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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 related 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 recormendations
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.
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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
enterprice 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
gystems 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 gystems experiments.

3. We recommend that the animal production aspects of the farming
system not be ignored in the project design. During 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, on 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 r=search

services. The research and extension services must participate in all
phases.

S. Major support will be required from institvtions which provide
training in agriculture at all levels. Support of the Faculty of Agricul-
ture will be particularly critical.



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 he.
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 pusts 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 soll and water engineer might be
substituted for "soil physics.")

3. Every effort should be made to £111, 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 f1ill certain of the gazetted posts. But this should not (a) alter
the project's orientation to working directly with farmers; nr (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®

l. We recommend that the pcoject enter pronptly into an active
regearch program, at the samce time making every effort to train local
staff through participation In the research and {n formal traiaing

programs.

*Please refer to Annex B,



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 technicians and
their counterparts should be based at the Malkerns stat.on.

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 sclences which would complement the talents
and experience of the Swazi tean members.

3. The first cropping season following the initiation of the
Project should be devoted to:

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

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

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

dareas.,

Selected farmers from the target areas might be brought in to obsarve
and participate in the experimental work.

4.  During the second geason, the rescarch teams should be placed
in residence in the target areas 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 teamc should establish a
number of asimple experiments containing three or four variables that
would appear to have a good chance of successfyl impact,

5. In subsequent seasons the team would modify and expand its
experimental work and at the same time would work with interested farmers
who wish to try out some of the more promising results from earlier
work. lew tcama should be formed to entablish similar centers of research
and diffusion in other arcas. Work in farmers' filolds may vary {n

complaxity but each team should have a target for collaborativa work



which might be of the 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
gcarce 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 the expatriate staff. They will have to be prepared to travel a

great deal to support the field teams and trouble shoot problems.

Staff development

l. 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 qualificatiors to undertake advanced
training abroad. The question of what proportion of project resources
should be used for training 1s somewhat academic so long as training
candidates are not available.

2. One can only be pessimistic about the avuilability 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, {nstead of 10 Swaz{
B.Sc. graduates in 1982-83 there will be none, and {n 1983-84 the number

1s J instead of 14,

On the other hand, Diploma holders are coming out of the
Univeraity in an adequate number. Many will have to be assigned to the
project as Technical Officers. Soi'e of these will be good material to
be trained as farming systems research officears, Therefore, staff



development for long-term farming systems research siould have 1its 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 extension vfficers.

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 ejuipment

l.  Construction plans should be reviged to conform to a highly
regionalized program.

2. The proposed new of fice/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 office space for project and gazetted staff.

3. The proposed greenhouses and head house will not be needed to
support the cropping systerns remearch program and shculd not be constructed
at this time,

4, No more than one or two new storage sheds will he needod at
the central research stacfon, However, some facilities probably will be
needed {n outlying reglons to mupport cropping systoms research,



5. Needs of regional cropping systems research teams should be
carefully evaluated. The savings in construction costs as recommended
in items "1" 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.

0. 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 Y%-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 of 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

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

(a) cropping/tfarming gyastems specialist (COP);
(b) cropping systems agronomisc;

(c) cropping systcms horticulturist;
(d) agriculturai production economist,

All are to be S-year assignments. Specific torms of reference, vhen
drawn, should reflect that the focus of the work 1 the farmern' flelds
and not the experiment wtation. Algo, 1t would he desfruble for the cop
to be experienced with mixed fatming systems which {nclude an animal
component.

2. The "trrigation npeclaltint” should be re-dancribed an a wofl
and water englneer, The {ncumbent ahould ha highly qualified {n basic
8oLl and water copineering with ortentation to the use of firigation by
small farwers (n a4 tropteal/mabrrvopleal environment., e munt bhe copnizant
of wocial an well au caineertng factora, ('n the wiylltieering area,

consultants should be umed to support evaluation of farmting ioplements
research,)



3. The rural sociologist will not be required because a person
with these qualifications 1is being supplied by FAO. (If there is any
doubt about FA9 continuing this post beyond 2 years, then contingency
funding should be kept in the project budget. This post is important to
the project.) It {s 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 agsess current incomes for small holders from
these sources, ard to participate in establishing income targets for the
average small helder following the farming systems which are to be
researched.

5. Starting with the third year, an animal production specialict
snould be added. He should conduct farming systems research on iuproving
the ani{mal producti{on Componuut., Beef, dairy, small tuminancs, poultry
and other elements should be potential parts of the research program.
The assignment of this specialist should be preceded by the baseline
gurveys 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 praject initfally and that this number be increcased to 15 {n the
second year and 20 {n the third. Five or #i1x of these would be based at
the Research Center to work directly with the oxputriate staff as counter=-
parta. B.Sc. holdars would £111 these posts to the exteut available.
Diplomaten would be asdigned to reglonal asystems remearch teans which
would number 4 or 5 tn the first and mecond years and up to 10 i{n the
third year and bevend., In a few canes experienced cartificate holders
may be annigned (n place of diplumaten. Certificate holders nhould b
constdered particularly for use by the economint (n collecting aurvay
data.

7. Wo recommend that the aclected Ticle X11 {fnntitution hold a
vorkahop on cropping systems research to review recent fnnovations {n
this relatively new approach to dealing vith small fam developmant,
Four or five ovpartenced peopla ahould be {nvited to review recent work

with particular regard to mothodology,



8. Befote 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 researh teams. These might be replaced with
the same or a larger number at the end of the first 2 years,

ll1. 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 systems rescarch and the Swazl marketing structure

The review teaw was not able to Investigate marketing problems in
sufficient depth to nake specific recommendations. Among the people
whom we {nterviewed we encountered a great deal of concern about the
zatketing mechanism, Although marketing procedures need substantial
{mprovement, we find no reason to delay cropping systems research pecause
of this. Instead we recommend that the project team inceract with
marketing persons and agencies {n Swazilaud as {t plans and carries out

the cropping nystens project,

Retseareh proponals and recommendations for the desipgn teamw

l, The project zhould establish income targats for the average
amall holder particularly thrcugh studfes of opportunity cnats of remaining

In agriculture,  Seall holder {ncomen from outnide the rencarched nystema
should be atncnncd, and the income targets which the systems munt reach
should be cutimated,

Contact by farsers prior to project deafpn will of necent Ly
ba llufted., iroject targets and cophants should be formalated with
gunatal Loverizent policy, aelf=nufflclency {0 Yanle food commud{t{ong,

eted, In mind,  When farser contact fu adequate, {t could well ba that

*Pledne refur to Annex C,



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. Thege asszssments 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 systeus:

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

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

(¢) an irrigated system which could be in support of either

(a) or (b) above, or independent,

3. The project design team should consider for inclusion in tta

paper outlines of immediately resecarchable gsyatems componente, as follows:

(a) Dryland food Crops system

(1) land preparation and catablishment of the crop
(2) {ntercropping

(3) butlding up of notl fertilicy

(4) crop rotation

(3) tmplements (ntroduction

(b) Mixed farming Ayt ten

(4) natlage and crop renfdues as bawic foddor
(2) coarne grawnes and fodder trees for ntall feeding
(3) watablished pantures and hay and crop roeutduas

(c) lIrrtpated agricultyre

(1) agronoaic and wconomfc data for vegetable cropa

(2)  cropping mequencan on frrigated land,
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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 soclety. 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 serjous 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 1s largely the result of trial and error and shrewd observation by
generations of farmers.

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 resuited in the prolifer-
ation of a range of scientific disciplines that focused on specific

aspects of agricultural sciences such as genetics, plant pathoiogy, and
soils. Even within disciplines there was a tendency to concentrate on

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
a8 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 procedura.

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 Ingtitute.

Farming systems research

The miltidisciplinary 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 orgunized in mos: 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 especlally needed to ¢ncourage 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 1is not completely established but generally research on
"farming" systems 1s 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, 1t 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 1s little guildance from prior work about how to 8o
about investigating and improving traditional rarming 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

(b)

(c)

(d)

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?

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 hetter
seedbed preparation? Could he extend the cropping season
by simple soil and water conservation procedures?

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 fleld. The
farmer participates in planning and carrying out the
work. However, the researcher 18 involved at each step.
An appropriately trained research assistant lives in the
community or :ear enough so that he can vigit the farm
regularly and know exactly what 18 going on. He collects
weather data and records crop performance so that the
results of the trial can be bettsr evaluated and extended
to other locations. Where there are failures he attempts
to know the factors responsible and foeds the information
to the experiment station and laboratory for further
study,

Encourage the Cooperating farmer to try the best procedures
{n a part of his own production area. When the rosults
of the on-farm trial are favorable, the farmming system
research team fowters diffusion of the nev procedure,

Again, the romearcher works with the farmer in applying

e
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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 regsearch, and the extension agent 1s 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 farm{gg;pystema research

Farming systems research in no way takes the place of the experiment
station. The sclection of varieties and the developmant of pest control
procedurcs 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 {n Swaziland, Mr. Victor Pungwayo, comments
that the first research work done in Swaziland was on a basis similar to
that described in this section., There was no research station i{n the
country at the time, and the first research vas carried out entirely in
famers' flelds. The extenaion mervice participated {n this work and
frequently followed up with demonstration plots. Unfortunately, thia

tie to the farmer was Substantially weakened when an experiment atation
vas e¢stablished. The station produced much sound information but research
vas lesn clowely tied to the famm, particularly the small farm, than 1t
had been previously,

\"’/
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an intercropping procedure which works well on the experiment station
where there i1s 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. 1Its chance of succeeding without these resources ig slim.

Farming systems research integrates technology into the farmers' regular
practice. It brings science more sharply to bear on traditional agricul-
ture. It 1s not a panacea, and it ie not a substitute for other elements

of the research system.
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PROPOSED FARMING/CROPPING SYSTEMS INNOVATIONS FOR SWAZILAND

Swaziland 1s 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 emp loyment 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 aggravated by the small areas of land the individual family
holds. The size of the average holding may decrease as population

increases.

There {s 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 gome high

profit margin components, and the prospects of sustained growth in
productivity must be good.

ECONOMICS STUDIES FOR SYSTEMS DEVELOPMENT

Economists and sociologists in a systems research team would normally

hegin by asuembling information and surveying present agriculture, on-farm
resources, farmer attitudes, etc.
In Swaziland economic study priorities should be:

(a) Income targets for SNL farmors

Whether small holder farming ia economically suffi-
clently attractive can bust be measured against family
economy and welfare ohtatned by unekilled laborers. We
ware told that the sineapple {ndustry pays El.47 per
man~day for unsk{lled labor, the sugar {industry pays

E1.72, while the rate for thowe employed by Covernment (s
around £2,50 per man-day for simflar 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 compar.d to the
family on a sma)l 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,

Assessment of potentially hlgh-profit-qgfgigfproducts 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 extens ion workers actively
seeking new h!gh-profit-mnrgin {nnovations,

Cropping/farming 8yRtems redearch should jotn forces
with this trend, Cooperate with other projects, and in
particular cacry out a set of economic studies of potential
innovaticony, The atudy should prepare estimates and show
expacted profit mazgins for such potential new activities
as a nuabur of fruft crops, Angora goats, modernized
poultry product fon, and ponaibly f{ah faralng. Renource
requirements {n torme of wkille, tratnting, and advisory
servicos nhould be annessad, and {nventmant capital needs
antimated,

The project may aot initially take an active part {n
the fntroduction {nto the small holdar sywtems of more
than milk and vegetahle production. But there s a limit
to the number of wmall holders that may beneficially be

e,
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involved in, say, vegetable 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 pattcrn for
such studies, with adjustments to Swazi conditions as
deemed necessary. But since we propose the [ossibly
novel approach for a developing country of working towards

an income target for small holder farming systems, 1t
Seems desirable to mention that the economic and social

studies must also include the traditional animal production
gector. Modernization in this sector {s, 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 baselinc data for
individual crops and cropping programs should be project
outputs. Ir {8 equally important that cost of {inputs,
labor use, profic 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 BE DEVELOPED

The PID document proposes that the project under review be limited

to cropping systems rosearch, We fear, however, that particularly a

rainfed cropping mystem on the average small ho'ding could fail to reach
the minioum {ncome target. Many of thowe with whom we had discusnions

vould share this view, We hava concluded that {t would be meaningful to
resaarch and davelop three Syatems:

l.  Adryland food Crops system with a4 amall element of non-food cash
crops (way, tohacco and cotton).

2. A aixed famving syaten with food cropm, fodder crops, and ntlk
production,

J. AN treigated agricultural aystem, either an a separate system or {n
support of (1) or (2) abovae.
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IMMED IATELY 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 a4 rather fixed seouential arrangement, with the surveying
of present farming activities preceding on-fare technical rasearch. But
the "logical" sequence argument omits that farming systems development
needs to be a4 collaborative effort, with farmer and researcher collaborating,
While the researcher {s {nterested {n present agriculture, on-farm
resources, farmer attitudes, atc., the farmer s equally interested in
how the researcher can help him., Potential contribut{ons from the
redearcher should be demonstrated at an early dtage and may best be done
by bringing selected technical {nnovations to rural areas.

Also, dystems to be developed and components to be researched are
not selected merely on the basts of soclo-economic surveys. In this
selection/dectston making proceds 1t {as equally {mportant to draw argu=

ments from such dources as:

» Statements of govermment devalopment goals and polictles,

+ Inventortes of the narural rescyrces for 4griculture and novledge
about the suttability of the vhvironeent for various types of
agricultural productton,

« Research results and general agricultural know=how on which rapid

farming/cropping ayatenms {nnovations can be based.

The following teredfately Freacarchable components are suggeated for
Berious conatderation by the dedtgn teanm,

Lo Dryland food crups system

a, land preparation and cstabl {shoent of the erop

Kesearch In twaziland suggests that there would be conniderable
Yield reap..des to sodtfication of the present asthod of land preparation.
The project ahould welect for tnitial teeling tn farmera' flelde the bed
land pteparation sethod developed at ICKISAT, fand i prepared in |, S5a
vide beda, vith furrows In betveen in which the oxen walk, The bed ts
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shallowly tilled and some crop residue is incorporated into the top
layer, giving a mulching effect. The soil and water coneservation 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
Nat{onal Institute of Agricultural Engineering, S{laloe, England, and
elsevhare,

The method has a low draft power requirement. Two oxen could
be sufficient, possibly afrer an {nftial sstablishment of the beds by
tractor,

Establishment of a larger number of plants per hectare than is
at present achieved (for maize the average for Swaz{land may be 8,800

plants per hectare as againat recommended 40,000), should also receive
attention. Guidelines for selection of planters and their adjustment and
use needs to be firmly establ{shed, Some of the units now {n use give
PoOT dtands becduse they damage the seeds and also because the fertilizer
and sveds are placed together and salt injury may occur,

b, [nlﬂfCtOpplQ‘

Mixed cropping has been commonly used {n small holder agricul=
ture. Hesearch on experiment stations has cancentrated on sonocropping,
In systems research, intorcropping should be 4 prominent alement. Inter-
Cropping ta prowing of usually two Cropas in row arrangementa in the same
fleld, It ta a tdernization of s{xed cropping, giving the advantages of
Bonocropping tn operations such a5 weed control,

Rewearch has by now provided a soltd body of evidence showing
that tntercropping gives higher return per hectare aw coepared to mono-
cropping. Crop fatlure (the return falling belov an acceptable liaf)

{e draatically reduced through {ntercropping as compared to the Broving
of the saze crups separately,

Malze vill continue to be the dosinant crop on fame adopt {ng
intercropping, Merefore the advantages of Jiffaerent hybride and open
pollitnated varteties should te deternined, A Indicated by reacarch at
the Faculty of Agriculture, Balze, {f carefully selected, g4y In the
early part of the groving season be Intercropped with puspkine] 4 legume,
A8 A4 second Intercrop, aay be planted late ip the groving seaeaun, legunes
to bw teated in Inteferopplog vith meisre, ot least in the tattial phase,
nay be limited to groundnuta, beans, and covpea,

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, ard small holder agriculture in
Swaziland will be no exceptioi. Yet, fertilizer reaponse data available
to us {ndicated a complex reaponse situation (Jones, several papers),
How fertilzer use should progress may best be resolved by including
response srudies {n the cropping systems development project. Initially
only manure and N- and P- fertilizers ghould be tncluded {n the systems
work. Nitrogen top dressing should receive particular attention,
Research should also be concerned with the longer temm butlding up of
soil fereiliey.

The 801l acidity problem will have to be resolved in the
course of the building of a desirable level of sofl fertilicy. Liming
may be required; introduction of mafize and other crop var{eties that
vill produce well on actd sofl may contribute to the resolution of the
acidity problem,

d.  Crop rotation

The effects of crop rotation are so complex to analyze that ree
gearch has 4 long vay to 80 before we can rationally argue what jyscematic
Crop rotattons may be benef lcially enployed in the SNL famming systems,
For Ywaziland tn particular, there {s conflicting evidence am to vhether
4 crop rotattion would he generally beneficial to the amall farsers,

To fallow a part of the arable land seens L0 be 4 common
feature of present agriculture, probably after unucceptable decreanes in
yields have been oxperfenced, (There are dome suggestions hovever that
Part of the fallowing done in Swaztland results from labor shortages,)
The swvaziland extenston handbook liats nafze, cotton, and pasturcs aw
SAJar cropa Wilch nay be grown on the dame land year after year, The
Sane auvufce lnadicatlea that sucecan vith other crope auch aw beana,
groundnuta, potatoss, tobascco, and tozatoss depends on them being grown
in cotatton,  hut liecle of any u  thia {nformatfon vaw acquired on the
sl aNL farsa and thue 1a litetle tndteatton of how Crupping sya(ens
should be modified tu rake advantage of crop rotation benefita,

¥e conclude that Wiere caeh crape play a significant role,
Sydtematic ratation ehould he tesmarched for tnelueton ta the cropping
system. Eauv-tiov commnly used in Jishabwe and the Republie of South
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Africa may be particularly valuable for the designing of appropriate
crop rotation work.

e, Implements introduction

As indicated under (a), Land Preparation, ox-drawn implements
which are not yet known by the Swazi farmera could pProve 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 {n a range of farming operations,
not only in land preparation. Similarly, 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

a8 {n the system for farming units with crop production only. But the
nixed faming system will have greater opportunities for benefitting
frov use of manure and from g crop rotation which {ncludes pasture and
fodder crops,

The major difference between the mixed farming system and the
cropping nystem will be the far greater cash earning potential which
ailk production introduces, With an casily achievable level of management,
4 atludng cov on half a hectare of land {n the middlev~'d should give a
Btoud return (n exceds of E500 per year,

Couperation with the Datry Board {a ossentfal {n davelopmant of
allk production, The HBoard will eatablinh the milk collection centers,
and provide factilitien for acquinition or efther grade or purebred
atlutng cows,

The asyntemn project should concentrate on proviaton of fodder for
atlking animals, Three alternatives should be fnvestigated:

(a) Stlage and crop residucd 4o bau{e fodder

Silage I trench eflow with millet and/or maize as
tav material would atart of f froe high product ton per
hectare, The {nvestment would be mainly {n the form of
on=fars labor, and the rlak factor would be low, Crop
renidues, partly ur fully substituting for hay, would be
Balze atover and groundnut and bean residuen,
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(b) Coarse grasses and fodder trees for gtall feeding

Pennisetum purpureum, Napler 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 {n the Swaziland Rural Development Area Program.

(c) Established pastures plus hay and crop rusidues

This may be an attractive alternative to the farmers
in an inf{tial phase of milk production., Pasture recommen-
dations are available from research in Swaziland. Frequent

rainfall may discourage hay production,

3. Irrigated agriculture

It 18 quite obvious that there exists {n 3wazf{land experiences
which strongly suggest that {rrigated land can rapidly incrcase cash
carnings in agriculture. Rainfall {n the rainy season {s rather adequate
tor considerable {mprovements of dryland ylelds., Nevertheless, the

argunents in favor of development of irrigated agriculture are strong:

« The length and neverity of the dry scason, while temperatures
remain favorable for crop production.

« A rulative abundance of {rrigation watur, dintributed in such a
way that oppurcunities for {rrigation achemes at all levels of
sophintication are canily nwen,

« Searcity of land, rapidly growing populatton, constdarable and
raptdly tncreaning (nturnal demand for many of the potential

products,

Grodd return o 4 hectare of ferigated land under amall nolder
BanAgement way be {n excess of 51500,

There =ay te 4 tendency towards underentimating the need for inveust=
Rent capltal when {rrigated land (s doveloped by poverpment Bsupport,
But trreapective of how the conts are covered, {t {n oxpansive to davalop

land for trrigatton, An average fl{pure {n Swaziland may at the moment
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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
agriculiure. Whether this be the case or whether irrigated agriculture

develops mainly as an independent system, the Project should see 1ts 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 1s needed about land preparation and irrigation
practices, suitable varieties, pest and disease control,
harvesting and marketing, etc. Data collected should

include yield, preferably qualiey (grading), cost of
purchased tnputs, labor use, and profit margtn, Major

horticultural Cropd at present are green maize, cabbage,
onfons, potatoes, and tomatoes, Risk and prof{t marging
vary widely with scason., All of these crops are subject
to overproduction {n the present marketing situation.

(b) Research resyles available from outs{de Swaziland

Rewults from research {n Swaziland on vari{ety dulec-
tion, peat and disenne control, etc., of conntderab'e
value to vegetable production, are already avatlable,
However, there are Rany new ar untapped sources of penetic
patariale with diseane rodiatance, trogical adaptation,
and otiwr denirable features. The vegaetable production
apectn of the cropping uystems project should look into
thia,

(c) CrupphuLnuqunncnu(uxlrrlga&mlland
While profit marging for tndividual crops are basfe
Lo ayatess dealyn, optimal utifzation of resources would
Aleo depend on working out cropping dequences, Ihege
pequences vould dojend on requirceants of tndividual
€ropa relative tou the seasnngl characteriatica uf the

environsent, the need to futate Efope because of dleease

1



ANNEX C

Page 10

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.



