.
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(a.4) On-farm, operational-scale research

The objectives and scope of the cooperative on-farm research in
which ICRISAT together with National Organisations participates, are:

- To find ways for farmers to participate in the technology
development process

- To examine the need and feasibil ity of group action for adoption
of watershed-based systems of resourc'e development and management

- To adapt, test and measure the performance of prospective land
and water management and crop production technologies on farmers'
fields.

Two committees have been initiated to guide implementation of the
on-farm research projects:

- An overall Advisory Committee - Technical (ACT).
The ACT designs the research p~ojects, provides technical
opinions and information to farmers and is responsible for
developing policy guidelines.

- An Adv isory Comm ittee - Loca 1 (ACL) has been cons t ituted
each village. This Committee is concerned with the selection
and actual implementation of the development activities; it
ascertains that the alternatives suggested by the ACT take
due account of local preferences and conditions. The final
decision-maker on all aspects of development plans and improved
cropping systems is the concerned farmer.

There may well be a need for two "levels" of on-farm experimentation:
(1) A technology component evaluation in replicated trials on the basis of
precise measurements; and (2) watershed-based or other operational-scale
comparisons aimed at technology integration and farmer involvement but
with somewhat less exact measurements. Because farmers may frequently not
be interested in participating in the first phase - and also because they
should, at this stage, not be exposed to the risks involved in experimenting
with new technology - it may be necessary to rent land on farms for this
purpose.

Finally, for successful on-farm research,executive responsibility
needs to be clearly defined. Although interdiscipl inary teams must back up
the on-farm research, one or two scientists and technicians need to be
charged with day to day implementation.
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In the discussion, the need for detailed data on all development
costs, inputs and produce values to facilitate an economic analysis of
the net returns to the new technology was emphasized. To accurately
determine yields, it is necessary to collect at least 16 samples (of
10 m2 each) per hectare under conditions of reasonable uniformity. During
the first few years of on-farm experimentation, particularly if the soils
are heterogeneous, it is advisable to collect yield information both on
the basis of samples and by determining the total bulk yields. This
procedure facilitates the determination of harvest and threshing losses
as well as estimates of sampling errors. Adequate technology component
knowledge is essential for successful on-farm research; to be convincing
the yield gains of the new technology must be impressive. The selection
of farmers for participation in ICRISAT - coordinated studies is done on
the basis of identifying a suitable small watershed. There is often a
wide diversity between small-scale and larger farmersinvolved. Recent
experience shows that the smallest farmers are often the last to try the
new technologies.

For a farmer, the most economical technique will always be the most
attractive. Researchers however, may consider other aspects including social
ones in their priority determination. Under some conditions this may lead to
a focus on more labor-intensive technologies rather than those that could
result in labor displacement. Choices with regard to relative emphasis on
high risk versus more dependable rainfall areas must be made by the govern-
ment organisations responsible for research pol icy decisions; scientists' incen-
tives must be set accordingly. Although national production and food
supplies may be more rapidly increased by research serving high rainfall
regions, considerations in favor of equity may lead to more work in the
regions with the poorest resource endowments. Unpredictable needs for
sudden massive relief programs are another reason to search for long-term
solutions in the latter areas.

Although ICRrSAT started its involvement in cooperative on-farm
research only two years ago, there have already been substantial benefits
from the .participation of farmers in the development of new technology.
Examples are the adaptation 9f animal-drawn equipment to more appropriately
serve local requirements and to decrease costs, the adaptation of implemen-
tation methods for new land development and water management techniques,
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and the generation of intercrop system combinations adapted to regional
preferences.

(b) Recommendations and Observations

(b.1) The present program

First o f a ll , it is appropriate to commend the scientific staff of
CPATSA with the indeed impressive progress that has been made during the
last few years in creating a viable research programo Three major areas of
activity can presently be distinguished: The compilation and study of base
line data; Investigations at Research Centers, and; On-farm studies
aimed at technology adaptation and implementation. Also, effective Iinks
now exist with action and development agencies oriented towards technology
extension and diffusion. The confidence gained in the effectiveness of
the research programs can be gauged for example from the participation of
CNPQ, SUDENE and SERTANEJO in more basic and applied research projects.

The strength that the program has attained is also evident from the
enthusiasm and understanding of the researchers and administrators, and
from the quality of the work carried out at research centers. Probablyeven
more important, effective interdisciplinary teams have been created for
investigations of a hol istic and integrated character, on an operational
scale at research stations and on farms. EMBRAPA may consider itself
fortunate, that 50 much has been achieved in such a short time often with
temporary facil ities.

However, as alI that truly know semi-arid agriculture know, the task
of improving the existing farming systems is complex because the target
farmer is mostly poor and has few resources. It takes time to create
scientific teams that can independently and objectively decide upon
research priorities given broad guidel ines. The required diversity with
regard to disciplinary background in many of the State Enterprises,
particularly in the areas of forestry, annual husbandry and range manage-
ment has not yet been attained. Additional strengthening of the CPATSA
team at Petrolina, e.g. in the areas o f crop improvement, soil physics
and agricultural tools and equipment is needed. Thus, much remains to be done.
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In the following paragraphs, some tentative observations, guidelines
and recommendations have been spelled out. It is important to real ise that
these suggestions are based on a brief visit and therefore will need further
study; they are not prescriptions. Given the specific characteristics and
needs of each area in the Semi-Arid Tropics, few "handbook" - type solutions
can be expected to evolve. Although the principIes involved in attaining
superior cropping systems and improved natural resource development and use
may be clear, the ultimate task of finding appropriate, site-specific
solutions for the special problems encountered in a given area will remain
the responsibility of local researchers, technicians, exten~ion agents, and
f lna l Iy , farmers. Particularly in N.E. Brazil, the vital importance of
forestry and animal production in existing farming systems must be realised
and capitalised upon.

To fulfill their responsibil ities effectively, those charged with
agricultural develorment will have to acquire the ability to invent the
most suitable solutions to each particular situation rather than applying
a given set of rules. Thus, less emphasis must be placed on testing techni-
ques found successful elsewhere and more on developing new solutions to the
real problems of local resource environments. Also, strong training programs
will be required aimed at increasing understanding of the limitations,
constraints and potentials of present farmlng systems and the requirements
of improved production technologies as well as their application. Fortunately,
a beginning is being made to meet these new challenges.

(b.2) Research site heterogeneity

A serious problem observed at alI research sites is the extreme
variability of the soils in terms of natural fertil ity and depth. Although
this might be expected on farms, its occurrence-at this leveI - on research
station land is alarming. The result is that different replicates of the
same treatment produce very unequal yields. For example, with CV values of
40 percent observed in an experiment with different quantities of chemical
fertilizers on the Caatinga site in 1979,there is little use in further
analysis. The variability in results is especially evident at low fertility
levels and greatly limits useful research opportunities to determine optimum
farming systems components.
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To alleviate this 1imitation, an effort should be made to identify-
or to create - more homogeneous areas by growing uniformly fertilised sole
crops on major portions of research station land during one or more years.
If new land were developed, precautions should be taken during the clearing
process to gain greater homogeneity. This might be attained by removing
trees, branches and other materials to windrows rather than burning these
at random.

(b.3) Land and water development and management

Research on the improved use of natural resources and land and water
development are important because good land is limited. The generation of
more effective, less costly land clearing methods is urgent because these
costs have quadrupled during the last few years (now approximately 20.000
cruzeiros per hectare)

Studies on improved land and water use at CPATSA distinguish between
the requirements of the 600-800 mm and the 400-600 mm average annual rain-
fall zones. Work is presently carried out on five different aspects:

- One finds over 70.000 small runoff reservoirs in the Northeast.
The water is primarily used for domestic and animal use; there
is little irrigation. CPATSA scientists are involved in trying
to develop viable production techniques along.the boundaries of
the reservoir following the receeding water in the dry season.
Approaches towards more efficient water use on the upland crops
in the areas below the dam,using reservoir water to backstop
rainy season cropping would seem to have substantial potential; low
low pressure plastic pipes might be tried for water conveyance.
In reservoirs with large areas of shallow water, compartmentalised
reservoirs must be tested.

- Primarily in the 600-800 mm rainfall zone 'watershed-based' farming
systems are being tried. In these rather intensively farmed areas,
runoff water is collected from cultivated land in small (2000 -
6000 m3) reservoirs. At times of drought, the collected water is
recycled to supplementally irrigate the crop in the watershed.
Evidence from ICRISAT appears to indicate that this approach may
be most successful with rather high value crops such as fruits
and vegetables. Also, whenever there is a choice between
existing reservoirs and new small runoff collection facil ities, the
former may be economically more efficient. There is an urgent
need to further study the economi~of watershed-based farming
systems. Also, in this agroclimatic region, studies of soil
and/or organic mulches to conserve moisture may be useful.
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- "Runof f " farming systems are investigated primarily in the
400 - 600 mm average rainfall zone. In these less intensively
farmed regions the contributing catchment is different from
the receiving cultivated arca where crops like maize and beans
are grown. Recharge of the soil profile in the cultivated area
may be either direct or after temporary storage in a small dug
reservoir or pondo In these regions, the appropriate farming
systems envisaged are based primarily on livestock grazing and
forestry; only a relatively small portion of the total farmed
area is allocated to subsistence food crops. In this agroclima-
tic zone, a greater emphasis on research of effective in situ
water conservation methods such as tied ridges and graded----
cultivation is required.

- Studies on the optimum use of water resources encompass water
conveyance, application methods, desafinisation and water collec-
tion from rooftops or rocky surfaces for human consumption.
Innovative adaptations of drip irrigation systems - based on
porous clay pots - may be of potential use for high value crops.
Their economic application in food crop cultivation would seem
doubt fu I.

- Investigations of drought tolerant crops and cropping systems.

(b.4) Steps in technology and operational-scale research

A basic hypothesis in these types of studies is that the components
of the system that one is trying to integrate are indeed understood.
Unfortunately, this in some situations does not appear to be the case and
it is therefore difficult to synthesize the system. This is evident from
several examples such as the yellowing of maize leaves - sign of N defi-
ciency - in "opt irnum" technology treatments with supplemental irrigation;
the planting of several maize or sorghum seeds at one spot in the plant row
without thinning which is eommon praetice in existing technology, applied
in the improved treatments, and; the planting of three maize rows of 50 em
apart rather than two rows at 75 em whieh is more effeetive under supple-
mental irrigation; IIOptimuml1 tcchnology is presumably different at alter-
native moisture levels. Thus, one gains the impression that the "opt irnum"

or "Irnproved!' system technology is not yet fully known and that operational-
seale, steps in teehnology,and on-farm research is ahead of the available
knowledge on system eomponents. This should not be and therefore a
reemphasis on component research in fertility and crop management research
is ealled for. Given the available scientific manpower resources and the
faeilities of the Caatinga research site,this would seem feasible without
decreasing the involvement in other phases of research.
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Some additional questions and comments can be made with regard to
the research at the Caatinga site near Petrolina. Because of the magnitude
of the advective energy component, a short vegetative cover in the weather
station area would seem more appropriate than the present bare surface. The
hydrologic measurement structures - in watershed based research - are rather
elaborate and may be toa costly to be repeated at many other locations. The
water balances of small tanks can be more accurately determined by placing
a normal U.S. Weather Bureau Class A evaporation pan in the water,surrounded
by a metal stilling well. Accurate daily readings can then be obtained of
reservoir evaporation and (evaporation and seepage) from another reservoir
connected stilling well. With regard to water conveyance for supplemental
water in small systems, the potential use of cheap, flexible,low pressure
plastic pipes may be investigated. Some evidence was observed in the
"technology steps" experimentation pointing to potential rewards of tied
furrow systems; this needs further research.

Finally, at the present Caatinga research site, it has been feasible
to conduct research only through the use of supplemental irrigation. Rain-
fed crops in the past two years died or yielded very little. Many farmers
in the Northeast have no access to supplemental water and the potential
improvements in entirely rainfed situations must also be investigated. To
facilitate this, a research site under somewhat more dependable rainfall
conditions may well be required.

(b.5) On-farm research

Two sites of on-farm research were visited (Serra Telhada and Ouricuri).
At Serra Telhada, a runoff farming systems has been laid out with a water
collection area - to be grassed - a small reservoir (3500 m3) and a
separate cropped area below the pond that will be supplied by gravity flow.
Although the visit was made in the middle of the rainy season,the maize and
beans subsistence crops had only just been planted. The probability of
sufficient water for crops to mature was judged low. A graded broadbed-and-
furrow system had been implemented using labor. However, essential land
smoothing had been deleted and land clearing was only partially complete.
Little chemical fertilizer was applied even in the area to be supplementally
irrigated.
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In the on-farm experiments at Ouricuri the maize was near heading
stage and the beans nearly mature. Compared to the crops in nearby fields,
the experimental area was late sown. Crops in the research watershed were
extremely disuniform presumably due to heterogeneity in soil fertil ity and
a relatively low leveI of chemical fertil izer applied (only 40 kg N/ha).
Symptoms of Zinc and Phosphorus deficiency were frequently observed. The
final yields of the on-farm experimentwereestimated only slightly higher
than the normal yields with existing traditional technology. Rainfall had
been scanty and two supplemental irrigations had been applied, however
little difference in crop appearance compared to entirely rainfed crops was
evident. The farmer when asked what he would do if the support involved
in the study were withdrawn responded that he would have to return to
traditional technology because of the high labor requirements of the new
system.

An important benefit of the on-farm research consists of the feed-
back that can be provided for research consists of the feedback that can
be provided for research program direction. Observations and comments that
may contribute to improving the qual ity and effectiveness of the on-farm
activities are:

One must be clear with regard to the optimum or improved levels
of the system components (e.g. variety, population, cropping
system, fertil ity, soil management, moisture regime, etc} before
one can expect to successfully demonstrate the superior perfor-
mance of the entire system of farming. Thus, it may again be
suggested that more emphasis be placed on component research
both at the Research Centers (CPATSA and the State Enterprises)
and where required also on farms.
Responsibility for the conduct of these experiments must be
clearly assigned not just to "an interdisciplinary t eam" at
CPATSA and the State Research Centers but to one or two scientists.
These "coordinators" should visit the experiments regularly in,
the growing season at least once a week. A committee similar to
the ACT (see seminar) may be set up.
At the locations of on-farm research, a qual ified technician must
be incharge of the day to day execution of the project. Conti-
nuous involvementof the farmer should be maintained in order to
ensure that the improved systems of farming are relevant to his
situation. The on-farm technicians will require mobility to
ensure time1 iness of operations.
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It is of critical importance that the demonstrated improved systems
of farming are indeed clearly more profitable than those feasible with
existing technology. Small gains of less than 50 percent will not capture
the imagination of farmers and widespread implementation will be impeded.

(b.6) Linkages

Several types of Iinkages can be considered: those between disci-
pl ines at CPATSA, those between CPATSA scientists and the on-farm research,
and relations between CPATSA as a coordinating agency and the State Research
and Extension Enterprises. It is suggested that to enhance the inter-
disciplinary character of the research projects at CPATSA one or two "omnibus"
type experiments be designed. In such experiments several scientists work
together to attain one common goal (e.g. gaining information on the optimum
fertility management levels, population densities and rowarrangements
of intercrops under supplemental irrigation. With regard to on-farm research,
the setting up of special task forces to solve specific problems (e.g.
micronutrient deficiencies) may improve participation.

A commendable beginning has been made in establishing cooperative
research and outreach links with the research and extension programs of the
Northeastern States. However, nine states and several research organisations
are involved (some such as EMAPA, EPACE, EMEPA, IPA and EPABA are State
Enterprises, others such as the UEPAE's are directly linked with EMBRAPA).
It is therefore difficult to rapidly evolve the organisational frameworks
and to identify and train the associated research staff in hol istic farming
systems research aimed at the early implementation of new technology. In
1979 the establishment of interdisciplinary teams at one of the research
centers in each of the states was accompl ished. CPATSA has identified its
own farming systems team to interact with and train the State research
personnel. These research teams need to frequently discuss the types of
operational-scale and on-farm research that can be initiated in the different
regions to support agricultural development projects.

To ensure more effective and productive interaction, it is suggested
that regular workshops be held by the participating scientists before and
after the growing season. Experimental plans and layou~ as well as CPATSA
coordinated multilocation experiments to study the stability of improved
technology across environments could be proposed and discussed at the
planning workshop. Data analysis and research results would be reviewed
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at the post-growing season conference. Where required, outside consultants
might be invited to these meetings to advise 00 problems encountered in
research planning,execution and analysis.

It is realised that it may be difficult for the coordinating
scientists at CPATSA to visit all research sites on a regular basis.
However, an effort should be made to select one or two especially representa-
tive and potentially important locations where CPATSA scientists are fully
involved in the experimental program as it relates to systems research.

Grazing nnimals and forestry are critically important in present
farming systems of the region. Few of the State Enterprises will be able
to mount effective research programs in animal husbandry, forestry, horti-
culture, range management,etc. These scientific areas are nevertheless
essential to improved mixed farming systems. CPATSA is acquiring special
expertise in these subjects and can therefore provide an important service
to the State Programs. This is especially valuable given the promising
results (e.g. with buffalo grass and eucalyptus trees) of the investiga-
tions at CPATSA's Caatinga site.

Finally, upgrading of CPATSA's training facilities (short term
informal and longer term in-service) will contribute to improved linkages
between the research groups involved in studies on improved, more productive
and stable farming systems for Northeast Brazil.

CONCLUSIONS

Commendable progress has becn made by CPATSA in building a
viable and effective research structure for dryland areas in
Northeast Brazil.
For CPATSA at Petrolina, further strengthening of the program
in the areas of Plant Breeding, Physiology, Environmental Physics
and Agricultural Implements appears desirable.
The State Research and Extension Organisations associated with
CPATSA seem to have inadequate expertise in Animal Production,
Range Management, Forestry and Land and Water Development and
Management.
The State Enterprises and' Research Units require substantial
apditional development through staffing and training because they
have to ultimately evolve the site-specific solutions for agricul-
tural development .
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CPATSA presently seems to be inadequately equipped to satis-
factorily perform its essential training function; professional
staff and funds will be required.

Linkages between disciplines within CPATSA and between these and
the state organisations can be significantly improved through
the setting up o f task forces, the initiation of "omnibus"experiments and the organisation of regular workshops for research
program planning and data analysis.

The demonstrations in on-farm research must result in atleast
double the yield of traditional technology in an average year in
order to capture the imagination of farmers. This can be attained
by high quality component research.

It appears that the number and diversity of research projects
carried out at the CPATSA Caatinga site is rather 1imited given
the number of scientists and the available opportunities at the
research site.

The stage has been reached where several scientists together
should evolve research priorities and conduct applied and meaning-
fuI interdisciplinary projects to attain the set objectives.

SUGGESTIONS ANO TECHNICAL RECOMMENOATIONS

It is evident from operational-scale research that substantial
strengthening of component research under supplementally irrigated
and rainfed conditions is required in particular in the areas of
crop and fertility management.

To improve the stabil ity of new farming systems,research on
sorghum, cassava and other drought tolerant crops needs to be
increased.

For meaningful "steps in technology" research,substantial1y larger
(>150 m2) and independent plots are required : component knowledge
needs to be improved.

The present research program at the CPATSA Caatinga site is
almost entirely dependent on the availability of supplemental
irrigation; a greater research focus on potential improvements
under entirely rainfed conditions seems desirable.

Increased capabil ity in modelling and simulation appears a pre-
requisite to predict the long term probabilities of a given
research outcome in these extremely erratic environments.

The lnitiation of coordinated, multilocation research projects is
another approach to gain time in reaching dependable conclusions
and the State research teams seen capable of participating in
such cooperative research.
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For effective research planning, coordination and reorien-
tation, the data analysis and reporting must be complete
before the initiation of experiments in a subsequent season

Research is required to develop low-cost, non-destructive
land clearing methods, particularly in areas with supplemental
irrigation potential

A more successful on-farm research phase can be attained by
the assignment of specific executive responsibility to a
small team of scientists and the involvement of quality
technical staff

A greater effort on in situ soil and moisture conservation
methods is required in the low rainfal1 zone. "Tied" furrQws
might well be effective in providing improved water infiltra-
tion on the deeper soils.

The large numbers of small reservoirs represent one of the
great potential resources of the Northeast.Research to develop
effective and efficient water distribution and utilisation
systems in downstream areas should be of great priority. For
shallow reservoirs, compartmentalisation may be investigated
to reduce evaporation.

An increased effort (both in terms of research pr.oject planning
and in execution) is required to gain at least some insight
in the economics of potential new technologies.

AlI feasible precautions must be taken to attain more homo-
geneous research sites. This can be done through appropriate
clearing procedures and the growing of medium fertility cover
crops to identify uniform areas.

OCCURRANCES OR FACTS THAT COULD HAVE AFFECTED PERFORMANCE

The objectives and specific job description relating to this
consultancy were insufficiently clear before arrival at Petrolina. An
exchange of views and the identification of specific problems for atten-
tion between the organization requesting the consultancy (in this case
CPATSA) and the selected consultant is desirable.
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Notwithstanding early written and cabled notification of IICA,
indicating the need for a flexible travel itinerary with the appropriate
charges for economy class air travel directly related to this consultancy,
the required authorisations were received only hours before the scheduled
departure time. If and when, in the future, consultants from ICRISAT are
involved, by far the most convenient procedure would be to authorise
ICRISAT to purchase the required ticket and to charge to IICA the
appropriate economy fare.

PETROLINA APRIL 1980


