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FOREWORD
 

This review was prepared by a team of two persons provided by the
 
International Agriculture Development Service. 
They were asked to
 
review the Project Implementation Document (PID) with regard to general
 
approach, technical assistance requirements, staff development, physical
 
facilities, and rela:ed matters. 
They discussed the issues with Swazi
 
officials, USAID staff, and other persons. 
 They referred to the documents
 
(Annex A) relating specifically to Swaziland and discussed Swaziland-specific
 
problems and needs.
 

Annex B provides some background on the increasing interest in
 
cropping systems research in relation to small farm development.
 

The scope of work for the review did not call for recommendations
 
on specific actions and objectives that the cropping systems project
 
might address. 
 It did, however, touch on the subject and the reviewers
 
developed a number of ideas of an immediately researchable nature.
 
These are recorded in Annex C. While the proposals must be modified and
 
refined by the design team, it seemed that they would provide a basis
 
to get underway promptly with an action-oriented program in Swaziland.
 



REVIEW OF THE SWAZILAND PROJECT
 

"CROPPING SYSTEMS RESEARCH AND EXTENSION TRAINING" 

(645-0212) 

A. COLIN McCLUNG AND KRISTIAN OLAND
 

General
 

1. The general approach of the project is sound. The indicated 
goal of improving the economic status of the farmer on Swazi Nation Land
 
(SNL) can best be met by a systems approach in which the whole farm
 
enterprise is the unit of study and action.
 

2. 
 The program envisioned in the PID and in the design study on
 
which it is based is too experiment-station-oriented. 
Work on cropping
 
systems should be 80-90 percent done in farmers' fields. The substantial
 
amount of basic crop and soil data already available in Swaziland needs
 
to 
be tested in on-farm systems experiments.
 

3. We recommend that 
the animal production aspects of 
the farming

system not be 
ignored in the project design. 
 Dring the initial 5-year
 
phase, it may not be possible to substantially influence animal production.
 
We believe, however, that it is impo'tant to evaluate and monitor the
 
animal production sector from the start. 
 This will provide a rational
 
basis for subsequently including animal production aspects in an adequate 
farming systems research program. We recommend further that some explora
tory work be started, even during the third year of 
the project, or. milk
 
production as a means of 
improving the economic return on SNL farms.
 

4. 
 The cropping systems research project must be 
regarded as a
full partnership involving the farmer and the extension and research
 
services. The 
research and extension servicei must participate in all
 
phases.
 

5. Major support will be 
required from institltions which provide
 
training in agriculture at all levels. 
 Support of the Faculty of Agricul
ture will be particularly crittcal.
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The research division
 
1. 
 The state of substantially suspended activity which now prevails
 

in the National Agricultural Research Division could seriously hamper
 
the development of 
this project for cropping systems research must b_
 
based on sound technology. However, the establishment of the cropping
 
systems project at a time when the Research Center is being re-staffed
 
and re-structured offers a unique institution-building opportunity.
 

2. The gazetted posts in the research division should be examined
 
for relevance, and some re-orientation made. 
New posts may be needed.
 
Specifically, we recommend that posts be created for:
 

(a) an agricultural production economist;
 

(b) a soil and water engineer;
 

(c) a cropping system specialist.
 

Some of these changes might be achieved by dropping certain specialities
 
from the current list. 
 (For example, a soil and water engineer might be
 
substituted for "soil physics.")
 

3. Every effort should be made 
to fill, with qualified personnel,
 
the agreed upon posts in the research service. When qualified Swazis
 
are not available, Swazi training candidates should be identified and 
appropriate training arranged.
 

4. While Swazis are being trained, members of 
the project team
 
might fill certain of the gazetted posts. But this should not (a) alter
 
the project's orientation to working directly with farmers; 
or (b) delay
 
the training of Swazis to take 
over 
the posts on a regular basis, first
 
with counterparts and then on their own.
 

Research procedures in cropping systems*
 
1. 
 We recommend that the project enter prorLptly into An active
 

research program, at the 
same time making every effort to train local
 
staff through participation in the research and in formal training
 

programs.
 

*Please refer to Annex B.
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2. 
 The research should be carried out by research teams which are
 
posted in target areas throughout the Swazi Nation Lands. 
 These teams
 
will be integral parts of 
the project effort. 
 Senior technici.ans and
 
their counterparts should be based at the Malkerns station.
 

A typical team would include one technical research officer,
 
one field extension officer, and a selectively recruited young expatriate

B.Sc. holder from a volunteer organization. The latter would add a
 
broader base in agricultural sciences which would complement the talents
 
and experience of the Swazi team members.
 

3. 
 The first cropping season Zollowing the initiation of the
 
project should be devoted to:
 

(a) forming research teams and enabling them to gain direct
 
personal experiences with Swazi cropping systems by
 
conducting observational triaii on one or more of the
 
research stations and/or on private farms;
 

(b) carrying out experiment3 on aspects of the system to test
 
promising modifications of the systems;
 

(c) conducting surveys of systems in 
use in selected target
 

areas.
 

Selected farmers from the target areas might be brought in to obsirve
 
and part±cipate in the experimental ,iork.
 

4. 
 During the second season, the research teams should be placed

in residence in the target arras 
in which they are to work. 
The general
 
strategy would be 
for these teams to carry out collaborative experiments

with farmers in easy reach of 
this base of operation. Bicycles and
 
motor bikes could facilitate this travel. 
 The team should establish a
 
number of simple experiments containing three or 
four variables that
would appear to have a good chanLe of succCssful iMpUct. 

5. In subsequent seasons the would and itsteam modify expand
experimental work and at the same time would work with interested farmers 
who wish to try out ,ome of the more promising results from earlier 
work. tew teams Mhould be formed to establish similar centers of research 
and diffusion in other areas. Work in farmt:rs' fields may vary in 
complexity but teameach should have a fortarget collaborativa work 
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which might be theof magnitude of 30 to 5U farmers' field activities 
each year for which records are kept.
 

6. 
 Because of the scarcity of trained manpower it will be necessary
 
to staff research teams with persons whose training may be 
less than
 
optimum. 
These teams will draw on Diploma holders for work that would
 
be more appropriately done by individuals with more advanced training.
 
The greatest challenge of the project will be to develop a viable program
 
under these circumstances. 
Not only is qualified staff going to be
 
scarce but outstanding individuals will have to be taken out of the
 
on-going program and sent for advanced training as soon as they can be 
identified. New participants will be brought in to take their places.
 
This means 
that the regional teams will require constant high quality
 
backstopping from other project staff.
 

Systems research on small farms is more difficult than tradi
tional work on experiment stations under controlled conditions. To get

the job done with few experienced local staff will place heavy demands 
on thL expatriate staff. 
They will have to be prepared to travel a
 
great deal to support the field teams and trouble shoot problems.
 

Staff development
 

1. 
 Lack of Swazis trained in agricultural sciences is the must
 
serious problem facing this project. Further, there are at 
this time
 
few Swazis with the necessary qualifications to undertake advanced
 
training abroad. 
 The question of what proportion of project 
resources 
should be used for training is somewhat academic so long as training 
candidates are not available. 

2. One can only be pessimistic about the availability of Swazi 
graduates for training for the research officer positions. Projections
 
that the design study team extracted from the University Bulletin of
 
Statistics should be re-examined. For instance, instead of 
10 Swazi
 
B.Sc. graduates in 1982-83 there will be none, and 
in 1983-84 the number 

is 3 instead of 14. 

On the other hand, Diploma holders are coming out ot the 
University in an adequate number. 
Many will have to be assigned to the
 
project as Technical Officers. Sore of these will be good material to 
be trained as farming systems research officers. Therefore, staff
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development for long-term farming systems research should have its major 
thrust in taking Diploma holders through the B.Sc. and some 
subsequently
 
to the M.Sc. We recommend that project funds be reserved for advanced 
degree candidates, but that the alternative of using some resources 
to
 
support B.Sc. degree candidates not be discarded.
 

3. 
The cropping systems project can have an important training

function. The research teams which carry out the work 
 in farmers' fields 
will consist of research and extension personnel. Each season additional
 
research and extension staff can be added to each team to learn the
 
procedures as well as to carry out the work of the project. 
 In subsequent
 
seasons 
they could become regular members of 
new teams being provided,
 
or they could return to regular service as field extension officers. 
At
 
the Malkerns Research Station, diploma and certificate candidates, as
 
well as field extension officers, should be included as trainee members
 
of the cropping systems research project. Specialists from the Crop

Production Center at Manzini should be brought into this joint undertaking
 
to 
facilitate the achievement of their responsibility for giving practical
 
orientation to prospective exteinsion officers.
 

4. 
 Modest funding should be available throughout the project to
 
permit Swazi scientists to 
travel to international agricultural research
 
centers and to visit on-going programs in other parts of the world.
 

Physical facilities and eqtuipment
 

1. Construction plans should be revised to conform to 
a highly
 
regionalized program.
 

2. 
 The proposed new office/laboratory block will not be required
 
during the first 5 years of 
the project and should be omitted. Funds
 
should be 
included for refurbishing and adding to existing buildinga to
 
provide additional officU space for project and gazetted stAff.
 

3. The proposed gi'eenhouses headand house will not be needed to 
support the cropping synters research program shculd beand not constructed 
at this time. 

4. No more than one two newor storage shed. will he needed at 
the central reeaorch ,itation. However, same facilities probably will be 
needed in outlying regions to support cropping systems research. 
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5. Needs of regional cropping systems research teams should be
 
carefully evaluated. 
 The savings in construction costs as 
recommended
 
in items "I" to "4" would permit construction of simple utility buildings
 
for the use of cropping systems research teams in outlying regions.

These would be used to store supplies, tools, equipment, etc., 
and to
 
hold meetings with farmers. 
 At some locations sleeping 
rooms might be
 
included for use of team members. 

6. 
 The number of vehicles proposed for the cropping systems

project is too 
low. All that are 
listed in the PID will be needed but
 
there should be 5 -ton 
pickup trucks instead of 
one as given in the
 
PID. Provisions should be made to replace 
20 percent of the fleet by

the third or fourth year, as well as 
for spare parts. Some light motor
cycles should be provided to extend the range of operation oi the
 
regionally-based cropping systems research teams.
 

7. 
 Review of physical facilities and equipment related to the
 
Faculty of Agriculture was outside 
the scope of work of 
the review team.
 

Proposed technical assistance
 

1. 
 We agree with the proposals in the PID regarding:
 

(a) cropping/farming systems specialist (COP);
 
(b) cropping systems agronomist;
 

(c) cropping systems horticulturist;
 
(d) agricultural production economist.
 

All are to 
be 5-year assignments. 
 Specific terms of reference, when 
drawn, should reflect that the focus of the work to the farmers' fields 
and not the experiment station. Aluo, it would be desirable for the COP
 
to be experienced 
with mixed fatming rystemv which include an dniMal 

compone nt. 
2. Ilie "trrigot tori pecialit" ahould be re-domtcribcd 4a a soil 

and water enginver. Te Incumbont ohould be highly qualified in basic#oil .,iodwat,,r stifl.n',ring with orientation to the tUs of izrigotion by 
small !,armerrs in 4 tropteal/ou r'piceil onvtronmnt. 1I must bo cognizant
of mocial ,js wll 4n (.agtnoortng factors. ('n the o.ItUoring 41d4, 
conaultant" dhould b uned to oupport ova suation of 
farmtng lmploewnts
 
rovearch.)
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3. The rural sociologist will not be required because a person 
with these qualifications is being supplied by FAO. 
 (If there is any
 
doubt about FAO continuing this post beyond 2 years, then contingency
 
funding should be kept in the project budget. 
 This post is important to
 
the project.) 
 It is urgent that a Swazi counterpart be recruited and/or
 
trained to take on 
this work on a regular basis. 

4. We recommend that during the first 2 years of 
the project a
 
second economist be added to study alternative employment opportunities
 
fur small holders, to assess current incomes for small holders from 
these sources, ard to participate in establishing income targets for the
 
average small holder following the farming systems which are to be 
researched.
 

5. Starting with the third year, an animal production specialist 
ihould be added. lie 
should conduct farming systems research on iwproving
 
the animal production component. Beef, dairy, small zuminanas, poultry
and other elements should be potential parts of the research program.
 
Thle assignment of this specialist should be preceded by the baseline
 
surveys 
 of the animal sector. Short-term consultants should be used in
 
developing these surveys.
 

6. We recommend that 10 Diploma or B.Sc. holders be assigned to
 
the project initially and that 
 this number be increased to 15 in the
 
detcond year and 20 in the third. 
 Five or six of these would be baded at
 
the Research Center to work directly with the expatriate staff counteras 

parui. B.Sc. holdnrs would fill 
 these posts to the exteat available. 
Diplomateu would be assigned to systemsregional research teaus which 
would number 4 or 5 in the first and second years an toup 10 in the
 
third yeisr and bewond. In a ftw canes experienced certificate holders
 
may be satiignsid in ofplac4e diplomateaa. Certificate holders should be 
conuidertid particularly for use by the economist in collecting Aurvey 
dat4.
 

7. Wo rcomaund thuit 
the selected Title X11 Institution hold a 
workshop on cri-ppiny nystqim resa4rch to review roeent Innovations In 
thid ratliv ly niow approacl to dealing small (sr4with developmant.
Foor or ( lvy p'prleincod peoplo hould lhe Invitod to reiview r cent work 
with p4rtcilsr roarito mthiodlolgy. 
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8. 
 Before they start their design work, the project design team
 
should visit one or more on-going farming systems projects in the devel
oping countries. 
 Perhaps they could visit these projects while enroute
 
to Swaziland.
 

9. 
 Two or three key Swazi officers should participate in "7" and
 
"8" above. 

10. Up 
to five volunteers should be selectively recruited for
 
assignment to 
the regional resear-h teams. 
 These might be replaced with
 
the same or a larger number at 
the end of the first 2 years.
 

11. Review of the posts of lecturers in agronomy and anima. produc
tion and of agricultural education and information were outside the
 
scope of work of 
the review team.
 

Cropping nystems research and the SwaZi marketing structure 
T'he 
review team was not able to investigate marketing problems in
 

sufficient depth to make specific recommendations. Among the people
 
whom we interviewed we encountered a great deal of 
concern about the
 
marketing rA.chanism. 
 Although marketing procedures need substantial
 
improvement, we 
find no reason 
to delay cropping systems research because
 
of thit. Instead we recomuend that the project team interact with 
marketing pertion-. and agencla in Swazilatid as it plans and carries out
 
the crupping nystemtn project.
 

Research propotialn and recornmendatona for th *_dsign team* 
1. 'lle project ahould eintabl alh income targoits for the average

small holdur particularly thrcugh ntudles of opportunity cnast of remaining 
in agriculture. S a11lholder tncoawN frum outriide the rue.arched Ilystams
 
should bt 41ts rintd. 111d the 
 Inctitme targc . which the myot ema mumt reich 
ahould be catimatc.' 

Cotntact by la rm.rs prior to pro]ject doitgn will of nacotu.ity 
ba limitrd. Projectt Cdrgt,., atid emphnss alotild be frmislistd with 
ga .ral (.uve,*a :...e t pM)1i,:y, U0ll-ttiuf Ic iler y In 181lic fol.I comneutt o , 
,te., 
 In til tii, '.1mie rar:,r cont c t is ad"flu t", it could woll be th t 

*PIg0 rprfr to Anitnx C. 
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diversificaton will prove to be their strongest interest. 
 Farming/cropping
 
systems research should therefore make economic assessments of a number
 
of potentially high profit products for possible introduction into the 
farming systems. These assessments would be in preparation for intelligent

discussions of diversification proposals with farmers. 
 The project may

subsequently be broadened to include a range of diversification elements

and/or establish lines of cooperation to other agricultural development
 
projects in Swaziland.
 

2. The project should carry out research for the development and
 
improvement of three systews:
 

(a) a dryland food crops system with a small element of
 
non-food cash crops;
 

(b) a mixed farming system with food crops, fodder crops, and 
milk production;
 

(c) an irrigated system which could inbe support of either 
(a) or 
(b)above, or independent.
 

3. The project design team should consider for inclusion in ito 
paper outlines of immediately researchable systems componentc, as follows:
 

(a) Dryland food crops sytltem 

(1) land preparation and establishment of the crop 
(2) Intercropping 
(3) building up of boil fertility
 

(4) crop rotation
 
(5) Implemento introduct ion 

(b) Mixed fiarminngryterl 
(1) siligo Mnd crop realduot as basic fodder 
(2) coarne granoti, anrd fodder trees for stall feeding 
(3) sint.d1hiished 1n Lu rt ind hay and crop rotsiduti

(c) _Irrigitted agricu.Itura 

(1) .Igrontnic anid tiooh:nic Wta f(or vey. t4b lit crops 
(2) cropping ojuen,.r land.on Irrigated 
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COMMENTS ON "SYSTEMS" RESEARCH IN SMALL FARM DEVELOPMENT 

The process of improving the technology of agriculture is an ancient
 
undertaking of mankind. 
It was a natural process which accompanied
 
(perhaps led) the development of society. 
Only within about the past
 
two centuries have there been attempts to organize this process, and only

for a little more than a century has there been a serious effort to base
 
agriculture on a systematized knowledge of natural laws and processes.
 
Thus most of the farming systems of the world are based on tradition
 
that is largely the result of 
trial and error and shrewd observation by
 
generations of farnrs.
 

Research within scientific disciplines
 

The first agri,.ultural researchers were 
generally broadly based and
 
tended 
to look at the whole farming enterprise as they carried out their
 
investigations. 
 The nature of their undertaking dictated, however, that
 
there would be 
increasing specialization. 
 This resulted in the prolifer
ation of a range of scientific disciplines that focused on specific
 
aspects of agricultural sciences such as genetics, plant pathology, and

soils. 
 Even within disciplines there was a tendency to concentrate oil
 
specialities such 
as soil chemistry, soil physics, 
or other subdivisions.
 

The disciplinary approach led to rapid development of the understanding

of the natural phenomena. 
 It tended, however, to 
isolate scientists from
 
the problems of farmers. 
 To counteract this, integrative disciplines such
 
as agronomy came 
to be recognized, and subject matter specialists or
 
extension specialists came on the scene to help the farmer pick and choose
 
among the various findings which might improve his farming performance.
 

Commodity-oriented research
 
To further encourage the utility of research output and to identify
 

gaps in the technology and resolve them, a number of research units 
around the world formed multidisciplinary research 
teams charged with
 
looking into all aspects of the production of a given commodity. 
Almost 
invariably large-scale plantation operations followed this procedure. 
They were often highly successful in improving production. 
 From the
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1920's to the present such teams in the U.S., Japan, and elsewhere
 
developed technology for non-plantation crops. When widely adopted by
farmers, this technology resulted in national average production as much as four or five times as high as at the start. 
 The most highly developed

examples of the commodity-oriented approach are probably the international
 
centers such as the International Rice Research Institute.
 

Farming systems research 
The multidisciplinary commodity team leaves much ground untouched,


and it is largely up to the farmer to integrate the various commodities
 
into his own farming system. While interaction with the farmer may

bring research attention to inter-commodity problems, the process is 
not
 
closely organized in most western countries.
 

Within the past decade, and particularly within the developing coun
tries, steps have been taken to make the unit of study not the single

discipline nor 
the single commodity, but the whole farming enterprise or
 
system. This approach is 
seen as especially needed 
to encourage rapid

improvement of agricultural production and rural standards of 
living,

taking into account environmental constraints, scarce supplies of inputs,

the need to conserve soil and water, and a host of other factors.
 

Terminology is not completely established but generally research on
"farming" systems is 
seen as including all farm operations and the ways
in which they impinge upon the farm family. "Cropping" systems research
 
attempts to separate out those portions of the total farm enterprise

which relate to 
crops and crop production. This is a somewhat arbitrary

separation and although It may have practical utility, it 
can give problems
 
in systems with a substantial animal component.
 

"Agricultural" systems include inputs supplies, agribusiness, and
 
other off-farm elements that interact with the farm and farm family.
Sometimes the term is used even more broadly. 

Methodology of farming systems research 
Scientists responsible for 
farming systems research have to develop


much of the methodology as they go along. It is a sufficiently new
field that there is little guidance from prior work about how to go
about investigating and improving traditional Carming systems of small 
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farmers. 
 However, researchers working in Africa, Asia, and Latin America
 
have demonstrated some promising approaches.
 

In skeletal form an approach which has proven particularly successful
 
has been as follows:
 

(a) Analyze the existing farming system(s) in the target area
 
from the standpoint of what the farmer is doing and 
why he is doing it. What are his objectives as regards
 
his farming operations and himself and his family? 

(b) Look for bottlenecks or gaps which appear to exist in the
 
on-going operations as 
based on current production knowledge
 
coming from research or from farming practices elsewhere.
 
For example, would the use of a shorter growth duration
 
variety permit him to grow an extra crop? 
 Could the use
 
of appropriate animal-drawn implements allow better
 
seedbed preparation? 
 Could he extend the cropping season
 
by simple soil and water conservation procedures?
 

(c) 
Select the more promising of 
these possible innovations
 
and plan a simple experiment where they will be compared

with current farm practice in the farmer's field. The
 
farmer participates in planning and carrying out the 
work. However, the researcher is involved at each step. 
An appropriately trained research assistant lives in the
 
community or sear enough so that he can visit the farm 
regularly and know exactly what is going on. lie collects
 
weather data and records crop performance so that the 
results of 
the trial can be better evaluated and extended
 
to other locations. Where there are failures he attempts 
to know the factors responsible and feeds the information 
to the experiment station and labor.ktory for further 
study. 

(d) Encourage the cooperating farmer to try the best procedures 
in a part of his own production area. Wien the results 
of the on-farm trial are favorable, the farming system 
research team fosters, diffusion of the new procedure.
Again, the researcher works with the farmer in applying 

Vi
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the new technology. 
This not only favors successful
 
diffusion but provides useful insights to the researcher
 
as to how the new technology might be further modified
 

for easier farm use.*
 

Relationship to extension and/or rural development action programs 
The extension service must come in as an equal partner with the
 

farmer and the research service in planning and carrying out farming
 
systems research. To a considerable degree the lines between research
 
and extension are eliminated or blurred. 
The research worker is extending
 
as he carries out his research, and the extension agent is experimenting

when he helps the farmer try out new technology on a pilot basis. 
When
 
special rural development programs exist, 
as 
they do in Swaziland, the
 
cropping systems research program can work with them on a partnership
 
basis.
 

Role of the experiment station in farming systems research
 
Farming systems research in no way takes the place of the experiment


station. 
The sclection of varieties and the developmint of pest control
 
procedures and other cultural practices must be carried out under the
 
more controlled conditions of 
the experiment station.
 

Before establishing on-farm trials of intercropping, minimum tillage,

bedding, and other possible innovations, the farming systems team will
 
want to 
try them out at the experiment station. 
However, the researcher
 
cannot assume that the results he gets there will be 
the same as under
 
farm conditions. 
This is particularly true when the procedures in
 
question interact with a range of environmental factors. 
 For example,
 

*The Director of Agriculture in Swaziland, Hr. Victor Pungwayo, comments
that the first 
research work done in Swaziland was on a basis similar tothat described in this section. 
There was no research station in thecountry at 
the time, and the first research was carried out entirely in
farmers' fields. Th extension service participated in this work and
frequently followed up with demonstration plots. Unfortunately, this
tie to 
the farmer was substantially weakened when an experiment station
was established. 
The station produced much sound information but
was less closely to researchtied the farm, particularly the small farm, than Ithad been previously.
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an intercropping procedure which works well on the experiment station
 
where there is good seedbed preparation, good weed control, etc., may
 
prove hard to manage on the farm.
 

Most scientists who work principally on the experiment station
 
frequently conduct traditional plot research in farmers' fields to 
test
 
their results under a wider environmental range. 
 These may include
 
varietal comparisons, N-P-K factorial experiments, or tests of almost
 
any factor under study. 
 They may contribute substantially to the under
standing of important aspects of agriculture. However, this is not
 
farming systems research but rather a regionalization of regular experiment
 

station work.
 
The farming systems team depends upon the experiment station (and
 

also on advanced basic research laboratories) for its store of knowledge.
 
It must often call on them to solve problems encountered at the farm
 
level. 
 Its chance of succeeding without these 
resources is slim.

Farming systems reearch integrates technology into the farmers' regular 
practice. It brings science more sharply to bear on 
traditional agricul
ture. It is not a panacea, and it ie not a substitute for other elements 
of the research system. 
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PROPOSED FARMING/CROPPING SYSTEHS INNOVATIONS FOR SWAZILAND
 

Swaziland is well on its way with rapid development of economy and
 
welfare. 
Employment opportunities outside the small holder sector are
 
good. 
 There are more than 80,000 wage earners out of a total population

of around 600,000. 
Many of those we have had discussions with do fear,

however, that employment opportunities may not remain as favorable as
 
they are at 
the moment.
 

The need for the small holder sector to be economically competitive

with wage employment is more apparent in Swaziland than in any developing
 
country we know. 
The problem of 
the economic competitiveness of 
the SNL 
farms is dggravated by the small areas of land the individual family

holds. The size 
 of the average holding may decrease as population
 

increases.
 

There is 
 a need for economic studies that would not normally be 
part of a farming/cropping systems project.
 

Further, the systems to be developed must have at least some high

profit margin components, and the prospects of sustained gro'ith in
 
producttvity must be good. 

ECONOMICS STUDIES FOR SYSTEMS DEVELOPMENT
 
Economtits and sociologists in a systems research team would normally


begin by asntembling information and surveying present agriculture, on-farm
 
resources, farmer attitudes, etc. 

In Swaziland economic study priorities should be:
 

(a) Income taret for SNL farmers 
Whiether scall holder farming is economically sutfl

clntly attractive can best Ie measured against family
 
economy and weltare Obtained by unskilled laborers. We
 
were told that the ,)ineapple industry pays E1.47 per
 
man-day (or unskilled labor, the sugar Industry pays 
I.72, l"hle the rate for those 
mployed by Government to 
around E2.50 per man-day for similar work. 
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Assessment of the opportunity cost of remaining in 
agriculture does, however, require much more study than 
merely finding out what the wages are. 
 The costs of
 
housing, food, fuel, etc., 
would be quite different for a
 
family living from wage employment as compard to 
the
 
family on a small holding. Housing and food subsidies 
may be paid to some 
of the wage earners, etc.
 

This study would set minimum targets for small

holder income, which would be partly in cash and partly
 
in kind. A rainfed cropping system on 
the average size
 
land holding may not reach the minimum goal, and high

profit margin elements such as milk production and irrigated
 
vegetable production have to be introduced. Some of
 
these innovations are available for immediate introduction,
 
and the project should be oriented to a dynamic diversifi
cation program.
 

(b) Assessment of potentially high-prof it-margin products for 
introduction into the farming systems
 

Swaziland has a favorable 
 atmosphere for the introduc
tion of new commodities into small holder agriculture, 
with both small holders and extension workers actively
 
seeking new high-profit-margin innovations.
 

Cropping/farming syntems research should join force, 
with this trend, cooperate with other projects, and in
 
particular cc..ry out 
 a set of economic studies of potential 
innovationt. The study 4hould prepare estimates and ohowexpected profit mrgins for such potential new activities 
a. a number of fruit crops, Angora goats, modernized
 
poultry production, and posnibly fish farming. 
 Resource 
requirements 
In terms 
of skills, training, and advisory
 
services nhould be 
 nasetssd, and investment capital 
need.
 

estimated.
 
The project may 
 ot intially takv an activ part in
 

the introduction 
 into the small holdor syatoms of more
 
than milk 4nd vget4blo production. But there in 
a limit
 
to the number of small holder* 
that may benfticially he
 

V\ 
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involved in, say, ve3etable production. The assessments
 

proposed here are 
in preparation for the continuous
 
diversification of 
the systems.
 

(c) Study of present agriculture
 

The project would follow the general pattern for 
such studies, with adjustments 
to Swazi conditions as
 
deemed necessary. 
 But since we propose the possibly
 
novel approach for a developing country of working towards
 
an income target for small holder farming systems, it
 
seems desirable to mention that 
the economic and social
 
studies must also include the traditional animal production
 
sector. Modernization in this 
sector is, however, outside
 
the initial scope of 
the project.
 

(d) 
Economic studies of systems components
 

For irrigated vegetable production it has been
 
specifically outlined that economic baseline data for
 
individual crops and cropping programs should be project
 
outputs. 
 It is equally important that cost of 
inputs,
 
labor use. 
profit margins, etc., be presented for, say, 

intercropping and many other systems components. Data
 
processing programs should be available 
to deal with these
 
requirements.
 

SYSTEMS TO HE DVk.OPED
 
The PID document proposs 
 that the project under review be limited 

to cropping systcma research. We fear, however, that particularly a
 
rainfed cropping system on the average small hodng could fail 
 to reach
the mintmum income trget. Many of those with whom we had discussions 
would mharo this vivw. We hive concluded that It would be meaningful to 
research and dovelop three systomS: 

I. A dryl nd food crops 4ystom with 4 small eloment of non-food cash 
crops (ay. tobacco and cotton). 

2. A mtxW. ftrlng systm with food crop*. fodder crops, and nilk 

product ion. 
3. An irrigatd agricultur4! system. eithor as a separate systm or in 

support ot (1) or (2) 4bove. 
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.]NEDIATELY RESEARCHABLE SYSTEMS COMPONENTS 
For project efficiency in general the design document should outline
 

systems components on which research may start as 
soon as 
the ataff arrives
 
in Swaziland, and for all team members. 

According to 
textbook knowledge about systems development, research
 
must progress in 
a rather fixed seouential arrangement, with the surveying

of 
present farming activities preceding on-farm technical rtiearch. 
 But
 
the "logical" 
sequence argument omits that farming systems development

needs to be a collaborative effort, with farmer and researcher collaborating. 
While the researcher is interested in present agriculture, on-farm
 
resources, farmer attitudes, etc., tile farmer is equally interested in
 
how the researcher can help him. 
 Potential contributions from the
 
researcher should he demonstrated at an early stage and may best be done 
by bringing selected technical innovations to rural areas.
 

Also, dystems to be developed and components to be researched are
 
not uetlected merely on tile 
basis of iocio-economt. surveys. In this 
telection/decision emking prucess it is equally important to draw argu
mnts from buch sources a: 

. it4tCMfntt of goveritmet development goala and policies, 
* Invontorte of the nartiral reuourcan 
for agrtculture and wowledge 

About the Nuit4bility of tile onvirorlment for various types of 
4gricultural production.
 

, Roearch result* and ganvral agrIcultural know-how on whicth rapid 
(arming/cropping aystsa t~inovations can be based. 

Thie following 1=*di4tely rateuerctbla cimponents are ouggoood for
 
d@rioua conslder4tion 
by the dioIsig tom. 

I. Dryland rtix crups iydt 

a. ld prairw_4ttion and withlihnt o titerop
 
koiaoarcl lt ;w4rilond uoggt,, tha t hr e 
 would ho con tderAble 

yield rosil,.scla to 04dIt(I~t1io Or tho pres,,nt methtd f land prep4ratton. 
Tho projet ahulid 11le.t ("r iltnla| t it nf in (r%.R.' (IdIda tho 1"d 
14id pf0Ipar4at o met"o6 d4v1 lOped alit 10($I^T. !,rnd lo prepared in 1.5a 
wide b,,4, wtui furrow i ti otwoen i leh the ogsen Walk. The bed is 
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shallowly tilled and some 
crop residue is incorporated into the top

layer, giving a mulching effect. 
 The soil and water conservation benefits
 
would be particularly attractive 
to Swaziland.
 

Simple ox-drawn equipment (tool carriers) for this method of

land preparation are available from India and possibly also from the
 
National Institute of Agricultural Engineering, Silsloe, England, and
 
elsewhere. 

The method has a low draft power requirement. 
 Two oxen could

be sufficient, possibly after an 
initial establishment of the beds by
 
tractor.
 

Establishment of a larger number of plants per hectare titan isat present achieved (for maize the average for Swaziland may be 8,800
 
plants per hectare as against recommended 40,000), should also receive
 
attention. 
Guidelines for selection of planters and their adjustment and 
use needs to be firmly established. 
 Some of the units now in use give
 
poor dtands because they damage the seeds and also because the fertilizer 
and seeds are placed together 4nd salt injury may occur. 

b. IntercroUpping
 

Mixed cropping has boen commonly used in seall holder agricul
ture. Research on experiment stations has 
concentrated on monocropping.
In ayotomn research. inttrcropping should t i 
 prominent element. Inter
cropping ts growing of usually two crops it row 4rrangomonts In the same
fil1d. it t 4 modernixation of mixed cropping, giving the advantages of
 
monocropping 
 in operations Auch 40 Weed control. 

Hatearch has by now provided a solid body of ovidence showing

that Intorcropping 
 gives a higher return per hectare as coe.pared to mono
cropping. Crop 
 failure (the return tailing below an acceptable limit)

io drastically reduced 
 through intorcropping as compared to the growing 
of the 4 crops opitr4teoly. 

Ma la wiil eoft inue to be the doit140 erop on tarm. itt!pttlni 
Initrcruipping, iirfoare (iso advantages of dittoresi hyhrirdii *nd Open14
potolliad Vrtioe should tie 4vtoi .nei, As 1lndIct4 toy roecardt 4t
tit# Fa'culty of Agri tlturo, 0al4i, It ,4a0relly oielct4, m.4y in the 
0earl 1-4rt f ril 4ilt i beit oes 1tswlIngI.m;At461410Iiru, pid l 0$U60,
4a 4 .PcondIntsrc!roi. oay be plnted lat in Ow. trowing opiisn. L0#40#4 
tO 104t 0.4 I$$It rtVffro 0 Withv i*110, 4( l04t i0 th i10i4il ph4s, 
MAy 
b. 110it,04 Oi iA1OuIirld4i0., t.0444 d cupi_'a. 
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c, 	 Soil fertility in SNL farms 
Appropriately used fertilizers are potent in the modernization
 

of agriculture all over 
the world, ar.d 
small holder agriculture in
Swaziland will be no exceptioi. Yet, fertilizer response data available
 
to us 
indicated a complex response situation (Jones, several papers),
 
low fertilzer use should progress may best be resolved by including
 
response srudies 
in the cropping systems development project. Initially

only 	manure and N- and P- fertilizers should be included in the systems
work. 
Nitrogen top dressing should receive particular attention.
 
Research should also be concerned with the longer torm bilding up of
 
soil fertility.
 

The soil acidity problem will have be
to resolved in the 
course of the building of a desirable level of soil fertility. Liming
 
may be required; introduction 
of maize and other crop varieties that 
will 	produce well on acid soil may contribute to the resolution of the
 
acidity problem. 

d. 	 Crop rotation 
The effects of crop rotation are so complex to analyze that 	 research 114d .4 long way to go before we van rationally argue what syd4eMttC 

crop rotations may be beneficially employed in the SNL f4ming systems.

For Siwazilnd in particular, 
 there i conflicttig evidence am to whether a crop rotatton would be gonerally beneticil, to the bmll f(araero. 

to (llow a part ot tihe ,rable 14nd aeeM to be a common 
feature of pruavit dtricultura. probably tter unacceptable decreases In
 
yteldo h4va ben vxporlonce. (There 4re 
 mato ouggsitiona howver that
 
part or the allowing lono In .;wagildn4 results from lalor 
ohortag,.g.)

ithowaaltau4 eslenslon isdilMaok liato nairo, cotton, ad pastures 4s 
mjor croim Vi.s4 s &ay 	te grown t the ddaw I411 year dftor year. The 
0440 eotreo lfdlc(4tea thot mutltco1m wiith other crops tst do be4ns, 
grountdti , s* tato., tobacco, 4nd tomtooe de.nds on dtitm being groWn
to rottian. hst little, it any a thti intormatiotn woo 4cqupied on tit# 
0*411 :4I, farm. and thuoIt lIttlo Indlc*t on o how cropping syatoao 
ohould tw sti=drtctl to to"d dvontdgo ot crop rotation bnefito. 

Wa eonclsodo ghtg .itsro e4olt cropso play 4 eignlIlan[ rolo. 
Oyotoot.lI' rot tlon 01houl4 b researChe,4 tor flullion to the cropping
oystm. "ow-hiov cow.wnly used I Z.ihab d theo bpu~lc 	 of louth 

http:Oyotoot.lI
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Africa my be particularly valuable for the designing of appropriate
 
crop 	rotation work.
 

el 	 Implements introduction
 
As indicated under (a), Land Preparation, ox-drawn implements

which are not yet known by the Swazi farmers could prove attractive by

allowing for improved agronomic practices as well as for reducing draft
 
power "equirements. Farming/cropping systems research should test
 
selected types of new ox-drawn implements in a range of farming operations,

only in land preparation. Similarly,not 	 testing of selected hand tools 
for weeding, and hand powered machinery for threshing/shelling of crops
 
should be considered for inclusion in the project.
 

2. 	 Mixed Farming System

The crop production part 
of mixed farming will have 	 the same elements 

as in the system for farming units with crop production only. But the
 
mixed farming system will have greater opportunities for benefitting

from, une of m.inure and from a 
 crop 	rotation wt.ich includes pasture and 
fodder crops.
 

The major difference between 
 the mixed farming uyntem and the

cropping system will be 
 the far greater cash earning potential Which
 
milk production Introduces. 
 With 	 an eatily achievable level of management,
4 Milking 	 cow on half 	 a hectare of land in the mlddlev"d should give a
 
groun raturn Itexces 
of E500 per year.
 

:op)eratIn 
 with 	 the Dairy Board itentiatl in davelopment of 
milk prtoduct lon. The hoard will establish the milk collection centars,
and provide tactlitiad for 4cquisition 0t either grade or purebred 
milking cow.. 

Th, tyett project should concentrata on provialon of fodder for
milking aointla. Three 4tdrativtis tshould be Inveintigated: 

(4) 	 14la90and ereI reatidu" 49ibhalc fodder
 
5all4ge it trench alto* with 
millet aid/tor maitx as 

raw nmatrl woulJ nrtrt oft frum high production pr 
hecare, 71Te loveitm.ent Voilil ! fminly I tho forin of 
on-tfm l,41m)r, sod the rtsk t4ctor would hw low. Crop 
ro"Idues, partly or fully 	 tabotitutItl for hy, would be 
mulmi .tlovor41d groondnut and 1oean rooldues. 
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(b) 	Coarse grasses and fodder trees for stall feeding
 
Pennisetum purpureum, Napier grass, could be 
the
 

coarse grass, and Leucena leucocephala the fodder tree.
 
For Napier grass the technology would be easily available
 
from 	Kenya, while Malawi would be a good source for
 
Leucena technology. Fodder 
trees could advantageously be
 
grown on the soil conservation strips which have been
 
instituted in tle Swaziland Rural Development Area Program.
 

(c) Established pastures plus hay and crop rL-sidues
 
This may be an attractive alternative 
to the farmers
 

in an 
initial. phase of milk production. Pasture recommen
dations 
are available from research in Swaziland. Frequent
 
rainfall may discourage hay production.
 

3. 	 Irrigated agriculture
 

It is quite obvious that 
there exists 
in 3waziland experiences
 
which strongly suggest that 
irrigated land can 
rapidly increase cash
 
earnings in agriculture. Rainfall in the rainy 
 season ib 	rather adequate 
for consilderable improvements of drylind yields. Nevertieless. the 
argunents in favor of development of irrigated agriculture are strong: 

. The length and tieverity of the dry saeason, while temperatures 
remain favorable for crop production. 

# A relative ibundance of irrigation water, ditstributed in such a 
way that opporcunitis for irrigation Schme at all levels of
 
sophistication are easily sten. 

# Scarcity of land. 
rapidly growing population, considerable and 
rapidly ncregating Internal demand for rmqiy of the potential. 

product t. 

Grosa 
return t1 	 4 Ihectare of Irrigated land under stawll ioldor 
4fUlng#01l.t Way b0 ill OXCeNIS of rI.O0.
 

71tere ewy ti a tndeincy towardi undo 
 rotrlmit ig the Ind [or 
involet
mont 	ca!ptial when irrig ted land Is dave loped by Kovdiroent hupport .
but irroo!ictlve tit bow tho ctont aro c:vered. it to axpoenivo to dvolop 
land f(or lrrIgalton. An 4vrage figure int W49tlati4 M 4t 0h1 ,fotw 

;alll~d 	 ay a lh. mmen
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be E1500 per hectare for schemes planned by engineers. Low cost dams or
 
low cost channels of 
water from streams may, however, be developed on
 
individual holdings. 
 Such facilities could be highly profitable.
 

Irrigated agriculture could develop as an 
integrated part of dryland

agriculzure. 
Whether this be case or whetherthe irrigated agriculture
develops mainly as an 
independent system, the project should see 
its main
objectives in two areas, as follows: 

(a) Agronomic and economic data for vegetable crops
 
The data should be collected on farmers plots, with 

the constraints under which the farmer operates. Informa
tion is needed about land preparation and irrigation 
practices, suitable varieties, pest and disease control,

harvesting and marketing, etc. Data collected should 
include yield, preferably quality (grading), cost of
purchased inputs, labor uqe, and profit margin. Major 
horticultural crops at present are green maize, cabbage, 
onions, potatoes, and tomatoes. Risk and proft it margins 
vary widely with season. All of these crops are subject 
to overproduction in the present marketing situation. 

(b) Research results available from outside Swaziland 
Results from research in Swazila,,d on vari ty selec

tion, pest and tisease control, e.tc., of conaidera'o 
valuU to vegotable productin, irt already available. 
Iowever, there iro many ntv or 'tinupped sources of genetic 
matarials with d1ret.i roatutanv, tro.ic4l .adapt4tion.
4nd other ,esilrable fatures. Theivegetable production
4tlwctri ot the cropping myntrutiproj ct should look Into 
this.

(C) ELM )111, ,,E irrlig~td l14n__d 

W14itl, protir trgint for Inseividoal -'ropl 4rO 64iitf
 
to ay -as ,i4a ,,t 1 O il i4l tititltion tif reotorea wo ld 

410 dwpen~fi 014 war k Og Otit i datpptlaig f. Th1dee
! r#14ti 1 0 , (,, 404411-r:01 0r 4 Cftta, I | ilv-it hOacrops re|,t v,, Ia Ithe aesatdn, ! %chIfrctcr lesg 'f the 

eavirog. Ol 000, tO ft4tO CrOpe tcaup ot.4 
 J10040 

/ 
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and pest problems, labor availability, marketing and
 
price prospects, etc. 
 Farmer and researcher should
 
collaborate in the working out of a cropping plan for all
 
of the irrigated land held by the farmer. 
Record keeping

would form the basis for assessment of the cropping plan,
 
and subsequent modifications to the plan.
 

/v 


