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PREFACE

The Agricultural Technology Improvement Project (ATIP) has had primarily a farming
systems research orientation and has been in operation for a period of eight years (1982-
1990). The project has been sustained through funding on the part of the Govemment of
Botswana (GOB) and the United States Agency for Intermational Development (USAID).
The USAIDC funding has been mainly channelled through the contractor, the Mid-America
Intemational Agricultural Consortium (MIAC) with Kansas State University (KSU) as the
lead institution. With the scheduled end of the KSU/MIAC contract in September 1990, it
was considered desirable to produce a Technical Summary of ATIP activities.  This
compilation is available in three pants. These are as follows:

(a). Technical Summary of ATIP Activitics, 1982-1990: Reszarch Results [ATIP RP 5].

(b). Technical Summary of ATIP Activities, 1982-1990: Promising Guidelines [ATIP RP
6].

). Technical Summary of ATIP Activities, 1982-1990: Rescarch Extension Liaison
Office Achievements [AT!P RP 7].

This report is the one listed under (a) above.

It is anticipated that report (a) will be of most relevance to those interested in research,
while report (b) will be more relevant to extension staff interested in undortaking widespréad
testing of promising technologies and approaches. Report (c) will be of interesi to those
concerned about iostering linkages between research and extension by means of a Research
Extension Liaison Office (RELO).

The staff of ATIP would like to express their appreciation for the support given by the
leadership in the Ministry of Agriculture, by USAID personnel, by MIAC/Kansas State
University staff and, above all, by the many farmers who have enthusiastically participated in
the muliple trials, studies, surveys and training courses undertaken by ATIP, often in
association with other agencies in the Ministry of Agriculture,

This particular report has been published with the approval of the Director of DAR, Dr. L.

Gakale, the Chief Animal Production Rescarch Officer, Dr. L. Setshwaelo, and the Acting
Chief Arable Rescarch Officer, Mr. O. Mmolawa.
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CHAPTER 1: INTRODUCTION

1.1 ATIP BACKGROUND

1.1.1 HISTORY
1.1.1.1 General

Agriculural research in Botswana dates back to the 1930’s. Initially it was confined to
research in the animal production and rangeland areas, but in 1945, crop strategy research
was added. Over the years a large number of topics were investigated [Addy, Farrington,
Gollifer, Hunter, Stewart-Jones and Sweet, 1987] and, as a result, by the early 1970’s, it was
felt that it should be possible to significantly increase agricultural production in the country,
if the technologies were adopted by a large enough number of farmers [Addy et al., 1987].
Apparently agricultural production was not increasing as a result of the agricultural research
pregram. It seemed that either the technology was not reaching the farmers or else it was
unacceptable to them. Also there was concem about the failure to explain the large yield
gap that often existed between the research plots and farmers’ fields when the same
technology was being used.

Therefore, the decision was made to initiate testing on farmers’ fields. As a result of this,
two projects came into existence in the mid-1970’s -- namely EFSAIP (the Evaluation of
Farming Systems and Agricultural Implements Project) and IFPP (the Integrated Farming
Pilot Project).! From their carly testing work at the farm level, they found that some of the
rescarch recommendations (e.g., autumn cultivation, row planting, usc of fertilizer and
improved seed, good weed and pest control, crop rotation, minimum tillage and soil/water
conservation) which were combined to form a package, based on a multi-purpose toolbar,
had some limitations. However, because of the feedback process there were improvements
in individual component technologices.

During the next few years there was an expansion in the development of what increasingly
becaine farming systems research (FSR), with the initiation of the Agricultural Development
for Ngamiland Project (ADNP)? in 1979, the Agricultural Technology Improvement Project
(ATIP) in 1982, and the Molapo Development Project (MDP) in 1983.

Over time, all these projects increasingly embraced the FSR approach, even though some did
not start out as FSR projects. As a result, they have all been involved in designing -- with
the aid of technologies developed by on-station research -- solutions to problems that have
been identified with the help of farmers. Those potential solutions have then been tested,
together with farmers, on their ficlds.

In general, apant from IFPP (FSSR) and to a lesser extent ATIP and MDP, most of the
projects have concentrated on crop rather than livestock activities. A good deal of emphasis
has been placed on tillage/planting praciices, followed by agronomic practices, implement
testing, and the testing of individual component technologies (e.g., varictics, seed dressing,
etc). Where livestock work has been undertaken in the context of FSR teams, it has tended

! The name IFPP was later changed to Farming Systems Southem Region (FSSR).
* This was later known as the Agricultural Ngamiland Development Project (ANDP).
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to concentrate on the crop/livestock interface (hamess/ycke equipment, feed -- both specially
grown and crop residues -- winter fattening of cattle, an¢ small ruminants).’

In the early days, much of the support for FSR activities in Botswana was provided by
various donor agencies (i.e., British, Swedish, American and German). However, in recent
years the proportion of funding met by the Govemment of Botswana (GOB), has been
steadily increasing. Currently in 1990, farming system teams are overating in the Kanye,
Mahalapye, Francistown and Maun areas.*

Recently decisions have been made by GOB to institutionalize on-farm research (i.e., most of
which is conducted as FSR), to locate all the FSR teams under the umbrella of the
Department of Agricultural Reseaich (DAR), and to reorganize the research programs into a
number of multi-disciplinary commodity/subject research teams. These decisions all bode
well for a continuation of FSR activities and for strengthening the research program of the
depanment through improving the interaction, not only between the FSR teams but also
between on-farm and station-based research. In addition, in recent years, links -- although
still largely informal -- have been sirengthened between research and extension, particularly
in the regions where FSR teams are located. Another positive trend has been improved
interaction between FSR teams and farmers. Links between FSR teams and planning have
been largely one of responding to requests for help from the planning authorities.

1.1.1.2 ATIP

The United States contractor for the USAID-funded part of ATIP has been the Mid-America
International Agricultural Consortium (MIAC) with Kansas State University (KSU) as the
lead institution. The stated purpose of the project was to improve and expand the capacity
of the Ministry of Agriculture’s (MOA) research and extension programs to develop and
cffectively extend farming system recommendations relevant to the needs of rcsource poor
farmers. The project paper indicated that the project was essentiaily institution building in
nature, requiring a long-term comnmitment in participant training and technical assistance. As
a result of these efforts, it was hoped that catalytic roles could be played in institutionalizing
FSR in Botswana, and in helping research to respond to the needs of limited resource
farmers.

To fulfill the above uims, two farming systems teams were set up, onc at Mahalapye
(starting in September, 1982) and one in Francistown (starting in August, 1983), a Rescarch-
Extension Liaison Officer (RELO) was posted with extension at MOA headquarters in
Gaborone, and the Team Leader was posted at the research headquarters at Sebele. To
complement the technical assistance team -- consisting most of the time of seven
individuals -- have been counterparts from DAR, Department of Agricultural Field Services
(DAFS)* and the Division of Planning and Statistics (DPS). The main disciplines

represented in the project have been agronomy and agricultural economics, together with

*. For details on the rescarch programs of the individual projects, see the annual reports of
the Crop and Livestock (APRU) Divisions in DAR, and the annual reports and other
papers produced by IFPP (FSSR), EFSAIP, ADNP (ANDP), ATIP and MDP.

‘. An informative review of FSR work in Botswana is given by Frankenberger and Mitawa
[1988].

%. The depariment has reeently been split in two: the Department of Crop Production and
Forestry, and the Department of Animal Production and Health,
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some animal science representation. In addition, during the project, ATIP funds have been
used to partially support long-term US technical assistance provided under two Collaborative
Research Support Programs (CRSPs), namely Bean-Cowpea, and to a much greater extent,
Sorghum-Millet (INTSORMIL).

The initial length of the project, which started in August 1982, was scheduled for five years
but through no-cost extensions was later extended to eight years. USAID will plan on
partially supporting one position after the USAID-funded technicians depart in September
1990, while INTSORMIL will also continue funding one position.

As far as ATIP activities are concerned, the primary target group has been defined as those
cultivating from one to ten hectares and having less than 40 head of catle. It has been
estimated that up to 40 percent of these households are headed by women [ATIP RP 2, p.
8]* Substantial numbers of surveys, studies and trials have been carried out, on and with,
representative farmers in this heterogeneous target group. In concurmence with the project’s
mandate, a great deal of emphasis in ATIP’s work has been placed on arable agriculture.
Nevertheless some work has been devoted to the livestock arena. Because of the limited
availability of research resources in this area, livestock work has had to be very selective.

1.1.2 SELECTION OF VILLAGES’

The target area for the ATIP project was defined by the Government of Botswana as the
castern part of the country, particularly the central and northemn portions.  Within that
general area, the Ministry of Agriculture specified that one ATIP team should be located in
the Central Agricultural Region and the other in the Tutume Agricultural District. In the
Central Agricultural Region, Mahalapye was chosen by the ATIP staff, in consultation with
the Director of Agricultural Research, because of the existence of an experiment station at
that location, and for logistical reasons. ‘

Over the years, research activities have been largely confined to three villages in each area.
This was done for the following reasons:

(a). Concentrating  activities in a limited number of locations simplified matters
logistically, and also helped improve the return from research resources -- in terms of
time, staff and financial costs.

(b). It was believed that, since there is little agro-climatic variation within the working
area of each region, the variation in resource endowments and production practices of
different farmers within villages was likely to be as great as between villages. This
meant that representatives of different types of farmers in each working area could be
captured by confining activities to a limited number of villages. Villages were
selected more on the basis of size and accessibility, and the range of farmers was
confirmed during exploratory surveys.

5, See Appendix D for full citation of papers produced by ATIP personncl.

7 More detailed information on the procedurcs for selecting the villages and farmers
(discussed in Scction 1.1.3) can be found in ATIP RD 83-1 [pp. V13-17], ATIP RP 1
[pp. 12-22], ATIP RP 2 |pp. 15-22], Baker {1987, pp. 24-27], aid ATIP PR F83-1.
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The villages in cach region were therefore selected after;

(a). Reviewing sccondary information available on the areas.

(b). Extensive consultations with extension and other informed regional, district and local
staff, including village headmen and villagers in the areas.

(o). Visits by ATIP staff to a number of villages.

(d).  Being satisfied that the villages were representative of others in the area, reflected the
diversity of conditions existing in the area, etc.

Approval for working in the villages was obtained from relevant government officials, and at
village kgotla meetings chaired by village headmen.

There is the possibility of some bias in the initial selection of the villages, although later
studies did appear to indicate that the variation between and within the selected villages did
reasonably capture the variation in the working areas as a whole [ATIP PR M84-2; ATIP
WP 3]. The selected villages on which most of the observations in this report, are based,
are given in Table 1.1. In the same table are presented some major characteristics that over
the years have helped explain some of the differences in the results from the various
villages.

TABLE 1.1: SOME DISTINCTIVE CHARACTERISTICS OF THE ATIP VILLAGES

AREA DISTRICT VILLAGE SIZIE AND DISTINCTIVE CHARACTERISTICS
ACCESSIBILITY®
Francistown Tutume Mathangwane Large, excellent Urban influence; tractors common
Tutume Marapong Medium, good Progressive  village;  communal  activitics
common
Tutume Matobo Small, average Traditional  orientation;  animal  traction
dominates
Mahalapyc Mahalapye west® Shoshong Large, good Good amenities; lands and catde posts very
» dispersed; many tactors
Mahalapye East Makwate Small, average Donkey traction dominates
Palapyc Makoro Small, cxcellent Dispersed settlement pattern; mainly animal
tracticn
a. ‘The larger and more accessible villages tend to have gicater numbers of and better amenitics, such as shops, bottle

stores, restaurants, cic. Shoshong and Marapong have Cooperative Socictics, while Mamapong also has a Development
Trust and a Small Rwainant Farmers Group.

b. Mahalapye West is now sometimes refemed to as Mahalapye, while Mahalapye East is often called Machenang
Disirict.

.13 SELECTION OF COOPERATING FARMERS

At the outset ATIP made an effort to obtain some idea of the variability in terms of
resource endowmients and production practices of the farming populations in each of the
villages.  Usually this was accomplished by an initial literature review, followed by
discussions with knowledgeable individuals, and informal (Exploratory) and one-shot Sample
or Census Frame Survevs. The idea behind this was to provisionally stratify farmers into
homogeneous sub-groups (research or recommendation domains) on the basis that farmers
within these groups had the same problems and the same potential solutions to those
problems [ATIP RP 3, pp. 27-29]. This was important to ensure that later research activities
of ATIP could address the needs of the different types of farmers found in the villages --
hereafter called the ATIP villages. In general terms, the recommendation domains in ATIP
work tended to be determined by the ability to pursue timeliness of operations to take
advantage of the soil moisture when it was available. Consequently, in much ATIP work,
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farmers have tended to be stratified according to:

(a). Francistown. Wealth -- as measured by the number of cattle owned.
(b).  Mahalapye. Type and degree of control of draft -- as measured by owning or hiring
tractors, oxen or donkeys.

There was a great deal of similarity between the two types of stratification. For example,
wealthy farmers were more likely to own tractors and therefore were likely to be better able
to ensure timeliness in their operations. In general, little attempt was made to differentiate
female from male-headed houscholds since the former represented a higher proportion of the
farming households in the poorer strata (e.g., strata where traction was not owned).

With this stratified set of farmers it was then possible to select appropriate farmers with
whom 1o test specific types of technologies, and use as respondents in specific surveys.
Various farmer selection approaches have been used over the years -- for example, for the
Mahalapye arca, see ATIP EP 85-7 [pages 544-546]. Some of these initial coopcrators have
been involved in ATIP activities for many years -- see, for example, the annual Cooperator
Survey undertaken in the Francistown area [ATIP PR F87-1].

The initial cooperators were originally chosen by a stratified random sample approach,
subject to the condition that those sclected were interested, willing and able to cooperate.
However in more recent years, those initial cooperators have sometimes been replaced,
complemented or supplemented by additional farmers through:

(a). Purposive selection by rescarchers interested in obtaining the cooperation of specific
farmers because of particular attributes or resources they possessed. For example,
their field had a particular soil type, they had a flock of goats, etc. Usually this type
of selection occurred for trials that were managed and implemented by researchers
(i.e., RMRI trials), and sometimes for trials that were managed by researchers but
implemented by farmers (i.e., RMFI trials).

(b). Volunteering by farmers themselves. This was particularly the case in farmer

managed and implemented (i.e., FMFI) trials that in recent years have been
undertaken through Farmer Groups (see Section 3.2.2 in this repon).

1.2 FARMING SYSTEMS RESEARCH METHODOLOGY?

The primary oojective of farming systems work (FSW) is to improve the well-being of
individual farming families by increasing the overall productivity of the farming system in
the context of both the private and socictal goais, given the constraints and potentials
imposed by the factors that determine the existing farming system. FSW involves using two
complementary strategies (i.c., the development and dissemination/implementation of relevant
improved technologies and policy/support systems) to improve agricultural productivity,
mentioned earlier.  ATIP has used the term FSW to refer to both the technology and the
support system/policy thrusts, and farming systems research (FSR) to signify the technology
thrust.  In fact, with reference to ATIP, most work has concentrated on the technology
thrust, and therefore FSR. Consequently most of this report concentrates on summarizing the

.

*, A much more detailed discussion on the philosophy of, and approach uscd by, ATIP in
FSW is presented in a handbook for FSR recently written by ATIP personnel {ATIP RP
3; ATIP RP 4. Of particular interest in terms of material presented in this scction are
pages 6-13 and 31-36.
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results of work directed at the technology thrust. However in more recent years increasing
attention has been given to dissemination practices as part of the support system.

Very briefly, FSW consists of four steps in the research process (Figure 1.1). These steps
or stages are as follows:

(a). The Descriptive or Dingnostic Stage in which the actual farming system is cxamined
in the context of the physical-biological and socio-economic environment -- to
identify constraints farmers face, and to determine the potential flexibility in the
farming system in terms of timing, unused resources, etc. An effort is also made to
understand the goals and motivation of farmers that may affect their efforts to
improve the farming system.

(b). The Design Stage in which a range of strategics are identified that are thought to be
relevant in dealing with the constraints determined in the descriptive or diagnostic
stage.  Information for such strategics comes from experiment stution work,
researcher managed and researcher implemented (RMRI) type work on farmers’
fields, from other farmers, and, of course, from secondary sources.

This stage, in essence, involves an ex ante evaluation, from the viewpoint of the
farmer, as to whether the proposed technology is technically feasible, economically
viable and socially acceptable.®

(c). The Testing Stage in which a few promising strategies, arising from the design stage,
are examined and evaluated under farm conditions to determine their suitability for
producing desirable and acceptable changes in the existing farming systeru. This
stage usually consists of two steps:

i, Rescarcher managed but farmer implemented tests (RMFI) to establish
whether transferred technical relationships are altered by farmers’ management
of non-treatment variables.

ii. Farmer nwanaged and implemented (FMFI) type tests when the team are
confident that relationships will hold, but need to evaluate the proposed
technologies under local socio-economic circumstances.

Where transferred technical relationships appear likely to be distorted by differences
in local natural conditions, researcher managed and implemented (RMRI) experiments
will be necessary on farmers’ fields rather than the experiment station where such
trials are usually carried out. These are done before undertaking RMFI and FMFI
trials which involve farmers, and are always undertaken on farmers’ fields. All these
types of trials may be undertaken by the farming systems team.

(d). The Dissemination Stage in which the strategies that were identified and screened
during the design and testing stage are extended to farmers.

In fact, there are no clear boundaries between the various stages.  Design activity, for
example, may begin before the descriptive and diagnostic stages and may continue into the
testing stage, as promising alternatives emerge from rescarcher managed and farmer
iraplemented type trials -- where farmers and researchers interact directly. Similarly, testing

’. In addition, particelarly from a socictal viewpoint, the issue of sustainability is also
buecoming increasingly important.
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FIGURE 1.1: FARMING SYSTEMS WORK
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by farmers may mark the beginning of dissemination activitics.

Also, it may not always be necessary to go through all the stages. Farming system team
coalidence in transferability during the design/planning stage can sometimes mean going
straight to FMFI work or even to the recommendation/dissemination stage.  Thus, the
process of FSR is recognized as being dynamic and iterative with linkages in both directions
between farmers, researchers and extension staff. The iterative characteristic can improve the
efficiency of the rescarch process by providing a nieans of identifying and tuning improved
technologies for a specific location -- that is, climatic situation, soil type and/or farmer
resource base,

In essence, the farming systems approach involves putting the farmer on center siage,
involves working with representative farmers, needs an interdisciplinary approach, is a
dynamic and iterative approach =nd is complementary to -- not a substitute for -- experiment
station-based research,

Complementarity  with  experiment station-based rescarch  stems  from  the difference in
characteristics of on-station research, with its emphasis on applied research, and FSR which
concentrates mainly on adaptive rescarch,  Table 1.2 notes sonie of these differences and
hopefully illustrates why both types of rescarch are essential

TABLE 1.2: SOME DIFIFRENCES BETWEEN EXPERIMENT STATION-BASED RESEARCH AND ISR

CHARACTERISTIC

HTATION-BASED RESEARCH ISR,

Location of Trial
Disciphines Involved

Ruscarcher
Tarmer
Conpionity
Management

Priority Setting for Tral:

Expenmental Design

Usnally Experiment Station
Otten Single

Mostly Technical

More Involved

Less Involved

Usually More

Researcher

Usually On-Farm
Usually Scveral
Technical and Social
Less Involved

More Involved
Usualiy Less
Rescarcher or Farmer
Rescarcher or Farmer

Implenzentation Researcher
Degree of lixperimental Control More
Evaluation of ‘Trial Results -- Factors
Taken Into Account:
Systems Perspective Less Likely Morc Likely
Technical Feasibility Tes Yes
Liconomic Viability/Reliability Less Likely More Likely
Social Acceptahility Less Likely Morc Likely
Farmer Opinion Not Likely More Likely
Lixpense of Experimental Program:
Fixed (Overhead) Costs
Variable {Recurrent) Costs

Usually Less

Likely to be Lower

Likely to be Higher
Likely to be Higher

Likely 10 be Lower

Involving the farmer in the rescarch process involves both challenges and rewards. In order
to address the needs and interests of both experiment station-based researchers and farmers,
ATIP has been careful to differentiate trials undertaken in terms of who manages and
implements them, that is. the researcher (tcchnician) or the farmer. A careful study of Table
1.3 indicates that the three major trial types used in ATIP work can be differentiated in
terms of 1escarch objectives, methods, experimental design, types of data collected, methods
of analysis, and evaluation criteria. Generally in ISR, technoiougy design work begins at the
RMRI fevel and then when a technology is thought to be appropriate it is passed on for
testing with the farmer, fist at the RMFI level, and then at the FMIT level. Obviously the
farmer becomes progressively more involved as one moves from experimentation at the
RMRI to the FMFI level. It is important to know the type of trial that was implemented in
order 1o be able to assess what the appropriate expectations should be with respect to the
interpretation of the results.  Obviously  for example, cause-ctfect relationships can be
derived in RMRI trials, while farmer attitudes are much easier to ascertain in FME] trials.
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TABLE 1.3

EXPECTATIONS OF DIFFERENT TYPES OF TRIALS'

Item Rescarcher Managed and Researcher Managed and Farmer Managed and
Rescarcher Implemented Farmer Implemented Farmer Implemented
(RMR] (RMFD) (FMED
Experimental: N .
Suage: Design Ist siage testing 2nd stage testing
Design:
Complexity Most Less L :ast
Type Standard Simple standard With and without
Replication Within and between sites  Usually only between sites  Retween sites only
but can also be within
Levels of treatment Most Less Least
Standardized level of non-
cxperimental variables  Most Less L.east
Plot size Emallest Larger Usually largest
Who sclects technology? Researcher Rescarcher/farmer Farmer
Who shoulders risk? Mainly rescarcher Researcher/farmer Mainly farmer
Main discipline of researcher Mainly technical Technical/social Technical/social
Participation by:
Farimer Least Morc Most
Researcher: arost Less Least
Numbers of farmers None Some Mos¢
Farmer groups Least More Most
Potential:
"Yield” Most Less Least
Measurement crrors Least More Most
Degree of precision Highest Less Least
Data:
"Hard" (objective) Most Less Lecast
"Soft" (subjective) Least More Most
Determination of cause/
cffect relationships Easicst Less casy Least likely
Incorporation into
farming system Least More Most
Evaluation:
Who by? Mainly rescarcher Researcher/farmer Mainly farmer

Nature of tcst

Assesses technical

Technical feasibility plus

Validity for farmers -

feasibility cconomic cvaluation practicality, acceplable

Appeal to:

Rescarchers Most Less Least

Lixtension Staff Usually least More Most

FFarmers Least More Most
Iiase of acceptance of results of

trial Rescarcher Rescarcher/farmer/extension  Farmer/extension
a There is a degree of subjectivity in some of the entrics in Uie table, but in general they do reflect what is

usually the casc.
undertaken.

In the literature, RMRI tni

In a scnse, these expectations also reflect the reason

sometimes termed refinement trials.
b, Standard multi-locational trials are also RMRI. Muhi-locational trials are differentiated from trials undertaken in

a farming systems context in that they

perspective in mind.,

c. In a sense there are two types of FMET wials, those done throu
validation wials in the Literature) and the more wides

(equivalent o verification trials in the literature).

Source:  Slightly modified version of ATIP EP 89.5,
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In this summary report, results presented and conclusions given are derived from all three
types of trials, as well as studies and surveys of various types.

1.3 CLIENTS IN TECHNOLOGY DEVELOPMENT

This section is devoted to a brief discussion of how ATIP has conceptually viewed the
development of technologies that are likely to be relevant for limited resource farmers, and
how the needs of the main clients of on-farm technological research (ie., farmers and
station-based researchers) have appeared to differ.

1.3.1 THE TECHUNOLOGY LADDER AND RELATED JMPLICATIONS

ATIP has found it useful, when considerine the suitability of technologies for farmers, to
systematize thinking in terms of a technolo_, ladder.

From the farmers’ perspective, all other things being equal, the type of improved technology
that initially is likely to be most acceptable, is that which:

(a). Does not necessarily require great changes.
(b).  Can be adopted to varying degrees.
(). Requires little in the way of extra skills.

Examples that might fulfill the above conditions are divisible inputs such as improved seed,
fertilizer, etc.  Unfortunately in the harsh climatic environment of Botswana, such a low
initial step is rarcly likely to be of major benefit because of the need to implement strategies
that will alleviate major constraints. For example, the constraint of water availability might
need to be addressed first so that the retum from fertilizer or improved sced can be ensured.
Strategies for bringing about better water availability have revolved around tillage methods to
make more water available, and improving timeliness of operations to inaximize the use of
the water when it is available. There are two types of steps, one involving resources and
the other involving the acquisition of skills. For example:

(@).  Onc type of siep on the technology ladder requires relatively large changes in the
amount of resources used by the farmer.  For example, double plowing with
broadcast planting, which is one of the simplest tillage practices designed to increase
soil moisture availability and lengthen the plow-planting period, requires almost twice
as much traction per hectare as the traditional single plowing strategy. A single
plowing strategy is likely to be much more popular with farmers in environments
where labor and draft are more limiting, than land.  Adopting such a strategy
therefore implies a fairly major commitment of limited resources on the part of the
farmer, thus constituting a fairly large step up the ladder. I addition, the nature of
the inputs required are more indivisible and hence bigger, or as economists say, more
"lumpy" in nature. In general, every addition of a useful field operation or use cf an
additional picce of equipment to the system represents a step up the technology
ladder.

(b).  Another type of step up the ladder requires additional skill such as learning to row
piant, and replacing the broadcasting method.  Such a step may also require an
additional resource commitment from the farmer (e.g., planting resources) or could
invelve resource savings (e.g., mechanical weeding to reduce weeding labor).
Adopting a row planting strategy requires 4 major commitment from the farmer to
learn to correct!ly use the technoiogy that is new to the system.
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In a harsh climatic environment, the relatively large farmer commitments involved in moving
up the lower rungs of the technology ladder imply that the challenge of getting farmers to
change is likely o be greater than in a more equable climate.

Two issues that have some relationship to the technology ladder concept, and are important
when thinking about ways to help limited resource farmers in Botswana, are the following:

(w).  Breaking Constraints Or Exploiting Flexibility. There are two possible ways of
dealing with an identified constraint: break the constraint, or avoid tne constraint by
exploiting the flexibility in the farming system, for example, planting sorghum late to
avoid a particular disease problem. The decision on which approach to use in
dealing with the constraint will depend on its severity, the flexibility that exists
within the existing farming system, and the availability of potential improved
strategics that break the constraints or exploit the flexibility. Breaking a constraint is
a much more difficult problem both for researchers and farmers, than the strategy of
exploiting flexibility. However, major long-term increases in productivity have to
come through breaking constraints.  This must usually be a step-by-step approach
moving away from the present system towards a new one -- each step being one that
is acceptable and absorbable by farmers. Unfortunately under the harsh climatic
conditions in Botswana, major emphasis has to be placed on breaking constraints
rather than exploiting the flexibility that might exist in farming systems in more
equable climates.  As a result, changes required on the part of farmers are relatively
greater, making steps up the technology ladder somewhat more difficult than for
farmers in more favorable climates.

(b). Contingency Plans Or Range Of Options., The considerable variation in the level
and distribution of rainfall between and within years leads to considerable uncerainty
as far as farmers ure concemed. This lack of predictability means that the strategies
farmers pursue vary according to how the year develops. In essence, they employ a
decision trec type strategy in which they respond to censtraints and opportunities that
emerge as the scason unfolds. In such situations, no one strategy is applicable every
year and there is a need for research to develop a series of opticns.'®  Much of
ATIP's work has recognized this.  For example, as will be discussed later, double
plowing with broadcasting is advocated, only under cenain circumstances, as an
alternative to the traditional single plowing and broadeasting system.  Also it is
important to note that, as farmers move up the technology ladder, the range of
options open to the farmer increases. As a result, on occasion it may be appropriate
for fammers to simultaneously use, on different pants of the farm, technologies
associated with different steps up the technology ladder.

1.3.2 CLIENTS FOR ON-FARM TECHNOLOGICAL RESEARCH

Although, by definition in ISR, it is the farmer who is the primary beneficiary of on-farm
rescarch, it is also evident that work can assist on-station researchers to develop technologies
that reflect the needs of the farmers. Thus, while the primary role ¢f on-farm research is
to design and test technologies with farmers to address problems that they have identified, it
does have a secondary supportive role in helping on-station researchers design new

. As opposed to a standard "package” (see Section 2.4).
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potentially relevant technologies."

The impact of on-farm research can be looked at in another way, in terms of leverage or
ron-leverage interventiens. Leverage interventions -- sometimes called high leverage --
involve introducing changes in an operation or enterprise in a part of the farming system,
which is generally a major production constraint (e.g., soil moisture availability), is a major
absorber of farm resources, andfor where timing of those resources is restricted.  All other
things being cqual, the adoption of technologies that improve the productivity of such
resources are likely to maximize improvement in the productivity of the farming system as a
whole. Low or non-leverage interventions, on the other hand, may not have a major impact
on the productivity of ihe famming system as a whole, but may help in improving the
productivity of a particular enterprise.  Such interventions are likely to be more acceptable to
farmers, since heir adoption is likely to require relatively smal! changes in the current
system, compared with high leverage interventions, where major changes arc often involved
if the technology is adopted.

In Botswana, on-farm research has had an impact in both wags.”  For example:

(a). On-farm research has responded to requests from on-station researchers to evaluate
specific iechnologics at the farm level.  This supportive role has pencrally involved
potential low-leverage type interventions arising out of commodity research programs
such as crop variety evaluation (e.g, cowpeas, sorghum, groundnuts, cte.), evaluating
seed dressing on groundnuts, evaluating whether labor intensive hilling of groundnuts
can be avoided, ete.  Depending on the requirements of on-station researchers, these
types of technologies are sometimes evaluated at the RMFI level (ie., if some
"harder” quantitative data are required), or may be cvaluated in the FMFL mode (i.e,
where "softer” qualitative/attitudinal data are obtained).  These can be done either
with individual farmers or offered as options in the research-oriented farmer groups.
Within this situation, on-station researchers have 1 major role in determining the
research agenda of on-farm research, with farmers having a secondary role, if they
choose to test the technologies offered.  The major motivation behind on-station
researchers requesting on-farm research evaluation of their proposed technologies is to
elicit the opinions of farmers, and to determine the robustness of the technology
when implemented and managed by farmers themselves.

(b).  On-farm research has also tried to respond to the needs and problems articulated by
farmers. This primary role in Botswana's harsh climatic environment, has tended to
focus on high-leverage interventions that ensure maximum usc of water during the
plowing/planting bottleneck period. to improve the degree of stand establishment, and
crop survival through drought periods.

1.4 ORGANIZATION OF THE TECHNICAL SUMMARY

The objective of this technical summary of ATIP's work is to present, in a concise form,

" An altemative way of viewing these roles is as direct (primary) or as indirect
(secondary) impacts.

 The primary role of FSR responding to the needs of fammers, in effect, corresponds to
what s described clsewhere as "FSR in the small” while the type responding to station-
based rescarchers is more analogous to "FSR with a pre-determined focus™ [ATIP EP
§6-3).
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what research ATIP has undertaken over the years.

Chapter 2 is devoted to 2 brief discussion of the farmers’ environment from both the
physical-biological and sociy-economic viewpoints. This is followed in Chapter 3 with a
discussion on how ATIP has focussed efforts on involving farmers in the research process.

The remaining chapters are devoted to a summary of various research activitics, presented on
a theme basis. In Chapter 4 system-type technologies are considered, such as those relating
to tillage, planting mecthods and post-establishment practices, and semi-permanent field
development. Chapter 5 is devoted to commodity technologies relating to both crops and
livestock. With reference to crop: cowpeas, groundnuts, mung beans and intercropping, are
considered, while draft animal and small ruminant studies dominate in the livestock sections.
No separate section is devoted to sorghum since this crop is already dominant in the
cropping patterns of most farmers, and constitutes by far, the most important crop in any
trial or study that is not focussed on specific crops like cowpeas and groundnuts. In the
theme related chapters, an effort has been made to summarize discussions, within a theme,
under a number of sub-headings. namely:

(a). Justification and major objectives.

(b). Muajor activities, and a list of references for reports on those activities, mainly in
table form,

(©). Major results and conclusions,

(d). Recommendations on what should be done in the future.

Because of the amount  of work conducted by ATIP over the years it is not possible to give
much detail in this summary report.  Therefore other papers that ATIP staff have written
need to be referred to for detailed information. The tables referred to in (b) above contain
information on:

(a). The name of the survey, study or trial,

(b). If they were trials, what type they were (i.c.. according to who managed and
implemented them).

(©). The size of sample.

(d).  References where results are presented.”

Sometimes specific trials, studies and surveys are listed more than once in the tables. This
is because trials usually contain several treatments, surveys often have multiple objectives,
etc. Therefore, on occasion, results may apply to more than one scction in the report. This
classification is a complex process and therefore may not always be entirely correct and
exhaustive in nature.  Also, some of the references to particuiar topics contain the same
material, but all are listed in case some are not readily available. In general, the work and
results from the 1989-90 season are not considered, as these data are still being analyzed.

‘There are in addition, five appendices. The contents of these are as follows:
(0).  Appendix A: Special Studies. These are summaries of studies undertaken that were

not part of the mainstream research effort and involve extension and policy-related
studies.

B Suaning in 1985-6 litde data were included in the annual reports themselves.  Instcad
detailed results were increasingly presented in other formats such as Progress Reports
(PR Scrics) and Working Papers (WP).
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(b).  Appendix B: List of Promising Guidelines. Arising out of work done by ATIP staff
-- some in collaboration with others -- have been a number of promising approaches
and technologies. In general, however. these could benefit from more extensive
testing at the farm-level before being approved for publication as Extension Bulletins
(in the case of approaches) or Agrifacts (in the case of technologies). Therefore, in
order to provide easily understood instructions to facilitate further testing, a series of
proposed leaflets called Promising Guidelines have been prepared. These are given
in detail elscwhere |ATIP RP 6]. In the Appendix of this report only a list is

provided.

In terms of technologies, the guidelines are classified under a number of themes,

namely:

i Soil moisture enhancement {carly plowing, contour strip tillage, water
conservation terraces).

ii. Planting and weeding (row planting, hand-row planter, Maun cultivator).

i, Specific crop activities (cowpeas).

iv, Specific livestock activities (lice control in goats and goat kraal construction)

Similarly, approaches are also presented under a number of themes, namely:

i. Farmer involvement (extension- and research-oriented farmer groups, farmer
training courses, farmer ficld days and competitions at Agricultural Shows).

ii. Encouraging collaboration (between research and extension and between on-
farm and on-station research).

iii. Techniques  (estimating  goat  weight  with heart ginh measurements, and

bloodless castration).

(©). Appendix C: List of ATIP Papcrs.  This appendix contains a list of all the papers
produced by ATIPM,

(d).  Appendix D: Other References. This appendix contains a list of other references --
not ATIP -- cited in the this report.

(e). Appendix E: Acronyms. This appendix contains definitions of the acronyms used in
the report.

It will probably zppear to some that there are specific rescarch topics that perhaps should
have been undertaken by ATID that apparently were not.  To others it may appear that the
research program has not been as comprehensive or as well rounded as perhaps would have
been desirable.  However, because of farmers’ interest, there has been a consistent theme in
the agronomic work, focussed on tillage/planting systems for improved stand establishment
and soil moisture conservation for improved crop productivity.  Much of the other work in
ATIP’s research program has evolved in response to requests and opinions of station-based
researchers and from farmers.  Consequently such a research program may not appear to be
particularly comprehensive. A positive spinoff has been that ATIP has not been working in
isolation.  In fact, nearly all of ATIP’s work has been linked with farmers, on-station
rescarchers, extension/development staff and/or occasionally with planning staff,

¥ Rather than referring to individual authors in the this technical summary papers written
by staff members connected with ATIP are cited by ATIP publication number.
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CHAPTER 2: ENVIRONMENT OF FARMER

2.1 INTRODUCTION

211 JUSTIFICATION

Farmers do not live and work in isolation.  They are members of a nation, of a community,
and of a family. They live ina particolar place defined by a pattem of social, cultural and
environmental characteristies. AL of these intluence the farmers” production systems, and
their willingness and ability o make changes in their farming systems,

In order 1o desien uselul technologies, perform meaningful on-farm s, and amplement
cxtension and developaent programs o mect the needs of farmers, it s vital thae agricaltural
researdhiers - both o tarm and onstation - enderstand the Barmer's epvitonment There are
feo hasie apedt to s environnent e phvsivad envronnent whieh detesmines what
aorictlural producios o echically posables and the socio ceoncime s onmen! which
Jetermmes what Tenners i do en e able to do PATIE RE 30 pe ol Endenserding te
Paming envicemeent s pariealahs mportnt io bsinge costeims pescarchaers s it provides
the settig wati swhndh wil o heir etk wabes place AT b condncied g aumber !
aedies and sureecs o betier Jetine the phesical and socis ceononnc eavironment or e

Ninited resoufor et o e areas where the project has been swoikin,

Moasor aepects of the phasical environment include e soils, the toposraphs aed the
seetation on the lnds where ormers work, and the nintall wd suns wandy eten the Tand

TECUIv U,

Fanners e Toeed resources they caninvest in farming, These generadly consist of Tand,
fabor, capital wad manaeement. Inothe case of the Timited resource fimer - Boswana, one
aspect of the capital resource. their degree of control of traction. 1% eapecially important.
During drought periods tie availability of povernment progrums s abso important factor
for tarmers.

fow the resources are combined by farmers determines the character of cropping and
livestock svsterms. Farming system teams atiempt 1o understaid these systems inorder to
devise interventions which will be meaningful o farmers, How farmers obtain inputs for
agricaliure and how they use the products of their Tabor, for home consumption or for sale,
are aspects of the tarmimg systemn which must be undersood. Finallya clear picture ot the
farming family iself, who the members are, how they interact, and how they choose o use
their resources, is fundamental to working within a farming system

All of there aspects are refevant o understanding the environment of the farmer, and the
environment in which farming systems teams must work.  These aspects are discussed in this
chapter as they have aftected the ATIP program,

21,2 APPROACIE

The ATIP approach to developing an understanding of the farmers’ environment took several
directions,  These have included:

(@), Exploratory and Census Frame Surveys to develop an understanding of the arcas, and
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1o identify representative villages and farmers.

(b).  Studies of village physical environments to characterize the soils, topography and
vegetation, and to monitor the environment over time, particularly rainfall and
temperature.

(c). Multiple Visit Resource Use (MVRU) Surveys conducted over the first three years of
the team's operation to deveiop an in-depth understanding of the farming system then
in use.

(d). Baselinc Surveys to describe the generai farming system in a region, or to determine
the basic characteristics of a pant of the system, such as cowpea production,

(6).  Special one-time surveys and case studies to increase the teams’ understanding of
specific issues or situations (e.g., @a survey to determine the impact of the
governmental Accelerated Rainfed Arable  Program (ARAF) and Drought Relief
programs in the ATIP arcas).

. On-going monitoring of certain aspects of the system (e.g., cropping patiems,
markets, specific farmers” approaches to farming), to identify changes in the system
over time,

The following information is based on approximately fifty studics and surveys conducted by
ATIP, in order to more accurately understand the farming system in the areas where ATIP
was working. A table of the relevant studies and surveys, and where they are cited in the
ATIP literature is included for cach topic. There is also a listing of generalized observations
drawn from the cited literature for each topic.

The discussion is broken down into a number of topics structured as follows:

(a). The physical environment (Section 2.2).
(b). Farming systems (Section 2.3).
(©). Resource use patterns (Section 2.3.2).

(d). The crop sub-system (Section 2.3.3).

(e). The livestock sub-system (Section 2.3.4).

. Marketing and prices (Section 2.3.5).

®). Household circumstances (Section 2.3.6).

(h).  Implications for developing relevant technologies and policies (Scction 2.4).

2.2 PIIYSICAL ENVIRONMENT

A list of ATIP activities relating to soils, rainfall and temperature is given in Table 2.1.

2.2.1 SOILS

Studies on soils, conducted by ATIP, revealed the following information:

(a). Loamy sands to sandy loam soils dominated. Soils were generally deficient in
phosphorus, low in organic matter, and had poor water holding capacity {Mays and
Pricc. 1987]. These soils were also assumed to be low in mineral nitrogen. There
was a great deal of within field variability.

(b).  On-furm research sites ranged from deep soils with high water holding capacity to
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TABLE 2,11 ATIP SURVEYS AND STUDIES RELATING

TO THE PHYSICAL ENVIRONMENT

SAMPLE

MATOR TIOCUS MORE DETAILS SURVEY/STUDY YEAR _AREA ATIP PAPERS
Soils, Vegetaion and Predominate types of soils Project area description 1985-6  Mahal. 4 villages RP 1, p.148-154
Topography Site charctenization study 1986-8  Muahal. 50 fields WP 15, p.34 RD 87-1, p.11.24-26
Physical charactenstics Suil vanubility siudy 1983-5 Mahal. 42 fields RP 1, p.154-166
Site chaructenization study 19K6-3 Mahal, S0 fields WP 15, p34 RD 88-2, p.40-41
MP 8812, p.3
Rainfall Annud statistics Mcteorulogical monitoring 1982-90  Mahal Various RD 84-1, p1.4 RD 85-1, p.1.5
1983-90 " Town  Vanous RD 86-1, p.6 RD 87-1, p.L4
RD 88-2, p.4 RD 89-2, p.5
Pattems and planung Ranfall/soil snoisiure study 1985-6 Mahal Vanious RP 1, p.136-146 WP 15, p.3
opportunities MP 84-8, p.1 EP §9-4, p.172-173
Meteorolegical monitoring 1982-90  Mahal.  Vanous PR M89-2, p.3
1943-90  F'Town Vurious RD 86-1, p.88-89 RD 88-2, p.63-64
RP 2, p.33-37 RD 89-2, p.87
PR £56-1, p.2 PR F87-1, p.2
PR F88-2, p.2-3
Temperature Patterns Meicorological monitoning 1982-00  Mahal.  Vadous RP I, p. 147-148
1983.90  ["Town Various RD 86-1, p.88 RD 87-1, p.IL63
Soil surface Meteorological monitoring 1982.90  Mahal. Various RP 1, p. 147 WP 15, p.3

a The year listed is the beginning of the cropping year in question.
seasons.
b. Refers to the number of sites, fammers, cte. Figures in the column separated by a comma indicate sample sizes in difiernt year

Rle: A107.2TBLESDE

For example, 1984 refers to the 1983-85 cruppirg season, and 1984-5 refers to both the 1984-85 and 1985-86 cropping
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shallow soils with little capacity. The position on the topographical sequence had an
important influence on the characteristics of the soil. At the same time, the sites
gencrally had poor chemical properties.  ‘They were low in phosphorous, had low
organic matter. a low percent base saturation rate and had variable, and sometimes
low, pH. Upland soils showed signs of erosion loss.  Old fields, particularly on
coarse textured soils, had less top soil than simifar fields that had not been cultivated
as long. Positions on fields that were at a point where water mun-on was received
during storms, were often eroded down to the point of the argillic Tayer.

(). The study areas generally fell within the handveld vegetative zones and ranged from

the tree savanna zone, dominated by Acaci or Acacia and Combretum species, in the
Mahalapye area to mopane bushlund in the Francistown area.

2,22 RAINFALL AND TEMPERATURES

The following data on riintall patterns and ahe cffect of rainfall on agricultural activities
were observed:

() Five long-term anouad ruintall was 435 millimeters for Mahalapye and 465 millimeters
tor Franvistown,  During the T982-89 project period, the average was 383 millimeters
for Mahalipye and 832 millimeters for Francistown (Table 2230 The rainfall was
wrimadal, concenuated in November o April Raifall was also highly  variable
hetween sears, within vears, and even between fields in the same villaige, There was
ne month when the precipitition excecded the potential - evapotranspiration, on- a
regubr basis

(b There were tmies when there were one or more dry periods of at least four weeks
duration, lord enough (o stress plants, during the growing season,  Based on a 15
vear pericd, 1970-71/1985-86, n the Francistown area, there was a 94 pereent chance
of having o dry period’ of at least four weeks during the cropping season. There
was o 38 percent chance of having o dry period of seven or more weeks during the
growiay scason {Unpublished datal,

(). Planting opportunities were dependent on adequate rainfall, The number of rainfull
events sulfivient for plowing was often limited and sometimes occurred fate in the
season.  Thut v, they did not occur untit tate December or early January.  This
limited the amount of planting farmers could do on "good” soil moisture [ATIT RP
1. pp. FAL-147]

(. Raintall tended o be concentrated in high intensity rainstorms. Based on a 75 year
period in the Mahalapye arca. there was an 80 percent chance of having o rainfall
event totaling 05 millimeters or more in 24 hours during a season [ATIP MP 87-3].
Recause rainfall tended to be unevenly distributed and concentrated in high intensity
rein storms. the soil moisture window, suitable for planting activities, was often
narrow providing little flexibility in the timing of field operations,

(e). Variation in crop produciion was primarily a question of the fortunes of rainfall. The
growth of planted creps, n the traditional system, was largely determined by the

Lelined s Nt Louie ovor boodlincives o eie day or within vo consceutive
days.
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TABLE 2.2: MONTHLY RAINFALL (MMS) AT MAHALAPYE AND FRANCISTOWN, 1982-89"
MAHALAPYE FRANCISTOWN
MONTH 30 YEAR 1982 1953 1984 1985 1986 1987 1988 30 YEAR 1982 1983 1984 1985 1986 1987 1988
AVERAGE -83 -B4 -8S -86 I -88 -89 AVERAGE -%3 -84 -85 -R6 -87 -88 -89
luly 2 0 2 [\] 0 1 4] 0 0 0 0 0 0 0 0 0
August 3 0 ! 0 0 0 0 3 i ) 12 0 4] 0 0 0
Seplember 10 0 0 5 G 0 6 5 8 0 ¥} 0 4] 12 4 0
October 31 55 20 34 4 64 6 43 23 63 89 34 31 66 7 57
November 65 51 99 45 10 62 64 16 62 24 123 76 14 67 54 16
December 7 3s 64 30 67 62 149 44 102 39 84 49 49 61 234 76
January 85 49 58 58 7 36 35 83 96 61 5 137 34 68 41 75
February 71 30 13 26 1 15 350 134 54 42 20 134 33 31 254 166
Musch 54 46 97 a5 14 2 91 37 46 42 146 18 59 7 114 8
April 30 22 6 0 59 14 72 52 26 108 17 0 112 0 12 51
May 7 6 1 S 0 0 0 2 11 6 0 0 0 0 0 0
June 1 5 0 0 0 0 0 20 2 0 0 0 0 0 21 0
TOTAL 435 329 361 248 prp 266 773 438 465 389 496 448 332 312 741 449
a

‘The figures for the individual years are the averages for the ATIP villages in cach area. “Ihic long-term averages are for Mahalapye and Francistown urban areas.
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rainfall pattern occurring after planting.

With reference to temperatures, two important points to note were as follows:

(a).  The average high was 33°C. during the summer growing period. Soil surface
temperatures sometimes reached 60°C., which is above the cardinal temperature for
sorghum seedlings [ATIP MP 88-3).

(b).  Towards the end the growing season, decreasing temperatures, particularly at nights,

were sometimes responsible for inhibiting plant maturation -- for example, sorghum --
even when sufficient soil moisture was available because of late rains.

2.3 FARMING SYSTEMS

2.3.1 INTRODUCTION

The information presented in this section describes the type of farming systems ATIP
encountered.

Mixed livestock-crop systems dominated.  Small-scale farmers in Botswana have four types
of inputs: labor, tand, capital and management. They used these inputs in three ways: to
produce crops, to keep livestock and to undenake off-farm enterprises such as working in
off-farm employment, beer brewing, cte.  However, because of the risky nature of rainfed
agriculture, farmers  generally  buffered  or  cushioned themselves  against  disaster by
emphasizing livestock -- particularly cattle -- production and off-farm jobs. There was also a
dependence on government subsidies and drought relief programs which developed during the
drought periods.

The following sections summarize various aspects of the farming system.

2.3.2 RESOURCE USE PATTERNS

Studies and surveys relating to resource use patterns are listed in Table 2.3,

Houseiiold resources were limited and unequally distributed.  Some houscholds had too little
labor, while others lacked traction angd/or implements, and still others had too little land.
Femitle-headed houscholds and houscholds which did not own traction animals tended to
have underdeveloped land resources, low capital assets, and few livestock.  Different
interventions and cxtension messages might be necded for houscholds which own traction
versus those which have to hire or borrow traction. Tie latter households cannot
realistically be expected to implement timely tillage operations with traditional technology, or
to shift to a muliiple tillage system.

2.3.2.1 Traction

Major peints about traction were as follows:

(a). Types And Access. Oxen, tractor and donkey traction were used. in 1986-87 in the
two ATIP arcas, 57 perceni of the fiumers owned their own traction -- including

eight percent who owned tractors -- while 43 percent hired traction. This ownership
varied frem 27 percent owning traction in the
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TABLE 23: ATIP SURVEYS AND STUDIES RELATING TO RESOURCE USE PATTERNS (CONTINUED)

MAIJOR FOCUS MORE DETAILS SURVEY/STUDY YEAR _ AREA _ SAMPLE ATIP PAPERS
Land Lands area use and MVRU’ Survey 1982-4  Mahal. 27 houscholds RD 84-1, p.7.2-7.4,7.11-7.12
improvemenl paticms 1983-5 F'Town 30 farmers RP 2, p.37-40 RD 85-1, p.8.3-8.4
Crop Management Suney 1083 Mahal. 116 houscholds PR M84-4
DUMI™ Study 1984-5  M:zhal. 52 houscholds WP 17, p.10-11
Census Frame Suivey 1683 F'Town 1367 farmers RP 2, p.18-22 PR F35-1
Ag. Demonstrator Survey 1983 Mahal. 52 ADs PR M84-2, p.5-10
Bascline Survey 1085 F'Town 213 farmers RP 2, p.37-40 WP 3, p2.1-2.4
Cooperator Survey 19859  F'Town 27 households PR F87-1, p.3-8 PR F88-2, p.5-7
1988-9  Mahal. 70 farmers PR M89-2, p.5
ARAPDR Assessment Survey  1986-7 Mahal. 41 houscholils
'Town 57 houseliolds RD 87-1, p.I1.28
Matsitamw/Mokubilo Pilot-
Communal Grazing Study 1987 FTown 307 houscholds PR F88-3, p.2-4
Changes in land use over ARAP/DR Assessment Survey  1986-7  Mahal. 41 houscholds
time F'Town 57 houscholds P 88-4, p.4-5
Financial Resources Sources of income and cash MVRU® Survey 1982-4  Mahal. 27 houscholds RP 1, p.94-96,105-111 RD 84-1, p.7.4-7.5
flow 1983-5  F'Town 30 farmers RD 85-1, p.8.21-8.22
Acu’\"il)' Survey 19846 Mahal. 51 houscholds PR M8§-2
DUMI™ Study 1984-5  Mahal. 52 houscholds WP 17, p.12-14
Baseline Survey 1985 F'Town 213 farmers RP 2, p.60-62 WP 3, p.1.11-1.16
Ag. Demonstrator Survey 1983 Mahal. 52 ADs PR M84-2, p.5-10
Catte Post-Lands Study 1986 F'Town 6 farmers
. Mahal. 15 - —mers WP 7, p.2, 14-15
Uses of financial resources MVRU" Survey 19824 Mahal. 27 households RP 1, p.51-57 RD 84-1, p.7.14-7.15
Activity Survey 1984-6 Mazhal. 51 houscholds PR Ms3-2
Ge. . nmant Programs Participation in govemnment Plough Subsidy Stwudy 1985 F'Town 29 farmers RP 2, p.52-55 PR F85-5
programs (ALDEP, ARAP, DR) Cooperator Survey 1985.6  F'Town 27 houscholds . PR F86-1 PR F87-1, p. 15
PR F88-2, p.11-13
ARAPDR Asscssment Survey  1986-7 Mahal. 41 houscholds
F'Town 57 houscholds RD §7-1, p.11.27-31 P 88-3
Matsitama/Mokubiko Pilot-
Communal Grazing Study 1957 F'Town 307 houscholds PR F88-3, p.14
b tipment Ownership, use and Draught Armngement Survey 1683 Mahal. 90 householes MP £9.2
condition Crop Management Survey 1683 Mab ° 116 houscholds PR M84-4
Tractor Record Study 1085 Mahal. 35 wractor owners RP #6-1, p.50-52 WP 22, p.40-43
DUMI" Study 1984-5 Moahal. 52 houscholds WP 17, p.8-10
Cant Use Survey 1986 Mahal.  30-50 houscholds WP 22, p.36-39
Plough Condition Survey 1984 F'Town 30 farmers RP 2,p.50-51 EP 86-2, p.263-264
PR F84-4
Baseline Survey |ELS] F'Town 213 farmers WP 3, p.25
Tractor Conts Survey 1959 Souther: 61 farmers i:P 88-3

aThe year listed is the beginning of the cropping ycar in question.
b.Refers to the number of sites, farmers, cic.

quals Deaision Unit Management Information,
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Mahalapye area to 67 percent owning it in the Francistown area. Roughly fifty
percent of the farmers used cattle as their primary draft source -- 15 percent in the
Mahalapye area and 75 percent in the Francistown area -- while 17 percent used
donkeys. Forty-three percent of the farmers used at least some tractor traction [ATIP
RD 87-1, pp. 11.27-11.2Y9]. Only about half of the households contro”  their own
traction, but nearly all had access to traction through custom-hire or, much less
frequently, through cooperative arrangements.

(b). Uses. The primary use of traction was for plowing. A minority of farmers used
traction as a form of transportation, and these farmers used it more frequently for
transportation purposes than for plowing. Donkeys were used for transport niore
often than cattle. Traction animals tended to be undei-utilized during the non-
plowing periods.

©. Trends. In the Mahalapye area, more farmers were observed to use donkey traction
than at the beginning of the 1980°s. More farmers are using hired tractors than
before. This trend was developing even before the government introduced subsidies
for plowing. In general, there has also been a shift from owned to hired traction due
to loss of traction animals, presence of govemment subsidies for plowing, and,
because of the out-migration of young people, creating a lack of labor to train and
manage animals.

2.3.2.2 Labor
Major points found with respect to labor were as follows:

(). Work Allocation.  Not surprisingly, perhaps, crop agriculture did not appedr to
dominate in the work activities of most households. For example, in  1983-84, in
the Mahalapye area, labor use was: 16 percent on fieldwork, 27 percent on livestock
tending, 9 percent wage employment, 5 percent on beer brewing, and 42 percent
houschold muaintenance [ATIP MP 88-3]% In the Francistown area comparable
figures for labor use were: 10 percent for arable activities, 26 percent for tending
livestock, 7 percent for wage employment, 1 percent for beer making and other
household production, and 56 percent for houschold activities [ATIP RP 2, p. 61].
Of course during high rainfall years the amount of work expended on arable activities
-- both in actual and relative terms -- is likely to be higher,

(b).  Gender Composition of Work. Females in the Mahalapye area accounted for 57
percent of non-cropping labor and 63 percent of ficldwork, but only 16 percent of
plowing labor and 21 percent of field maintenance labor {ATIP MP 88-3, p. 3.
Female members of the houscholds in the Francistown arca accounted for 43 percent
of all arable labor, including 35 percent of the plowing labor (they were involved in
plowing 86 percent of the fields), 41 percent of the weeding labor, and 53 percent of
the harvesting labor [ATIP RP 2, pp. 42-48].

(). Labor Constraints. 1t appeared that the critical issue may not have been increasing
yield per unit of area, but rather to increase total production through improving the
return per unit of labor invested during labor bottlencck periods -- primarily planting.
This was because of the nature of the growing season, and also because farming

*. Excluding child rearing and gathering activitics.
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families were, in general, faced with little labor in relation to land. As a result, very
sharp labor shortage bottlenecks occurred for three to five days, following a rain,
with reference to plowing/planting operations.

Nearly 75 percent of the potential work force was eliminated due to age -- too young
or too vld -- school, or wage employment. Only 25 percent of resident members of
the households considered arable agriculture as their primary activity.  Therefore,
labor was sometimes hired to help with plowing, weeding, and harvesting, In 1986-
87, 58 percent of the farmers in the Mahalapye arca hired some weeding labor while,
in the Francistown area, 83 percent hired some weeding labor [ATIP RD 87-1, pp.
11.29].

2.3.2.3 Land
Major points with reference to land were as follows:

(@).  Area Cultivated. Generally less than 10 hectares were cultivated per household, with
the actual area cultivated depending partly on village and rainfall pattems. Averages
varied from around five hectares to almost ten. Also, female-headed households
generally cultivated less land than male-headed households simply because they
tended to be poorer and therefore lacked resources -- labor, draft and equipment -- 10
fully cultivate more land.

(b). Investment In Land Improvements. Farmers used an extensive arable production
system. In relation to the resources available to the farm families, the areas
cultivated were large.  Land was free and available but required an investment in
destumping and fencing. In the ARAP-Drought Relief Survey ATIP found that 73
percent of the farmers owned only one field. Fifty-three percent had wire fencing
while 16 percent had no fencing. Twenty-six percent had fully destumped fields
while 14 percent had not destumped at all.  Fifty-nine percent of the farmers in
Mahalapye had their primary field destumped, compared to seven percent in the
Francistown arca (ATIP RD 87-1, pp. 11.27-11.29].

There has been a steady amount of destumping under the government subsidy
programs. In the Mahalapye area, laad clearing has resulted in local shortages of
fencing material -- poles and bush -- and firewood. In some villages more than half
the farmers had no fencing or only bush fencing. Farmers without wire fencing
suffered losses -- ranging from 25 to 100 percent -- due to grazing. There has been
a dramatic increase in fencing to protect individual fields in the Mahalapye area, and
2 substantial increase in the Francistown area.  There has also been some
development, at the community level, of drift fences to protect the arable fields.

cand improvement measures have tended to concentrate on those designed to improve
ease of cultivation and to protect the land from predators. Measures to increase the
productivity of the land itself have received little attention. FEstimates of soil erosion
under mative vegetation were relatively low [ATIP MP 88-18). However when
developed for cultivation, land is much more vulnerable to erosion. Developments
that occurred above the ficlds contrituted to major flood problems during storms.
Proteciion against crosion generally received little emphasis, while few farmers added
kreal manure or systemanicolly incorporated crop residues into the soil,
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2.3.2.4 Financial Resources
A few noteworthy points with reterence to financial resources were as follows:

(a).  Assets. An carly ATIP study [ATIP RP 1, pp. 55-56] estimated average valuc of
assets for farming families in the Mahalapye area at P10,000. On average, 60
percent of the value of houschold assets were held in livestock, 30 percent in
building, 6 percent in implements and vehicles, and the rest in miscellancous
household goods.

(b).  Cash Income And Cash Flows. The main cash income source was cattle sales. Off-
farm employment, beer brewing and/or reminances were important sources for most
households, panicularly those without cattle. Crop sales were not imponant during
the existence of ATIP. In most years less than five percent of the areas’ households
sold crops. In-kind income was obtained from livestock, crop consumption, and
pathering.  In the Mahalapye area, from November 1983 to June 1984, monthly net
cash flows for male-headed households averaged P14.00, while for female-headed
households it averaged minus P25.00. This may be atributed to less revenues for
female-headed  houscholds combined with relatively larger financial commitments in
arable agriculture for hiring labor and traction [ATIP MP §9-1}.

(©). Expenditure. Farming families spent a large share of their money on grain and other
food items. Relatively little was expended on inputs or livestook. Of prueductian
expenditures, the largest single expense, for those who didnt own traction, was
money spent hiring traction or animal draft. It appeared that, for these people, crop
production was subsidized by other income sources. For farmers who owned their
own traction, there were few expenses unless they hired labor.

2.3.2.5  Government Programs

Almost all farmers in the ATIP areas have participated in the ARAP program, and most of
the eligible farmers have panicipated in the ALDEP program’. Women have participated in
these programs but have tended to start later than men and have not participated in as many
aspects of the programs.  As a result of ALDEP there has been some increase in the number
of traction-owning farmers beginning to row plant in the Mahalapye area. In general,
however. it appeared that govemment subsidies tended to apply more pressure to increase the
area cultivated rather than on intensification measures to increase vield per unit of area.

2.3.2.6 Equipment

The level of cupital investment in equipment was extremely low. Households in the

Mahalapye area had an average of only P250.00 invested in plows, hand tools, and

receptacles. Two possible reasons for this were:

(a). Equipment purchases tended to increase costs aud did not provide improved retums
every year.  The increased risk of a loss associated with investments in new
cquipment tended to keep farmers from making the investments.

(b Much equipment was under-utilized during substantial periods of the year.

]

Arable Lands Development Program,
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Equipment that did exist tended to be in poor coadition, which led to poor plowing and row
planting. For example, one study indicated over 80 percent of the farmers owned moldbourd
plows, but half showed excessive wear and 40 percent could not be adjusted [ATIP PR F84-
4],

Because of the drought and supponive government plowing subsidy programs during ATIP's
existence, there has been an increase in tractor traction.  One study |ATIP EP 88-3]
estimated that tractors cost P37.00 per hectare to operate, if they plowed an average of 139
hectares per year.  Tractors tended to be under-utilized due mainly to frequent breakdowns.
The problem arose because of the imponation of used tractors, and the lack of trained
mechanics and spares.

Carts, used to transpont goods, people, firewood and water, tended to be old and in poor

condition. The introduction of the cart into the ALDEP program would undoubtedly enable
draft animals to be used more frequently throughout the year,

233 THE CROP SUB-SYSTEM

Studies and surveys relating to the crop sub-system are given in Table 2.4

2.3.3.1 Plunting Patterns And Production
Points with reference to planiing patterns and production can be summarized as follows:

(). Planting Operation.  The distance from the cattle posts to the lands was a major
fuctor influencing decisions on when to stait plowing.  k directly affected how soon
farmers could begin plowing.  The traditional single plowing/broadcast system used
by 95 percent of the farmers was implenented at any time, beginning in mid-October
and going on to the end of February, With animal traction, each hectare took from
four to six days to plow. In dry scasons, the number of days appropriate for this
operation were limited.  The plowing and planting resource was a function of access
to traction, labor and cquipmenit plus the number of "plow-planting days™ occurring in
the scason. A range of tillage-planting dates were, in fact, desired.  The resulting
range in maturity cycles of the crops not only spread out the risk of drought reducing
crop production, but also spread out the work load of weeding and harvesting.

(h. Crops Grown. Sorghum, grown by more than 90 percent of the farmers, was the
main crop praduced for home consumption in the Mahalapye area while millet was
an important crop, along with sorghum, in the Francistown area.  Cowpeas, melons
and groundnuts were important intercrops, mainly for home consumption, but  with
some sales.  Although the number of years farmers received a good yield from maize
was very low, 45 percent continued to plant some nwize cvery year -- probably
because it was immune to bird damage and was a popular food iten.

Seed availability played 4 major role in determining which crop/varietics were
planted.  Sceds of specialty creps such as cowpeas and groundnuts were often in
short supply as were seeds for many local sorghum varicties.

* Similar, but somewhat less discouraging results have been obtained with respect 1o row
planters -- see Scction 4431,
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FABLE 24: ATIP SURVEYS AND STUDIES

MAOR TOCUS

RELATING TO THE CROP SUB-SYSTEM

F'lown

Moedigl

F'Town
t3eth
Moatal,
M.dial.

Mabal

Muahal

Mahal.
town
F'Pown
I lown
Both

Planting Pattems Timing of planting Crop Manasgement Survey JRAR
DUMI™ Study Twnt s
A Demonstngor Survey Puai
Covpergtor Survey 1445.9
Crops planted MVRUT Sunes Ton2og
[AREN
Crop Munagement Surves Tyxz
Cropping Plans Suney Ten3
Cowpea Baseline Survey 1oxg
Basehine Sunvey JRLS]
Ag. Demonstruor Supvey iUnl
Couvperator Survey 19859
FUNKLY
Matsitama™Mokubiio P
Communal Grazng Study 1687
Bran Buseline Sur. cy PNy
Harvests Harvested yields Crop Management Survey 1983
Cowpey Baseline Survey 168y
' MVRU™ Survey | 19824
L\" Abndged MVRU” Suney 1Y84-3
\ Cooperator Survey 19%5.9
TUNN-0
Disposition of harvest Crop Management Survey 1683
Cowpea Baseline Survey 1954
Baseline Sunvey (AN
Covperator Sunvey 16&5-4
Bean Basehine Survey 1689
a The year listed is the beginning of the Cropping year in question. For eaunple, 1984 gefers 1o the 19sd-
seasons,
b. Reters 1o the number of sites, farmers, clc. Figuiss in the column separated by a comma in
A DUMI equals Deasion Unit Management Information.
d. MVRU equals Multiple Visit Resource Utilization,
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85 cropping

116 households
32 houschalds
2 ADs

7 households
27 houscholds
M) furmers

ile houscholds

A5 hearcholds
278 tarmers
213 tamen
32 ADs

27 houscholds
7 tarmers

397 househotds
144 farmers

116 households
49 houscholds
27 households
13 houscholds
27 houscholds

7 fanmners
116 houscholds
-4 housceholds
275 farmners
13 farmers
7 households
+1 firmers

2
2
1

ATIP PAPERS

RP 1, p64.67,28-33
RP 1. p.64.67

PR MK4.2 p14.17
PR 1¥7-1, p3

RD 831, p.7.17-7.158
RP 2, p39.32

RP 1, p 6061

PR Mxs-4

PR Ms3.2

PR F¥a.1

RP 2, piy.q2

PR MK4-2, p11-12
PR E87-1, p.12-19
PR M§9-2, p 8-10

PR FR8-3, p.11.14
WP 24

RP 1, p.75-87

PR M§3.5

RD 84.1, p.7.3.7.4
RP 1, p.78-57

RD 89:2 p. §3
PR F3R-2, p.8-9
PR M39.2

RP 1, p.87-88

PR M34.5

PR I83-1

RP 2, p. 6263
RD 89.2, p.&3
WP 21, p.7

WP 17, p.12.15

WP 17, p.34.38

WP 3, p.2.10-2.11
PR F88.2, 0.7

MP 85.9
PR F87-1, p.16-18

RD 84-1, p. 8.16-8.17

dicate sample sizes in differen years.

season, and 1954-5 reters to both the 1984-85 and 1985-86 cropping
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(c). Production.  Yiclds of cereal crops averaged about 200 kilograms per hectare, bt
during droughts, were often complete failures.  Variability in yield resulted not only
from problems in establishment, but also from post-cstablishment factors such as
drought periils, weeds (e.g., Cynodon dactylon), insect and guelea bird damage, and
livestock and  wild animal damage.  In the Muhalapye area fanmers reported 2
“normal” sorghum production level of 386 kilograms per family [ATIP WP 17, p.
19]. In the Francistown area, the average for 1983-84 10 1985-86 was 158 kilograms
of sorghum and 284 Kilograms of willet per family per vear [ATIP PR F8T-1, p. 17).

2.3.3.2 Cropping Practices
Traditional crop production was @ responae o the rainfall pattern of the season,  Water was

generidly the hmitng taaor, The svatem operated on the basis of accepting the produdtion
that rainfabt aloved. Puchased inputs were peneradls very low (e, fenilizer, pest control)

onaper hectare basise Other practices such s thinning -+ even when needed - cap-filimng.
~odl building. ete . have not been pacticed i e uadinenal svatens Crops were vsuadh
planted i mistures The taditional, or coinentional tilage phinting svstem consisted or

broadeast secding on unpreparad Lind followeed snmediately by oo singie plowing operation
dainy s moldbessd plow s Necchenicads were weeds Timbay of e Hlleoe plantng operation,
of iy avabable wond moistone, woe one of the i ENPOITIRE §onapenient
vartables atregs sorchun o yelds Optiad timing oader e editional SYSICI Wan
votn dittioudt o achieve Pocaues of dthe Lok of resourees moade available tor crep
prodiecion. Usuadly this wee because the s Tad D0 tesvources to comemit, but for o

o nike advianteee

fowl o conscious deasion s made 00 alodaie resonices to areas, other than crop
roduction, where investment opportuiities were moere promising, Therefore the following

t < . <
siuations generally arose:

(e Although most fanm tamilics wanted, as much as possible. o produce food for their
own consumption needs and o avoid using other income sources for obtaining tood,
i the nujority of cases long-term subsistence was not achicved.  This was because
farmers were reiuctant o make many of the investments that would pav-oft under
average or good @infadls due to the risk of drought-related failures.  Production
inputs were mted and only nuide as 4 response to the climatic patterns during the
season -~ that is, the raintall pattern, Areas planted and weeded varied from season
to season on most farms, and average production remained far below capacity, and
below the subsistence objective in most seasons.

(b, Crop plant populations tended o be highly wvariable.  An excess of seed was
broadeast.  Good soil moisture following planting sometimes resulted in excessive
plant populations. but generally, plant populations were below QIronomic or ¢conomic
optima.

(<) The final response to poor rainfall was 1o abandon the planted crop or not to plant at
all. Farmers often delayed weeding during severe drought in order 1o first determine
the likelihood of some production,

(). The prevailing attitude was that increased production carie from planting larger arcas

and hoping for good rains,  Consequently, farmers wer: atiempting to increase the
arca cultivated. This trend was supported by the goverment subsidy programs.
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However, it was noteworthy that:

(). Some farmers demonstrated an interest in producing to generate income from at least
part of their cropping enterprise.  This type of production was often in some form of
specialty area such as legume grain or spinach, sweet sorghum stalks, ete. In some
cases the value to the producer of ihis crop was increased by processing -- for
example, sorghum beer, cowpea leaf spinach, boiled groundnuts -- or by sale as sced
rather than grain.  The unit value of such crops increased dramatically when local
production of the item wis poor.

(b). Although houscholds lacking traction, those headed by females, and those having few
or no cattle, nearly always had the lowest levels of crop production, there were some
farmers who regularly had greater production. These "intermediate™ farmers generally
had above average cattle assets, fenced and  destumped  fields, adequate labor
resources, and draft aninnds.

234 TUE LIVESTOCK SUB-SYSTEM

A list of studies and surveys relating to the livestock sub-system is given in Table 2.5.
Mujor points can be summarized as follows:

ta). Ownership Patterns.  In 1986-87, 11 pereent of the farmers in the ATIP arcas did
not own cattle’. Forty-two percent owned from one 1o 15 head and 47 pereent
owned 16 or more head. Thiny-two percent owned an average of 6.5 donkeys
IATIP RD 87-1, po L2810 Most houscholds owned smallstock and chickens.  Cattle
assets were unequally distributed. which centributed substantially to overall inequality
since cattle were the main assets of most houscholds,  Goats, chickens and donkeys
were more equally distributed than were cade.  In-addition, livestock inventories
fluctuated with the rainfall conditions.  During drought periods the goat population
tended to increase - kidding rates of 137 percent were estimated for some years --
while chicken and donkey populations decreased less than for caule.

(b Use of Animal Products. Eggs and chickens were primarily used for home
consumption.  The primaty use of both cattle and smallstock meat was for sale, often
10 Botswana Meat Commission (BMC).  Approximately twice as many families
consumed their own smallstock as consumed their own beef.  More than 90 percent
of families used milk trom smajlstock for home consumption, while almost as many
families used milk from cattle for home consumption, mostly at the cattle posts. A
small number of farmers -- less than 10 pereent -- sold milk, but for those who did,
it provided a good return, panticularly if sold as madila.

One study estimated that income from an average herd of about 25 goats was
approximately P425.00 per year.  This included the value of milk and meat sold and
used by the family |ATIP WP 36}

(). Management Practices. The distance from cattle posts to land arcas may have been
one factor preventing the carly season use of cattle traction teams. Farmers did not

-

The percentagze of houscholds owning not cattle was however, much higher in carlicr,
and probably more representative  surveys of the ATIP villages. [In 198-32 the
corresponding percentages were 44 percent for the Mahalapye arca [ATIP RP 1, p.15]
and 22 10 30 percent for the villages in the Francistown arca [ATIP RP 2, p. 18]

File:  A107.172 - 30 - Date September 3, 1990



TABLE 250 ATIP SURVEYS AND STUDIES RELATING TO THE LIVESTOCK SUB-SYSTIM

MAIOR 1FOCUS

MCRIT DETAILS

SURVEYSTUDY

YIiaR ARIA

SAMPLE

ATIP PAPERS

Ownenlup Patterns Canle Crop Management Survey 1953 Mol 116 houscholds RP 1, pi6-47
Livestock Practices Suncey 1948 Ml &% housenolds WP 20, p.3-5
Cznsus Frume Survey 1N ' Town 1367 lamers RP 2, p.18 PR F8S-1
Baseline Survey [EAN Flown 213 famens WP 3, p3.1-35
Livestock Practuces Survey 198 Frloan 42 funners PR [84.2
ARAPDR Assessment Sunvey 19867 Both 98 houschaoldsy RD 87-1, p11.27-31
Matsitama/Moekubilo Pilot
Communal Gruzing Study 19s? F'Town 307 households PR F88-3, p.4-10
Smallstock Census Frame Survey 143 FFown 1367 firmens PR i85-1
Livestock Practices Sunvey 19%3 I+ Town 42 Januers EP 36-2, p.262-263
Matsntama/Mokubijo Pilot-
Communal Gruang Study 1087 I "Town 307 hoaschiolds PR I'88-3, p.4-10
Livestock inventories MVRU Survey 19%52-4 Muhul 27 houscholds RP 1, p.53-55 RD B4-1, p.7.12-7.14
1943-5  F'lown 30 famers RP 2, p.59-60 RD 85-1, p.8.18-8.20
PR F55.2 PR F86-1
PR F37-3
Livestock Practices Survey 1985 Mhal, 85 houscholds RP 1,p.53.55,89-90 WP 20, p.3-11
Cooperator Survey 1985-9  F'Town 27 houscholds RD 86-1, p.91-92 RD 87-1, p.lI-65
PR F§7-3
Use of Animal Produas General use (meat, milk, eggs) Livestock Practices Survey 1985 Mahal. &% households RP 1, p93-94 WP 20
1684 F'Town 42 furmers PR F84-2
Goat Use Study 1989-90  FF'Town 20 farmers WP 36, p7
Mear Cade Post-Lands Study 1956 Both 21 farmers WP 7, p14
Smallstock and Gruin Price 1954.G F'Town S firus RP 2, p62-€5 RD 86-1, p.92
RD 87-1, p.11.65 RD §8-2, p.61
Livestock Pracdces Survey 1984 F'Town 42 famers EP 86-2, p.262-263
Matsitama/Mokubilo Pilot-
Communal Grazing Study 1987 F'Town 307 houscholds PR F§8-3, p.3-10
Milk Goat Manage~eat Study 1986-7  F'Town 20 famers MP 869
PR F§7-2 PR F¥8-1
MP 88-15 P 86-5
Catile Post-Lands Study 1986 Roth 21 farmers WP 7, p.13
Goat Use Study 198990  ["Town 20 furmers WP 36
a ‘The year listed is the beginning of the cropping ycar in question. For example, 1984 refers 1o the 1983-85 cropping season, and 1954-5 refers to both the 1984-85 and 1985-86 aopping
SEUSONS.
b. Refers to the number of sites, farmers, cte. Figures in the columin separated by a comma indicate sample sizes in different years.
c MVRU equals Muluple Visit Resource Utilization.
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TABLE 25 ATIP SURVEYS AND STUDIES RELATING TO THE LIVESTOCK SUB-5YSTEM (CONTINUED)

MAJOR FOCUS MORE DETAILS SURVEY/STUDY YEAR __AREA | SAMPLE ATIP_PAPERS
Managemaent Practic: - Traction and transpont Baseline Sutvey 16459 Pliwn W3 354217
Canle Draught Amuigement Sarvey 19%3 Mol WP e, p21.22
Livestock Fractizes Survey [REN Mhal RP 1. pul-vd WP 15, p.li
Wp 20
10%d Flown 42 tanmaens BD K40, pR16-8IG EP 86-2, p.263
PP OIRE2
Census Faame Survey 1YX3 [ Eoan 1367 tamens PE FXS-1
Baseline Sunvey 1985 Prlown 213 tarowsns RP 2. p5s-57 WP 3, p.35-3.10
Cade Post-Lands Study 1Ysh otk 21 tanmers R7) K61, 19395 W7
Matsitama/Mokubilo Prlot-
Communal Gruang Study 19%7 Frlowun 207 hounshobls PR ba%.3 p.3-10
Smallstock Livestock Pracuces Survey 1985 Sl Wx houscholds RP 1, pUl-93 WP 20
PR ONM37.2
1984 I Hown 42 tarmens RD 84-1, p918-,.19 1P 86-2, p.263
PR 532
Baseline Survey 19x5 Frlown 213 jurmers RP 2, p.55-58 WP 3, p.3.10-3.14
Guat Management Study 198-7  Flown 20 fammers MP 360 PR F87-2
PR FFKX-1
MP 8815 MP b5-5
Matsitama Mokubilo Pilot-
Communa'! Grazing Study 1947 Frlown 307 houscholds PR FES-3, p.3-10
Goat Use Study 1989-90  “Town 20 farmers WP 36, p.34
Chickep Managemeat Study 1987 M&E PR M&7-2
Labor requirements MVRU sunvey 1682-4  Mahal. 27 houscholds RP 1, p.93-101
1933-5 1"Town 30 houscholdls RP 2, p.59-6G
Cattje post-lunds study 1986 Both 21 famers WP 7, p.6-7
a The year listed is the beginning of the cropping year in question. For example, 1984 refers to the 1984-85 qoppung scason, and 19%4-5 refers to both the 1984-85 and 1985-86 cropping
seasons.
b. Refers to the number of sites, farmers, ctc. Figures in the column separated by a comma indicate sample s1izes 10 different yearn.
c. MVRU equals Multiple Visit Resource Utilization.
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select and train cattle specifically for draft purposes because of the high sale value of
cattle. They tended to use young animals and replace them every two to three years
when they were ready for marketing.  Depending on the ability of the trainer, it took
from a day to two weeks cach year to train the animals to pull a plow properly.
Farmers rarely provided draft animals with supplemental feed, which might have
improved their performance.  In fact Iess than five percent of the farmers in the
Mahalapye and Francistown area had ever cut and stored crop residues, or planted
fodder crops.  Less than half of the farmers used their animals to piow for others,
whether relatives or on a hire basis,

Men and hired herd boys tended to care for cattle, usually at cattle posts which were
sometimes up to 100 kilometers from the lands arcas.  Most animals were watered
every dayv and kraaled at night. One hundred percent of cattle were reported o be
vaccinated, compared o five percent of smallstock.  Women and children were
usually responsible tor the care and herding of smallstock and chickens,

During drought, lach of grazing forced many farmers in the Francistown area to

relocate their catle posts. Fewer furmers in the Mahalapye area were able to
relocate resulting in a higher death rate Toss, but also some supplemental feeding,

235 MARKETING AND PRICES

A list of stadies and surveys relating to marketing and prices is given in Table 2.6, Major
points can be summarized as follows:

(). Muarketing Infrastructure.  Historically, local trade in Botswana has been dominated
by exchanges between houscholds.  Houscholds exchanged labor, traction, gathered
items, and houschold products on both a cash and baner basis.  Formal trade was
more limited and involved mostly trade with small general dealers, and occasionally
with organizations such as BMC or Botswana Agricultural Markets Board (BAMB).
On the other hand, formal trade has been the main source of food and production
inputs during ATIP's existence.  Most village trade was handled by small general
dealers who sold agricultural commodities, including canned and processed food. A
few sold fencing materials, traction-drawn equipment, livestock requisites, and seed.
Some also bought local crops and livestock.

(b).  Sales Patterns. Over a five year period in the Mahalapye area, 31 pereent of the
farmers sold crops at least once. In the Francistown area, 21 percent of the families
sold animals and crops in the formal marketing sector and 51 perceni in the informal
sector.  Fifty percent of the families sold cattle and only four percent sorghum. The
frequency of the sale of cattle and smallstock to BMC depended on the availability
of quotas, and whether the animals came from an European Economic Community
(EEC) area.

. Prices. Prices for grains in the villages tended to be two or three times the BAMB
prices,  Cattle prices were more closely tied to the BMC prices and snrallstock prices
were determined by local trade, ranging from P35.00 to P110.00 per animal. There
tended to be a fluctuation in crop prices depending on the time of the sale related 1o
harvest.  There was also a fluctuation in cattle prices based on the difference in
prices paid by BMC. One of the factors determining price was whether the animals
were from an EEC area.  Imported maize meal was the least expensive food grain,
forlowed by sorghum meal, wheat flour and rice. Cowpeas and groundnuts were two
to four times as expensive as food grains.
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TA~BIE 2.6: ATIP SURVEYS AND STUDIES RELATING TO MARKETING AND PRICES

Irle: A107.2/TBLESDE

MAJOR FOCUS MORE DETAILS SURVEY/STUDY YEAR _AREA __SAMPLE ATIP_PAPERS
Marketing Input murkets Crop Management Survey 1983 Mahal 116 houscholds PR M¥43
Infrastructure Cowpea Baseline Survey 1084 Muhal 49 houscholds RP 1, p.127-134
Trader Baseline Survey 1985 Mahal. 163 truders RP 1, p.127-134 RD 85-1, p.7.15-20
VP18
DUMI Study 19845 Mahal. 52 houscholds WP 17, p.14-18
ARAP/DR Assessment Sur. 1986-7 Nuhal, 41 houscholds
I"Town 57 houscholds EP 88-4, p7
Output markets Trader Baschne Survey 1985 Ml 163 traders RD) 85-1, p.7-15-7.20
Tonota Smallstock Study 1988 t"Town 10 members RP 2, p.66-67 PR [85-4
MP 88-10
Fasmer selling Crops and livestock Crop Munugement Survey 1983 Mahal 116 houschiolds PR Mi34
pallerns Cowpey Baseline Survey 1954 1" Town 275 farmers PR F§3-1
MVRU™ Survey 1853.5 Town 30 famiers RD 85-1, p.8.22-8.24
Baseline Survey 1985 F'Town 213 farmers RP 2, p.62-67
Smallstock & Grain Price 1984y F'Town S firms PR FB6-1
Matsitama/Mokubilo Pilot-
Communal Grazing Study 1987 ["Town 307 houscholds PR FF§8-3
. Goat Use Study 1989-90  1"Town 20 farmers WP 36, p.5
e Crops prices Smallstuck & Grain Price 19849 F'Town 5 firms RD 88-2, p.61-62 RD 89-2, p.B4-85
Res./Prod. Valuation St 1987 Mahal. RI) 58-2, p.46-47
Livestock pricrs Smallstock & Grain Price 1983-9 'Town 5 firms RP 2, p.63-65 RD 85-1, p.8.24-8.26
RD %6-1,p.92 RD 87-1, p.I1.65
PR F%6-1
RD 88-2, p.61-62 RD 89-2, p.84-85
Res./Prod. Valuation St. 1987 Mahal. RD 88-2, p.46-47
Goat Use Study 1958990 F'Town 20 farmers WP 36, p.5
&L The year listed is the beginning of the cropping year in question.  For example, 1984 refers 10 the 19584-85 cropping scason, and 1983-5 refers to both the 1984-55 and 1955-86 cropping
SE4s0ns.
t Refers 1o the number of sites, famers, cic.
is PDUMI equals Decision Unit Management Information.
d MVRU equals Muliiple Visit Resource Utilization.
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2.3.6 HOUSEHOLD CIRCUMSTANCES

A list of relevant studies and surveys is given in Table 2.7.  Mujor points can be
summarized as follows:

(ay. Jousehold Membership Patterns. The average houschold size in the Mahalapye area
was around ten people. Twenty percent of the houschold members were non-
resident, having emigrated for emplovment.  Two-thirds of the residents were children
[ATIP Me 88-3]10 In contrast, the avera ™ household size in the Francistown area
wias 7.7 people, 80 percent of whom pare ipated inowgriculturad - crepand/or
livestock -- activities.  An average of 13 per ons had wape employment. The mean
ape of the household head was 56 vears [ACY WP 30 ppo LETI6L Approximately
one-third o1 houscholds in the Francistown area were temale-headed with another 15
percent de facto femualde-headed”. Inothe Mahalapye arca, approsimately one-gquaner
of the houscholds were headed by females,

(h). Gender Iysues.  The division of labor was dccording to o gender. Males were
responsible for cattle tending, milking, plowing, destumping and tencing. Women
were responsible tor newly wll other activities, including mach of the plowing in the
Francistown area, and tor smadlstoch. As aresult women worked more hours in crop
production than men ™ The heavy work Toad of women sometimes resulied ina
severe weeding and barvesting Jabor constrint during seasons of wood raintddl. In
the Mahalapye area, 78 percent of the female-headed houschoids hived drati while
only 41 pereent ot the nade-headed households hired dreait (ATIP PROONMSO-TL
Finally, for many households there were few males available 1o participate in
agricultural activities, and those who were availuble ofien concenirated on fivestock
activities.  Consequently much of the burden of arable agriculture shifted to the
female and chitd members of the household.

(«). Food Consumption Maize meal was the most frequently consumed food, followed
by sorghum meal.  Bread and vegetable consumption were increasing.  There were
differences in levels of consumption at different times of the year, and between
houscholds.  The level of food consumption was related to wealth status, as indicated
by the number of cattle owned.  Most food consumed, particularly during the
drought, was obtained from small general dealers.  Meions, some green vegetables,
milk - the maiu source of protein for many families -- chicken and eggs were the
only items consistently obtained from home production.  Meat was  infrequently
consumed and when it was, it was usually obtained from other farmers,  Thus
houschold food security was being achieved by purchasing, not producing tood. Tor
example, a survey in the Mahalapye arca revealed that after the 988-89 cropping
year only 22,5 percent of the farmers were more than 50 percent self-sufficient in
cereal grains [ATIP PR ME9-2},

(). Decision Making.,  Agricultural decisions were generally made by those with most
responsibility in the area -- for example, weeding decisions were made by women,

*That is, there was a male head of houschold, who was absent, so the resident female
head made the agricultural decisions.

This is certainly true in the Mahalapye area, although in the Francistown ared, males
worked slightly mote hours,

File:  AM07.1/2 - 35 - Date: September 3, 1990


http:MaheIala.ye




but in consultation with other family members, The impact of technologies on
different members within the household was a complex issue which affected the
adoption of new technologies.  Customarily adults were expected to look after their
parents, children and siblings.  Parents had a right to direct their children to do
certain things.  Authority and responsibility were shared between husband and wife in
decisions aftecting the welfare of the fumily.  Finally, there was an intricate pattemn
of inter-houschold resource sharing for traction/plowing which could be destabilized
with negative social effecis when new technologies involving increased use of traction
were introduced.  Farmers sometimes placed more emphasis on social obligadons
than on cconomic improvement.

2.4 IMPLICATIONS FOR DEVELOPING RELEVA
TECHNOLOGIES AND POLICIES

241 BACKGROUND

Material already presented in this report” ridses @ namber of issues that have implications for
developing rebevant improved technelogies and policy support systeris. A 2w major points
that provide the foundation tor the discussion i this section ate as follows:

L) Little in the way of improved technologies hay been adopted by the timited resource
farmers, and hence the productivity of their farming svstens s low. Their farming
systems tetlect w fand extensive system of agricalture rather than @ move toward 4
more Jand ntensive sastem required for the adoption o most of the imiproved
technologies that are available. ’

(h). There is considerable Tieterogeneity in the rechnical end human covironments resulting
in dirterences o the way indedual farming families respond to changes and the
farming syatems they practice. For example, all farmers inoa specific area face the
same variations in the raintall, but the way they can and will rexpoad will depend on
a Jarge number of facters, such as the topography and soil types) on their fields, tie
technologies and enterprises they curtently practice, and the resources -+ quelity and

quantities ot fabor, Lind, capital and managerial expertise -~ they have at their
disposal.
(c). Because of the overriding  constraint of  water availability, initial steps up the

technology Tadder are likely o be difficult because they involve major changes on the
part of the farmers.  Related 10 the technology ladder problem are two  issues
complicating the lives and work of not only farmers but also that of research,
policy/development and extension statf. These are that, because of the harshness and
variability -- inter- and intra-annual -~ in the climatic envitonment, progress up the
trchnology ladder is likely o come about through technologies that break constraints
rather than exploit the tlexibility within the farming system, and that incorporate
contingency  planning, that is. allow the farmer to respond 1o the constraints and
opportunities that emerge as the season unfolds.

(. Because of the risks involved in crop agriculture, and ity scasonality, tarmers not
only grow crops but also. whenever they can. keep livestock and engage in off-farm
enterprises.  In fact, for most limited resource farmers their aim is likely to be one
of engaging in crop agriculture 10 the extent necessary to provide their foed needs,

For example, sce Scetions 13, 2.2 and 2.3
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and to obtain their main sources of cash income from livestock and off-farm
enterprises.

These  points  provide the foundation for the following discussion on implications for
developing relevant improved technologies and support systems.  For clarity in presentation
the discussion is structured as follows:

(a). Relevant evaluation «riteria (Section 2.4.2),

(b). Conditional and targeting information (Section 2.4.3).
©). Subsidies (Section 2.4.4).

(). Sustainability of production (Section 2.4.5).

The first two topics have panicular relevance to developing imiproved technologies, while the
last two are more directed 1o the appropriate policy/support system.

24.2 RELEVANT EVALUATION CRITERIA

It is important to evaluate improved technologies in terms of criteria that are relevant to
farmers. Details concering this are discussed elsewhere [ATIP RP 3, pp. 241-270]. Rather
than repeat that discussion here, attention is briefly focussed on two points that arise out of
the discussion carlier in this repon, that have major implications in terms of evaluating
technologies that are discussed in Chapters 4 and 5. These are as follows:

{a). On experiment stations, evaluation of weehnologies has been primarily expressed in
terms of the return per unit of land. However, for nost fanmers in Botswana, labor
has been more limiting than land.  The critical labor bottlencck periods resulting
from the pattern of rainfall, means that improved technologies, in order to be
attractive, must increase the return per unit of labor expended ar that time.
Increasing the return per unit of land does not necessarily simultancously increase the
retur per unit of labor. 1t is therefore important 1o evaluate improved technologices
not only in terms of retrn per unit of area, but also in terms of return per unit of
labor -- particularly at critical labor botleneck periods. At the same time it is
important to emphasize that because of the overriding limitation of water, the route to
improvements in agricultural productivity are likely 1o involve land intensification in
order to efficiently use the limited amounts of water,

(b). Increasing crop productivity through a route that does not decrease risk, and at the
same time involves commitment of more resources -- particularly at erivical bottleneck
periods -~ are not likely 1o be very attractive.  Given the realities of the technical and
human environment within which the tmited resource farmer operates, technologies
that improve the devel and stability of production, and/or do not require substantial
increases in resource outlays, are likely 10 be most attractive to them. This concemn
for maintaining low invesiment has led to ATIP's involvement in system-wide
research investigating. better water management techniques (sce Chapter 4). To come
up with improved technologies that require very litde investment over and above
what is currently being invested, is obviously very difficult to achieve.  Having said
this, it should be noted that if the opportunity cost of such resources could be
lowered, then farmers might be more interested in increasing  resource  outlays.
Obvious examples would include; input subsidization to decrease the financial outlays
required, use of labor and draft in non-peak periods. ete.
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2.4.3 CONDITIONAL AND TARGETING INFORMATION

Because of the heterogencous environment within which farmers operate, the monolithic
technological packages that are often developed make little sense. It is therefore likely that
where technological packages have been disseminated, many farmers will adopt components
rather than the complete package. In such cases, there is often linle advice available on
what furmers should do.  For example, should they put a top dressing of fenilizer on when
they don’t weed? The return from limited research resources can be improved by:

(). Incorporating conditional clauses, which would state what 10 do under circumstances
different from those originally envisioned in the recommendation.  These deviations
could be attributable to the farmer, weather conditions, lack of availability of some of
the technological components, cte.  Included in the conditional clauses would be
possible variations such as: a recommended step-wise approach to the adoption of the
different components of the package, and suggesting @ nomber of aptions for the

tarmer o pursue.

(. Including tarpeting information. showing under what technical and socio-economic
conditions the technology, being recommended, would b most applicable.  For
example, a particular technology may be most suitable for one soil type, and farmers
with a specific resource base.

Thus in recognizing the diversity .U farmers, farming systems  research can help in
developing targeted and conditional clauses for proposed improved technologies. I doing
0, it can potentially imiprove the me'tiplier effect of the limited rescarch resources by
providing technologies  appropriate to more  farmers  througl  widening intervention
possibilities. 1t s particularly important to develop a range of options in the more marginal
farming areas.  Inoa sense, such goidelines indicate how more farmers can approach the
optimal situation.

In the case of the technologies discussed in Chapters 4 and S, there is good deal of
discussion on issucs that have conditional and targeting elements.

2.4.4 SUBSIDIES

The following discussion is not directed at the issue of whether subsidization of agriculture
is desirable, in relation to other uses of such funds, to create the new food security policy
both at the houschold and national level.  Such a discussion is outside the boundary of this
report. Rather the point is to examine, given the currem emphasis on subsidics, what would
be the best way of using them in the light of the discussion carlier in this report,

The insue s whether it would be better 1o provide higher product prices or input
subsidization or some combination of the two,  Botswana may be one of the countries where

input subsidication may be a better aliernative w0 produet pricing incentives.

There are a number of reasons why increasing the price of a staple food crop might not be
desisable:

(). Botswana is a member of the Southern African Customs Union and, as such, an
increase in the price of agricultural products would probably encourage smuggling of

products from other countries,

(b, It is unlikely that many limited resource farmers would respond to increasing product
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prices. The issue for many of them is being able to grow a crop, rather than onc of
making decisions on how much to produce. Also there are hidden costs of
marketing [ATIP MP 84-8].

(c). The majority of limited resource farmers are net purchasers rather than net sellers of
food products. Therefore, for tiwis the cost of living would increase since they do
not benefit from selling a staple food crop.

Obviously for large commercial farmers points (b) and (¢) have less relevance, but if the
main focus is to be limited resource farmers, these are important,

There are a number of other major advantages in using a strategy of input subsidization -- if
these inputs are ones that have to be used in agricultural production. They are as follows:

(). Because of the hostile environment for growing crops, it is unlikely that any swijpius
funds that limited resource farmers have for investment  will 2 o arable
production, since the level and cenuinty of the retum is likely to be  cuer from
investing in livestock or off-farm  enterprises. Consequently, if certain types of
improved technologies, which require substantial financial outlays, are to be adopted,
it is likely that much better adoption will be achieved through heavy subsidization.
As mentioned above, to develop with improved technologies that require little
investment over and above what is currently being put in, will be very difficult 1o
achieve,

(b). Unlike product price incentives, input subsidization does not have to be product
specific, leaving the farmer 1o choose between the production of different products.
Much of the subsidization that currently occurs in Botswana is nol likely 1o be
product specific, e.g., subsidization of equipment and animals, perhaps subsidization
of centain operations, etc.

(c). Input subsidies, can, in a sense, be targeted more casily (c.g., 1o limited resource
farmers) than product price incentives,

Consequently, if agriculture is to be supported in some wiy, & more rational strategy, in the

Botswana setting, would be to use an input subsidization approach rather than a product
pricing incentive.

245 SUSTAINABILITY OF PRODUCTION

What is done now by the current generation of farmers has a bearing on what is potentially
possible in the future.  Recognition of the negative impact of the environmental degradation
on the potential standard of fiving of future farming familics, and possibly socicty as a
whole, has been one of the stimuli behind the National Conservation Strategy (NCS).

Because of Jow production and the high demand for agricultural  products, tremendous
pressure has been placed on the agricultural sector, in recent years, to increase production,
However, current adoption of technologies and implementation of support programs can have
negative or positive influences on environmental stability.  Both technologies and policy
support - systems need to be  designed * now which  will have a positive impact on
environmental stability in the future.  In essence, policy/support systems are needed which
reflect the idea that if something is taken out in encouraging production, something else
needs to be put in 1o enswie land productivity in the future.  For example, ARAP and
ALDEP have provided incentives for destumping.  This could have negative impacts on
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encouraging crosion, thus lowering the potential of the iand in the fuwre. A constructive
policy is to encourage destumping along with a program to encourage the planting of
windbreaks, living hedges, ete. It is essential to bring about convergence between private
short-run interests of farmers concemed with maintaining an adequate standard of living and
the long-run societal interest in maintaining the environment for future generations.

The closer furmers are to the subsistence levels, the more concermned they are about survival
until next yvear, and the less concerned they are about ensuding environmental stability for
future generations,  Conservation measures by themselves are unlikely 1o be very attractive
to limited resource faumers as a whole, unless they are impleniented with o high degree of
subsidization, or by using more of w "carrot and stick™ approach -+ that is an oblipation 1o
put some effort into a specific conservation practice, it they are 1o benefit from programs
designed 1o sumulate: production. The fatter strategy i probably more realistic under the
cireanstances in Botswani, - Production does not have 1o be pursied i the expense of
comservation as Jong as people responsible for developing wechnologies and policy suppont
programs wke conservation into consideration.

2406 CONCLUDING COMMENTS

I s obviows frome the above discussion, that the chillenges in creating suitable umproved
tevhnotogios, and condidons for their adoption, wie great. Although researchers have prithe
responsibibi i developing relesant improved technologics, it is the policyAupport system in
which the planmg. desclopment and extension stat? operate, that is impoiant in creating an
environment i which farmers can profitably adopt the wechnologies.

A recent study FATIP WP 34 indicated that in 1988-89, 26 pereent of the interviewed
farmers had spontancousty adopted some of the technotogies that ATIP had tested withy them
over the years. Onoaverage, 35 percent of their crop land was devoted 1o the new
technologies.  Overall, however, the adoption or acceptability index ranged from 0.1 to 26
pereent depending on the technology and resource fevels of the fanmers involved [ATIP WP
RERE AN RIRA

This highlights the need for close relationships  with farmers to ascertain if there are
problems with the technology itself. It also serves to emphasize the fact that because many
of the rechnologies involve large changes by farmers, acquisition of extra skills, and new
inputs, little spontancous adoption can be expected to take place in the absence of adequate
support .ystems such as an input distribution system, adequate training  possibilities -
extension staft, farmer groups and farmer training programs -- and maybe subsidics to reduce
input costs and encourage adoption.

°. The value of the index can range from 0 o 100,

. These data dealt with researcher-oriented  fanmer  groups lesting a wide range of
experimental technelogies, and was not the result of an extension cffon.
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CHAPTER 3: INVOLVING THE FARMER IN THE RESEARCH
AND EXTENSION PROCESS

3.1 INTRODUCTION

As has been repeatedly emphasized in the first two chapters, farmer participation is the
comerstone of FSR activities.  Table 3.1 gives o list of studies and surveys relating to the
general issue of farmer panicipation in the work of ATIP.  This chapter deals with more
specific issues of how ATIP has tried 1o maximize the etfective participation of the farmer
in the aesearch and extension process, To illustrate this a number of specific strategies that
ATIP has developed and used over the years, are discussed in the following sections.  They
include:

(). Farmer evaluation ot RMRI trials (Section 3.2.1).
(b Research-oriented farmer groups (Scction 3.2.2).

(c). Extension-oriented farmer groups (Section 3.2.3).
(d). Farmer training (Scction 3.3).

(e). Farmer field days (Scction 3.4,

(0. Competitions at Agricultural Shows (Section 3.5).

3.2 FARMER PARTICIPATORY RESEARCII

3.2.1 FARMER EVALUATION OF RMRI TRIALS

3.2.1.1 Justification

Famuer participation is a key clement of the farmer testing (RMFI or FMFI) research format.
It is usually assumed. however, that farmers will not be involved in researcher implemented
trials except to observe the trial outcome as a demonstration.

ATIP has sought ways to increase the level of farmer participation in researcher implemented
trials.  Farmer participation at this level was desirable because it could help to accelerate the
screening of treatments and to help make appropriate modifications to the design of the
trcatments, even before these were put forward for farmer testing.

From ATIP experience, it was clear that not all trials lent themselves readily to farmer
assessment.  For example;

(). RMRI trials that included a large number of treatments and, more imponantly,
interactions between levels of factors, posed problems for farmer assessment.  In this
instance, the assessment problem was a function of the complexity of the trial design.

(b). Farmer assessment of trials also became complicated when non-treatment  variables

were held at levels that farmers normally wouldn’t use in the management of their
own operations,  These trial management factors may have been the cause of
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TABLE 3.1: ATIP SURVEYS AND STUDIES RELATING TO FARMER PARTICIPATION"

MAJOR FOCUS MORE DETAILS SURVEY/STUDY YEAR __AREA_ SAMPLE ATIP PAPERS
Selection of Study Area Exploratory Sunvey 1982 Muhal 50 fanners RP I, po 12-14 AP 8513, p Y
19534 Fllown 13 officals RD »d-1, p82-8.S PR F83-1
RMET Trad Suiection Sample Frame Census 16%2 Muhal W villagens RP 1, p 1319 RD §3.1, p.V.13-15
Panticipants MP #5123
Census Frame Survey 1983 Flown 1367 furmers PR F&3-1 PR F85-1
Tral Panicipation Study 1un2.7 Mahe! 103 tnals Wp 12
Patems of parnticipation Ag. Demonstrator Suncey 1953 Ml S2 Ay MP K5-13
Crop Management Survey 19813 Mahal 116 houschalds RP 1, p.19.21
Census Frame Survey 1us3 Flewn 1367 tamers RP 2, p.18-21 RD §4-1, pK.5-8.7
PR F&3-1, p.5-7 PR F85-1
Tral Panicipanon Study 19827 Muaal 363 s Wp 12
FMEL Fammer Group Participation Research Farmer Groups 198590 FTown  Vanous RD %7-1, p11.75.78 RD 88-2, p.66-67
Panicipants R 592, p 89
1986-90 Ml Vancus R 87-1, pl1.51-53 RD 89-2, p64-65
Adoption Cooperator Survey 19884 Mahal 0 fammers PR Ms9 2, p14-15
Adoption Study 1989 I“Town 155 famers WP 34 RD §9-2, p 90
See also Table 3.2
a Because there are few analyucal ATIP references on furming training courses, farmer field days and compentions at Agnculturl Shows, these are given in the discussion in the dfferent
sections.
b. The year listed is the beginning of the cropping year in question. For example, 1984 refers to the 1983-85 cropping season, and 1984-5 refers to both the 1984-85 and 1985-86 cropping
seasons.
c. Refers tc the number of siwes, farmers, ac.
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exceptional outcomes', but were hidden to farmers assessing the trial.

In contrast, farmer assessment in the RMRI Rainfall Run-off Management Stdy? has been
useful.  The mal in this study had only a tew treatments, large plots that corresponded to
typical farmer plowing acres, and essentially no nidden or atypical trial management factors.

3.2.1.2 Approach

In the farmer cevaluation of RMRI work, information was obtained in several areus.
Generally ATIP employed researchers from the Rural Sociology Unit (RSU) in the Division
of Planning and Sttistics (DPS) to assist with the collection of the following types of
information:

(a). Conceprually, did the wechnology appear 1o have merit in this fanming system?

(by. Did farmers have ideas about solutions to problems with the technology that were
raised by rescarchers?

(. Could farmers identity  other problem areas with the technology  and  possible
solutions 1o these problems?

(d). Could the farmer recommend ways to implement or cnumerate requirements for the
suceessful implementation of, this technolopy?

(e). Could the farmer suggest target sitwations or houscholds for this technology?

The procedure for obtaining Gimmer assessment ot researcher implemented trials involved:

(). The purposive selection of fanmers with a strong interest in the enterprise to which
the new technology related te.g., arable farmers growing maize), and a selection of
farmers representing what were thought 1o be relevant resource categories.

(b). Organizing at the trial site, a brief -- usually one-half day -- workshop in which
researchers, and some farmers, were permitted to present treatments and ideas to
participants.  lollowing the presentation of a particular idea, someone led a
discussion among the farmers.  During the workshop, a type of group interview
occurred from which researchers recorded comments.  The agenda for the workshop
was not fixed and new ideas could be readily added.

(c). Following the group workshop, researchers convened 10 prepare a short questionnaire
which was administered individually to all farmer participants.

(d.) Researchers evaluated responses from both the group discussion and the individual
questionnaire responses, and drew conzlusions about the technology.

L Hidden tral management factors included such things as plant stand thinning, basal
application ol feailizer and so forth, that would not be typical of practices in the
farming community, but were applied in a tral to all treatments.  When these types of
practices were included, treatment comparisons were still valid, but the ability of many
famiers to relate to the outcomes of the trals was impeded.

. Some treatments in this trial are discussed in Section 4.5 1. A desceription of this tral is
available in ATIP RD 89-2, pages 54-56.
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3.2.1.3 Results And Conclusions

Farmers were asked 1o assist formally in the evaluation of RMRI trials in four different
years.  The evaluation for two years of treatments in the Commercial Steps in Technology
Trial [ATIP RD 85-1, pp. 7.26-7.30; ATIP RD 87-1, pp. 1L37-1L39} was not highly
successful.  This trial consisted of multi-year testing of scveral standard tillage and planting
and fertilizer treatments.  The evaluation process was largely viewed as a demonstration
excrcise by the farmers.  Groups of farmers were also asked 1o evaluate two years of the
Rainfall Run-off Management Work [ATIP RD 88-2, pp. 41-43; ATIP RD 89-2, pp. 54-56].
This evaluation was more successful because treatments could be readily modified according
to suggestions made by farmers.

3.2.1.4 Recommendations

Recommendations for tuture work entail the following:

(). Farmer participation in the evaluation of RMRI trials should continue on appropriate
rescarch work where farmers can make a contribution.

(b This type of assessment requires relatively small grouns of farmers.  Small groups
work more efficiently in generating discussion and presenting opinions.

(©). [t is suggested that the assistance of individuals with experience in researching issues

with farmers be requested in order to provide a more eftective interaction with the
working group of farmers.

3.2.2 RESEARCH-ORIENTED FARMER GROUPS (ROFG)’

3.2.2.1 Justification

The importance of farmer participation in research activities is increasingly being recognized.
Since farmers are the end users of research results, their panticipation during the technology
development process can help to ensure that the technology options produced are relevant,
etfective and practical under real-farm conditions.

During the first three years of on-farm research in the ATIP project, the majority of rescarch
was  performed  under researcher management (RM), with either researcher or farmer
implementation (RI or FI respectively).  However, FMFI trials work has been expanded
through the life of the project. FM work provided the following advantages:

(. It increased the number of technologies ihat could be examined because each
additional trial required only minimal additional attention frem researchers,

(b. It allowed for greater farmer participation in the rescarch process because farmers
could participate in the selection of technologics for testing, in the designing of the
trials and in the evaluation of the results,

AU different times during the life of ATIP these have been called Options Tesiing
Groups, Fanner Assessment Groups, and Rescarcher-Led Farnmer Groups,

See Scction 1.2 for a more detailed discussion of tral formals.
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(¢).  The FMFT mode allowed for the performance of technologics to be assessed under
farmer managed (FM) conditions.’

To facilitate the use of the FMFI mode, the ATIP program began working with groups of
farmers.  Originally the objectives were to develop efficient systems for handling FMFI
trials, and to increase farmer panicipation in the rescarch process.  Several different group
formats were tried.  These groups met the above objectives, but were seen to have potential
for even more activities.  Thus the approach was modified and expanded over the years.
Even after four seasons of development, the groups operated somewhat differently in the
Mahalapye and Francistown regions, due to differences in both farmer and researcher
interests.  Howcever, in this section, any groups Jjonmed for the purpose of conducting
research on new technologies and involving primarily FMFEI trials weok, are referred to as
Rescarch-Oriented Farmer Groups (ROFG).

The objectives of the ROFG work included:

(). To expand the range of technologies examined in the on-farm research program.
(b). To provide a torum for more direct inpat into the technology development process by

both farmers and extension personnel.

z). To examine the performance of different technologies under farmer management, and
1o determine what types of innovations were 1..0st appealing to farmers of different
resource levels.

3.2.2.2 Approach

ATIP used various types of ROFGs in the past, and the different formats have beci
described in publications listed in Table 3.2, Also, in the past, various names have been
used for the same or different farmer groups and activities. Here, this diverse work is
consolidated under the term ROFGs.  The ROFGs most extensively used in the ATIP work
had the following charcteristics:

(a). Open panicipation, and self-selection by farmers.

(b Indiviitual farmers decided which technologies they would test. choosing them from a
range o1 options.

(©). Trials were managed and implemented by individual farmers.

(d. For cach type of trial, farmers and researchers mutually agreed upon a standardized
format (e.z., farmers performing a cowpea variety trial would compare the same
varicties, all planted with the same seeding rate, on the same size of plot, on the

same day, ete)

(). Regular  group meetings were  held  throughout the cropping  season to  discuss
progress, farmer observations and evaluations of technologies, and problems arising.

*. There is nommally a drop in the performance of technologics when they are moved from
RM 0 FM, but the extent of the drop can only be assessed under real farmer
management,
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TABLE 3.2: ATIP PAPERS PROVIDING INFORMATION ON FARMER GROUPS

EYPE_ OV GROUP __ATIP PAPER ___PAGES _EMPH_____ MAJOR FOCUS
General WP 13 All Dese. Types and patticipation in non-AHIP groups
EP 88-2; EP 290
P 89-8; MP 885 Al Meth. Puipose and approaches for tescarch and extension gloups
MP 874 Al Meth. Iypes, advantages and disadvantages of ATIP groups
EP 88.5; MP 887
MP 5511 Al [ese, Approach and technotogies in both types of groups
MP NG 6 All Math Sustainablity of the ATIP farmer group approach
Research Oniented EP 8720 MP SN AN Meth Looaing tarmers, research and extension
MP N§-3 All Dese Wamen i groaps, manggement and content of toals
MPP XN All Maoth Appoadh used i esearch-onented groups
RIY sm 1 S84 Dese Approach and summary of esults for 1985
105 1tm
R 87.1 77 Fap Approadh and summay o jesults tor 1986
PR 86 2 All Emp. 1936 douile: plowing/broadeasung sests with groups
PR %76 All Emp TURT pesults wath ditferent teshnologies
RID 58 2 R Emp Appioach wid suinmary of results for 1987
PR boo-2 All banp TOSX tesults with ditferent technologies
RIY 892 S8 60 Fmp Approach and sunmuary of eults for TYSS
PR 190 & Al Finp 10849 1esulty wath different technologies
wp ot All B3N External evaluaton of fammer pereeptions of proups
MP 8%-1 All Muth Desenbes ditfencnt aspects of group methodslogy
WP 34 Al LEmp Adoption study with research group pasticipants
Extension Onented Wwp 2§ Al Moth Implementing and mnning groups
RI) 88.2 67 63 Dese Approach and summary of results for 1987
RIY 89-2 LRI Emp Approach and summary of results for 1988
PR FF90-1 All L. 1987 End-Of-Season Survey tesults
PR F90-§ All Einp 1988 Iind-OF-Season Survey results
Kt This column ndicates the emphasts in the paper ated, namely:

Meth” refers 10 the maerial being primasily methodologieal,
“Dese” indivates that it contain: descriplive material on both methodological and empincal aspects,
“Emp” indicates contents are primarnily empirical in nature,

. For analysis purposes, researchers checked that the trials had been implemented
according to mutually agreed upon  guidelines, and recorded the dates of field
operations and plot grain vields.

(g Farmer field days were held in one or more village locations when crops were
nearing harvest.

(. End-Of-Season  Surveys were conducted with all panticipating farmers to quantify
farmer evaluations of the various technology options cach had examined.

3.2.2.3 Results And Conclusions

An example of the amount of work conducted through ROFGs is provided in Table 3.3
The table presents data on the ROFG activities in Francistown. The types of technologics
tested included: crop variety options, crop husbandry options, tillage options, and varions
cquipment options.  Details of the technologies tested, yield results and general conclusions
can be found in the ATIP Progress Reports for cach year. These are listed in Table 3.2.

File: A107.1/3 - 47 - September 3, 199()



TABLE 3.3: NUMBER OF VILLAGES, FARMER PARTICIPANTYS, TRIALS CONDUCTED AND
’ TECHNOLOGIES TESTED IN ROFG ACTIVITIES, FRANCISTOWN, 198589

YEAR o NO. OF TOTAL FARMER NO. OF NO. OF TECHNOLOGIES
VILLAGES PARTICIPANTS TRIALS TESTED

1985-86 I 12 1 1

1986-87 k) 91 142 9

1947-88 3 143 152 7

1988-89 3 128 140 )

1. Represents the number of tials used.

In ROFGs a number of linkages were established. Three of them are as follows:

(a). With Farmers. Within the ROFGs, rescarchers met regularly with groups of 10 1«
30 farmers - ay many as three groups per month -- o discuss farmers’ activities,
their observations on the various technologies, problems arising, and the general field
situation.  Thus the ROFGs provided an important channel of concinunication between
research and the farming community.  In addition, the End-Of-Scason Survey served
to quantify farmers' opinions and pereeptions in each year, and created a permanent
record over the years,

Since the tarmers decided  which technologies  were  tested, and because  their
evaluations were the primary topic in the discussion sessions and the End-Of-Sceason
Survey, the ROFG approach allowed farmers @ strong voice in the technology
evolution process.

(o) With Extension Personnel.  Over the years, local ADs were invited to attend all
ROFG monthly discussion sessions, and all ther activities, and therefore had the
opportunity to participate in the technology evolution process.  In addition, extension
personnel at the district and regional levels participated in the field day activities and
so were continuously aware of new developing technologies.

(©). With On-station Commodity Research Teams. The ROFG format made it relatively
casy to add new technologies 1o the farmer testing program.  Thus the ROFG
enabled the on-farm research programs 1o respond rapidly to the needs of on-station
commadity rescarch programs for FMFL testing of technologies they developed.  This
led to increased collaboration between FSR teams and  station-based researchers.
During the last three years of the project, the ROFG format was used for
collaborative research with a nimber of station-based research programs.®  Examples

included:

i Crop Improvement:
Sorghum and mitlet -- new varicties
Cowpea -- new varieties
Groundnut -- new variety

-- seed dressing
-~ hilling versus not hilling
-- new planter

* In addition, the ROFG produced information relevant for both the Soil and Water
Managemerd Groap and soil fertility scientists at Scbele.
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il. Weed Agronomy -- Dutch hoe

iii. Farmy Machinery Development Unit - hand row planter
-- light weight cultivator (Maun)
--tractor mounted plow planter

The major conclusions derived frem work with ROFGs were as tollows:

(a). The regular monthly meetings between farmers, researchers and extension personnel
ensured that both rescarch and extension were constantly aware of the field situation,
and that farmers” problems, interests, and pereep 0 were  well understood.
Simultancously, they were a good forum for collaboration between research and
extension.

(hy.  The ROFG tormat was a practical and eftective neethod for incorporating famiers i
the technology development process.

(c). Using the ROEFG approach could help 1o ensure than the tochnologies coming out of
the rescarch system are both practical and effective, even under farmers’ resource
CONSLrains.

(d).  The ROFGs were an effective tood for increasing the scope of the on-farm research
Programs,

(). Use of the ROFGs encouraged more collaborative work between on-station and on-

farm research programs because of the ease with which new technologies could be
added 10 the farmer testing activities. At the same time, the ROFGs made it easier
for on-tarm rescarch programs to respond to farmers needs and interests. .

The ROFG approgch has been found 1o be an extremely useful tool, which might be of
benefit to other on-farm research programs now operiting in Botswana,  However, it must be
noted that the ROFG approach is still developing, and there are some issues which have yet
to be resolved.” In addition, it is not a rigid system.  The approach will be most successful
where it is adapted 1o fit local objectives, and local farmer interests.

3.2.24 Recommendations us
>

The following actions, in addition 1o the Promising Guideline which has been prepared
[ATIP RP 6, Section 3.2.1}, are recommended with respect to ROFGs:

(a). Work with ROFGs should be continued in those villages where they are operating at
present, so thot tarmers do not get discouraged about a reduction in commitment,

(by.  ATIP staff cxpericnced with ROFGs should, if asked to do so, assist other FSR
teams to set up other groups.

. See ATIP MP 88-11 for a discussion of these issues.
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3.2.3 EXTENSION-ORIENTED FARMER GROUPS (EOFG)

3.2.3.1 Justification

In 1987, the coordinators for the Communal First Development Area (CFDA) in the Nonh
Eust District soquested DAR personnel in Francistown (ATIP) to assist them with agricultural
development in their arca.  Part of the responsibilities of ATIP have been 1o assist in
strengthening the MOA's capacity 1o develop, and effectively extend, improved production
practices.  Therefore, after discussions with the regional and  district extension  officers,
research staft agreed te help design and test a system for accelerating extension efforts in the
area of the CEDA.

Since the activity was geared towards extension rather than research, it was agreed that
extension  personnel  should  rake  the major responsibility  for  these  tests, However,
researchers were also o participate, to provide backup tor extension ofticers, and to allow
tor a continuum between research and extension activities within the region,

By 1987, the group approach for conducting FMEL trials for rescarch purposes, had been in
use for two vears.  The potential for the group approach in extension activities had been
recognized. After discussions among research, extension and  CEDA personnel, it was
therefore decided to adapt the ROFG approach for extension purposes, and to test this
systemn inone village in the CFDA area, During the 1988-89 crop scason, the testing was
expanded to two villages.  The resulting farmer groups have come 10 be known gs
Extension-Oriented Farmer Groups (EOFGs).

The objectives in testing the EQFG approach were to:

(). Test a system for increasing the efficiency of Agricultural Demonstrators (ADs) by
working with groups of fanniers instead of relying on individual farm visits.

(b). Test the effectiveness of providing farmers with « series of technical options rather
than o set production package, 1o take into account the heterogencity in the farming
community, and year to year climatic variations.

(©). Provide a forum, in the extension system, for research/extension interaction,

3.2.3.2 Approach

The approach used was simi!vr to that of the ROFGs. It involved working with a group of
volunteer farmers in selected extension areas,  Within these groups, the farmers chose topics
they were interested in, such as row planting methods, fenilizer application, ctc.  Extension
and research staff jointly provided as many options as possible for addressing the topics
(e.g.. for farmers interested in row planting, four different types of row pianters were
presented).  Individual farmers seiected options that suited their own needs and resources,
and tested them in their own fields  Then throughout the season, farmers, extension and
research staff met monthly to discuss the tests and to deal with any problems that arose.
Field days were held in late Apil, and an assessment of the performance of each technology
option was made by the group at the end of the season.  After the first years's test, an
extension officer was assigned to acr as a coordinator for both the EOFGs and the ALDEP
Soil Conservation Groups in the Nenth East District.

These have also been called Extension-Led Fammer Groups.
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In mid 1989, because of the demand for equipment that developed in the EOFGs, a system
was set up to expedite the procedure for fanmers to obtain ALDEP subsidies on equipment
purchases, as long as they qualified for the ALDEP program.

The EOFGs differed from the ROFGs in that only "recommended” technologies were
presented and farmers did not follow any conventional designs when implementing the tests,
The only data collected by rescarch were a Baseline Survey of participants resources, and an
End-Of Scason Farmer Assessment Survey.

A detailed description of EOFG activities, and the icsults of the activities and survey work
done, are reported in the ATIP publications cited in Table 3.1 and 3.2,

3.2.3.3 Results and Conclusions
The EOIG approach was successful in several ways:

(). There  were  approximately 20 volunteer  fanmer  participants  in each village.
Attendance at monthly group meetings generally ranged from 10 to 15 farmers. The
sustained farmer interest throughout the year indicated that the participants found the
meetings useful, and felt that some of their own concemns were being addressed,

(b). The majority of participamts did implement the trials they selected.  Some of the
technologies included: row planting, the use of a new inter-row cultivator, Jodder
crop production, and phosphate fenilizer application.

(©). After attending several group meetings, personnel from the Zwenshambe Brigade
began 1o purchase fertilizer for sale o farmers.  This was in response to complaints
by farmers that they were unable to get ready access to fenilizer.  Since shen, the
Brigade developed plans to expand the type of products they could suppiy, and to
hire full-time personnel to participate in EOFG activities.

(). An evaluation of the EOFGs by ALDEP personnel, in October 1989, resulted in the
approach being included as part of the next ALDEP five-year plan. This was taken
as a positive evaluation by an impanial evalvation team.

The EOFG approach provided a good forum for bringing together various partici; ats in the
extension process. At times, extension, research, ALDEP, the CFDA and the Zwenshambe
Brigade personnel all worked together to address farmer problems through the EOFGs.

The major conclusions concerning EOFGs were as follows:

(a). The EOFGs were a more efficient way for ADs 1o interact with farmers on extension
issues.  Through the EOFGs, an AD could interact with 20 to 30 farmers by meeting
with them one moming per month, whereas the same activity might have required the
whole month when making individual farm visits.

(b). Group dynamics were helpful to famers.  For example, by testing a technology
alone, a farmer could leam only about that particular technology. In the EOFGs, a
farmer could leam about the technology he or she was testing, and also abow: the
technologies that others werc testing,  Furthermore, in the EOFGs, farmers helped
each other with ideas and suggestions, and did not have to rely solely on the AD for
answers to all problems,
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(). The monthly meetings were an important backup system for farmers leaming 1o use
new technologies.  Farmers almost always experienced difficulties when using new
technologies for the first time.  These difficulties could often be resolved at the
monthly meetings.  This was very important for the technology adoption process.

(d). The EOFG approach allowed farmers to be involved in teaching other farmers,
through monthly discussions, and when they presented their work at field days.  This
possibly increased the speed of the extension process.

(e). The EOIG format provided « good forum for linking research, extension, NGOs, and
farmers at the field level, t focus on extension issues.

", Presenting farmers with technology options rather than set packages allowed farmers
to develop packages appropriate for their own resourees.

(). EOFGs represented a flexible approach which could be modified and adapted 10 meet
local objectives, and 1o it local resource constraints, wherever the approach was
used.

(h;. The wost important factor in the EOFG approach was that extension and research

personnel responded to farmers™ expressed interests, and  did not just present a
standard set of recommendations.

In general, the EOFG approach has been found 1o be efficient and practical for ADs.  The
approach could have a significant impact on adoption rates if applied throughout a district.

1.2.3.4 Recommendations

The EOFGs were initiated to test a potentially useful accelerated extension approach. These
tests have received a positive response among farmers and ADs.  The EOFG approach has
now been incorporated into the ALDEP extension activities at the national level.  Also a
Promising Guideline has been developed on how to organize and operate an EOFG [ATIP
RP 6, Section 3.1.1). Specific recommendations for future work are that:

(a). The two EOFGs currently operating should continue to be supported as usual, with
ALDEP assuming responsibility for hiring the necessary field assistants.

(b). A pilat project should be initiated to expand the number EOFGs operating in the
North Fast District. and possibly in the Mehalupye arca -- where they could be
supported by the FSR team as well as ALDEP. These EOFGs could be used 1o fine
tune group management and support systems within ALDEP, and as training areas for
ADs who are going to implement EOFGs in the future.

(©). Sulf and farmers involved in the initial development of the EOFG approach should
assist in the training of ADs who are going 1o stan work with EOFGs in the 1990-
91 season,

(d).  One activity that would strengthen the EOFG approach would be to organize more
intensive, in depth, training courses for EOFG panicipants on topics of special
interest to them and where skills are required for certain technologies (., row
planting).

(©). An important advantage of the EOFG approach is that it could easily be combined
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with other extension activities such as District Demonstration Farms (DDF), farmer
training sessions, and competitions at Agricultural Shows. Such combinations could
be highly effective,

3.3 FARMER TRAINING

3.3.1 JUSTIFICATION

Farmer training becomes particularly important when farmers need to acquire new skills to
benefit from the adoption of a new technology or practice. A case in point is with respect
o row planting -- 1o which ATIP has devoted considerable attention to over the years.

One of the benefits associated with row planting is improved pereent establishment, which in
turn i an important determinant of grain vield. On-farm work indicated an average ot 35
pereent establishment for row planting compared to about four perceat for broadeast [ATIP,
Re 1, p. 179),

However, variable results have been reponied tor row planting undertaken by farmers
themiselves [ATIP PROMRO-1, po L I appeared thar, although on average hgher vields
were produced tfrom tow planting, the varability in vields trom the latter method, under
farmer managed conditions, tended 1o be very high. This was often due to the lack of skill
and experience of farmers with row planting.

that had been row planted. This was a practice that reguited considerable skill and was
hardly ever performed by farmers

To maximize the benefit from row planting, it was important to mechanically weed the fields

Theretore, the objectives of the famier training programs ATIP has been associated  with,
were the following:

(). To provide practical training to farmers on when and how to row plant,
(b). To link row planting with mechanical weeding, by providing practical training on
how to perform the latter.

332 APPROACH®

With respect to organizing the farmer training programs on row planting and mechanical
weeding, the following were imporntant aspects:

(a). A number of interested and concemed agencies helped in the training programs
including regional and district extension staff, Rural Training Center staff (e.g.,
Mahalapye), Development Trust staff (e.g.. Palapye), the Rescarch Extension Liaison
Officer, and research staff from both Sebele (e.g., FMDU) and ATIP.

(b). The location of the training was usually within a village setting, with camping
accommodation provided by the Ministry of Agriculture and meals by the Rural
Training Center. Generally, training was completed in about five days.

*. Some details on organizing famer training courses hive been given clsewhere [ATIP RP
3, pp. 280-282; ATIP WP 29|,
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(c). Farmers were selected by ADs from a number of extension areas, although more
tended to be sclected from the village where the training was located.  Farmers
selected to participate in the training courses included those who had just acquired
row planters,

(d). The course: had a strong practical orientasion.  Topics included:

i. How different planters operated with particular emphasis on the type of
planters they used.

ii. How to select the correct seed plate or seed hole for the type of seed
provided, and checking as to whether the seed dropped and was placed at
the proper depth.

iii. Hitching the row planter to the donkeys, and performing the row planting
operation itself,

iv. Hitching the cultivator 1o the donkeys, and then practicing the mechanical
weeding operation itself,

v, Instruction on a number of other related topics such as the imponance of

pood scedbed preparation, iypes of yokes/hamesses available, animal and
equipment maintenance, cte.

3.3.3 RESULTS AND CONCLUSIONS™

During the 1988-89 season, 39 farmers -- 77 percent male and 33 percent female -- were
trained on row planting in Mahalapye East and the Palapye Districts.  An impact assessment
conducted after harvest indicated that of the 29 farmers monitored, 66 percent row planted
but only 21 percent of farmers were able to mechanically weed.

When training for the 1989-90 season was planned, it was decided that more women should
participate, and that husband and wife tcams would be desirabie.!! It was felt that, since
women were involved in weeding., their panticipation would enhance the success of the
mechanical weeding operation.  The composition of the 45 participants during the training
were 58 percent males and 42 percent female. Twenty-four percent of the 45 farmers were
husband and wife teams.

During the 1989-90 scason, participants who had panicipated in the training failed to row
plant or mechanically weed on their own fields. This result was disappointing but should
not discourage the development of future fanmer training program.  All participants had
indicated an interest in row planting, in training, and had purchased equipment through
ALDEP. In this instance, farmers indicated that the late beginning to the rains and the
urgency to plow a large area under ARAP contributed to the decision not to row plant.

. See ATIP WP 29 for a morc detailed discussion on the impact of fammer training
courses.

" In the first season there were none.
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334 RECOMMENDATIONS

There is no question that farmer training courses involving "hands on" experience, can play
an impornant role in stimulating correct adoption of complex improved technologies. Row
planting is a good example of such a technology. Because of the value of farmer training
courses, a Promising Guideline has been prepared [ATIP RP 6, Section 3.1.2}.

It is hoped that farmer training courses will continue to receive some emphasis for specific
technologies.  With respect to this, the following is recommended:

(). DAOs should be the appropriate officers to identify the need for farmer training,
The DAO, the Rural Training Center, and the Crop Production Officer should ke
the lead in organizing farmer training.  Rescarch and Development Trust staff can
provide support, including trainers. and could conduct assessment  studies?  of
ndividual courses.”

(b). Where  possible,  farmer  training  courses should  be combined  with  and/or
complemented by other supporting activities.  For example, it may be appropriate 1o
run farmer training courses for farmers in specific extension areas), for farmers
associated with a particular EOFG, ete. An example of a complementary activity
would be to link the provision of ALDEP row planting packages with farmer training
courses.

(¢). Continue the research follow-up to training courses to assess the impact of the
training, and to identity problem areas and possible solutions

(). Develop an effective extension follew-up specifically targeted for the panicipants of
the training courses, and to help resolve problems encountered.

3.4 FARMER FIELD DAYS

3 JUSTIFICATION

Farmer field days have been in common use in both research and extension programs,
worldwide, tor a long time. They serve many useful purposes, including the following:

(a). For a research program, they are a good way of exposing the work to the public
(i.e., farmers, extension personnel, and other researchers) and  obtaining  outside
evahuations of the program.

(b). Farmer field days can help to ensure that both farmers and extension personnel
become familiar with new technologies as they develop.  This can greatly case the
process of extension and adoption, once the technologies move to the dissemination

B Stalft from the Rural Sociology Unit, Division of Planning and Statistics, have proved to
be paricularly helpful in this activity.

" This approach, was agreed 1o at a recent meeting of rescarch and extension staff in the
Central Agricultural Region, chaired by the Regional Agricultural Officer. The mecting
was held in Mahalapye on May 2nd. 1990 [Anon, 1990).
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stage.

(©). When conducted by an FSK team, they provide an opportumity  for on-station
researchers (o see how technologies are performing in the field, and to discuss them
with a large proup of fanners.

(). They can provade an opportumity tor fanmer patticipanis in the FSR program to show
ot the work thes have been domy

(el Fiekh days can beoused wn the Bint smaee of an extension program once technologies

ate ready ton wade scale adoption by fanmers,

342 APPROACH

The pamncalar approach dar ATIP bas osed tor condacting tarnier tield diavs has varied

shghtiv depending onthe specine objecuves involved, However, the tollowing steps were
venvrally apphied:

tad Planning. Plnning of ticld davs was done i collaboration with fanmers i the
esearh progrem, tos the villages whede the tield day was o tihe place. The role
of farers s amsoeased sdpmiticantly over tme fnomore recent vedrs, paricipating
farmens hase assisted meoradany funds for food and retreshiments. Ao sometimes
farmens™ conmntiees anthe villages, have been ivolved Village, and often district
aid regienal estenston sl were abao achnded Joing planmng included dectding on
the shie for the tichl davy selecnion of eechnadogios and ficlds 10 be showa, deciding
who to sovate, tinaiine food and tansport anangements, and setting an agenda tor

the day.

(b, Audience.  Within the host salbee. nonmally all farmers were invited. The number
of visitors from other villages was often limited by a ek of transport. but usually a
group of farmers was invited  (rom other villages where the research team was
operating. Al researchers within DAR were invited, and often representatives from
NGOs. Extension personnel usually decided who 1o invite within their department
and arranged transport for the same.

(). Presentations.  The fickl day generally began with the local head man or other
dignitary welcoming any visitors. Following this, an overview of the rescarch
rregrameoand the days planned activities was given by research staff and the group
then moved on 1o visit the specific research sites.  RM trials were generally
presented by rescarchens, while FM trials were normally presented by the fanmer-
implemenrer. Presentations were always followed by discussion sessions. At the end
of the day there was a wrap-up session for summarizing the day’s observations and
general discussion.

343 RESULTS AND CONCLUSIONS

Within ATIP, farmer field days have been regularly held.  However, they have always been
viewed as a non-rescarch activity and therefore have not been deserived in detail in ATIP
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reports.™

Experience gained from farmer field days has been presented elsewhere [ATIP RP 3, pp.
277-280].

Some observations on the etfectiveness of farmer field days were as follows:

(a). Farmer field days were generally a popular activity, normally attended by from 70 to
120 people.  Roughly ecighty peicent of the audience were farmers, with 20 percent
research  and  extension personnel.  Of the farmers, attendance was  commonly

dominated by women, with up to 90 percent women in some of the events in the
Francistown area.  In the Mahalapye area. attendance by men and women was almost
cyuitable.

(b The farmer ticld days were very suceessful in stimulating  discussion aimong
participants.  This was especially true when trials results were presented by the
farmers, that is, the implementers.

() The farmer ficld days were also effective in generating interest in the use of new
technologies ar.ong farmers, and a spirit of competition between vitlages in terms of
their overall tarming sKills,

). These farmer ficld days proved to be a useful and efficient forum for sharing ideas

among farmers, and between researchers, extension personnel and farmers.

344 RECOMMENDATIONS

Recommendations  for future action, in addition to the Promising Guideline which -has
already been produced {ATIP RP 6, Section 3.1.3), are as follows:

(). As far as possible, effons should be made to continue farmer ficld days.  These
activities serve to generate interest in new technologies.  They are an important
forum for keeping extension personnel and the public informed about research
activities, and for generating ideas to improve research.

(b). The source of funds for providing food to guests is an issue that needs to be

addressed.  Planners will need to seek tunding if ficld days are to extend through the
whole day."

3.5 COMPETITIONS AT AGRICULTURAL SHOWS

351 JUSTIFICATION

Agricultural Shows are held throughout the country cach year. These shows give specific
recognition to  livestock  producers, particularly  with reference to prime beef producers.

HOATIP references on Farmer Field Days include the following: RD 84-1 [p. 7.36]; RD
85-1 [pp. 742, K451 RD 86-1, [p. 1MW) RD 87-1 [pp.lLS8. 1L80). RD 88-2 [p. 49];
RD §9-2 [p. 66l

" Some suggestions on how 1o obtinn funds are given in ATIP RP 6. Section 3.1.3,
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However, in general, very little recognition is given to arable producers, except with
reference to evaluating the quality of small samples of harvested production, such as
cowpeas, sorghum, cte.  Techniques used in arable farming receive no attention,  Therefore
in 1988, ATIP initiated, with the help of extension -- including ALDEP and the Mahalapye
Rural Training Center staff -- an arable-refated contest at the Mahalapye Agricultural Show.
The idea was to provide entertainment while, at the same time, conveying a message. The
focus of the competition was row planting and the related eperation of mechanical weeding,

352 APPROACH™
As a result of experience, ATIP has used the following approach:

(a). A single Organizing Committee was set up consisting of relevant ALDEP, extension,
rural training center, and research staft operating in the area.  Each participating
agency was then assigned appropriate responsibilities,

(b). Contestants, usually about six per Agricultural Show, were selected by ADs, as the
best row planters in their extension arcas.  The contestants were expected to provide
their own donkeys for the contest.

(c). It was imporant for the Organizing Committee to ensure that:

i The Agricultural Show Committee agreed to the contest being held, and
allocated a time slot and land for the purpose.

ii. The evaluation and judging criteria were agreed to by all panies, and were
adequately explained to the contestants.

iii. The land at the Agriculiural Show was properly prepared and demarcated;
the necessary equipment assembled; kraals constructed and food and water
made available for the animals; and the appropriate fencing, posters and
banners put up.

iv. Accommodation and food was arranged for the paricipants.
v. Appropriate judges were sclected.
vi, A commentator was selected and provided with an appropriate sound system

and introductory commentary notes on the contest and contestants.

vii. Appropriate prizes were obtained and given to the contestants,

3,53 RESULTS AND CONCLUSIONS

To date, ATIP has directly patticipated in organizing competitions at three  Agricultural
Shows, and has had indirect involvement in five others.  Generally about six farmmers have
been involved in the competitions at each show. The competitions have been popular with
the farmers and with ALDEP and other extension staff,  Based on ATIP’s experience it

" Further details on organizing competitions at. Agricultural Shows can be obtained from
ATIP WP 28 and ATIP RP 3, pp. 282281
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appeared that the time slot the competition is allocated at the show is important in
determining how much attention is paid to the competition by the general public.

354 RECOMMENDATIONS

Although ATIP played an imponant catalytic role in getting the row planting, contests started
at Agricultural Shows, it is not considered appropriate that it should continue to play a
leadership role.  The recent proposal by ALDEP [1990] to take over this role is therefore
fully supported.  This has also recently been agreed to by those attending a meeting of
research and extension staff in the Central Agricultural Region, which was chaired by the
Regional Agricultural Citicer (RAQ)Y [Anon, 1990,

A Promising Guideline has been prepared on organizing competitions or Agricultural Shows
[ATIP RP 6, Section 3.1.4].

It is proposed that the Action Research Unit in the Agricultural Information Division of the
MOA be requested to ascertain how the competitions could be further improved in order 10
maximize the interest by the general public.

. Held in Mahalapye on May 2nd, 1990.
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CHAPTER 4: SYSTEM T cCHNOLOGIES

4.1 SYSTEM TECHNOLOGIES

Much of ATIP's work has been focussed on system type rechnologies -- those that are not
crop specific.  The major reason for this has been that farmers have most often articulated
issues that relate back 1o limited soil moisture as being the major constraint they face in
their farming systems. ‘This constraint, in turn, has led 1o a great deal of focus on issues
related to tilloge.  Soil moisture availability, critically important in plant establishment and
growth, can be enhanced through three general strategies:

(). Concentrating the limited amounts of rainfall onto and/or within certain parts of the
field.

(b). Ensuring more water infiltrates into the soil profile rather than being lost through
run-oft.

(). Ensuring that the soil moisture is used more efficiently in terms of increased crop

production.  Crop production in a low input system is often a function of plant
establishment.

Of course these strategies are not matually exclusive, and in fact many of the topics
discussed in this chajier, retlect the incorporiiion of elements of more than one of these.
The major topics constdered in this chapter are:

(). Technologies refating to difterent types of tillage, particularly those linked with early
plowing options, and reduced or alternative primary tillage operations (Section 4.2),

(. Issues related to tillage such as plant establishment, weed control, land-type, and
fertilizer (Section 4.3).

(©). Issues relating 1o planting methods and  post-establishment practices such as row
. z‘ .
planting versus broadeasting, methods and problems of row planting, plant population
control, and weeding (Section 4.4).

(h.  Semi-pennaner: field development, specifically relating to rainfall mn-off management
strategies ana »oil fentility assues (Section 4.5).

In peneral, the tvpes of technologies discussed in this chapter represent high  leverage

interventions, that if eitable for farmers, could potentially have a major impact on the
productivity of the farming system.

4.2 TILLAGE TECHNOLOGIES

4.2.1 EARLY PLOWING OPTIONS

4.2.1.1 Justification

Soil moisture for plant growth i, clearly the major environmental constraint o crop
production in Botswana.  The generaliy jow level of precipitation and the low moisture
holding capacity of the  oils combine to restrict potential productivity in nuch of the
country,  The erratic nature of precipitation during the growing season also introduces a high
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level of risk for cropping activities that must be addressed before farmers will be willing to
make the investments required e increase crop production,

These observations are self-evident in the main, but have also been supported in the early
descriptive and diagnostic research conducted by the ATIP.

Establishing a crop plant population sufficient to meet target yield goals is a necessary
precondition for achieving satistactory levels of crop production, and making cfficient use of
soil moisture. Early tield studies by ATIP indicated that farmers in the study areas also had
some difficulty in achieving good stands with any reliability.

Because of the critical importance of increasing avaifable soil moisture for plant growth and
the ditficulties observed with reliable plant stand establishment, agronomic research in ATIP
hias focussed on these issues abmost from the outset of the project. One of the primary
approaches tor addressing these issues has been through improved tillage and planting

practices.

Within the tillyre/planting arena. the concepts of “early plowing™ anid “doubic plowing” have
proved to be two ot the simplest and most effective tools. While ATIP did not initiate these
concepts, it has done extensive woik in testing their effectiveness on-tarm, and examined
nunierous options for their inclusion in practical production systems. Table L1 provides a
list ot the work Jdone and the refevant publications Results Trom this work form the basis
of the discussion m the following sections,

In the context of this repart, "carly plowing” refers to g preliminary plowing (without
planting) in cither winter or carly spring (usually the fater). This carly plowing may or
may not be tollowed by a second titlage operation at planting time. In the same sections,
“double plowing” refers 10 system i which the soil is plowed (withoot planting) and then
later re-plowed at planting time, usually with one or two rainfall events of more than 10
millimeters between the two plowings,  Thus carly plowing may be a part of the double
plowing system, but the two are not the same,

Furthermore, because of the extensive amounts of research done on both carly plowing and
double plowing (Table 4.1, only documents which summarize several years of work on
particular aspects will be referred to in the text,

4.2.1.2 Resulis And Conclusions

Althouzh the following discussion is presented in terms of a technology ladder, it is
important to bear in mind thit as moves up the ladder take place, the range of options open
to the farmer increases.  The choice of technology optiens also depends on the prevailing
climatic conditions when a farmer is ready to plant, and on his/her resource constraints
which also vary throughout the season.  As a result, it may be perfecily rational for farmers,
on occasion, to simultancously use, on different pans of the farm, technologies associated
with different steps up the technology ladder.” The steps up the “>chnology ladder which are
examined in he following sub-sections are:

(). Double plowing with broadeast planting.
(h. Early plowing plus row planting.
(). Early plowing and an additional cultivation plus row planting.

-

See Section 131 Tor & further discussion on this topic.
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ATIP ACTIVITIES RELATING TO TILLAGE TECHNOLOGIES INVOLVING EARLY PLOWING

MAJOR TS

Dra racon

fechmsingy Components

Tiljuze cyatamse

MORE DETAILS YHEAKR AREA SAMPLE TYPE
Arzmd manggement for early plowing 1984 Flown 6 fnad
Tractors tor carly plowing Tusg Flown 4 Tra!
Druft management 19a3 Mahal 4 Tral
Maumum production 19a3-3 F'Toan 33 I'nd
Steps n lechnology 19e3.g Flown 213 Trul
Cummeraal steps in technology ust s Manal R ina
Double plowang fmiscellanenus) 16a2 Muah N Tnal
1usne Flown  4.¢ Tral
19886 Flown 12 lrﬂ..
15556 214
1687
1987-% b6
Through farmer groups 1688y 12,62
195589 12
il
93
s
Effect of sou-type 1G858 -
Potenual and factors affecting 1958 Both,
Double plowing plus other systems: 19%3 Makd 2
1953 Mahal. @
19584 Mahal. 7
1985-6  Mahal 32
1985-6  FTewn 22
1987 Mahal -- Paper
Weeds and weeding labor 1987 FlTosn - Puaper
1657 Mahd - Paper
Nationa! tillage tnals 16%8-9  Mahal 3 Tnal
1988-9  F'Town 2 Trial

TRIAL ATIP PAPERS
RMEL RD 5.1, ps 27534 MP 8512 PRES6-3 PRI®T-
RD 86-1,p.95-1(0)
RMIT RD 851, ph.35-5.37
RMET RD 821, p7.31-32  RP 1, p 195197
RMRI RD 831, p£20.823  RD 551, p5.5-511 3K 1213
BMFL RD £4.1, p5.23.825  RD 851, p.8.37-8.40 813
RMRI RD 851, p726.7.30  RD 6.1, p $4-57
RD 871, p11 37-3y
RMET KD #3-1, pV 20.3;
RMIT RD #%-1, 5117072 PR 1263
IMEU RD 86-3, p10S-107
RMIT RD #6-1, p.5962 RD E7-1, pll.24-37
- MP 376 PR 1903
RMFT  RD 5.2, p 55.56 RD 89.2, p 7175
FMET  RD 552, p 6368 RD 87-1. p.11.74-78
FMIT  RD 861, p 105107 PR ['86-2
FMED  RD $7-1, pIL74-1178 PR [$7-6
FMEL  RD 85.2, ;5.636% PR P90.2
FMFL RD $9-2, p.s5-90 PR F90-6
MP 856 EP 901
MP 88-17 EP 69-4
RMRI RD 83-1, p.7.26-7.27
RMIT RD $3.1, p730-731  RP 1 p.174-193
RMFI  RD #5-1, p.7.34-7.35 RP 1 p.174-193
RMRI RD 86-1. p.57-58 RD 87-1, p.i1.35-37
RMRI RD 86-1, p9e-9 RD &7-1, p.11.68-70
PR F36-5 PR FS7.%
MP §7-3
MP XT3
MP 57.9
RMRI RD 89:2, p.50
RMRI RD #9-2. p.75-79 PR F90.4

a Refers to the number of sites or farmers.
ditferent years.

RMRY trials wall usually have more than one replication wl cach sie.

+ This can refer 1o a study, survey, tnal or papert.
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Before looking at these steps, it is imporant to understand the implications conceming the
opportunity costs of the carly plowing operation.  In this context, the opportunity cost of
carly plowing has been defined as the amount of grain that a farmer might have obtained by
plowing and planting, instead of plowing without planting, at the time when the carly
plowing was done.  This can be estimated by planting a plot adjacent 1o the early plowed
area, on the day of first plowing. If the planted area fails 10 produce a yield, then the
opportunity cost of the early plowing was probably zero.  However, if the adjacent plot
vields well, then the oppoertunity cost was high,  The question of this opportunity cost s
extremely important because it has a direct bearing on whether a farmer would be better off
from doing the carly plowing, versus using the traditional single plow zystem in place of the
carly plowing,

I fact, ATIP has conducted several trials o examine opportunity aosts Results of some of
these trials huve been analyzed - see, for cxample ATIP MP 576, Results, 10 Jate,
indicated that in order for curly plowing - with animal traction -- 10 be more productive and
profituble than the wraditior:] single plow svstem, the opportunity cost of the early plowing
had o be held as Tow as possible. To achieve this it was essential 1o Jdo the carly plowing
at non-optimal planting times. Twe possible wavs o do this were either to:

(IR Take advantage of veey carly rains in the planting season and carly plow before the
aceepted planting season began, or
(h). Use the period arter o rain when the soil could be plowed, but was tos JAry 'O ensure

good plant stands, and preliminary plow without planting.

Using periods of good soil moisture 10 plow without planting represented . loss of valuable
and extremely limited planune time, and was a0t always beneficial in the: long-run,

(a), Double Plowing With Broadcast Planting.  “Ine doubie piowing option represents a
first step up the technojogy ladder. It is a low input technology in that it requires
no new inputs, equipment or skills, but it can have a dramatic effect on per hectare
grain yields,

A leige body ol rescarch on double plowing with broadcast planting, and using
animal draft power was summarized in July of 1989 [Heinrich, MacPherson, Norman,
Patrick anc Siebert, 1990175 The data surveyed were Targely from ATIP research, but
also included wearch conducted outside ATIP.  Conclusions stated in the report, and
accepted by the Soil and Water Management Group at Sebele were as follows:

1. Compa. with the traditional system. planted on the same day, double
plowing generally increased per hectare grain yields of sorghum and millet by
50 to 10O percent, given sutficient rainfall to produce a crop yield (Tables 4.2
and 4.3

ii. Regarding the timing of the first plowing, generally speaking, the carlier this
was done, the benter -~ hence the current recommendations for autumn/winter

LThis paper formed the basis for approving an Agrifact to be produced on double
plowing.

" These tables, from Heindch et al., [1990), are lirgely derived from data in ATIP MP
87-0.
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plowing,* or carly spring plowing. However, for animal draft users who
could not stant very early, a benefit was to be expected from & preliminary
plowing operation performed even in mid to late planting seuson, as long as
there was sufficient post-planting rainfall to produce some yield.

TABLE 4.2 PAIRED COMPARISONS OF CROP YIELDS (KGSAIA) OF
DOURLE AND SINGLE PLOWING, FRANCISTOWN, 1983-8¥

CROP YEAR® YD % YIELD NOS. OF
- RN 0] oS INCREASE QLY.
Sorghum 1983-KS 459 e« 93 18
108586 ARG . 12
19K6 87 20 e 21
1YRT-58 L UL . ST | -
[T U 35 1! € B RN - S .
Millet [CLEN 3 [T 365 RS
J4KS-86 R U 240 K]
195687 175 s 103 70
1987 R AT e .0 SO L. S
e ALY RURS A £ 12
Cowpeas 1085-86 0920 472 95 1
14US6-87 156 ¢ 99 58 12
S P 30
191 ** 129 4% 43

Soure: Various tnals listed o Fable 4t

P 1983-8S8 includes only RM mmals 1985-56 includes RM and FM trials
1986-87 includes both RM and M inals 1987 88 includes only FM aals
b Figures w this column repre-ent yiclds from double plowing. Nis, denotes no

sgnificant ditferences, and *, **, *** denote sigmificant ditferences at the piobability
Jevel of 95, 99 and 9.9 pereent, respectively

¢ The figures in this column wefleat the yield from tadaional broadeastplanting plots
planted on the same day as the double plowed plots,

TABLE 4.3 RELABILITY OF THE FEFECT OF DOURLE PLOWING, FRANCISTOWN, 1983.88"

T T T T T MR CENT OF PAIRED COMPARISONS

e e e e e . CEREALS ALL_3 CROPS*.

Yield of DP was greater than S 92 91

Yield of DP was at least SO% greater Rl 67

Yicld of DP was wiocaast 100 kha greater o8 50

Source: | Data from trialy used 1w constructing Table 1.2,

a DP reters to double plowing w § SP denotes single plowing.

h. Cereals include sorghum and mullet data sets only.

[ All three crops include sorghum, millet and cowpea data sets.

iii. In plot comparisons it was observed that when adequate soil moisture was
aviilable, weed growth was greater in the carly plowed plots.  If the period
between the two plowings was substantial, this could lead to a depletion of
moisture reserves and difficulties in plow/broadcasting.

iv. Double  plowing  significantly reduced infestation  of  the  perennial  grass

Cynodon dactylon. Tt also reduced the level of other perennial species, but its
effect on annuals was variable.  Double plowing sometimes increased and
ether times decreased weed burdens and subsequent weeding times,  When

Urtoramateiy deve farmers adopted this practice  because livestock  grazed on crop
sesdues following Laivest After this, the wround was ton hard 1o pemit plowing with
the traction avinlabls 10 ost fanners,
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(b).

double plowing caused germination of weeds that could be destroyed when
small, it was beneficial to control them. This also reduced the weeding labor
requirement at a later date.

V. The effect of double plowing was thought to be greater and more consistent,
on deeper soils with higher moisture holding capacity, but less effective on
shallow soils with a lower moisture holding capacity.’

vi. It was generally agreed upon among researchers, that there were 100 few
planting opportunities in a normal season for them to be wasted on plowing
without planting -- that is, land preparation only. Furthemnore, when the
preliminary plowing was done during a good planting opporunity (i.e., when
good soil moisture was available during prime  planting scason), then the
opportunity  ¢ost of plowing without planting possibly made the double
plowing system unprofitable.  For these reasons it has been concluded that
the preliminary plowing of the double plowing svsiem must be performed
when the vpportunity cost is low (i.e., during non-ontimal planting conditions)
for the double plowing system to be generally profitable.

vii, Economic studies of double plowing in the Tutume Agricultural District
(Tables 4.4 and -1.5) have indicated that the switch from traditional 10 double
p'oing would be most beneficial for farmers who control their own draft
power, but are faced with cither o weeding labor constraint, or a land
constraint.  Double plowing was not only more profitable but was more
reliable,

It is imporant to note that the above conclusicns are specific to the use of animal
draft.  There is sl some question about the profitability of using tractors to
implement the double plowing system, because tractor draft is more expensive ‘than
animal draft.®  Also, when tractors are involved in the tillage system, farmers who
own tractors have access to more power, more speed and more systems’ options,

Early Plowing Plus Xow Planting. The theory bohind early plowing is that it can
increase the rate of infiltration of rainfall into the son, thereby reducing run-off and
developing a reserve of stored soil moisture.  The reserve of moisture can result in
improved  seedling  establishment, better crop growth, increased grain  yield and
reduced risk of crop loss. This theory holds whether or not a secondary tillage
operation is applied at planting.  Evidence to support this hypothesis -- particularly
regarding soil moisture -- has been presented clsewhere [ATIP EP 89-4.

In addition, once carly plowing has been done, the period of optimal seil moisture
that follows the next good rain may be used entirely foi row planting.  Since row
planting is faster than plowing, this might mear that farmers could plant larger areas
during a given planting opportunity.

This being the case, it might be expected that early plowing -- particularly in periods

Sce Section 4.3.3 in general, and Table 4.7 for further discussion on this.

Double plowing is one of the treatinents currently being compared in the National
Tillage Trial.  Tractors are being used in thic multi-locational rescarch managed and
implemented trial, which should therefore help shed sciue light on this issue.
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TABLE 4.4: NET RETURNS TO LAND AND LABOR FROM GROWING SORGHUM IN
DOUBLE PLOWING TRIALS, FRANCISTOWN, 1985-87°

YIELD TTACTVITY TIME UIRSA1AY  RETURN (PA1A) __ NET RETURN (PAIOUR).

e ARGAUAY o PREP . WEED TOTAL_ GROSS’ NEI™. _PREP ___ WEED __TOTAI__
Av. Single Plow
1985-86 166 n 32 103 7129 68.59  1.32 3.08 0.63
1986-87 54 pd] 16 75 23.26 20.56  0.07 (.55 0.3
2 Year Average 110 n 34! 89 47.28 44.58 0750 1.59 0.47
Av Doable Plow
1085 86 7 7 18 18S 14934 143904 1 KS N 0.79
1086-87 109 S8 37 124 4676 41.36 0.21 0.79 0.35
2 Year Average 228 1 ERY 154 98.05 92.65 1.0% 217 0.57
" Most ot the data i this table ane denved from results presented ATIP MP 87 6, and wivolve thals for which labor

data were eeotded. The tnals were esearch managed and tamer anplemented (RMETD) with a sample size of 20.
Planting of the single and double plowed ploty were doae on the same day  Figures i the table ane the average per

plot

h Preparation ume includes plowing and planting

¢ Consisty of weeding time only

d Guoss retumn equals yield times pnce where the prce of sorghum s POA43/kg.

¢ Net retum equals gross retum nnnus costy where costs equals seed (PR 304y for Jdkg) plus depreaation on equipment
(esttmated at P SOM  In this cadvulation, labor has net been costed

! ‘The diflerence in these figures s contrary o what has occurred in other ATIP trials undertahen w both Francistown

and Mahalapye. From g sample size of 59 paned compansons, e average weading time pet hectare for single and
double plowing was 34 and 19 hours, respectively.  Such figutes make the retum per hour of weeding on doub!
plowed plots even more atinctive.

TABLE 4.5 RELIABILITY OF THE RETURNS PER UNIT OF LAND AND LABOR IFROM
DOUBLE PLOWING, FRANCISTOWN, 1985 57
MAGNITUDE OFF COMPARISON % OF COMPARED COMPARISONS
e e M SpRt
Grns retuma of DPY was:
Greater than SP 85 55 (P96.76)
Net retumbia of DI was:
Greater than SP 80 55 (191.36)
At least P20.00Ma greater 50 40
At least P1OO.OOM greater 10 5
Net tetumn per Land prepasation hour of DE was-
Greater than SP 50 70 (10.60)
Greater than PO38moar (drought relief wage) 40 45
Greater than PG 3ynour (minimum urban wage) 25 40
Net retum pes hour of weeding DP plot was:
Greater than SP ' 59 61 (P0.46)
Greater than PO38Mour (drought eelicl wage) 30 45
Greater than PO.SIhour (minimum urban wage) 25 45
Net tetum per “totad” hour spent on the DP plot was:
Greater than SP sS 70 (P0.39)
Greater than PO38hour (drought reliel wage) 15 30
Grealer than PO.S3/hour (minimum urban wage) 15 20
a. ‘The figures in this table are caleulated from the tnals analyzed in Table 4.4,
b These results deseribe the comparison of double plowing a single hectare versus single plowing two hectares in which

the first hectare is planted W the time of the fist plowing. ‘The combined results from this planting and that from the
hectare planted on the same day as double plowing are, however, not really a valid companison with double plowing,
snce ity recommended that the first plowing is done when there is not cnough soil moisture for planting (i.c., the
yicld for planting at this time would approach sero) The figuses in brackets reflect the average values of the two
hectares combined.

C. Average weeding time on these plots was 89 hoursftwo hectares.
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of low opportunity cost -- could be beneficial for crop yields. Row planting might
be preferable to a second plowing at planting time because it would be faster and
would have a lower draft requirement.

Experiments conducted by the ATIP team in Mahalapye have shown some grain yield
benefits to this "carly plow/row plant” system when compared against a system of
single plowing and row planting on the same day [ATIP RD 87-1, p. 1.37).
However, these experiments also indicated that more atter.ion to weed centrol might
be required with this particular method because of the lack of tillage at the time of
planting -- that is, weeds may start 1o grow even before crop seeds are planted.
Row planting would allow mechanical weed control to be employed, and this has
been suggested as an approach for dealing with the problem.

The use of o carly plowing plus row planting SyStem represents a step up the
technological tadder from the traditional broadeast single plow and broadcast double
plow systems. Row planting requires a more precise timing of operations, new skills
on the pant of the farmer,” and often, the purchase of new equipment.

(c). Early Plowing, And An Additional Cultivation Plus Row Planting. The next step up
the technological ladder, beyond the two-step operations, could be a system that
includes a double tillage operation plus row planting -- that is, a three-step process.
Such systems could include:

i Double plowing plus row planting,

ii. Early plowing followed by a cultivation on the date of planting, phis row
planting, or

iii. Early plowing followed by harrowing and 1ow planting,

The three-step system may well prove to be the most productive, though it is more
complicated than the two-step systems  described above.  Double plowing and
broadeast planting has been showd to be more productive than single plowing and
broadcast planting in animal draft systems.  Simiiarly, row planting has been shown
10 be more productive than broadeast planting -- for example, see ATIP WP 5.

The purposes of early tillage, and double tillage, are to increase the soil moisture
available for plant growth, to control weeds and to amprove soil tilth. The purposes
for row planting are primarily to:

i Achieve improved plant distribution  within the field and thus use the
environmental resources more cfticiently.

ii. Place the seed at the proper depth to enhance seedling emergence and stand
establishment.

iii. Facilitate mechanical weed control.

Thus the purposes for early tillage and/or double tillage operations are quite different
from those of row planting, and combining the two technologics into one system
might be expected to produce synergistic effects.

To date, litle information has * been published by ATIP comparing thie three-step
system with the one- or two-step options discussed above. This is because most of

Sce Sections 3.3 and 4.4.3 for further discussion on this.
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the research has focused on the other systems. A focus on the other systems was
thought to be more important because most farmers in the ATIP study arcas were
still using only the broadcasy/single plow system. It is likely that a three-step system
would be most appropriate on a contingency basis, for example, when weeds or soil
conditions are a problem at planting time.

4.2.1.3 Recommendations
Reconunendations consist of the following:

(a). Recommendations for the extension of the double plowing option with animal drafi
have been approved as an Agrifact and will soon become part of the extension
program.  Also a Promising Guideline on early plowing has been produced [ATIP
RP 6, Scction 2.1.1).

(b).  The carly plowing plus row planting system with animal traction has shown some
potential for increasing per hectare grain vields,  Forther examination should be made
of the cconomics, tarmer evaluation, risk and weed problems involved with this
systen.

(c). Specific trials should  be nitizted  on-farm to examine the  yield potential and
cconontics of the double plow and row plant, and carly plow, cultivate, row plant
systems using antmal draft, and o obtiin farmer cevaluations of the same.  These
should, at a minimum, be compared against the single plow/broadeast system and the
double plow/broadeast system.

(dy.  There may be some differences in the performance of similar dilage systems when
implemented by tractor and by animal draft.  ‘This issue should te examined in
specifically designed trials, in order 1o determine whether sepmate tillage systems
need to be developed for the different types of draft power.

(©). The system of early plowing by tractor, followed by a second plowing by animals
showed mixed results in terms of yield and cconomic benefits in Francistown during
1987-88 and 1988-8Y [ATIP PR F89-1; ATIP PR F90-3]. Nevertheless, this is one
of the more practical systems and could be used by the nijority of farmers. Further
studies should be implemented to see if this could be molded into a viable and
beneficial system.

4.2.2 NON-PLOWING OPTIONS

4.2.2.1 Reduced Or Alternative Primary Tillage

(0).  Justification. This section summarizes observations that have been made on primary
tillage options other than conventional plowing.  Alternative tillage has  been
investigated for two reasons:

i The tillage resource constraint is experienced by nearly all houscholds.  Either
houscholds have limited access o tillage resonrces, or the resources that are
available are not adequate to plow and plint the field in a timeiy manner.
This certainly is the case for farmers using animal traction in years when
rainfall is erratic dunng the plowing and planting period.  Because of this
constraint, large portions of ficlds have poor ramfall nfiltration and heavy
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weed growth during the early part of the season. Altemative tillage which is
more rapid than conventional plowing could help solve this problem provided
the tillage is cffective.

ii. Alternative tillage could have long-term benefits for the soil structure that
come from reducing or eliminating moldboard plowing.

The two types of altemative tillage options that have been examined in the ATIP
program are:

i. Use of a spiked tooth harrow to scratch the soil surtace following the first
spring rains.

ii. Use of chisel plowing -- narrow tined cultivaior -- in lieu of conventional
plowing both carly in the spring and at the standard plowing and planting
time.

The objectives of research on alternative tillage were 1o evaluate:

i The manageability of the option by resource poor farmers.
ii. The cost in terms of time and draft energy required.
iit. The effectiveness of these systems in improving water conservation, tilth for

planting and weed control.

Even though little work was done in the area of alemative primary tillage, it is

useful to present the observations and the reasons for the decision not to continue

working on alternative tillage in the on-farm rescarch program.  Aliemative tillage

options were investigated in only two tnials, both of which used tractor draft and

were largely RMRI (Table 4.6). Conceming the two trials: .

i In the first, the use of an carly season harrowing on untilled land was done
in a type of sujerimposed trial.  In this trial, the harrowing, and moldboard
plowing (i.e., hath deep and shallow) comparisons were followed by the
farmer’s cwn operation (Le., broadeast and conventional plowing).

ii, In the second, the chisel plowing was part of a4 standard RMRI trial in which
several systems  designed  to improve  water  conservation  were  compared.
Chisel plowing was implemented m wwo years of the Water Conservation
Systems Trial.  However, results were only recorded for the fimst year.
Results of the sccond year were similar to that of the first, except that no
grain yield was taken.

(b). Results And Conclusions. Results from the trials indicated the following:
i Early season harrowing was not effective.  Even though harrowing proved to

be miore than four times as rapid as conveational plowing,' harrowing was not
effective as a. carly scason tillage operation.  Water infiltration did not seern
to be improved nor were weeds very well controlled. ko was observed that
following harrowing, the soil surface became more dense than the untilled
land and certuinly more dense than land that had been plowed with a
moldboard plow. ’

* Comparing a tractor drawn two furrow moldboard plow with three spike tooth harrow
utiits drawn by a tractor.
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PABLE 46 ATIP ACTIVIIIES RELATING TO NON PLOWING OPTIONS

MAJOR FOCUS MORE DETAILS YEAR™ _AREA_ SAMPLE IYPE __ [RIAL ATIP PAPERS
Redoced tllage Harrowinyg 1952 Maha] 2 Tral RMRI RD »4-1, p.726-27
Chisel plow 1958 NMahad 1 I RMRI  RD 6.1, p 57-5% RD 871, p1135-37
Iy scision Deep np Pre-plowing option T9K3-S Mahad KA Ira RMRI RD #S-1, p720 30 RD &6-1, p.52-57
RP 1 p 167173
Precision deep-np system Tons 6 Muhal 2 Inal RMRI RI) k61, p.5T-SK RD #71, p 113537
RD 872, p7 MP K70 pa
19886 P lown 2 Tnal RMRI RD ¥6 1, pyo.ux RD 871, pli6e-70 PR F§7-§
1988 v Mana! 2 Trial RMRI R #452, p SO
1985-9  F'Town 22 I'nal RMRI RD K92, p 7579 PR F9G-4
a The year histed 15 the beginmung of the cropping year in question  For example, 1984 refens to the 1984 85 cropping season, and 1934-5 refers 10 both the 195485 and 1985-86
OPTING scasons
b Refers to the number of sites or farmers. RMRI tnals will usually have more than one rephication at each site Fgures in the coiumn scparated by 4 comma indicate sample sizcs

in ditferent years

. Thus can refer to a study, survey, tnal or paper.
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ii. Chisel plowing appeared, at least initially, 1o give a more favorable response
than harrowing.  Even though operation times were not recorded for chisel
plowing. a tractor drawn cultivator was able to work as fast or slightly faster
than conventional moldboard plowing.  What was imponant o note was that
chise! plowing could easily be implemented on soil moisture that was just
barely adequate for moldboard plowing,  ATIP researchers felt that, from an
operational viewpoint, chisel plowing could be implemented by any fanners
using tractors.

Initially, chisel plowing appeared to provide a satisfactory tilth for row
planting on soil-types ranging from loamy sand to sandy clay loam [DAR,
1987, p. 100]. Plant establishment and early plant growth compared favorably
with that founa under the best conventional plowing.  However, sorghum
growth, under chisel plowing, was more dramatically aftected by drought
stress during mid- and late-season than under double plowing or early plowing
plus row plnting.  This was retlected in modest grain vield and plant height
respoises tor sorghum under chisel plowing [DAR, 1987, p. 100]. Weed
burdens, under chiusel plowing, were reasonably well controlled although the
sotf was nop nserted.

One critical result of work on alternate primary titlage was that farmers participating
in the program taled completely te endorse these options.

Theretore decisions made and conclusiors reached, were the following:

i. After the 1983-84 season, it was deaided that no more work would be
done with harrowing as a primary tllage operation.  In subsequent
years, harrowing was only used as o seedbed preparation, cither, for
broadeast seeding or for preparing plowed  fand  for row  planting,
However, even under these  circumstances, harrowing  continued to
result in increased surface bultk density.  Agronomists in the project
telt that harrowing tended to cause excessive break down of aggregates
in most soils.  These soils already had poor structure and were prone
to rapid clod disaggregatnon and soil slumping during the scason, A
funther decision veas reached not 1o inc'ude harrowing in trials, and
not to encourage  harrowing  except to improte excessively cloddy
scedbeds betore row planting.

ii. Chisel plowing appeared to have some petential for small farmers, It
could be  readily implemented, even on comparatively  dry  soils.
However, the effectiveness of this tillage was limited compared with
conventioni! moldboard plowing.  The susceptibility of sorghum 1o
drought under chisel plowing was probably due to the inadequate
loosening of soil. The problems with chisel plowing and other tillage
that failed to loosen a large volume of soil, was reflected in the
greater  susceptibility  of sorghum to  moisture  stress  under  chisel
plowing than under conventional moldboard plowing, A decision was
made that chisel plowing could not be irtroduced to farmers until
further rescarch, that went beyond the scope of the project, had been
carried out to solve these problems,

(. Recommendations.  VFurther rescarch is necessary, particularly on the  long-term
strategy of reduced tillage to improve soil structure, the necessary management of

organic matter i the reduced dilage ssstem, and weed control, Howerer, this arca
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does not appear to hold much potential for immediate pay-off, and perhaps should
not receive high priority in an FSR agenda.

4.2.2.2 Precision Deep-Rip

(0. Justification. The tern “precision deep-rip” (PDR) here refers to systems which use
a type of chisel plow to “rip” open lines in the soil 10 a depth of 40 to 75
centimeters with cultivation carefully confined to this fine.  In some countries deep-
ripping has also been called “sub-soiling”.  Crops are then planted on top of these
“rip lines” and traffic is restricted to the inter-row space.  The objective behind PDR
is 10 open the soil to a depth to allow moisture from rainfall to penetrate deeper into
the soil. At the same time, it is hoped that this will have the eftect of concentrating
rainfall in the rip line, and allowing plant roots to penetrate more deeply into the
soil.  The theory, then, is that PDR should concentrate rain water in strips, where it .
is stored at a depth aar will prevent evaporation. At the same time it should aid
plant root growth down to the stored water, and thereb increase crop yelds.

Although the system is not appropriate for small-scale fammers at present, there has
been  much  ingerest in o the  system from various  development  agencies  and
entreprencurs.  ATIP has undertaken research on the system in response 1o these
interests.

(h). Results And Conclusions.  Various PDR systems have been tested at the field level
by the ATIP staft (Table -1.6).

In two tdals in Mahalapye, a pre-plowing deep-ripping operation that was not part of
4 precision system showed some marginal positive effects on grain yield.  In six
other trials, PDR showed no positive effects on grain yiclds when compared with
other "improved” treatments in the same trial.

A major problem occurred with weed control in a number of trials because of the
lack of tllage between the rip lines.  Recently some better weed control systems
have been devised, but in many of the ecarlier trials, hand weeding was shown to
require. 200 1o M0 person-hours per hectare.  In later years, a large ripping
implement was used.  This created problems because none of the tractors in the
village were capabic or belng the ineplement off the ground -- due to the height of
the machine -- let alone pull it through dry soil.  Farmers required larger tractors to
use this particular piece of equipment.

While the theory behind PDR is sound, a practical implementation system for the
farm level is sl lacking.  Improved weed control systems and practical equipment
still need to be developed.  Even if they were developed, this would remain a fairly

complex technology, suitable -- at a minimum  -- for farmers with excellent
managerial skills and access to considerable resources - for example, tractor draft
power.

Aside from the question of practical implementation systems, PDR has not shown
any evidence of being more productive or economic than a number of other, more
conventional, tillage planting systems in recent years.  In tests at 12 locations over
the last three years PDR generally resulted in poorer yields than other systems
fPersaud, 1990,

. Recommendations.  The PDR system has been tested on-farm through the National
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Tillage Tral since the 1988-89 season.  This testing should be continued for a total
of three to tour years.  This iy necessary because of assertions that benefits are not
obvious until the third year.  If PDR does not show promise by the end of that
period, it should then be dropped from the on-farm trials, so that resources can be
concentrated on more promising systems.

43 TILLAGE ISSUES’

431 TILLAGE AND PLANT ESTABLISHUMENT

S LD Justification

At the beginmng ot ATH work, plant estzblishment was suggested as a technical constraim
m crop production and the inportance of this assue was discussed with farmers during the
eaploratory surveys Generadly, farmers recognized  the need for more reliable plant
establishment, but the maportance of this phasical constramt was perceived o be no greater
than other constramts such as sellowmy of plants and pests [ATIP RE 20 p ST

A deaoston to address the preblem or stend estabhishment sull appeared psutied when
observing what transpued Jdunng the subsequent seasons. Conventional broadeasting secd
and single plowing yave o highly crratic establishment in toabs work s as well as ender the
tamer T oown operations The conventional sastem gave trom zero to 27 percent field
ciienzence o SO sorghum plots of an RMRT sl [DAR, TOSK ppo 92 94] with an average
ot TON pereent and a standand desiation of more than X0 This weant that stand densities
wonearly ore-halt of the conventtonal system plots in this tnal we  cither below or above a
wide target range of 20 10 60000 plants per hectare, This was with o seeding rate, that was
tpical for tanmers i the area, of siv hilograms per hectare. Establishment in farmer
unplemented  trials was also erratic. In one set of tarmer implemented  trals, the
comventional system gave pereent emergence averages of 42 pereent to 108 percent
depending on the target planting moisture (ATIP RP L po 1790 When low emergence and
vanation were combimed with typical seeding rates of 100 o 400,000 seeds per hectare, it
was clear that the munummum and maximum plant establishment gave excessively low and
high plant stands  Farthermore, when plant establishment was a major production constraint,
it also atfected other production factors that were related. such as water use efficiency by the
crop.and weed control e canopy establishment.

Thus 1t was felt that stand establishment, even with sorghum which is notorious for poor
establishment, was a problem that could be immiediately addressed in the testing program,
4.3.0.2 Results And Conclusions

Plant establishiment has been measured in most of the rescarch managed tillage and planting
method trials conducted by ATIP I o few instances, the percent ficld emergence [ATIP RP
Lopo o] was reported instead of plants per hectare.

The etfect that tllage had on plant establishment iy summuarized below:

(K1) Work on plant establishment initally - consisted  of - evaluating  various  planting

See Table 47 for detnls of ATIP work relating o tillage and planting systems issues,
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methods. 1t became clear that the best way to address this issue was to look at the
tillage and planting method in combimaton [DAR, 1984, pp. 176-180).  Therefore,
nearly all ATIP work i this area has been carefully detined by both the tillage
system and plinting method used.

(h. From the work that was done on dllage and planting methods, the most commonly
tested systoms were ranked, in Table 4.8, in terms of the percent of seed sown that
wis establiched ™"

PABLE ¥ A COMPARINON OF  SEFD PMERGENCE OR PLANT ESTABEOSHMENT ACHIEVED UNDER
DIFFERENT G AGE AND PEANTING MicTHODS
HELAGLPLANTING AVERAGE DEVIATION TROM NUMBER OF SEFASON/
METTIODS TRADITTIONAL LOCATIONS

by pl.min,; coultivatnn on doable plow e roa plang ) TR . T

Fardy ploamg o roa plant PR E IR I AR
Comventinal plowing « tow plating v TNy R 16

Dhhie ploang Mosdoat avadem oM (I

boafitimnd atgde pios Proadoad aelom

Ihep nprng [t I

For some of these systems, spectal concitions for obtainin s the best estabhehment
were absersed [DAR, TOSS, ppo 92-94] Row planting on the day of plowing did
well on sandy soilss even when conventonal single plow/broadaastung did  poorly.
Poor condittons i this situation: were thought to be mo-tly due to jow soil moisture.
The same tow planting system on Joamy soils did pooris under the same condltions.
but did well with better conditions. Early plowing j:ius row planting and  double
plowing, both providing improved moisture conservation before planting, proved tw be
better than the convesiional system on all soil-types.  Establishment under the deep-
rip system was consistently poorer than any other system tested.  All systems were
observed to give better plant establishment with good soil moisture at planting,

(ch A wide range in plant esteblishment (el stand density and percent emergence) was
reported for cach of the systems tested. The range of results for cven the best
systems was, in tact, greater than the  differences tound  between  the  average
establishment of various tllage and planting systems [DAR, 1988, pp. 92-94; ATIP
PR EXT-8, pp. 5-6]. The emergence percentage average and variability for all the
systems riised the assue of wictther usetul seeding rate recommendattorss could be
determined.  Generally, farmers seeded according to a poor establishment scenario.
Work in ATIP utilized the strategy of sceeding according to 4 good emergence
scenario JATIP WP 5] To consistently achieve 60 percent fieid eme-gence in

“on cases where the percent emergence wis not reported, it can be inferred from the plant
establishment count, i7 seeding rates for different systems are the same.

O The tdals used in the ranking process were: - Commercial Steps in Technology Tral,
Francistown, [ATIP WP S, pp. 10-11); Maximum Production Tral, Francistown, [ATIP
WP S, pp. 6-7]0 RMEL Tnals on Tillage and Planting, Mahalapye {ATIP RP 1, pp. 174-
181, DAK 1987, pp 90} Commercial Steps in Technology, Mahalapye [DAR. 1987, p.
109; DAR, 198X, pp 02.04]; Water Conservation Systems” Tral, Mahalapye [DAR,
TORT, p. 10T and Tillage Svstems Toal, Francistown [ATIP PROEFRG6-5, p. 40 ATIP PR
E¥T-8, pp 5 of
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sorghum,” a farmer in Botswana would need to use an improved system and target
planting to good soil moisture, more cftectively than was accomplished during trials
work.

(). The importance of plant establishment on grain yiekd can be seen in tral results,
particularly in trials where some plantings gave exceedingly poor establishment [ATIP
WP 5, pp. 6, 10l It has not been possible to establish clearly the relationship
between  plant stand and grain yield on farmers” fields for cases where  plant
establishment was at a more useful level, that is, a minimum ot § to 700K plants,
per hectare [DAR 1987, pp. 231-233]0 No trials have been conducted by ATIP
specifically designed to investigate the relationship of plant density o grain yield.
ATIP rescarchers have accepted the notion that o bread target range of plant
populations is  more  practical  for  farmers  than 1 specitic plant population
recommendation, in part because the optimum plant stand will depend on the amount
of post-planting rainfall, and even poor stands can compensate considerably under
favorable conditions

(e, Farmers have suggested that plant density terds to be selt-correcting, It was
observed that when antial establishment was low, the delayed emergence of seed still
in the soil could establish and produce a successtul crop. With excess! ¢ plant
numbers, thinning  of the smallest plants ok place through competition  nder
moisture stres and, i sebsequent raintall were favorable, the stand could sill be
successful. The ratio of harvest plant counts to emergence plant counts for ditferent
tllage and planting systems ended to support the idea of compensation [ATIP RP 1,
p. 17910 The ratio seemed 1o be higher when the initial dstablishment was low and
smaler when establishment was high,

It has been supgested that plant density  compensation may  be useful in the
conventional broadeast single plowing system where a large excess of seed is sown,
while it may be less uscful in tillage and planting systems where more attention is
given to planting under good soil muisture conditions.

n. In some ATIP trials, it appeared that the effect of tillage and planting systems was
primarily on plant establishment and the effect on grain yield was evident by the
variation in plant numbers [DAR, 1984, p. 180).  However, this clearly wasn't
always the case.  INTSORMIL established a trial, at the request of ATIP and other
DAR rescarchers, to investigate why there was a benefit from double plowing., In
their study, the benefit of double plowing over single plowing was to increase soil
moisture at planting, emergence pereentage and early plant vigor.  This benefit was
most apparent on heavier textured soil. Grain yield was best correlated with early
plant vigor and not phint numbers [DAR, 1987, p. 81 DAR, 1988, pp. 89-91}.

These results bring  into - question  the use  of established  plant counts as a
measurement of tllage and planting method  benetit, instead of the altemative of
using an estimate of seedling vigor, or a combination of both.  The establishment
counts have been made approximately 45 days following planting.  This measurement
provides information on emergence and survival to this stage but does not indicate
the relative vigor of these plants. It is, of course, possible to estimate the final plant
popalation at harvest [ATIP RP 30 po 171 ATIP WP 33)

satistacters AUl emereeace an ol e more g production environments is 60
priccia s e poderend ony eveected phane siainds and aggested seeding rates
ANarting Feonand and Stamp. 1976, po 307, 10371
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43.1.3 Recommendations
Some recommendations arising out of the work that ATIP has carried ow are as fodows:

(). Several tillage und planting systems have been found to improve plant estat lishment
and should be recommended to tarmens (see Section 4201 2).

(h). Farmers must be prepared to target planging o good sotl moisture if they wish to
improve stand establishment generally, and particularly, it they are tnvesting in new
and more costly tillage/planting systems, ATIP has tested implementation strategics
that would help tarmers aehieve this objectiv2, These strategies involve using days
with poor sorl mosture o prepare land for haer phanting. - Strategic type wirk has
been emphasiced waith pesoect © double ploswang EATEE PROTRO-T ATIP PR OPUO-3;
NP RE 10 ppo 17501770 cow planting [AT RP Lo pp 175 177 and turmer
tratning on ross planting PATH W 20,0 pp 7.0}

(o). Onice tanmers e successtube targetinygy planting o good sotl moistare, they shoukd
assume that cmergence il be pood and adpost seeding ates accosdingly. Seeding
rales expecting 30 pereent emergence from broadvastin and S0 percent from row
planting are suggested [ATIE RP 3 p 1571 o naining on row planting, fariers
have been advised o use hole neamber 9 or 10 ot the Sebele Stndand Planter and to
block every other hole on the ecding plates of other planters for sorghom seeding,
Farmers wexperienced wath row planting tend to overseed.

432 TILLAGE AND WEED CONTROL.

4.3.2.1 Justification

Betore ATIP began, several studies had been conducted in which the effects of varying the
number and the timing of weedings within the cropping scason were compared [DAR, 1979,
pp. 3234 DAR, 1978, pp. 5-9). The results fram these studies were not conclusive, other
than the fact that some weeding was beneficial for the grain yield outcome.  ATIP evaluated
these results an 't fel* that what tarmers reportedly did on their own, might be the best way
of utilizing the labor that was being invested in weed control, 1t was decided, however, to
investigate  the recosnmendations of eariy  weeding and multiple weedings in the ATIP
program,

ATIP rescarchers decided not 1o investignee the use of herbicides on farmer’s fields,  This
deciston was made for three reasons:

(. The cost of herbicide used would not likely be offset by berefits given the existing
low level of grain vield achieved by farmers.

(. The management required for the correct use of herbicides would be difficult for
many farmers,  The incorporation of pre-emergence herbicides on sufficiently moist
soils would be a problem for farmers whe already experienced tillage constraints and
a Himited number of days to do field work,

(). The general application of herbicides by untrained persons could  be socially  and
environmentally  bazardous,  particularly - where  the  population  often relied  on
unprotected water sourees.
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Selective post-emergence herbicides are costly and hand weeding would still be required to
remove weeds not affected by the chemical.  Non-selective  herbicides require  careful
application and are costly. At the request of EFSAIP, ATIP did test a hand held weeder
wiper, with wick applicator, wiing the non-selective glyphosate [EFSAIP, 1934, p. 322!

EFSAIP observed that farmers took the tactic of controlling weeds for the benefit of the
current crop only.  1f the current crop were of little value, no investment was made in
comtrolling weeds [EFSAIP, 1984, p. 320).  EFSAIP farmers felt that a single hand hoe
weeding was all that was necessary. Hand hoe weeding was slow," was usually only done

once, and generally not over the entire field [EFSAIP, 1984, p. 317

EESAIP recommendea o shift 1o year around weed management. A managenient scheme
involving autumn and spring moldboard plowing greatly reduced weed seed. U the post-
harvest tiliage were timely and spring plowing were caly, most weeds could be destroyed
betore the seed was set. Tnthe Jongterm this would reduce the weed burden of a field
(ERSAIP TOSE pp. 317-318] BESAIP, however, concluded that many farmers would find it
ditticult o implement this scheme in most casons and, in some seasons, the rainfall pattern
wouldn™t permit farmers 10 do the post-harvest tllage [EESAIR, 1981, pp. 319-320; AT RP
Loppe 6T A more manageable alicrnative of two moldboard plowings in the spring
tor general weed management was reconunended [EFSALP, 1084, p. 323,

Concern was also given to weed growth problems resulting from interventions.  Alternative
tillage systems such as chisel plowing were ou.d o be less effective in controlling weeds
than conventional plowig,  Iowas also noted that carly plowing withowt additional tillage
before row plandne, can increase weed control problems. Uncualtivated strips and importing
fresh hraal manure can also increase weed growth on the field,

Mechanical weeding following -ow planting could benefit weed control in 1wo ways.  This
method can provide a tremendous savings in labor.  Two individuals operating an animal
drawn cultivator can weed an area in one-thied the time as when weeding by hand [ATIP
PROGY-2, p. ) Because weeding is more tapid and easier, more weedings are possible,
Early weeding, which is the most effective in controlling weeds, is more feasible.  However,
farmers have been reluctant to adopt mechanica!l weeding [EFSAIP, 1984, p. 323).

Fwo paticular weeds had been identified as major problems, and were dealt with more
ntensively by other DAR  rescarchers. These  weeds were Cynodon  dactylon  and
witchweed -~ Striga asiatica on sorghum, and Alectra vogelii on cowpea.  Plowing plus
harrowing 1o remove debris, or double plowing with an appropriate interval between the two
plowings, have been suggested to help in the control of Cynodon dagctylon [DAR, 1987, pp.
IR3.200, DAR, 1988, pp. 168-182].

4322 Results And Corclusions

Baseline information on weed problems in the rescarch areas, and typical weed control
practices, has been collected in varions surveys and studies.  The purpose for collecting this
information was to aid in the design of new interventions. A summary of the major results
is as follows:

(a). Descriptior Of The Weed Problem,  The composition of the weed burden in most

U Using figures from a number of studies for wending broadeast plots, a median value of
47 person-hours per hectare Ius been suggested [ATIP PR GR0-2).
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fields was highly wariable. Lists of major weed species are given elsewhere JATIP
RD 84-1, pp. 7.23-7.25; ATIP RD 88-2, pp. 39-40). in the Mahalapye area,
broadleaf species that were the most common and caused problems  for arable
agriculture  were  motswalikoro (Side  cordifolia),  motantanyane  (Ipomea  and
Convolvulus spp.). khonkhorose (Acanthospermum hispidium), and mothomaganyasie
(Sesamum tophylum). Major grass problems were Urochlog spp., rathathe (Eragrostis
rigidior), seloka (Aristida spp.) and pilato (Tricholena monachne).  The incidence of
T, monachne was observed 1o be increasing rapialy in both Shoshong and Makoro.
Grass wpecics were reported to pose the major weed problem on fields by farmers in
the Francistown rescarch area [ATIP PR OF86-2, p, 6], Several weeds occurred in
abundance fate in the season but wers not considered 1o be . major problem in crop
production. A number of weed species that were abundant or dominant on fields in
other parts of the country included mothwa (Cynedon dactylon), mokhure (Dawira
spp, thepe CAaaranthus sppa, and serepe (Portulaces oleracy) were found on a
limited scale e ATIP areas. The occorrence and importance of - witchweed
species was fieldspecitic with o majority of the fields not seriously artected, at the
time of the study.

The pattern of weed rowth throughout the season varied  dependine on rantall,
plowing dates, and over winter grazing,  Typically, tollowing praztag by livestock
during the winter months, the carly spring weed cover of the land was low Al
tains began and betore plowing ook place. weed growth was sometimes dramatic,
In fanm monitoning duning the pedod from 1982-85, ground cover by weeds on
anplowed Land reached an average of 30 pereent by the middle of December [ATIP
MP R4, p 1760 TP MP S7-14, po 1L Yeto by this Ve only 40 percent of the
land that was 1o be plowed and planted, had been plowed for the first time. This
meant that in the farmer’s own operations, weed growth prior to the fust plowing of
the land constituted a serious problem. Soil moisture was lost and  subsequent
plow/broadeasting was impeded.  The problem of late plowing and pre-plowing veed
growth was most severe tor farmers who hired traction.

Following conventional plow/broadcasting, the amount of weed growth varied with
rainfall and the level of plant establishment.  The high percentage of weed cover
before plowing compared with averages from 1.8 percent to 211 pereent at post-plant
weeding time for conventional plow/broadeasting in different ATIP trials [ATIP MP
87-9, pp. 4-6].

(h). Weed control By Farmers. Weed control by farmmers wa: made up of two main
clements: plowing at planting time and a hand hoe weeding done after the crop was
well established.

i Conventional Plowing For Weed Control,  Generally, weed coatrol was
effective if the siagle plowing were of a high quality and was followed hy
good plamt estal dshment.  To achieve quality plowing usually required chat
there be a moderate level of soil moisture.  On dry soils, the plowing wis
sometinies not deep enough, therefore the inversion of the soil was not
complete, and the weed cover, as a result, was not tumed ueder.  Ia the
rather dry [933-84 scason, farmers in the ATIP Mahalapye area rated more
than 40 percent of the area plowed to be on dry or drving conditions [DAK,
19KS, pp. IRS-180]. o

The effectiveness of plowing to control weeds was also affected by the leved
of pre-plowing weed growth (see (a) above). By mid- 1o late-season the

weed growth betore plowing was sometimes heavy,  Not only did these
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weeds dry out the soil, but many survind the plowing and increased the
weed burden.

it Cenventional Hand Hoe Weeding. and hoe weeding and the amount of
fabor required for this activity has been one of the principal measurements
made by ATIP on the farmer’s own cultivated land, as well as in trials work.
A number of facts about 1ypical hand hoe weeamg are summarized clse vhere
[ATIP MP 87-14, pp. 1Y) The number of days interval  between
plow/broadcasting and hoe weeding varied considerably, Averages from 40 1o
more than 60 days were reported. The average interva' was far longer than
the recommendation for good sorghum production. During dry seasons, less
than two thirds of the farmers” plots that were monitored, were weeded,
During the drought, most of these unweeded plots were planted late, had poor
plant estabishment, or for some other reason showed  linle potential 10
produce a useful grain harvest. The lack of labor was also cited as a reason
for not weeding.  The recommendation of multiple  weedings and carly
weeding after plowing were not generally practiced by farmers [ATIP RP 2,
pp. SE-520 ATIP RE L, pp. 6972,

In subsequent scasons with higher rainfall, ATIP observed that large areas,
with good potential 10 produce a harvest, were often left unweeded.  In this
situation, the lack of labor appeared to be most important.  Weeding is a
practice that s contingent on circumstances.

Weeding labor input was low during dry scasons [ATIP RP 2, pp. 42-47;
ATIP MP 8714, po 3] Average weeding time was from 25 10 35 person-
hours per hectare. I is assumed that in wet scasons, the average would
increase  from 35 10 50 person-hours  per hectare. Weeding times  for
conventional  plow/broadeasting in trials ranged from an average  of five
person-hours per hectare in one village-season [ATIP MP 87-9, p. 6] 10 more
than 100 person-hours per hectare in one RMRI trial [ATIP PR 86-5, p. 5.

Because weeding time s a function of the level of weed burden, two
prediction equations for weeding labor have been made using the weed burden
assessment,  The first equation [DAR, 1987, p. 9] was based on researcher
controlled weeding and predicts an average weeding time from weed cover
only.  The second equation [ATIP MP 87-14, p. 3} was from farmer
controlled  weeding  and included  variables related 1o circumstances  that
influenced the weeding activity in addition 10 weed cover.

Houschold members spent only about four hours per day on weeding [ATIP
MP 87-14, po 4] Most of this time was in the carly moming or late
afternoon. This observation led to the conzlusion that households were
reluctant 1o make a major investment in weeding.  Farmers also indizated that
a relatively narrow time window for weeding existed for any given arca
[ATIP MP 87-14, pp. 5-6].  Beginning late with weeding meant that it
sometimes clashed with bird scaring operations.  With the dramatic shift 10

Ol ds virally impossible 1o derive a standard time for the weeding operation since it
will depend on the quantity, size amd  composition of  weeds, soil-type,  moisture
conditions cte. A suggested standard time, subject 10 the above caveals, hes been given
as 47 person-hours per hectare tor broddeast plots [ATIP PR GO90-2).  However, as will
be seenin this teport, several ditferent aimes for weeding have been esting ated.
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tractor hired plowing, large areas of fields were plow/broadcasted at one time,
With the tendency to nunimize weeding input and the narrow time window
for finishing weeding, the result was that houschold labor was not able to
cope with the weeding.  As houschold members who traditionally assisted
with weeding left, the weeding problem became worse.  The weeding problem
was also made worse when the number of hectares put into cultivation was
increased.

Weeding lubor was provided primarily by adult women of the houschol..
Secondary sources of labor were children, adult men and non-houschold
members [ATIP MP 87-14, pp. 4-5; ATIP RP 1, pp. 72-76)].  Weeding was
oae way of capitalizing on available female and child labor which had a low
opportunity cost compared with that of men [ATIP MP R7-14, pp. 4-5]. In
the conventional system, the weeding labor of women and children could not
be wtilized productively in dry years. However, in the more productive years,
weeding labor became a constraint to production in nuany houscholds.

{c). Weed Control Interventions. A number of weed contol interventions or
other experimental treatments that affeet weed con:ol have been assessed in
the ATIP program.  Results from these can be summuzrized as follows:

i Hand Hoe Weeding Interventions.  Extra weedings were included or proposed
as treaunents inoseveral of the carlier ATIP trials [ATIP RD 83-1, p. 8.20,
832, ATIP RD 841, p. 741, 837, 8.5].  In every situation, the treatment
was not implemented, or the second weeding wis not necessary [ATIP WP 5,
po o4 10; ATIP RD 84-1, p. 74]. In subsequent rescarch, the effect of
multiple weedings was no longer tested.  This decision was made because:

-- Farmers perceived that there was adequate control and that additional
weeding labor input was not profitable,
-- Trial results showed that multiple weeding was often not necessary.

ii. Hand IHeld Weed Wiper Using Glyphosate (Round-Up). An informal
assessment of the weed wiper was made by researchers and a few farmers
during the 1983-84 season at Mahalapye.  This activity was not reported in
project documents. [t was observed that the weed wiper was inappropriate for
young scedlings, the wick soon became dinty and the flow of herbicide was
stopped.  On heavy weed stands, it was difficult to know where the herbicide
had been applied.  After a peried of time in which the systemic chemical
could Kill plants, it was observed that many plants escaped. Even with the
best coverage, follow-up hand hoe weeding was still required.  ATIP repornted
to EFSAIP that use of this cquipment would be difficult and costly for
farmers [EFSALIP, 1984, p, 322],

iii. Weed Control In Various Tillage/Planting Systems. In the rescarch on tillage
and planting methods, the primary focus was on ways to improve yield
returns.  However, the level of weed control achieved under cach method was
generally compared with that of conventional single plow/broadcasting checks.
Most of the resublts from this work are summarized clsewhere [ATIP MP 87-
7. ATIP MP 87-9].  From this work, tillage and planting systems can be
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ranked in terms of the level of weed control that they provided.?,"* Ranking
of these systems s given in Table 4.9.

TABLE 49 A COMPARISON OF WEED CONTROL ACHIEVED UNDER DIFFERENT THLLAGE
AND PEANTING METHODS
TILEAGEPLANTING AVERAGE DEVIATION IROM NUMBER OF SEASON/
METHODS IRADITIONAL LOCATIONS

Doeble plomingbrowtont syuiem SN0 % 10
Irahtionad wingle plow/brosdo st system . .-

Farly piowing « cultivanon or double ploa o row plant - 0 14

Chisel ploaie o row plarting ¢ I8RY G 1

Fahy plowing o row plannng e dE6 < K}

SMap culuvaton, with Dllow stnpy ancuitiyated ISR RN b

Deep ey AT IURV RN 6

Conclusions that were drawn about how these tillage and planting systems
affected weed control were as tollows:

.- Double plowing sometimes improved  the control of weed  growth,
Even when weed control was not impreved, double plowing resulted
in v olarger percentage increase in grain yvield than the  percentage
increa.e in weeding labor required.

-- A system of carly plowing and later row planting was ideal for
farmers who were able to cultivate or double  plow  just  before
planting, 1t weed problems appeared.

-- Early plowing plus row planting was also observed 10 increase grain
yield,  but excessive  weed  problems  could  restrict  early  crop
development and grain - .eld in about one-half of the plantings during
scasons with relatively poor rainfall.

- The capability to mechanically weed soon after planting would aid in

the control of weed problems.  For farmers with no access to
cultivator resources, the carly plowing and row planting system is
risky.

- Tillage systems involving deep-ripping must also include a practical
and cost effective weed control component bef=2 they can be used as
a general extenson recommendation,

The ranking in Table 4.9 does not fully reflect the impacr the systems had, or

U In cases where the peeent groundeover by weeds, at traditional weeding time, was not
report~d, the comparison with the traditional system was made on the basis of the
respective weeding labor {imes recorded in person-hours per hectare,

The ranking is based on results (rom the following trals: RMIFT Double Plowing Trials,
Mahalapye [ATIP MP 87-9, p.o); RMIT Double Plowing Trials, Francistown [ATIP MP
87-7, p.6). Commercial Steps in Technolopy ‘Tral JATIP MP 87-9, p. 4} Tillage
Systems Toal [ATIP MP 87-7, p3) and Water Conservation Systems® Trial [ATIP MDP
§7-9, p-t).
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could have on weed control throughout the entire season.  Three other
considerations are important in addition to the weed burden at weeding time,
These are as follows:

. The effzetiveness in controlling weeds early in the season,

-- The effectiveness of the system n establish plants which leads 1o
weed control benefits through the entire cropping season.

-- Whether row  planting, which provides the potential for mechanical
weeding, is used.

A summary of various effects that different tillage and planting systems had
on weed control is given elsewhere [Table 8 in ATIP MP 87.9, p. 7).

v, Use Of Kraal Manure.  Some tanmers have indicated that they feel that the
use of kraal manure will lead 1o increased weed problems on their field
[ATIP RP 1, pp. 70-71]0 Relatively little work has been done, to date, on the
use of kraul manure [ATIP RD 801, pp. 53-8 A TIP RD 8S-1, po 7.33,
ATIP RP L, p. 199] but one important trial 1 i gesnge Thus tar, the effeat
of manuring on sorghum growth and yield has vot been significant [ATIP RD
89-1, pp. 33-54]. Etfects on weed burdens have not been observed, but these
data are not yet analyzed  Manure applicd in these trials was generally aged
and therefore should not contais many viable weed seeds. The technique of
heaping fresh manure during the winter (o K wead ceeds has been proposed,
but has not yvet been tried by ATIP.

v. Promotion Of Good Plowing Plus Row Planting And Mechanical Weeding
Package. 'The use of mechanical weeders have been noticeably absent from
the ATIP research program.  The main reason for this was the generally poor
quality of row planting achieved under farmer management.  This would have
made mechanical weeding very difficult [ATIP RD 84-1, pp. 7.34-7.35}  As
more emphasis has been shifted to the promotion of row planting, interest in
mechanical weeding has also increased [ATIP RP 6, Section 2.2.1.3]. An
approach pursued in ATIP was to upgrade the skills of farmmers in row
planting and mechanical weeding through farmer training [ATIP V¢ 29, pp.
5-10]. 1t was felt that not only was the development of skills important, but
the use of a row planting and mechanical weeding package also required a
change in management,  Management changes such as earlier weeding than
was customary, were presented at the farming training.

4.3.2.3 Recommendations

A summary of the recommendations is as follows:

(). The current recommendations of weeding carly and more than once, if necessary,
should not be dropped. Tt is important to recognize, however, that most small
fanners using hand hoe weeding will not follow this recommendation,  This is
particularly o as labor for weediig in the houschold becomes more limited.

“(h. The emphasis on row planting and mechanical weeding should be continued and
increased.  This package can be promoted in various ways including farming training.

In this promotion, several problem arcas need to be addressed:

i Because labor is becoming a constraint, ¢ven for the adoption of row planting
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as date of planting wid rainfall pantems were contounded with the soil-type difference effect
on cropping outcomes.  Unfortunately, in 4 majority of the reports from ATIP experiments,
the soil-types of trial sites were not given.

Even with this disclaiaer, where testing has been conducted on a sufficient number of sites
or season-site combinations, for which soils have been  classificd, interactions can - be
evaluated. This briel summars covers both tillage system by land-type interactions as well
as the effect of lund- or soil type on production. under it single systen,

The objectives for evaluating these interactions were to.

L Determine whether o tillage - or tillage-planting system ~hould be argeted for o
particular soil circumistanee
(h Determine relative productivity poicanals of land so - that stiategies: tor production

could be planned accordingly

4.3.3.2 Results And Conclusions
A summary of the results and conciusions, is as follows:

Lo Tillage was observed to improve rainfull infiltration on all soil-types. This effect was
cleatly observed, but was also measured on the basis of how deep the soil hecame
wet in 1985.86 amd 198687 [ATIP EP S04, po 177] Moldboard plowing and sub-
soifing were found o ancrease the depth ot raisfall intiltration by 35 pereent over 1o
tlage,  Similar results were obtained for loamy sand, sandy clay loam and sandy
toam soils.  These results mdicated that all soils i this reepe of texture compacted
before the tillage period, wid hence benetited from tllage.

(h. Tillage and planting methods were found 1o affect the percent emergenace of seed
somewhat diiferently on surface soils with varying textures, and under different
planting conditions. —in the analysis that was performed [DAR, 1988, pp. 92-94],
emergence under the traditional single plow und broadeast systent was used as an
indicator of planting conditions.

1. When the surface texture was loamy, row planting - on the same day as
plowing -~ improved emergence over single plow and - broadcast, but this
effect oceurred when planting, conditions were conducive to good emergence.
Under conditions that generally resulted in poor emergence, this  planting
method failed more often than single plowing and broadcast.  Early plowing
before the dav of row planting both increased the stability of the emergence
response and the benefit of row planting under all planting conditions,

Waen the surface texture was sandy, row planting -- on the same day as
plowing -- gave a consistent 30 to 50 percent emergence abmost regardless of
the conditions,  These results were obsevea during three sessons of drought.
Early plowing did not significantly aftect emergence on the sandier soils.

iii. No other tillage and planting method by soil-type interactions were observed.
Under the broadeast system, double plowiag consistently gave better percent
field emergence than single plowing on all soil-types.

(©). Evaluating she effect of an interaction between soil-type and tillage on grain yield
was more complivated.  This complication was due to the large number of

File: ALOT1/4 - 85 - September 6, 1990


http:btoadca.st
http:DrtiiI.ti

determinant factors (for yvieldy that occurred during the crop growth period  Mostly,
cause and effect relationships between tllage/planting methods, soil-type, and crop
growth were evaluated in researcher implemented trials  Somie of these are discussed

below:

1 The effect of depth and cliy content of the subool (1e.. water holding
capacity) with nllage wias assessed i an RMRI thal on sorghum: production
factors. In this trial, eveny eftort was pude o target tllage and planting
operations o good soil moisture. However, because traction types did nat
respond equally o plantimg opportunities - either tradtor, donkey o1 oven
were used oo oaosie and ~ome of the sites expertenced severe drought
during mach of ahe planung season, o+ wide tame o plantnge conditions,
planting dates. v well as subsequent nantall patterns dunng the growing
sedson were reptesented JATIP RD X7 1 pp 3711 3N
Table 410 notes that deep to medium deep sy wath oo subsail clay content
10 hold intiltranng water, would probabhy e the best dVChage wetum to
double plowing 1 these tpes of seasons

TABLE 410 INFLUENCL O SOILYPE L SORGHUM GRAIN YHED AS A RESUL T OFF

DOURLE PLOWING, MAHAL APYL, st a?
SO v RANGE IN RANGE N BOS GRAR YILD (K 1A
. SOIE DERTH VOL WATLR SHES b SP

Deep medium tevtured E UG TRNTTIN RS 5 (TN ;._‘ 154

Shallow hght tevtured 1S am 3 ] 6 NI e

;mur_u: EAIRI Commercial Steps In Fechmelogy Tnal, 1984 80 Reterenoes e Isted i luble 47
Nine season b dions, cach including two rephoations

@ 200 dinotea agtistical sgmificance for the diltervnve i the Compartson b a G001 probability level
Ny denotes no sipilicant differcoce

ii. The cconomic benetit of any  tillage  or tllage-planting  option will  be
improved if the option can be effectively targeted o appropriate soil- or land-
types.  This is mmponant because some of the economic analyses indicated
that the benefits of some tillage options were Just at the margin of being
profitable.  Double plowing in this RMRI trial was not proiitable when
traction was costed at a Hire rate [DAR, 1987, pp. 02-04], except for trials on
deep soils with high water holding capacity and with good moisture  for
germination at planting.  Double plowing on shallow soils or on poor planting
moisture was not profitable.™

iii. When double plowing was compared with single plowing at high potential

sites [ATIP EP 89-3; ATIP RD 6, p. ], grain yield was not improved. A
high potential site was an area of the field that the farmer, together with
researchers, had identified &5 having the highest potential for grain yield in
good and poor rainfall,  Generally, these siics were at the lower end of the
field withi comparatively deep soil profiles and some water run-on during

Bl the reference [DAR, 1987, pp. 92941, soil with high water capacity and good  soil
moisture. was noported as Environment A, while Environments B, C, and D represented

shallow
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analysis. - Two regression analyses were reported. but the results were ot
particularly usetul i Clare sing tllage and sol-type relationships [DAR, 1987,
pp. 89 96 ATIP RD K7-i, pp. 1144-1145].

i. A better explanation o how Jand type aftects grain vicld and the benehit from
double plovang v the tarmer implemented trials came from cateyonzing land-
types based on positton anthe Vadseape, rather than looking at specitic soil
characterstios These categories were not similar to the FAO soil Jasses in
that the ditterences e these categories were subtle and penerally related 1o
positton on the toposequence Otten, several fand types were feund within a
single: Soil Mapping Unit - These categonies were mitially developed usig
derial photographs or the research areas

In other reports TATHY FPONO S AT MP 8K 6}, Lind tvpe catepories were
detined Phese land related Gircumstances were dosely  asaoviated with
vartabion e pera sichd and re how well rantalb was atihieed

Land type cateponies and o boet descnption of how crops respondea under
haner mamapoment on o cach tope e as Jollows

Mlisial Flas, Chavey bottom bind sols Faimens had ditticulty
tling these soily because the 2 monsture window for operations
could be vers narros Graan sielband beaetits trons double plowing

were low on ol e this position

Sothy With Restrcting Sub-soil Strata. These w oz shallow soils with
hinuted waer holding capacis They were often focated at the top of
weather fall rees e the land scape These sodds were commonly
farmicd v the Mahalapye area, possibly because of their proximity to
villages and the taci that the surtares were generally sandy and casy
o manage  Benetiis from double plowing were fow on these types of

NS

- Deep Loamy Sandy. These soils were often found near the top of a
toposequence on pediplains, below hills in the Mahalapye arca. Even
though the water holding capacity was low per unit depth, water
holding capacity i the ol rooting zone wias sometines quite good.
These sofs pave good crop growth during drought and also showed a
surprisingly - good  response to - double  plowing  under  farmer
management

. Well Draincd Lower Slopes Of Pediplains.  Lower slopes and 10 a
fesser extent middle slopes. showed good 10 cxeellent crop growth
during drought, with 4 good response o double plowing under tarmer
management. These tower slope positions tended 10 have deep soils
with higher clay content in the sub-soil than positions further up the
toposequence. These pasitions alsa corresponded (o the high potentiai
sites.

Soils With Highly Uneven Surfaces. This was a variable lana-type

category that teaded o huve bnghly heterogencous crop growtl: within
ploti dunng droupht
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(b). In the Maximum Production Trial, a recommended production package for cereals
including phosphate fentilizer, was implemented under researcher management.
This package showed promise, but failed 1o consistently give a large yield benefit
under the harsh growing conditions. In this trial, phosphate fenilizer was e,
profitable [ATIP WP 5, pp. 6-8].

(0. The Commercial Steps In Technology Trial included a recommended level of
phosphate fenilizer comparison.  Phosphate was tested i this RMRU factorial trial
with several production factors tor sorghum over three seasons, ar five dirterent
sites. Generadly, implementation and yield levels were good and there were several
stgniticant results [DAR TO87, pp 109, 112-3]

The highest grain yvield and the highest raintall use efficieney were obtained for
several tillace and planting systenmis when phosphate fertilizor was appued [A'TIP
EP 8o 40 po 182]0 BEven though the yield return o phosphate fertilizer was posiive
and significant, the cconomic retum was not. A partial budget analysis for the
peneral use of phosphate fertlizer in the conventional singl plow/broadcast system
showed o loss of PAS.21 per hectare in this wrial, Furtd er analysis indiciaed a
highly sigmificant site by tillaee and planting system by feniliver interaciion,
When sites were grouped by soil-avpe, he results (Table 4001 suggested ausetul
trend. The return o phosphate tentilizer was most significant and profitable  with
the best titlage and planting systems on soils with high water holding capacity
[DAR 1987, pp. 93-94]. The response was assumed to be related to haproved soil
moisture and plant establishment.

TABLE 411 EFFECT OF PHOSPHATE BY TILLAGE AMD SOIL-TYPE, MAHALAPYE, 1984-85

TILLAGE AND PLANTING 7 _SOWLS WITHLIUGH #ic” SOILS WITHL LOW WHC
METHOD P NC MARGIN i NO P MARGIN

= _ - KGA_KGMHA __PULA/IA RGMA _KGAIA__PULAMIA

Traditional single plow/broadcast 463 359 Loss 275 36 Loss

Double plowing/broadeast system 782 6144 22.51 261 266 Loss

Farly plowing + row planting 902 600 434 445 363 Loss

Ly plowing + row planting 1017 T 44.68 472 323 Loss

Source: Commercial Steps In Technology Trial, Mahalapye, 1984-86. [ATIP RD 87-1, pp. 11.37-11.30].

w Water holding capacity as a function of soil depth and clay content in the sub-soil {DAR 1565-86, p.

11
b, ‘The partial budget based on added costs and benefits of using 20 kilograms of P per hectare.  In this

analysis, sorghum was valued ot PO.39/kg and fentilizer and application labor at P62.8Y per hectare.

Fertilizer comparisons were included in other trials when it was thought that the
reliability of either soil moisture or plant establishment might be improved by some
factor in the trial.

(d). Special sites with high production potential were identified.  The production
potential came, in part, from water ren-on during storms and, in pant, from decp
soil profiles {DAR 1988, pp. 107-108; ATIP RD 87-1, p. 11.24-11.26].  Scrghum
production at these sites was good for a dry season even under farmer implemented
broadeast and plowing.  Under these couditions, the yield response 1o phosphate
fertilizer was significant.  The retum to 40 kilograms of P per hectare was
profitable, but it was coasidered doubtful that farmers would consider the purchase
of this quantity of fertilizer even for sclected sites.
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(e). A somewhat modified producti . package was tested at selected high potential sites
under good rainfall conditions the following scason. What was noteworthy under
these good moisture conditions, was the significant and profitable response to a
nitrogen -- applied before plowing -- and phosphate combination |ATIP EP 89-3].
The response to phiosphate alone was not significant, nor was there an interaction
with a plowing treatment.  The response to nitrogen when added 1o phosphate
corroborated findings for Mahalapye in the 1969-72 fertitizer trial [Jones, 1984].

(1. Two ials, targeted 1o fammers whe used  row planters. included  fertilizer
comparisons [ATIP RD 86-1, pp. 6062, ATIF RD 80220 po 320 In both tials,
fertilizer was added beswse it was fele thar the improved plant establishment under
rew planting would increase the religbility of a retnm to the fenilizer,  in the
FIRS-89 qrial, banding of reduced wates of fertilizer was tested o determine it the
cost could be reduced ina more prechye application and plant establishoent system,
The use of phosphaie fermilizer was expecied 1o be more profitable with banding
than with breadeast applicadon [Martin, Leonand and Stamp, 1970, pp. 150-151].
I both tials, the results wore agronomic tailwes. Benefits of fertilizer and of
banding were not measurable,. However, useful information was  obtained on
problems associated with row planting.  Specitic notable points were:

i A major reason tor the poor response 1o fertilizer was clearly the problem the
farmers continuied W have with plant establishment,  Plant establishment under
farmer managenent was not consistent enough 10 expect a response {rom
banded fertilizer.

il Many planiers were in poor condition which affected their performance.
About one-halt of the planiers were cquipped with a fertilizer hopper but
none of these were found to be functioning correctly. It was observed that
farmers tende ! not to maintain or shelier their planters in a satisfactory
manner.

. ATIP researchers were also concerned with the precision of application --
placement and flow uniformity -- using the ferilizer attachment of the Sebele
Standard Planrer,

4.3.4.3 Recommendationys
Recommendations for future work are as follows:

(a). ATIP has included simple fertilizer comparisons in trials that invoived improved
soil and water management systems. It is recommended this be centinued for
trials, with researcher management, that address the problems of soil and water
management or plant establishment.  The ebjectives of this work would be to
determine long-term benefits from fertilizer use and to gain a better understanding
of the interaction between soil- and land-type. tillage and planting system, and
fertilizer.

(b, The Soil Water Management Greup at Scbele should continue its on-farm fertilizer
testing to aid in develoning recommendations on the type and rates of fenilizer to

use on difterent soils in the above trials.

(o). When testing the interaction of fertitizer with the uillage and planting systems,
station-hased research should also ¢ Lsider if fertifizer use is profitable under the
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plant establishment achieved without gap-filling or thinning. Farmers are very
reluctant to thin plant stands.  So, results from trials that have been thinncd may
not 5¢ directly uscful in making recommendations to these farmers. A comparison
of thinning versus no thinning can be  superimposed on tillage, planting  and
fertiizer trials.  Tillage and planting systems’ trials with fertilizer comparisons,
conducted by ATIP, have not involved thinning, but o thinning comparison would
have been useful to ascertain the cost of not thunning,

(). Rescarch,  particutarly by the SR teams, should involve  extension  staff, in
addressing the problems of planter maintenane: and sheltering,  ATIP devigoed and
helped administer o Planter Cendition Survey [ATIP RD 89-20 pp. S1; ATIP WP
381 Several problem areas have been identitied that need follow-up (see Section
S0

e, Witk the resulis obtined during ATIP rescarch, a recommendation that resource
poor farmers 0 the ATIP areas purchase feridizer o use in their furming sysiems,
should not be made unless the reliabiliny of phint esablishment and  water
conservation is preatly iy oved.

(n. For resource poor furmers, research should focus more witention on the use of soil
building optioes mstead of on the use of chemical tentifizers,

4.4 PLANTING METHODS AND POST-ESTABLISHMENT PRACTICES

441 ROW PLANTING VERSUS BROADCASTING

4001 Justification

This section gives an overview of the is<ue of row planting versus broadcasting based on a
large volume of research undertaken in Mahalapye and Francistown. Row pianting has for a
long time been a major recommendation of the Ministry of Agriculture in Botswana, even
though the rate of adoption in the Central Agricultural Region and the Tutume Agricultural
District is very low [Singh, Kelly, and Motsemme, 1981, p. 106].  Lightfoot [1951]
suggested that broadcast planting is appropriate for most small farmers in Botswana,  This is
because broadeast seeding foltowed by one plowing allows farmers to respond to the rainfall
pattern that unfolds in any given scason.  The single plow/broadeast system permics farmers
to plow-broadcast whenever rain falls and to plow/broadeast as much as ruinfall permits
without making a large investment on any portion of land. In its final repent, however,
EFSAIP indicated that results from the conventional broadcast and row planting comparison
were variable and circumstantial, but that there was a positive profit over a four year period
in shifting from broadeast 1o the use of row planters [EFSAIDR, 1984, p. 174).

ATIP has conducted several trialy focused on screening  technological options,  The
comparison of row planting systems with broadcast systems has often been pant of these
trials.  There have aiso been three RMFT trials to compare the management requireiments of
row planting and broadeast, and to cvaluate particular implementation strategies (see Table
412y Intorall plot comparisons of row planting and broadcast seeding have been reported
for 33 different farm-seasons.  In many ol these comparisons, more than one type of row
planting or broadeast systemy was included, and with usually more than a single replication
per farm. A list of ATIP trials in which row planting and broadcasting were compared is
given in Table 4,12,
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FABLE 4.12: ATIP ACTIVITIES RELATING TO PLANTING METHODS AND POST-ESTABLISHMENT PRACTICES

MAJOFE FOCUS

MORE DETAILS

YEAR™_ AREA

Comparisois broadeast versus row plant Planuing methods 19%2 Mahal 4 T RN
Effectiveness of sole plowing 1953 Mahal, 9 Trai RAIEL
Steps in technology 19834 F'Town 23 Triat RAiRE
Maximum production 1983-9  Flown 1,3 Tral RMET
Tillage/planting scheme 1984 Maal 0 Tnal RNEE
Commercial steps in technology 19834-6 Ml 3.8 Trial RAIRE
Tillage systems I985-6 FFown 22 Il RMRI
Water conservation systems 19856 NMadiad 3 Friai KRR
Plant population control Thinning 1985 Mubal, R Tnai 33181
- 19%¢ Muhal, 19 Tral RANIRE
Replanting failed plots 1YN6 Muhal 3N Study -
Gap-tilling and hand replanting 1985 {7 Town 3 Tnal RAED
1986-7  Muhu! 129 Troad RANIR]
Relay planting 19847 Muhal 917 Tl KM
Planting methods Animal drawn planters 1989 Both 157 Surve .-
Hand row planter: 1986-7  F'Town 2010 Tnal FMIT
Economics 1987 Mahai 13 FAMET
Test of improved local model 1988 hMahal s A
Survey of those using new model 1988 Both 39 -
Level of adoption 1959 F'Town (58 -
Impact of ferilizer and tillage 1989 Mahal. .
Customn-hire row planting 1987 Muhal. 20 AL
Weeding Farmer practices 1985 *Town i3 Survey
Magnitude of Constraint 1983-14  FTown 6 Tral RME]
Weeding Rates 1990 Gaborone --- Strdy
@ The year listed is the beginning of the crepping year in question.  For example, 1983 refers to the 19545 croppins scae
seasons.
b Refers 1o the number of sites or farmers.  RMRI trials will usually have more than one replication at cach aite.

different years.

. ‘This can refer 1o a study, survey, thal or paper.
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SAMPLE TYPE __TRIAL

AT PAPERS

 n V2729
-1, pV.29-30
820828

2872

PR w2

R 8.2 nidsiie
RI> 59 2, p S6.54%
KD s5:2, psy
Wwp i

[P LSTR

kD . '
RD H5.1, paiiog 1§
WP S piu

PR Gyt 2, pa

DAR .4, p.176-179
RP 1 p.174-193

RD X5-1, p¥27.-8.40
RD 51, p.8.S-K.11

RD 6.1, p 54-57
EP 8.4
RD 87-1, p.11.68-70

KD 87-1, p.1.35-38
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The objectives of the comparison between row planting and broadcast were to:

(a). Determine  which type of planting or tillage and planting system was most
appropriate for small farmers.
(b). Determine which system had the highest production potential in this environment,

d4.1.2 Results And Conclusions

In ATIP. broadeast and row planting came 1o be viewed and evaluated as pant of the tillage
and planting method systemrs, The tillage and planting method systems that were included in
the work are listed below. Tor the row planting work, only trials with comparisons using
animal or tractor drawn units, e listed. The work with hand operated planters has not been
included because it dealt more with the evaluation of the equipment than the system.

Under broadeast, the tollowing systems have been tested:

(). Broadcust and single plowing.

(b). Early plowing plus broadeast and second plowing (double plowing).
(©). Early plowing plus broadcast and harrowing.

(. Early plowing plus broadeast and cultivating,

Under row planting, the following svstems were tested:

(a). Conventiona! plowing and row planting.

(b). Early plowing and row planting.

(c). Double plowing and row planting.

(. Early plowing plus cultivation and row planting.
(e). Early olowing plus harrowing and row planting,

An imponant question when comparing row planting and broadcast seeding is which planting
method best fucilitates tillage and water conservation recommendations.  These issues are
considered in the following discussion. A brief summary of the results and conclusions
derived from these studies and triais, are as follows:

(&) Row planting sometimes gave a better percent field emergence for sorghum than
broadcast seeding under conventional (i.e.. single plowing) and double plowing
[DAR. 1988, pp. 92-94; ATIP WP 5, p. 6, 10; ATIP RP 1, p. 179,  The
variability for plant emergence from row planting was high, and the average was
well below the 60 pereent plus that was desired.  Fhe consistency of emergence
improved somewhat with carly plowing, regardless of the planting method.  As
would be expected. the best emergence from row  planting oceurred  under
conditions  that  favored  emergence  under  single  plow/broadeasting, This
underscored the importance of rapid plowing and planting under conditions
conducive for good emergence [DAR, 1988, pp. 92-94]. It is imporant to note
that the return to seed will likely be of greater importance for high value crops,
such as cowpea and groundnut. It has therefore not been surprising to see a strong
interest among ATIP research farmers in row planting these crops.

(b). Agronomically, tae difference between row planting options and broadeast seeding
options was not very clear when the plot data were examined.  Generally, row
planting resulted in o higher grain vield than single plow/broadcasting [ATIP WP

N
i
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5, ATIP RP 1, pp. 179-180; DAR, 1987, pp. 109-113; ATIP EP 89-4; ATIP MP
88-6). In these same trials there was generally no significant differences

between row planting systems, and double plowing with broadcast seeding. In a
stability analysis, there was some evidence that row planting gave better plot yields
than double plowing under higher yielding environments [ATIP EP 89-4], and
double plowing plus broadcasting appeared to perfonr better under poorer yielding
environments.

An analysis of yield components for sorghum resulted in nearly the same average
tillering number per plant and head weight. Differences in grain yields appeared to
be mostly related to differences in plant stand {DAR, 1987, pp. 119-123; ATIP RP
I, p. 179). However. at typical seeding rates for vroadcast planting, conventional
and double plowing somctimes gave excessively large populations which reduced
their vicld potential in many seasons.  In some ATIP trials, broadeast seeding rates
were reduced in order (o lessen this problem paticularly under double plowing
[ATIP WP S, p. 40 T0L

¢ was noted that following stand establishment, the only agronomic advantage for
row planting over broadcast seeding would be through the better distribution of
plants.  An ideal distribution is likely to give a higher yield per plant for the same
population.  This beaefit is likely to be modest in extensive systems like the one
practiced in Botswana, and 1s centainly over shadowed by other factors in the ATIP
data sets.

(). A detailed cconomic analysis of double plowing and carly plowing plus row
planting was underaken [ATIP RP 1, pp. 182-193]. All of the budget comparisons
were between single plow/broadeasting and carly plowing plus row planting, or
between single plow/broadcasting and double plowing.  In this analysis, both the
broadcast double plowing and carly plowing plus row plunting systems provided
net gains of P27.00 per hectare above the single plow/broadcasting system.
Several important points relating to this analysis are:

i. Yield data were from row planting that was done by individuals not very
experienced with the operation.

ii. No opporunity cost was given to performing carly plowing before row
planting instead of plowing on the day of planting. In both cases, just one
plowing operation was involved. However, there may be additional costs due
to heavier weed burdens when carly plowing.

iii. No benefit in the analysis was given to labor saving possibilities as a result
of mechanical weeding following row planting.  Mechanical weeding was not
done.

For many households, there was a luck of row planters and other resources for undertaking
the planting operation. In addition 1o the ALDEP subsidy on the purchase of planters, this
resource constraint has been dealt with under several research topics including the rotary
injection planter (Scction 4.4.3.2) and the custom-hire row planting scheme (Section 4.4.3.3).

There are @ number of points to be made when extrapolating experimental results on row
planting to that of production under practical farming conditions. These are as follows:

(a). Separation of tillage and planting gives greater flexibility when selecting tillage
options.  Tillage options include: early spring plowing, carly plowing with
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secondary tillage, decp plowing, winter plowing, and plowing with planting on the
same rain.  Except for the speed of the planting operation compared with the
sccond plowing, these options pertain to double plowing as well as row plaating,

(b). Early plowing and later row planting can generate weed problems at, or soen after,
planting [ATIP PR F[87-8; ATIP MP 87-7; ATIP MP &7-9].  Increased weed
problems were observed in about 50 percent of the trial implementations [ATIP
MP §7-9].  When this oceurs in the carly plowing and row planting system,
cultivating [ATIP ME 87-9, p. 41 or double plowing [ATIP PR F&7-8; ATIP PR
F86-5] may be required before planding.  Cultivating immediately  before planting
was found to significantly improve weed control JATIP ME X7-9, p.d].

(¢). The most important benefit of row plaming 1w its poiential (o plant larger portions
of fields in a day, compered to the broadeasy/plow system. This can allow more
planting 1o be done on days with good soil moisture.  This good soil moisture
window can be very narrow in some seasons [ATI? RP L ppo THE-143]0 Even
though the speed of row planting depends on o number of factors -- such: as, type
of planter and preparation ol equipment, animal teams, laho:, soil conditions, ete. --
several mean values have been reported that permt & comparison of plowing and
planting operations.

The best estimate of row planting operation time tor o single row animal drawn
(i.e., donkeys) planter, is around 4.5 10 3 hours per hectare (ATH PRMBY-1].
This time is for experienced operators working on one hectare plots. The time
also compares favorably with the time reported by BESALP [1984, p. 3011 Longer
times are also reported elsewhere JATIP PR GYO-2; ATIP PR ONE9-1], but these
appear to reflect the problem of inexperience with row planting.  These values
compare with an estimate of more than 24 hours per hectare for donkeys doing a
second plowing ir. a double plowing system, and 16 hours for cattde [ATIP PR
G90-2}.

(d). Row planting creates the potential for mechanical weeding thereby increasing the
return to weeding labor. Mechanical weeding could also improve soil acration and
water infiltration during the period of crop growth. Some estimates that have been
obtained for hand hoe weeding of sorghum have been 20 to 40 person-hours per
hectare in broadcast plots [ATIP MP 87-7; ATIP MP 87-9]. Mechanical weeding
is reported to take eight hours per hectare [ATIP PR G90-2; ETSAIP, 1984, p.
3011 The shift from hand hoe weeding to mechanical weeding can result in a
labor savings. However, it will require a shift 10 the use of more labor for
mechanical operations. which are usually done by men, in contrast to hand weeding
which is generally the preserve of women.

(). Lack of experience and skill, and intensive crop management with reference 1o row
planting were serious obstacles in the wdoption and correct implementation of this
operation [ATIP WP 5; ATIP PR MRB9-1; ATIP WP 29, ATIP MP 88-18]. The
broadcast system, including double plowing, is much casier for farmers not trained
in how to row plant,

That is for inter-row cultivation.  Intra-row cultivation, which needs to be done by
hand, would be extra,  Also since two people are needed for mechanical weeding, the
actual operational time is four hours per hectare.
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44.1.3 Recommendations

Over the years, a series of decisions have been made in ATIP with regard to row planting
versus broadeast seeding,

In the first years of ATIP, more attention was given to broadeast systems than row planting.
ATIP still finds double plowing usctul and supports recommending this systeni for many
households and circumstances. Thus, there has been considersble focus on double plowing
work in the farmer implemented format, as the first step up e technology ladder.

I recent vears, there has becn »n increase in the amount ol work carriecd ol on row
plainting, althouyh at the moment, row planting cannot be cuccesstully implemented by maost
rarmers inthe ATHW areas. Therefore ATIP activities bave focused on identifving ways ol
aahing row planting, practical tor more households under farmer managed conditions,  As a
result. the following  recommendations were developed and are in the process of being
implemented:

(il The constraints for standard row planting -~ lack of tracticn. equipment and labor -
- have been and should continue 1o be addressed throngh two research activities,
namely:

i, Testing of the hand operated rotary ijection planter. This planter is the last

and most stecesstul of three hand operated planters that have been tested (see
Section 43

i, Organize waining. equipment and scheduling for custom-hire row planting thas
is to benefit houscholds that cannot do their own row planting (see Section
4.4.3.3).

(b). Some ATIP investigations have focussed on extension forums that support row
planting.  These were designed 1o help alleviate the constraints of inexperience and
lack of skill and knowledge.  Avenues explored. in collaboration with other
agencies i MOA, have been and should continue to be:

i, The promotion of a row planting package through contests at  Distric
Agricultural Shows (see Section 3.5).

ii.  The development and implementation of farmer training courses on the use of

planters and a row planting system (see Section 3.3).

(0). Row planting and mechanical weeding equipment options should continue 10 be
included in the Extension-Oriented Farmer Groups, and advice on how to use them
correctly must be given.

(), Part of the ATI's workplan should continue to include research on problems that
are identified in the promotion of row planting.

A Pramising Gueideline on row plaine aadimer-ron medhanical weeding bas been
prepared CA VY Bt G Sedoon 2200
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442 POPULATION CONTROL: TIIINNING AND GAP-FILLING

4.4.2.1 Justification

Thinning and gap-filling are practices that can be used to correct inappropriate plant
populations following ussessment of the initial planting.  Under typical farmer management
in the ATIP research areas, the variation in plant stands achieved was high.  Even a
practical target of 20 10 60,000 sorghum plants per hectare was not casily obtained by
tarmers (see Section -1.3.1).

ATIP began investigating thinning and gap-filling in the early pant of the project as a
response o the problens of plant establishment. This work continued until the sixth scason
ol the project when it was felt that enough information had been collected. With tiine,
ATIP researchers began 1o recognize the need w - specity the type of thinning or vap-fitting,
and the circumstances under which the practices were being investinated.  Undee thinning,
three circumstances requiring different approaches were idennticed

G, Excessive broadeast populations such as stands that far esceeded 10000 sorehum
plants per hectare,

(hy. Broadeast stands with more aceeprable plant numbers but with crowding occurring
in some places,

(eh The crepping striteay of deliberately overseeding and thinning back te precise plant

stands. This generally pentained to row planted stands,

Under gap-fithing practices, three or four circumstances were noted:

(). Re-planting a completely failed plot.!

(b). Gap-fitling large arcas within a plot.

(0. Gap-filling as in (b), but for smaller gaps within a plot.

(). Relay planting.  Following the establisiiment of one crop, a sccond crop is seeded

in the gaps,  Relay planting can be cither pre-planned for specific enterprises or
practiced on an opponunistic basis.

The main objectives related 1o thinning and gap-filting of the several ATIP trials and studies
that included these practices were as follows:

(a). To identify circumstances in the farmer’s operations whers thinning or gap-filling
could be used.

(b). To evaluate the retum 1o these practices.  Most often, the return was expressed in
harvest benefit per labor unit used.

(o). For gap-filling, and for thinning excessive plant stands, to evaluate appropriate
methods that could be used by fanmers.

(). To identify crops of choice for gap-filling strategies.

(e). To obtain farmer assessment of these practices.

One can note that the work on methods appropriate for gap-filling (objective (¢)) evolved
into the testing of hand planting options for farmers with poor access to traction and
standard planting equipment. Hand planting options are discussed under Section 4 4.3.2,

#.In the references, plot as used here, is sometimes referred 1o as an "acre” by farmers.
An Taere” represents abtock of fand that s tvpically plowed and planted as a unit.
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4.4.2.2 Results And Conclusions. Briefly, the results and conclusions are as follows:

(a). Thinning Lxcessive Stands. When farmers thinned sorghum stands that they had
identified as over populated [ATIP RD 86-1, pp. 64-65], thinning wus clearly not
cconomical.  This can be explained becanse thinning was followed by drought
stress during which muny plants, even with thinning, didn’t survive.  Differences
between thinned and unthinned stands were noted mostly on the basis of nlans
vigor and plant survival, with litde yield achieved on any plots. Tn order 10 be
profitable. thinning had o be o sands that were viable, with sutficient soil
moisture reserves nailable, Fammers who participated in thinning work indicated
some interest in the resalts, but most were reluctant 1o thin carly enengh or
intensely cnough 1o meet the euidelines of thinning (0 30040 plants per hectare g
the earliest stage possible  ATE researchiens concluded that most fomers would be
rectne o perform wospecial tiinning operation before the nonmal weeding e,

(h). Thinning  Crowded Bur Vible Plant  Stunds. Sub-plots within o farmer
implemented double plowing trial were thinned - target of five o six planis per
square meter - by researchers. The original purpose of this thinning was to

investipate  whether the effect of the plowing  teatment went beyond  phun
establishment [IDAR 1987, pp. 89-91). Because most plant stands in this tria) wers
comparatively  good  hetore dhinning, the  superimposed  thinning was  used 1o
evaluate the need Tor close attertion o plant density.  In this instance, thinning
consisted simply of removing the smallest plants from occasional nockets of hicavy
staed - A few Tarmers indicated that they already thinned pockets in this way. In
the trial, the slight reduction in plant stands due o thinning was not significant,
However, 2 smadl increase in grain yield was significant. Such a small benefit was
not likely to be cconomically advisable except when thinning was combined with
weeding,

(c). Overseeding And Thinning Plant Stands. Towards the beginning of ATIP work, a
strategy of overseeding and thinning back was discussed as an option for farmers
to more reliably achieve appropriate plant stands.  Fhis option was recommended
tested by EFSAIP JEFSAIP, 1978, pp. 4-6].** This strategy was not directly tested
with ATIP farmers, because of the already poor response shown by farmers to thin
heavy stands that had not been planned.  ATIP rescarch has only worked with
overseeding as pait of the National Tillage Trial. In this trial, row planted stands
were overseeded but thinning could be handled systematically,  In general, ATIP
research has tended 1o use seeding rates that were likely to give desired plant
stands and to look for ways to improve planting moisture -- that is. carly tillage 10
provide a wet seedbed.

. Re-planting Completely Failed Plots. Near the beginning of the project, ATIP
researchers found a few farmers who occasionally broadeast seed and then plowed
again or harrowed when the first plow/planting had failed.  In terms of outcome,
this practice corresponded clisely 1o double plowing that was already part of the
trials™ work. A small investigation was made inte why such re-planting wasn't
pricticed by more farmers JATIP RD 86-1, pp. 67-68). Generallv the issue for the
farmer was whether to re-plant failed plots or to continue plow/planting on untilled
land.

¥, This had previously been recommended by an carlier project. the Dryland Farming
Rescarch Scheme (51LERS)
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Two results of the study were of interest. These were as follows:

i.  The pattern of rainfall often limited the number of times in a season that a
decision on whether to re-plant or continue new planting, necded to be made.
If plow/planting began late, there was not always an opportunity for re-

planting.

oA substantiad delayed emerzence ovearred  following nuany plantings.  With
the delaved cmerpence, it became ditticull to deckie fnunediaely whether re-
planting shoukd Deodences T the TORSNG weason. an averie ot 200000

sorghum plantss per hecraine emersed tollowine rain: more than vigoweeks afier
revnsaniad, buc indieated that Yanmers

prantimn Cleashys these reaulis wese
who beoadeast should vt at least one posi planony s bedore deciding 1o
re-plant plots that eppear @ have faled Delned emerpence o roy phanted
prots was doss kel o oocar than with brondeast pletss particularty 6 they

were planted o good sorb maorsture,

(). Gap-Uilling  Taige And Small Gaps Within - Plots Gop-filling reestved o
considerable wmount ot attention during the middle wears of ATHY research, As
with plot re-planimyg, cap-filling did not dwavs fie o the sssiems particularly
when plinting aas Lte inthe season JATIP RD 85 10 po 7390 Another problem
encountered  with resdng gap-titling wan that some trials involved  plots arranged
betore planting.  Becanse aap-filling relues to e circumstance o poor plant
establishment, pap-filling was often not appropiiate [ATIP R S6-1,0 pp. 100-1072;
PR F86-4].

Results for gap-filling were generally favorable when the practice was targeted (o
areas where plants had not been established.  In these trials, the issues of planting
moisture and crop or variety 1o use were investigated.  Hand planting sorghum and
millet gave satisfactory stands [ATIP RD 86-1, pp. 65-66]. Millet performed better
than sorghum when hand plinced on dry soil.  Grain yield and return to labor for
hand planting of sorghum, millet, ER-7 cowpea, black-cye cowpea and maize were
compared.  Only maize failed to produce sufficient yicld to show a profitable
return to the labor for hand planting {ATIP RD 87-1, pp. 11L39-11.42]. Hand jab
planting of four cowpea varieties was also successful {ATIP RD 83-1, p. 7.39-
7.40).

Increasingly, it became clear that the atractiveness of gap-filling and hand planting
generally depended on the equipment available to perform the task,  Farmers were
familiar with gap-filling by broadeasting sced and cevering with a hand tool, or
hill planting with a hoe or a plaating stick,  Gap-filling with these instruments was
not widely practiced. Details on hand planters that have been tried, are as follows:

i.  The first planter used by ATIP was a band jab planter.  This unit was
modeled after bhand jab maize planters available in the USA.  These units
were manufactured locally in 1983 for P22.00 each.  They were mosi suitable
for large seeded crops. The planter was shightly too heavy and planting was
slow,  Even with experience, most farmers did not find planting with this unit
1o be attractive.  Because seed was placed in the unit by hand. small seeded
crops were ditficult 1o disperse at the desired rate.

it.  The Sanitas push planter was mostly used to plant vegetable plots. This unit
was imported from Sweden by Sanitas of Gaborone.  Planting time  was
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estimated at 10 hours per hectare on small plots with good tilth. It was
difficult to maintain this rate over a large area. There were some difficulties
with seed flow and covering of seed when soils were slightly dry. The unit
was very portable and was found to be most useful for planting small gaps
dispersed around the field,

ili.  The move to the rotary injection planter (see Section 4.4.3.2) led away from
rap-filling 1o research on a system of hand planting plowed land that had not
been plianted.

At the request of severs? furnwers, transplueting of thinned <orghum plants was used
o Bl gaps o the deld TATIP RD So @, pp. 65.60].  Survival rates were
reesonably  good and plinty produced some prain. However, dabor time  for
tansplanting was ten tines thar tor using e Sanitas o oty injection planter.
From these resules, e s seceested thid tansplaning might possibiy be userul for
very hate phuiting where oonew seeding could not reach materity . After a single
season, thoughe ATH escarchers deciled not o work further on traesplanting:,

(. Kelay Planting. Relos planting consisied of planting one crop with the intention
of inter-planting a second crop anter the first was well established or even near
maturity.  The second crop exploited space, nutrients and soit moisture nor atilized
by the fimt. In two relay planting triads, short cycle crops™ or varicties that could
be planted Late were ber-pluted [ATIP RP L pp. 200-201; ATIP RD 83-1, pp.
7.33-7.34, ATIP RD 881, pp. 37-38%).

Relay planting was not prefizable in vither trial. In the earlier trial, planting of the
first crop was generally fate and few opportunities for second planting occurred.
This situation can oceur frequently for houscholds with poor access to traction, In
the second wial, stands of groundnui which were planted first were satisfactory, and
there was little need for relay planting,

4.4.2.3 Recommendations

As a result of the work done on thinning and gap-filling, it is recommended that:

(a). Farmers should place low priority on the thinning of large plots that have
excessive plam stands under broadcast.  These farmers could make better use of
labor, weeding plots  with more  satisfactory  stands. Thinning  should  be

commenced when the more satisfactory stands have been attended,

(b). Pockets in broadcast plots, with excessively high plant stands, should be thinned as
part of the hand hoe weeding opecation,

(<). Farmers should adopt an opporntunistic approach to plot re-planting.  If it is cenain
that significant emergence of seed is completed and a planting rain falls, a farmer
should broadcast and re-plow -+ or cultiviate -- any failed arca.  This procedure
corresponds to double plowing (Section 4.2.1.2).  If additional emergence is still
possible, the farmer should plow/plant untitled land. it available.

(. Farmers should also adopt an opportunistic approach to gap-filling.  1f equipment,

P For example, mung beans, cowpeas, sunflower and maize.
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seed, and labor are available; farmers can profitably gap-fill at a rainfall
opportunity during the planting season,  The best choices for gap-filling are large
seeded, hign value crops,

(c). Relay planting should be not be treated as o pre-planned activity, but as an

opportunistic option for appropriate circumstances.  In this situation, relay planting
becomes similar to gap-fitling.

4.4.3 ROW PLANTING

J4.3.1 Animal Drawn Row Planters

(. Justification.  Row planters have been available in Borswana for many years. In
spite of this, relatively few farmers row plant and even fewer produce technically
gocd results. In addion 10 a lack of knowledsie and managerial skills with
respect 1o row planting, poor results may also be because of the poor condition of
many of the row plarters owned by farmers.™  Tierefore, in collaboration with
extension and FMDU staff, o survey of 157 farmers owning row planters in a total
of 17 villages was undertaken in 1989 in the Francistown, Mahalapye and Southern
areas o ascertain the characteristies of farming families who owned row pianters,
the amount of row planting they did, their knowledge and opinivns about row
planting, and an assessimient of the condition of the row plunters themiselves,

(b). Results And Conelusions. The results can be summarized as foliows:

i.  Household Characteristics.  The average age of the houschold head was
about 58 years old, with an average size of houschold of about seven.
However, the houscholds owning row planters  were  obviously ™ not
representative of all the households in the surveyed arcas. For example, 83
percent of the households were male-headed, and they tended to represent the
wealthier farmers since only nine percent did not own cattle.

it.  Equipment. The average age of the row planters surveyed was seven years
old. Seventy-four percent of the planters consisted of three makes: Safim (46
percent), Sebele Row Planter (15 percent) and the Sebele Plow Planter (13
percent). Not surprisingly, because of the importance of properly controlling
the animals, only 28 percent of the planters were pulled by oxen, and the
remainder by donkeys. Generally row planting was done with a team of two
people, usually consisting of at least one man assisted by a child.

iii. The Practice Of Row Planting. Seventy-six percent of the row planters were
used every year, but when the surveyed farmers last row planted, 39 percent
did not row plant all of the land they planted. On average, for the sample as
a whole, 16.7 hectares were planted of which 14.0 hectares were row planted.
The major reason given for both not using the row planter every year, and for

This notion was prompted, in part, by the observations that many of the planters used
in the trials were in poor condition, and by the results of a Plow Condition Survey
conducted a few years carlier.  This survey found that many of the plows were very
old, had missing pans, and were badly adjusted.  Because of this they required niore
draft power 1o operate than would normally be necessary and did a technically poorer
Job [ATIP PR F84-4]. '
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not row planting all the land planted, was a shortage of labor. In terms of
land preparation prior to row planting, 56 rercent did just one plowing, 26
percent double plowing, and 18 opercent one plowing plus  harrowing.
Somewhat surprisingly perhaps, although probably because they tended 1o be
wealthier farmers, 26 percent of thz farmers used manure and 52 percent
applied fentilizer. However, this apparent progressive featuie  was  not
reflected in the weeding operation,  Sixty-three pereent of the surveyed
farmers enly weeded by hand, while those who weeded mechanically were
surprisingly cqualiy divided betwaen oxen and donkeys.  Thus, fer many
farmers, one of e major advantages of row planting -- that of saving labor
for weeding -- was not exploited. When mechanical weeding was undenaken,
the Mahon cultivator was generally useds Only 29 percent of the tanmers
kept their row planters in the epen.

iv.  Farmers Perceptions.  When asked o state and rank the advantages of row
planting, the most common was that i saved weeding lubor, Tollowed by the
fact that it promoied yeod plant stands and early plant vigor, that the crops
were easier 1o harvest, and that the air circulated amongse the plants,  In
terms of probleins experienced with 1oy plamting, a significani minority - 20
to 45 percent -- had problems that could be claseitied as logistical, planting,
mechanical, and/or handling in nature. What was of particuiar concem was
that almost 80 percent had received no help in dealing with the problems
encountered.  With reference 10 repairing planters, over 90 percent with
problems had received no help and 80 percent indicated spare parts were not
available. In spite of this, 82 pereent of the farmers indicated their planters
were currently in goed working condition.

v. External Evaluation. Te provide an independeat check  of  farmers’
knowledge concerning row planting and an evaluation of the row planters
themselves, a staff meniber from FMDU visited 73 percent of the houscholds.
He concluded that the fanmers’ overall knowledge of row planting was
average.  With respect to different aspects, he found farmers’ knowledge
about planter adjustment, optimal conditions for row planting and width of
row planting were good. while knowledge of routine maintenance was only
average. Overall inspection of the row planters revealed that most of them
were in reasonable working condition, confirming the farmers’ perceptions.
Thercfore for the sample of farmers surveyed, the results appeared to be
reasonably satisfactory. .However, care must be taken in coming to this
conclusion. Reasons for this are as follows:

- There was no sampling frame of farmers owning row planters to select
from. The sample was selected by contaciing ADs and knowledgeable
people in cach of the sample villages as to who owned row planters.
Thus the sample was likely to be biased towards farmers who were
then row planting, ard against those farmers who for one reason or
another had given up row pianting.

-- Assessment of farmers” knowledge was based on a question and
answer format rather than practical assessment in the field.

(). Recommendations.  As well as a Prgmisi.ig Guideline on row planting [ATIP RP
6, Scction 2.2.11 it is recommended that:

i Efforts are made 10 censure thag farmers can get help in handling problems
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through improving ADs’ practical expertise in dealing with prablems relating
to row planting.

ii. It is necessary to improve the local availability of spare paris at commercial
outlets in the area, for all cquipmem being distributed to fanmers through
government progrants.

iii. It is desirable 10 continue the recently adopted initiative of ALDEP to provide
row planters and inter-row cultivators as an integraied package.

iv. It is desirable to offer practical "hands on” training to fanners on tow
planting and inter-row  cuoltivation, and also on rowine maintenance  and
adjustment of tta; cquipment, through furmier groups, farmer training courses,
cte.

4.4.3.2 Hand Row PIlanters

(). Justification. Pan of the responsibilities of FSR involves presenting new
technologies to farmers, to determine whether the farmers have any interest in
them., amd 1o test the effectiveness of those technologies should such interest exist.
Tt was on this basis that two types of hand row planters (HRPs) were introduced to
farmers by ATIP staff.  Work on the hand row plinters was justified on the
following grounds:

i It was believed that hand row planters were potentiaily important for farmers
who did not have ready access to drut, 1t would open up the possibility of
doing the planting in a timely manner when plowing was done at 4 non-
optinial time for plantmg -~ that is, when soil moisture was not adequate.
Furmers in the ROFG in Mathangwane indicated in group discussions that this
commonly occurred  when  draft power was  obtained through hiring  or
borrowing, because farmers then had to use the draft power when it was
availuble, rather than using it when planting conditions were optimal.

ii.  Good row planting could be difficult to achieve when using oxen, particularly
for women on their own. It was believed that hand row planters might be
attractive for farming households where:

-- There was no access o donkeys, and/or
- Women were responsible for the planting, and/or
- Only small areas of land were to be row planted

o d

Two types of hand row placters were tested, the "Sanitas™ HRP and the Rotary Injection
Planter (RIP).®  Activities relating to them are listed in Table 4.12,

(b). Results And Conclusions.  Results with reference to each type of planter are as
follows:
i. The Sanritas Hand Row Planter.  The name for this HRP derives from the

fact that it was first observed by ATIP staff in use by the Sanitas company in

In some of the ATIP paper: this has also been called the Masdar or Master Planter.
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Gaborone.  This HRP consisted of a long, tubular handle with two disk
furrow-openers on one end, a seed brush-agitator between the disks, and a
simple seed-metering device, also between the two disks. ATIP staff added a
drag chain behind the furrow-openers to cover the seed.

This HRP was only tested informally by farmers (FMFI trials) and the work
has not been officially reported in publications.  Personal observatiens and
discussions  with farmers who used this HRP resulied in the following
conclusions:

-- The Sanitas HRP was not useful for planting large arcas in fields
because the small circumference of the furrow-openers made  the
machine too difficult 1o push over plowed (umeven) ground.

= The machine did a reasonable job of planting when used. Tt was
quite appropriate for filling gaps where initial seedling emergence was
poor.  This was because the machine was light weight and easy to
carty around the fields. and because it allowed re-planting to be done
without the use of animals, the need for re-plowing, or the need to dig
holes with & hoe.

This HRP was introduced 16 farers in 1986, and although it has not been
promoted by ATIP in recent vears, there ere still farmers who come to the
AT compounds in the villages and request to borrow the machine for gap-
filling.

ii.  The Rotary Injection Planter (RIP). This HRP was originally developed at
the International Institute for Tropical Agriculere (IITA) in Nigeria. It was
first introduced 1o Botswana by the ANDP project in Ngamiland,  The RIP
consisted of a sced hopper attached to the center of a six-sided wheel, At
cach comer of the wheel were "injectors” that opened a hole in the soil when
the wheel was tumned. Sceeds fell from a metering device at the base of the
seed hopper into these holes.  The device could be pulled or pushed by a
long handle which was attached to the central axle of the wheel,

ATIP bBegan 1o work with the RIP in 1986,  Most of the trials were
conducted in an FMFEI format.  The results of testing done between 1986 and
1989 are reported in a number of places (Table 4.12).  The RIP could be
operated by one person compared with a minimum of two required for a row
planter with donkeys.  The limited amount of data collected indicated that the
time 1o row plasi a hectare with o RIP was about 15 hours compared with
about 8 hours using donkeys [ATIP PR GY0-2, p. 4] Thus they were equal
in terms of the number of person-hours of labor requited to plant a hectare,
although a donkey team could cover the area much faster.

The major conclusions arising out of the work on the RIP were as follows:

-- The first locally produced RIPs underwent several modifications based
on both famer and reearcher suggestions for improvement. At
present a prototype exists which is quite good, but is still in necd of
minor modifications to the seed metering device before going on sale

“ This excludes time involved in collecting the animals and hitching them up.
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(C)

to farmers.

-- The RIP is potentiaily useful to iarmers and has confirmed ex ante
reasons for testing it, namely:

It allows farmers without draft power 1o separate the plowing
and planting operations, This altows them to betier control the
day of planting instead of being forced to plant on whatever
day they can obiain draft power.

It is easier to make straignt rows when pulling a machine by
hand® than when cattle or donkeys are used.

Using the RIP does not free farmers irom the responsibility of
using good judgement in selecting a planting date and doing
the planting in a timely manner.

A survey of farmer participants in the ROFGs, condueteo in
e Francistown arca in 1989, showed that the RIP was the
second  most conmon!y  adopted  technology,after double
plowing.  "Adopted technologies™ were defined as technologies
that farmers used on their own fields oatside of ATIP trials,
This is a swong  indication that ar deast some  farmers
considered the RIP 1o be a usetul ol

Recommendations. Recommendations  concerning  the hand  row  planters, ase
confined to the RIP on which a Promising Guideline has been produced [ATW?
RP 6, Scction 2.2.2]. They are as follows: )

i A reasonably functional RIP can be. and has been, produced in Botswana.
However, the most recent model still requires some minor modifications to
the brush, which at present tends to jam the flow of grain from the seed
hopper 1o the seed wheel in large seeded crops.  Other useful modifications
have been recommended by F'MDU, and the MDP, both in DAR, to ALDEP.
The recommended modifications should be effected, and the modified machine
should undergo minor ficld testing 1o verify that the modificotions have
solved the problem.

i, These machines should then be demonsirated widely in diffeernt regions to
determine demand, and initial trial sales through ALDEP should be initiated
in regions where demand seems to exist.

iii. ALDEP und DAR personnel should continue with developing and  testing
further modifications of the machine, to make it casier to dismantle -- to
change the reed wheel - and to test a two row model that could be pulled
by a donkey.

4.4.3.3 Custom-Hire Row Planting Scheme

()]

Il

o
v

Justification.  Many farmers in the Central Agricultural Region have indicated an

Pulling was found 1o be more satistactory than pushing.
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interest in row planting.  However, the primary constraints 1o row planting have
continued to be litle knowledge on how to row plant combined with limited aceess
to the necessary inputs, including draft, vow planting equipment and labor [ATIP
RP 1, p. 71].  While custom-hire arrangements have traditionatly  been used by
Batswana farmers in order to gain access to scarce plowing resources, such
arrangements for row planting have rarely been made [EFSAIP, 1983, p. 82).

A survey conducted in Makwate and Shoshong villages indicated that 60 percent of
the surveyed farmens belicved that row planting could increase production |ATIP
RP 1, p. 701 Also, interest in row planting seemed very high with very few
mentioning that the extra expense associated with row planting was prohibitive
IATIP WP 17]. Therefore, an apparent gap has developed between what farmers
believe is beneficial for production, and their abilities to acquire the resources and
skilis necessary to implement improved practices.

Given the level 7 interest in row planting, and the potential time saving in
weeding by comomning it with mechanical weeding, ATIP decided 10 1281 a custom-
hire row planting scheme during the 1987-88 season in Makwate and Makoro
villages.  ATIP references where details are discussed are listed in Table 4.12.
The objectives of the scheme were to:

i Increase the arcas row planted while at the same time demonstrating good
quality row planting.

ii.  Link row planting with mechanical weeding,

iii. Test whether or not a custom-hire approach was a viable option, thereby
creating employment opportunities tor young men in the villages by row
planting for other farmers, under the ARAP scheme.

Once row planting was adopted, a foundation would be created for further
recommended inputs such as band application and a top dressing of fertilizer which
were not feasible under the traditional broadcast system.

(b). Results and Conclusions”’  Because young under-employed men were generally
cither unavailable or unreliable, farmers, who wcre currently active, were offered
the obportunity to be trained to do custom-hire row planting. Extension and ATIP
personnel were involved in the selection process, while a number of criteria were
used in identifying potentially suitable individuals. Those considered eligible were
those who demoanstrated an interest, had access to labor and draft, and were able to
maintain their own arable operation during the planting/weeding period.  An
intensive one week “hands-on” training course was then undertaken in Mua"alapye
during  September 1987, involving nine selected custom-hire operators.®  The
selected operators were also given assistance in obtainiry equipment, and in
arranging contracts with farmers who wished to have one bectare plots row planted.
ADs in the two villages assisted with the contractuai arrangements.  ARAP
subsidies were used to pay the custom-hire operators.

*. More details on the approach used, and the results derived from the custom-hire
scheme arc presented clsewhere [ATIP PR M89-1].

¥, Only three eventually did some custom-hire row planting.
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The scheme was first publicized at an October kgotla meetings, jointly organized
by district extension and ATIP personnel. Eventually, a total of 20 farmers® -- 12
in Makwate and eight in Makoro -- had their land row planted under the scheme.
farmmers participating in the scheme were required to plow and leave one hectare
unplanted which would then be 1ow planted by the custom-hire operators.

Bricfly some of the major results were as follows:

i.  The average yield from row planted plots was significantly higher than from
adjiacent broadcast plots -- that is, 766 kilograins per hectare compared to 434
kilograms per hectare.” Row planted piots were planted anywhere from two
to 20 days after the adjacent broadeast plots, and targeted for gc A soil
moisture conditions.

ii.  The net gain to the host farmer from having his/her land row planted was
estimated to te P63.49 per hectare.

iii. For the custom-hire operators, the row planting operation took on average
6.17 hours per hectare, which at the ARAP subsidy level of P20.00 per
hectare, amounted to a return of P3.24 per hour.”

iv.  Unfortunately no mechanical weeding wes undentaken as the custom-hire
operators were occupied with row planting.

Recommendations.  The inability of the custom-hire operators to 1mplcmcnt the
mechanical weeding operation implies the need to:

i.  Encourage supplemental winter feeding of the draft animals of the custom*hire
operators, to improve their condition for early and rapid row planting, and to
encourage farmers to plow (i.e., prepare) their land early.

ii.  Provide double row planters for use by custom-hire operators to further reduce
the row planting time per hectare.

In conclusion, it scemed that custom-hire row planting, and possibly custom-hire
mechanical weeding, could have a role to play in helping farmers who did not
have cnough resources, or lacked the skills to do it themselves.  Realistically,
however, such an approach would only be likely to succeed if subsidies were
targeted to encouraging row planting and mechanical weeding,.
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Out of 42 farmers who initially expressed interest in the row planted scheme.

There is little doubt that the training program and the substantial amount of row
planting donc by cach custom-hire operator during the planting scason -- in a sensc
accelerating  their leaming or skill curve -- contributed to the significance of the
results.

This does not include expenses incurred with reference to depreciation on animals and
cquipment, and lime spent in moving (rom onc ficld to another.  Nevertheless, the
relurn would secem 10 he quite attractive compared with the drought relief wage rate,
prevailing at the time, of P2.48 per eight hour day.
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4.4+ WEEDING
4441 Justification

Weeds are a factor that must be addressed in any dryland crop production system. When
ATIP began research activities in the Central  Agricultural Region and the Tutume
Agricultural District, little work had been done 1o quantify the magnitude of this constraint
to production in these areas. Thus initiully studies and trials were conducted to better define
the situation.  The potential impact of weeds on crop production varied from season to
season and depended on a number of factors including:

(). The level and distribution of raintall,

(b). Sotl rype.

(b, Tillage system employed.

(c). Quantities and species of weeds Ginda!ly present.

Much of the ATIP initiative in weeding related activities has, of necessity, been one of
responding to opportunities and pereeived needs of others.  For example, during much of
ATIPs existence there has been below averoge annual rainfall, consequently farmers have
not viewed weeding as a major problem. However, the activity still required considerable
fabor. and there veere indications that some people had difficulty using the recommended
weeding equipment.  Thus some time was devoted to testing light weight cultivators that
could improve the efticiency of the weeding operation in row planted crops.

The etfects of different tillage systems on weed control have been discussed earlier (Section
$.3.2)0 This section sumnarizes descriptive: work that examined traditional weed control
systems: and discusses observations on the FMFI testing of a new, light weight mechanical
weeder (Maun cultivator).

J4.4.2 Results And Conclusions. A summary of the results and conclusions is as follows:

(a). Hand Weeding In Broadcast Planted Plots. A Baseline Survey of farmers’
practices in the Tutume Agricultural District was conducted in 1985 [ATIP RD 85-
1, p. 8.11; ATIP WP 3], This survey involved interviews with over 200 randomly
selected fammers across the district.  The results indicated that all farmers in the
district. broadcast planted at least part of their fields each year, while only four
pereent row planted some portion of their fields. The same survey showed that 75
percent of o1t fiekds were weeded by the female household members without help
from mules or non-houschold persons.  Thus the indications were that in the vast
majoity ot cases, weeding of crops was done by hand, by women. Generally
crops were weeded only once.

Early diagnostic trials in Francistown indicated that weeds were not a major crop
production constraint, at least during the dry years prevailing at the time, and that
a single weeding was sutlicient to achieve good weed control |ATIF WP 5, p. 10].

From 1986 onwards, weeding time per plot was measured by a stop watch in all
rescarcher-managed (RM) trials in the Francistown region.  This was done to allow
for the calculation of partial budgets for technology comparisons. Virtually all of
these RM trials contained traditional check plots with broadcast planted plots
measuring 400 square meters in size,  These weeding labor data indicated that
hand weeding of single plowed, broadcast planted plots varied from 15 to 42
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person-hours per hectare [ATIP MP 87-7; ATIP MP 87-9]. These figures varied
widely depending on the factors mentioned above, for example leve! and
distribution of rainfall.  Where crop stands were very poor, or the plants suffered
severe stress, farmers abandoned the crop and did not weed at all.

(hy, Maun Cultivator In Row Planted Crops.  In ecarly 1938, the MDP personnel

demonstrated o light  weight  mechanical  weeder  they  had  developed  and
manutactured in Zimbabwe.  Previous field observations in the Tutume Agricultural
District had suggested thae farmers had difficulty in using the Mahon cultivaor
because it was heavy and therefore had a high draft requirement. It seemed that
farmers had problems controlling the number of animals required 10 pull it when
they had crops growing in the field.  Furthermore, because they could not hift it
out of operation, they were likely to tose crops whenever the animals striyed out
of the rows. The Maun cultivator, on the other hand, conld be pulled by one or
two denkey s, and could casily be lifted out of operation if the animals strayed out
of the rows. Twas therefore decided o present the Maun cultivator 1o tarmers in
the Tutume Agricultural District and to observe their reaction.
The Maun cultivator was introduced w the ROFGs (Section 3.2.2) in the 1988-89
season. Though only o few fwmers tesied the machine, reaction was generally
favorable. in the T989-90 season. the Maun cultivator was again made available,
for testing. to farmers in the ROFGs. The testing program was also extended to
the EOFGs in Tati District (Section 3.2.3) because of the greater use of row
planting amony those farmers. At the same time it was introduced 10 fanners in
the ATIP villages in the Mahalapye area.

The reaction o the machines i the EOFGs was immediately enthusiastic, with
aumerous farmers requesting to purchase the machines.  In response, the ALDEP
program allowed a trial sale of machines obiained rom Maun.  Twenty machines
were obtained, and 16 were immediately purchased by EOFG participants through
the ALDEP subsidy program.

4443 Recommendations.  There are a number of recommendations that can be made
concerning the Maun cultivator. These are as follows:

(). Though the response by fanmers to the Maun cultivator was very encouraging, a
follow-up study still needs to be carricd out. ihe farmers who purchased the
machines should be interviewed to quantify how much use they made of them.
their opinions on the effectiveness of the machines, and any observations they
might have on how the machines could be improved. The farmers in the EOFGs
can be identified through the ADs in Mapoka and Musojane villages.

. It should be noted that the FMDU at Sebele still has some reservations about the
machine, and some ideas regarding the improvement of the soil-engaging paris of
the machine.  These ideas should be developed and tested under farmer conditions.

i

Incomparison, very limited data for mechanical inter-row cultivation in row planted
plots indicated that 8.5 dralt power hours per hectare were required [PR GY0-2, p. 4
However, this figure did not include intra-row cultivation which has 0 be done by
hand. Also two or thice persons are required 1o operate the draft teant,
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(c). Within both the ROFGs and EOFGs, farmers using the machines have encountered
some difficulty in wdjusting them, and have requested more intensive courses on
how to adjust and use the machines,  Such farmmer training courses should be
developed once the machines are available for sale.

(). Farmers have also observed that the machines do not work well on dry soil or
where the weeds are "large”. They have noted that the width of the machine is
not adjustable.  Therefore, when cultivaiing between  fairly  wide rows, it is

sometimes necessary 1o g0 over the row twice to achieve goxl weed control.
Before the machines are made available to farmers, steps should be taken to ensure

that buyers are aware of :hese limitations. A Promising Guideline has been
prepared  [ATIP RP 6, Scetion ".23] and lowe an Agrifact should also be
produced.  These should be distributed 10 ADs, and the ADs should advise

potential buyers of these limitations before the machires are purchased.

4.5 SEMI-PERMANENT FIELD DEVELOPMENT

Increased rainfall retention and storage in the soil has been the objective of rainfall run-off
management work,  In some cases. this included the concentration or harvesting of rainfall
run-oft during storms, using semi-permanent soil stauctures or plowing patterms.  In general,
the options described in this cection are proposed as altematives to improved conventional
tillage cptions which also assist in raintall management.  In the rainfall run-off management
work, the  semi-permanent systems can be differentiated on the basis of whether the
nunagement is of rain falling in the cultivated plot (in sifu or micro-catchment) or for
harvesting waier from off the fiekl (macro-catchment water harvesting).  Basin flooding is
the only system that ATIP has investigated that falls into the macro-catchment category.

4.5.1 RAINFALL RUN-OFF MANAGEMENT STRATEGIES

4.5.1.1 Contour Strip Cultivation™

(a). Justification.  Contour strip cultivation was first proposed by visiting agronomists
from the USA during the drought season of 1984-85. It was designed to address
two problems of arable agriculture in eastem Botswana:

i. Many farming houscholds face a plowing resource constraint,  Because
plowing in strips can more quickly cover a large arca of the field, a greater
portion of the field can be made receptive o runfall infiltration earlier in the
season,

ii. Since soil moisture is often limiting for crop growth, crop production often
fails, even on land that has been plowed carly.  Strip cultivation improves the
reliability of soil moistre because water infiltration in the plowed strips
includes water harvested from the fallow strips.  This harvested water could
mean more reliable quantities of soil moisture available for crop growth.

The initial objective of testing contour strip cultivation  was to evaluate this

In some of ATIP', work this has also been called band or contour band plowing.
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plowing system in terms of:

i.  Water conservation.

ii.  Grain yield per unit of land area.

iii.  Grain yield as a retum 10 plowing input.
iv.  Grain yield per unit of labor input.

Following the identification of seversl problems with the system when implemented
at the fevel of resource poor farmers, research focused on problem solving and
technology design or modification.  Gojectives of the design phase of research on
comtour strip cultivation were o evaluate plowing and planting patterns that would:

i Minimize the weed control problem inherent in the systen.
. Improve water retention,
ili.  Provide tilth for adequate plant establishment.

(h. Results And Conclusions.  Contour sirip cultivation has been included in RMRI
testing for five scasons at Muhalapye, and three scasons at Francistown (Table
4130 Bven ahough testing of this system bas been handled  in researcher

implemented trials, the wav it has been implemented conesponds closely to the
way most farmers would manage such a tilluge system on their own, A group of
farmers has also assisted in assessing the research work on contour strip cultivation
at Mahalapye.™  Several problems have surfaced in the implementation ol this
systen.

During the first two years of testing, the strip system was ot implemented directly
along contour lines.  This centainly limited the amount of water harvested by the
systemn. Under these conditions, the strip systemr generally failed 1o pmduc}: as
much grain per unit of land arca plowed as was obtained from continuous plowing,
Because of a weed control problem in the faillow strips, the retum per hour of
weeding labor input was also lower than for standard plowing [DAR, 1987, p.
101

Several design problems were identified in the carly evaluations of strip cultivation
These problems inc/uded:

i Difficulty in controlling weeds in the fallow strips.

ii.  Erratic plant establishiment in the cultivated strips.

iii.  Poor tilth associated with the edges of cultivated strips.

iv.  Erratic concentration of water. Water failed to concentrate on the strips when
stopes were not regular or arge enough, ar when the sirip was not bounded
by a furrow to collect and wold water so that it could infiltrate.  Without a
collection furrow, run-off water tended to flow through the cultivated strips.

Beginning in the 1987-88 season, cultivation strips wete carefully laid along
contour lines in both Francistown and Mahalapye.  This chanae was made to

Y. See Section 3.2.1 for a discussion of how farmers can be used in evaluating RMRI

trials.

This can be concluded by dividing the grain yields in Table 5 |DAR. 1987, p. 101]
by the number of hours weeded.
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determine whether this would increase the amount of water harvested by this
simple technique.

Double plowing and broadcast had been used to till and plant the cultivation strips.
With this planting method, plant establishment continuea o be erratic.  Plants often
were not cstablished at points where water was harvested. The other major
problent was weed control. Early hand hoe weeding at Mahalapye required a great
deal of labor. A weed slashing technique was tested at Francistown, but this still
required a large amount of labor [ATIP PR F§8-6).

In the following two scasons, work on the design of contour strip cultivation was
continued at Mahalapye only.  Several changes were made in the design ol the
strip system. A group of farmers was convened at the end of cach season, in
workshop format, to discuss the strip sysierr and to provide advice on wavs this
system might be improved and made more useful for farmers in the area.

Design criteria for the contour strip culiivation sysiem were as follows:
i Plowing of the strips were 1o be done as carly in the season as possible.

ii.  Sirips were made by plowing two or three passes in cach direction.  In this
way, a strip with a slightly raised ridge running along the center was created.

jii.  With this pattern of plowing, dead furrows were left w both marging of the
cultivation strip which served as collection furrows for run-off from the fallow
Strips.

iv.  Strips were 1o be placed as close to the contour lines as possible.  Howgever.
it was observed that the lateral movement of water was generally minimal,

v.  Cultivation strips were to be placed so that no more than one meter of fallow
separated them.  Farmers indicated that this was the maximum width that
most farmers would be willing to weed.

vi.  Weeding of the fallow strips was to be done by carly hand hoe weeding or
by using a harrow.

vii. Pollowing a useful planting rain, strips were to be row planted.  Row planting
helped to ensure a better placement of plants and a more reliable  plant
establishment.  Reliable plant establishment was very important in this system
given that a large pant of the field was not seeded.

viii. Each cultivation strip had to be wide enough so that row planting could be
accomplished without putting seed near the edges of the strip. It was
observed thut rows planted near the dead furrow suffered from water logging,

ix. The position of the strips was intended to be permanent, with plowing always
following the same pattern year after year.  The advantages of permanent
placement of strips were that contour lines did not need to be re-established
every vear, that soil building amendments were concentrated in the’ strips, and
production strategies such as crop rotation were readily managed.

Even though a number of problems with the design of contour strip cultivation
have been solved, the system has pot demonstrated yiekl benefits over conventional
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cultivation, or improvements in return to plowing or labor. Generally, farmers
have expressed concern with the notion of leaving cleared land uncultivated, with
the weed control problems of this system, and with the idea of intentionally
concentrating water at points on the field.

(©). Recommendatione A Promicing Cuideliiic has been produced since more
extensive testing of the system would be desirable [ATIP RP 6, Section 2.1.2).
However, no final decision has been reached as to what research should do with
the contour strip cultivation system. In general, agricultural officers have expressed
more interest in this system than have farmers. The advantage of contour strip
cultivation is that it is simple and could be implemented by nearly all farmers with
existing resources.

Specific areas where further research could still be useful are:

i Use of permanent vegetative cover in fallow strips.  Farmers expressed
concern with leaving weed and grass growth in the fallow. They cited the
problem of pests being harbured in vegetation of such a targe number of
strips in the field. On the other hand, agro-forestry and soil conservation
advocate such measures. Rescarch could look at the benefits and detrimental
effects of leaving grass strips, or other vegetative cover, on the fields in
Botswana, so that this information could be passed on to farmers.

il. A type of relay cropping has been discussed for the strip syst:m.  Initial
planting would be, as proposed for the cultivation strips, a means of
conserving and harvesting rainfall.  If the season ere a wet one, fallow areas
could be subsequently plowed and planted as well.  This could solve the
problem of weed control in the fatlow arcas in a wet year.

4.5.1.2 Water Conservation Terraces

(a). Justification. A design for water conservation terraces has been evaluated and
modified during three seasons of the Rainfall Run-off Management Study at
Muahalapye (Table 4.13).  This design was adapted from a high precizion design
that was developed for the semi-arid Great Plains of the USA.

Pant of the justification for working with water conservation terraces in Botswana
came from observations and analyses that particular sites within the landscape have
the highest yield potential during both drought and high rainfall periods [ATIP EP
89-30 ATIP MP 88-6; ATIP RD 88-2, pp. 40-41}.  Water conservation terraces
have been proposed as a technique for creating high potential zones within a field.
These zones are chacacterized as areas with water run-on potential and with deeper
soils (ie.. water holding capacity).

The objectives of the work on terraces with limited resource farmers, were to
develop appropriate procedures for developing the terraces, and satisfactory planting
methods for use on them. ' this context, tilth for planting was a major issue.
Weed control in the terrace system would be no different than for the traditional
plow and droadeast system,

1y, Reglr- Aed Conelusions. Developmen: of vater conservation terraces was planned
o take place over o three or four year period.  This type of implementation was
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thought to be most appropriate for resource poor farmers who would not he willing
to devote much more than cormad tiflage input, even initially, into the terruce
systen, Jnothe first season, ridges, or other barriers, were built along the contour
with 15 10 20 meters separating them.  Subsequent plowing was always in the
direction of moving soil to the ridge.  In this way, an eventual build-up of soil
occurred above each ndge creating a zone with deeper soil, and provided there was
sufficient slope, sume water sun-on potential.  After two scasons. there stiil was
not enough sail movenent to complete construction of the terraces.  Therefore, the
agronomic reselts do not reflect the potential of this system.  Follawing the advice
of farmers, the terraces were double, and in some cases, triple plowed following
the second season, in order to complete construction of the terraces.  Thus, the
results in the third season were confounded with the cffects of carly plowing,
However, the comparison of terraces and carly plowing with double plowing was
valid.

Specific results from this system were as follows:

1. Plant establishment was generally good within the terrace and was ofien
better than the double plowing comparison.,

ii. Witer run-off leading to chanreling and originating in the terraces was less
than channeling trom thar culiivated areas elsewhere in the field.

iil. The construction  of the termaces was more  definite and  results  more
promising on land with slopes of 1.2 percent or greater.

iv. There was a definite soil build-up at lower portions of terraces following
four rounds of plowing.

V. Farmers indicated an appreciation of she concept of water conservation
terraces.

vi Weed control and other management issues were no different than for flat
cultivation,

Vil Two elements of the terraces were difficult or costly, namely:

-- The constnuction of base ridges for eiach terrace required the use of
good traction on days with adequate soil moisture.  Many farmers felt
that this work would have 1o be done with a hired tractor.

-- The plowing pattern involved plewing in once direction through the
entire terrace until a satisfactory bench was cicated at the lower zone,
Once the bench was created, plowing could again be done as usual,
provided there was no drastic movement of soil within the terrace.
Agronomic and economic results from the water conservation terraces  were  not
conclusive. This system would necd to be tesied over a range of seasons.
(). Recommendations.  In addition to the Promising Guideline which has been
produced [ATIP RP 6, Scction 2.1.3]. recommendations are as follows:

(. Research should be continued, but in more of a farmer implemented mode
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for farmers who are interesied in pamicipating.  Research should provide a
consulting service and monitor the results,

it Some type uf vegeiaive cover for ridges should he investizated.
it The possibibity of adding soil amendments 1o the high potential zores of the

terraces should be dresticed, and the resels should be menitored.

iv. The Devejopmen: Trists of Shoshone and Pupye should be assisted in the
demonstration and exicision of SAter ColSCEVaien wirices,

3.5.0.3 Newmi-Permancnt Ridge And Furrosw
W, Justification.  Large semi-permanent ridges and fumiows vere inredueed into ihe
Bainlull Run-off Mangeeineat Suaay by the Land and Warer Monagemeni Project
(LWMP), ander SACCAR, beadgquacerad at Sebele. The perpose of inireducing the
ndge and Turow systoin date the AT program was o cbserve it implementaiion
on w relatively extensive (oo, tvpical Gemyoseales This work paralleled
complomented the more wtensive taanagement of this syswem by e SACTAR group
at tie Gabuare, Mankgodi and Sebols stes.
The semi-pernsonent ridee and Turros svatera was an cliborate and costly s, stem,
iended 10 dnereese the reliabitity of podoction in drought prone regions by
permitting s net e 3T s cuttated fand, and by concentrating insitu raintall in
the rooting cone of wide rows spaced 2 LS mctesn,
The specific objestives of ATIP research on this sysiem were
i Evaate G implementation procedures and theb epproprinteness for small
fariers,
ii. Lviduate planting metheds and wvestigate the issue of creating tilth fer plant
establishment ¥ 1he system,
ii. Qbteds fdrser assessiment of the system.
(h. Results And Conclusions.  Vhe tidee and fuirow system was expensive to implemenic

in the first year.  Farmens dadicated that mitial impiementation was too costly unless
the system viclded dramatic benefits. Even thar, the ridge and furrow Ly stem was
mors Lkely 1o be used ona smadi-seale or higher value crops (Le., maize for green
mealies, than for sorghum which fiad been used in the assessiments.

Liaplesentation involved e following steps:

i Plowine the fand,

ii. Rigging with @ spreial ridging ool usually drawn by a tractor.
iii. Compadting and then reshaping the ridges.

iv. Possibly celtvating the tlank of the ridge before planting.

v, Planting mechanically vohich wan dirficult, or by hand.

After the first season and wher the ridges swere wedl established, no furiker tillage
was planned.  Instcad. the ridges were resshaped. This served to loosen the soii on
the flank of the ridge tor planting and gave some measure of weed control. Re-
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shaping was followed by planting,

In addition to the cost of implementation, two major problems that were identified
were: plant establishment and root development.

Planting in the system was done on the flank of the ridge. However, because thiz
flank  was prone w rapid drying, plant establishment was  erratic The most
successtul establishment came from hand planting using hoes or similo: kand tools.
Several planters -~ including a single row planter, a hand jab planter. and the rotary
injection planter -- were investigated as to their practical application on a field level.
However, none of these were satisfactory for planting on the flank of ridaes.

Once plants were eatablishied, 1oot development on the untilled flank was impeded.
Roots tended not 1o penetrate 1o stored soil moisture,

Recommendations Even thoueh soil moisture monitoring indicated  that moisture
wis retained dnthe mdpe and furrow system, this system has not soecessfully
improved crop production. The current design needs no turther testing on farmer's
ficlds.  ATIP recommends o the Land and Waoer Managemen: Project that the
systemv beoredesigned o improve  tilth in the plansing area. A proposal (o
decomplish (s s o convert sitemate ridges of the current design (o lat beds that
could be ulled and plinted. This new design would reduce the amount of water
concentrated, but would greathy improve the possibility of achieving ratisfacrory plan
establishment and oot development.

Basin Flooding

Justification.  Basin flooding was an idea that emerged from  discussions  with
consultants of the Soil Managemen: Support Services (SMSS) in 1985, Earlier, ATIP
researchers had beld exploratory talks with farmers about developing improved small
dams o impound water run-oft during large storms.  The SMSS group advised that
water could be more efficiently used by resource poor farmers by using the water
holding capacity of the soil profile as ihe storage reservoir,

Basin flooding ix an ancient technique used in the Middle East and the Indian Sub-
Continent to harvest rainfall run-off from watershed  arcas ubove @ field (macro-
catthmenty and to wet the soil profile of the ficld whenever rainfah run-off events
oceur. The ancidence of Targe rainfall events (e.g., that would produce mn-off) in
Botswana is noteworthy JATIP MP87-3.

The need Tor higher levels of soil moisture 1o improve crop yields and o increase
the reliability o, leld, particularly in drier vears, ix evident in the case of Botswana.
What is not cleur is the extent ro which an intervention like macro-catchment water
harvesting to flood basing on the field will give dividends in castern Botswana,  This
technique has generally been appried in zones that receive less rainfall than the 465
millimeter annual average for Mahalapye., Botswana, Water harvesting techniques are
also utilized in arcas where farmers devote more time to the intensive management of
the arable enterprise than is the case for most hoascholds in Botswana. - This may
create problems since male labor in Botswana is often used for the management of
livestock and off-farm employment, with only a small pontion allocated to arable
operations,



The objectives of ..is study were 10!

i Evaluate site selection criteria for water run-on potential and suitability as a
water harvesting production site.

i, Test simple structural developments on the field that would eniince water
run-on (supply channels) and water retention (retaining bunds).

iii. Assess farmer response to the technology and to the management issues
involved.

iv. Assess the risk of increased erosion created on the field.

V. Measure the benefit of water run-on in terms of cropping outcomes.

vi. Evaluate the return to other production inputs (double plowing, phosphate

fertilizer, stover incorporation) at the water run-on sites.

(b).  Results And Conclusions. A summary of the major results is as follows:

i, Using the experience of host farmers, nine sites in different fields were
identified as having water run-on potential.  During the season, six of these
were classified as waler run-on sites.  Such field sites also tended to have
deeper soils and deposition of clay in the sub-soil resulting in a higher
water holding capacity.

ii. With the assistance of the Soil Conservation Unit, MOA, supply channels
and water retaining bunds were constructed on two sites that had water run-
on potential. Results  from  developments on  these two  sites  were

inconclusive. When significant water run-on occurred naturally, the channels
and bunds contributed little to controlling the movement of water.  These
bunds were substantial -- 50 centimeters in height -- which indicated that the
design requirements  for adequate  structures  would  be considerable.
Distribution of water in the bunded pants of the field was not very good.

iii. Farmers participating in this study cooperated fully, but expressed no interest
in promoting water rug-on to the field. Rather, interest was expressed in
using bunds to diven flood water around the ficld. Farmers also indicated
that the management of gates for the supply channels, that could be closed
to prevent further water from entering the field, would be difficult because
farmers were often not at the fields and during storms would not want to
venture out to far comers of the fields.

iv. Erosion occurred during storms on all water run-on sites.  Except for
scouring in the supply channels, there was. however, ro evidence of an
increase in the risk of crosion, in the sites with water retaining bunds. Tt
was clear, though, that the quantity of water flowing onto many fields could
not be retained in a manageable way using the techniques of this study.

v, The Lenefit of warer run-on for cropping outcomes is discussed elsewhere
[7AR, 1988 pp. 167-108).  Grain yield at water ran-on sites  was
ciogificansty Bigher than at other points of the field but was not improved
by the addition of water harvesting structures,
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(c). Recommendations. In the 1986-87 scason, ATIP made a decision not to continue. the
work on water run-on enhancing techniques.”” This was because of the assessment
that even though basin flooding could work technically, most farmers were not
prepared to accept the management required. Also the system increased erosion
hazards. Instead, the decision was made to focus on the management of in situ
rainfall and to develop recommendations for the management of natural run-on sites
(sce point (c) "iii") under Section 4.3.3.2).

A decision was also reached to consult with agricultural hydrologists about tlood
control measures for individual farms and/or communities sharing a watershed. Other
researchers, who have been consulted, feel that most field situations do not warrant
additional flood protection given the anticipated level of production. A conflict of
interest is apparent between researchers who tend to be concerned with improving
crop production through water conservation and water concentration, and many
farmers who accept the risks of erratic rainfall and sce a major hazard in flooding.
Rescarch staff and the Soil Conservation Unit in MOA need to look move carefully
at the issue of tlood protection.

If sufficient resources were available, it would be recommended that a study be
undertaken to assess the long-term potential benefit of water harvesting for Botswana.
This study could be based on a simple model incorporating rainfall probabilities for
periods within the scason, water holding capacities of different soil-types, and
estimated crop requirements. The main issue would be whether priority should be
placed on water coneentration to improve the reliability of production, or be placed
on improving in situ rainfall use efficiency.

4.5.2 SOIL FERTILITY ISSUES

4.5.2.1 Use Of Fertilizer And Kraal Manure

ATIP observed that most farmers in the rescarch villages knew of chemical fertilizers and
the use of kraal manure. Even though some distinction was made between chemicals and
manure, farmers tended to group all classes of fertilizer together. They were generally
referred to by the same name. Farmers did not differentiate between the different types of
chemical fertilizers.

A summary of how often chemical fertilizers were used is given in Section 4.3.4.1. Only a
few farmers had ever tried to use fertilizer and nowhere was it used on a regular basis. Not
only was it rarely used, a majority of farmers indicated that they lacked knowledge on the
effects of chemical fentilizer. The use of chemical ferilizer was low in both the Mahalapye
and Francistown arcas, even in villages where other improved methods were used |ATIP RP
1, p. 67].

The use of chemical fertilizer was also not generally listed as a promising practice by
farmers [ATIP RP 1, pp. 60-70]). On the other hand, ADs ranked fenilizer use just behind
row planting as a practice with potential to improve grain yield [ATIP RP 1, p. 71].

¥ The work on basin flooding has, however, been continued by INTSORMIL {Carter and
Miller, 1990].
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Comparisons with chemical fenilizer have often been part of the village level demonstrations
set out by the ADs. The ADs listed lack of knowledge, lack of labor and concem with
weeds as the main reasons farmers failed to use fenilizer.

The use of kraal manure followed a similar pattern. Little manure was used in either ATIP
research area [ATIP RP 1, p. 68; ATIP RP 2, p. 41). Even though some farmers indicated
that they believed manure and chemical fenilizer would increase yields, others said they
were not certain or did not know how to apply a chemical fenilizer or manure amendment
to the soil.

There was some indication that farmers did not perceive that low soil fenility was an
important limitation to improved yields. Poor soils or low soil fertility was clearly ranked
below many other perceived problems [ATIP RP 2, p. 51).

The use of femilizers was also limited by the cost. Capital owtlay for a recommended
phosphate fertilizer application of four bags of single phosphate (approximately 20 kilogrims
of P per hectare) was P93.20 in 1990. Even the application of manure required
transportation and manual labor (see Section 4.5.2.4). Farmers feared that more weedi'.g
would be required on fentilized plots.

The indifference of farmers towards fentilizers was illustrated when ARAP fenilizer was
made available free of charge to farmers. Most farmers in the research areas failed to pick-
up the free fertilizer. For those who did, many didn't use it. Only a few farmers chose to
apply the free chemical fertilizer. Where it was used, the application tended to be on small
plots.

4.5.2.2 Land Use Changes And Soil Fertility

A summary of soil fertility information is given in Section 4.3.4.1. Typical chemical
properties of soils in the Mahalapye area were assessed to be marginal for crop production
[ATIP RP 1, p. 157).

In most years, rainfall was the most limiting factor. It was only in years of higher rainfall
that the limitation of poor soil fenility was exposed.

Under two situations, the arable land use pattern could change to more intensive management
which, in tum, could affect soil fertility and the influence soil fertility has on productivity.
Such a change may occur because of increased pressure on land or because of the need to
find methods that would result in a better return to labor inpuc:

(a). The purpose of the History of Cultivation Study [ATIP RD 89-2, p. 103-109] was to
assess the development of cultivation in Mahalapye research villages. The study
(unpublished information) showed that the pressure on land had increased.  Since
1963, the arca cleared for cultivation in cach farm increased as did the number of
farms. Increases in field size occurred even before government programs subsidized
land clearing and the expansion of cultivation. Both farmers and agricultural officers
recognized the logistical problems -- the distance between fields and villages
increased, and sometimes there was shortage of water in more remote areas -- created
by the expansion of cultivation,

. This was also derived from unpublished information in the History of Cultivation Study
IATIP RD 89-2, pp. 108-(9].
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(b). The traditional method of production resulted in low retums to labor. With low
yields in drier seasons, this retum® was sometimes negative [ATIP RP 1, pp. 78, 81-
87). Much of the ATIP work was on intensifying tillage and planting. Use of new
methods sometimes resulted in a reduction in the area culiivated, while at times,
yields and the retum per hour of labor input did improve (e.g., double plowing
[ATIP MP 87-6]. As was expected, the likelihood that soil fenility limited
productivity increased as more improved tillage methods were used by farmers
(Section 4.3.4).

4.5.2.3 Summary Of Chemical Fertilizer Trials

The justification for the work with chemical fenilizers is discussed under Section 4.3.4.1.
The project decided that there was little justification in working with fertilizer application per
e, Most rescarch involving fertilizer was with the objective of assessing the interaction of
tillage and planting methods with a recommended tate of phosphate fertilizer. In most cascs,
this involved a "with” and "without" comparison.

In only two trials, were different levels of fenilizer applied.  The High Potential Site Trial in
1986-87 [DAR 1988, pp. 107-108; ATIP RD 87-1, p. 11.24-11.26] involved two levels of P,
The High Potential Site trial in 1987-88 involved P at 20 kilograms per hectare and P plus
nitrogen [ATIP EP 89-3]. These two trials are also discussed under Section 4.3.4.2 points
() and (o).

The most profitable 1esponses to chemical fentilizer were from the use of P plus nitrogen at
selected high potential sites in a wet vear, and the response to the recommended rate of P
under improved tillage and planting on deep soil profiles (see Section 4.3.4.2 point ().

Another objective of work with ferilizer was to demonstrate their use to farmers and seek
feedback that would be useful for further rescarch and extension. Use of phosphate fertilizer
was demonstrated in a superimposed trial [ATIP RD 83-1, pp. 7.32-7.33; ATIP RP I, pp.
174-175: Section ¢.3.4.2 (a)] and in ROFGs [ATIP PR F87-6, pp. 7.9]. The use of
phosphate under farmer implementation was not profitable.  However, as an extension
exercise, the demonstration was usefui as it provided farmers with information about
phosphate and allowed them to assess its use first hand.

4.5.2.4 Kraal Manure -- Resource Assessment

(a).  Justification. During most of the ATIP rescarch period, little work was done with
kraal manure. The decision not to work with manure was based on indications that
farmers faced several important constraints. One of these constraints was the fact
that manure was not readily available [ATIP RP 1, p. 69]. This finding is contrary
to conventional wisdom and assessments macde by other researchers working in
Botswana [Herbert, 1983 pp. 10, 13].

¥ The need for a better retum to labor is acute.  In wetter scasons, extensive cultivation
often outpaced labor available for weeding, bird scaring and somectimes cven harvesting,
This again limited the retum to labor in years that had good potential.  The labor
shortage will continue to worsen as individual members of houscholds move away from
the villages, to seek jobs.
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The need 1o study the availability of manure became important after researchers in
the project decided to look at ways soil fenility could be enhanced for situations
where tillage, planting and water management were improved (see Section 4.5.2.2).
A resource assessment study [ATIP RD 89-1, pp. 52-53] was conducted with 29
farmers, in conjunction with a trial on crop responses to manure under farmer
management (Section 4.5.2.5). Both studics were designed to provide baseline data
not previously available in Botswana. The specific objectives of the resource study

were (o:

i Gather farmers’ assessments on the relative merit of manure use versus other
options that could also improve soil femility.

ii. Assess the availability of manure on a houschold basis.  Availability was
broken down into whether access to any manure existed, the quantities
available and where the manure was located in relation to fields.

iii. Assess the availability of transpontation and labor for the application of

mianure.

(b).  Results And Conclusions. Farmers stated, overwhelmingly, that they would prefer fo
usz manure over chemical fenilizers.  Even though most farmers had never used it,
they preferred manure because no cash outlays would be required,

Because of possible problems of weed seed imporntation, farmers said they would
prefer cattle manure to goat manure, and manure from abandoned and older kraals.
They envisaged using the old manure on a small-scale basis (i.c., garden plot size or
areas of no larger than a hectare).

About 70 percent of the farmers surveyed felt they had ready access to manure.
This group of farmers felt that they could obtain manure cither from kraals they
owned or from those of ncighbors and friends. It was generally felt that manure
could also be purchased locally, No actual large-scale markei existed but, if it did, it
was estimated -- based o:n 1989 prices -- that it would cost P5.00 per two-wheel
donkey cart and P20.00 per four-wheel donkey cart. Researchers felt that given the
comparative capacity of these two cants, the cost per two-wheel cart load was
underestimated and would be adjusted upwards if carting of manure became a
commercial activity. .

A typical situation for a farmer with access to manure was to own one goat kraal
and own or gih~-wise have access to manure from one or more cattle kraals. The
size of the kraals varied and therefore the amount available from any kraal also
varied. Cattle kraals in the study tended to be considerably larger than goat kraals.
The average area of cattle kraals was 270 square meters and the average measured
quantity of manure was '9 tons (convened to dry weight). The average area of goat
Kraals was 54 square meters and the average measured quantity of manure was 7.6
tons (dry).  These figures suggest that in a typical situation, a farmer would have
direct access to 20 to 30 tons of manure,  This amount of manure, which
accumulated over several years, was clearly not enough to sustain applying manure,
according to the official recommendation of 10 tons per hectare, every three years,
An average field size was five hectares or more.

Goat kraals were located in the proximity of the village or fields. Distances between
goat kraals and fields ranged from 0.5 to 5 kilometers,  Caule kraals tended to be
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located further from the fields. Large concentrations of manure were available at
distant cattle posts, that belonged to wealthy farmers.  However, these caule kraals
were not sampled in this survey.

Inquiries into transportation dealt with issues of access to cans and the capacity of
carts.  One-third of the sample owned some type of cart.  Most of these were four-
wheel donkey carts.  Almost as many farmers said they could borrow cars.
However, easy or inexpensive access {or the purpose of transporting kraal manure
appeared to be scasonal.  If manure were o be applied during winter, the use of
carts would have to compete with transporting firewood, water and sand.  The more
established demand of these activities would increase the opportunity cost of
transporting manure,  Average cart capacity estimates were 0.6, 0.3 and 0.8-1.0 tons
per load for four-wheel donkey cans, two-wheel donkey carts, and tractor trailers,
respectively.  With these capacities, the four-wheel, the two-wheel and the tractor
drawn units would require 17, 34 and 13 loads, respectively, to apply 10 tons of
manure.

Although male labor is available during the winter period, many houscholds would
need to hire help.  Some farmers expressed concern that hired labor would work at
very slow rates unless payment wias on the basis of the number of loads transported.
The work is very strenuous and time consuming.  Work rates were estimated for
crews, hired by the project, to transport manure farm trials.  For example, to apply
10 tons per hectare, the following figures applied:

i Loading averaged 22 person-hours per hectare,

ii. Transporting one kilometer averaged 17 person-hours per hectare.
iii. Off-loading® averaged 6.6 person-hours per hectare

v, Spreading averaged 2.2 person-hours per hectare.

This 47.8 person-hours per hectare labor cost for applying manure did not include
time added to weeding that might be required on fields to which manure had been
applied.

Recommendations. These are as follows:

i. Until circumstances can be defined where the crop response is profitable and
should be promoted to farmers, the cumrent dama on the availability of
manure are sufficient as baseling infurmation.  Additional data should be
collected to confirm the existing estimates on the cost of applying kraal
manure,

ii. Clearly, agronomic research should focus on using small quantities of

manure.  The goal should be to use manure in defined cropping situations
with a comparatively high potential for a profitable return.*

4H

. Off-loading and spreading were caleulated as separate activities because manure was left

as a heap on the ficld until just before plowing so as 1o minimize nitrogen loss,

. The cost of applying and the availability problem clearly preclude more than a few

neighboring fanmers from using manure on an extensive scale.  If the demand for
manure were 1o increase, and nearby sources of manure were depleted, transportation
costs would greatly increase.



4.5.2.5 Kraal Manure -- Crop Response Trials

(@).  Justification. The use of kraal manure has been tested in different trials in
Botswana and generally the crop response has been favorable, All of these trials
have been managed by rescarchers and presumably have involved a fairly high level
of management. Herbert (1983, pp. 15-16} reported that under these conditions, the
Crop response (0 manure was not important in years with low rainfall.  This result is
somewhat unexpected because manure should increase water holding capacity of the
soil and thereby improve production, at least for sandier soils, in relatively dry
seasons.  Carter, Harris, Youngquist and Persaud {1990} found that manure increased
the water holding capacity in soils. They also reported that the use of manure gave
a long-term grain yield benefit, produced residual benefits into years when additional
manure was not applicd, and was most effective on sandier soils.

Because oi the opinion eapressed by farmiers, e use of manure as a general
application on the farm was not tested in the early years of the project.  Rather, a
few trial activities concentrated on special production circumstances.  More recently,
ATIP researchers re-evaluated the manure issue and decided that there was sufficient
justification -- based on the need to improve soil fertility as farmers shift to better
tillage and planting practices (see Section 4.5.2.2), research station results, and the
lack of baseline information on crop response to manure under fanuer management --
to conduct further research.

The use of kraal manure has been tested in three ATIP trials.  The  specific
objectives of these trials were as follows;

i. To cvaluate the benefits of establishing a vegetable garden plot for home
residences.  Manure was included in the production package, but was not
tested separately [ATIP RD 85-1, pp. 7.32-7.33; ATIP RP 1, pp. 199-200].

ii. To assess the impact of applying 14 tons manure per hectare to selecied
sites on farmers’ fields. The selection of sites was based on farmer's
observation that these areas received the highest water concentration.  The
test was vnder farmer managed crop production [ATIP RD 85-1, pp. 7.33;
ATIP RP 1, p. 199).

ii. In an on-going trial, 19 run three seasons, 10 tons of manure is being
applied, per hectare, every year, under farmer managed crop production
conditions.  The objective of this trial is evaluate the residual effects of
manure application and targeting of manure use to contrasting soil-types
[ATIP RD-89, p. 53-54].

(b).  Results And Conclusions. A summary of the results is as follows:

i The evaluation of garden plots at the home residences using manure was not
suceesstul Several management issues were raised. However, ATIP
rescarchers felt that the concept was appropriate and that recommendations
on garden plots should be developed and promoted.  This work was not
pursued further by ATIP,

ii. During a very dry season, there was no crop response 10 manure at selected
sites on field.  Farmers showed little interest in using manure and this trial
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iii.

iv,

was dropped. The trial did help to establish the principal of encouraging
farmers to help target interventions to specific parts of the field or operation
where the retum might be most profitable.  As ia the case of manure, many
interventions are too costly to be applied over the entire field.

Two seasons of the current three year study on the crop response to kraal
manure have been completed.  Yield benefits, after one season were not
significant.  Similar results are expected after the second season.  There was
no indication of a residual benefit in this trial.  Under fanmer management,
plant establishment was erratic and many fields were planed late, but
overall grain yields were typical or better than for other farms in the area.
The problems were, in part, a function of the poor rainfall pattems of these
two scasons.  The response to manure application is thought to accurately
reflect what should be expected under typical management conditions.  The
results also failed to show a difference in response for sandy and finer
textured soils.

Clearly, the returns to the use o manure were not profitable.  An economic
break-even analysis is still useful to help understand the types of target
benefits that would be required. A problem in the analysis is how to value
the opportunity cost of transport and labor during dry scason work. [If it is
assumed that the fanmer owns a cant that is not being used (no opponunity
cost) and fabor is valued at 35 thebe per honr, the use of manure starts to
be profitable with only 50 kilogrmms of grain per hectare benefit.  1f the
opportunity cost of labor is on the order of PLOO per hour, a benefit of 150
Kilograms per hectare would be required.  However, if the cart can be used
profitably for other activities, the cost of manure use would increase greatly.
For example, a load of firewood per four-wheel donkey cart could «ell for
P10.00.

(©). Recommendations. A summary of the recommendations is as follows:

Results would not suggest that a major emphasis be placed on the general

recommendation that farmers apply manure over the entire field, every three
42

years,

On-farm researchers should complete the current on-farm trial on the use of
kraal manure.

On-farm researchens should focus new rescarch on the use of manure in
special production situations,  These situations could include tillage and
planting methods, and water conservation systems in which the level of plant
establishment or soil moisture is expected to be improved, and sole plots of
high value crops such as groundnuts and cowpeas are grown,

“, Ministry of Agriculture recommendations suggest that 12.5 tons of manure per hectare
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CHAPTER 5: COMMODITY INVESTIGATIONS

5.0 CRGI COMMODITY INVESTIGATION ACTIVITIES

S.LI INTRODUCTION

The main body of agronomic research carried owt by ATIP has focussed on the two major
ceread crops -+ sorghum and millet -~ in local crop production systems.  However, small-
seale farmers in Botswina Jo produce o wide range of minor crops in addition to sorghum
and miliet isee Chapler ™) These minor crops can be important to the farmer as a source
of nutrition, as o hedge wpainat loss of the cereal crops, and ax cash crops. ATIP has
conducied some rescach on these mizer crops because of the ahove reasons. and also in
TEIPORM L0 Teguests Trom station -based commodity research programs.

Stace the main body of research has dedlt with the major cereal crops - sorghum and 10 a
fesser extent, millet - tus part of ihe report has been included specifically 1o presemt
research conducted on minor crops. Therefore, the discussion below presents  research
tindings on:

(a). Cowpeas (Section 5.1.2).

(h). Groundnuts (Scction 5.1.3).

(). Mung beans (Seciion 3.1.49).

(). Sorghum-bused intercropping systems (Section 5.1.5),

5.1.2 COWPEAS
5.1.2.1 Justification

A Cowpea Bascline Survey was administered to a large number of farmers early in the
ATIP, in both the Mahalapye and Francistown areas [PR M84-5; PR FF84-1]. This was done
partly at the request of the station-based cowpea rescarchers.  The survey indicated that
cowpeas were grown by the majority of farmers in both areas,! largely in mixed-cropping
systems, that most of the production was consumied at home -- hoth leaves and grain -- and
that production was limited by a lack of seed, predation by pests, and the number of
planting - opportunitics.  Some sale of cowpeas  was reported  within villages, and later
marketing studies indicated relatively high prices were received for cowpeas sold on the local
market.

The widespread cultivation and consumption of cowpeas, and the relatively high prices of
cowpeas in village areas indicated that cowpeas were an important crop.  Because of this,
some specific investigations on cowpea productior were undertaken.  These investigations,
for the most part, were done in collaboration with the on-station commodity research teams,
and included varicety trials, potential of sole cropping, and improved planting methods.

These topics are discussed separately in the following section.

L In contrast, & much later survey on beans, also undertaken at the request of the on-
station cowpea rescarchers, confirmed  that beans were not important in the farming
sysicms it the ATIP and FSSR arcas [ATIP WP 24),
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5.1.2.2 Results And Conclusions
A list of the activitics specifically undeitaken with respect 10 cowpeas is given in Table 5.1,

(a). Cowpea Variety T'ridls.  Over the years, a number of cowped variety trials were
implemernited. These  were performed  in collaboration  with  either  the  Seed
Multiplication Unit (SMUD) or the station-based cowpea rescarchers at Sebele,

Five out of the six sets of rials included  comparison:  of  determinate  and
indeterminate varicties.  In three out of those five trials sets, indeterminate varieties
had a higher average yield than determinate ones. In the remtining two rial sets,
the vield of o feast one determinate variety was similar 1o the vield of the
indeterminate variety. Thus i all comparisons of determinate and  indeterminate
cowpea varictios, on average. the ndeterminare varicties viehded the «ame or bettet
than determinate types.

In all vears there were periods of drought stress and/or insect infestation that reduced
crop yields.  Several of the reports indicated  that the higher vields of  the
indeterminate varicties were due to their cipacity o survive  stress penieds and
produce grain in more favorable periods.

These data indicated that under the difficult environments encountered in farmers’
fields, indeterminate cowpea virieties were often the most productive. Determinate
genotypes may be best suited to special niches in the cropping svstem, such as
situations where tate-season planting s required. Al of the determinate cowpeas
tested, in fact, were improved varieties, compared to the traditional varicties which
wended to be indeterminate,

Although grain yicld is an important evaluation criterion, the Cowpea Baseline
Survey, referred to above, indicated that cowpea plants often had anedher purpose,
namely, the leaves were used for human consumption. There is, of course, the
potential for the residues to be used as feed for livestock.  Consequently, in more
recent years, the on-station cowpea researchers have recognized that the cowpea
varieties should be evaluated in terms of being:

i. Single purpose -- grain yield.

ii. Dual purpos» -- grain yield plus use of leaves for human food.

iii. Triple purpose -- grain yield plus leaves for human food and residues for
livestock.

Based on ATIP's obscrvations, in general, it would seem that indeterminate varieties are
likely to be superior to determinate varieties in cases where farmers wish 1o have varieties
fulfill more than one purpose.  This is because:

i Continuing leaf growth over a longer time period in indeterminate, compared
with determinate varictics, means that leaves are available over a greater
length of time.  The issue of assessing the impact of leal removal on grain
yield in recent years has  been investigated by station-based  ceowpea
researchers at Schele.’

ii. Leaf drop-oft is more protonged in indeterminate than in determinate varieties

?

See for exampie, DedMooy and DeMooy [ 19894,
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TABLE 510 ATIP ACTIVITIES RELATING TO SPECIFIC CROP COMMODITIES

MAJOR FOCUS MORE DETANILS YEAR™ __AREA SAMPLE TYPE __ TRIAL ATIP PAPERS
Cawpeas Baschne survey 1953 Mahal. 4% Survey - RD #4-1, 0717 PR M#s.S
1983 I"Toan 275 Sunvey RD 247, p&i1e PR 1¥4-1
Variety testing: Grain yield
Tswuna, Blackeye, ER-7, Sri Lanka 19834 Manal. 701 Trial RMIT RD 84-1, p.7.23.35 RD %5-1, p.7.14 RF 1, p.202-204
Tswana, Blackeye, ER-7, TVX 3236 1987-8 M), 1912 Tna EMET RD BE-2, p.34-35 RI) 89-2, p.49
Tswana, Blackeye, ER-7, TVX 3236, BUOSC 1987 K ' Town 21,12 Tnal EMET O RD 86-2, po3-6n RD 89-2, p.88-90
Foruge 1987 M i 23 Tral EMET RI) 88.2, p.35
Sole cropping 1955 Mahal a8 Tnal FMET O RD 86-1, p 63 A4
Planting method 1984 Ml . Tnal RMET  RD 85-1, p7.39 RP ., p. 204-20¢
Gioundnuts Sole planting 1985 Mahal. 7 Tral EMET RD %6-1, p.63-64
Eliminating hilling 1957 Muahay 7 Trd FMEL R §8-1, p.37-38
Seed treatment 198586 Mahal. 1317 Triul RMEL RD X5-1, p.7.41.42 RP 1, p.203 RD 87-1,p.11.47-48
Seed trearment 1947-8  F'Town 4425 Tral FUEL RD 88-1, p66-67 RD §9-1, p.39
Variety testing
55-437, Scllie 1988 Mahal. 12 Trial RMET  RD %9-1, p49.-50
55,437, Sellic 1988 Flown 25 Tnal FMET RD 89-1, p¥9
Row planting 1987-8  Mahud. 63 Tral RMFI  RD %8-1, p.45-46 RD 89-1, p.59-60
Production package 1949 Mahal, - rial RMFT  RD §9-1, p.103
Beans Bascline survey 1983 Both 144 Survey  --- WP 21
Mung bean : Crop variety comparnison 1984 Mahal. 10 Trial RMF1  RD 85-1, p7.41-42 RP 1, p.202-203
Sole planting of crops 1985 Mahd 5 Trial EMEL RD £6-1, p63.64
Intercropping Sorghum/cowpeas 1986-8 F'Town 66,6 Tnal RMRI RD 87-1, p11.73.74 RD 88-2, p.52-53 RD §9-2, p.68-69
PR §87-7
Sorghum/melon 1987-8  Muhal. 1212 Trial I'MEi RD 8%-2, p.33.34 RD §9-2, p.47 PR M9%0-1
@ The year listed 15 the beginning of the cropping year in question. For example, 1984 refers to the 1984-85 qopping scason, and 1983-5 refers 10 both the 1934-85 and 1985-86 cropping
aasons,
b. Refers to the number of sites or farmers.  RMRI trials will usually have more than onc replication at cach site.  Figures 1 the column scparated by a2 comma indicale sample sizes in

different years.
c. This can refer to a study, survey, tnal or paper.
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therefore improving the pessibility of more leaves being harvested as crop
residues, should an interest develop in storing fodder.?

In conclusicn, it would appear reasonable, in view of the different uses of cowpeas,
and the uncertainty of the growing season, that the farmer could benefit from
selecting cowpea varieties based on their objectives, and the length of growing season
remaining at planting time,

(b). Sole Cropping Of Cowpeas. A trial was conducted in 1985-86 in Mahalapye to
examine the profitability of producing high value crops in sele stands [ATIP RD 86-
1, p. 631.* The reason for doing this was that the management of mixed crop stands
tended to be geared towards the dominant crop -- usually sorghum.  Therefore the
specific maragement of high value crops, such as cowpeas, in sole stands might
make their production more profitable and increase the retwm to labor.

In general, the trial results were not very conclusive. They showed no major
advantages or disadvantages to sole cropping.  However, it was evident that farmers
were not at all averse to planting high value crops in sole stands.

(). Planting Methods Fo wpeas. A variety trial in Mahalapye [ATIP RP 1, p. 203-
206] suggested that under the broadcast planting system, the variety ER-7 produced a
lower stand density than other varieties. It was hypothesized that this could be due
o smaller seed size.  Subsequently, a  variety by planting  system trial  was
implemented to examine this hypothesis.  In the second trial, results showed no
differences in stand establishment between ER-7 and any of the other three varieties
under either the broadeast planting system or where the planting was on plowed
ground using a hand-jab planter.  Furthermore, there were no varicty by planjing
system interactions.

(d). Field Observaiions On Constraints To Cowpea Production. In general, over the
years, the following constraints to cowpea production have been observed at the field

level:

i Draft power shortages and lack of planting opportunities.

ii. Difficulty in establishing good stands.

iii. Drought periods during the growing scason.

iv, Major aphid irfestations during dry periods. Aphid populations were greatly
reduced after good raing

v. Major infestations of other pod-sucking insects, during years of above-average
rainfall.

vi. Damage by rabbits and duikers.

The most frequently occurring problems have been items "iii" and "iv" above,

5.01.2.3  Recommendations,  Recommendations for further work on cowpedas, which have
included the production of a Promising Guideline JATIP RP ¢, Section 2.3.17 also includes

See discussion in Section 5.2.2.3 on use of cowpeas in forage,

This was a follow-up nf carlier work done on stand establishment and yiclds of cowpeas
when grown in sole stands [ATIP RP 1, p.203).
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the following:

(a). Cowpea  varicty testing should continue at the FMIEL level, with emphasis on
evaluating cowpea varieties for particular purposes, and their fit in particular niches --
for example, identifying better long-season varicties, and improved determinate types
tor late-season planting.

(b). Incorporating aphid resistance into acceptable cownea varieties could bave a major
impact on grain vieids at the field level

(). Farmers have shown a willingness to invest more effort in both cowpea and
groundnut production, possibly becanse of their high value in local markets, This
may indicate that the development and  extension of more intensive production
systems  would be acceptable 1o farmers, providing they are reliable and more
profitable.

(d). At present, seed of improved cowpea varieties is difficult for farmers to obtain,
Efforts should be made to rectify this situation.

5.3 GROUNDNUTS
S$.1.3.1 Justification

ATIP work with groundnut -- Arachis hypogaea - is of panticular interest because the crop
was  known, but not widely grown at the beginning of project work.,  Groundnut was
essentially not grown by farmers in the Mahalapye rescarch villages [ATIP RP 1, p. 60].
Groundnut was more frequeatly grown by fanmers in the Francistown arca but still not
grown by most houscholds {ATIP RP 2, pp. 39-41; WP 3, pp 2, 10-1i|. ihis means that
research involved devising ways to encourage farmers to produce the crop as well as
conducting experiments on production methods.  Another groundnut, jugo bean (Boanzeia
subterranea), was more commonly grown in both Mahalapye and Prancistown areas.

The primary reason for beginning on-farm research with groundnut stemmed from the desire
10 react to positive trial results from the station-based groundnut researchers.  These
researchers had begun o work on groundnut in 1983-84, and first results indicated a
substantive improvement in stand establishment by treating seeds with fungicides.  The
interaction  between oil seed and farming systems research illustrates the potential of a
linkage that is mutually beneficial [see the Promising Guideline in ATIP RP 6, Scction
3211 The groundnut commodity and farming systems research linkage involved the
development of station or farm testing on at least five issues of mutual interest as well as
regular field visits,

At the time the decision wis made to work with groundnut, relutively little station work had
been done. Groundnut is usually grown in parts of the world with more reliable and greater
total rainfall than in castern Botswana [Maain et al,, 1976].  Sdll, estimates of grain yield
potential for arcas like Botswana appeared favorable.  Pandey, Herrara, and Pendleton [1976]
reported that groundnut could produce more than one ton por hectare on as little as 200
millimeters total rainfall in a season.  Before 1982, groundmut yields from rescarch trials
were above 600 Kilograms per hectare in 22 out of 31 scason/lecations.  During four scasons
@@l weny in Mahalapye prior to 1982, groundnut (variety Sellie) yield in on-station trials

to
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averaged two tons per hectare.’
The objectives of on-farm reseawcn on groundnut included the following:

(a). To evaluate the incentives farmers had for producing groundnut.

(b).  To evaluate the yield levels with conventional methods to helr assess the potential
contribution small farmers could make to production targets for the country as a
whole.

©). To evaluate measures that could reduce labor costs or facilitate management of
groundnut production for small-scale producers.

(). To evaluate methods *~ increase production by small-scale farmers,

5.1.3.2 Results And Conclusio, . The following is a brief summary of the results,

(a). Observations On How Groundnut Fitted luto The Farming System. ILven though
only Spanish type varicties (determinate) were used in research, the crop was of a
long duration (approximately 130 days for Sellic). It was observed that the crop was
sensitive to cool temperatares, therefore, it was necessary for the farmer to have land
prepared and planting done before mid-December.  The determinate growth  habit
made the crop reliant on soil moisture at critical times (i.c., from bloom to just
before harvest).  The relatively Tong muaturity cycle gave little tlexibility in terms of
planting date. The growth habit and long maturity combined 1o make this crop less
flexible in fiting into the tillage and planting system of farmers than almost any
other crop or variety of crop commonly used.  Many small-scale farmers have
struggled with planting groundnut trials in a tmely manner [ATI? RD 86-1, pp. 62-
O-h ATIP RD 87-1, pp. 50-51]. The crop was vulnerable to termites for which no
control was recommended.  Other problems that were common elsewhere, such as
carly and fate leaf spot. and black stem rot have not as yet been serious problems.”

(b). Farmer kncentives For Growing Groundnut.  Assessments of houschold consumption
needs, local markets during years with seed shortages, and marketing board prices
were undertaken and the results are as follows:

i In a study on household food consumption in the Mahalapye research villages
(ATIP WP 19), groundnut veas not mentioned. ATIP researchers observed
that when available, groundnut was primarily used as a confectionery.
Groundnut was also sometimes used in a preparation with merogo (cowpea
spinach) and could be included in iefata [ATIP WP 19, p. 14], a dish with
cooked sorghum or maize grain and cooked cowpea, jugo bean or groundnut
grain.  Generally the use of groundnut in home consumption was Hmited by
low production. Ilowever it was noted that its use would still be somewhat
low even when available.  Given that groundnut was not commion in the
traditional diet, it appeared that the demand of most households could
generally be met by production on a small plot.

ii. Several farmers growing groundnut in the Mahalapye research area began to
supply local markets. A Regional Trader Survey conducted in the Central
Agricultural Region in 1985 (ATIP WP 18) revealed that local trading prices
for legumes, particularly groundnut and jugo bean. far exceeded BAMB prices
(Table 5.2 which provided an incentive 1o the producer. Farmers did not sell

Urpublished data obtiined from oil seed research at DAR,
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groundnut to BAMB, and only small quantities were sold to the local market.

TABLE 5.2: TRADING PRICES (PULA PER KILOGRAM) FOR GROUNDNUT
AND OTHER HIGH VALULE CROPS, CENTRAL AGRICULTURAL
REGION, 1985

COMMODITY LOCAL TRADER PRICE BAM#B PRICE
1985 1985
Jugo bean $2.25/kg P0.37/kg
Mung/Tepary P1.56/kg PO.41kg
Cowpea P1.56/kg POATAg
Maize PO 60/Kg P0.25/kg
Groundnut (shelled) P2.00/Kg P0.59/kg

Source: Unpublished data.

(c). The Evaluation Of Labor And Crop Management Issues. Points to note are as
follows:
i. A sole crop planting trial [ATIP RD 86-1. pp. 63-4] showed that farmers

acknowledged the advantage of planting separately high value crops, including
groundnut, that required particular attention [ATIP RD 86G-1, pp. 63-4]. This
finding was of interest for certain crops (i.e., panicular varicties of cowpea).
However, sole planting was already widely practiced for both groundnut and
jugo bean.  The need for separate management of groundnut was due to
intensive labor input that was required after planting, that is for hilling,
harvesting and shelling.  Requirements for groundnut combined to make this
and jugo bean the most labor intensive crops grown by farmers. These data
were collected from low yield situations. Based on the data collected, it is
assumed that harvest time per kilogram harvested will become less when
yields are higher, but total harvest and shelling time could still possibly affect
household decisions about groundnut production.

ii. Followirg on-:tation research which showed that hilling groundnut did not
increase yield and in fact, sometimes caused two stages of maturation with
either immature grain or rotted grain obtained at harvest, ATIP conducted a
hilling trial to test whether this practice could be eliminated from farmer
managed production [ATIP RD 88-1, pp. 37-8]. In this trial, hilling plus
weeding time was recorded as 87 person-hours per hectare.  Just weeding
alone accounted for about 'S0 person-hours per hectare. Elimination of hilling
saved 37 person-hours per hectare without a significant reduction in grain
yield, plant stand, shelling pereentage or 100 seed weight. It was concluded
that hilling was not necessary.

Subsequent to the trials, farmers suggested that when the harvest was for
home consumption, they would prefer to do the hilling.  Farmers felt that
hilling could be combined comfortably with weeding and that two stage
maturity was not a problem. Tmmature grain could be used in the preparation
of differemi fords. Separating mature and immature grain would require more
labor at threshing, but this might not be an issue when total production was
small.  The chminatior of hilling would still be attractive if production were
slightly larger and labor became a greater issue.
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(d).  Assessment Of Methods To Linpro.: Grain Yield. The major points are as follows:

i Benefits from treating seed with fungicide have gencrally been significant
even under farmer management {ATIP RD 87-1, 11.47-48; ATIP RP, | p. 203;
ATIP RD 85-1, pp. 7.41-7.42; ATIP RD 88-1, pp. 66-67; ATIP RD £9-1, p.
89]. Because of the low cost of fungicide treatment, this practice was very
profitable. However, use of a seed treatment was not an obvious proposition
for most farmers. For most crops, farmers did not treat their own seed. In
the case of groundnut, farmers were forced to use any seed availahle because
seed was not provided by the Seed Multiplication Unit and the extension
service. The quality of seed for groundnut also seemed to be more important
than for jugo bean or cowpea [ATIP RD 86-1, p. 62]. A baseline
recommendation for using quality sced that has been treated should probably
be emphasized for even the smallest-scale production,

ii. An introduced drought resistant variety (variety 55-437) was compared with
variety Sellie under farmer management.  The new vaiicty was usually as
good or better than the check.  Farmers did not express a strong opinion
about the variety.  This information has been tumed back to the groundnut
researchers at Scbele [ATIP RD 89-1, p. 49-50; ATIP RD 89-1, p. 89].

iii. Use of row planters for groundnut production have been tested.  Planters
included the rotary injection planter [ATIP RD 88-1, pp. 45-46] and a unit
imported from West Africa referred to as the groundnut planter, in ATIP
reports [ATIP RD 89-1. p. 69). The rotary injection planter provided a
considerable sced saving over broadcast but did not give better stands or
higher grain yield. These results were obtained in a very wet season.  The
new groundnut planter did not improve grain yield, but the planter was
designed to provide the high seeding rate required for intensive groundnut
production and farmers were impressed with the planter’s precision. It has
been suggested that this planter also be tested  with crops other than
groundnut, in the following seasons. ATIP rescarchers are convinced that
intensive groundnut production will require row planting.  This will improve
seed saving, depth of planting, and timely planting to good soil moisture.
Trial data supperting these arguments have not been obtained, in part, because
most farmers are not skilled in row planting,

(e). Groundnut Yield Potential Under Farmer Management. Some major points are as
follows:

i An estimate of groundnut yield potential under farmer management, in the
research villages, can be caleulated from trial results obtained over the six
seasons of testing (Table 5.3).

Generally, yields were very poor in dry years and from fair to good in wetter
years. In these trials, farmers used traditional production practices combined
with a single experimiental intervention. At this level of input, these farmers
clearly kad difficulty with consistency. These yields were not consistent
enough or high enough for many commercial needs.

ii. A more intensive package of improvements would likely be necessary to
achieve a higher and more reliable yield. A groundnut package was
formulated and tested with small farmers in the 1989-90 scason [ATIP RD
89-2, pp. 103-4]. This package included a drought resistant variety, high
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quality seed with seed treatment, elimination of hilling, row planting or good
soil moisture and targeting for a population of 80 to 100,000 plants per

hectare.

TABLE 5.3 AVERAGE GROUNDNUT YIELDS DURING SIX SEASONS OF ATIP
RESEARCH, MAHALAPYLE AND FRANCISTOWN, 1984-1990

MAHALAPYE FRANCISTOWN

SEASON RAINFALL RESEARCH YIELDS RESEARCH YIELDS

1984-85 200-300 mm 21 kg/ha

1985-86 200-300 mm 45 kgha

1986-87 200-300 mm fndicated as low yiclds

1987-88 >700 mm >900 kg/ha >300 kg/ha

1988.-89 300-400 mm 141 kg/ha 100 kg/ha

1989-90 420 mm 153 kg/ha

Source:  Sce trnals listed in Table 5.1.

o Rainfall in the ATIP rescarch villages was far below average into the month of January. This
severely affected the yicld potential of groundnut varictics tested which should have been plantcd
by the middle of December.

More study is required on plant populations for different management ievels
in small-scale production. Station-based research proved that 80 to 100,000
plants per hectare was on the low end of an optimal range for profitable
production under good management. This would require a seeding rate of 25
1o 30 kg per hectare. Farmers tended to use a lower seeding rate and to
achieve a still lower population [ATIP RP 1, p. 203; ATIP RD 86-1, pp. 63-
64; ATIP RD 87-1, 11.47-11.48; ATIP RD 89-1, p. 89]. Not only higher
seeding rates, but also better than conventional land preparation would be
required to consistently achieve the target population.

5.1.3.3 Recommendations. The major recommendations are:

(a). Seed treatment with fungicide and quality seed should be basic recommendations for
all levels of groundnut production. This is particularly useful information for farmers
or farming areas where groundnut is not a well known crop.

(b).  The use of improved varieties is a useful and straightforward recommendation for
farmers. At the moment, there is little of a traditional groundnut type in use,
particularly following the drought of the carly cighties. New varieties can be readily
used by farmers when seed is made available.  Seed availability is «tiil a constraint
to production for many houscholds. The Sced Multiplication Unit and the extension
service should be encouraged to expedite the production and distribution of groundnut
sced 1o areas where interest in groundnut is indicated. The need to complete
distribution before the rains begin is particularly important for groundnut,

(). Further study should be made on the production goals of different farmers. ATIP
experience would suggest that recommendations should be developed according to
production goals:

i, If the goal is to produce for home consumption only, planting would be on a
small plot and possibly the rciurn to labor input would be less critical.  Plant
populations would be lewer than gencrally recommended, but with a good
return to sced used.  Recommendations could include:  good sced quality,

Fite: A1OT S - 136 - September 4, 1990


http:11.47-11.48

seed treatment, improved varieties as seed for these becomes available, and
planting on good soil moisture. Hand planting could help improve timeliness
and the retum to seed if moisture at plowing is not goad, or if seed is
limiting.

ii. If the goal is surplus production, a more intensive package would be
appropriate.  Good early tillage and timely row planting would become more
appropriate,  Higher plant populations would give a better return 1o labor,

iii. If the goal is relatively large-scale production by the small furmer, the return
to labor becomes increasingly critical as does the quality and unifority of
the grain produced.  More emphasis would need to be placed on timely row
phlanting and the elimination of hilling, and other labor saving measures that
could be developed. These farmers might seek both the means o increase
the vield return 1o Tabor, and  a higher price incentive that is sustainable even
if Tocal production were to increase.

514 MUNG BEANS
S0 Justification

At the request of the on-station cowpea rescarchers at Sebele, a Bean Baseline Survey [ATIP
W 241 was carried out in the castern pant of Botswana,  The results of the survey
confirmed  what was already known, that beans were rarely grown by farmers.  Of the
farmers interviewed only 23 percent of the farmers grew any type of beans during the period
1O8:H 1o 1985, Although mung beans were specifically excluded from that survey,” another
survey had indicated that rung beans were not widely grown even though they were known
to farmers [ATIP RP 1, po 61 ATIP's interest in mung beans was therefore, at first,
stimulated more by carlier station-based research rather than an expressed interest on the part

of farmers.

Initial work with mung beans -- Phascolus aureus -- was part of an cffort 1o screen crops
and varieties of crops for general performance under typical farmer management,

Later, mung bean was one of the crops tested with farmers under a more intensive
management scheme.  In this scheme, farmers planted sole plots of secondary crops rather
than mixing sced and thinly dispersing the crop over the entire field.  Sole planting small
plots of mung beans would facilitate special management of this crop including timely
harvesting.  Because of its short growth cycle, ihe mung bean was proposed to farmers as an
option for planting late in the scason.

When several agronomic  characteristics of the mung  bean  were  identificd  as major
constraints 1o its adoption by farmers, ATIP agronomists initiated  the planting of an
international varicty trial” at the Mahalapye sub-station.  Grain yield, especially in terms of
harvest index, and resistance to pod shattering were key traits in the varicty evaluation.
Variety testing of mung bean was subsequently and correctly made the responsibility of the

"It was confined to beans other than mung beans and bambara nuts commonly called
jugo beans,

A standard variety trial package from the Asian Vegetable Research and Development
Center (AVRDC) of Taiwan.
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oil seed resecarchers at Scbele,

5.1.4.2 Results And Conclusions

A list of ATIP roccarch activities on mung bean is given in Table 5.1.  Under farmer
implemented planting, mung bean gave good to excellent plant establishment [ATIP RP 1, p.
203], out performing the recommended shon cycle cowpea variety, ER-7. Plant growth and
grain yicld under dry conditions were good.

When the mung bean was placed into a completely farmer implemented management trial,
many farmers were reluctant o choose to plant it For those who did, pod debiscence with
seed loss was cited ax a nwjor problen. Mung bean production, with available varieties,
requited  carctul maaitoring of maurity and timely harvesting to avoid seed oss following
pod shattering. Such o demanding schedule often did not fie well into the Tabor allocation
pattem of the household, Better resistance w0 pod shattering wonid ave made mung beans
more useful.  Other farmers, however, also indicated  that mung  bean was  less
appreciated than the cowpea for consumption,

Even though Jdata tfrom the mung bean varicty trial conducted at the Mahalapye research sub-
station  were incorporated  into the mung bean commadity  program, ATIP made two
interesting observations. These were:

(a). There is very good potential for the mung bean to serve as a catch moisture crop.
In TO84-85 and 1985-86, rantall during the carly and mid-season was very poor at
Mahalapye.  Mung bean plantings in February and March of these two seasons,
respectively, were able to use the late scason showers and produce crops of more
than 500 kilograms per hectare.”

(b). None of the varieties tested showed much resistance to shatering, and all still
required caretul atcention to the timing of the harvest.

5.1.4.3 Recommendations

Until a variety with high grain yicld and good resistance to pod shattering is available, there
is not likely to be much farmer interest in growing mung beans. A decision was reached in
ATIP o wait until the oil seed rescarchers proposed new varieties for farmer testing before
funther work was done on-farm,

When new varieties are proposed, they should be compared with comparable shont season
cowpea varictics, even for late season planting.

I any mung bean variety is recommended for late scason planting, planning will be required
on how to provide the seed to the farming community, on a contingency basis.  Better
recommendations on mung bean seed storage, at the houschold level, would be useful in
creating a yvear to yvear supply of a seed that will only be used when planting conditions are
appropriate.

*. Dy are wnpablished. but were handed over to the station-based groundnut researchers.
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5.1.5 INTERCROPPING

5.1.5.1

().

(b).

(©).
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Sorghum And Cowpeas

Justification. Intercropping has been shown to reduce the risk of total crop failures
in some countries. ‘The rate of crop failures under the drought conditions, often

prevailing in Botswana, has been very high in recent years, for example, up to 80
percent failure of plots planted in 1983-84.  Any technology which reduces the rate
of crop failure should be of benefit to farmers.

Therefore objectives of the work with the commonly found sorghum/cowpea intercrop
system were to examine whether:

i A sorghunveowpeas intercrop could reduce the risk of total crop failure
relative to sole crop sorghum production.

ii. An intercrop system was actually more productive than a sole crop system
under farmer field conditions.

Results And Conelusions. "The system was investigated in a row planted RMRI trial
conducted over a three year period (Table 5.1, The intercrop system was designed
as an improvement over the traditional broadcast mix cropping, but was only feasible
for farmers who already practiced row planting.

Results indicated there. was no yield increase in the intercrop system over sole
cropping. However, it was observed that over the years some crops did better than
others due to weather or environmental changes.  For example, in 1986-87 cowpeas
did better than sorghum due to the drought conditions, and in 1988-89 sorghum did
better because aphid and rat damage to cospeas reduced yield.  This implied that an
argument could possibly be made for intercropping to avoid the risk of total crop
failure, especially under farmer conditions.

Recommendations. The work that has been undertaken, to date, indicated that:

i The combination of main and minor crops should be carefully selected to
avoid plants competing for soil moisture and nutrients, and for farm labor.

ii. A design of a two or three row planter would ease the implementation of the
intercrop system for farmers who use animal draft.  This should, however,
only be addressed once systems are developed, that show merit.

Sorghum And Melons

Justification. A high percentage of the sorghum ficlds, under practical farming
conditions, included the presence of melons.  The impact of melon growth on
sorghum yield was not known. A negative refationship would imply that it would be
advantageous to sole crop sorghum and melons.  On the other hand, a positive
relationship would imply that the shade benefits of the melon canopy could result in
reducing weed growth and soil water evaporation losses. ‘Thus intercropping would
then be beneficial.



Therefore, the objective was to assess the influence of the water melon component in
the sorghum/melon mix on sorghum yield, at the plant populations used by farmers.

(b).  Results Arnd Conclusivns. The FMF] systems monitoring trial implemented by 12
farmers was conducted over a two year period (Table 5.1).  Participiting farmers
were asked 1o plant sole sorghum, and sorghum mixed with water melon seed, on
adjacent plots using their standard single plowing broadcast system.  Six kilograms of
sorghum seed was planted, per hectare compared with the same seeding rate of
sorghum mixed with melon seed at whatever rate the farmer chose.  An impact
assessment of the melon component on sorghum was made by measuring grain yield
and melon cover.

No grain yield differences between the sole crop sorghum and mixed sorghum plots
were observed. It is likely that at the low melon population densities used by
fanmers, the impact of water melon did not have an opportunity to express itself.

(c). Recommendations. Further work in this area should include:
i. The monitoring of soil moisture, which was not possible during the study.
ii. Examining the effect of increasing the proportion of melons in the mix.

5.2 LIVESTOCK ACTIVITIES

5.2.1 INTRODUCTION

The mandate of ATIP was to direct most focus on crop activities.  However, recognition of
the critical nature of the crop/livestock interaction in such a harsh climatic environment led
to the inclusion of ar animal science component in the design of the project. Overall, this
input has  been dess than would be desirable because of limited project resources.
Consequently decisions had 10 be made as to what general areas were to be examined.
Eventually it was decided that the following two areas should receive the most attention:

(@).  Topics which included a crop and livestock interaction, such as drafi power, feed and
manure,

(h). Small ruminants which, compared to canle, had received little attention by the MOA,
were more equitably distributed among farmers, and could provide a ready source of
cash income for most familics.

Because of limited project resources, these activities were carried out predominately in the
Francistown area.

There was another limitation imposed on ATIP's work in the livestock arena. This was in
relation to the methodological approach, It proved much easier 1o undenake trials at the
RMRI and FMFL levels rather than at the RMFI level [ATIP RP 3, pp. 33, 97]. Put simply,
the non-experimental variables were more difficult to control in livestock than in crop work
because livestock were able to move and crops were not. Thus a major dimension of FSR
work that was used a great deal in crop work, was largely absent in FSR work with respect
to livestock.  This made it difficult for FSR work with livestock to have an analogous
impact to that which was possible with work on crops.
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The following discussion presents research results on:

(a). Nutrition - mineral supplementation, blood parameters, forage production and use,
water and the low-lift water pump (Section 5.2.2).

(h). Draft animals -- draft power, hamesses and yokes (Section 5.2.3).

(). Small ruminants -~ discase, housing and facilities, goat milk production, estimating
weight from hearnt girth measurements (Section 5.2.4),

(). Chicken management (Section 5.2.5).

§.2.2 NUTRITION
3.22.1 Mineral Supplementation

{a). Justification.  The phosphorous content in pasture in Botswana is generally low --
being  relatively more acute on sandveld than on hardveld soils. The  Animal
Production Rescarch Unit in DAR, not surprisingly, has determined under experiment
station-based  conditions,  that  mineral  supplementition of - ruminant  livestock
throughout the year is necessaey o improve and sustain livestock productivity levels
[APRU, 1990, po 30, 4 Phosphorous and calcium supplementation in cattle has
increased yprowth ey of young carle and conception rates of cows. However,
perhiaps because of their being biowsers, average caleium and phosphorous content of
poat dicts have been otten found sbove those considered 1o beadeguate [APRU,
1000]. Calcium and phosphorous are generally supplied together. Very few farmers,
in Botswana, provide mineral supplement (o their animals, It wax  therefore
considered 10 be desimable to aseertain whether mineral supplementation hid
discemable favorable impact on animals under practical tarming conditions,

(. Results and Conclusions. Overall, the results of the  swdies on mineral
suppiementation (Table S+ were not very convincing.  The following represents a
summary of the results:

i. In general, farmers failed o understand the value or the rele of mineral
supplementation in relation to nutrition.

ii. Some farmers apparently expected an immediate response  from  feeding
mineral supplements, and when this was not observed, withdrew from  the
program.

iii. A number of farmers remarked that the animals appeared to be in better

condition, that factating goats produced more milk, and that draft animals
such as donkeys and cattle were able to work longer.  However, it was not
possible to verify these opinions in any objective measurable manner,

iv, An effort was made to supplement the attitudinal statements under "iii" above
with a more objective evaluation in terms of blood parameters (see Section
5.22.2), Once again it was not possible to derive any consistent significant

conclusions,

v, There were major probiems in obtaining regular and  reliable supplies of
mineril supplements.  Although bone meal was subsidized, it was often not
available. A potential substitute in the form of a mineral mix was generally
available, but was not subsidized and was, as a result, six times more
expensive.  The supply dssue was further complicated because the sappliers,
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PABEE S0 A1 ACHIVEHES REATING TO LIVES TOCK

MAJOR FOCUS T MORLE DETAILS YEAR™ SAaMPLLYeE TmRiaL T T __ATIP PAPIRS
Minerdd supplementation Drart arueals tor carly plowing 191 Flown 7, T ML PR I3 PR 'x5-3 PR 1’054
MP RS2 P b6-8 PR 563
. EP 1, p o tus?
Cattic J 2, Jonheyy (19, goats (36) JOLES Flown 3 in il PR l-r-:~.< RP 2, p K27
Blood parameters Friect o srneral supplementation: Goats Tusg 1 Town WPy WP 10 M Ab-14
. RI3 2 p s703
Donkess 19585 Flowsn 300 Study WP : MP Ax-12 RID 2, p. 5793
Forage Supplericnta feeding tor double plowing g < B lown 78 Tnal RMED PR Frd? PR Fx5-3 PR F8§5-6
AP ss12 P 868 PR 1563
MP oSS g2 PR 86,3 P 86-5
Fotape crops
Superphosphate: Crop residues plus 4 forages 198§ Btk x Tl EMEL O RIY a5 20203 RD X8.1, p.17
Dolichos tablab, Babala millet 19x6 Friewn 3 Irial FMEL R w700, p 70
B)SC, Dulichos Tablub 1987 M 23 Tl EATED RD w22, AR REI) ¥9.1, p17.24
BHSC, Dolichos Lablab jun? Fioan 1 [rial BEMEL R 252 p S
Dolichos lablab 1555 NMohal Frial FMEL R a2, ay.50 PR ['86-3, p.16-17
Water Sources 168S I Toan Suncy . WP 3ip 3T A2
¢ Hand hitt pump 1UNT Frlown It NEL PR Bey 2
Drant power Managoment wid pracuces Juss Mol Suney W0
19834 Floun Serves PROESS L WP 3p31.19
Armangoments and use: Amangements 1un2 Mol T4 Suncs WP s
Use TUK3.2 Ml 2702 Sunves - Wp 2
Hamesses/sokes Fammers opiniens on donkey hamesses IREYA] Roth 412 Suney PR FaN-8 PR 10-6
Production parameters Statntics on typreal goat herds 198670 B Toun 202029 Suney PR 15722 PR ['K5-1 NP §6-5
MP ¥6-9 MP 88-15
Ihsease Chnicad and Post-mortem diagnosis 19884 B Town I8 canes Studsy WP 3s
Serolog cal study 1988-Q  F"Town t»‘(J‘ Study - Wp 32
Intema! parasites 1989 F'lown w73 Studdy - WP 31
face 19%y Fho 72 goats Tnal FMEE WP 2
Housing and faclities Sheltered hraal wath feed storuge capacuy 1988-9  F'Town 9 hrwals  Study Wp 27
Milk production Tradinonad 19%6-79 Flown 20,2020 Sty - PR F&7-2 PR F85-1 MP 86-5
MP r G MP §8-15 WP 36
Drylot 1989 Frlown 12 goats Trial RMRI Wp 37
Chicken Vital ststistics on typical chicken flocks 1948 Flown 213 Suney .- WP 3 op 245 PR F¥4.2
19857  Bath 7S Survey - RP 1, p. Kh-94 PR MS$7-2
a The year listed 15 the begmmng of the qopping year 1n question. For example, 1954 refen 1o the 1984.55 cropping season and 1954-5 refers 1o both the 1984-5S, and 1955-86 cropping
seasons.
b. These refer to the number of sites or farmers.  RMRI trials will usually have more than one replication ar cach site, frgures 1 the column separsted by a corima indicate sample sizes in
different years.
. This can refer 1o a study, survey, tnal or paper.
d. Hreakdown according to type of livestack is given in the "More Detail Column.”
c. Blood samples.
f. Many more references relating to draft power could be cited, but since topics in them ere discussed in other sections, they are cited elsewhere.  For cxample, under forage, sce references
to supplemental feeding for double plowing,
g Fecal samples.
h. The survey in 1987 was informal in nature and no sample size was recorded. The 1985 survey was confined to the Mahialipye arca.
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the Livestock Advisory Centers (1LACs) were often located a long way from
farmers, transport was difficult to arrange, and supplies were only sold in 59
Kilogram units.

(c). Recommendations. It is unlikely thar mineral supplementation will have much
impact on animals, under practical farming conditions, until general animal husbandry
levels have been tosed. The fiet step i this process is to institate farmer education
programs on nimal nutrition, feeds and o ding,

Blood Parcmerers

‘<
i\d
tu
T

fan JusiGication, ity wow Anown about whar constituted neraad blood parameters of
doakess v voaee o Betwene This reade @ Btriesh to Suaerprer fundings from
hical meterad b the past e Npanes ased 1o ndicare nomal blood vadues saewe
thowe dernv e o aropa, South Atnica and the United Stares,

Ao resalt of de sieation, a0 sty woas undertabens in coopenanon it the

Serviees) to deterine:

Dyoparinent of Neterinan
1. The aorma sduees i poat and donhey blood ter e Tevels of calcium,
phosphoris . magnesian, cepper, total profein wens red blood cobin s and white

blood cells,

i, Whether these parameters woald differ i aninuds receiving supplementary
feeding of minerd min o drought reliet cubes for goats, and mineral mix tor
donkeys.”

ii. The enects on the performance of the animal from the supplementation, as
evaluated by the owner.

(b). Results and Conclusions. The major results for the blood parameter studies cited in
Table 5.4, were as follows:

1. Goats. The results in Table 5.5 indicated that supplemental feeding of goats
under the management conditions which existed in practical famiing situations
appeared to be of Tinle value.  Under the existing system. sufficient minerals
were probably  obtained  through the browsing  charactenistics of  goats, to
sustain - their  productivity. A visual  evaluation  contirmed  that both
supplemented and control goats were in quite goad condition,

1. Donkeys.  The results an Table 5.5 suggested that mineral supplementation
wis sometiies iretul for working donkeys, as it appeared to increase the
number oi ted blood cells. However, this was not Jikely 1o be economical
unless the aninals were anaemic to stant with, Visu 1 oevaluation of both
cortrol and supplemented  donkeys  indicated they  were in quite good
condition, while the Tevels of Mood parameters fell within the normal ranges
quoted in the Tierature for other countries, except for copper and urca which
were higher, and calcium and red blood cells which were lower.

Recently changed o the Department of Animal Health Production.
“The mineral miv consisted of equal parts of salt and dicalcium phosphate.
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TABLE S5 LEVELS  OF  DHTERENT  HLOOD  PARAMELERS AND INH.LII.ZNCI". OF  MINERAL
SUPPLEMENTATION IN GONTS AND DONKEYS, FRANCISTOWN, 1958 56

IMENT L GOATS L .
- COVERALL LEVEE ¢ OVERALL LEVEL,
Calcium L2 BT R WY thgher 007 44 211
Phesphorouy 5154 1.5 No ctfvet 379 44 €07 Lower
Magneyuim 28040 00 No cltect 207 /- DoS No effect
Coppet M PRS.3Y o7 N ON Nov etfect IS403 ¢/ 0327 No ctivet
Totad Protein TNV e Loaer RO ./ Lo Lower
Urea . ERE T T er 3AN 4 M 6D fower
Red Blovad Celt Coant ( | BT BT T Hryoee A ] Higher
White Biaod Cell Count Tiow o Thghe Gen ey 307 No ctfect

Source See stnbies hated i Pable 81
K In the tabic "Oveali Tovet reters 1o Gie mvan o the cenfidence hirnts frem combining the blosd samples of both
wrvily Froept whore sedicated, the figues are evpieswed aulhgrams per 100

e vontrel wd opplon need
sohe et tof sappiementation at the P01 or P 009 Jevels,

mlhitters Ihe “Friect Sopp

h Siee magetum ad copper wers nt procatm the panenal mix there was chvioasly no effect recorded

. Microgzans per WO by e

J Grams per 1 nnihibiters

v Midhons por cutic mallmiewr

{ Thousands per cabie eallieicn

(<) Recommendations. 1t addivional nutritional work is undenaken in the future, it

should cencentrate on veneral nutrition. feeds amd feeding methods, and cducating,
farmers on the value of vood nutrition. Until higher levels of management are
mtroduced which improve the productiviy of poats, it is difticult to make a strong
case for mincral suppler satanon o vodts - under  existingmanagerial  and
environmentat cond’tions,  Only o shghtly stronger case can be made for mineral
supplementation of  working donkeys  considering the prevalent nanagerial - and
environmental conditrons,

4

5.2.2.3 Forage Production and Use Studies

(. Justification.  Intrinsically, because of the long dry season, a strong case can he
made for the production o forages and storage of crop residues to feed to livestock
during that period.  Since 1977, APRU has looked at various  fodder specics
including prasses, legumes and millets. A number of potentially usctul species have
been tdentified including both Dolichoys tabiab and babala millet [APRU, 1990, pp.
22.23).

There are, however, a0 number of problems associsted with suceesstully umplementing
a tedder program, within the Botswana setting. Yhree of these are as follows:

i there is no radition of growing forages or preserving crop residues. Any
crop residues are usually consumed in site soon after harvest,

ii. Farmers have Jimited resources which generally are concentisted on producing
food crops, especially as the majority of farmers are not celf-sufficient in
these.  Therefore, it s unlikely that many  resources witl be  devoted
exclusively to producing fodder crops, especially by the poorer farmers.
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i, Even if suitable forage species can be identified, it is unlikely, given the
above voints, that large quantities will be produced.”  Therefore, considering
these limitations, farmers will need to muke decisions about its use for the
different types of livestock.

Farmers, in the ATIP areas, had expressed litde interest in the supplemental feeding
of livestock.  However, because of the ongoing interest among MOA  officials,
particulirly ALDEr - ATIP became involved i some work in this area. ATIP
activities with respect to forage are summarized in Table 5.4 Broadly, they were
classed into two groups: those relating o the potentiil returns from producing forage,
and those relating o the identification of a suitable species for producing forage.

(b, Results and Conclusions. A brict sunadary of tie sesulty s us Tollows:

i Berefitx From Growing Forages.  Poor condition of dratt animals was often
stited as a0 mgor reason for delays in o suardng arable activities at ihe
beginning of the growing season. AT interest in early plowing as part of
a double plowing  strategy (see Section 120D stimudated  interest i
supplemental feeding ot draft anmmals ot the beginning of the riny season,
However, it was difteolt o draw any detinitive conclustons from the work
that was underidhen  This was becwse there were probiems in determining:

- Whether supplemental feeding was eriticelly important in deciding
whether carhy plowing would tahe place. As G oresult it was ditfienl
to estimate the benefit frrom doubde plowing JATIP 1P 865, p 4701

-- The cost of the forage.  Although it appeared that purchasing forage
was sometines too costly in relation o the benefits, there were dlso
nijor uncertainties about whetber farmers themselves would  produce
forage with relatively high opportunity cost resources -- especialiy in
low rainfall years when it was difficult to grow torage or food crops.

Given these uncerainties. it may well be that even if farmers were to aceept
the use of forage in their farming systems, it might only be situations where
the benefits, in relation to the costs, are more direet and easier to establish,
For example, farmers might use high opportunity cost resources for producing
forage if there were a well developed market for the milk and/or fattened
animals,  In Botswana, there have, for example, been trials done with limited
resource farmers on the winter fattening of cattle (FSSR), peri-urban  dairy
cattle (Dairy Unit, APRU), and milk production of goats in drylots (ATIP WP
371 In all these cases, however, an effort was made to market a product in
a reasonably shor period of time and to select animals that would benetit the
most from the additional nutrition.

in. Hdentification Of Suitable Forage Species.  [In terms of work on forages and
crop residues, much of it has involved responding to requests on the pan of
ALDEP.  Species looked ar, semetimes in an RMFI but usually in an FMFI
format, have included:

" There is no well-established market for small-scale producers 1o sell forage or crop
residues.
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i. Instruction on the necessity and value of animal nutrition, proper methods of
utilizing feeds and techniques of feeding must be introduced to farmers before
successful fodder production can occur.  Once this information is understood,
the concepts of fodder storage techniques and better forage crop production
should  be introduced.  This instruction could be provided at the Rural
Training Centers or by extension personnel in the villages.

it. Research needs to continue on the use of crop residues and the identification
of suitabie forage species.  Given the inevitable clash with the use of
resources on food crop production, and the difficulty of establishing annual
forage crops in dry years, when they are needed most, there appears to be
merit in much greater emphasis being placed on perennials such as trees and
shrube that can form botl, windbreaks and living hedaes. Both exotic and
indigenous spcies need 1o be investigated. Issues o8 palatability  and
digestibility will need o be addressed at the same time,

i, Once the above conditions are met, a caretul assessment of farmers' interests
and cconomic feasibility will be required.  This information will provide the
basis  for devising  suntable  strategies  for introducing  fodder  programs.
Strategies for the practical and profitable use of fodder will also have 10 be
developed, tested and demonstrated. It is tikely, as sugpested earlier, that the
best initial entry points will be where the fodder produced can quickly be
transhated into & cash return,

3.2.2.4 Water And The Low Lift lHand Water Pump

(a). Justification.  Watering of animals, which was usually donc on a daily basis, was a
very time consuming task for most farmers.  Well over 30 percent of the farmers in
the Tutume Agricultural District had to trek their animals for more than one
kilometer to the watering source.  In the same district, rivers constituted the main
water source in the lands arcas, and the second most important water source in the
cattle post areas  [ATIP WP 3, p. 3.7, A.26). Many farmers had hand dug shallow
wells at lands areas which tended to dry up during the dry season, and when in use
sometimes  provided  contaminated  water. These hand dug wells wvere also
constructed, panicularly during the dry scason, in riverbeds. A well made low lift
hand pump attached 1o a sand point could provide water in these situations which
would be cleaner, and available for longer periods.  Sinking a sand point would also
be less work than digging o well, and pumping might take less labor than filling
water troughs with buckets,

(b). Results and Conclusions.  Four pitcher pumps, capable of lifting water up to six
meters were imported, as were three sand points.  In addition, two sand points were
locally made. A summary of the results is as follows:

i. Farmer assessment was favorable, and there was a great deal of interest in
obtaining similar pumps because they provided clean water, required less work

than digging wells, and were ~asy to use.

il The locally manufactured sand  points appeared to work as well as the
imported sand points,
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iil. Unforiunately the pumps were not always anchored properly with wire to a
point ori the bank, and consequently were lost when the river flooded.

(). Recommendations, It is recommended that:

i Etfons should continue to determine whether the pump tested, or a similar
low-cost pump, can be manufactured locally, or at icast within the region.
There appears to be no problem concerning the local manufacture of sand
points.

it If it is possible to manufacture the pumps locally, then these should be
subjected to extensive testing, and if successful, oftered to farmers, possibly
though the ALDEP program.

5.2.3 DRAFT ANIMALS

5.2.3.1 Draft Power

(). Justification.  Ready access to traction is critically imponant in determining whether
farmers can undenake tmely operations, as far as arable activities are concerned.
Given the resource limitations of most farmers, ownership of animal traction, ecither
oxen or donkeys, is the only practical way in which such access can be assured.
Effectiveness of the traction, once access is achieved, raises another whole set of
issues.  Many sections in this report indirectly address the issues of access to, and
effectiveness  of  traction. For example. much of the agronomic work on
tillage/plant.ag attempred 1o make the plowing/broadeasting bottleneck less  critical
through developing strategies to increase the amount of water in the soil profile, and
by increasing the number of days planting could be done on good soil moisture,
Unfortunataly most of these strategies required more rather than less draft power,
therefore it was critically important to evaluate whether the additional return from
that extra input was justified compared with allocating the traction in the traditional
manner.  Since the effectiveness of draft power is also a function of several other
factors, which are considered and are summarized in Section 5.2.3.2, the discussion at
this time is limited to some very general observations. A number of ATIP activities
relating to this topic are referenced in Table 5.4.

(b).  Results And Conclusions. In 1982, animal traction, consisting of oxen and donkeys
rather than tractors, was still very dominant.  With the onset of the drought, two
significant trends developed [ATIP WP 22, ATIP EP 88-4]:

i The use of oxen decreased in relation to the hardier donkeys.  This shift was
also encouraged through the ALDEP program.

ii. Because of the drought and because of the ARAP and Drought Relief
programis which subsidized the plowing operation, much greater use was made
of hired traction, particularly tractors,

It is therefore ot surprising that in a 1988 survey of farmers in the Mahalapye area
[ATIP PR M8S-2, p. 2], ST pereent were completely dependent on hiring traction for
plowing purvoses,  This was relatively higher for female-headed houscholds  that
tended to Feopoorer, while the hired traction was heavily dominated by tractors.  OF
the households using animal traction, only 23 percent used oxen, while the rest vsed
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(c).

donkeys.™ It is difficult 10 pr-dict exactly what will happen as a result of the end of
the drought and the removal of the ARAP and Drought Relief programs. However,
in the absence of new plowing subsidies, it can be anticipated that;

i As more houscholds benefit under the ALDEP program, and re-establish their
own draft capacity, the trend towards greater use of donkeys will increase.,
ii. Use of hired traction, particularly tractors, will decrease, particularly with the

recent removai of the plowing subsidy.

Over the years of ATIP'S existence, a number of constraints in the use of animal
draft power became evident.  Some of the obvious ones, often mentioned and not
unique 10 ATIP's work, ure:

i Poor management and care of animals used for purposes other than breeding,

ii. Time required for daily management of animals, such as provision of food
amd water, particularly at the beginning of the rainy scason.

iii. Weak state of animals at the end of the dry scason,

iv. Time required to catch and hitch up the animals on the limited number of
days when they were te be used.

v. Poorly trained ani.nals,

vi. Reduced shuughter value of cattle if used longer than two or three years,

It is perhaps not surprising, panly because of these problems, that opportunities for
plowing and planting were missed, particularly carly in the gowing scason.  Better
nuanagement of dratt animals i obviously an important issuc but s only likely 1o
develop if there are perceived to be compensatory benefits (see. for example, Sections
S.223 and 52320 The dissue of water at the lands has been addressed in the
current: ALDEP program.  In werms of the other issues it appears that donkeys,
although they are operationally slower, are superior to cattle, in the sense that they
withstand dry periods better and being more docile, are easier 1o train, and are kept
longer.

Recommendations,  The recommendations concerning draft power are fairly obvious
and need lile discussion, since they are often mentioned.  Three main ones are as
follows:

i To create conditions in which timeliness of operations is possible, ALDEP
should continue o provide animal draft power, »vid wuater provision at the
lands, at subsidized rates -- particularly with respee: to donkeys,

ii. Coupled with i above, increased efforts are needed to develop teaching aids
and procedures for instructing farmers about the handling of draft animals,
management, nutrition, feeds, feeding and training.

i There are two strategies that are currently being considered or are being
implemented to address the poor training of animals,  These are:

-- Poor wraining is partially a function of animals being under-utilized.
ATIP studies have indicated that for houscholds owning traction, drafi
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animals are used much more for transport purposes than for direct
arable activities [ATIP WP 22, pp. 19). Therefore, the provision of a
cart, under the ALDEP prcgram, would probably further increase the
utilization of such animals and help keep them in a more "trainable”
condition.

Farming Training Courses (Section 3.3) could, and should be used as
a means to provide farmers with ideas on how to train aninmals fer
specific activities, for example, row planting and mechenical weeding.

5.2.3.2 Harnesses And Yokes

(u).  Justification. 1f the work efficiency of draft animals can be improved then it will be
possible for them to increase their output per unit of time -- an important
consideration  in  an  environment  where  opportunities  to undertake  the
plowing/broadeasting operation are so limited.  There are a number of factors that
influence the work efficiency of animals, besides the type of drafi, the soil moisture
and texture, ete. The other factors revolve around the capacity of the animals
themselves as determined by:

i The condition of the animals.

ii. The effectiveness with which the traction capacity of the animals is tapped
and transmitted to the implements that they are pulling.

. The appropriateness of the design, and the existing condition and adjustment

of the implements being pulled.
ATIP has addressed all of these three areas to some extent.  For example, point "i"
involved introducing supplemental and mineral feeding (see Section 5.2.2), while
under point “iii", several types of cquipment were tested (see Section 4.44) and
condition focussed surveys have been undertaken on plows and row planters (see
Section 4.4.3.1). This section concentrates on point "ii", the transmitting element.

Traditionally, haresses for donkeys were usually made of old tire side walls wired
together, or pieces of wood and rope or old ox yokes which were tied around the
neck. None of these devices pulled evenly and all caused lacerations and sores from
chaffing and rubbing. Consequently work efficiency was severely limited. Oxen
were usuxdly worked in pairs.  The yokes were reasonably good, but the neck straps
tended to choke the animals.

Work by ATIP on hamesses and yokes has complemented that of many others in
Botswana.  Ficld testing of several different types of equipment was undertaken,
including Kenvan donkey hamesses and improved Sebele ox yokes.  Since a great
deal of work in Botswana has been done on the Sebele ox yokes, less emphasis was
placed in this arca.

The Kenyan harness, which is now being manufactured under the supervision of
RIIC, consists of a collar which allows the donkey to exen its maximum traction
capacity. The collar consists of hames  (wood), pads, draft hooks, hame straps
(Jeather), neck strap (leather), hooks and chair,  The hame strap and chain make the
collar adjustable.  The pads -~ filled with foam chips -- are fixed inside the hames
and are pliaced against the neck in front of the shoulder.

(0).  Results and Conclusions. Over the years extensive FMFET fevel testing of the donkey
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collars has taken place (Table 5.4). In general, farmers found the donkey collars
very satistuctory.  Among the advantages they gave were:

i. Less time was involved in hamessing the donkeys with the new collars once
they knew how to use it.

it. The donkeys were free from sores.

iii. The donkeys were easier to control,

iv. The draft efficiency was increased, since farmers often stated  that

fewer animals were required o pall the plows, and less vime was
needed to plow a given area of land.

Overall, theretore, famers expressed considerable satisfaction with the donkey collars
or hamesses. Farmers did, however, identify @ tfew technical problems with the
collars such us the strength of the hame straps and the buckles. These problems
have been tihen into account e later models of the collar. Fanmers also indicated
that 1 woub! be heneticial if the harnesses coubd come in various sizes ol any
stze animual,

Much less systentic work was done with the ox yokes, since fanmers found  the
traditional ones fairly satsfactory.  Ox collars, @ larger edition of the donkey collar,
received little interest on the part of tarmers, and therefore were not tested.

Finally, in 1089, samples of the donkey collars and ox yokes were given to RIC for
testing.  RMRE type testing, comparing the Kenyan collars and Sebele yokes with
tocal standiod equipment available in Botswana, gave the following sesults [Jones,

1089}

i For donkey collars:  Power capacity increased by 135 percent.
Spered of operation increased by 31 percent.

ii. For ox vokes: Power capacity increased by 18 percent.

Speed of operation increased by 12 percent.

Therefore, the enthusiasm farmers had for the donkey collars appeared 10 be well
founded.

(). Recommendations.  Two actions that resulted from the successful testing of the
donkey harnesses were:

i. The production of a four pant Agrifact on using donkeys for draft power
IHorspool and Gray, 1987).
ii. The continued local manufacture of the donkey collars under the supervision

of RIIC and their distribution through the ALDEP program.

There are a number of points thiat need to be considered in the future.  These are as
follows:

i. Itis impontant to establish what price farmers would be willing to pay for the
harnesses, especially in the absence of subsidies curremtly available under
ALDEP. In the evaluation surveys undertaken to date, farmers indicated they
would be willing to pay P30.00-P40.00 per collar. It is impontant to verify
whether, in fact, this is true since a fair sized investment would be involved
in fitting out a four or six donkey team.

ii. It is important 1o determine whether manufacturing costs can be lowered.
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This needs 1o be negotiated  between  ALDEP, RIC and  the  local
manufacturers,

iii. Momtoring of farmers™ attitudes about the collars, and technical problems of

the collars themiselves, needs to be continued, to provide a possible avenue
for introducing futther improvements to the equipment.

324 SMALL RUMINANTS

5240 Imroduction

Smatl mminants - mainly pgoats plus a few sheep - can be dmportant contributors 1o the
well being of hiraeed resource farmers, About S0 percent of the famities own them, “Fhey
provide u scurce of both milh and meat However, munarement and shlization of small

TURNEGRIS s Hot e sastenatic There sy noreputar on orpanteed marketing not husbandry
provranm assecnted with producnon This somewhat reloved atitide often extends 1o
disposal Convnpuen of wost meat s detenine . i it by the ocenrrence ot festive
occstens. Ao whon oogoat dies s otten consumed withon rezand to what caused death
amd whether 1t corsantes o human bealth hasand. Snimads ae useally only sold when there

iS4 pressing need tor cash

ATIP hos tovuaed o simitioant wmount of work on s pes relatma o sl raminants --
patticubarly goarss Reasens tor this have been as follos s

(), Poorer houschokds terded o have more oats than catle. while cattle were much
more ineguitabhy diiributed in favor of wealthier Tanmers.

(b). I general, programs on small ruminanmts with reference to research, production and
marketing, had, up il the carly 1980, received litle cemphasis compared with
those focussed on cartle.

(¢).  Given the right incentives and support. small ruminant production could further
enhance the well-being of farmers by providing more milk and meat for domestic
consumption, and with the establishment of suitable markets, through cash income
from sales of milk and live animals,”

Fypical descriptive/diagnostic work  coneerning  goat production under practical farming
conditions revealed the following situation in 1986 [ATIP PR FRT-2):

(a). The herd structure consisted of 66 pereent females -- mostly young kids and does
more than tour vears of age -~ nearly 26 percent males, and about 8 percent male
castrates,

(b). Average annual death loss, per flock was 114 percent,

(v). Average loss i weight, per goat tfrom the wet 1o the dry season was 10 percent of
bady weight.

(b The average Kidding percentage was 137 pereent,

() The growth rate -+ that is, the average daily gain from birth to 150 days - was 74 1o

93 grams. per day.

T Boreving Mear Commission (BMC), in fact, increased  its purchase of sinall
Pubrants it the it 1950 The stimulos of BAMC in developing the small livestock
inarket at Tenota i discussed ehewhere TATIEP MP SS- 100
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n. On average farming families obtained 1.8 liters of milk, per day from 6.3 goats, with
an average yield, per goat milked, of 284 milliliters per day.

Initially, ATIP studies focassed on understanding the current production environment of small
ruminants  under  practical  farming  conditions, and  evaluating  the  effect of  mineral
supplententation.  Later efforts concentrated on identifying the causes of sickness and
resulting high death Josses noted as o problem in carlier studies, designing cheap but
etfective hoensing for small ruminants, and assessing the Seasibility of using goats as small-
saale dainy animals. Work in these areas s summarized in the following sections and in
Table 5.4

5.24.2 Divease

Disease problems have o severe impact on goat production. Maost disease incidence does nat
caune death but does exert a detinite infleence on prodaction. However, death losses as high
as 02 percent per sear fave been reported andicating aovery high incidence of disease. Mot
ot these oses occur withen the tisst vear of lite swhich would be expeaeds nan effont 1o
quantits some of the cuees o morbidite and monadity several sdies were conducted

Thewe were dicded wao s ollowime topies

car o Clinncal d post monterm agnoas of disease eSection 5.2.4 3,
dho o Neroloprcal suvey ot dinedases (Section 324D

o Intersad parasites 1Secton S22 45

Gh Diee (hection S 246y

5.2.9.3 Clinical and Post-Mortem Diagnosis of Disease

(0 Justification. Death losses in goats have been reported fiom 9 1o 62 percent per
sear over several years. Very litle information concerning specific diseases or their
incidence was available at the village Jevel. This was due, in part, to logistical
ditticulties in collecting the date, and o the infrequent contact ot veterinarians with
gt owning tarmers. This study was conducted inan etfort o clarify the effects of
discases on production and 1o determine which diseases were responsible for the
morbidity and mortality

(. Results and Conclusions. There were 1S3 cases examined. These consisted of 148
submisstons of sick poats 33 <ubmissions of dead goats, and thiee submissions of
Mstoties which closety correlated with concurrent examined sick or dead goats.  In
these 184 cases, W ditferent diagnoses were made 253 times (e, there were
sometimes more than one dignosis per goat). These 184 cases contained 1530
altected  animuals ™ It was interesting to note that management-related  diseases
toralled 67 percent of the ten most common diagaoses muade [ATIP WP 35,0 po 3]
The percentage of occunience of management-related discases was as tollows:

1. External parasites and diseases they transmitted: lice (154 pereent),
heartwater (103 percenty, and ticks (7.5 pereent).

] Malnutrition (7.2 pereent)

i Internal parasaites L7 pereent)

POA Case was a presentation of discased animals.  Thus a case might have been a single
goat, or a herd of goats affected with a similar problem (e.g., lice).
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Infectious discases were the second most important group.  These included: caseous
lymphadenitis (7.1 percent), Keratoconjunctivitis (6.3 percent), contagious ccthyma
(5.5 percent), and respiratory infections (4 perceat), which constituted  about 23
percent of the total cases examined. It is also inferesting o note that, m this group,
only contagions ecthyma had a prophylactic agent commercially availyole, and that
managenient practices could help in reducing the incidence of all of these diseases,

All other dingnosed diseases -+ 16 of them - each tepresented less than two pereent
of the total diagnoses,

Untorunately  much of the death Toss i animals wis bemg salvaged  through
consumpuon by their owners, regardless of the cause of death. This was a dangerous
practice.  With increasing peaulations of humans and anitads i i unlikely that
disease incidence will decrease. Maodern management amd disease contiol will
become necessan 11 the numbers of animals are o remain lirh cnough 1o feed the
population and not damaee the environmen?, Formunately very few zoonotic discases
were Tound in this stdy . T iy likely, howeser, that these will inere e i imponance
and cumber s human and antonad populations expand

Recommendations.  Suppested recommendations are as follows.

i There is an urgent need w0 improve  the muanagement and  nutrition  of
smallstock o combat management related diseases. Educational programs are
required for extension staft on this issue,

ii. Control of external parasites needs 1o be stressed.

iii. Although control ot intemal parasites should not be ignored  (see Section
5.24.5), it should not receive the same degree of priority as treatment of
external parasites and outrition management,

v, Programs are urpgently required 1o educate the rural population on the dangers
of consuming animals killed by disease. and on the best procedures for
preserving or heeping meat fyesh,

Serological Survey Of Disease

Justification.  Unless there s some compelling reason 10 do so. such as a major
disease outhreak, dugnostic work up d serological testing has rarely been done at
the watlage Tesel This s because of the limited numbers of professional veterinary
Lt most ot whom have been awipned 1o work w the district Tevel, It Wi
theretore theweht nstinable tor ATIP o devote limited resourees to the serological

et o samples taken from some 1o

Revultv and Conelusions.  There was no evidence o support the presence of either
Pracelions or tovophismosis in goars There was an indication of some chlamydial
mfecion o oone ullage However, there was no chimcal evidenee 1o support
chlamydia s 0 catse of abomon, 10 wae found  tha villagers referred 10 any
peninatal death as an abortion, and o appedared that most of these pennatal deaths
were caused by Jow kd bith werrhis trom madnourished daine

Scrological evidence of bluctongue mlection was very high CIN percent positive).
he detribution of positive tess wathin the age srudure was as evpected, with over
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75 percent i older gowts and less than 15 percent in Kids less than a year old,
There was no clinicad evidence of bluetongue vinus infection observed in these herds
Juring the research period Toas beheved that the vitus type o types present produce
aosubolimeal disease, ar least i poats

(). Recommendutions,  Punher testing in other weas of the country would he beneficial.

from cach blood sample submited

d]
‘o
<
i

Tuternal Porasites

() Justification. Intemnal parasites are routinels asswted 1o beow preblem o an poar
developtg counties The eovionment in the ATH areas consisting of how ranfall,
hot weatier comardmg with the rony season, and o tendeacy towands sandy soils
does noiandicae an envionment swnable jor pematode propagsaion. Other factors
witich swoald redioe the eftecrs ot such parasaes are the tact thar goats, when
posaibles tend o broseaes and that the sveraochinge of village sy areas decreases

the possibrhits of voats prazmy and theretore prokrns ap vaable Tivae,

Newerthelesss reprosentative samples of facces were collected and ety were run ta
see 1f sebstantial mnbers cf patasites dinl st when thes cocnred and i what
groups ob poats 0 deworamy to necessany . st mmportant te bnow when would be
the most stiategs tne o dosor as proper g wonk! Beoessential 1o the

establishiment of i etticient and ccononue control progm
(by. Results And Conclunions, -\ sunmanany is s tollows:

1. Nematades The mean eeps per gram (BEPG) count was calculated for cach
of siv collection periods  More epes were found dering the data col’ection
periods corresponding 10 the rainy season swhen inereased nisk of parasitism
was to be expected. Very ditde ditference was found between age groups in
the mean egye counts for the whole period. This was somewhat different from
what was expected - Kids esually have higher counts. o\ possible explanation
was that the area where the kids tended to feed was devoid of grass almost
al year long. They fed on weeds and bush almost exclusively, reducing the
potential for ingesting infective third stage larvae.

i. Coccidia,  Coccidia were counted simultancously with nematode egas. It was
difficalt o determine exactly what these counts meant as no clinical signs or
death loss from this probiem were observed during this period of time, The
increased count found for kids was o predictable result, This i a common
occurrence., and s evpected to drop by the time the kids reach one year old.
The decrease indicated  an immunological response by the animal to the
presence of the coccidin i its body. As tong as there s no clinical evidence
of disease, or no deaths occur, a count ke those found should be monitored.
but not treated. As with nematode epps, higher counts were found  to
coincide with the rainy scason, alihough the results may ave been influenced
by the tace that the proportion of kids in the poat population was higher at
that time

(). Recommendations, The three mam recommendations are as tollows:

i. Stnce the results discussed above were derived from only one pant of
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Botswana and also from w smali sample of goats, additional research 1o
confirn the findings would be desirable,  If they are confirmed, then the
following reconmendations should be implemented.

i, itis recommended that what constitutes a discase condition in terms of levels
of egg counts be reconsidered.

iii. If deworming s considered necessary, procedures need o be followed in a
strategic manner taking into account the rainfall pattern and life cyvele of the
parasites.  To gain the maximum benefits, treatment should be carried out
near the end of the wet season or carly in the dry season, tor example, May.
If 4 secend deworming is 1o be done, it should be done at the end of the dry
season or night at the fust rain. This treatment can only be done by the
farmers themselves and should be administered on 3 set schedute. Thus
supplies of the drug’ must be muade readily availuble ar the LACs, and
farmers need 1o be fnsttucted on the procedure for its administration,

5.24.6 Lice

(a).

(b).
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Justification.  Throughout the dry winter period lice infestation is severe and
constitutes a possible threat 1o survival, especially for young kids.  Ancima caused
from the feeding fice, coupled with malnutrition due to the lack of forage and
decreased availability of milk - because ot ity primary use for human consumption --
appears 1o be a major cause of death for roung godts.  Inoresponse to this situation,
a trial was conducted 1o rest the efficiency of the drug Tvermectin® in controlling
sucking lice and facititating recovery from anemia,

Results and Conclusions. A packed cell volume (PCV) test was used 1o evaluate red
blood cell concentration in animals treated with Ivermectin compared with that in the
control or untreated animals.  The treatment was highly effective at both 28 and 56
days after trement. “ivomee”  controlled sucking lice on goats as well as internal
parasites.

Recommendations.  Three major recommendations, in addition to the Promising
Guideline which has been prepared [ATIP RP 6, Section 2.4.1), are as follows:

i Since lice infestation is a serious problem in Botswana goat herds, guidelines
on the control of this parasite with “Ivomec” should be introduced, and the
product made readily available 10 farmers.,

i. As famers doonot associate the presence of lice with any morbidity or
morta'ty proolem, farmer educational programs need 1o be developed on the
problems caused by lice, and control programs devised that can be ctfectively

and cconomically used.

iii Additonal station-based research on control programs and drugs would be

LOne of the drugs that can be wsed s the same drug used to contol lice (see Section

5.2.4.6)

- Sold under the trade name “Ivomec” by Merck.



amounts available for young Kids,

In order for the new technolegy for prodacing goat milk 1o be adopted by farmers it
is necessary 1o demonstraic ihat it offers considerable advantage in the production of
products or cash, reductiors in vork load and possibly other inputs, or an acceptable
combination of all three,

(b). Results And Conclusions, The mujor results from the traditional system and a new
drylot production system (Table S.4) can be summarzed as follows:

i Traditional Production System.  Goat milk production under the traditional
lind extensive  system was heavily - influenced by the browse and grazing
avatlable.  The average amount of milk produced per goat ranged from 165 10
284 millilieers per day,” 64 percemt of the milk being retrieved in the
morning.  For at least pant of the year, almost all farmers used the milk as
fresh milk, but the surplus was soured into madila.  Most madila was used ar
home.  Only one of the farmers surveyed sold madila and these sales added
considerably to his cash flow.  Given the relatively low amounts of milk
produced per goat under the traditionally harsh environmental conditions, kid
malnutrition is likely to occur because the amount of milk produced has 10 be
shared with human consumers.  These cempeting demands led 1o the testing
of & new technology concentrating on producing milk for human consumption
under drylot conditions.

Although milk and meat performance indicators of the Tswana goat were not
spectacular, it was recommended at the national goat meeting referred o
carlier [APRU, 1987]. that 2 beeeding program be initiated on upgrading the
Tswuna goat. This recommendation was based on the realization that the
performance  of  the Tawana Loat is o impressive  given  the very  harsh
environmental conditions that exist in Botswana, There is also considerable
variability inindividual performance implying that there may well be potential
payofts from embarking on a breeding program for Tswana goats adapted 1o
the current environmental oo nditions.

i, Drylot Mitk Production. Using this system the environmental conditions
under which the geat operates are drastically changed in that good quality
feed I omainly sl fed in ocontrast to the extensive  grazing/browsing

tradivional system To reap the maxinum benefit from this  improved
COVIONrent it was felt that goats with high milk pioduction potential would
be necessan Theretore thiee tpes were compared ander the improved

management and  nutrition conditions, namely Tswana, -rosses and a well
known milk breed  Selection of potentially suitable goats was  limited by
what was available. Table 54 compares the results from the different types
of goats used. These resalty should e considered indicative rather  than
detinitive i nature becase, 1o date, only i tew goats were involved and no
selection was made concetming what type of goat was best suited for milk
pradluction in a drylon sysrem.

" This woes not include the amount of mih removed by the kids, which were allowed 1o
nurse alter the moming milking.
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TABLE 5o PRODUCTION PARAMEETERS FOR DRYLOT MILK PRODUCTION PER GOAT HBY TYPE
OF GOAT, FRANCISTOWN, 1989.90)

TSWANA SAANAN TSWANA SAANAN
et N BOER N BOQUER
Milk production per day (ml) pLB) 1,439 655 1,566
Length of lactation {(Liys) 171 261 259 256
Llk production per Luctation (hters) 503 3756 169.6 400.9
Cast per liter of nulk (")
Feed 116 0.22 043 0.17
Labor- No hending 030 004 01 0.12
With hesding 0SS 012 <41 0.3s
Total with henhing N 0.34 (.84 0.52
a Fugher detubs on the stady, including @ discussion on how the cost estunates were

denved we avatlable elsewhere [ATI WP 17}

Given the caleulated estimates of production costs, it appeared that milk production
under a drvlot system, of types of goats other than pure Tswana, did  have
considerable potential expecially since the retail price of milk in the Francistown area
wis PL63Y per liter,

Recommendations.  The decision 10 embark on o breeding program 1o upgrade the
Tswana goat tor performing under the existing environmental conditions is fully
supported. With reference 1o drvlot milk production,  further investigaiions  are
required to:

i. Determine the current and potential nuritional value of goat milk to the
farming family.

. Select the hest type of goat to be used in such o system,

ini. Test more extensively the production and economic feasibility of the system,

v, Ascertain fammers’ potential interest in adopting such a system.

V. Develop  appropriste  markets,  strategies and regulations for - selling

goats” milk.

If the above issues are resolved satistactorily in favor of drylot milk production, then
successtul dissemination will require farmers o be educated on a number of topics
including knowledge conceming the Tollowing:

3 Goat nuatrition, feeds and teeding.

. Sanitation and hygiene i milk production.
i, Appropriate housing tor goats.

v Relevant husbandry practices.

v. Fodder production and storage.

Estimating Weight From Heart Girth Measurements

Justification.  Scales for weighing groats are not readily available in the villages. A
reascinably accurate metnod 1o estimate body weight would be beneficial in selecting
aninuls to market either at the silligte: butcheries or through the Botswana Meat
Commission (BNCY Phe abiliny o estumate sweight accurately would also be helptul
in treanng goaes for parasites or discases as well as s basis tor selection in breeding
Programs,

Results and Conclusions.  Seven hundred and thirty-thece: measurements of Leart
atith were collected Betore vaing repression analssis to derive suitable equations for
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estimating weights based on heart ginth measurements, the data were divided into
four categorics:

i Kids -- birth 1o three months old.

ii. Females over three months old.

iil. Males over three months oid.

iv. Male castrates over three months old.

Figures have been presented in chart form relating the heant girth measurement to
weight [ATIP WP 30, p. 3]0 It is important to note that this technique only resulted
m o approximate  estimates of weight and should not be used where  accurate
measurements are necessary (e.g., in most research),

(c). Recommendations. 1t is recommended that further data are collected to increase the
number of observations in the estimating equation, thereby potentially improving the
accuraey of the estimations. A Promising Guideline for more widespread testing of
this technigue has also been prepared [ATIP RP 6, Section 3.3.1).

525 CHICKENS
3.2.5.1 Justification

From a survey in the Tutume Agricultural District, it was found that 93 percent of the
sampled houscholds owned chickens.  Most owned less than 20 [ATIP WP 3, pp. 3, 4-5).
Therefore, although chickens did not seem 10 be very important in the farming systems of
the average houschold, the widespread distribution justificd a small amount of survey work
(Table 5.9 1o obtain information on production, constraints to production, and to suggest
possible areas for further study.

5.2.5.2 Results and Conclusions

Some vital statistics on typical chicken flocks that were derived from a (985 survey in the
Mahalapye arca [ATIP PR M87-2] can be sunumarized as follows:

(a). The distribution of chicken numbers favored male-headed and wealthier households,
although day-to-day tending was generally the responsibility of females,

(b). The composition of flocks was relaied to flock sive, with rooster ownership being
largely confined to Jlarger flocks, and in general one rooster for every four hens.

(). Hatching rates averaged 75 pereent and chick mortality rate was 46 pereent. Overall
mortality also tended to be high,

(d). In terms of products, domestic meat consumption was  considered  most important
followed by domestic egg consumption.

(e). Management practives appeared not to vary much by flock size. Flocks tended to

range freely even at night, and were fed houschold seraps and residues,  Health
MAnagement practices were non-exisient.

In 1987, an informal survey of more commercial -oriented producers as weil as limited
resource farmers was undentaken, 1o further identify constraints and (o determine strategics to
increase lock size and productivity through improved penning. feeding, watering and health
management practives
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5.2.5.3 Recommendations

It ts recommended that a research strategy is developed not only for commercial producers
but also for limited resource farmers who are small-scale producers,  Research relevant to
the latter should include low cost -- in terms of both money and time -- strategies to
increase egg hatchability, reduce chick mortality, and to improve health care, as well as
improve management techniques.
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APPENDIX A: SPECIAL STUD!ES

Al INTRODUCTION

This appendix consists of summaries of studies and surveys undertaken that were not pan of
the mainstream rescarch 2ofort that specifically relate 1o the extension and policy areas.

There have been vwo major reasons why ATIP has given some attention to extension-related
issues.  These were:

(). Under ATIP, substantial funding was  directed towards the  extension area in
supporting a4 Research Extension  Liaison  position in  the Department of  Crop
Production and Forestry, providing training -~ in-service, short and long-term -- of

extension statl, and prrchasing equipment.!

(b). There was recognition of the significance of the rescarch/extension linkage, and the
critical nature of the role that extension staft play in bringing about agricultural
development,

In contrast 1o the extension-related activities that mainly arose in response to what were
often mutually perceived needs on the part of both research and extension staff, the policy-
refted activities  occurred  more in fesponse 1o requests from ALDEP or the planners
themselves in DPS

A2 EXTENSION-RELATED STUDIES

A2l INTRODUCTION

ATIP activities that had some relationship to extension, can be grouped into three main
areas, namely:

(). Examination of the activities and perceptions of extension staff (Section A2.2.1).

(b). Examination of the attituges and competencies of extension stafT (Section A2.2.2).

(). Development of Linkages between research and extension, and between farmers and
extension,

Extension sttt that were involved, were predominantly ADs. Information o address arcas
W) and (b above Bave primarily been through surveys (Table A, while activities relating
1o area (0 are discussed eisewhere in this report.!

A repett on the acuvities of this position is piven elsewhiere [ATIP RP 7).

Ancevaluation of the natue and content of the links between FSR teams, particutarly
ATIP, and extenson development/planning is given chewhere [ATIP RP 3, pp. 53-
SSI

Jollaboration berween research amd eaiension is discussed in ATIP RP 6 |Section 3,221,
while fanme, wroups with extension staff prayimg w major role and reseaich st having
douppottive achor, are decussed in AT RP 6. Section LB
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TARLE Al ATIP SURVEYS RELATING 7O EXTENSION ACTIVITIES

MAJOR FOCUS__MORI DETAILS.OF SURVEY " YEAR _AREA._SAMPLE__ _— ATIP PAPLRS
Fixtension staff Factors influencing eatension efticiency and crop
production improvement 1983 National 213 stafl wPp 1

Subjeet matter competencics 1986 National 131 stall WP 6
Ay Acdtivities, assessment, performance and hnkages 1983 Central 52 ADs WP 14

Atlitude towar s jobs 1987 National 135 AlX wp 23
4 “The year tisted is the hcgmnﬁin[ the cropping year in qucmu;m For cxample, 1984 refers to the 198485 cropping

scason, and 1984-5 sefers to both the 198485 and 1985-86 cropping seasons.

b. Refers to the number of sites, farmers, ete.

A2.2 RESULTS AND DISCUSSION

A2.2.1 Activities And Perceptions

A 1983 survey of the ADs in the Central Agricultural Region [ATIP WP 14] indicated that
92 pereent were male, and that extension areas encompassed two or more villages with more
than 04 families. Lands areas were, on average, between six and 24 Kilometers from the
village where the ADs were stationed.  In spite of the relatively favorable farmer 10 AD
ratio, the farmer and extension contact often appeared to be relatively low.  Factors
contributing to this were often attributed to the distances involved, problems of transpon, and
activities that competed for time with extension, such as processing applizations for farmers
to participate in governmental programs, for example, ALDEP, Drought Relief, ARAP, cie.
As a result, the 1933 survey indicated that, on average in the extension arcas in the Central
Agitcubural Region, only 20 percent of the farming families were contacted, and then only
once a season.  Also only one in 15 farming families was contacted even once per wecek,
and these farmers were often the same week after week.  The characteristics of the farmers
contacted regularly appeared to indicate they were the more progressive fariners.

In terms of perceptions, the ADs in the 1983 survey indicated that resource constraints and a
lack of knowledse were the main reasons farmers did not make changes.  In terms of the
ten different soecific technologies the ADs were questioned about, lack of a proven benefit,
or other ternnical reasons, were only cued as major problems inhibiting adoption in the case
of tertilizer use, better weed control, ang carly planting.*

Partially as a result of these and other findings, panicularly with reference o the need for
increasing the effectiveness of the ADs, to ensure that they worked with more farmers, and
to help overcome the farmers” Tack of knowledge problem, ATIP has been instrumeatal in
developing EOFGs as 1 way of addressing these and other issues {see Promising Guideline,
ATIP RP 6, Section 3111,

The potential value of these groups was substantiated in other findings in the 1983 survey
about the ADS™ perceptinn. on farmers” attitudes to change,  Most ADs ranked highest the
statement “most farmers want to change and know of changes but lact resoarces.”  "Lack of
knowledge " of changes received the second ranking, and "lack of interest” in changing
received the lowest ranking.

' Other technologies asked about were row planting, fencing, winter or spring plowing,

use of cenified seed, use of crop rotations and destumping.
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(b). Correlation analysis showed a slight positive relationship between job atdtude and
age, indicating that job atitude tended to improve with age.  There was litle
correlation between job attitude and sex, years in professional agriculture, and years
in present position.

ft was hoped that another similar survey undenaken after three years of in-service training

courses, would help in creating more positive attitudes on the pant of ADs conceming their
jobs.

A2.2.3 RECOMMENDATIONS

There iv nothing new about the following recommendations. What the tesults of the surveys
did was .o confirm concerns that had often been expressed, and to suppont recommendations
that have often been made.  Tmpottant points that need 10 be considered are:

(a). The proportion of female ADs needs to be increased to ensure that the needs of the
many female-headed households are addressed.’

(. There is a continuing need to improve the conditions of service {e.g., housing,
transportation, performance evaluation criteria, and promotional opponunities) of field
level extension statf,

(). Training, including in-service, needs to be continued for field level extension staft!

). There is a need to expand the use of Extension-Oriented Farmer Groups (EOFGs), as
is currently pranned in Phase 11 of the ALDEP program,

These recommendations, if implemented, should go a long way in helping to improve the

merale and effectiveness of field level extension staff.  Unfortunately, these would require a

substantial commitment of resources on the part of GOB,

A3 POLICY-RELATED STUDIES

Ad.1 INTRODUCTION

There are two ways to improve the agricultural potential for farm families.  One is to
develop improved elevant technologies, the other is to implement relevant policies and
support systems.  ATIP has gencrally concentrated on developing appropriate technologies,
Over the dife of the project the ATIP staff has been requested to undertake several policy-
related studies, the largest being an assessment of the impact of the ARAP and Drought
Relief programs in the ATIP arcas.  On other occasions, ATIP staff has been asked to
prepare papers on agricultural policy issues for mecetings or for other reasons.

. Fortmann [1985] and Bettles {1984] discuss the AD gender issue in some detail.  Since
this study was undertaken, this trend has, in fact, developed.

. Unfornately, the program started in July 1987 was unable to be sustained and ceased
operation in 1988,
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Two approaches have been used in studying policy issues:

(a).

(b).

Studies have been based on relevam sitvey fesubis, These suiveys have either been
designed to answer specific policy questions or have been surveys made for other
purposes which have had a policy component, or which could be used in policy
analysis.

Secondary data, usually of national scope, have been used to augment data from the
ATIP arcas i making general policy obscrvations based on the ATIP experienee,

The repons derived from the these studies are summarized in Table A2 Some observations
and results from the studies are summarized under @ number of topics as follows:

(a).
(b).
().
(d).
(c).

General agricultural policy (Section A3.2.1).
ARAP and Droaght Reliel (Section A3.2.0).
Tractor policy (A3.2.3).

Marketing (A 3.2,

Gender issues (A3.2.5),

A3.2 RESULTS AND RECOMMENDATIONS

A32.l General Agricnltural Policy

Major points arising out of studies and surveys relating to general agricultural policy issues
were the following:

(a).

(b).

(c).

().
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General purpose programs are not likely to be successtul for all technical and human
environments, so programs need 1o be targeted 1o specific resource groups,  For the
limited resource farmer  these should cmphasize ineprovements in the  traditional
farming system. Food production could be increased by emphasizicg technologies
which are of particular use 1o the intermediate level farmers [ATIP WP 15).

‘The Ministry of Agriculture could improve its delivery of technologies relevant to the
limited resource farmer by improving linkages beggreen departments, reducing ADs
administrative load, and continuing FSR [ATIP WP 15].

It is critically important that agricultural policies are put in place that [ATIP MP 90-
1]

i Will encourage farmers 1o auopt improved technologics, since the initial
changes required 10 move up the technological ladder are rather large.

ii. Will make production and  conservation strategies  complementary to each

other, since individual farmers are more likely to emphasize a shorer run
goal of production in order to survive, while society is also likely 10 have a
longer-run goal of sustainability, 1o ensure that the ceology can also suppon
production by future generations.

There are several aras where it will be necessary 10 make  ditficult trade-off
decisions  [ATIP MP 88-20)) including:

i. Arable versus Tivestock emphasis,









developed?

V. Wikl a shift to tractons create additional problems in obtaining animal drawn
equipment”
Vi, Does the extension service have personnel and  equipment 1o support an

increasiugly tractor-oriented production system?

(b). Average total tractor costs were estimated at P36.9S per hectare when ahout 139
hectares: were plowed per vear [ATIP EP 88-3, p. 4], However, it was concluded
that, for many tractor owners, the PSOG0 per hectars plowing subsidy available under
the ARAP program would probably not cover the operating costs and management
CXPENSeS.

(). It was also concluded that @ government tractor hire scheme would not bave good
prospects. A subsidy for tractor owners themselves would be preferable, providing
they did custom-hire work [ATIP WP 22).

A2 Muarketing

Twoe points with reterence to the small amount of ATIP work undertaken in the marketing
are were:

). The pocemment s faced sith many ditficult choices in the nurketing area, and
current policies may et meet the government's agricolural objectives. Detailed
research,including case studies on il markets, documentation of price behavior,
and determination of farmers” elasticity: of response 1o chanses in relative prices, ete,
would help provide policy makers wath the informazion required o make the difticult
chotces JTATH MP 84.8)

(b). The eanting trading system provided o relatively effective and  elficient system for
providing food and other consumption itenis o rural housebolds [ATIP WP 18],
Possible improvements could be made by

i Encouraging  cooperatives 1o provide  tnsportation services 1o the nearby
smaller vilhges

ii. DAEFS could monitor prices of wpats nto agriculture and have ADs post
price lists of those inputs.

1ii. BAMB could be encouraged 10 work more threugh traders.

v Business management courses could be offered o simalt traders.

AL2S Gender Issues

Findings and conclasions with respect to gender issues have included the following:

(1) Female headed households had fess resources than male-headed households. Women
worhed Jonger hours o agriculnue, but at tashs that provided a lower return than
male dominated tasks The situation wa aggravated  because nany  povermment
aEncultural programs fvored male Jominated activities JATIE MP 8910 ATIP MP
Y-S

( fntra-houschold pender eqny was a0 magor factor in determining aceeptance of
iproved  technologies Numerous possibilities existed 1o amprove the  situation
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including allocating more research and  extension resources  to female-dominated
activities, such as post-crop establishment activities and harvesting practices [ATIP

PR MR7-1].

(©). Women may be at more health risk if farmers mechanize and use rore agro-
chemicals.  Intensive education programs are nceded to ensure that all farmers use
improved practices sately [ATIP MP 89-4).

(). Targeting of agricultural programs based on draft access would, in most cases,
effectively address the needs of the poor and female-headed households [ATIP PR
ME7-1].
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APPENDIX B: LIST OF PROMISING GUIDELINES

There have beei a number of promising twechnologies and approaches arising out of work
done by ATIP staft’ -- some in colluboration with others.  In general, however, these could
benefit from more extensive testing at the farmelevel before being approved tor publication
as  Extension  Bulleting tin the case  of approa-hesy or Agrifacts (n the case of
technologies).  Theretore, in order 1o provide casily understood  instructions 1o facilitue
turther testing, a sernies of propased leatlets called Promising Guidelines are presented in
another report {ATIP RP 6] Those presented an the report are listed in this appendix
togetaer with the section numbes

RV Promising Guidelines On Technologies The gutdelines are classitied  under 2
number of themes, namely:

I Soil Moisture Enhancement:
- Larly Plowmg [ATIP RP 6, Section 2,111,
- Contour Stap Tillage [ATIP RP 6, Section 2.1.2].
.- Water Consenvation Terraces [ATIP RP 6, Section 2.1.3).
. Planting And Weeding:
- Row Planting And Mechanical Weeding [ATIP RP 6, Section 2.2.1]
- Rotars Injection Planter [ATIP RP 6, Section 2.2.2].
-- Maun Culuvator [ATIP RP 6, Section 2.2.3).
i, Specitic Crop Activities:
-- Cowpeas [ATIP RP 6, Section 2301
v, Specific Livestoch Activities:
.- Control Of Lice On Goats [ATIP R 6, Section 241}

.- Goat Kraal Construction [ATH RP 6, Scction 2.4.2).

(b). Promising Guidelines On Approaches  These are also presented under a2 number of
themes, namely.

1 Farmer Involvement |ATIP RP 6, Section 31"
Extension-Onented Farmer Groups [ATIP RP o, Section 31,1,
Farmer Trainmyg Courses {ATIP RP 6, Section 312}
Conducting Farmer Field Davs AT RP 6, Section 313,
Compentions At Apticaltural Shows [ATIP RE 6, Section 3.1.4).

1. Encouraging Cooperation [ATIP RP 6, Secoon 3.2

- Cooperation Between Farmung Ssysteins Research And Station-Based
Research (AT RE 60 Section 3.2 1
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.- Cooperation Between Research And Extension [ATIP RP 6, Section
3.’1 o)

-
iif. Techniques JATIP RP b, Section 3.3);
- Estimating Tswana Goat *veight With A Tape Measure [ATIP RP 6,
Section 3341

-- Use And Core OF The Bloodless Castrator (Burdizzoy [ATIP RP 6,
Section 3.3.2).
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APPENDIN €2 ATIP DOCUMENTATION

UL POLICY

Papos by ATIE staft have been wntien and discnnmated i the tollowing manner.

().

thy

()

wh

File

Externally Published Papers (£ Series). These copies 0 0 oy and papers on ATIP
work that have been externathy published have been Rept n finited quantities. Many
of these wre hkely 1o have carher been prodoced gs Progress Reports, Miscellaneous
Papers, ete iahelhy audience nanonmal and intemational,

Research Papers o#P Sescz: Thess have been submitted o evernal review by
idividuals outsede VTS Py cevcrally has meant approval by the Director of
Agrculinral Research and the Chier Neble Recearch Ocicer o the Chiet Animad
Produoction Rescarch Otticer Ihese consist of comprehensive summanes ot ATIP
work  play detnled reponts on specihic topies ikely  audiences docal and
nternational

Waorking Papers (W8 Series) These have been papers that aesenve wide arculation,
and have partcular mcthodologacal or empirical value  They have been sabritted to
wtermal review oy ATH menmbers and sometimies externa! review Likely
dudience docal and other people interested i farming ssstems work, both natonalls
and aintemationally

Miscellaneous Papers (MP Sertes). These have consnted of conference papers, trip
reponts, ot and have not generally oeen subjected to resiew. They have been
numbered wath the sear tollowed by the number an that vear g ATIP MP 8441,
AT MP N3 20 eer Takely aodience: maily ATIE ana ot interested individuals
wnade and outside of Botswana

Progress Keports (PR Reportsy These have primaridy been papers written by staf?
members e ATIPD wre often not reviewed, and consta ot research ressbisg
methodological tsues, e They bave often been drafts of material to be published
i another torm The wdea has been o systematize the way in which information is
produced and cncuited Bach Jocanon s produoced s own o series. Theretore cach
arca Mahadapye, Franostown and Gaborone has wentified ther papers with M, F oor

Goootollowed by e vear e S0 tollowed by the number of the Proogress Report in

that vear ey, 1020 ctor An evample mught be AT PROENE S Crcutation ot the
ot these repons has been bmred Lakedy audience. ATIP ottt anc other interested

mdividuals i Botsawana

Reporting Docaments (RD Seriend These have been repeiting documents required
by USATD  They have consisted of annuoal report and semiannual repornts containing
materal not ondy on proefessional matters, but also coverne o statting, training and
admntrateee mattens, and an o work plans Lakely audienco primanly ATIP staff,
USATD and MIEAC andd eanitutions within Botswana
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ATIP EP 87-1. Gray R, and D. Horspool. "Using Donkeys for Draught Power”. Four Parts,  Agrifacts.
B84 Gaborone: Departiment of Agricultural Field Services, Ministry of Agriculiure,

ATIP EP 87.2. Hemnch, G, F. Worman, S, Masikarg, and R, Gray.  "Link Among Fanners, Extension
and Rescarch tor Apocultural Developmient™. Agrinews, 18 (Apnl 1987 8.9,

AFIP P §7-30 Gy, RO "Donkeys™. Northern Advertiser. 107:11 and 110:1). July/Aogust, 1987,

APIP PP 870 Wonnan, o ATH Project i Taiume Distnet”. Northern Adverviser 125 1415 2Tih
November IS

VIR P S7-50 Nomman, DWW Baker D.Cwad 1D, Sieberte “The Ciallenge of Developag Agricubre
mothe A0 6 mm Ruatdl Zone within the SADCC Counties™. In Boyle, PJ. (1),
Agronomic Adjusinent o Environment of the 400-600 mm Rainfall Zone of Southern Africa.
SACCAR Warksbop Senes Nocb, 1987 Gabonone: SACCAR. pp. 17430

ATIP Le 881 Baker, DO, andg DWW Nomian A Frameworh tor Assessing Farnung System
Avbvatees s Natonad Setangs m West Afnea wathe Speaiad Referance o Senegal, Nigerie . and
Malv o I Abai, G boeval dbdo, Farming Systems Research in West Africa Proceedags
af the Wet Atnan Famane: Svateins Research Network Wadkehop, Dabar, Senegal, B Lih
March 19xns Februans 988 ppo6) 87

VL1 B NS-2 0 Noman, Do Baker, DL, Hemnch, Go,oand B Wonmaen Clechnology Develonment and
Famer Growaps Pypenence tom Botseana™  Faperimental Agriculture, 20300321330

B

AL P 883 Reeathle, 00 Caplan O Modidy, L and P Bacon,  Esimated Tractor Costs for
Ploughuae i the Soutt oo Regon of Botawana Ranye: PSSR, DAES, Botwana,

VI P NN VEI ADSNE and ESSK "Tmpact Avsesscat of e Aceeienaied Rl Arable
Prodocoon e ARAP and Drewpht Rebet (DR Proprammes: Eaeceine Suinmany™. Galorone:
DAR 3 BN

VIIP 0P OSN3 Shosman b N Y Cand D Ncamans ncreasiy Fariner Particpation m FSRAS the
AT Bypenence wan Farmer desang Groups ™ In Ly Fand B Bahwa obds), Philippine
Uplend Rewearch and Foemion Training Workshop, Proveedings of SWorkshop held Hade 29tk
Janeo P Veows Bashaes Tovies Vien Famminy Ssstems Develepiment Project, Eastern
Viatvas e 17 pR2

VR EP SS-00 Norman, DO Sasaele, Hamd D Bakan "Retlecuons on Two Decades of Research on
forghum Bosed Famnne Ssarcts s Nerthern Sagena and Bobwana™. In Rukum, AL and R,
Boaiien obds s Sowthern Africar Pood Security Policy Options. Haare, Zimbabwe: UZ/MST
oo Secunes Research o Sonthern Atnea Prowdr, Departinent of Avncobiera! Feonomics and
Eatenson, Uiseeat of Junbabwes TORS ppe 2380500

VAP 1P §9-1 Nonae, D0 Cemmuoncaton and Infeanation: Systems e Farnunge Syalems Work: an
Oservien e Uoneraty o Adkansas B Proceedings of Farming Systems Rescarch
Symposiam TINT: How Systerty Work Pazonne Sestems Research Popar Noo 150 Fayettevitle:
Uiveraty of b e and Wineed kb Tntermationad Institate fon Agncaliural Development, 1089,
pp. I8T08

(W LA B A S S L WYNCTI B Adapine Rescarch ot b deen bmplemented m SADCC Countries™  In
Nonporsa cbdoe Dategration of Agricaliural Research, Training and Fytension in SADCC
Coungries Procecdmyg of 0 SACUAR Worbshop, At “Tanzania, 220d-28th March, 1988,
arrone SACCARD pp 1320

(SR A A A A R S N R LA Cthe Baeor of Tdlace wd Ferstioer on Soivhum Prod e lion Under
Hech Borcit ot Sees The Bedlvin o Vericuftural Kesearcl tn Bososeana, 60198712213,

LEIP 1P d9-4 sactert b oant B Aodiabeothn Thvaluonon o tactors Atlecnne Serchum Yield One
Facm Darsy Droeeat o Besecea and Potental for dmprosemient Vs Conventionad Tillage-
Planune Optens o ADD By Forgpr on OneFarm Rescarch in Arid and Semié-Arid Areas
of 1GADD Member Cogngries, Dpbout, 230d 27th May, 19880 Dpboue Intergovernmental
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Authority on Drought and Development.  pp. 172-188.

ATIP EP 89-5. Norman, D, "Accountability: & Dilemma in Farming Systems Rescarch.  Culture and
Agriculture, 38 (Spring/Summer); 2-8.

ATIP EP 89-6. Norman, L., D. Haker, G. Heinrich, S, Masikara, and F. Worman, "Farmer Groups for
Technology Development: Experiences from Botswana”.  In R, Chambers, A. Pacey and L.
Thrupp  (Eds.),  Farmer First: Farmer  Innovation  and Agricultural  Research, London:
Intermediate Technology Publications, 1989, pp. 136-136,

ATP EP 89-7. Tibone, C. 0 "Health Hivards Assovtated with Agricelaral Activities in Boswana ard
how they affect Wonken™. East African Newsletter on Occupat-onal Health and Safery. 3 (31«
eeembery: 2228

AP EP 898, Wornuan, F., oand G, Hennch, 1989, “Two Operational Approaches o Participatory
Technology Desclopment used by the Aprivaltural Technology lmprovement Proyect, Bolswana®,
In ALEIN (Bd)  Partivipatory Technology Development in Sustuinable Agriculture.  'The
Netherlands: Informanon Centre for Low  External Input and Sustanble Agriculure. p. S8,
(Abstract published).

ATIP EP 90-1 Sichert, Joand B Madizkgotle, “Water Conservation and Use Patterns of Sorghum in
the Traditional Croppung Svatem of Eastern Botswana”™ I Unper, PoW. Jordan, T, Sneed and
R. Jensen (Vs Challenges in Dryland Agriculture: A Global Perspective. Proceedings of an
Internatonal Conterence on Dryvland Farmng, Amantlo/Bushland Teaas, 15th-19th Awmgust 1988,
Bushland: Texas Agncobucal Bxpenment Station, USDA. pp. 220-223,

ATIP P 50-2. Cener, D)), Siebent, Bl Moduhpeota, Go Hemnch and S Masikara, "Ranfall Reaoff
Management i Botwana™, In Unger, P, WL Jordan, T, Sieed and R, Jensen tkds.), Challenges
in Drylusd Agniculre: A Globa! Perspective. Proveedings of an International Confzrence on
Drylind - Farsuny,  Awanllo/Bashlund Tevas, 1Sth-10th August  JOSK. Bushland:  Texas
Apnicultural Bxpencient Sttion, USDA pp. 230 241,

ATIP P 90-3. Wonean, b, G Hannch, O Dhone and P Neeane, I Fanner Input into FSRE
Suatarable” - The AT Sxpenencs fom Boswany™  Jowrnel of Farming Systems Research-
Lxteasion, | (1v 1730

ATIP EPF 904 Notman, Dooand B Modbgotla, “Frsenng. Farmer Input into the Rescarch Process

withinan Iistitntional Scng: The Case o Semi Arid Botswaw™. Agriculiural Administration
Netwark Paper Noo 160 UK OD], 109,

2.

to

RESEARCH I'APERS

ATIP RP I ATIP. "Fannig System Rescarch Activities al Mahalapye: Summary of Activiues, 1982-85",
1086

ATIP RP 2 ATIP. “"Faming System Rescor b Activities ot Francistown: Summary ¢r Activities,
TOR3-NN" Use,

ATIP RP 3} Womman, ¥, Do Norman, and J. Ware-Snyder (Eds.), “Farming  Systems Rescarch
Handbook tor Botwaa™. 1990, June 199(),

AT K" 4 Worman, £, D Nooman, and ) Ware-Smyder (Edso. Farming  Syvotems Rex arch
Hartbook for Botswana Anney Volume: Examples of Forms and Survess™. June 1900,

ATIP RP 5. Hemnch, G ) Sictwent, | Modethpotla, D Norman and Jo Ware-Snyder (Eds), “vechnical
Sunanary of ATHS Achvities, 1982290 Rewearh Resulis”, Seprember 1990,

AFIP RI' 6. Heintich, G 1Sichert B Modiakeot, D, Norman and J. Ware Sovder U200, "Technical
Summary ot ATTE'S Acuvatios, 198290 Promumg: Guidelmes™. Septanber 1990,

ATIP RI' 7. Norman, Doand G Ramolenang, “Techngul Summary ab ATIP'S Actvities,  1982-90:
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Rescarch-Extension Liaison Office”. September 1990,

C23 WORKING PAPERE

ATIP WP 1. Ramolenina, G, and A, Hobbs. "Relative Importance of Factors that Influence Extension
Efficiency and Crop Production Tmprovement”. July 1985,

ATIP WP 2. Hobbs, A (Ed.). "Report on Fuming Systems Workshop, Denman Rural Training Centre,
28th-29th June, 19837 1983,

ATIP WP 30 Niller, Wooond T Seleka “Agncubte i Baseline: Survey of Tutume District”. October
JONS

ATIP WP S0 Miller, S "Agocult Markers tor Crops, Smallsiock and Animal Products in Tatume
Distriet”. €Not Pubhished,

ATIP WP 50 Heinnch, Gooand S0 Maskarn “Pertormanee o the Extension Package for Cereal
Production, and its Components, i Tutome Distnict, 1983857 May 1986,

AT we s Trent, C, Do Styles, and G Ramolemana, "o Acessioent o Subject Matter
Competencies of Agacolund Demonstritons tn Botswam™ - june 1987

ATIP WP 7 Goy, ROBEd "Catde Post Lands Interasction: Study” Tva Qants Text and Appendices,
September 19860 JO87

ATIP VP S ooy, RO Bere, BORach, ROWeSoor, Wo Malable and AL Holmes, “Blood Paramciers
of Donkevs, Mathamnwane Vi, Tatnne Agocubtaral Distnict, Botswana”. July 1987,

AFIP WP Y Gray, RO Berp, B Kedh, R0 Wing or, W Mahabile and A Holtes, "Blood Parametens
of Goats, Mobampaane Village, Votume Agricultaral Distiet, Botswana”, July 1987

ATIP WP 200 Gy, R, Co Ben and RO Windsor, “Blood Parametsre of Goats, Artesia Villaee,
Keatlene Aponoltaral Dostoct, Botswana™, Jamury FUSS.

ATIP WP 1o Nueane, PG "ATIP Groups Report”. Nay (ISK,

AP We g2 Baber, D AT Mahalapye  Tral Parvapatent Participant - Charactenstics,
finplementagon Patterns and barect Fanmer Benefits, TUS2-877 Mu 1958,

ATIP WP 12 Baker, Do "Village Groups e Shoshong and Makwate”™. May 1988,

ATIP WP 14, Baker, D0 "Apncultural Extenston mthe Centrad Region: AD Pertormance and Rescarch-
Extension Linkgpes’. June 1988,

ATIP WP IS, Baker, D0 "Agocultural Development Setting in Botswana”™, July 1988,
ATIP WP I6. Baker, D "Draught Armangements i Shoshong and Makwate™. July 1988,

AT WP Lo Baker, D "Heosehold Cucuwmstanees and Farming Practices ia Shoshong and Makwate”,
July 198K,

ATH WP I8 Baker, D Ty Edablishments e the Cend Arriculurad Region: Findings on
Arenculturl Inputs and Commodiies Trade™. Angust TOSS,

ALIP WP 190 Baker, D Food Consumrption i Shoshon,e cnd Mok wate”. August 1988,
ALIP WP 200 Raker, D Havestock Management e Shoshonp and Makwate™. L august 1988
ATHE We 210 Baker, D "Anable Farnminy Research and Planming Issues™. (Not Pobosied),

ATIP WP 220 Baker, D "Tracton Use o Shoshong and Makwate™, Aogust 198K,
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ATIP WP 213, Styles, D.and C. Frent. “An Amdysis of Job Attitudes of Agricultural Demonstrators in
Boswana™,  June 1959,

ATE? WP 240 Manthe, M., D. Norman, E. Worman and 1. Modidi, "Bean Baseline Survey”.  December
HURY,

ATIP WP 25, Henrich, G, S Masihara, S, Magalela, and G. Moremedi. “Tosting an Accslerated
Extension Approach 1 Notth st Dusvict: the Case of Extension-Onented  Farmer Testing
Groups™, June 1900,

ATIP WP 260 Thedtord, T, Fo Worman, and K. Relemowile, “Rifecis of Ivermectin on Packed Cell
Vaolume of Goats when ased o Treat Lice Infection”. June luag,

ATIP WP 270 Ihediondd, T, W, Relemogile, 1 Wonnan, and ) Baathgodi "Techniques  and
Constacrations for Kol amd Shebier Consiueton tor Sinatlstiock ™. June 1960,

ATIP WP 28 "Madabhgota, b ) Sioherg, B Mabhwae and DU il Gudebines For Organising o
Row Planting Contest at Distidt Agncaliaiad Shows™. June 1Y),

ATIP WP 29 Siclen, 1, 1 Maduabpothe, L Malags, amd AL Caplan. “Famer Training in Row Planting
and Mecramacai Weeding ' June 1900

ATIP WP 40 Womean, Fo U fhodond, K. Relemowbe, and 3 Baatheds, “Heart Girth Measurement as
an Estmate of Woreht for Vawane Goats™. June 1990,

ATIP WE 31 Thediont, 1K Relemosde, F Woasan, and 1. Bauthod A Study ot Tnernal Parasite
Pag Counts m Goats trone Thyee Miliapes i the Tutume: Agncultral District, 1988-907. June
Jondy

AP We 220 Thadtord, U and B Wonmn the Resalts of Serological Tedting of Goat Blid for
Brocelosi, Chilam fron, Fouplismosis and Bluctonyue in Three Vidages i the Tutume
Apnculiaradl Do, T3~ 59 June oo

ATIP WP 230 Nomman, DL and 1osicheit B2 11 Phas Programmes for Fstmating, Plant Populations
and Yields fromy Plot Quended Datac, June 1990

ATIPWE 30 Wonoan, Lo Waitane, O Dbese and G e, 1950 Adoption Stady: Spontancous
Fechnolowy Ndopuon Py Crroups” June 1990,

AT WP S et TOb Waornan and N Kelomogile "Causes of Disease Among Goats in Three
Vidlages i the Tutens Avocuial Dietiet, TUSS 907, June {aa0,

ATIE WP 26 Thedtond, T 0K Kelemople and B Worman, A Study of the Traditonal Use of Goats
and P Prodact., Futame Avnicultaral Distric, TOS9 007 Jyne 1990,

ATLE WP 57 Phedhond, T K Kelemogale asd 1 Worman, “Drylot Milk Prodoction using Three Goat
Papos Tutume Apnculaea! Distiet”. June 1990,

AL WP 380 Nosnon, D) AL Sechele, K D, B Makhwage and C. Patrich. “Row Planter Condition
Syt Augnsg tuon

U4 MISCELLANEOUS PAPERN

ATIP MP R3-1 Normae, DWW Some Probleims in the Implementiton of Agncaltual Research Projects
with o Fasnime Ssaeins Poepective ™ Paper prescited at a0 seminar ou Introduction of
On-larm Research with a Furmmy Systems Perspective, CINNYT, Naehiy Kenya, 18th-20th

Apnl 19530 o pubbinhind, e ATIP 1P 83544

\TIP MP S22 Serans DW el Kewune Poor Faoners, the Aprecubueal Fechnology
Improvement Project, Rotaaing” Fapar wiven at Workshop for 1S Technicians Preparing fur

Fues ATO7.2/C N YA Dater Seplenrher s, 1990


http:rAppro.il

ATtr

ATy

ATIP

A

AT

At

\rir .

A

Al

ATH?

A

AT

Arr

A

Arie

Overseas Assignments, Manhattan, Kansas, 10th-1-1h May, 1983,

MP 83-1 Baker, D, E Modmkgotla, J. Sictert, and M. Tjirongo.  “Agricultural Technology
mprovement Project”.  Paper presented 10 the  Farrsing System Workshop, Denman Rural
Traming Centre, Scbele, 28h-20th June, 1985

MP 81, Normen, DWW, UThe Fanming Systems Approach”. Paper presented W the Farming
System Workshop, Denman Runal Traming Centre, Sebele, 28th-29th June, 19K 3,

MP KIS, Baker, DLoand Do Nooman, CRelevance of the Famnag !ostems Approach to
Agncuhurad Demonsiron” . Paper presented at ALDEP In-Service Training Course, Mahalapye
RTC, August, 1983,

MP N6, Soman, DWW DO Baker, and S0 D Siebert. TThe Challenge of Developing
Apnculture m the 300 600 . Rainfalt Zone Within the SADCC Counties™, Paper presented o
the SADCC seminar on Agronomic Adjustment 1 the Favironment of 00 10 600 mm. Rainfull
Zone, L5th loth Sept. 1983, Harae, Zanbabwe,  Now published, see AT EP 84-1 and ATIP
1P 8§75

MP 840 Neonan, DW and DO Baker, "Compotents o Faznung Systems Rescachs FSR
Credibility and Eaperzences o Botswana”. Paper presented at ADC sponsored. conterence on
Intra-Household Processes and Farming Systems Analysiy, Betlasio, Tudy Sth Ot March, 1684,
Now published, see ATH EP 861,

VP 8420 Nomman, DOW. TTosttutionalizing the Farerag Svtems Approach o Recach ™ Semina
given al INAT, Tunes, Tameaa, 1200 March, 1984

VP NS Sonean, DW Consadiangy w Tunsa”, March 1Uss

VPSS Hobbe, TA Report ona Visit o the Farsnng Systenis Researeh Progect, Departinent of
Aurenftural Research, Masen [esodion]” May 1084

VP84S Baker, DO and 30 Hobbs, “Farmimy Systans Research and Eaension me Botswani

Current Progrummes and Baues Faomy e Minstiy of Agocultoee™. Dapwr presented the KSU
Famming  Systems Bosearch Syinposume o Parming Sysdemy Lewearch anmd  Extension:
Implementation and Monitoring, Tih-10th Oct 1984, Aanhatkin, Kanss, USAD Now published,

ser ATIP KD S6-1.

MP 846 Koch, BA and W Matho, CFaming Systems Reseach on Animal Husbandry
Probicms w Tutume Avrcultural Distacr of Botswana®, Abstiact of pager accepted at the KSU
Farting  Svatems  Research Svimposiuom on - Farm‘ng - Systems . Fescarch and Extension:
tmplementation and Monitoring, T 10t Oct TOSE Maahiattan, Kans, USA Now publishdd,
wo ATHP EP S6.2.

UP 84-7  Koch, BA. Ammal Science Input i AT Poster Presentation”. Paper accompanying
poster presented at the KSU Fanmung Systems Rescarch Sympostume on Farming Sy:tems
Research and  Dxtension: Implementation and  Monitoring, 7ih-10th - Ovi, 1983, Manhattan,
Kanwas, USA

MP 8480 Miller, Wooand S Adler. “Agncubral Priving Policy and sts Etfeet on Production and
Bty b Special Bmphaas on Botswama Farnung Systems™. - Invited - paper presented
Botswana Agricultural Socicty Meeting, 17th December, 1984,

MPOSE9 0 Baten DO and G0 esottho, T Methodoloey for Farm Management Research i
Botewana Toaated paper presented at ARFELCINMYT Newworkshop on Phie Role of e Rural
Sociologist in FSE and Technology Generasion and Adoprion, buasaka, 200 28ih Novembet

Tosd

MP 8400, Bahern, DOPSR Credibabitn Baperienaes i Boswana™. Paper presented at Michigan

State Univerviey, Mach, BN

M NS Nesoan, DO UThe Lamited Resource Parmer and Africa’s Food Production: Crisis”,
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Invited paper preseried at IFDCARA workshop on Fertilizer Effieiency Research and Technology
Transfer, Doualu, Camenvon, 21st-25th Janwary, 1985, Now punlished, see ATIP EP 85.2

MP 85.20 Nomuwan, D oand M. Collinsen, " The Concept of FSR :m ‘Theory and Practice”, Invited
paper presented at Austratian Centre for Intemational Agriculural Rescearch sponsored Workshop
on Farming Sysems Research (FSK), Hawkesbury Agrivubtural - College, Sydney,  Australia,
12th-15th May, 1985 clow published, see ATIP 1P §6-3.

MP 85-1. Buker, D.C. “Populaton Counctl/ESSP Case Studies Project: Training Workshop Trip
Report™.  Ansing out POPCOIFSSE Case Studies Project Workshop, Boston, USA, 9th-12th
June, 1YRS.

MP 854 Baker, D.C. “Famming Systemis Development Project - Eastern Visayas: Philippine Trip
Report and Implicate ax tor ATIP?. Report on USAID consultaney trip to Philippines, May 1985,

MP 85-5. Miller, S, T, Faringon and D, Nooman, “Selecung a Mictovor puter System for
Farming  Systems Rewcarchs A Frameworh  for Decision-Making”. Paper  presented  wt
CIMMYT/GOB  sponsored  Regional Waorkshop on Socio-Economics and Microcomputers in
Farming Systems Research, Gabotone, Botswang, 2nd-hh July, 1985,

MP 856, Baker, D.C.oand ). Lesottho, “The Place of Soviology/ Anthropology in FSR and E in
Botswana™. [In Press).

MP 85-7. Baker, D.C., M. Flint and N, Hunter, "Contributions of Fann Munagement Economists
o FSR and E i Botswana®, Paper presented at CIMMYT/GOR sponsored Regional Workshop
on Socio-Feonomics and Microcomputers in Farming Systen's Research, Gaborone, Botswana,
Jond-4th July, 1985,

MP 85-8. Sicbert, J.D. "Use of a Spreadsheet mn FSR and E*. Paper presented at CIMMY'T/GOB
sponsored. Regional Workshop on Socio-Feonomics anag Microcomputers in Farming Systems
Research, 2nd-41h July, 1983,

MP 85-9. Baker, D.C. "Labour Productvity in Traditional Agriculture”. Invited paper given at The
National Seminar on Lahour Productivity in Botswana, Gaborone, 8th-11th July, 1985,

MP 8510, Hobbs, JLA. "hescarch/Farming Systems Teams/xtension Relationships and Agricultural
Development in Botswana®, Prepared for Agriculiural Sioff Relations Seminar, Pelotsetlha,
6th-8th March, 1985,

MP 85-11. Normun, D.W., “Farming Systems Research in Africa - An Overview”, Invited paper
given at The Farming Systemns and FExtension Seminar, Nhlangano, Swaziland, 22nd-23rd Aprit,
1985,

MP 85-12. Masikara, S, G. Heinneh, W, Madho, and B, Koch, "Draught Animal Management
for Early Ploughing”.  Paper presented at the KSU Fanuing Systems Research Symposium on
Farming Systems Rescarch and Extension: Manay .nent and Methodology, 131h-16th Oct. 1985,
Munhattan, Kansas, USA. Now published, see AT« EP 86-8.

MP 85-13. Baker, D.C.and D.W. Norman, [ arming Systems Research and Extension in Harsh
Euvironments: Developmen® of a Farmer Cooperator Approach in Botswana™.  Paper presented at
the KSU Furming Systems Rescarch Symposium on Farming Systems Research and Extension:
Management and Methodotagy, "NMh - 16th vt 1083, Marhattan, Kansas, USA. Now
published, see ATIP EP K6-7.

MP 85040 Trent, O Monvats, T, oand E Modiakgotla, "Progress and Neeas in On-Farm
Rescarch o Botswana™  Paper presented a0 CIMMYT sponsored - Networkshop of Senlor
Agricaltural Kesearch, Extension, and Teaching Personnel of Eastern and Southern Afriea,
Maseru, *esotha, 25th-28th November, 1985, Now published, see ATIP EP 86.5.

MP85-15. Merate, Y., Do Baker, and D, Norman, “Socio-Eeonomic Constraints 0 Farm
Equipraent Innovations i Botswana™. Paper invited for 1.0 sponsored Workshop on Farn Tools
dad  Equipment Technotogy: Basic Needs and  Employment, Gaborone,  Botswana, 3rd-5th

File: A 107.2/C < IR - Date: September S, 1990


http:GaloM.te

ATIP

AT

AT

ATy

ALl

AT

ATy

Anr

ATH

AT

AT

ATIP

AT

AL

ATIP

AT

December, 1985, Now published, wee ATIP EP 86-6.

MP 85-16. Nygawrd, D.oand Do Norman, “The Polental Use of Fanming Systems Research in
Madagascar®. Report submutted o FOFIFA, Madagascar, as a result of a consultaney g o
Madagas:ar, sth-Iath November, 1985 (Al an Frenchi

MP 86-1. Baker, D and D Nonman, "A Framework for Assessing Farnming System Activities i
Natonal Setunygs i West Atnca Waith Special Reterence w Mali, Nigena and Senegad”™. Tnvited
paer gien at West African Farming Systemy Networkshop, Dakar, Senepal, 10th-14th March,
1UsG,

MP 86-2. Baker, Doand B0 Modiakgotla, "Traming of Non-Protessionals o S Work™, Invited
paper wiven CIMMYTD Regional Review of OFR, 1986, Mbabane, Swazitand, 12th-16th May,
1986

MP 86-3 Hewnch, GML Moduakgota, Booand DWW Nornan, “Enhancing the Producuvity ol
Natonal Apnvabtwral Research Programmes Through Fanming Systems Rescearchs the Case of the
Semi-And Arcas of Sub-Saharan Afnca Ivited paper gaven at Interrational  Drought
Symposium sponsored by SAPGRAD, OAU, Nawobi, Keaya, 19th-23d May 19506,

MP S64. Baker, D Botswana - Agncultural Technology  Improvement Project. Mahalapye
Farmmung Syaems Team  Paaduced tor POPCOYESSE Case Studies Fooject, Boston, July 1980,

MP 86-5. Gras. R "Gow vmaductonan Botswana™, Paper given at the SR-CRSP Fifth Annual

heientist Workshop, Narobr, Kenyu, <t i November, TO86,

MP 80-6. Gray, R Farming Systems Work™. Invited paper given at the Amumal Production
Division 1986 Senior Staff Meeting, Denbam Rural Trmmg Centre, Oth October 1986,

MP 86-7. Normun, Do CRammumg Systems Work and Extension”. Paper given at the Exteasion
Crop Officers Meeting, Denham Raral Tranung Centre, 18th-19th December, 1UR6.

MP K6-8. Sictent, Jo "On Farm Toals and Demonstrations”™. Paper given at the Extension (','rop

Officers Meeting, Denham Rural Tramimyg Centre, 18th-19th December, 1986,

MP 86-9.  Makhwaye, Eo "Goat Management, Milk and Meat Production, Tutume  District,
Botswana”. Progect Paper for Scale Hayne College, UK, Deceniber 1986,

MP 86-10. Trent, C. “"Rescarch/Edtension Linkages™.  Paper presented at SADCC Extension Study

Visit, Gaborone, Botwana, Ist-Sth December, 19806,

P 87-10 Gray, R, and D, Horspool. “Lismg Donkeys for Draught Power™. Four Parts. Prepared
for publication as Agrifacts. Now published, sce ATIP EP 87-1.

MP 87-20 Norman, Dooand D Bakero “Incentives for the Developmeni of the Arable (Cereal)
Sub sector: The Small-Scale Farmer™, Prepared for Panel Discussion hosted by BOSAD on Crop
Incentives for the Development of the Arable Sub-Sector (Cereals) in Botswana, Gaborone, 18th
March, 1987,

MP§7-30 Siebert, 1D, and B Modiakgotla, “Water Harvesting and Soil Moisture Conservation in

Deyland Farmung™. Presented at National Training Course on Reclamation and Management of
Deteriorated Soils, Gaborone, Hth March 1987,

MP87-4. Nonman, T, D Baker, Go Hemnch, S Masikar, and B Worman, “Farmer Groups Tor

Technology Development Experntences from Botswana”. Prepared for Workshon on Farmers and
Agricultural Research: Complementary Methods, DS, University of Sussex, Tingland, 27th- st
July, TUST. Now published, see AFIP B 89-6.

MP 87-50 Nomman, DWW "Commumicatton and Information: Systems we Farning Svstems Work:
An Overview of the Past and Present”. Plenary address given at the 7th Annual Farming
Systemns Symposium a the University of - Arthansas, Fayetteville,  Arkansas, USA,  October
\Sth-22nd, 1987 New published, see AT EP 89-1,
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ATIP MP 87-6. Worman, F. “Economic Analysis of the ATIP Double Ploughing Tnals, 1983-87",
Presented wt Department of Agricultural Research Seminar on Double Ploughing.  Schbele,
Botswana, September 7th, 1987,

ATIP MP 87-7. Hewmrch, G, S Masikura, I, Worman, and D.C. Caner. "Effects of Tillage Systems on
Weed Growth and Weeding Labour Requirements”.  Presented at Department of Agriculturad
Reseurch Weedh Workshop, Botswany Agn.ulral College.  Setele, Boiswama, June 19th, 1987,

ATIP MP 87-8. D, Baker “Tnp Repoit: UZ/MSU Food Secunty Research Methodology Workshop®.
Harare, Zambabwe, 23rd 25th Mach, 1987,

ATIP MP 87-9. Swebert, JD ., and E Modikgotla,  “Tillage-Planting - Method Ettects on Weed
Development™. Presented wl Department of Agricultural Research Weeds Warkshop, Botswana
Agncultural College. Schele, Botswana, June 19th, 1087,

ATIP MP 87-10. Nornuan, D, D Baker, G. Heinneh, and F. Worman, “Technology Development Farmer
Groups: Fxpeniences trom Boteauana”™. Now published, sce ATH? EP 88.2

ATIP MP 87-11. Raher, DCoand DWW Nonman “The Farmmg Systems Research and Extension
App-oach o Small Farmer Develepment™. October, 1987, (Forthcoming),

ATIP MP 87-12. Norman, DW., H Sigwele and D, Baker. "Retlections or Two Dxecades of Rescarch
on Sorghum-Based Fammnng Systems in Northern: Nigena and  Botswana”, Presented at the 3rd
Annual Conference un Food Security Research in Southern Africa.  Harare, Zimhabwe, 15t-5th
November, 1987, Now pudlished, see ATIP EP 88-6.

ATIP MP &7-13. Baker, D, “Top report: University of Zimbabwe Third Annual Conference on Food
Security m Scuthern Africa™. Harare, Zimbabw . 14-Sth November, 1987,

ATIP MP 87-14. Baker, D "Weed Control During Drought: a Fact Sheet”. Presented a1 Department of
Agricultural Research Weeds Workshop, Bolswara Agricultural College, Scbele, Botswana, June
19th, 1987,

ATIP MP 87-15. Jonas, C. “Zambua Tnp Report: Intra - Household Dynamics and FSR/E".  Lusaka,
Zambia, 26th-29th March, 187,

ATIP MP 87-16. Buaker, D, "Rescarch Relaung o Household Food Sccurity Amalysis Carried Out by an
On-rarm Research Team of the ATIP Project in the Mahalapye Arca, Botswana®. Presented at
the UZIMSU Food Security Research Methodology Worksiop, Umversity of Zimbabwe, Harare,
Zimtabwe, 23rd-25th March, 1947,

ATIP M 88-1. Wormman, F, G. Heinreh and S, Masikarg, Strengthening the link Among Farmers
Extension and Rescarch tor Agnicultural Development in Botswana™.  Submitted for publication in
the Information Centre for Low External Input Agriculture Newsletter,

ATIP MP 882 Baker, D ‘Adipttse Research: How it has been Implemented m the SADCC
Comtries™.  lavited for SACCAR Cenference, Arusha, Tanzania, 22nd-26th ichruary, 1988,
Now published, see ATIP EP 89.2.

ATIP MP 88-3. Baker, D "Women and Triahs Management in Botswana: Experiences with Earmer
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AD
ADNP
ALDEP
ANDP
APRU
ARAP
ATIP
AVRDC

BAMB
BMC

CFDA
cm
CRSP

DAFS
DAO
DAR
DDF
DPS
DR
DUMI

EEC
EFSAIP

LOFG
EPG

Fl

FMDU
FMFI
FSR
FSSR
FSW

GOB

ha
HRP

(FPP
lITA
INTSORMIL

kg
LAC
LWMP

MDP
MIAC
nmin
MOA
MVRU
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APPENDIX E: ACRONYMS

Agricultural Demonstrator

Agricultural Development for Ngamiland Project
Arable Lands Development Program

Agricultural Ngamiland Development Project
Animal Production Rescarch Unit

Accelerated Rainfall Arable Program

Agricultural Technology Improvement Project
Asian Vegetable Rescarch and Development Center

Botswana Agricultural Marketing Board
Botswana Mcat Commission

Communal First Development Arca
Centimeter
Collaborative Support Rescarch Program

Deparunent of Agricultural Ficld Services
District Agricultural Office(r)

Department of Agricultural Rescarch
Disirict Demonstration Farm

Division of Planning and Statistics
Drought Relicf

Decision Unit Management Information

European Common Community

Evaluation of Farming Systems and Agricultural Implements
Project

Extension-Oriented Farmmer Group

Eggs per Gram

Farmer Implemented

Farmer Managed

Farm Machinery Development Unit
Farmer Managed and Farmer Implemented
Farming Systems Rescarch

Farming Systems Southem Region
Farming Systems Work

Government of Bolswana

Hectare
Hand Row Planter

Integrated Farming Pilot Project
International Institite for Tropical Agriculture
Sorghum and Millet Collaborative Support Rescarch Program

Kilogram

Livestock Advisory Center
Land and Water Management Project

Malapo Development Project

Mid-Amecrica International Agriculral Consortium
Millimeter

Ministry of Agriculture

Multiple Visit Resource Use
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NCS
NGO

P
PCV
PDR

RAO
RELO
RI
RIIC
RIP
RM
RMFI
RMRI
ROFG
RSU

SACCAR

SMSS
SMU

USAID
USA

ZN
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National Conservation Strategy
Non-Governmental Organization

Phosphate
Packed Cell Volume
Precision Deep-Rip

Regional Agriculiural Office(r)

Rescarch Extension Liaison Office(r)

Researcher Implemented

Rural Industries Innovation Center

Rotary Injection Planter

Rescarcher Managed

Rescarcher Managed and Farmer Implemented
Researcher Managed and Rescarcher Implemented
Research-Oriented Fanner Group

Rural Sociology Unit

Southemn African Center for Cooperation in Agricultural
Research

Soil Management Support Services

Seed Multiplication Unit

United Sute Agency for Intemational Development
Unites States of America

Zinc
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