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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 Government of 
Botswana (GOB) and the United States Agency for International Development (USAID). 
The USAID funding has been mainly channelled through the contractor, the Mid-America 
International 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 parts. These are as follows: 

(a). 	 Technical Summary of ATIP Activities, 1982-1990: Research Results [ATIP RP 51. 

(b). 	 Technical Summary of ATIP Activities, 1982-1990: Promising Guidelines [ATIP RP 
61. 

(c). 	 Technical Summary of ATIP Activities, 1982-1990: Research Extension Liaison 
Office Achievements IAT!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 etension staff interested in und,'aking widespread 
testing of promising technologies and approaches. Report (c) will be of interest to those 
concerned about ostering 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 multiple 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 Research Officer, Dr. L. Setshwaelo, and the Acting 
Chief Arabic Research Officer, Mr. 0. Mmolawa. 
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CHAPTER 1: INTRODUCTION 

1.1 ATIP BACKGROUND 

1.1.1 HISTORY 

1.1.1.1 General 

1930's. Initially it was confined to
Agricultural research in Botswana dates back to the 

areas, but in 1945, crop strategy research
research in the animal production and rangeland 

number of topics were investigated [Addy, Farrington,
was added. Over the years a large 

Gollifer, Hunter, Stewart-Jones and Sweet, 19871 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, 
et al., 1997].

if the technologies were adopted by a large enough number of farmers [Addy 

was not increasing as a result of the agricultural research
Apparently agricultural production 

was 
program. It seemed that either the technology was not reaching the farmers or else it 

concern about the failure to explain the large yield
unacceptable to them. Also there was 

gap that often existed between the research plots and farmers' fields when the same 

technology was being used. 

As a result of this,initiate testing on farmers' fields.Therefore, the decision was made to 

two projects came into existence in the mid-1970's -- namely EFSAIP (the Evaluation of 
and IFPP (the Integrated Farming

Farming Systems and Agricultural Implements Project) 
at the farm level, they found that some of the

Pilot Project).' From their early testing work 
use of fertilizer and

research recommendations (e.g., autumn cultivation, row planting, 

weed and pest control, crop rotation, minimum 	 tillage and soil/Pater
improved seed, good 

a package, based on a multi-purpose toolbar,
conservation) which were combined to fon 

of the feedback process there were improvementshad some limitations. lowever, because 

in individuil component technologies. 

an expansion in the development of what increasingly
During the next few years there was 

became farming systems research (FSR), with the initiation of the Agricultural Development
 

for Ngamiland Project (ADNP)2 in 1979, the Agricultural Technology Improvement Project
 

(ATIP) in 1982, and the Molapo Development Project (MDP) in 1983.
 

even though some did
Over time, all these projects increasingly embraced the FSR approach, 


been involved in designing -- with
 
not start out as FSR projects. As a result, they 	 have all 


research -- solutions to problems that have

the aid of technologies developed by on-station 


Those potential solutions have then been tested,

been identified with the help of famlers. 


together with farmers, on their fields.
 

of the
In general, apart from IFPP (FSSR) and to a lesser extent ATIP and MDP, most 

livestock activities. A good deal of emphasis
projects have concentrated on crop rather than 

practices, implementhas been placed on tillage/planting practices, followed by agronomic 


testing of individual component technologies (e.g., varieties, seed dressing,

testing, and the 

it has tendedWhere livestock work has been undertaken in the 	context of FSR teams,etc). 

later changed to Farming Systems Southern Region 	 (FSSR).The name IFPP was 

2. This was later known as the Agricultural Ngamiland Development Project (ANDPi. 

- I -	 Date: September 3, 1990
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to 	 concentrate on the crop/livestock interface (harness/ycke equipment, feed -- both specially
grown and crop residues -- winter fattening of cattle, and small ruminants)? 

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

Recently decisions have been made by GOB to institutionalize on-farm research (i.e., most ofwhich is conducted as FSR), to locate all the FSR teams under the umbrella of theDepartment of Agricultural Reseaicii kDAR), and to reorganize the research programs into a
number of multi-disciplinary commodity/subject research teams. These decisions all bodewell for a continuation of FSR activities and for strengthening the research program of the
department through improving the interaction, not only between the FSR teams but
between on-farm and station-based research. In addition, in recent 

also 
years, links -- although

still largely informal -- have been strengthened between research and extension, particularlyin 	 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 thelead 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 andeffectively extend farming system recommendations relevant theto needs of resource poorfarmers. The project paper indicated that the project was essentially institution building in 
nature, requiring a long-term commitment 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 aims, two farming systems teams were set up, one at Mahalapye

(starting in September, 1982) and one in Francistown (starting in August, 1983), a Research-

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 sevenindividuals -- 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 research 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. 

4. An informative review of FSR work in Botswana is given by Frankenberger and Mitawa 
[19881. 

s. The department has recently been split in two: the Department of Crop Production and
Forestry, and the Departient of Animal Production and Hcalth. 
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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. 

defined as thoseAs far as ATIP activities are concerned, the primary target group has been 
than '40 head of cattle. It has beencultivating from one to ten hectares and having less 


estimated that up to 40 percent of these households are headed by women [ATIP RP 2, p.
 

81. 6 Substantial numbers of surveys, studies and trials have been carried out, on and with, 

representative farmers in this heterogeneous target group. In concurrence with the project's 

of emphasis in ATIP's work has been placed on arable agriculture.mandate, a great deal 
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 Botsviana as the 

eastern part of the country, particularly the central and northern 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 
return from research resources -- in terms oflogistically, and also helped improve the 


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. 

6 See Appendix D for full citation of papers produced by ATIP personnel. 

7. More detailed information on the procedures for selecting the villages and farmers 

(discussed in Section 1.1.3) can be found in ATIP RD 83-1 Ipp. V13-171, ATIP RP 1 

Ipp. 12-221, ATIP RP 2 Ipp. 15-221, Baker [1987, pp. 24-271, and ATIP PR F83-1. 
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The villages in each region were therefore selected after: 

(a). Reviewing secondary 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.
 

(c). 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 laterstudies did appear to indicate that the variation between and within the selected villages didreasonably 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 overthe years have helped explain sonic of the differences in the results from the various 
villages. 

TABLE 1.1: SOMF DISTINCI'IVE CIIARAcIhRISi1CS OF 'ilE ATIP VILLAGES 

AREA DISTICT VILLAGE SZE AND DISTINCTIVE CiIARAcFERISTICS -
1CC.SSIIIIrY 

|:rancitown Tutume Mathangwane Large, excellentUrban influence; tractors commonTutume Marapong Medium, good Progressive village; communal activities 
Tutumc commonMatobo Small, average Traditional orienaion; animal traction 

dominates
 
Mahalapyc Mahalapye Westb 


Shoshong Large, good Good amenities; lands and catile posts very 
b dispersed; many tactorsMaltaapye East Makwate Small, average Donkey traction dominatesPalapye Makoro Small, excellent Dispersed 	settlement pattern; mainly animal 

tractien 
a. Ihe larger and more accessible villages tend to have gucaler numbers of and better amenities, suchasstores, restaurants, etc. 	 shops, bottleShoshong and Marapong have Cooperative Societies, while Marapong also has a Development

Trtsi and a Small Ruminant Fanners Group.b hlahalapye West is now sometimes referred to as Mahalapye, while Maltalapye Ea st calledis often Machenang
District. 

1.1.3 SELECTION OF COOPERATING FARMERS 

At the outset ATIP made an effort to obtain some idea of the variability in terms ofresource endowments and production practices of the farming populations in each of thevillages. Usually this was accomplished by an initial literature review, followed bydiscussions with knowledgeable individuals, and informal (Exploratory) and one-shot Sampleor Census Frame Surveys. The idea behind this was to provisionally stratify farmers intohomogeneous sub-groups (research or recommendation domains) on the basis that farmerswithin these groups had the same problems and the same potential solutions to thoseproblems [ATIP RP 3, pp. 27-291. This was important to ensure that later research activitiesof 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 ATIPwork tended to be determined by the ability to pursue timeliness of operations to 	 takeadvantage 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). Francisown. 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 households 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 "armers it was then possible to select appropriate farmers with 
whom to 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 area, see ATIP EP 86-7 Ipages 544-5461. 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 F87-11. 

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

(a). 	 Purposive selection by researchers interested in obtaining the cooperation of specific 
farmers because of particular attributes or resources they possessed. For exa'mple, 
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 farnwrs (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 report). 

1.2 FARMING SYSTEMS RESEARCH METHODOLOGY8 

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 societal goals, given the constraints and potentials 
imposed by the factors that determine the existing farming system. FSW involves using two 
complementary strategies (i.e., the development and dissemination/implementation of relevant 
improved technologies and policy/support systems) to improve agricultural pioductivity, 
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 used by, ATIP in 
FSW is presented in a handbook for FSR recently written by ATIP personnel [ATIP RP 
3; ATIP RP 41. Of particular interest in terms of material presented in this seclion 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 Diagnostic Stage in which the actual farming system is examined 
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 strategies are identified that are thought to be
relevant in dealing with the constraints determined in tie descriptive or diagnostic 
stage. Information for such strategies comes from experiment station 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 e,,luation, from the viewpoint of the 
fanner, as to whether tile 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 systema. This 
stage usually consists of two steps: 

L 	 Researcher managed but fanner implemented tests (RMFI) to establish
whether transferred technical relationships are altered by farmers' management 
of non-treatment variables. 

ii. Farmer managed and implemented (FMFI) type tests when the team are 
confident that relationships will hold, but need to evaluate the proposed
technologies tnder 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 fanning systems team. 

(d). The Disseminalion 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 researcher managed and farmer 
implemented type trials -- where farmers and researchers interact directly. Similarly, testing 

. In additio,, particularly from a societal viewpoint, the issue of sustainability is also 

becoming increasingly important. 
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FIGURE 1.1: FARMING SYSTEMS WORK
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by farmers may mark tilebeginning of dissemination activities. 

Also, it may not always be necessary to go through all the stages. Farming system team 
coafidenc 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 ,xtension staff. The iterative characteristic can improve the
efficiency of the research proce., by providing a means of identifying and tuning improved
technologies for a specific location -- that is, climatic situation, soil type and/or farmer 
resource base. 

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

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

TAILE 12: SOME- DIIt.:Rt;NCS tlFTWFN F.XtitRIMFNT STATION-IIASEI) RF"SHARCII AND FSR 

-t tAR,\CTFOL5II(7 J'i.iQ~i!~A~t~OtW-St~A~ SRt 

tocalion of tnad Usually Station Usually OnTarrnExpcinlcnt
)isc'lirts tnivotlvd Oltin Single Usually Several 

Mostly Tlchnical Technical and Socialt'o itySet'in, fr Tndi k'.!5jrchcr More Involved Less Involved
tLnler lass Involved More involved

Design
ta 1c-nnicatal Cwir.|'.Xly UsuAly Mon: Usua!;y tess 
M,.nagenurnt Researcher Researcher or Farmer
ltiplevmtiton Researcher Rcsearchr or FarmerDegree of NIcrimnIa Coitrol More Usualy tess

Evaluation of Trial Results -- tFactlpi
 
"aIken Into Account:
 

Systems t'erspective Less Likely More L.ikely
technical le.i.sihility Yes Yes
Ecorlomic Viahility/Relahility lss likely More L.ikely
Social Acceptahility Less ikely More Likely
tIanner
Opinion Not Likely More l.ikely

Fxpcnc of Fxperimnhed Program:
 
Fixed(Overhead) Costs Likely to he I lighcr 
 tikely to be loer
\',riahle (Recut'nt) Costs Likely to he Lower Likely to beI ligher 

Involving the fairmer in the research process involves both challenges and rewards. In order
 
to address the needs and interests of both experiment station-based researchers and famers,

ATIP has been careful to differentiate trials undertaken 
 in terms of who manages and

implements them, that is. the researcher (tcclician) 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 officsearch objectives, mcthlds. expcrimental design, types of data collected, methods 
of analysis, and evaluation criteria. Gelermlly in FSR, technoitsgv design work begins at the
RMRI level and then when a technology is thought to be appm-priate it is passed oit for
testing with the farmer, first at the RMFI level, and then at the FMI level. Obviously the
farmer becomes progressively more involved as one moves front experitnentation at the
RNIRI to tileFM FI level. It is important to know the type of trial iat was implemented in
order to be able to assess what the appropriate expectations slholldi be with respect to the
interpretation o' th,:results. Obviously for example, cause-effect relationships can be
derived inRNIRI trials, while fariner attitudes are much easier to ascertain in FMFI trials. 
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TABI.E 1.3: EXPIECTATIONS OF DIF:FERENT TYPES OF TRIALS' 

Item Researcher Managed and Researcher Managed and Farmer Managed and 
Researcher Implemented Farmer Implemented(RM!)(RMFID Farmer Implemented(FMLA..1) 

Experimental: 
Stage:
Design: Designb Iststage testing 2nd stage testing' 

Complexity 
Type 
Replication 

Most 
Standard 
Within and between sites 

Less 
Simple standard 
Usually only between sites 

Last 
With and without 
Petween sites only 

Levels of treatment Most 
but can also be within

Less Least 
Standardized level of non­

experimental variables Most Less LeastPlot size Emallest Larger Usually largest 

Who selects technology? Researcher Researcher/farmer Farmer 

Who shoulders risk? Mainly researcher Researcher/farmer Mainly farmer 

Main discipline of researcher Mainly technical Technical/social Technical/social 

Participation by:
Faimer Least More Most
Researcher: .nst Less Least
Numbers of farmers None Some Most
Farmer groups Least More Most 

Potential: 
"Yield" Most Less Least
Measurement errors Least More
Degree of precision lighest 

Most 
Less Least 

Data: 
"Ilard" (objective) Most Less Least"Soft" (subjective) Least More Most
 

Determination of cause/
effect relationships lFasiest Less easy Least likely

Incorporation into 
farming system Least More Most 

FEvaluation: 
Who by? Mainly researcher Researcher/farmer Mainly farmerNature of test Assesses technical Technical feasibility plus Validity for farmers ­

feasibility economic evaluation practicality, acceptable 

Appeal to: 
Researchers Most Less LeastFxtension Staff Usually least More MostFarmers Least More Most 

F.aseof acceptance of results of 
trial Researcher Researcher/farmer/extension Farmer/extension 

a. There is a degree of subjectivity in some of the entries in te table, butin general they do reflect what isusually the case. In a sense, these expectations also reflect the reasons why the different types of trials areundertaken. In the literature, RMRI trials are sometimes called exploratory trials while RMFI trials aresometimes termed refinement trials.
b. Standard toulti-locational trials are also RMRI. Multi-locational trials are differentiated from trials undertaken itt a farming systems context in that they are not designed, implemented or evaluated with a farming systems

perspective in mind. 
c. In a cen.;e there are two types of FMFI trials, those done through research-oriented farmer groups (equivalent tovalidation trials in the literature) and the more widespread testing done through extetsion-oriented farmer groups

(equivalent toverification trials in the literature). 

Sotrce: Slightly modified version of ATIP FP 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 (i.e., farmers and 
station-based researchers) have appeared to differ. 

1.3.1 THE TECHNOLOGY LADDER AND RELATED JMPLICATIONS 

ATIP has found it useful, when considerin, the suitability of technologies for farmers, to 
systematize thinking in terms of a technolo -J 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 neccssarily require great changes.
 
(b). Can be adopted to varying degrees.
 
(c). 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 rarely likely to be of major benefit because of the nee,' to implement strategies

that will alleviate major constraints. For example, the constraint of water availability might

need to be addressed first so that the return from fertilizer or improved seed 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 maximize 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: 

(a). 	 One type of step 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 a's 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 tile 
farmer, thus constituting a fairly large step up the ladder. Ia 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 of an 
additional piece of equipment to the system represents a step up tiletechnology 
ladder. 

(b). 	 Another type of step tip the ladder requires additional skill such as leaming 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 
involve iesource savings (e.g., mechanical weeding to reduce weeding labor).
Adopting a row planting strategy requires a major commitment from the farmer to 
learn to correct!, use the technoiogy that is new to tile system. 
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In a harsh climatic environment, the relatively large farmer commitments involved in movingup the lower rungs of the technology ladder imply that the challenge of getting farmers tochange is likely o be greater than in a more equable climate. 

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

(a). 	 Breaking Constraints Or Exploiting Flexibility. There are two possible ways ofdealing with an identified constraint: break the constraint, or avoid tie constraint byexploiting the flexibility in the farming sy:;tem, for example, planting sorghum lateavoid a particular disease problem. 
to 

The decision on which approach to use indealing with the constraint will depend on its severity, the flexibility that existswithin tie existing fanning system, and the availability of potential improved
strategies that break the constraints or exploit the flexibility. Breaking constraint a much more difficult problem both for researchers and farmers, 

a is 
than thu strategy ofexploiting flexibility. However, major long-,emi increases in productivity have to come through breaking constraints. This must usually be a step-by-step approachmoving away from the present system towards new --a 	 one each step being one thatis acceptable and absorbable by farmers. Unfortunately under the harsh climatic

conditions in Botswana, major emphasis tohas 	 be placed 	 on breaking constraintsrather than exploiting the flexibility that might exist in farming systems in moreequable climates. As a result, changes required on the part of faners are relativelygreater, 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 leveland distribution of rainfall between and within years leads to considerable unr'ertainty
as far 's farmers are concerned. This lack of predictability means that the strategiesfarmers pursue vary according to how the year develops. essence,In they en-ploy adecision tree type strategy in which they rcspond to ccnstraints and opportunities that emerge as the season unfolds. In such situations, no one strategy is applicable every
year and there is a need for research to develop a series of opticris. 0 Much ofATIP's work has recognized this. For example, as will be discussed later, double
plowing with broadcasting is advocated, only under 	 certain circumstances, as analternative to the 	 traditional single plowing and broadasting system. Also it isimportant to note that, its farrmers move up the technology ladder, the range ofoptions open to the farmer increases. As a result, 	 on occasion it may be appropriate
for farners to simultaneously use, on different parts theof farm, technologies
associated with different steps up the technology ladder. 

1.3.2 CLIENTS FOK ON-FARM TECIINOLOGICAL RESEARCH 

Although, by defilition in FSR, it is the farmer who is the primary beneficiary of on-farmresearch, 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 vf on-farm research isto design and test technologies with farmers to address problems that they have identified, itdoes 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 

non-leverage interventions. 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, and/or where timing of those resources is restricted. All other 

things being equal, 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 
as a whole, but may help in improving theon the productivity of 9*e fariing system 

productivity of a particular enterprise. Such interventions are likely to be more acceptable to 

farmers, since zheir adoption is likely to require relatively sinaI! changes in the current 

system, compared with high leverage interventions, where major changes arc often involved 

if the technology is adopted. 

In Botswana, on-fann research has had an impact in both ways. For example: 

(a). 	 On-farm research has responded to requests from on-station researchers to evaluate 

specific echnologies at the farlm level. This supportive role has generally involved 

potential low-leverage type inter,,entions arising out of commodity research programs 

such as crop variety evaluation (e.g, cowpeas, sorghum, groundnuts, etc.), evaluating 

seed dressing on groundntts, evaluating whether labor intensive hilling of groundnuts 

can he avoided, etc. Depending on the requirements of on-station researchers, these 

types of technologies are sometimes evaluated at the RMFI level (i.e., if some 
"harder" quantitative data are required), or may be evaluated in the FMFI 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 researcher, have a 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 
research evaluation of their proposed technologies is toresearchers requesting on-farm 

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 use 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 TIlE TECHNICAL SUMMARY 

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

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

The primary role of FSR responding to the needs of farmers, in effect, corresponds to 

'.!:atis described clkewherc as "FSR in the small" while the type responding to station­

bas.d researchers is more analogous to "FSR with a pre-determined focus" [ATIP EP 
8X6-31. 
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what research ATIP has undertaken over the years.
 

Chapter 2 is devoted to o brief discussion of the farmers' environment from both the
 
physical-biological and soci.-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 activities, presented on
 
a theme basis. In Chapter 4 system-type technologies are considered, such as those relating
 
to tillage, planting methods and post-establishment practices, and semi-permanent field
 
development. Chapter 5 is devoted to commodity technologies relating to both crops and
 
livestock. Wih reference to crop: cowpea-, groundnuts, mung beans and intercropping, are
 
considered, while uraft 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). Major activities, and a list of references for reports on those activities, mainly in
 

table form. 
(c). 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 
,nformation on: 

(a). The name of the survey, study or trial. 
(b). If they were trials, what type they were (i.e.. according to who managed and 

implemented them). 
(c). 
(d). 

The size of sample. 
References where results are presented. 3 

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 section 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 particular 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: 

(a). 	 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. 

'3 	 Starting in 1985-6 little data were included in the annual reports themselves. Instead 
detailed results were increasingly presented in other formats such as Progress Reports 
(PR Series) and Working Papers (WP). 

File: A107.1/1 	 - 13 - Date: September 3, 1990 



(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 elsewhere ATIP RP 61. 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 (early plowing, contour strip tillage, water 
conservation terraces). 

ii. 	 Planting and weeding (row planting, hand-row planter, Maun cultivator). 
iii. 	 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, fanner field 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 girth measurements, and 
bloodless castration). 

(c). 	 Appendix C: List of A7P Papers. This appendix contains a list of all the papers 
ATIP1 4 . produced by 

(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 :;.ppear to some that ther.e are specific research topics that perhaps should 
have been undertaken by ATIP 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 agrononfic 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 opiAions 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 
researchers, extensioilIdevelopment staff and/or occasionally with planning staff. 

". Rather than referring to individual authors in tie this technical sunmary papers written 

by staff mnmbers connected with ATIP are cited by ATIP publication number. 
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CHAPTER 2: ENVIRONMENT OF FARMNE R 

2.1 INTROI)UCTION 

2.1.1 JIUSTI FI(ATION 

Farmers o 1ot live and work in isol.,tion. They are members of' a nation, of a cormtunity, 

and (it' a t'mmi t. flth\ livi' ii a partilziur plat!Ce detined by atpattern of social, cultural and 

environinental ch,1tartCrstlcts. ..\It ot these intlltenc" the tlirtcis' production systemns. and 
titeir v illingIts's :il lih ts,toNIt TkC chaiteCs in their ft-tine svstnis. 

ll l 

10) t ll(I,
11 l U+de tx-q lt ILu hh tdor)is, pi-~I'm'inmlc'n;tlli~l' tll +tai ttlkl:, tl(d 1:1pletllw ilt 

+, 
,,.tl+,,wf1and J \ ' ',, l ' 10 ,,+'111mit.) v r:.1
llc' l Ill("l 'ckl, ,IIu il+ it \%im l th-m'w,)ric'lhlt 

atu
lc'cat'clith boo lh 1 1til0X J i sli,ltiwli -- tiitct',tnli the rttlc iutli Thor, u;' 

. . t ' ft , i ir itl itl itli, t : hlt,, It - ic i, I 111:. l ix rlit it, tt tle'll'tc':iil e lc . t 

:i l II ilxt 111,litll' tI O 
,]'tlt>;'Il.l\'h,,ll':l ,+ l )< 'o i l" ' h l'" lo> d o+;. lll N Pt , p ;, 'll,1"'I I,tU il11.t'Nt +t'lltdtO'tl i !,1L'tll:I A , \ uhtI l', . i-. _ll S';:iii 'il,i,c tie! liI 

ll't ' t I ! +,:1t! 

lllp~llli1 itirnljile. ll . ct i;iC~l L iitih l nd,o , ! llll-" , 
li~tt~'ll'. \\ :i ' \Ah !ii.l ; i o' t'l %.%,t 1 t' i.1,'' A. ! 1)il il, ,, i ,%~~t,A ;ltllilh,t! 0+! 
. 
r. !o. L t111C t e t e's::i ,iiiL ,'V sII', altdl ;.tt.uu +i l ii j ti li',d 0 11 l il t (I'tilt 

:i. 111c ;w ll. li, (-it,,t (l i~O.t~ ht'C !,l ll' \Wt . lll llill'1ll sit ' the' kw dltill lilt" iiLUO 


pltitt' l'I. thiir ,tee cnro~ l tci on. cc all'hiultfit!lrt h lt.he i re:oltcc +\itd o of;: ' eCCL'+I t' . 

peit+Iuitethcgam aii> lh ~lhllatitl.nring tro-lt per~t the ava}d<ilabcilit olltfl is o t tllctthtr 
I"Illilclr< '+ 1110%llccat''(ll i !arnlitil). c t ', t tof ].lhi "c' h!1111.'€l invc'st Ihl.l c Consxi.s;I ldl, 

..tho~r, capltatl ,~ l~l~fi!'ll Ill tc'' Ililllitt'd tr '[11BIth tiltilt, WSM11CCLli(-' 'O.'MMll, 011C 

iispect ofI tile ca ili e t-mlc. thwir t01 di t OM 10 i (': lpeuially im inmOl ilt. clIC"L'eC o t, tr+aictioit, 

D~uriil+l r" L'h I 
<, 

the, availaihilitv ,}ciliulInlt pro!!'ramil; is,aikot:it impo~trtat f",lkctorri,,t fi 'm 

fortarmers. 

IHOW the rCSurce's aLfeIothitcd by ftanrs d(ternines the ,haracter (,fcropping and 
s,,5tit, I : , 'tt i ca ateic iptto i sta"d te<., st lllein ordlr toU sivestock 

dtVi itte' tCitiIitl %Ol ichtk illht int-atin .hl ttm +,inr). Ilow f',riers, obtain inputs for 

aiWciltttC and ltoi the,, tsc the pr(tcts of' their laor, for home consunption of for sale. 

tie alpcctS of c '\ til wtihdl hie linallv, a cleat picture tieti Itrllllig illtl;totretrstooid, ot' 
itself. it howtIlrlin talitil' w ihiL:inilcr.N arc, they interact, and htow tie\ choosc to Ilse 

SVSItiLtlcir resiotuice". is tfi iti l to ,oikine withil a farmil ' t 

All of tlc:e aspects are relevant to uiderstadtingt the environment of tileflarmer, and the 

enviruiiiiiiettt in which latitih systetiis teams tust work. These aspects are discussed irt this 
clapter as the, have aftI_'cted the ATIiprogram. 

2.1.2 APPROA11 

( n rsitand ing of ftarmers' etvirotntent took several 
directiom. These have included: 
The ATIP approach to devclolitgrt lflle the 

(a). lxploratory and Celnsus Fratmte Surveys to develop i understanding of the areas, and 
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to identify representative villages and fanners. 

(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 fanning system then 
in use. 

(d). 	 Baseline Surveys to describe the general fanning system in a region, or to deternine 

the basic characteristics of a part of the system, such as cowpea production. 

(e). 	 Special one-time surveys and case studies to increase the teams' understanding of 
specific issues or situations (e.g., it survey to deternine the impact of the 
governmental Accelerated Rainfed Arabic Program (ARAP) and Drought Relief 
programs in the ATIP areas). 

(f). 	 On-going monitoring of certain aspects of the system (e.g., cropping patterns, 

markets, spccific farmers' approaches to farming), to identify changes in the system 
over time. 

The following information is based on approximately fifty studies 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 each 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).
 
(c). 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).
 
(f). Marketing and prices (Section 2.3.5).
 
(g). lousehold circumstances (Section 2.3.6).
 
(h1). Implications for developing relevant technologies and policies (Section 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 

Price, 19871. These soils were also assumed to be low in mineral nitrogen. There 
was a great deal of within lield variability. 

(b). 	 On-farm research sites ranged from deep soils with high water holding capacity to 
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TABLE 2.1: ATIP SURVEYS ANI) STUDIFIS RFI.A1ING TO) "ile PHYSICAL ENVIRONMI-NT 

MATOR F(XUS MORE I)ETAII-S SURVI-YISTI)Y YI-AYF ARA.A SAMPI.E ATIPPAPERS 
4

Soils, Vegetaion and Predominae ty'pes of soils Pr)ject area description 1985-6 Ma.al. 4 villages RP 1, p.1 8-154
4 	 1 2 4 26 

lopography Site char'cter,afion study 1986-8 MahaL 50 ficlds WP 15, p.3- RD 87-1. p.' . ­
physical characteristcs Soil va.bility w.udy 1983-5 MalJ. 42 fields R1' 1, p.15 4-166 
Site characterization study 1986-8 Mahal. 50 fields Wp 15, p.3-4 RD 88-2, p.40-41 

MP 8-12. p.4 

R.unfall Annual statistics Meteorological monitoring 1982-9X Malhal Various RD 84-1, p.1.4 RD 85-1. p.1 
.
5 

1983-90 FTown Various RD 86-1. p. 6 RD 87-1, p.1.4 
RD 88-2, p.4 RD 89-2. p.5 

Patterns and planting Rainfall/soil moisture study 1985-6 Mdial. Various RP 1, p.136-146 WP 15, p.3 
1 	 17 2 17 3 opportunities MIP 88-8. p. EP 89-4, p. -

Meteorological monitoring 1982-9 Nlhal. Vaious PR M89-2, p.388 89  	 61983-90 I-."'ssn Various RD 86-1, p. - RD 88-2. p. 3-6 4
3 7  

RP 2, p.34 
- RD 89-2, p.87

PR 1-86-1, p.2 PR F87-1, p.2 

PR 1-88-2, p. 2-3 

Temperature Patterns Meteorological monitoring 1982-90 N ial. Various RP 1, p. 147-148 
1983-90 -'ov.n Various RD 86-1, p.88 RD 87-1, p.11.63 

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. For example, 1984 refers to the 1984-85 cropping season, and 1984-5 refers to both the 1984-85 and 1985-86 cropphig 
seasons. 

b. Refers to the number of sites, fx-mers, tc. figures in the column separated by a comma indicate sample sizes in difer-nt year. 
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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 
generally had poot clhemical properties. They were low in phosphorous, had low 
orgaric matter. a low percent base saturation rate and had variable, and sometimes 
low, p1H. Upland soilk showed signs of erosion los;. Old fields, particularly on 
coarse textured soils, ht less top soil than similar fields that hIad not be en cultivated 
as long. ,n hi that were atia waler nn-on was receivedPositin oilfi t, point where 

during tetras. %%Cec oltell \lnl to 0- ot 'hc argillic layer.
ciodCd pointt 

tc). 	 The sttud., ne withini the hardvcld vegetative zones and ranged from.rc.ts Cttally 1,011 
n:tZ0C, oillillIttd by species,the tree s t Ac'acia or Acacia and oinbrt ,in in tile 

Nlkdll:1 yc atrea to Itopatie lidihltntt ill thc Fractistos,;' lea. 

2.2.2 R INi"AIJ,, AND I'i.MPIER.'URIS 

The followitGl data t riltfall litttcttl's anld the" cftlct of rainfall ol agricultural activities 

i) liie liiiit-r4 :lolllt.ll aitiltajll imt 433 milliters for Malthlapyc an1d 4(5 millimeters
 

hr lDrzn/i, '.l the petiod. the was
4\t i)uiii! 1t 8 2-S9 plojci't averace 38.1 millimeters 

l'r IalhtKp " :nicl .t2 llilliii ltcr[for (lable Tle wass :nt c'istlvl 2.2) 'ainfall 

tiItttoiAltldl ctiCcll!i Leld in No% tmichr to .\Aril Ratinall wa ilso highly variablo 

tht\%cc' %car,,. et.'l. ".n hc t\ cl fields inl thle illltvillage. TlIhere vas\ tilhin :mid 
io itiotllh lt' ' d loit' eVal)ote\ liirationi. Ott a%%. h tlcil)itA[lltlI ece'ilc the itI 1rn 


iegttj~lart ia,. is
 

(I. 	 lheLre ll ht'.,h he Len,rec, or more dry riOd'sd of at four 
turatiit, loi'I .i Ltli to .trC.S' I)lITit5l, during the growing season t. Based on a 15 

yeatr peri , lQ7D1 lQ the stown area. there was:-t 94 percent chirtce 

1.tlte v one pelf) least weeks 

7 I"It 85-8, ini ttii 
of h4 .,it' It. at t 'tur tde season.liti f ilI wees (li croppitig Tiere 

1 teli;nllce tahry more duringwas a 38 ht 41 hivit 'i periid of seven or wecks the 
1roW1 ot tbliSht'd datil.il se I1;ill 

(M). 	 Ilamill rilii 's ',.eiL dTlidCnt Oiladequate rainfall. The nunber of rainflall 
eve.lt ill itiCill ifiowing waS Otelllimited ilndSOtietilles oCettrred late in thel 
seasoln. 'ia i,.th'Cdid ilt occur tilinil December or early January.late This 
limited the aiottit (it pliniiig farmters cottld dt oi "good" soil moisture IAT'I': RI' 
1.pp. -1 . 

to conceitratetl high rainstorms. on 75 
period in the Nlaltal;pvc iica. ihee wia. an SO pencent chaice of having a rainfall 
event totiliui 05 nlilliticters or itore it 21 hours during a sea.so IA'TIP MI) 87-31. 
iecause rainftall tcnded to le unevenly disiri buted and concentrateud in high intnsit y 

r;ti- stotti;. the soil Moistutre window, suitable for planting activities, was often 
narrow providing little let'xihility in the titing of field operaitions. 

(d). 'aintil'ill ;tCllCtdbe in intcuisity Based a year 

(C'). 	\'ariatiot in crop produi oJtt was primtarily ,tquestiol of' the fortunes of rainfall. IlTe 
:riowth ot ilante! crops, in the traditional system, was ltgely determined by the 

tledi oii ,,il ,art I r :t. ;ter: . div or consecutivei;, .. ; ' :i il (Oio Winl'-lrIwo 

Filc: .\117. 1/2 	 IS Dae: September 3, 1991) 
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"IALI- 2.2: MONIIII.Y RAINFA.L (.MMS)AT MAIIALYI- AND IRANCISTOWN, 1982-89' 

NIAIIALAPYE IFRANCISTOWN 
MON I1 30 Y'EAR 1982 1983 1984 1985 1986 1987 1988 30 YEAR 1982 1983 1984 1985 1986 1987 1988 

AVERAGE -83 -,4 -85 -86 .87 -88 -K9 AVERAGE -X3 -84 -85 -86 .87 -88 -89 

ul 2 0 2 0 0 1 1, 0 0 0 0 (1 0 0 0 0 
August 3 0 i 0 0 0 0 3 1 4 12 0 0 0 0 0 
Scptcmbx-r 10 0 O 5 0 0 6 5 8 O U 0 0 12 4 0 
October 31 85 20 34 44 64 6 43 24 63 89 34 31 66 7 57 
November 
December 

65 
77 

51 
35 

9') 
64 

45 
30 

10 
67 

62 
62 

64 
149 

16 
44 

62 
102 

24 
39 

123 
84 

76 
49 

14 
49 

67 
61 

54 
234 

16 
76 

January 85 49 58 58 7 36 35 83 99 61 5 137 34 68 41 75 
February
March 

71
54 

30
16 

13
97 

26
45 

71
14 

15
12 

350
91 

134
37 

84
46 

42
42 

20
146 

134
18 

33
59 

31
7 

254
114 

166
8 

* April 30 22 6 0 59 14 72 52 26 108 17 0 112 0 12 51 
May 7 6 1 S 0 (1 0 2 11 6 0 0 0 0 0 0 
Jiune 1 5 0 ( 0 0 0 20 2 ( 0 0 0 0 21 0 

"IToAI. 435 329 361 248 272 266 773 438 465 389 496 448 332 312 741 449 

a "he figures for the individud years are the avetages for the ATIP villages in each area. 'hlielong-term averages are for Ma-.;alapye 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 IATIP MP 88-31. 

(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 

Tihe inforuation 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, iand, capital and management. They used thtse inputs in three ways: to 
produce crops, to keep livestock and to undertake off-farm enterprises such as working in 
off-farm employment, beer brewing, etc. Ilowever, because of the risky nature of rainfed 
agriculture, farnirs generally buffered or cushioned themselves against disaster by 
emphasizing livestock -- particularly cattle -- production and off-fanu jobs. There was also a 
dependence on government subsidies and drought relief programs which developed during the 
drught periods. 

The following sections summarize various aspects of the fanning system. 

2.3.2 RESOURCE USE PA'rTERNS 

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

Ilousehold resources were limited and unequally distributed. Some households had too little 
labor, while others lacked traction arnl/or implements, and still other had too little land. 
Female-headed households and households which did not ov.,'n traction animals tended to 
have tmnderdeveloped land resources, low capital assets, and few livestock. Different 
interventions and extension messages might be needed for households which own traction 
versus those which have to hire or borrow traction. ".he latter households cannot 
realistically be expected to implement timely tillage operations with traditional technology, or 
to shift to a multiple tillage system. 

2.3.2.1 Traction 

Major 	 points about tlction were as follows: 

(a). 	 Types And Access. Oxen, tractor and donkey traction were used. o 1986-87 in the 
two ATIP areas, 57 percent of the faners owned their own traction -- including 
eight percent who owned tractors -- while 43 percent hired traction. This ownership 
varied from 27 percent owning traction in the 
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TABLE 2-3: ATIP SURVEYS AND STUDIES RELATING TO RESOURCE USE PATTERNS (CONTINUED) 
MAJOR FOCUS MORE DETAILS SURVEY/STUDY YEAR AREA SAMPL.--- ATIP PAPERS 
Land Lands area use and MVRU Survey 1982-4 7 2 7 4 7Mahal. 27 householdsimprovement patterns RD 84-1. p. . - . , .11-7.12

37 4 01983.5 F'Town 30 farmers RP 2, p. - RD 85-1. p.8.3-8.4Crop Management Sursey 1983 Mahal. 116 households PR M84-4
DUMI Study 1984-5 Me..al. 52 households W 17, p.10-11Census Frame Survey 1983 18 2 2  P'Town 1367 farmers RP 2. p. - PR F85-1Ag. Demonstrator Survey 1983 Mahal. 52 ADs PR MS4-2. p.5-10Baseline Survey 37 401985 F'Town 213 farmers RP 2. p. - WP 3, p.2.1-24Cooperator Survey 1985-9 F'Town 27 households PR F87-I, p.3-8 PR F88-2, p.5-7 

1988-9 Mahal. 70 farmers PR M89-2, p.5ARAP/DR Assessment Survey 196-7 Mahal. 41 househods 
MatsitamaffMoksuhilo Psiot- FPTown 57 hou.-!,olds RD 87-1, p.11.28 
Communal Grazing Study 2 4i987 FTown 307 households PR F88-3, p. -Changes in land use over ARAP/DR Assessment Survey 19S6-7 Mahal. 41 householdstime 4 5Financial Resources Sources of income and F'Town 57 households EP 88-4, p. ­cash MVRU c 

Survey 1982-4 7Mahal. 27 households RP I. p.94-96,105-111 RD 84-1, p. .4-7.5flow 1983-5 F'Town 30 farmers RD 85-1, p.8.21-8.22
Activit" Survey 1984-6 Mahal. 51 households PR M88-2DUMI Study 1984-5 Mahal. 12 14 52 hiaseholds WP 17, p. -a.seline Survey 1985 F'Town 213 farmers RP 2, p.60-62 1 11 1 16 WP 3, p. . - .Ag. lDe-monstraior Survey 1983 Mahal. 52 ADs PR M84-2. p.5-10Cattle Post-l.ands Study 1986 F'Town 6 farmers4 

Uses of financial resources NIVRU' Mahal. 15 f" -ners WP 7, p.2 14-15Survey 1982-4 Mahal. 27 tiuseholds RP 1, p.51-57 RD 84-1, p.7 
.14 

-7 
.
15 

Activity SurveyGo-.. nmnt Programs Participation in government 1984-6 Mata. 51 households PR MS8-2Plough Subsidy Study 1985 F:Ton 29 farmersprograms (ALDEP, ARAP, DR) Cooperator Survey 
RP 2. p.52-55 PR P85-5

1985-9 F'To-An 27 households PR -86-I PR F87-I, p. 15 
PR t-188-2. p.11-13

ARAPDR Assesment Survcy 1986-7 Mahal. 41 households 
7

Matsitanaloku bilo Pt1l- F'Town 57 households RI) 87-1, p.11.2-31 EP' 88-3 
Communal Gra.,ng Study 19*7L-.,'ipment Ownership, use and F-Fo'n 307 households PR 88-3. p. 14Draught Arrangement Sur'cy 193 Maltad. 90 househlo. MP F9-2condition Crop Management Survey 1983 Ma. * 116 households PR M84-4

Tractor Record Study 195 Mahal. 35 tractor owners RP F6-1. p.50-52 WI' 22, p.4 0 4 3 -DU.MI Study 1984-5 Mahal. 52 households WP 17, p.8-1)
Can Use Survey 1986 Mahal. 30-50 households WP 22. p.36-39Plough Condition Survcy 118. 26F"Fon 30 farmcrs RP 2,p.50-51 EP 86-2, p. 3-264 

Baseline Survey PR 1 .- 4 2 51985 F'Town 213 farmers WP 3, p. .
Tractor Costs Survey 1989 Sou!,,-:, 61 farniers LI' 88-3 

aTthe year listed is the beginning of the cropping year in question. For example, 1984 refers to the 1984-85 croppingb.Refers to the number of sites, farmers, etc. Figures in the column separated by a comma 
sea.on, and 1984-5 refers :. btsh the i484-85 and 1985-86 cropping sea:ons.indicate sample sazesin different eraus.c. MVRU equals Multiple Visit Resource Uilizaui d.UUMI)equals Decision Unit Management Information. 

File: A107.2.TMLE.SDE 
Date: Sep::mb.r 5, 19Qo0 

http:p.8.21-8.22


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. 11.27-11.291. 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 more
 
often than cattle. Traction animals tended to be undei-utilized during the non­
plowing periods.
 

(c). 	 Trends. In tile 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 die 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 government 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: 

(a). 	 Work Allocation. Not surprisingly, perhaps, crop agriculture did not appear 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 
household maintenance [ATIP MP 88-31.2 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 household 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 fieldwork, but only 16 percent of 
plowing labor and 21 percent of field maintenance labor [ATIP MP 88-3, p. 31. 
Female members of the households in the Francistown area 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 
tite harvesting labor [ATIP RP 2, pp. 42-481. 

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

Excluding child rearing and gatltering activities. 
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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 old -- 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 area hired some weeding labor while,
in the 	 Francistown area, 83 percent hired some weeding labor [ATIP RD 87-1, pp.
1I.29). 

2.3.2.3 	 Land 

Major 	points with reference to land were as follows: 

(a). 	 Area Cultivated. Generally less than 10 hectares were cultivated per household, with 
the actual area cultivated depending partly on village and rainfall patterns. 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 -- to 
fully cultivate more land. 

(b). 	 Investment In Land Inprovements. 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 area [ATIP RD 87-1, pp. 11.27-11.291. 

There 	 has been a steady amottnt of destumping under the government subsidy
programs. In the Mahalapye area, !a,-d 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 o: only bush fencing. Farmers without wire fencing
suffered losses ranging from to -- to There-- 25 100 percent due grazing. has been 
a dramatic increase in fencing to protect individual fields iii the Mahalapye area, and 
a substantial increase in the Francistown area. There has also been some
development, at the community level, of drift fences to protect the arable fields. 

Lind 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. Estimates of soil 	 erosion
tinder 	 native vegetation were relatively low [ATIP MP 88-18]. lowever when 
developed for cultivation, land is much more vulnerable to erosion. Developments
that occurred above the fields contributed to major flood problems during storms. 
Protectior, al-ainst erosion generally received little emphasis, while few fanners added 
krm:a! man. rr s(s;re rar .,..y incoroorated crop residues into the soil. 
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2.3.2.4 Financial Resources 

A few 	noteworthy points with reference to financial resources were as follows: 

(a). 	 Assets. An early ATIP study [ATIP RP 1, pp. 55-561 estimated average value of 
assets for farming families in the Mahalapye area at P10,000. On average, 60 
percent of the value of household assets were held in livestock, 30 percent in 
building, 6 percent in implements and vehicles, and the rest in miscellaneous 
household goods. 

(b). Cash Income And Cash Flows. The main cash income source was cattle sales. Off­
farm employment, beer brewing and/or remittances were important sources for most 
households, particularly those without cattle. Crop sales were not important 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 
gathering. In the Mahalapye area, from November 1983 to June 198t4, monthly net 
cash flows for male-headed households averaged P14.(X), while for female-headed 
households it averaged minus 1125.(X. This may be attributed to less revenues for 
female-headed households combined with relatively larger financial commitments in 
arable agricnttire for hiring labor and traction IAllI mP 89-1 I 

(c). 	 Expenditure. Farming families spent a large share of their money on grain and other 
food items. Relatively little was expended on inputs or livesto,'k. of predmtion
expenditures, the largest single expense, for those who didn't own traction, was 
money spent hiring traction or animal draft. It appeared that, for the c people, crop 
production was subsidized by other income sources. For farmers vho ownec 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
 
ihe eligible farmers have participated in the ALDEP program3. 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 government subsidies tended to apply more pressure to increase the 
area cultivated rather than on intensification measures to increase yield per unit of area. 

2.3.2.6 Equipment 

The level of capital 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 returns 
every year. The increased risk of a loss associated with investments in new 
equipment tended to keep farmers from making the investments. 

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

Arable 	 Lands Development Program. 
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Equipment that did exist tended to be in poor condition, which led to poor plowing and row 

planting. For example, one study indicated over 80 percent of the farmers owned moldboard 
plows, but half showed excessive wear and 40 percent could not be adjusted [ATIP PR F84­

41". 

Because of the drought and supportive government plowing subsidy programs during ATIP's 

existence, there has been an increase in tractor traction. One study [ATIP EP 88-31 
estimated that tractors cost P37.0() per hectare to operate, if they plowed an average of 139 

hectares per year. Tractors tended to be under-utilized due mainly to freiquent breakdowns. 

The problem arose because of tile impotat ion of used tractors, an d the lack of trained 
mechanics and spares. 

Carts, used to transport goods, people, firewood and water, tended it) be old and in poor 

condition. The introductinn of the cart into the AL.)F P proranl would undoubtedly enable 

draft animals to be used more frequently throughout the ycar. 

2.3.3 'TI- CROP SIB-SYSTEM 

Studies 	 and surveys relating to thte crop sub-systeii are given in Table 2.4 

2.3.3.1 'lanting Patterns And 'roduction 

Points with reference to planting patterns and production can be summarized as follows: 

(a). 	 Planting Operation. The distance from the cattle posts to the lands was a major 
factor influencing decisions on when to satit plowing. It directly affected how soon 
farners could begin plowing. The traditional single plowing/broadcast system used 
by 95 percent of the farme'rs was implemented at any time, beginning in mid-October 
and going on to the end of February. With aninal traction, each hectare took from 
four to six days to plow. In dry seasons, the number of days appropriate for this 
opefation were linited. The plowing and planting resource was a function of access 

to traction, labor and equil meiit plus the number of "plow-planting days" occurring in 
the season. A ranze of tillage-planting dates were, in fact, desired. The resulting 
range in maturity cycles o" the crops not only spread out the risk of drought reducing 
crop proxluction, but also spread.out the work load of weeding and harvesting. 

(b). 	 Crops Grown. Sorghum, grown by more than 90 percent of the farners, was the 
main crop pro~luccd for home consumption in the Mahalapye area while millet was 
an important crop, along with sorghum, in the Francistown area. Cowpeas, melons 
and groutdmils were important intercrops, mainly for home consumption, but with 

some sales. Although the tmnber of years faners received a good yield from maize 
was very low, 45 percent continued to plant soire maize every year -- probably 
because it was iitiic to bird damage and was a popular food item. 

Seed availability played a major role in determining which crop/varieties were 
planted. Seeds of' specialty crops such as cowpeas and groundnuts were often in 
short supply as were seeds for many local sorghum varieties. 

'. Similar, but somcwhat less discouraging results have been obtained with respect to row 

planters 	-- sec Section 4.4.3.1. 
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(c). 	 Productiam. Yields of cereal crops averaged about 200 kilograms per hectare, but 
during droughts, were often complete failures. Variability in yield resulted not only
from problems in establishment, but also from post-establislrment factors such as 
drought perioxs, weeds (e.g., CyodoniL4j'l), insect and quelea bird damage, and
livestock and wild animal da rage. In the M.1alialpye area fanners reported :a
normal" sorghutim production level of 586 kilograms per fily V IAIP WVP 17, p.

191. In tile Fraticistov, area. tile averare I'm 1083-84 to 1985-X0r was .158 kilograms
of sughum 2S" off-,mIIet per f:nfilyyIIt kilIr per %,carIATI P PR F87-1, 1. 171. 
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,I)[ou t lon , li k.~ ll ltl;i '
%%llt c '1p k-I 10 k r il~ :1. ' I-kl r 1C IA " f!"-ll 

taitj 12 "\llti:lhi I n"st tIr ,I ilit' v,'iinlt'd, it ' lntIC a sk stissiilcu, to niloI Icc foodl o'0r their 
0%iii CTAIntlntinii n L-J, nd tn nInl inin' i l'r imicolne snint ecs or obtaining 'rOod,
inl the mrnijorit casc h srhniseilce. Iot achicvCd. T[his v as b'ciuseit' long teri w.s 

ttrmcr ;iere tcrc
lctumnt to mmi man, ot the iivesttents that would pay-ot under 
avera c or iood iintall, due to th, risk of drowolht-related failures. Production 
inpt w.ere hlunid aid only mad icas , csponse to the climatic pattenis during the 
season -- that i-. Ihi,: rantitall p tril Areas planted ani weeded varied from season 
to season o most 1",irms. antI averagce prluction renlinue tlar below capacity, and 
belox, Iteisubsisenc'e Objective iII most seasons. 

(hi. 	 Crop pl.itt populations' tended to be highly variable. Arn excess of seed was 
broadcast. Good ;i iroistunre folhiing planting sometimes resulted in excessive 
planit poptulartiol. but gcneraly, plant populations were below a!,ronomic or economic
optillia. 

(ct. 	 The final response to poor rainfall was to abandon the planited crop or not to plant at
all. Farrmers ofitc delaycd %cedirig during severe drought in order to first detertmine 
tire likelihood of some prtl.'i tit. 

(d). 	 The irevailiirg attitude was that itncreased piroductiot cartie from planting larger areas 
and hoping Ibr good rains. Consequently, fartiers wer, attempting to increase tile 
area cutivated. 'liiis trend was supported by the govepanet subsidy programis. 
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However, it was noteworthy that: 

(a). 	 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 formi of 

specialty area such as legume grain or spinach, sweet sorghum stalks, etc. In some 

cases tile value to the producer of ihis crop was increased by processing -- for 

example, sorghum beer, cowpea leaf spinach, boiled groundnuts -- or by sale as seed 

rather than grain. The unit value of such crops increased dramatically when local 

productioo of tile item was poor. 

(b). 	 AlIt hough househtolds lacking traction, those headed by fernaes, and th ose having few 

or no cattle, nearly always had the lowest levels of crop production, there were some 

farmers who regularly had greater pIrtxrluction. These "intemiediate" farmers generally 
had above average cattle assets, fcted and destumped fields, adequate labor 

resources, antd draft anirals. 

2.3.4 TlHEIIVES'IOCK SUIB-SYSIEM 

A list of studies and surveys relating to the livestock sub-system is given in Table 2.5. 

-Major points can be sumari/ed as follovs: 

ATI P areas did(a). 	 ()wnership 'tterns. In I()S(-87. 11 ptccint of tile farmers in the 

[lot own cattle'. Foity-iwo icrccl ow.vmc Iioti one to 15 head and 47 percent 

owned 1Of morre lic:d. lhirtv-two percent owned an average of 6.5 donkeys 

[ATIP RD 87-1, p. 11.281. Most houscholJs owned stuallstock and chickens. Cattle 

assets were LInucuall, di,(n tibltcd.\Olich c:oitributed substantially to overall inequality 

since cattle were tie main assets of Most hiuIseholds. Goats, chic kens and donkeys 

\cIe more equally distibuted than ,,eic cattle. In addition, livestock inventories 

fluctuated with the rainfall conldi:iOlS. During drought periodis the goat population 

tended to increase -- kidding rates of 137 percent were estinrated for some years -­

while chicken and donkey populations decreased less than for cattle. 

(b). Use of Animl Products. Eggs and chickens were primarily used for home 
was for sale, oftenconsumption. The pritiarv u.Se of both cattle and smallstock meat 

to Botswana Meat Commission (BMC). Approximately twice as many families 
beef. More than 90 percentconsumed their own smallstock as cotIsumed their own 

of families used milk from smajlstock for home consumption, while almost as many 

fain ilies sedm ilk from cattle for homne consumption, mostly at the cattle posts. A 
-- sold milk, but for those who did,small number of farmers -- less than 10 percent 


it provided a good return. particularly if sold as madila.
 

One study estimated that income from an average herd of about 25 goats was 

approximately FP425.(X per year. This included the value of milk and nteat sold and 

used by the familv IATlI' WP 361. 

(c). 	 Matnageineni Praclices. The distance from cattle posts to land areas may have been 
did notone factor preventing the early season use of cattle traction teams. Famiers 

not cattle was however, tiuch higher in earlier, 
.	 The percentage of households owning 

and probably more representative surveys of ile ATIP villages. In 198-32 the 

correspxoiding prcintages were '14 percent for the Mahalapyc area [ATIP RP 1, p.151 

and 22 to 31 percent for the villages in tle Francistown area IAlIP RP 2, p. 181. 
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r+hELF 2.5 Al1I1' SURVEYS RFILAlING 10 LAND STUI)I-S I, IVI-SI(K-K St-)1SYSI I-m 

\l,!OR!'CIrs c f A'', 	 If)Y YI..IIS SU RV-Yi ___ ARI'A S _ 

OAnh:p Patterns Cattle 	 Crop Managem.t Survc,. 983 M1.h.d 116 houcholds 
Liesock Jractices Su.sc 198 N UIaa] M,,hu'scild
(-nsus Frame Suarn) I-"lun 	 1367 faumcts 

5
BI1nchne Surve b, I'"lon 213 fauers 
Livetock Practccs Sur" ' 19 FlII',.n 42 farmers 
ARAP/iDR Assesscmnt Sun' ON I9'7 3011,9,,!d.,sBoth 
NlutstamaiMkubilo Not 
Communal Gra.nvg Stud,s '7 1-', 307 wutseholdloan

Smallstock 	 Census Frame Survey 19'3 F'loan 13h;,fleICers 
Liestock Practices Survey 194 i- :o,'n 42 ltmrv 
Nlafuttama/lokubilo Pilot-
Communal Granng Study 19.7 1Fln 307 lowsc.hohLivestock inventories MVRU"Survey 	 l91s2-4 Mohal. 27 huseholds 

19S3-5 Iloan 30 famiers 

Livestock Practices Survey 1985 Mahal. 88 h-,usholds
Cooperator Survey 1985-9 ['oan 27 households 

Use of Animal Products General use (meat, milk, eggs) Livestock Practices Survey 	 1985 Mahal. 88 households 
1984 FToan 42 farmers

Goar Use Study 198990 Flown 20 farmTrs
Meal Cattle Post-Lands Study 1986 Both 21 rmers

Smallstock and Grain Price 	 1984-9 1'lTo.n 5 linus 

Livestock 	 ractices Survey 1984 "'Town 42 farmers 
MatsitamalMokubilo Pilot-
Communal Grainng Study 1987 F-l an 	 307 householdsMilk 	 Goat Manage'vent Study 1986-7 l'Toan 20 fumters 

Cattle Poss-Lands Study 196 Both 21 fanmers 
Goat Use Study 1989-90 ['To n 20 larcnrs 

a-	 The year listed is t-.e begiming of the cropping year in question. For example, 1984 refers to the1964-85 crpping season. and 
seasons. 

b. 	 Refers to the number of sites, farmers, etc. Figures in the column separated by a comma indicate sample siues in different Nears. 
c. MVRU equals Multiple Visit Resource Utilization. 

A'IFtPAPERS 

RP 1,p 4(-47 
WAT20. p.3-5
 
RP , p.18 PR [85-1
 
'A 3.p.3.1-3.5
 
IPR184-2
 
RI) S7-1.p.11.27-31
 

IVRF88-3, p.4 -1 
0
 

PR85-1
 
I.I) 86-2, p.262-263
 

PR 88-3, p.4-10
RP 1.p.53-55 RD 84-1, p.7.12-7.14
R' 2. p 59-60 RD 85-1, p.8.18-8.20 
PR F5-2 PR [86-1 
I'R 1:87-3 
RP Ip.53-55,89-90 WP 20. p.3 

-
11 

RD 86-1, p.91-92 RD 87-1, p.11-65 
PR l-87-3 
RP 1,p.93-94 WP 20 
PR [-84-2

WP 36, p.

7
 

WP 7. p.14 

RP 2. p_62-65 RD 86-1. p.92
 
RD 87-1, p.11.65 RD 88-2, p.6 1
 

I-' 86-2, p.262-263
 

PR F88-3, p.4-10 
MIP 86-9
 
I'R [87-2 PR [88-1

flP 88-15 MP 86-5
 
WP 7,p.13
 
WP 36
 

1984-5 refers to both the 1984-85 and 1985-86 ctoppng 
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TAIII.E 25: ATIP SURVEYS AND STUDIES RELATING 

MA.JOR F(X7US MORE" DETAILS 

MI.,na ='.:nt Praztic. Tracti,,n and tansp.i 
Cattle 

Smallstock 

Labor requirements 

ATIP PAPERS 

W" 7, r," 3 ;4 117
 
V-'P In. p 21-2:
 
RI' I. i l-9- WI' 15, p. ll
 
W11 20' 

3 
IMD84 i 1, 18. 9 ER 6-2, p.26IT 

P' -" 
5 3 1 0
 

RI' 2, p -5-57 WP 3. p3. - .
 
.,9-1 ;395 WP 7 

PP.1-3, p.4-i0
 
RP 1, p.91-9 

3 WP 20
 
PR M:,7.2
 
RI) XI-i. p "! S-.19 1':1 86-2, p,263
 
PR Iy-1-2
 

5S5 4
R1' 2, p.55- WP 3, p.3.10-31
 
Ml 15' 9 PR "6i7-2
 
PR F:Kl1-l
 
\1P SS- 15 NIP b5-5 

PR I15-3, p.4-10
 
W'p 3t', p.34
 
PR M1%7-2
 
1-111. p.9i-lOI
 
RP 2, p.59- 60
 

WP 7, p. 6 -7
 

19h4-5 iretrs to both the 1984-85 and 1985-86 croppinga. The year listed is the beginning of the cropping year 
seasons. 

b. Refers to the number of sites, farmers, etc. Figures 
c. MVRU equals Multiple Visit Resource Utilization. 

TO 'l'lE LIVIOCK SUIP-SYSI'M (CONIINUL) 

URVEISTIUI)Y 

lelne Sulve, 
Draught Arr gcnetn! Survcs 
Livctock l1%act]'cs Suvcs 

Cci'mus F:ame S.ur.y 
Bcline Surey 
Cattle Post-L.'inds Study 
,Matsitama'MNokulbilo l:okt-
Communal Gra.,ng Study 
ivestock Pracuces Survey 

Baseline Survey 
Gnat Management Study 

MatsitanwNlMokubilo Pilot-
Communal Gmng Study 

Goal Use Study 
Chicken Ni'agemeat Study 
NIVRU' survey 

Cattle post-lands study 

YAR _ARI_ 

1 ::5 ; . 
19*3 

,
I' 5S , 

-I n 

I3 FI ,eif, 

195 ' n 
19st th 

195,7 Fl,'an 
1"5 M'iP:t: 

1964 1l't1,,1 

1985 Fl ,: 
19,6-7 -l1',-r, 

19 7 Il.nn 
1989-Q9( ! lu'Te 
1997 .NI& 

SMII'I.J-

t'nn: rs 
.) 1,lsi.Ild< 

1, ,, cipdd, 

42 l..cr, 

ii '*,7-rm 
, r, 

2i ,D 

307 lITui.,,ls 
85 ho r.hId 

42 liec' 

213 rmcs 
20 v 

3o 7 , cholds 
2(1 Laumim 

" 


1982-4 NMati~. 27 houchlJ, 
193-5 Fl'o n S0 h -. holi,.'s 
196 I1o:h 21 fatmers 

in question. For example, 1984 refers to the 1984-85 cropping seasn, and 

in the column separated by a comma indicate sample sircs in diffecmnt years. 

Date: September 5, 1990Fic: A107.2IrBLE.SDE - 32 ­



select and train cattle specifically for draft purposes because of tile 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 each year to train the animals to pull a plow properly. 
Farmers rarely provided draft animals with supplemental feed, which might have 
improved their perforntance. In fact less than five percent of tile farners in the 
Mahalapye and Francistown area had ever cut and stored crop residues, or plante-d 
fodder crcps. Less than half of tie 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 whici were 
.Noitetit ies up to 1()) kilonieteis front the lands areas. Most animals were watered 
every day and kraaled at night. One hundred percent of cattle ere reported to%% be 
vaccinated, corn parcd to fivye percent ot simallstock. Wontien anid children were 
usually 	 responsible for the care and herding of sniallstock and ch;ckens. 

During drought. lack of gra/in,, forced many fariners in the Fr.incistown area to 
relocate their cattle t,-sts. Fewer fariters in the Mahalapye area were able to 
relocate resultin, in a hihcr deatL rae loss, bit also sonie suippleieital el ing. 

2.3.5 MAIRKE''IN(; AND PRIC'ES 

A list Oif sturdies Mnd surv'evs relating to marketing and prices is given in Table 2.6. Major 
points can be surnrinaried as tollows: 

(a). 	 Marketing Infrastructure. Hlistorically, local trade in Botswana has been dominated 
by exchanges between huseholds tIlousehold.; exchanged labor, traction, gathered 
items, and household products on both a cash and barter basis. Fonial trade was 
more limited and involved mostly trade with small general dealers, and occasionally 
with organizations such as 13MC or Botswana Agricultural Markets Board (BAMB). 
On the other hartd, 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 coniniodifies, including canned and processed food. A 
few sold fencing materials, traction-drawn equipment, livestock requisites, and seed. 
Sonic also bought local crops and livestock. 

(b). 	 Sales Patterns. Over a five year period in the Mahalapye area, 31 percent of the 
farmers sold crops at least once. In tile Francistown area, 21 percent of the families 
sold aniimals and crops in the formal marketing sector and 51 percent 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 qulotas, and whether tile animals came from an European Economic Comnmunity 
(EEC) area. 

(c). 	 Prices. Prices for grains in the villages tended to be two or three times tite BAMB 
prices. Cattle prices were more closely tied to the BMC prices and sn'allstock prices 
were determined by local trade, ranging from P35.00 to P110.00 per anitial. There 
tended to be a fluctuation in crop prices depending on the rime of the sale related to 
harvest. There was also a fluctuation in cattle prices based on the difference in 
prices paid by BMC. One of tile factors deteminiing price was whether tile animals 
were from an EEC area. Imported maize meal was the least expensive food grain, 
folowed by sorghum meal, wheat flour and rice. Cowpeas and groundurits were two 
to four times as expensive as food grains. 
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T,.BI E 16: ATIP SURVEYS AND SIUDIES RELATING TO MIARKEI'ING AND PRICI-S 

MJNIo(R FOCUS MORE DF.ITAIIS SURVEYiSlJDl)Y YIE. AREA jAMPI.IX AIP PAPRS 

Marketing 
Infrastncture 

Input markets Crop Management Survey 
Cowpea Baseline Survey 
Trader Baseline Survcy 

19S3 
1984 
1985 

NIaliaL 
MalaJ 
Maltal. 

116 households 
49 households 
163 traders 

PR M4-4 
RI' 1. p 1 27 -134 

RP 1, p.12 7 
-134 RD 85-1, p.7.15-20 

DUMIW Stud) 
ARAP/DR Asscssment Sur. 

19K4-5 
1996-7 

Maltl. 
MNaa. 

52 households 
41 huuscholds 

ViP 18 
WI' 17, p. 14 -18 

Output markets TradL-r Baseline Survey 
Tonota Smallstock Study 

1955 
19S5 

l:"l',sn 57 h,.usholds 
"lilal. 163 tradetrs 
F-.own 10mcrnbrs 

|.PS8-4, p.7 
RD 85-1, p. 7-15- 7 .20 
Rl' 2,p 66-67 

MI' 5,5.-10 
PR 185-4 

I arner selling Crops and livestock Crop Management Survey 1983 \tahal, 116 houscholds PR 5184-4 
patutens Cowpt-

MVRU 
Baseline Survey
Surney 

1984 
1983-5 

F.wn 
:un 

:75 farmers 
30 farmers 

IR F54-1 
RD 85-1. p.8.

2 2-8.24
6 2 67 Baseline Sur)ey 1985 Flown 213 farmters RI' 2. p. -

Smallstock & Grain Price 19X4-9 F'l'o n 5 firms PR 186-I 
Matsitamalokubilo Pilot-
Communal Grazing Stud% 1987 Fl'ohn 307 households PR 1:8-3 

Goat Use Study 1989-90 FTosun 20 lanners WP 36. p.5 
6 1 6 2  imw Crops prices 	 Smallstuck & Grain Price 19X4-9 l:"-osn 5 firms RD S8-2, p. - RD 89-2, p.84-85
46 4 7 Res./Prod. Valuation St- 1987 %Iahad. RD 88-2, p. -

Livestock prier Smallstock & Grain Price 1984-9 F 5 fints RP 2, p.64-65 RD 85-1. p.8.24-8.265lon 
86 9 2  	 6 5 RD -1,p. RD 87-1, p.11. 

PR 1-76-1 6 1 6 2  RD 88-2, p. - RD 89-2, p.84-85
46 4 7 Res./Prod. Valuation St. 1987 Matal. RD 88-2, 	p. ­

5Goat Use Study 19S9-"3 F'Ton 20 farmers WP 36. p. 

. [he year listed is the beginning of the cropping year in question. For example, 1984 refers to the 19S4-65 cropping seavan, and 1984-5 refers to both the 1984-85 and 1985-86 cropping 
seasons. 

t Refer to the number of sites, farmers, ese. 
DUMI equals Decision Unit Management lnfomtation. 

d MVRU equals Multiple Visit Resource Utilization. 
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2.3.6 HOUSEIIOID CIRCUMSTANCES 

A list of relevant studies and surveys is given in Table 2.7. Major points can be 
sunmarized as follovss: 

(a). 	 i'iousehold ,membership Patterns. The average household size in the Mahalapyc area 
was aroun I tell people. 'T, entv pcr,.nt of the hotusehold mueinbers were non ­
resident, havi ngp eni grated for cmployntn. Two-ti rds of the residents were children 
ATIP NI 8X-3]. In contrasi, the avera " oLueCtoMl Si,e ili the irancistown area 

w,':is 7.7 people, 1 eveont ot whom pat. ipated in tgri1ulttural -- c1op1and/or 
livestO'k -- atiti. ,.\n a\'crage of 1.3 pc' ons had wate employnet. 'llit mean 
," of the holo,,hold bead was I, years I.A,,'\ WP 3. pp. 1.8 1.10).. Aproxitllatcl, 
one-third 0i households in le r'ai ,iotn area .eic felmalee-hadcd With mithvr 15 
percent de 	 Ittale-headei.,Malmlalyc qipro.itatclyfacto in the area. one-quarncr 
of the housholtl 'tc headed b'y fclmle:. 

(b). G(lnder IsUeS. lhW dIlVison of labor w\as :oc ordliiio to oet, Nilles '\eCt, 
rsonsible for cIttle tnCtli,., Milking. plo ing. dcsiittt1utai' antd teneCinII. \VotuIen 
wcrc rcsponsibhle iOr n AlI ill other a.tivitics, iiicludine mvlch if the pilo% inq in the 

a:tLli"otAl ae.lA, :,l Ir As atilt wolnti' t tioutr il cropaittalliock. )Cnl k d Itoote 
prtoluctiott thtn tt The twli.. V wrk loald of \wollltll .tetiins resuiltck in a 
severc 	 \'tan1 i ',titi! labor c:1str it dtlili- 'f ,,td iittltf;i ll ifitt50L, 

te ,ie ;tl:il e" xarea. '8', ;v'ict.! (11 the ietni -l,'itld honueltlids hired (tall Mii­

otnl, .11 ,:cIit of t' irle-htld houte.itOhls h cd Ilratt J\TII' PR NIQ-?I. 
tir t ll h tsthlJ!\ theCt ,.Cr eIe'w tales ilalhl. to ptiCip):ite itt 

agricultural activitic . aild tlio c ,.ii \otL' availaitl ofiti coltCI ttt.d ol livestock 
,ielivitieS. 1i1t1s11,ntlielt1 of the bltdell of alable aluicttltule shifted t(i the 
fetiale and child ritnibcrs of tie lo01tiSiold. 

(c). Food Consumption Mlaimc titeal vas tie tmost frequettly conutled food, followed 
by sorgtiu itlla. Bread a' vegetable consunmption were itcreasing. There wee 
differences ill levels of contsmtiption at different lires of the year, and between 
houseiolds. The Ievel of food consu mtion was related to wealth status, as indicated 
by tie nti her of cattle owned. Most food consumed, panicuiiarly during the 

drotli, was obtained fromt smatll t erail dealers. Mions, sonte green vegtciahls, 
milk -- the ntai;i source of protein for naty families -- chicken and eggs were tile 
only iteni.i conssteitl obtainted from hine P)roduct iot. Me at wis infrequentlty 

cOtsltiled ailn when it was, it was usually obtained from other farmers. Thus 
houseb old fot'0I scCrit v was beingi achieved by purchasing, not producing food. I-or 
exatplce, a survey it tile MaheIala.ye area reveaIled that after the 1988-89 cropping 
year only 22.5 percetnt tf lhe farmers were itre than 50 percent self-sufficient in 
ceteal grains I PR 1 -21.PAll'IIM89

(d). 	 Decision Mtaking. Agricultural decisions were generally made by those with most 
responsibility in the area -- for examtple, weeding decisions were made by wonien, 

That is, there was a Itale lie ld of household, who was absent, so the resident ferale 
head made tIte agricultural decisions. 

This is certainly Inme in the Nlahalapye area, although in the 1Francistown area, nmales 
worked slightl imoie hours. 
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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 bet,.vecn husband and wife in 
decisions affccting the welfare of the family. Finally, there was an intricate pattern 
of inter-household resource sharing for traction/plowing wtict could be destabilized 
with negative social effects when new technologies involving increased use of traction 
were introduced. Farmers so metimes placed more emphasis on social obligations 
than on econotnic iinprovemcnt. 

2.4 	 IMPILICATIONS FOR I)EVELOPING RELEVANT 
TE('IINO))GIES AND POLICIES 

2.4.1 	 1.ACKGROINI) 

,lateii.0alreat! ilcrtctit+dthiK rises .t t tlIthcr of" isslcs tit have implications forit] 	 repleon" 
dkL\.hrpinig rlcvaint ilmoved tec'htnoloies and policr slippoit srstelils. A fLw tmajor points 
th.t provide the fotindtitin for disCl.s',iOtlthissciitiotI ite tollhws:tl inl as 

ill 	 eert ticc d tz~Ia). 	 little Il,: t i lr vic'i l o, ic; has h ti i h%(t l inited rc-sotircc
 
tarnicts, and hertlc the Ir!xluCntisitV ot the'il s. is hr'V. Their talning
fanting, tet 
systcit, tlect it land c\tciisivc s'lt (tf agric lture ratther tlhata mov1 tOWtald a1 
Mttore a'rIrld >\-c, uird the (1 most ilhelllltll;ivt Il t0 a1drptiOll ot itlijito'ed 
techtoloe1c. that are arilahh. 

(h). 	 There is cotidsirahIc hct,'rolwelte'ity ht ir techlnical idhIlrmitta cts ittltents resnitinha 
intdifferreces iit the wv irdrvidual htmtiing litmilics rcsplil to ltomnes and the 
fartititt "vtCeIts they ptracticc. !:otexalrmph, alltanncts ill :ijlcifit. area face the 
same variations the but the %wa thev caln anrd will Ie'po'td v,illdepetdllill iaitttll, on 
a large tunthuet t factots tuchas the topogratr.v and soil tpcts) oi their fields, thie
 
techntologies cr,etiturpriecs Lurettl aild the rcsourlce.; - and
tiler practice. 	 ctt:'lity 


qtantitis 	ot ia't., Iltd, c',nitalaid mitnta,crial exertie --the have at their
 
disposal.
 

availability. ,to.S 
Ito Iecatse they involve 

(c). 	 licCanse o1 tle ovrtfiditre cttsrrattit of' water initial u1 the 
cechnoltIog ildder :re likcl he dlifficut major chatiges on the 
part of the allrcr. RIelated to le tchltoogv ladder promlem are two issu's 
Comlictting the Itus antil work of not only fartuers hut also that of resetrch, 
policy/dceveopieit attd eCtensiotn stafl'. "These are that, becaIusC of the harshitess and 
variahility -- inter- and intra-annual -- illthe climatic envitonnent, progress titl the 
t,','h11ology latdder is likely to cotlie about throtugh technologies that bretk constraints 
rather that exloit tile flexibility within the farming system, and that incorporate 
contingency plannin, that is. Allow tle ftrmer to respotnd to the constraints atnd 
opportunities thIatenltert!e ;is tie season tnitfolds. 

(d). 	 BecatlSe of the risks invtlved it crop agricuIture, arid it,scasonality, flarmers not
only grow crops h-t also, winevr the cal. keel) livestock and enigage in off-ril 

enterprises. In fact, fmortost limited resotirce fatritter, their aim is likely to be one 
of eigagintg intcrop agrictilttre to the extent necess;ry to provide their fod needs, 

SFor exanple, se~e Sccliiis I 3, 2.2 and 2. ,. 
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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 tile following discussion on implications for
developing relevant improved technologies and support systems. For clarity in presentation
tile discussion is structured as follows: 

(a). Relevant evaluation : ritcria (Section 2.4.2).
(b). Conditional and targeting informntion (Section 2.4.3). 
(c). Subsidies (Section 2.4.4). 
(d). Sustainability of production (Section 2.4.5). 

The first two topics have particular relevance to developing improved technologies, while the 
last two are more directed to the appropriate p)olicy/support system. 

2.4.2 RELEVANT l.'AII N (IERIA 

It is important to cvatuate improved tcchnologies in terms of' criteria that are relevant tofarmers. Details concerning this are discussed elsewhere I:VIIP R11 3, pp. 241-2701. Rather
than repeat that discUssion here, atitt ion is briefly focussed ott two points that arise out offile discussion earier in this report, that have major implications in terms of evaluating
tech noloies that are discussed if, Chapters .1 and 5. These are as fol1ows: 

(a). On experiment stations, evaluation of tchnologics has bcen primarily expressed in 
terns of (lie rtuilrn per it of' land. Ilowever, for most faroters in B otswatnla, labor
has bCen liiole limiting thai) land. The critical labor bottleneck periods resulting
from tie pattern of ra inlfall, olcats that improved technologies, in order to be 
attractive, must increase the returin per unit of labor expended at that tiile.
Increasin g tie return per un it of land Ioes not necessarily siultaneousIy increase the
returi per tnit of labor. It is tlerefore important to evaluate improved technologies
not only in teruis of return per unit of area, also in termsbtll of return per onit oflabor -- particularly at critical labor bottleneck periods. At tie same time it is
iportant to emphasize that because of the overriding limitation of water, tlie route to
improvements ini agricultiral productivity are likely to involve land intensification in 
order to efficietly use the limited aiounts of water. 

(b). Increasing crop prt(ductivity through a route that does not decrease risk, and at the 
same tile involyes coimitment of more resources -- patictilarly at :rit 'cat tOtticlcik 
periods -- arc not likely to be \,ery attractive. Given the realities of tie tecdtical andhuman envirotment within which the itited resource farmer operates, technologies
that improve the level and stability of production, and/or do not require substantial
incrcascs itt resource outlays, are likely to be rmost attractive to them. This concern
for maintaining low investment has led to ATIP's involvement in system-wide
research invest igat ing better water management techniques (see Chapter 4). To come 
up with improved technItlogics that require very little investment over and above 
wlhat is curre ntly' being inivested, is obviously very difficult to achieve. Hlaving
this, it should be noted that if the opportunity cost of such resources could 

said 
be

lowered, then farmers might be more interested int increasitig resource outlays.
Obviouis ex at ples wtould include; input subsidization to decrease the financial out lays
required, use of labor atnd dralt in non-peak pCriods etc. 
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2.4.3 CONDITIONAL AND TARGETIN(; INFORMATION 

Because of the heterogeneous 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 coml,lete package. In such cases, there is often little advice available on 
what farmers should do. For example, should they put a top dressing of fertilizer on when 
they don't weed? The return fron limitted research resources can be improved by: 

(a). 	 Incorporating conditional chauses, which wonild state what tW io under circumstances 
diftcrent from those origintally envisioned in tie recommendation. These deviations 
could be attri hot able to the fariter, weather conditions, lack of availability of some of 
tile technolo. ical lls, etc. in conditiol woud becolt i potto IicIuided the clauses 
possible variations suchi as: a reconmmended step-wise approach to the adoption of tie 
different componct of t e package, antd suggesting ai number (tf opti otns for the 
fariter to itrttue. 

(b). 	 IicI titg tLare, titg infin ration sho wirg tuttle what tecciial antd socio-econolii 
cotnitiotns tih, techitology, being recoilitelided, would beIllost applicable. For 
example. a,partictilar techtology mtay he litost suitable for oTrc soil te,Ie. and faitilcrs 
with ta specific resource base. 

Thus 	 in rccognizing the diversity .f 'armers, 'arinini systems rescarch can help in 
developing targeted and conditional clauses tor propostd improved Icchlologics. II tioiig 
so, it catl potntiAlly imiprove tite it'liplier effect of The limited rcsearch resources by 
lroviding technologies to fariters ttrou1t ,, interventiotapproptrite iore witlviitg 
possibilities. It is particularly impttant to develop a range of optiotns in the more itarginal 
ttrititg areas. [li I ;vnsL, sucth itlelines indicate how more tarit- catt approa i tite 
optillial situtat iot. 

lIt the case of the tcitioloics distussed itt (haptcrs -1 and 5, there is good deal of+ 

disctssit on issuCs that have conditiotal anld targeling ielttiets. 

2.4.4 SUBSIDIES 

The ftllowing discussion is not directed :at the issue of whether subsidization of agriculture 
is desirable, in relation to other uses of such funds, to create tite tiew food security policy 
liti it, the itotIsChold attd tatittal level. Such a1tIiscussiol is . utside tie boundary of this 
repott. Ratther tite point is to exatlin, given tile current emphasis oi subsidies, what would 
he the iest way Of usittg thtetit iII tile light tf tite tiiscussio earlier in this report. 

The i,;!uc is liether it would be better to providet higher prtoluct prices or inpult 
suhtsi,:/ atiot or some combination of tle two. Botswana tay be ole of tile couttries where 
ii put sttbsiti.,atiiOi may tie a better alternative to prt(htict pricing itctntives. 

elitre are a t licr of reasons why increasing the price of i stapleIftod crop might not be 
desiltatlc: 

(a). totswana is ittiiber of the Southern African Custois Unito and, 'is such, an 
increase in tite price of' igriculiral products wouh ldrolbably encturage smuggling of 
iroducts froitt other countries. 

(it). 	 It is unlikely that mat y limited resource farmers wotuld respond to increasing product 
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prices. The issue for many of them is being able to grow a crop, rather than one of
making decisions on how much to produce. Also there are hidden costs of 
marketing [ATIP NIP 84-81. 

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

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

Tiere are a number of other major advantages in using a strategy of input subsidization -- it' 
these inputs are ones that have tt be useo' in agricultural production. They are as follows: 

(a). 	 Because of thc hostile environment for growing crops, it is unlikely that My NUt lii 
funds that limited resource farmers have for investment will g ito arable
production, since the level and certainty of the return is likely to be :tter from
investing ill livestock or off-iann enterprises. Consequently, if certain types of 
improved technologies, which require suostantial financial outlays, are to be adopted,
it is likely that much better adoption will be achieved through heavy subsidization. 
As men tioned above, to develop with improved technologies that require little 
investment over and abovc ,vhalt is CurTently being put in, will be very difficult to 
achieve. 

(b). 	 Unlike product price incentives, input subsidization does not have to be product 
specific, leaving the farner to choose between the production of different products.,\iuch of the sobsidi, ation th;t currently occurs in Botswana is not likely to be 
product specific, e.g., subsidi/ation of equip,ment and animals, perhaps subsidization 
of certain operations, etc. 

(c). 	 Input subsidies, can, in a seiise, be targeted more easily (e.g., to limited resource 
farmers) hMil product price incentives. 

Consequenttly, if agriculture is to be supported in sonic way, a more rational strategy, in the

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

2.4.5 SUSTAIN ILITY OF PROI)UCTION 

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 tie potential standard of living of future fanning families, and possibly society as a 
whole, 	 has been one (f 	 the stiiuli belhind the National Conservation Strategy (NCS). 

liecausc of low production and tile high demand for agricultural products, tremendous 
pressure has been placed on fle agricultural sector, in recent years, to increase production.
tloNever, current adoption of technologies and implementation of support programs can have 
negative or positive iler,,,.Cs Oilc'vironienial stability. B3oth technologies anld policy
support systems need to be designed" now which will have a positive impact oil
environmental stability in tile future. In esselce, policy/support systems are needed which 
reflect tile id ea thtat if so lilting is taken out in encouraging production, something else 
needs to be put ill to cnsu;c land productivity in the future. For example, ARAP and 
ALDI' have provided incenul., f',ha oc.,tumiug. This could have negative impacts On 
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encouraging erosion, thus lowering the potential of the iand in !lie uwre. A cOMSfnlictive 
policy is to encourage destunping along with a program to encourage the planting of 
windbreaks, living hedges, etc. It is essential to bring about convergence between private
short-run interests of farniers concerned with maintaining an adequate standard of living and 
the long-run societal interest in maintaining the environment for ftture generations. 

"The closer farmers are to lthe susi stentce levels, the moe ccenid they ,are about survival 
until next year, and the l.esconcerned the,' ,ue aOtt eiltLilnim environntnal stability for 
futume ucnerAtions, Constsrvatio llielSlieaes by themselves are unlikely it be very attractive 
to lin'ted resour.e hiaicrs aisa,v.hole, tleslhey are iuplcniercitd s'.i t hi ih deree of 
m',-'di/iation, or b usiin!inore of i "carrot and stick" approach -- that is anl obligation to 
pin slle cttrl into ,a*,pccific conservation practice, it thes arc to benefit from programns 
d ,,i., td titllie The i;; probabl) mote realistic uinder thei t) sti productiont. litler stralegy 
cii'ttli "ill ii,,iotswalia. PrOdtUctiOn dtoes not have to beClmursited at ll'expenCse of 
consc\aiiotn i5 lItu ai people rcspsihle for deVelpit Iecitunt l0iCies :,n1poliCy s1UlilOit 
mgtiiisl' :,ltak oIiserv~aiionl itu coiisitle'a:i. 

2.4.6 Nl~lulN; (),Ml;Nl' 

li i,,mNlow, fI, lhi.0 , siNouio;. the in ic le ll , improved. ,li that cIllll-'ges suitable 
hl ics, eolltioli, .. li.te h ,ii,! l~i~ 1teiri lho~ptiol, 1,tie!Tet. \Itlguih ltesearchr., ce prime 

uesj,ul,;ibilii, in .isel<,iiin u< ;leu iprocd tecllIoloniC, it is the pihc/lUltfi systetit in 
dHc mpipil i isiol 0t1iV itt_-, 

eli\JrOlnillt mlli mh cia pr littlld. teci miloic,-. 

\%icli the plinmi!it! arm e\tenII statff Il, is iintlOitalit illCreating ili 
Mii adlpt iht 

,\ rcciI stutl v IVIII > W I' i-11.ildiCt'd tiit in I1)8 -,t),2( t,,c nt to rht ititeivic, ed 
fari et had spoililtCOtti;lv adopte-d sotie of thltchnhltiioiCs thiltATIt' had tested wtih. 0hetit 
ovcr the icars. i i aveiaie, 35 percent of their crop lantIi was devoted to tihe new 
tecltitigcs. O\eiill, however, the adoption of acceptabilitx indes raniged fron 0.1 tIi 26 
percent depending oi the tcchiolut'y atd resource levels of the fainicrs itvolved 1ATIP WIP 
3-4.pp.1,
 

This highlights lheneed for close relationships with farmers to ascertain if there are 
probleins with the technology itself. It also serves to emphasize the fact that because many
of the technologies involve large changes by farmers, acqiuisition of extra skills, aiid new 
inpits, little SpOltaleOuS adoption can be expected to take place in the absence of adeqtate
Stl)Orfl )'steiis such as ai iniput distribution systei, adequate tra iniring possibilities -­
extension staff, farmer groups and farmer training programs --and maybe subsidies to reduce 
input costs and encourage adoption. 

The value of the index can 

0 These data dealt with rescarcher-oriented fanner groups testing a wide range of 
experimental technologies, and was not [the result of an extension effort. 
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CHAPTER 3: INVOLVING TIlE FARMER IN TIlE RESEARCH
 
AND EXTENSION PROCESS
 

3.1 INTRODUCTION 

As has been repeatedly emphasizetJ in the first two chapters, farmer participation is the
 
cornerstone of FSR activities. Table 3.1 gives a 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 to maximize tileeffective participation of the farmer
 
in the ,search and extension prc.'ess. To illustrate this a n umber of specific strategies that
 
ATIP has d.'eloped and used over the years, are discussed in the following sections. They
 
include:
 

(a). Farmer evaluation of RMIRI trials (Section 3.2.1).
 
(b). Research-oriented farmer groups (Section 3.2.2).
 
(c). Extension-oriented farmer groups (Section 3.2.31.
 
(d). Farmer training (Section 3.3).
 
(e). Farmer field days (Section 3.41.
 
(f). Competitions at Agricultural Shows (Section 3.5).
 

3.2 FARMER PARTICIPATORY RESEARCH 

3.2.1 FARMER EVALUATION OF RMRI 'rRIALS 

3.2.1.1 Justification 

Fan-ter participation is a key element of the fanner testing (RMFI or FMFI) research formlat. 
It is usually assumed, however, that farmers will not be involved in researcher implemented 
trials except to observe tie 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 
treatments, even before these were put forward for fanner testing. 

From ATIP experience, it was clear that not all trials lent themselves readily to fanner 
assessment. [or example: 

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

(b). :armer assessment of trials also became complicated when non-treatnient 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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I'ABLE 3.1: A'IIP SURVEYS AND STUDIES RELATING TO FAREIiR PARTICIPATION' 

MIAJOR FOCUS MORE DIrAILS SURVEY/SI1I)Y YI-AR S ,A P[-I _ RF .F, _FPAI'F 

Selet.tion of Study Area -xplorator' Surey 192 5:la)5' lanners R' 1. p 12-14 kIll 85-13. p.9 
19X3-4 Il ,n 13 olic's RI) h4-1, p.2-h.5 PR FS3-1

RMI:I Trial SLae,.tion Sample Frame Census l' 2 NMd't t'lla'ers R1' 1. p 14-19 RD 83-1. p.V.13-15
Pa.ticipa-ts MI' ,5-13 

Census Frame Surne) 19s3 I" 1,-, I367 L.etres PR F83-1 PR F-85-1 
Tnal Participaton Study 19-2-7 SI|., 403 tn.ds W' 12Patterns of participation Ag. Demonst-xor Sirscy 19s3 .Mdut 52 AD, Mi S5-13 

19 2 1 Crop Management Sur'ey 19"1& Ml' I; t) houwsehtlds RI' 1, p.
Census Frame Survy 19h3 I- 1h1An 37 me!.rnrs RP 2, p 16-21 RD 84 1. p(15-5.7 

P'R I-S3-1, p.5- 7 
PR -h5-1

Tri:d Panicipat n StudN 12-7 0i WP 124(1i3tn
IMI.I Farmer Group Participation Research Farmer Grupi 1955 0 I.an V.nu, RD S7-1. p 11.75-78 RD 8g-2. p.66-67
Participants RD S9-2. p,9 

t951-990 Mlii \i,-u, RI) h7-1, p.f.51-53 RD 89-2. p 64-65
Adoption Cooperator Survey 195-') ,Mdi'l 70 ftnrvrs I'R Mn9 2, p.14 

­ 15 

Adoption Study 1959 I-],T.n 155farners ' 34 RD 89-2, p 1 
See also Table 32 

a. Because there amcfew analytical AIP references on farming training courses, farmer fied da)s and co1mpCtIons at Agn:ultural StioAs. these are givcn in the discussion in the diferast 
sections. 

b. The year listed is the beginning of the cropping year in question. For example. 1994 refers to the 19--5 cropping season, and 19S14-5 ref.rs to both the 1984-45 and 19h5-86 cropping 
seasons. 

c. Refers to the number of sites, farmers. etc. 
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exceptional outcomes', bul were hidden to fariers assessing the trial. 

In contrast. farner assessment in tie RMRI Rainfall Run-off Management Study2 has been 
useful. The trial in this study had on!y a few 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 evalnation of' RNIRI work, information was obtained in several areas. 
Gnerallv ATIP emplcd research.rs troi the Rural Sociology Unit (RSU) in the Divsion 
of Planning and Statistics ()PS) to assist with the Collection of tile following types of 
infonnation: 

(a/. C"onte~epru~lvll, did t',," tecelirrtooe\ ,plpear to hrve merit in this Iarining .ystem 
(b. Did 'arniers hae idcas ahoIt molutiotis to probhlets with tie ItechnologyN that were 

raised by reSercheIs. 
(c). Could farlners ilcntit*y oilier prohle ireas with tire telmoloty and possible 

solutitions to these prohblitt'is, 
(d). Could the Iarmer ircoimicild ways to implement or ulmrilate rquireintlls Ir the 

successf'ul implementationl of. this technoloe," 
(C). Could the 'aimer si!,mct t:lt!g't iattiows or hotuseholds for this technologv"? 

of researclerTlhe procedure for obtaining tlanncr o'r'.eri'l implitenmed trials involved: 

(a). 	 The purposive ,,lection of faimiil ith a strng inieiest it the cttterprise to which 
tlhe lnew, rCeltlO, lted e.o., arahle ifarmtis growing ntaize), andt a selection of 
farnie rs rcprweset r itlit whiat s,cre thon ghrt to he relevant reso utrce categories. 

(b). 	 Organ izing at tile trial site, a brief -- usually one-half day -- workshop in which 
researchers, and sore farmers, were pertt iled to present treatmenits and ideas to 
participants. Following the prene tation of a particular idea, some one led ia 
discussion anong tire farmers. DUritig the workshop, a type of* group interview 
Occurred from which researchers recorded comments. The agenda for the workshop 
was niot fixed anid new ideas could be readiy added 

(c). 	 Followiig the group workshop, researchers convened to prepare a short qtuestionnaire 
which was admtintisterei individitally to all farrmer participaiits. 

(d.) 	 Researchers evaluated responses frori both the group discussion and the individual 
questionnaire responses. arid drew con'lusions about tile techlnology. 

IHidden trial nlnlageleiI Ilactors included such things as plant stand diinning, basal 

ipplicatiott of 1ertil icr arid so orlth,that would tiot be typical of practices in tire 
fanmiing cotimunity, but were applied in a trial to all treatments. When these types of 
practices were included, treatment comparisons were still valid, hut tIhe ability of many 
lFnii1trs to relalte loile ou'tcones of the trials was impeded. 

Sonic treatmntenits itt this trial are discu ssed in Section 4.5 I. A lescripltion of this trial is 
available in ATIP RID Q-2, pages 5-1-56. 
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3.2.1.3 Results And Conclusions 

Farmers were asked to assist formally in the evaluation of RMRI trials in four differet 
years. The evaluation for two years of treatments in the Commercial Steps in Technology 
Trial IATIP RD 85-1, pp. 7.26-7.30; ATII' RD 87-1, pp. 11.37-11.391 was not highly 
successful. This trial consisied of multi-year testing of several standard tillage and planting 
and fertilizer treatments. The evaluation process was largely viewed as a demonstration 
exercise by the farmers. Groups of farmers were also asked to evaluate two years of the 
Rainfall Run-off Management Work [ATIP RD 88-2, pp. 41-43; ATIP RD 89-2, pp. 54-561. 
This evaluation was more successful because treatments could be readily modified according 
to suggestions made by farmers. 

3.2.1.4 Recommendations 

Recommendations for future work entail the following: 

(a). 	 Farmer participation in tileevaluation of RNIRI trials should continue on appropriate 
research work where farmers can make a contribution. 

(b). 	 This type of aissessment requires relatively small grou.,s of farmers. Siall groups 
work more officiently iI geneCtattiig discussion and presenting opinions. 

i's that 
with farmers be requested in orlder to Providc a more eflective interaction with the 
working group of farmers. 

(c). 	 It suggested the assistar ce of' itldividial s witIi experience in researching issues 

3.2.2 RESEARCII-ORIENTI) FARMER GROUPS (ROFG(W 

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 participation during the technology 
development process can help to ensure that the technology options prxluced are relevant, 
effective and practical unrder real-farm conditions. 

During the first three years of on-farn research in the ATIP project, the majority of research 
was performed under researcher management (RM), with either researcher or farner 
implementation (RI or FI respectively). Ilowever, FMI:I trials work has been expanded 
through the life of the project.' FM work provided the following advantages: 

(a). 	 It increased the number of technologies that could be examined because each 
additional trialrequired only minimal additional attention from researchers. 

(b). 	 It allowed for greater farmer participation in the research process because farners 
could participate in the selection of technologies for testing, in the designing of the 
trials and in tile of the results.evaIunation 

At different times during the life of ATIP these have been called Options 'resting 
Groups, Fanner Assessment Groups, and Researcher-Led Fanncr Groups. 

'. See 	 Section 1.2 for a mnrc detailed discussion of trial Iormats. 
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(c). 	 The FM:I mode allowed for tile perforinnce of technologies to be assessed under 
farmer managed (FM) conditions.' 

To facilitate the use of the FMFI mode, tile ATIP program began working with groups of 
farmers. Originally the objectives were to develop efficient systems for handling FMFI 
trials, and to increase farmer participation in the research process. Several different group 
fornats wvere tried. These groups met the above objectives, but were seen to have potential 
for even more activities. bus the approach was modified anl expanded over the years. 
Even after four seasons of deeclopment, the groups operated somewhat differently in the 
Mahalapye and Franci:sto-,n regions, due to differences in both farmer and researcher 
interests. llowcver, in this section, any groups fonned for the purpose of conducting 
research on new technologies and involving primarily FM FI trials w;;k, are referred to as 
Research-Oriented Farmer Groups (ROFG). 

The objectives of the ROFG work included: 

(a). To expand the range of techologies examined in the on-farn research program. 

(b). To provide a ftonun for more direct input 
both farnirs and extension personnel. 

into the technology development process by 

r:). To examine the performance of different 
to detennine what types of innovations 
resource levels. 

techn
were 

ologies under f
. ost appealing 

anner management, 
to farmers of diffe

and 
rent 

3.2.2.2 Approach 

ATIP used various types of ROFGs in the past, and the different formats have b ,:,;; 
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 temi ROFGs. The ROFGs most extensively used in tile ATIP work 
had the following characteristics: 

(a). 	 Open participation, and self-selection by farners. 

(b). 	 Indivii ual fanners decided which technologies they would te:;t, choosing them from a 
range of options. 

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

(d). 	 For each type of trial, farmers and researchers Mutually agreed upon a standardized 
format 	 (e.-., farmers performing a cowpea variety trial would compare the same 
varieties, all planted with the same seeding rate, or, the same size of plot, on the 
same day, etc.) 

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

There is normally a drop in the perfolance of technologies when they are moved from 
RN to FNI, but tile extent of the drop can only be assessed under real faimer 
management. 
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TAILE 3.2: ATIP 'A'ERS PROVIDING INFORMATION ON FARMFER GROUI'S
 
I Yr:Dl:! iL pjy.II!3,_EBJL6_q jA) .... __ __ 
ibpIJ._ ...... !LxuILs 	 _ 

WIc'ralwi 13 All IDXc. 'kpes and participlit inn-A'lIl'in gniups 
IT' 88-2; El' .5 I)
1'1, 8-; Mi' SS5 A\ll ICI.II Iijs-sc appfni.uhcw cxtrn,;ion groups.rI s for tescatch arid 
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IR 1".t All IFmp Itt 1 ,ts i s';I1 tlgirrl [I.l, . cts lPR F8 7- All Fl p 19l u t', v, h dilfetivrit tt'.hool.,gics 
RD h.8 2 1, 1f," " T111, App:'t,,tid ,fald uHlllnlmtt nvt'ult, !,,r 100a 
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:c'tisiot 	Onmenild \VI' 25 A I SIVtl Imple ttitlng and nirtililug gt.urs
R) 9.-2 , I l). , Aptroch iandsiitiii ir of" Tcstlll, for 1997 
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'Moth" refer, to lie tntatterial being pntturily ttliM,,ltgicad.

)"I'," indic,ties It descriptiVer tialteriil( o tllt lth l ologlc Io ll iricud
Cto dna',,' aspects,

"Ettp indipe"t cottlsttl, art primarily empirical in tltaurv. 

(f). 	 For analysis purposes, researchers checked that the trials had been implemented
according to mutually agreed tpon guidelines, and recorded the dates of field 
operations and plot grain yields. 

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

(h1). 	 End-Of-Season Surveys were conducted with all participating farmers to quantify
farmer evaluations of the various lechnology options each 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 technologies
tested included: crop variety options, crop husbandry options, tillage options, and various 
etluipment options. Details of tle technologies tested, yield results and general conclusions 
can be founld in the ATIP Progress Reports for each year. These are listed in Table 3.2. 
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(a). 

(b). 

(c). 

File 

In RI:G,s a number of linkages 

TABLFE 3.3: NUMBER OF \'IL.AGF-S, FARMER PARTICIPANTS, TRIAIlS CONDUDC'II) AND 
Ti.CttNOI. tIESTF.S'I1.I) IN ROFG A(IVITI'I'S, FRANCISTOWN, 1985.89 

Y1EAR NO. 0F T'tA. FARMI-R NO. 0) NO 01:(II NO.X;IIOS 
____ ILLAUiLSi ____ YTA 'L__ mt Ai)t 

1985-84 I 12 I 1 
198687 3 97 142 9 
19h7-88 3 141 152 7 
1988-89 128 110) 9 

A. Rciepiens the numMlwof mi., used. 

were established. Three of them are as follows: 

With 	 'armcrs. Within the ROlGs, researchers met regularl with groups of I ( 
3) fartiers -- ts man v as three groups per month -- to discuss farners' activities, 

ttheir obs,:rvati o s oIn the va0i44 IS tee o1 gti.:,,, prolletnis arisilg, and tile ten ral field 
situltion. lhths thec" IOIs providc( aln impoltant chlallnel of Cot, ilnllication hetwcitl 

research and tie !ariing comunnitv. In addition, the End-Of-Scason Strve served 
to ktlalnltitv trillcr" opin ions and percCptiL-6S in each year, Mifd created a ptu'rrllai4lt 
record over the ,cars. 

Since tihe farnier dcCidCd whlich technologies \were tested, and because their 
ev ILIaitiOns were tile primn ary topic in the discussion sessions and the l-nd-Of-Season 
Survey, tile ROFf1 approach illowed farriiC.s it strong voice il the technology 
evolution pt ocess. 

With Extension Personnel. Over the sears, local ADs were invited to attend all 
ROFG mLnt)liy discussion sessions, anld all *ther activities, and therefore had the 
opportunity t participate in tile C1111ology evolution process. In addition, CXtenSiOln 
personnel ilt the district and regional levels participated in the fiel d((lay activities and 

so were continuously aware of lew developing technologies. 

With On-station Commodily Research Teams. The ROFG format made it relatively 
easy to add new technologics to the farmer testing program. Thus the ROFG 
enabled the on-farnn research programs to respond rapidly to the needs of on-station 
comutodity research programs for FMFI testing of technologies they developed. This 
led to increased collaboration between FSR teams and stalion-based researchers. 
During the last three years of the project, the ROFG fonat was used for 
collaborative research with a nitnber of station-based research progratns.6 Examples 
included: 

Crop 	 Iprovement:
 
Sorghuml and millet -- new varieties
 
Cowpea -- new varieties
 
GroLldnut 	 -- new variety 

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

In ad(litio:, tie ,OFG produced infoiation relevant for ith the Soil and Water 
Maniietn:'l, ,rap and soil fertility scientists at Sebele. 
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ii. Weed Agronomy 	 -- Dutch hoe 

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

The major conclusions derived from work with POFGs were as follov.s: 

(a). 	 The regular monthly meetings between farmers, researchers and extension personnel 
ensured that both resear h and extension were constantly aware of the field situation, 
and that farnmers' problems, interests, and pcrcei" :: were well understood. 
Siiuolt ancoJN'y, tile%, a torutn collaboration researchwere good for between and 
exte'nsion. 

(b). 	 The ROFt:G ftormat ',a,a ipratical Mnd efc-tClive tteth.l for intcorporating fatnners niLL, 
tile process.techntolh. v.Icveloproett 

(C). 	 Usiuig the RI01-G apploach Cuhl help to ensure thalt thc :t.hnologies coming out of 
the reseatch ,,slcn are both pfaiUti cal ani effctivC, Cven undcr farmers' resource 
const rains. 

(l). 	 The ROI( s were M1 eftcct ivc tool for ilcreasuing tile scope of the on- farm research 
programs. 

(e). 	 t;se of tileROFGs encouraged more collaborative work between on-station and on­
farti research prograits because of the case with v.fich new teclinologies coId be 
added to the farmer testing activities. At tilesame tinie, the ROFGs made it easitr 
for on -f; ri rescarch prograins to respond to fartervs needs and interests. 

The ROFG approach has been found to be an extremely useful tool, which might be of 
benefit to other on-farm research programs now operating itt Botswana. lowever, -t ntiust be 
noted that the ROFG ipproach is still developing, and there are some issues which have yet 
to be resolved.' In additiotn, it is -lot rigid system. The approach will be most successfula 
where it is adapted to fitlocal objectives, and local farmer interests. 

.31.2.2.4 Recornnendations ,,, 

The following actiotns, in addition to tilePromising Guideline which has been prepared 
ATIP RP 6,Section 3.2.1 I,are recommended with respect to ROFGs: 

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

(b). 	 ATIP staff experienced with ROFGs should, if asked to do so, assist other FSR 
teants to set up other groups. 

' See ATIP NIIP 8X-11 for a discussion of these issues.
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3.2.3 EXTENSION-ORIENTED FARMER GROUPS (EOFG)8 

3.2.3.1 Justification 

In 1987, the coordinators for tile Communal First De,,elopment Area (CFDA) in tile NorthEast District requested DAR personnel in Francistown (AlTIP) to assist them with agriculturaldevelopment in their area. Part of the responsibilities of ATIP have been to assist instrengthening the MOA's capacity to develop, and effectively extend, improved production
practices. Thertefore, after discussions with the regional and district ext's ion officers,research staff agreed t help design and test a system for accelerating extension efforts in the 
area of the CFDA. 

Since tile activity was luWMLI cahgeared w t sion rather than rescarch, it was agreed thatextension persomnel should ltke tht mtjor responsibility for these tests. F lowever. 
researchers were also to paiticipatc, p voxidc backup for extension officers, ald to allow
(or a coitiottUnl be teTll resea'c'h llhl extension Zativities wxittiii the regiot. 

ly 1087, tile group appioacth for cutL cting FIFI rials for research purposes, had been in use It' t\o year,. The potctial Ioi tile group approach ill extinsiot activities had been
ecogitzed . After discussions amorir resea rch, et'ension and CDA personlilel, it wasthcre fore dc iedd to ad apt the ROFG approach for extension purposes, aind to test thiss)'stCti in one villatge il the CF)A area. l)urir tile 1988-89 crop season, the testing was 

e pinded to two villages. The resultig f imer groups have come to be known as 
l'xtension-Oriented Firnir (Croups (1IOFis). 

The objectives in testing the F( C aplroach were to: 

(a). Test a system for iticicasing tile efficiency of Agricultural Demonstrators (ADs) by
working with groups of fart.-rs instead of relying on individual fann visits. 

(b). Test the effectiveness of providinrg farmers with a series of technical options rather
than a set production package, to take into account the heterogeneity in the fanning
conmtnity, and year to year clitiatic variations. 

(c). Provide a forutm, in tire extension system, for research/extension interaction. 

3.2.3.2 Approach 

The approach used was sitnP;!r to that of the ROFGs. It involved working with a group ofvolunteer farmers in selected extension areas. Within these groups, the farimers chose topicsthey were interested in, such as row planting methods, fertilizer application, etc. Extension
and research staff jointly provided as many options as possible for addressing the topics
(e.g., for famners interested in row planting, four different types of row pianters were 
presented). Individutl farmers seected options that suited their own needs and resources,and tested them in their own fields Then throughout the season, farmers, extension andresearch staff net monthly to discuss the tests and to deal with any problems that arose.
Field days were field in late Ap,'il, and an assessnient of tile performance of each technology
option was made by the group at thi; end of tile season. After the first years's test, artextension officer was assigned to ac, as a coordinator for both the EOFGs ard the ALDE 
Soil Conservation (roups in tfile NrrthIFlast District. 

' "'hese havc also bectn called lixtension-Led Fanner 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 farmers 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 farmenr did not follow any conventional designs when implementing the tests.
The only data collected by research were a Baseline Survey of participants resources, and an 
End-Of Season Farmer Assessment Survey. 

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

3.2.3 Results and Conclusions 

The EOFG approach was successful in several ways: 

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

(b). 	 Tihe majority of participants did implement the trials they selected. Some (,fthe 
technologies inIcluded: row pla nting, the use of t new inter-row cuhivator, .'odder 
crop pr{dunt iott, and phosphate fertili/.er application. 

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

(d). 	 An evaluation of the EOGs 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 impartial evaluation team.
 

The EOFG approach provided a good foruni for bringing together various partici i ,tsin the
extension process. At times, extension, research, ALDEP, the CFDA and the Zwensliambe 
Brigade personnel all worked together to address farmer probletns through the EO-Gs. 

The major conclusions concerning EOFGs were as follows: 

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

(b). 	 Group dynamics were helpful to tanners. For example, by testing a technology
alone, 	a fanner could learn only about that particular technology. Itnthe EOFGs, a 
farmer could learn about the technology lie or she was testing, and also abou the 
technologies that others were testing. Furthermore, in the EOFGs, farmers helped
each other with ideas and suggestions, and did not have to rely solely otl the AD for 
answers to all problems. 
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(c). 	 The monthly meetings were an important backup system for farmers learning to use 
new technologies. Farmers ahlost 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 IEOFG 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 EOFG fomit provided a gool forum for linking re.;earclh, extension, NGOs, and 
fariners at the field level, to fo.us on e stellsion issues. 

(f). 	 Presenting farnmens with technology options rather than set packages allowed farmers 
to develop packages approp riate for o,.,,their resources. 

(g). 	 IE-FGs tepresemed a alexi,approach ,hich could be modified and adapted to meet 
local objectives, and to Illlocal resource cotnstraims, wherever the approach was 
used. 

(hI. 	 The iost imponant tactor in the I-F0G approach was that extension and research 
personnel responded to tarniiers" expressed interests, and did not just present a 
stantard set of recomitmen(lations. 

In general, the IOFG approach Iia. been fourd to be efficient and practical for ADs. The 
approach could have a significant impact on adoption rates if applied throughout a district. 

3.2.3.4 Reco'vmmendatlions 

The EOFGs w,,ere 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 ALDEI: extension activities at the national level. Also a
 
Promising (;uideline has been developed on how to organize and operate an EOFG [ATIP

Rl16, Section 3.1.1. Specific recommendations for future work are that:
 

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

(b). 	 A pilot project should be initiated to expand the number E'OEGs operating in the 
North East District. and possibly in the Mhalapye area -- where they could be 
supported by the FSR team as well as AIDEP. "liese EOFGs could be used to fine 
tune group tuanagement and support systems within ALDEP, and as training areas for 
ADs who are going to implement EOFGs in the future. 

(c). 	 Staff and farmers involved in the initial development of the EOFG approach should 
assist in the training of ADs who are going to start work with EFGs in the 1900­
91 season. 

(d). 	 One activity that would strengthen the OEOIG approach would be to organize more 
intensive, in deplth, training courses for EOFG participants ott topics of special 
interest to them and where skills are required for certain technologies (e.g, row 
plarting). 

(e). 	 An importatt advantage of the POFG 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 it) 
lenerl-t from the adoption of a new technology or practice. A case in point is with respect 
to row plantitng --to vhich A'I'I has devoted cotsiderable attention to over the years. 

Oie ot tie bencfits assoiatcd with row planting is improved prcent estahl;slhtent, which inl 
turnl is an important determinant of graiin ,iild. Orn-farm work iudicmtetd atnavCrage rII 35 
pecent esta,,tmbij c Imorow comllpared to about four'pe,,e for bro)adlcat jArlT,platiillant, 

RN' I. p. 1701. 

lloscv'r, v'ariile reuilts htve bee reponed [or row piantin. undertaken hy lt rers 
thett'cl,,es IATIl' PR N10-, p. .11.It appeared that, alrhou ,h ot avcage higher yields 
%erw lpr(XUtxcd tr0111 10\w IpaUting. the \atiahility ill yields trotil thre latter method, uder 
furtuel d Citai.'ctt tenrded very high. This was 01t1er du toCtire lacK f skillouitiott\ to , 
arld spericrinv (ittarict,, with row planting. 

lo loaiximitctil lieteit trtf row il.rtti,,., it was i,iportatit to riechatmicallN weed the. fields 
thal t1,d bcnl ro%, planted,. This ,,as a practicc that mequired considerable skill arid was 
hilrd ever lrfort.tcd by frit'; 

lhere fore, the objecties of tie l,nvcr traitting progrtmis AtIP has been assoc iated with, 
sere the following: 

(a). To provide practical training to farmers on when and how to row plant. 
ih). To link row planting with mechanical weeding, by providing practical training on 

how to perforn the latter. 

3.3.2 APPROACIH' 

With respect to organi/ing tire farmer training programs on row planting and mechanical 
wceding, the following wvere important aspects: 

(a). 	 A number of' interested and concerned agencies helped in the training programs 
including regional and district extension staff, Rural Training Center staff (e.g., 
Mahalapye), Development Tnrst staff (e.g., Palapye), the Research 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 oif Agriculture and meals by the Rural 
Training Center. Generally, training was cotmpleted inabout five days. 

. Some details ottl organizing farmer tratining courses have been given elsewhere [A'IPI RF1 

3,pp. 280-282; ATIP WP 291. 
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(c). Farmers were selected by ADs from a number of extension areas, although more 
tended to be selected from the village where the training was located. Farners 
selected 	 to participate in the training courses included those who had just acquired 
row planters. 

(d). The course- had a strong practical orientanon. 'opics included: 

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

ii. 	 Ilow 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. 	 litching the row platier to the donkeys, and perfonning the row planting 
operation itself. 

iv. 	 Iitching the cultivator to the donkeys, and llen practicing the mechanical 
weeding operation itself. 

V. 	 Instruction on a number of other related topics such as the importance of 
good seedbed preparation. .ypes of yokes/harnesses available, animal and 
equ iptient maintenance, etc. 

3.3.3 RESULTS AND CONCI.LUSIONS'" 

During the 1988-89 season, 39 farmers -- 77 percent male and 33 percent female -- were 
trained on row planting in Mahalapyc 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 ahle to mechanically weed. 

When training for the 1989-9(0 season was planned, it was decided that more women should 
participate, and that husband and wife teams would be desirable." It was felt that, since 
women were involved in weeding, their participation would enhance the success of the 
mechanical weeding operation. "he composition of the 45 participants during the training 
were 58 percent males and -12 percent fentale. Twenty-four percent of the 45 famers were 
htusband and wife teais. 

During the 1989-90 season, participants ,ho had participated in tie training failed to row 
plant or mechanically weed on their own fields. This result was disappointing but should 
not discourage the development of future fanner 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. 

'o. See ATIP WP 29 for a more detailed discussion on the impact of farmer training 

courses. 

In the first season there were none. 
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3.3.4 RECOMMENDATIONS 

There is no question that fanner training courses involving "hands on" experience, can play 
an important 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 IATIP RFP 6, Section 3.1.21. 

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

(a). 	 DAOs should be tile appropriate officers to identify the need for farmer training. 
"lhe DAO, the RKral Training ('enter, and the Crop Production Officer should take 
the lead in organizing farmer training. Research and Development Trust staff can 
provide stpport, including tra iners. and coi ld conduct assess mclt studies"' of 
individual courscs.' 

(i). 	 Where possible, farnitr raining courses should 1% conhined with and/or 
coni ple mcieted by other supporting activities. For exanple. it may be appropriate to 
rui faritier training courses for farniers in specitic extiensiol area(s), for farniers 
associated with a particular FOFG, etc. An example of a coiplementary activity 
would be to link the provision of AL.DI' row planting pack ages with farn er training 
COt Nt's. 

(c). 	 Conitinue the research flowLl-up to training courses to assess tile iipact of the 
training. atnl to identitf, probleit areas and possible solutions 

(d). 	 Develop all effective extension follw-up specifically targeted for the participants of 
the training courses, and to help resolve Problems encountered. 

3.4 FARMER FIELI) DAYS 

3.4.1 JUSTIFI(ATION 

larmier field days have been in conmmn use in both research and extension programs. 
worldwide, for atlong tine. They serve nry useful purposes, itic1,,;ng the following: 

(a). 	 I-or a research program, they are a good way of exposing the work to the public 
(i.e., farmers, extension personnel, and other researchers) and obtaiinig tutside 
evaluations of the program. 

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

Staff front the Rural Sociology Unit. Division (if Planning and Statistics. lipva proved to 
be particularly helpful in this activity. 

'. 	This approach, was agreed to at a recent meeting of research and extension staff in the 
Central Agricultural Region, chaired by the Regional Agricultural Officer. The meeting 
was held in Mahalapye in May 2nd, 190)fl [Anotn, I)90I. 
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stage. 

(c). 	 When conducted hv an FSk teain,they provide anl opportunity for on-station 
researchers to see how, tcniologies aic peronning in (lie fiheld, alid to disctuss thei 
with a 	large goup 0! tuiilIit's. 

(d), 	 Thev C.11 plolt.+ illipt1 0!tlnIn t for ti i:ct plutiti ,i.O illthe F; ir._iiiii to sho\ 
ott Ite%kotk (It.,h ;ic" dIc_ 

,(e.l 	 H e'lld .III +,w. t[!,dt " th,+ 111 t ','Ji+';. XI! l [l +L 'e t liOf 	 t tn W I.t'i+;(' t i .+ 

3.1.2 .\PI' il-\(;\ 


t .tl,,
li,l i, uli lo't lltit .\ I'IP h, ts"d i it onilm'int tter icid kl.i,.thiN \ arid 
d i'l?l , ,l,++ I ':1u 111 111,' ,,j' itli ITA 1 C"t,' ol,'ed . H o( +lt. i. ste'l\ t.relil 	 tio l % ilu 
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+.uII, ,il l d
 

+, + 
 .
(j )+ 	 Pl llll~ift,, 111111111 ' iq .l i,,.,.,4 o, , ,Mlah,tilt + i s+M : . il ;,oi%,ilhI'fl ill(lie 

.t 	 pI 0tfl1 1, t 0 '.Ite I a, tCOtk1, I 0 t r tI ', i't th e .r ' Ii. :: c li ]rtl 

ltir;t;i,hi',.,ti h' tn r roodI+' ii~+'t I,! . tr ei,.itttt~r. ..A t)o Nortri'titn ..es
 

,Jlld :,:'I clu l : .:t %,Cr~ Io+ .,! 1,0. NICIItd,i, .1w,111~ t~rlr+ inl+.'ud d..cCid ,+l)oill 
tho ilthe !,)I ifIIl t di , tih'tii l t di u ,e ,11 d d1 1 h.to"Nhow., docidirif 
\,hi , tlo :r 1" , tlt :, t , 'o t,' cl il cfii forL, .ttiiw_ i a 

the d.t
 

iI, I dienict'. \Hit ii h-- h,,t , Tli.tt. t11 	 The r10. 1iti,11illf lnT S we.re invited. nunil 
of iitir r oi li r v , i imiited a lick of" transport, but usually 1iittteo lun h 
group 	 (it firr<iN \.,i, vincd from tither viltes here tileresearch team was 
operating Al rcctarchtir within 1DAR ,\yereinvited, and often representatives from 
NGOs. Fsienion proiimel usually decided who to invite within their department 
,1rd arraino d ti,,port for the satire. 

(C .	 Presentattions. lhct ficlId a gner:illy hegal n xith the local heatd man or other 
ilignit.r\ elcni:igi amii, viiors. Flllowin:, this, ar overview of the research 

0r11n la, plAnelid ;ativitics was given by rreearch staff and tilegroup,h11d 

then tnove d onl to visit the specific research sites. RMI trials were generally
presented b researcher,. while FAI trials were normally presented by the farmer­
inilplelecier. PR.sCitt tis were always follhowed by discussion sessions. At the end 
if the 	day there was a wra ip-u session for surmmarizing thl day's observations and 
general 	discussion. 

3.4.3 RESULTS AND (CONCIUSIONS 

Within ATIFP. farmer field dayrs have been rcgularly held. lowever, they have always been 
vi..-wed aisa noin-rescarch activity and therefore have not been descried in detail in ATIP 
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reports. "
 

Experience gained from fanner field days has been presented elsewhere [ATIP RP 3, pp.
 
277-2801. 

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

(a). 	 Farmer field (lays were generally a popular activity, normally attended by from 7( to 
120 people. Roughly eighty peicent of the audience were famers, with 20 percent 
research and extension personnel. Of the fanners, attend:Lice was coniionly 
dominated by women, with up to 90 percent women iut some of the events in tie 
Francistown area. Inlilte Mab:alapye area. attendance by men and womten0 was alImost 
equitable. 

(b) The farnef fiel days %%ere very successful in stinulating discoussion anong 
panicipants. Ihis was csp.cially tnie when trials results were presented by tile 
farmers, that is,the implementers. 

(c). 	 The farmer field days were als o effective in generating inierest in the use of new 
techntogies an.ong farmers, and a spirit of competition between villages interos of 
their overall farming skills. 

(d). 	 ' field days proVeid to be a useflbf and efficient for sharing ideasThese farmer fornit 
aniollg farlmers. a LidbCetCi iesearchers, xtellsion personnitel ;and fariters. 

3.4.4 REC'OMMIENDATIONS 

Recommendations for action, to Promising . hasfulture in addition the (Guideline whiclh 
already been produced ATII' RI' , Section 3.1.31, are as fIllows: 

(a). 	 As far as possible, efforts should be Made to coltione farmer field days. These 
activities serve to generate interest in new technologies. They arc arnimportant 
fonii for keeping extension persotnel and the public informed about research 
activities, al for getieratiig ideas to improve research. 

(b). 	 The source of iuntds for providing food to guests is an issue thiat needs to be 
addressed. lanners mill need to seek funding if field days are to extend through tie 
Miole day." 

3.5 C(OMiPETITIONS AT A(;RICULTURAI. SHOWS 

3.5.1 .juSTIFICATION 

Agricultural Shows are held throuighout the country each year. "liese shows give specific 
recognition to livestock producers, particularly with reference to prime beef producers. 

"'.	ATIP refCr'eiccs oi Iarmcr Field l)a~s itctlude tiehlollowitg: RI) 8.1-1 [ 1. 7.361; RD 
85-1 [pp. 7.42, S.51, RI) p. I; 87-1 11.801; RI) Ip.S -I 11) I) Ipp.11.58. 88-2 191; 
RD 89-2 Ip. i!. 

,Some soggetiotls ott hm !oottain funds ate givei in ATII' RI' 6. Section 3.1.3. 
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However, in general, very little recognition is given to arable prxducers, except with 
reference to evaluating tile quality of small samples of harvested production, such as 
cowpeas, sorghum, etc. Techniques used in arable fanning receive no attention. Therefore 
in 1988, ATIP initiated, with the help of extension -- including ALDEP and the Mahalapye 
Rural Training Center staff-- an arable-related contest at the Mahalapye Agricultural Show. 
The idea was to provide entc.rtainncnt while, at the same time, conveying a message. The 
focus of the competition was row planting and the related eperation of mechanical weeding. 

" 3.5.2 APPROACII 

As a result of experience, ATII' has used tie following approach: 

(a). A si
rural 
agency 

ngle Organiiing Committee was set up consisting of relevant 
training center, and research staff operating in the area. 

was then assigned appropriate resporsibilities. 

ALDEP, extension, 
Each participating 

(b). Cont
best 
their 

estants, usually about six per Agricultural Show, were 
row planters in their extension areas. The contestants 
own donkeys for the contest. 

selected by ADs, as tile 
were expected to provide 

(c). it was important fkr the Organizing Corn mittLc to ensure that: 

The Agricultural Show Committee agreed to 
allocated a time slot and land for tle purpose. 

tile contest being held, and 

ii. The evaluation and judging criteria were 
adequately explained to the contestants. 

agreed to by all parties, and were 

iii. The land at the Agricultural Show was properly prepared and demarcated; 
the necessary equipnent assembled; kIraals constructed and food and water 
made available for the aninmals; and tile appropriate fencing, posters and 
banners put up. 

iv. Accommodation and food was arranged for the participants. 

v. 	 Appropriate judges were selected. 

vi. 	 A commentator was selected and provided with an appropriate sound system 
and introductory commentary notes on tire contest antd contestants. 

vii. 	 Appropriate pri/es were obtained and given to the contestants. 

3.5.3 RESULTS AND CONCLUSIONS 

To date, ATII' has directly pa-ticipated in organizing competitions at three Agricultural 
Shows, and has had indirect involvenrent in five others. Generally about six farmers have 
been involved in the coniletitions at each show. 1"he competitions have been popular with 
the farniers and with AI.)E.P and other extension staff. Based oi ATIP's experience it 

'. 	 Furthcr details oil organiting competitiotls at Agriculture'0 Shows can be abtained from 
A l' WI' 28 and AT'I'I1, 3, pp. 292-21-,1. 
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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. 

3.5.4 RECOMMENDATIONS 

Although ATIP played an important 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 119901 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 Omqicer (RAO)' [Anon, 19901. 

A Promising Guideline has been prepared on organizing competitions or Agricultural Shows 
IATIP RP 6, Section 3.1.41. 

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

ileld in Mahalapye on May 2nd, 1990.
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CIIAPTER 4: SYSTEM TiIINOLOGIES 

4.1 SYSTEM TrECIINOLOGIES 

Much of ATIP's work has been fcussed ollsystei tyvptechnologies -- those that are not
 
crop specific. The major reason for this has ken that faners have most often articulated
 
issues that relate back to limited soil moisture as being the tmajor constraint they face in
 
their farming systems. This '.00straint, in turn, has led to a great deal of focus on issues
 
related to tilkige. Soil moisture availability, critically important in plaint establishment and
 
growth, can be enhanced through three general strategies:
 

(a). 	 Concentilating the limited amounts of rainfiall onto anti/or within certain parts of the 
field. 

(b). Ensuring imitre water iftiltrates into the soil prot'ile rather than being lost throUgh 
rin-tiff. 

(c) 	 Ensuring that tie soil mi is more efficicItly tetrnis increasedoisture used in of crop 
Prtxiuctioti. Crop pro(luction in a low inptut system is ottiel a function of plant 
establishntlcot. 

Of' course these strat,-gies ire not ot utu ally cxc Ius ive, and iN fact miany of the topics 
discussed in this chiaoer, reflect the incorpor;;ion of elclents of more than one of these. 
The major topics considered inthis ciapter are: 

aI. 	 Technologies relating to different typcs of till age, particulariy tihose linked with early
 
glowing options, arid reduced or alternative primary tillage operatio tis (Section 4.2).
 

(i. 	 Issues related to till.age such as plant establishment, weed control, laind- type, and 
fertili ,er (Section 4.3). 

(c). 	 Issues relatirg to plaoiting ret hlods and post-e.,a blishierit practices such as row 
planting verstis broadcasting, iiCthods and problemis tf row planting, plant population 
control. and wceding (Section 4.4). 

(d). 	 Setni-pennawir -f.ield developlent, specific:ally relating to rainfall ri-off managemein 
strategies atn soil fertility issues (Section 4.5). 

It general, the ipes of techrlo&;;!s discussed in this chapter represent high leverage 
interventions, that it itiiahleor firmers, could poterntiall have a major impact ointhe 
proictivity of the farrnig systcri. 

4.2 IIIAGE TECllNOLOGIES 

4.2.1 	 EARILY PLO IN(; OPTIONS 

4.2.1.1 	 Justification 

Stil imoistire for plant growtl i., clearly the najor environiieital constraint to crop 
proluctitrn iii lotsw aitia. The gteieral y low level of precipitation aid the low nioistun 
ho(ling capacity of tile oils Coib Ie to restrict potential productivity in miuch of the 
Countury. The crralic nature of precilpitation during the growing season alst iitroduces a high 
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level of risk for cropping activities that iutist be addressed before farmers will be willing to 
make the investmoents required t.,increase crop production. 

These observations are self-evident in the ma in, but l have also beeli sulpported in the early 
descriptive and diagnustic research conducted by the ATIP. 

lEtablishing a crop plant population sufficient to meet target yield goals is a necessary 
prccondition for achieving satisfactory levels of crop production, and making efficient use of 
soil moisture. :arly 1, ATIP indicatcd that itthe stUIV areas hadfield studies farmers alkSO 
"ofiie difficuly illachievinig good stands with aly reliability. 

liccaue..c critical imlipoIriucC inicreasing available soil moisttre for plant growth andof tile otf 
1hie ditticlnes oberCiid \ ithreliable plant stanld establishinillt. aroiioiic leClrch illATIP 
has foc'.ssed (il these issues almost froii tile oLutSet of' the project. One of the primary 
ai)proachCs hr ,lreddt.sSilii ihIee ivoucs has ben thr1ough iiriproVCI tilla ,e ald lapirtillg 
1IA+,.'S.
i.+C 


Withil the til:lage, l:uiii itl . the COTI(CItS l "'arly jhiolitg rld"dlhubic plh mile" have 

proived to be i, tf the sililplet' and efftctivce tools. While .VIll' did not initiate thecellist 
Concepts. itha's donle eseive ,,ofk illte"liiig their effectivnlt.ss oll-liiii., ald examitined 
numerous options foi' their incluiol illpractical itti.tion ., Table -1.1 avteiII.,. provides 
list ofti the wilk done and til te l)IJ lls S ultstilli i,oik f basisliti. th ftrm the 

(if the tdiCusiill I teio tiloll \ ill!. (fl;. 

context pt'irt. plowiii'j to pilrlimiitiory (without 
plaiitili,Il either sviricr early spiig (usually the latci). This aily plowinig may or 
Ill tle if"thi, "catlv refers a plowing 

ii or 
Illa'ilotbe atplaitting Intie same sections,tollowCd by a secolld tillage ope:ratio tiiiie. 

double plowing,'' refers to a sSstcn it which the soil is plowed (withtit plantingl) and then 
ltter relowed at usually with two rainfall evetts I(1plantirg tun, one or of' more thaiai 
millimeters ht,,,een the two llowiiigs. Thins early plowing may be a part of lhe double 
plowitig syste.ll, but the two are not the same. 

I:urthermore, beeause of thc exctnsivc atmou nts of research done ol both early plowing and 
double plowing ('l'able -1.1, t11IV tOLIItrits which summarize several years of work on 
particular aspects .,'illbe referred to inltiletext.
 

4.2.1.2 Restds And Conclusions 

Although time following discussion is presented in terms of a technology ladder, itis 
importait to bear ii mind that as noves up tile ladder take place, the range of options open 
to the farmer increases. The choice of technology options also depends on time prevailing 
clitnatic conditions when a farmer is ready to p!ant, and on his/ier resource constraints 
which also vary throughout the season. As a result, itmay be perfectly rational for farmers, 
(i occasion, to sititlanelously use, on diffe rent parts of the fart, technologies associated 
with different steps up the technology ladder.' The steps up tile"cinology ladder which air 

examllned it ,lefollowingt sub-sections are: 

(a). Double plowing with broadcast planting.
 
(h). -arlv plowing plus row platint,.
 
(c). Early plo, ing and ;inadditional cultivation plus row planting.
 

for a discussion oil
Sec Sectiotn 1.3.1 lirtlier this topic.
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IAII! ,:t ATIP AC'IIVrmls RFI..ilING T0 TII.LAG" TCItNOI.oGII-s INVOLVING EL-%I.Y PLOWING 
MM.-.
"_.-__'_ 
 _ MORE DI 'AIOS YEAR x,RtA sXMt'I -I'YI.- TRIAL, AI IP PAPE.RS 

.,A-mal cnagremnt
r for early ph-s.iri 194 FIl'-n 6 Lnal RMIH RD 65-1,P 27-S 34 %P S5-1 PRI-'S6-3.PRYI7-5 

lra,.iors lorear. piong 114,4 F,I- n- 4 n RMIH RD h5-1.p .35-h,37 RD 86-1,p98-1p'l)r .! management 19.3"-I4W \l p.7.31-32 RP~,,,,:-ent RMHI RD ,.-I,.lvimcum pnxitunon 6 1,p 95-1971'.3- I-" , 3 md RMRI RI) S4-1.p. 20-S 23Coincmtechnology 3 Fo 
RD h5-I. p.&.-N.11 W' 5. p13.612-1i 3.3 Thai RMI1- RD S4-1 p '23-825 RD 65-1. pb.3 7

-8.40 Wp 5, p8-13C mmerca stets in tchnology € 7l 4 I. 5. 5ln.d RMRI RD 85-1,p 26-7 le RI) 6-l. p 4-5 7
 

%<cw,,s" IX.urle RD
! ':e 
 ph, g (mscellane.,us) 67-1,pI 37-39t,2 .r-i RIMII- RD S3-1.p V 2160 
l In .. 
 In RNII RD 7-1.p I170-72 PR F'6-3 PR I-,-51 I o5 , TnI2 - IMI-IRI) 61 p.105-1071 NU!5-! 32.14 1had R.MII RD 86-1p 59-62 RD 67-1. p,11.44-47 MP sb-f,!9 , Not S' --- P'; - . M ?57-6 PR I'9*319v7-) I Ioun ts, Inra RMI-1 RD 6'-2. p 55-56 

7 1 7 
"hrough farmer groups RD S9-2. p - 5 PR PM6-Il.65 9 " 12.2 Tna FMIlI,.n 
 RD 66 p 63-6S RD 87-1 p.11.74-78

I9 5s9 IIo'n 12 In'! l-.If RD 6-1. p 105-107 PR t-T86-2Fl-l iI 1n.d PFi RD 67-1.p11 74-11 7S PR :S7-6 
I'un Q3 Ir! l-I- RD s-2,p63-6S PR la93-2 
I', T1 rna.l FMI RD S9., p,-90 PR I-6Effect of sod-Otpe :96. M.d . 'Papv .-- MP 8S-6 1T 93-1Potential and factors affecting 196" Both ... Pa-r -- NIP S-17 IT'69-4 

Double ploing plus other systems: 1903 N1 &.a1, na RMRI RD 4-1.p.7.-7 271963 Mahal. 'j I d RNI1-1 RD ,4-I1, p 710-731 RP I p.17 4
-19319.4 Mahal. 7 T .1 RNIPI RD 85-1,p.7.34-7.3R1' 1 p.174-1931985-6 Nfahal 3. 1"al RMRI RD 86-1.p.57-58 RD 87-1, p.11. 3 5

-37 

1985-6 1:"1,un I' RRI RD 6-, p 9r.9S RD 87-1. p.11.68-70 
PR F86-5 PR P67-S

19s7 Mahal --- P'-r --- MP 87-3
W=,ds and wediug labor 97 1-T"I'n--- Pa'C -- iP 67-719S7 Md-a.d --- P;'r 
 --- NIP 67-9Naional tillagetrials 1966-9 Slahal. 3 Trial RNIRI RD1966-9 "lon 2 Trial ,9-2. p 51RMRI RD .9-2. p75- 7
9 PR -90-4 

Refers to the number of sites or farmers. RMRI trials "-ill usually have more than one rplcation at each sue. figures in the column scp..raird b, a comma indicate sample siues indifferent years.
This can refer to a stud%. survey, trial or paper. 
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Before 	 looking at these steps, it is important to understand the implications concerning the
opportunity costs of tire early plowing operation. In this context, the opportunity cost of
early plowing has been defined as tile of grain thatamount a fanite r might have obtained by
plowing and planting, instead of ploving witliomt planting, at the time when tileearly
plowing was (]one. This can be estimated by planting a plot adjacent to tire early plowed 
area, on the day of lirstplow ing. Ifthe planted area fails to prt icc a yield, then the
opporttnity cost of tiheearly plowing was probably zero. Ivowccr, it'tile adjacent plot
yields well, then tileopportunity cost was ligh. The question of this o0Irnun itV cost is
extremely important becaui se itha.s a direct bearing err whether a farner would be better off 
from doing the early phowin,, verstis using tiletraditional single plow :;ystem in place of 'he 
ear lyplowing.
 

Iilid, 	ATII' has, conlucted sCcral trials to examine opportu-tiry -,c Results (J'is of sotie 
thc."C trials have beci arralytCd -- see, f'or t'C.\arrple ATIP NIP .V7-0. Result., to datte,
indicatcd that inorder ttrl, -- with to iofr,, 


tMAahle tl theWthr;tdiiorI:l single plow sysitell, the opptortuity cost of the early plowing
hA to be hreld ts %oas pIOssih. To achieve this it,aNsCesetltial to do ile Carly plowing

at ron-optimral platnr ties. 'm 11os iblc savs to di 


for plowing aninial traction -- be productive Mnd 

this w're either t: 

(. l Take ltitl i f %V1\ earl, r.i1) ilr the Ilirtir • ,Csasoui aiid early 11hw before the
 
accepted phatirnr c,, or
sesor a.nii, 

(h. 	 I!se the period ir .r a raiir hern te soil could be plo%,%,cd,but was to§ 'try!oensure 
good plant sr:rrds, and prcliminary plow without planting. 

Using periods of good 'oil troistu to plow without plating reprcsented , loss of valiable 
arrd ext remIIel 
 l'ot
y Iiited plarhri:, time, and - akays beneficial inflv;long-run. 

(at), Double Plowing 'ith Ilrouilad.,t I'lntjing. itredoubie pioiing option represents a
first stcp tire echnogy ladder. It low input technology in that itrequiresop h isa 

nt new inpts., equipment or skill:,but itcan have a dramatic 
 elfect oil per hectare 
grain yields.
 

A iafc botlv of rsearchI ottlldotle plow ing with broadcast plarting, and(t using
animal dralt po,,,Cr \%as summrari/ed inJuly of' 1989 Illeinrich, MacPherson, Norman,
Patrick am "iehcrt. The tataIt1191].1 
 surveyed were largely front ATIP research, but 
also includc, -'arch comdictred ottsid AlI I'. Concltusions stated inthe report, and 
accepted Itv liuSoil and Water Management Group at Sebele were as follows: 

i. 	 Compa. witI tite traditional system, planted or the same day, double 
plowing generally increased per hectare grain yields of sorghurti and millet by
5(1 to 1(0 percent, given sufflicient rainfail to produce t crop yield (°ables 4.2 
anti 4.3).' 

ii. Regarding the timing of tire first plowing, generally speaking, tile earlier this 
was. donc, t lieetter -- htence the ctrrt recom entl ations for at ttirn/wiiter 

Tiiis pap'r loned tie tasis ir approving an AgrifocI to be produccd ott double 
plowing. 

These tables. from lci i-ihef al., 191)01, are largely derived from data in ATIP NIP 
87-6. 
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plowing,4 or early spring plowing. Iowever, for animal draft users who 
could not start very early, a benefit was to be expected from a preliminary 
plowing operation perfornled even in mid to late planting season, as long as 
there was sufficient post-planting rainfall to produce some yield. 

TAIii.E 4.2: 	 P'AIRI-) COMPARISONS O CROP YIiN.)S (K(;S/IIA) OF
 
iX)UHI.v AND SINGLE I'I.OWINt, IRANCISTOWN, 193-81­

iii--	 .)CROP. YEA R; .. .... 	 - . -----. N- . 6W­
-. . . .	 .. ...... ~....t . ..... . ..... ........ :A., L A)....IQJ
(- _. 

Sorghum 193-85 4I59 238 911 18 
IXS5-h -ISO 254 9_ 12 
10 6 S7 211' .. ) 103 21 

. . . i 1' , * _... . . . . . 1 _ ......... 	 . " " ..
 

('11(3 K 	 (4e,) A'1140 --- 7N 
Mill198} 3 5 07 I 36+5 K 7 

l98(5-M, 	 1(0 110 (3 9 
19M;*87 171i 103 70 I0I') . . 7. . .. 2+7 ..______ .. ... . . . . . (, . .... . ... . . . _ _ _ 

Colpcas 	 I1 15 86 921 172 95 1 
1986 8-7 15, " 99 511p17f~ . . . .	 I l _ ' ... .... .... 1) .. ... . . .. . .Y239 12 

A ll S ,us 	 I(I 129 ,1 13 

Somm v 	 m olj,,, l,,ak listed III a 1-1 
a. (1 .1-5 includc ,,il) RM rmil 1985-S6 i cludes KNI aid Fi trials 

191-87 icIludt, I',),t R i md I'NI I,.,I, 1987 8.1' inclwdki oily FM Ifi.1
 
Ib Fi~gults illi hi llur ,lhl, Itul aildc ph ,irig. N s. h-ote i)
III Icpricil 

%ignilic.Uitdi r'lilce,, dl *. *, * th rigr IRlh s tile h1ilityIcgo,, (i1,,,n t-c,,c il "Filha
Itlv l '9 	 , ".) ,Utd W,t) k-Iiwcl, ,rojx-CtiVc)* 

C '"¢ figtlrv', III this 'olulllll rk-fctI tile )I im'h t wlit;ditional d'Lj h l pp,tIsohg 

pLledc on tilte Samel da , Illv doutblet Ih',,'
oh 

IAIII 1: -.1: RHI IA II.(NY )1 [ II- 1:1I C "F1; IX)Illll: PI.OWING, I-RANCISTOWN, 1983-88" 

-ERCFNI O1 PAIREi) COMPARISONS -­
.... . ......... . . REA US'...... . . . . .. .	 O 1 S 5 

Yichl ,f I)l' wa1 gzt'altr Ih,.u, S' 92 	 91 
Y'iC(d )DfI)1 wa,i '11Icat 50115 grcater 81 	 67 
Y ild i )I' vas ,t 	 .,st ((XI kg'., grvatcr 611 59 

s lfrcv. D, 	 li limn Inails usd ill colsiniclilg 'tablc .12.
 
r(c'. dotbl
a IDiP 	 1, ,t ,l , iii, ;u .1 SP denoslC single plwing.

h.t Cc[¢jis lillhid[ Sorglll anld Illil daila sclS only. 

c. All Ihire- crop% include sighltim, iullet and cowpca data sIs. 

iii. I plot comparisons it was observed that when adequate soil moisture was 
available, weed growth was greater in the early 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 
yn!odon! cl yI'or. It aliso reduced the level of ():her perennial species, but its 

effect on annuals was variable. Double plowing sometinles increased and 
ethr times decreased weed burdens and subscquent weeding times. When 

I. *itli,ulitcl, ,,L. 3",1ri S :',tdplcd this practice because livestock grazed on crop 
:+cs lluc!: Io t' n,;;; v..i \ficf tIis, ,he rlInll wsi, I i.lard to permit plowing with 
the tr, lionl dvli;tdbl olt -,lost lail lers. 
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double plowing caused ge:nination of weeds that could be destroyed when 
small, it was beneficial to control them. lThis also reduced the weeding labor 
requirement at a later date. 

v. 	 The effect of double plowing was thought to be greater and more consistent, 
oildeeper soils with higher moisture holding capacity, but less effective on 
shllow soils with a lower moisture holding capacity. 

vi. 	 It was generally agreed upon arnong researchers, that there were too few 
planting opportunities in a normal season for them to be wasted oilplowing 
without planting -- that is,land preparation only. Furthermore, when the 
preliminary plowing was done during a good planting opportunity (i.e., Mhen 
good soil moisture was available during prime planting season), then the 
opportunity oost of plowing without plnmting 11ossibly made the double 
plowing systeminirofitable. For these reasons it has been concluded that 
the preliminary plowing of the double plowing sysiem must be pe rfoned 
when thec 'jt portUn ity cost is 1o% (i.e., dohring non-ontiaial planting conditions) 
for the double tplowing system to be generally profitable. 

vii. 	 Ecoioinic studies of double plowing in the Tuttire Agriculturll District 
(Tables 4.4 and -1.5) the switch traditional t0 dou1blehave indicated that from 
pl''"g be beineficiallfarmers who own draftkoohl roost for control their 

poevr, but are faced with either a weeding Iabor corstraint, or a land 
comrisint. Double plowing was not only more profitable but was tnoic 
reliable. 

It is ittipot inlto note that tlie ahoeT colo iCns ire specific to tile use of an inal 
draft. There is stll some question a!out the profitability of' using tractors to 
implcmenl tiledouble plowing system, because tractor draft is more expensive -than 
aninil draft.' Also, when tractors are involved in the tillage system, farmers who 
own tractors have access to imore power, imure speed and more systems' options. 

(b). 	 Early Plowing Plus f-ow Planting. The theory hL!ind early plowing is that it cal 
increase the rate (,:intfiltration of rainfall into fle soil, thereby reducing run-off and 
developing a reserve of stored soil moisture. The reserve of moisture can result in 
improved seedling estatlishrnent, 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 beet presented elsewhere [ATIP EP 89-41. 

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

This being the c:ise, it might be expected that early plowing -- particularly in periods 

. Sec Section 4.3.3 ingeneral, and Table 4.7 for further di.cussion on this. 

". Double plowing is one of tile treatinents currently being compared in tile National 
Tillage Trial. Tractors are being used itt thi,mult! -locational research imanaged and 
inlhilernlienltl trial, which S,,houild therefore help shed sciie light on this issue. 

Fil: A 	 (17. 1/4 - - S,-ptember 0, 1i)0 



TAIiLE 4.4: NIr' RFIIURNS '10 LAND AND LABOR FROM GROWING SORGIIUNI IN 

1)(11011LIIPLOWING .RIAIS. IRANCISTOWN, 1985-87' 

YIEI.D NUJlYY.JIML1JlIIK A) RURIRI'APIAJ', UIfINt{I J./1 'LKL 

Ac. Single Plow 

1985-86 lt, 31 32 103 7129 68.59 1.32 3.08 0.63
 
1986.87 54 28 36 75 2326 20.56 0.07 0).55 0.31
 
2 Year Average ItI0 31 34' 89 47.28 44.58 0 1) 1.59 0.47
 

Av Dxile Plow 
11)85 X6 317 71 4 85 11934 143.9-1 I 85 3.91 0.79
 
OXt, S7 10)9 5X 37 124 4t, 7t, 11.36 0.21 0.79 11.35
 

2 Year Averge 228 (l .4' 154 9M1(5 92.5 1.013 2.17 0,57
 

.. .Mist ,i thedata in fll v da et| frot A111' Ml 87 1, and Involve trials which labor 
Ie lit.ic .ceirtli'h ith 

I.io ,arh rsulls rtuscntcd 	 for 
dita 'cere rviided i mnlagcd ild fluiter unleiiecd (RNIFI) a sainpie sileof 2). 
I)liing ofI lie iigleII 

t
hb(l'Ie pl isd pls Ac 1"ne -i li" sile diy Fignrt's In the table airthe average perd d, 


pht
 

h Ifcpaation ti¢i ildehhl.j 1lP iiI.g .iid plaoitlg 
1. Coriisi ,I i ceding lime ,nill 
d (, returnequials Nicld timcspn.e Mhiee leile in IP)(3/kgpnciL sorglis 
c Ni siturt cjCqtl,dgross retunlrim ic'ost% Ishclecosts cqu;il sicd (11)30/kg l e 4kg) plusdeciei'iot ontequitpent 

(e littaled atPI SO/lha)I this c.lcul,ition, lalbi haiinl 'cii costcd 
I 'lie 'ie ¢ in thcse :,is tr:te) toAli hteas iockur d iii otblcr ulnderikenll slntiwndi lel lig ui cio A lIP trials I oth ranutt 

and ,lahealae Ihm ia ,.ontle pu,I csenparsons average weiding [ire petl hltarr forsingle andmir (if5' rdie ,

hiuble ploAig was 34 and 19 hoiurs, r spicwively Such liguncs make Il ivttlni perhoiur oIweeding efndoult 
phted plls eee eitnwreallraielvc. 

"AIII,1.5: RE.IAIIflY O1:I11: RVHIJRNS PER UNIT OP ILAND AND I.AIIOR FPROM
 
I'X)UHI1I'l.OWING, IRANCISIOWN. 1985 7'
 

MACNI 1I OF COMPARISON 9LU)1. ,PAREQQ'). RISONS
 

- - _ . ­(;n! retetniiiea of I)I' wais: -------- - -	 H 

Greater th.n SI' 	 85 55 O1x)6.76) 
Nct rrurnbai. .Lsiifll' 

Gr;ucr thanSI' 81) 55 (91.36) 
At leat l2.1t/hia greater 511 40 
At leastPi (1.tl1),lia greater 10 5 

NIt return ' lani t'laliiinhour if INIPw csL 
1 1

(healer 50 (0.6)than SI' 70 
Graler than P0.38/lio ir(drllight relief wage) 4(0 45 
(;taer than IN),33/tiour urban wage) 	 40(ninimirin 25 

Nct rctunn per hour of eeing I, p!'ot was: 
Gnaler itti S1' 59 61 (P0.46)' 
(reater than relie! wage) 45Il.38/.iur (drought 3(1 
Greater thant 1 O. (tiniiumn wage) 25 4553,1uur urh a 

Net frtnut per t"ital"houlrspenton theeD)Pplot v.as. 
(lratCethan SP 55 70 (0.39) 
Greater than l't.39iliour (dtiught relief wage) 15 30 
Grearcr than 1S).53/hour (tliniutuni urban wage) 15 20 

a. 	 DIefigures in tis table at calcieulated frii the trials analyed in lable4.. 
S I'lhesc a single hectare single plowing two hectais in which relti decribe the coiipuion i'f dtlile [ilowing versus 

the irsthectaic is plcntedil it tie tileu if ilefirlt plowing. iecotehined results fron thisplanting and thalfrom the 
helctair plinted (l tilesancLaey aidouble plitg are.hou,ever, notreally a vllid eomparison with double plitwing. 
tice it isrccoritiiic I (lit the (jestplowing is done wshen then: is nit enough soil tnoisture for planting (i.e., the 
)icldfor planting oiu'ld inbrackets reflect fle average values of tile twoat this a1,polniach /cro) "Die figures 

hetre cinobined.
 

. Averige itcedliig tim" (ontlew plots si as 89ihoiirs/twio ht.lirrs.
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of low 	opportunity cost -- could be beneficial for crop yields. Row planting mightbe preferable to a second plowing at planting time because it would be faster andwould have a lower draft requirement. 

IExperiments conducted by the 	ATIP team in Mahalapye have shown some grain yieldbenefits to this "early plow/row plant" system when compared against a system ofsingle plowing and row planting on the same day [ATIP RD 87-1, p. 11.37).lowever, these experiments also indicated that more attet:.ion to weed control mightbe required with this particular method because of the lack of tillage at the time ofplanting -- that is, weeds may start to grow even before crop seeds are planted.Row planting would allow mechanical weed control to be employed, and this hasbeen suggested as an approach for dealing with the problem. 

The use of 1 early plowing plus row planting system represents a step up thetechnological ladder from the traditional broadcast single plow and broadcast double
plow systems. Row planting requires a more precise timing of operations, new skills on the part of the fanner,' and often, the purchase 01 new equ ipinc. 

(c). 	 Early Plowing, And An Additional Cultivation Plus Row Planting. The next step upthe technological ladder, beyond the two-step operations, could be a systemincludes a double tillage operation plus; row planting -- that 	
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 dtie of planting, plus row 
planting, or 

iii. 	 Early plowing followed by harrowing and tow planting. 

The three-step system may well prove to be the most productive, though it is morecomplicated than the two-step systems described above. t)ouble plowing andbroadcast planting has beet showo to be more productive than single plowing andbroadcast planting in animal draft systenis. Similarly, row planting has been shownto be more productive than broadcast planting -- for example, see ATIP W11 5. 

The purposes of early tillage, and double tillage, are to increase the soil moistureavailable for plant growth, to control veeds and to iniprove soil tilth. The purposes
for row planting are primarily to: 

i. 	 Achieve improved plant :ist ribut ion within 	 the field and thus use theenvironmental resources more efficiently.it. 	 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 differentfrom those of row planting, and combining the two technologies into one systemmight be expected to produce synergistic effects. 

To date, little information has 'been published by ATIP comparing tWe three-stepsystem 	 with the One- or two-step options discussed above. "lhis is because most of 

See Sections 3.3 aid 4.4.3 for lurther discussion on this. 
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the research has focused on tile other systems. A focus on tileother s)stems was 
thought to be more important because most farmers in the ATIP study areas were 
still using only the broadcast/single plow system. It is likely that a :nree-step system 
would be most appropriate ol a contingency basis, for example, when weeds or soil 
conditions are a problem at planting time. 

4.2.1.3 Recommendations 

Recommendations consist of the following: 

(a). 	 Recommendations for tileextension of the double plowing option with animal draft
 
have been approved as an Agrifact and will soon become part of the extension
 
program. Also a Promising (;uidtline on early plowing has been produced [ATIP
 
RtP 6, Section 2.1.11,
 

(b). 	 The early plowing plus row plinting system with animal traction has shown some
 
potcnlicia for incicaait per hccta;re grain vields. Further e.\amitin ation should be made
 
of tileect oni.ics, it cr eva!evlutiton, risk ard weed problems involved with this
 
sys tell. 

(c). Specific trials ',toi11d hc iitiMd in-faroi to eXarltie the yield potential and
 
ctonornics of the douhc plow aid row pltlt, and earny plow, cultivate, row plant
 
systelis tusing artlirl drafit. andi to obtain ta'rter evaluations of tilesame. These
 
should, ata minimuti, be comlparcd against the single poow/broadcast system atInd tile
 
double plow/broail .asl systcmi.
 

ritay 	 in tile of similar systems 
itmplemiented by tractor tndby aniiial draft. This issue should be examined in 
specifically designed trials, inorder to determine whether sepalate tillage systems 
need to be developed for tie different types of draft power. 

(dI. 	 There be some dilfertCes performance iillage when 

(e). 	 The system of early plowing by tractor, followed by a second plowing by animals 
showed mrixed results interiis of yield and econonic benefits in Francistown during 
1987-88 and 1988-89 [ATIP PR F89-1; ATIP PR F90-31. Nevertheless, this is one 
of tilemore practical systems and could be used by the majority of farmers. Further 
studies should be implemented to se if this could be molded into a viable and 
beneficial systeri. 

4.2.2 NON-PLOV1N(; OPTIONS 

4.2.2.1 Reduced Or Alternative Primary Tillage 

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

i. 	 llTe tillage resource constraint is experienced by nearly all households. Either 
households have limited ;cces,, to tillage resources, or tileresources that are 
:3vailable are not adequaic to plow and plant the field ini timeiy manner. 
'his certainly is tilecase for harmers using animal traction illyears wvlien 
rainfall is erratic during tire plowing and iplanting period. ',ecause of this 
constraint, lar:c port ions of fields have poor ra;inlall infiltration and heavy 
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weed growth during the early part of the season. Alternative tillage which is 
more rapid than conventional plowing could help solve this problem provided 
the tillage is effective. 

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

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

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

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

The objectives of resca rch oi alternative tillage were to evaluate: 

i. lhe manageability of the option by resource poor farmers. 
ii. 	 Ehe cost in terms of time and draf.t energy required. 
iii. 	 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 alternative primary tillage, it is 
useful to present the ohscrvations and the reasons for the decision not to continue 
working on alternative tillage in the on-fann research program. Alternative tillage 
options were investigated in only two trials, both of which used tractor draft and 
were largely RMRI (Table -1.6). Concerning the two trials: 

i. 	 In the first, the use of allearly season harrowing on untilled land was done 
in a type of su1 erimposed trial. In this trial, the harrowing, and moldboard 
plowing (i.e., l'ott ,hoep and shallow) comparisons were followed by the 
farmer's ;-wn operation (i.e., broadcast and conventional plowing). 

ii. 	 In the sCco,'l the chisel II''IVAlg was part of a standard RMRI trial in which 
several systems designed to improve water conservation were compared. 
Chisel plowing was implemented inttwo years of the Water Conservation 
Systems Trial. Ilowever, results were unly recorded for the first year. 
Results of the second 'ear were similar to that of the first, except that no 
grain yield %kas 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 more than four times as rapid as conve:ntional plowing,' harrowing was not 
effective as a-. early season tillage operation. Water infiltration did not seem 
to be improved nor were weeds very well controlled. It was observed that 
following harrowing, the soil surface became more dense than the untilled 
land and certainly 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 

units drawn by a tractor. 
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i AIT 4hf AlIIt' AC IIIlE RI.AHJNG -10 NON I'I.OAING ()I~iO.%S 

MAJO~J)3 ~ ~ DI~L2iJIIJ'il1A1~ ).~v\ \SI'Ll 1YLYJDJAL ________ A111l'I'AM'RS
 
K~daccJ 11lh1i.c Ila.ru ing 19SA MIhi 2 1r..iI RMRI RI) h4-1. p.7 26-27
 

Chi,ci pl,, I~ Ic~. RMPI , p 57.51, RI)
Inal RDI) h7 1. p.1 35.37 
7

Ii wi -rprnp Ir-plo.-g opt;,'n I MJ4- 'I 3.; 1%,j RMIRI RDI) S- p 2t, 10 RI) ' 1. p '4-57 

RIP' p 16"-?-17 
Nccwon dccprip s Icnm Ijh 6 .h,1. 31. Ir.tl~ KMRI RD) K6-1, p 57-5K R1) 7 1. p 11 35-17 

RI) 0-2. p 
7 

I'l S7 (9. p 
4 

19S5 6 V*I -T 2. in..) HNRI RI) 6 I, p 'A 9 RI) S7 1. p 11 6b 70 PR E:N7-S 
l9h*A9 SI.lIW 3.2 Ii1.1 RNMRI RD) 2. p 50 
19 .S9 P 1-11 . 2 In..)l IilRI RI) X92. p 75-71J PR Ix-t 4 

a Ihe )car li.z,,d is the beginmng of the croppig .er.r in quesuixn For ciample. IQjh4 tritm to the 19X4 X5 cropping seaskir. and M94-5 refers to both the 19S4-h5 and 19h5-86 
i.rop~ing cawsl 

b Rcfer i,) the numhcr of sacs or farmers RMRI tnals %-dlusujly Ease morr thin one replicition at cActi %ite hviurcs in the c,.'umn separaied hy 4 comaunistdicair siumpie sri 
in dlhfetrrt Ncirs 

* .. thi can refer to a study. suncy. tnal or paper. 
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it. 	 Chisel plowing appeared, at least initially, to 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 important to note was that 
chisel plowing could veasily be implemented on soil moisture that was just 
barely adequate for moldboard plowing. AT!P researchers felt that. from an 
operational viewpoint, chisel plowing could be implemented by any farmers 
using tractors. 

Initially, chisel plowing appeared to provide a satisfactory fifth for row 
planting on soil-types ranging fron loamy sand to sandy clay loam [DAR, 
IP7 1. I)d. IPlant establishment and early plant growth compared favorably 
with that f'orin11under the best conventional plowing. IIHowever, sorghunom 
growl., unrder chisel plowing, %%as more drainaticall v affected by drought 
stress during mid- and late-.eason than tinder double plowing or early plowing 
plus row pIaiing This sNas reflected in mode st grain yield and plant height 
respoN.NCs tor Sorrhnil under chisel plhoiiig 11IAR, I1987, p. 1(M1. Weed 
hurdes, unrder c-hisCl 1.Oskio!.r .,cre reaonahl k,¢ll Loitrollel althoui!i the 
"oil %%Snort iw. ellctl 

One critical re.,ul t of' ..ork o l alternate primary tillage was that farners panicipatilig 
in the prrgranr tailed corrplt'.l to cndorse thcse options 

'herefore decinio is d id CoIIclIusio:-'s r'iched. %%ere the firllo.ing: 

After the I1083-8-4 se ason, it %%as deCrdLI that rno iore work would be 
done with harrowing as a pririar. tillage operation. In stibseqluent 
years. 	 harrowing was oily' used as a seedbed preparation, either for 
broadcast seeding or for preparing plowed land lor row planting. 
IHowever, even tnder these circumstances, iarrowing continued to 
result in incrta.cd surface bulk density'. Agronomists in tire project 
felt that hiarwitg tended to cause excessive break down iof aggregates 
in most soils. 'lhese soils already had poor stnicture and were prone 
to rapid clod disaggregation and soil snhmping diring the season. A 
futnher 	 decision %.'as; -'eached trot to irlc'Lde harrowing in trials, and 
not to eritourag, harrowing except to impro-e excessively cloddy 
seedbeds before row llanting. 

ii. 	 Chisel plowing appeared to have some ptenti al for small farmers. It 
could be readily imiplemcnted, even (in comparatively dry soils. 
Ilo%,ever, the effectiveness of tis tillage was limited conmpared with 
conventioited moldboard plow'ing. The susceptibility t;f sorghum to 
driUnht tunder chisel plowing was probably due to the inadequate 
loosening of s oil. The pr:olil ems with chisel plowing and other tillage 
that failed to loosen a large volutme of soil, was reflected in the 
greater susceptibility of sorghum t0 moisture stress under chisel 
plowing than under conventional mttoldboard plowing. A decision was 
made that chsel p lowing could riot be i4troduccd to farmers until 
furiher research, that went beyotd the scop, of the project, had been 
c,-rricd out to srlve these problems. 

c. 	 Recomnmendtttions. :iirther research is necessary, particularly oil the long-term 
strategy of reduiced tilltge to improve soil structure, lie necessary management of' 
organic riatter i" the rthced till'gi SNSICIr. and ,ced c ontrol. Ilowe-er, this area 
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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 

(a). 	 Justification. 'lie ten "precision deep-rip" (PDR) here refers to systems which use
 
a type of chisel plow to "rip" open lines in tile soil to a depth of 40 to 75
 
centimeters with cultivation carefully confined to this line. 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. hlie objective behind PDR 
is to open the soil to a depth to allow moisture from rainfall to pe netrate deeper into 
the soil. At the same time. it is hoped that this will have the effect of concentrating 
rainfall in tile rip line, and allowing plant roots to penetrate more deeply into the 
soil. The theory, then, is thm:tPDIR should concentrate rain water in strips, where it 
is stored it a depth .iat %%ill prevent evapoation. At tle same time it should aid 
plant root gro%%th down to the stored water, and thereb" increase crop y eld s. 

Although the ,y stcn is not appropriate for smtlnal-scale farmers at present, there hLas 
been imuch in(crest ini the syst en from various developmenit agencies and 
entrepreneurs A'I has ondertaken research or the system in response to these 
interests. 

(i). 	 Results And ('onclusions. Various PDR systems have been tested at the field level 
by the ATIP sta f (Table .1.0). 

In two trials in %1alialipye,a pre -plow ing deep-ripping ope ration that was not part of 
a precision system showed some marginal I positivye eflects on grain yield. In six 
other trials. I'DR showed rio positive effects on grain yicld.¢ when compared with 
other "improved" treatments in the same trial. 

A major problemi occtrrred with wed control in a numrber of trials because of tire 
lack of tillage between the rip lines. Recently soi better weed control systems 
have been devised, but in many of the earlier trials, hand weeding was shown to 
require 2(X) to 3(X) person-hours per hectare. lii later years, a large ripping 
implement was used. [his created problems because none of tire tractors in the 
village 	 were c i ; ..ing the ittpleient off the ground -- due to the height of 
tile machine -- let alone pull it through dry soil. Farners required larger tractors to 
ust- this particular piece of equipmient. 

While tile theory bchind l'1 t is sound, a practical impl;.cirentation system for tile 
farm level is still lacking. Improved weed control systems and practical equipment 
still need to be developed. lEven if they were developed, this would remain a fairly 
complex technology, suitable -- at a orinitruim -- for farners 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 plaltting systems in recent years. In tests it 12 locations over 
the last three Nears IPI)R generally resulted in poorer yields than other systems 
IlPersaud, I0901. 

R'coininenvat;.. . The IDR s,,:et has ecn tested on-farm through the National 
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Tillage Trial since tile 1988-89 season. This testing should be continued for a total 
Of three to tour years. This is necessary because of assertions that benefits are not 
obvious until the third year. If PI)R does not show promise by tile end of that 
period, it should then be dropped trot the on-farin trials, so that resources can be 
concentrated oin nmore promising systtems. 

4.- TILL.AGE ISSUES' 

4.3.1 TIILA(GE +ANi PILANT ESIABILISIH!IMENT 

4..;.1.1 Juttsificaitioni 

At the 'egillitg ot AI'II' s+ti , 11s cst;'lilttent stetzcstcd a tcehnical constraintplanut as 

Inl L101 plIxltiLti 'ti1a lile 1llpnrtIl.n1 t tllis isSI',C as discussed s ith farnmers durin ! thit
 
c\ploIttt r ,mtvc\s ( cict~uilv. farmets tecogli/ed tile need tt: oire reliable" plant
 
-'.t~ibl,,hiieit. but the IIl O1rt.ir (cfillhl\ cOti ititt was p\%; he no ,:teaterl'lh.sical isIII. 

l., e n .t, , ti plalts ant iet, VIII' RI 2. 1 511
ther ori,tlmt,, 

\ ,i , t tINIIII tlie m ic ' Ni tth.' lml ,L.nld , t. tblINhittrL ill JI ,ltCd tl ttllicd \,hll 
oi t i,:!! .i.iiJ ta pntm'c, diumtt tile suit etM'Lj1 , IWtI (I'Hnv rlltiol.a blottad astitig setd 
,!d ',ime.jl st i, '. e t hoi, . ettalti ,,ttli lti cti.t iil trltk , .z,, \%ell & ider tileWs++ as 

' 0tri':\%i 1 01Me11iu01,, IhC cius inii ,ml \stmtem I\cit] ]cro to 27 puet field
 
iteII :e tce o-1, 111h1iihlt, l tll RNlRII tri:l! Ilb. . I088. li. 'Q2 94-1 %ith am aver:ige
 
t iev tit ,llt at titiitid dti;tti of mliore thIi SI) This iet:ti lthat stald dtts ities
 

ill 1tes nmi:cialnf tile cotmicitionl s\ stemit pIh t inl thi, trial '.' iler owmirAlmvC a 
ratni'.c 20 with ,i seediing,tJL target of tm ,0l).(iI) plants per hectare. This %%.i:+ rate. that %%:as 

tipica! for farime r itl tile arCa. o f "i kihg ra nt, per hectare. I-:stab1lishment in flarllcr 
itimlepIttCd trial, wiv, ailso erratic. lit one set of tartm er inurplemtenmed trials, tIe 
ir',trmiliotnal 'stcrt easc pt.crclt tlirlice averages of .1,2 percent to I().8 percent 

,dclientIttg tt the tarct pla1ntingf Ilohstnirc JA'IP RI' I. p. 1791]. Wherm low emergence and 
%atttiort %_re coillibted \sit tspica! secditg rates of I0) to 4(K),(Xt) seeds per hectare, it 
,.as clear that the trwirttririnit aid traximtumri planit establishmett gave excessively low and 
hiei~ platt stands Furteletrmore. ,.ltet platit establishrnt was a trmajor proltuction constraint, 
it tl, atlcted other Iirodutlinrt factors that %eic related. such as water use efticiency by the 
,N.iJ'. Aid \%eed conttrol Alte. callopv establishmnet. 

Ilhu, it %Isls felt th.t statl estalishmemtt, evnt s,ith sorghum which is ntto;+itmiis for poor 
estalblihelt. w,,,as a problem that cotuld tb imncediatelst addressed in the testing pingrarn. 

4.3.1.2 Resuts And (oncluxsionv 

hishlertas tttcasutrcd the'lani ,,alt been it rmost o research inallageTdt tillage and planting 
ttethod trials conducted lh%ATIP. hit a fcw%instances, the prcent field emergence JATI P RP 
;. i t(t was reported instead of plants per hectare. 

Fhe efiect ttait tillage had on il lat establishenet is simmari/ed below: 

(tt) WIrk otl pLnt establishment iniliall\ cornsisted (ot evaluating various planting 

See Tlble I or edls (it ATlI' s"nrk tclatitng to tillage arid plantinig systets issues. 
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methods. It became clear that the best wa) to address this issue was to look at the 
tillage and planting tnethotl in conbination [DAR, 1984, ly. 176-1I80]. "llerefore, 
nearly all ATIP work in tiis area has been carefully d-lied by both the tillage 
systenm and iflantin llmethod lISed. 

(b). 	 Fro m the wyork that was done oiltillage and planting leth(ods, the most commontly 
tested sysi,:min k're rilked. in Table 4.8. in terms of the percent of seed sown that 
was estal i',led:." 

IAIIII I A )%II[ sI lT) I %ItIR I'I ANI I.SIAlI I lItSINI .\(1111t\.IM IN ( [ENttI lR 1ti) NiFR 
I)11 RI"%I I I)I N MHI DSIII ',(!& II 1iN 

.5IIN(;
IlHI :;I,1\i 	 AVIFts,1iIVIAI ION I R)W1 NI ,mlwkl" srASt i/ 
%1li 	 lRAI lIINAI 'A I IONSO S 	 5 t IAtX

t.. ' ' ,~~ * ',I.2212 t 'l,,,t,. 2i2' . .)1 ', r. IiltiI." -. 	 1. 
2I. 22 2)2 	 l ',. .2 '~lit Iii ';; 1(i • 1 22.2 2222) 

1"f '.011 II ll NL' .S'-,illl,, S'lIC i., CO i.iti ils for obtaininl" the bhS est Iabllhhl ttl 

%\CIe oII'I',Cd I).\R. I)S''. l11 92-41I Row planting oil:he day of plowing did 
%\ell Ol anil, .'%el MhCen crOMCllelrtiol single plO/w/brOJakI asting did poorly. 
Poor olniii,N in thiN ,tiiatiOu \rc thoght to be mo-tv duc tioios soil moisture. 
lhe saillc to%% piiihig ,\slcll oil ,Oils the Sti!ie conidtions,2)1allI, did po0i0,under 

but did \sCllIll betier c'oliliois. IEarls plowing i;Ioirow planting aid doulble 
IflowinI!, both iI id ing II1IiProved sture conSc rvation before planting, proved to Iem11oi 
better Ihuiithe com ';:ional s~snltei on all soil-types. F-stal'lisbhment under the dl!p­
rip system consistenll poorer than any other sysiem tested. All systess were%,wa,, 
observed to gi c bcuer planl establishment with good soil moisture at plantiti. 

(CI. 	 A \widc range illplant estilishllltll (i.e.. stalld delSil arid percent etmergence) was 
reponle'd for each of the systems tested. "ite range of results for even the best 
III)5tC i1iS %s s. Il t ;ct, greater than tle differences found bet.wee ii the average 
establis lent (itvarious tillage and plainting systens lI)AR, 1988, pp. 92-94; ATIIP 
PIR F87-8, pp. 5-0i. The oimnergence percentage average alld variability for all the 
svstenis ri is'd the issue of wi,.lhr usetul seeding rate rcconvtlllndatiors could bl 
determined. (nrall, , farmers seeded according to a poor establishment scenario. 
Work in ATII utili/ed the strategy ofeseeding according to a good energence 
scenario IATI P W P 51. To consistetly ach ichiyve6( percent tield Citegencc il 

IIicases Milhe rteIhlC x lemltergence wxas not reporned, it can b, inll.crred from the plant 
establishntett count i.sectding rates lor dill'tenlt s stclnis are the sale. 

Thle IrialN us'ed illthe ratnking ples wer-Co: Conmcrcial Steps illTechnology Trial, 

Fralicistown. AI IIP \\' 5. pp. 10-111; Iapilium Productlion Trial. Frainci sbown, IATIP 
WP 5. pp. fi-71; RNII "nals ol lillagc and Planting, Mahalapyc lATIh R11 I. pp. 174­
111; I)AR 1),S7. pp 901j . (onmmercial Steps in Techlnology, Mhaltlapye IDAR. 1987, p. 
I.~); lDAR. I '-I, pp '12-'-4; Waler ('onservation Systems' Trial, Mahalapyc lt)AR, 
19S7, P. Illl aind c Svstens Trial, !-ranciston IAIII IPR 1:96-5. p. 4: ATIPlilli PR 
F,7-S. pp 5 (ij 
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sorghutm,L a farmer in Botswana would need to use an improved system and target 
planting to good soil inloistuit, more effectively than was accomplished during trials 
work. 

(d). 	 The importance (if plant establishment on grain yield can be seen in trial results, 
particularly in trials where some plantings gave exceedingly poor est ablishment [ATIP 
WiP 5, pp. 0, I11. It has not bcc possible to establish clearly the relationship 
betCveen plant stiid aUnd gr, in yield on farmers' fields for cases where plant 
establishment was at ai more useful level, that is, a minimum of 5 to 7,0) plants, 
per hectare IDAR It987, pp. 231-2331. No trials have been Conducted by ATIP 
specifically designed ti investigate tile relationshi o pI'itt detsity to grain yield. 
ATIIP rescaricrs havc aiccepted thte notion that a broad target range 01 plant 
It)i)Llation, is more lpractical for fariiiers than a specific ilant p)opulation 
e.'coriiitet..diioi. inl prrt because tile oprinluttl plant stand will depetnd on tile anttotirnt 

of post-planting, raitfall. arnd even poor stands can cormpenlsate considerably under 
favorahle coitdition, 

(e) 	 Farmers have sug,'c4tCd Ihat aI)mtdensity tc,'tds to he self-correctirg. It was 
obscr ed that Mihl hitemi;;l establishittent was Itw, the delayel emergence of secd still 
it tite co cst ablisI arld prodiuce a success tu! croi,. With plantsoil .U td excess. 'e 
numnbers. thitnning of tie smiallest pilants took place tiroigth cornpetition !ilcr 
moistuire ,tie - .,n,. it ;vbseiticin rainflall were IavOrailhC, the stand could still be 
stuccessltl. The ratio or harvest plait counIts to CriCrgeCiCe Iplait counts for different 
tillage atnd pilanrting rtnid to tie idea of compeisation IIATIP RP I,t,.stcirs support 
p. 171)l. 'lh ratio LTdl lie 	 initial was.1360 	 to i!hcr \Ohclr tile establishmet low and 
•,taller 	 %%hircst.biliq1niiriic t Vas i1r. 

It has been sugc.sed that plant density compensation itay he useful in the 
conventiotnal broadcast sinrgle pI,,%%ing systermi where a large excess of seed is sown, 
while it may lic less tseflI in tillage and planting systems where itore attention is 
given to platitirg Under good soil ni.,isttre conditints. 

(17. 	 In some ATI' trials, it appxared that tile effect of tillage arid planting systems was 
primarily on plant establishment ,ard tle effect on grain yield was evident by lie 
variation ill plant numbe~r [I)AR, 1984, p. 1801. Ilowever, this clearly wasn't 
always the case. IN'IS()RMII. estaltlished a trial, at tite request of' ATIP and other 
DAR researchers, to ii, estigate why there was a benefit front double plowing. In 
their sttidy, tire benefit of doull IIlowing over single plowing was to increase soil 
moistture at planting. eirergence percentage and early plant vigor. This benefit was 
most apparent o. ieavier textured soil. Grain yield was best correlated with early 
plant vigor arid not plint numibers IDAR, 1987, p. 81; DAR, 1988, pp. 89-911. 

These result.i bring into question tie use of established plant ccutnts as a 
measurement (11itillage atld Itlating method binefit, instead of the alternative of 
using art estiIIIate Of sCClliog vigor, or a combinatioun of both. Tlhe establishment 
counts have been mikde approximately -15 days following planting. This measire tin it 
provides infotrmationot emergence and survival Io this stage but does not indicate 
the relative viguor oh these plants. It is, of course, possible to estimate fite final plant 
ipoltin at hiarcst I *\CIP RP ;. p. 171: ATVI'P W 31. 

'iOt O,,.' tloil-t in mt l) 
,.:,, C! . H.:h :L I, , ' I',t,'J p1Itt' ;ailtd , d kitggested seding rates 

arrtin, I cnatidt arI Stamrip. 1)76. l, . 1 7. 11)37!. 

' ',,t'[.' r ':i ill , tt, e btt lrodt.tiot ettvirttn ents is 60 
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4.3.1.3 Recommendations 

Sonie recoInmCnd at iOIns arising out of tie work that ATIP has carried out are as fo',lows: 

(a). Several tillage and planting sy stems have been found to improve plant estatl ishunent 
idashuldhe ib.COrnutlCldC I It) (see.irne i Section 4.2.1 2). 

(h). 	 Farters mit be preparCd to target planing to goodI soil Irtoisttw c it they 'vis;h to 
improvc stand c-,takhhtitnt geerally, and particularly, it they' arc investing in:ew 
;id more uotl, tit!.a.,,lnmtirno s,,,tens. ATIP has tested irphementar strategies 
that kould help Ltr ,a.'hickiv0hjCLti. . (he; StrateeiCS irlIVoW u';ing. d.yScr,, this 
\,ith poI , IIiI t titor haull Stitei pe flrispopltl fot flam-ir. t.m wirk 
I'LcTI q ,,:'Cd T',!PCC+' lkth' - I~ q I A',I'll' 1'],00c 1,111 t:'(IOl [d!hI, ! 'll'PR ITlt 

lI' pp. pLim itng p1 1 1 i t mmcr. kI)l I. ' 7. ,' [A tI' RI I. 1 -771 am ­
tI.1il!' oilmIo.% j1 m:lltwl1 7 QI -,11 W I' 

();ie,.e".. t[Im m ,in: LIt I.! tim " Im ~il' tol .',.I ,1,,, miie. the.Y ,Imutldt: . .".tl, 
.-,' m : u!I .in 'Aill N' l.0ued.ittsf ,t.I.idjmit1 fc tile', .idri :'l, ,"edimia!u n 

plaimitmig , ' ,ug!1'.-t,'e RI' 3. 11 1571 lI i ainim., oilrow pla tit ., farmer,,A..VIII' 
belen to rii or ( III of rImt. 'le PliteI to 

olek c,,cr, other hole. t the ccdim platc; of ,ilthr phiint! fol solultl ,tdinl!. 
I;ar ni.rs tLuipcriiif , ith ro',I to ovecif. 

i'e 	 Tll l,c.i]t!mCiIoltk I!he So :Illmtuid il 

ev ptuitie., tMid 

4.3.2 III+IA(;E ANI) WEEl) (C()NTR()L 

4.3.2.1 	 Juuification 

Itrc 	A°I'IIPbegan, several studiCs liad bee il n O ltCtCt ill which the effects of varying tile 
inimber aid tileti inig ot v ced iigs wit ;I the cropping season were comtipared [DAR, 1979, 

pp. 32-3.1; D AR. 1978, pp. 5-')I. The re;ults from these studies were not conclusive, other 
1a11 i IlC fllt that some wced inig was heneficiaI for the rain yield outconie. ATIP evaluated 
tlese icstults an I fe'e" .,hat farmers reportedly did on their own, might be the bestthat way 
oftitili/,ing tilelaboi that was being invested in weed control. It was decided, however, to 
iI,,est ilate the reco;:iiteIItlations of cari, weeding and multiple weedings in tile ATI' 
firoi,'rati. 

ATI' researclier, decided not to investi g',aileuse of' herbicides on farmner's fields. This 
dkCCi',on was Mide for three reasons: 

(a). Ile cost ilherbicide used would not likely IV Oflset hV bei'e fits giver1 tileexisting 
low level of grainr ,-iel achieved by farmers. 

(b). 	 The lini ageIlieillrequired for tire correct use of her hicides woulJ be difficult for 
many farmers. The inc orportion of pre-eitergeice herbicides ott sufficiently moist 
soils wotili he a profilei for farmers wil: alrtxtif, experienced itilage constraintts and 
a limited ium er oft'das to drofield work. 

(L). Ihe genieral aipilicat ioI of rficides hy untrairicif f .'rn1s ciiUlhl Ie socially and 
crrv iiriicitly hi/;adous, parlicuIla ly %khere tilepopulat ion often relied tti 
Ilpirolected ,,ater SOLII'C'. 
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Selective post-emergence herbicides are costly and hand weeding would still [e required to remove weeds not affected by tilechenlical. Non-selective herbicides require careful 
application and are costly. At the reqlest of EISAIP, ATIl' did test a hand held weeder 
wiper, with wick applicator, uing tie nion-selective glyphosate IEFSAIP, 1934, p. 322:. 

FlFSAI P observed that farniers took tiletactic of cottrolling weeds for tilebenefit of the 
current crop only. If the current crop were of little value, no investmient was made in
controlling weeds IEIFSAIP', 198 1, p. 321j. EFSAII farmers felt that a single hand hoe
weeding was all that was ntcessarv. Handt hoe weeding was slow," ' ,as usLially only done 
oice, and generaly not over the entire field (PESAI', 1984, P.3171. 

ITSAI'P recomre'dci, .- shift to yeai arourld sced mitaigetnent. A inan1agenitmt sclteme
ivolvillg tautrillin and spring moldbhoard plowing gru-eat scdLcCd weed Secl. If tilepost­harvet rih;.ge \vCre tilcl. and spliitg plt c ,i t v.'.ds c'iitIdnsing wtie lvuy, be lestroyed 
bclore the seed \\, set. IIIthe hl, term this woulL reCdUltc the veed burden of a Ield 
If:,FSI\ll' 1M.1, pp. 317-31.i. lTSAIF', hlioever, concluded that tany farmers would find itdkliclt to iinpleiii llthis 11(l11Ciin1 10.,1 115eand, illC;INS so eic,easo.is the raitilal lpattern
%Wuldil't Iperit tarcs t) I the post-hiariest tillage IF:SAIP , 198-l, pp. 3191-32(); ATII RI'
1, pp I-16-1471. A iore i.iamigea ble ahcrnative ot two ilinldhoard plowin!,, ill tilespring
tor 'cz.raI imia.l sIast rtcolINeL dtd I FSAII'. IQSl. p. 231,%,C l 1%ed i) 

('onecil was Also giveti to siccd gro\%Iih problems resulting from initcrventins. Alternative 
till, sy-teitis suth as chisel plos ing to less effectives're oti..tdbe in controlling weeds
thal conventiotnal plo~w;t. Itwas ilso tioted that early plowing withnout additional tillage
bt'ore low ,.:. Can incerease \%ccd comit)rol problcns, UncltIttivated strips and inporting
fIsh kmaah Mnr11 llo itiemAaOe Weed g!rosstIh on the ficll., c 

I ecthaical wel'ding ftoll osiii, -4miwplailting could berlefit weed cntrol in two ways. This

niethod can pro'id,: I treitemidous savings in labor. Two individuals oiperating an animal
 
trasn cultivato r Can veed an area in oni-tLird the time as when weeding by hand IATIP
 
'R GUM-2, p. 4). lecatswe\\eding is more iapid and easier, itore weedings are possible.

Furly wccding, wlich is the most cffective in co-itrollig weeds, is more feasible. I lowever,

farmers have been reluttatnt to adopt icl antica! weeding IIP.FSAI P. 1984, p. 3231.
 

Two partticular weds had been identified as major problents, and were dealt with more

intctsivcIy by other DAR rese archers. These weeds were x dqy1n and
Cy i.x!il 
witchmeed -- Striga asiticai otnsorghuitt, and Al c'a yoi.lijj on cowpea. Plowing plus
harrowinrg to reit oye dcbris, or dotuble plowing with an appropriate interval between the two 
plowings, lil~ve b ellsuggested to help intilecontrol of CynD)(_n dlcly!o! IDAR, 1987, pp.

J83.2ix,, i)AR, 1988, pp. 108-182l.
 

4.3.2.2 Results And C7onclusions 

IBaseline inforunatiot ott \eed problens in the research areas, and typical weed control 
practices, has been collected illvarious surveys and studies. The purpose for collecting thisinforrmtation was to aid !ithe design if new interventions. A suuii:ary of the major rcuIlts 
is as follows; 

(a). Iescriptio- Of The Weed Pro5b!m. The composition of the weed bulen in most 

Is.Jsing figures from fitnumber of studies for wc,.ding brnadctst plots, a m1edian value 
-17 person-himurs per liectare hi:s been suggested IATIP PR G0O-21. 
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fields was highly ,ariable. Lists of major weed species are given elsewhere IATIP 
RD 84-1, pp. 7.23-7.25: ATIlP RD 88-2, lip.39-401. li the Mahalapye area, 
broadleaf species that were the mlost comnmon and caused problems for atlatle 
agriculture wN aatotswalakoro rdJfolj), (_p]niLjere (Side Cmotantanyane and 
Con volvulus slip.). khonkhorose (Aqanthlasper mtrthispidinn), and mothoniaganyaie 
(S ' ma irilphyltl Major grass problems were Lrltjoij spp., rathathe (_ris 
rigiklior), schlka (Aristid;i spp.) and pilat. (ii;rkLr~d!jp n)ona li. The incidence of 

ii to both"' ona!hn " ,Was observed be increasing rapid7y in Shoshong and Makoro. 
Grass '.pecies etc reportCd to0pose the major weed probleti on fields by farmers ill 
tll,:Flatncist owll rcsCarfh area [ATII' I'R F86-2, p. 01. Several weeds occurred in 

.L wer 	 ­abundalnce late in the ason but tiot considered to be major problem incrop 
prlUCtiOll ANzlulilbCeweCed Ihat abundant donlinant fieldsOf spcies were or ol in 
othWr Ians Ott(Ihe countI isincldCd ntothwa (7 tilu datcto!)), nokhure: (jbl~ar 
lpp).),thepe (.Araranlhuusp.). ainld stre pe (I'oOrt ! aai piralx I were fotund on a 
imiited 	 scalc in .1L AlllH' aiea. lhc tCtlrretlce aind ianpOILVancC of wc*hwc'ed 

sith tif" 	 affected,pc+ic, %%aWtiClci- "p iti ,iiiaj tilte ticlds not scrioutsly at the 
6111COf 11C ',tuld 

, 


.
 

l'I .ila 1 , k).f III, d leliC,':01i 1.,p , . 1V 	 '1 o C'C' ! \% ilh Ihrotughtout Nc¢a ;lli V11riCd 

iflWIl. g il.1t0- it l wet'Attc! ,ratlll:. picallv. llohiwing,; itttiiiI' :lsestOL. 

during the \iter lnonth,. tlte carl% st-intg %ced clmCr ol the land was lfw ,tle 

aillslcai ,tnd I'lttu j'lovil " tlook plac', \weed growth \%a,, somtleitiles draiAiaC. 
i ftarlill 11iuOlilt i duin the 1t iiotfrot I1)82-85. rouid cover by weeds tilt 

Unlflowedtt laud .lit Of i)ecLtt1 h the :-liddle of, DecembercvItcd .lVlotg 51t IATII 
NI ' 7.., 1II' 11l' II. by olly -10 of tilei 7ta; .74 87-1-1. 1p. Yet, this i,ic. percent 
lanidthat was. to be lloWcAl ;tnd lanted, Iad been plto\vd for the first time.- This 
meant thatl t lhefatliltr's owl ('eratins, weed growth ljior to tite ftistplowing of 
the latd cons tited a serious problent. Soil mtoisture was loSt and subseqlent 
plow/broadcasting %%as ii01ped-d. The ioleaat.'l of late P1low ntt lire -plowing /,eedg and 
growt %t iitost for farii s w htohired traction.was sevetre 

:ll1owing convenit i1al plow/broadcastig, tie airati of' weed &rowth varied with 
r itfall level of plant estalblishment. The high percentage of weed coverand the 
before plowing ctmalt.ied with averages fram 1.8 percent to 21.1 percent at post-plant 
weeding litmte for conventioatnal plow/broadcastitg in different ATIP triiils J'TIP Mil 
87-0, pp. 4-61. 

(b). Weed conlrol liv Farmners. Weed control by farmers wa: iade tip of two main 
elcments: lhowing at planting tii t: and a hand hoe weeding d one after tilecrop was 
well establishd. 

a. 	 Conventional Plowing For Weed Cntrol. Generally, wead control \as 
effective if the s;,,gle plowing were of a high quality and was followed by 
good plant esta: iishauent. To achieve quality plowing usually required that 
there be a ntoderate level of soil moisture. On dry soils, tie plowing was 
sometimies not deep enough. therefore tileinversion ifthte soil was not 
conaplete, anad tie weed cover, as a result, was not turned tnder. In tie 
rather dry 1083--.1 season, fatrmers in fte ATIIP Mahalapye are~a rated more 
than -1(0 percent ofa the area plowed to bc oildry or dr- ,g _onditions IDAR, 
1185. ppt. 188-1891. 

toI conltrol was affecl.rd leve: 
o)f pre-pI1lowing wcod girmth (see (a)abovt_). IBy aaid- tat late-seas on tite 
\mc ihtl Ifore plow illtg was sotlaeltltteS heavy. Not only did these 

The effa-ciCtIes of plowing weeds aIlso Iy tile 
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weeds dlry out tile soil, bot naly surviv,, tile plowing and increased the 
weed burden. 

ii. Cranrentional landI floe Weeding. land hoe weeding and tile atlmount of 
iaboi eqLiired for this activity has been one of the principal measurements 
made by ATIIP on the farmer's own cultivated land, as well as in trials work. 
A number of facts about typical hand hoe weeling are sunmmarized else 'ilere 
[ATIP NIP 87-1-1. pp. I -91. The nume r of days interval between 
plow/broadcasting and hoe weceding varied considerably. Averages from 40 to 
nore than 6() days were repofted. The average interva' was far longer than 
the recomnmcnd ationi h r good sorghIiin prixiLictioll. DIuring t dry seasons, less 
than two thirdS of the farneis' plots thtat were mnitored, were weeded. 
During the drought, imosL;t of these unweeded plots were planted late, had poor 
plant estabirshmlint, or h ir .some other reason showed little potential to
produce a usetful grain harvest. The lack ol labor was also cited as a reason 
for not wecd in,. reco i ii(oat io of wecdings and earlyThe ne mltiple 
weeding after w!,,.ig weie LIot generally placticed by farmers [A'1IlP RF, 2, 
pp. 51-52: ATIP IR' I. 9-721.1,P 

IIf subsequent ,ea soL, with hi ,hcr rainfall. Al IIP obserecd that large areas,
with gootl pLoteltial Io plroduce i harvest, were often left unweeded. In this 
situation, the lack of' Ialboi appeawd to b most important. Weeding is a 
practice that is contingent oin circumlstances. 

Weeding labor input was low during drv seasons JA'I iP RP 2, pp. 42-47; 
ATIP IF' 87-1-1. p. 31. Average weeding time was from 25 to 35 person­
hours per hectare. It is assumed that in wet seasoLs, the average would 
increase from 35 toi 5D1 person-htours per hectare. Weeding tinies for 
conventional phow/broadcasting in trials ranged from all average (,f five 
person-hours per liectare in one villagc-season IATIP MI 87-9. p. 61 to more 
than Il ) person-hours per hectare in one RNRI trial IATIP PR F86-5, p. 51."4 

Because weeding litne ik, a function of tile level of' weed burden, two 
prediction equations for weeding labor have been made using the weed burden 
assessment. The first equation IDAR, 1987, p. X) was ba:,ed on researcher 
controlled weeding andlpredicts an average weeding time from weed cover 
only. The second equation IATIP MIP 87-14., p. 31 was from farmer 
controlled weeding an(. included variables related to circumstances that 
influenced tile weeding activity in addition to wced cover. 

Ilousehold toembeis spent only about four hours per day onl weeding IATIP 
MIlF 87-14, p. ,l1. Most of this time was in the early morning or late 
afternoon. This observation led to the con2lus ion that households were 
reluctant to make a major investment in weeding. Farmers also indicated that 
a relatively narrow time window for .,eeding existed for any given area 
[ATIP NiP 87-14, pp. 5-61. Beginning late with weeding meant that it 
sometimes clashed with bird scaring operations. With the dramatic shift to 

'*. 	 It is virnuall y impossible to derive a .tantdanid title for the weeding operation ;ince it 
will depend on tile quantity. site pnd coin xpsition of weeds, soil-type. moisture 
conditions etc. A suggested statidard titie, subject to tile abxwe cavec; ,:, ;.s been given 
as 17 persoti-hours r,,er Iectare Ior br mdcast plots IAIIP PR (90-21. Ilo'.ever, as will 
be seen it) this tepoirl. e\eral dillcrcnlti ,isfor wkeeding have been estit :ited. 
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tractor hired plowing, large areas of fields were plow/broadcasted at one time. 
With the tendency to minimize weeding input and the narrow time window 
for finishing weeding, the result was that household labor was not able to 
cope with the weeding. As household members who traditionally assisted 
with weeding left, the weeding problem became worse. 'lie weeding problem 
was al:io made worse when the number of hectares put into cultivation was 
increascd. 

Weeding labor was provided primarily by adult %%omen of the househol,. 
Secondary smurces of labor were childrcn, adult men and non-household 
members [.AIII %il' 87-1.1, pp. 4-5; ATII RP 1, pp. 72-761. Weeding was 
one way of capitalizii on available fenile and child labor which had a low 
oppi runity cost comnip ared with th at of men IAlI'P NiP .7-14l, pp, -1-51. 1i 
the Conventional systeI hIIiew ediig labor of wvonilen aid children could not 
be utilized productively iii dry years. IIoweve r, in the more prodticlive years, 
weeding labor became a onistraint It) ttroduction in ii any households. 

(c). Weed Control Interventions. A number of ed conutiol interventions or 
other experiniMial treatnmeits that affect weed con- 11have been assessed in 
the ATIP pro-ralln. Results from these can be stnimi:ri/ed as follows: 

.Hand loe Weeding Interventions. -xtra weedings %,ereinlCiudCd or proposed 
as tratmients in several of the earlier ATIP tials IATIP RD 83-1, p. 8.20, 
8.32; AI P RI) 84-1, P. 7.41, 8.37, 8.51. In every situationl, the treatment 
was not iimplenmented, or the second weeding -.vas not necessary IAlIP WP 5, 
p. 4, 10; ATIP RI) 8-1-1, p. 7-1. In subsequent research, the effect of 
multiple weedings was no longei tested. This decision was made because: 

-- Farmers perceived that there was adequate control and that additional 
weeding labor input was not profitable. 

-- Trial resulIts showed that multiple weeding was ofiter not n,.ecessary. 

ii. Hand Hield Weed Wiper Using Glyphosate (Round-Up). An inforal 
assessment of the weed wiper was made by researchers and a few farmers 
during the 1983-84 srason at Mahalapye. This activity was not reported in 
project documents. It was observel that the weed wiper was inappropriate for 
young seedlings, the wick soon became dirty and the flow of herbicide was 
stopped. On heavy weed stands, it was difficult to know where the herbicide 
had been applied. After a period of time in which the systemic chemical 
could kill plants, it was observed that many plants escaped. Even with tie 
best coverage, follow-up hand hoe weeding was still required. ATIP reported 
to E|SAIP that use of this eqtipment would be difficult and costly for 
farmers I-IiSAIII, 1984, p. 3221. 

iii. Weed Control In Various Tillage/l'lanting Systems. In the research on tillage 
and planting methods, the primary focus was ol ways to improve yield 
returns. however, the level of weed control achieved under each method was 
generally compared with that of conventional single plow/broadcasting checks. 
Most of the restilts from this work are summarized elsewhere IATIP MP 87­
7: ATIP NilP 87-91. From this work, tillage and planting systems can be 

File: A107.1/4 - 8! - September 6, 199(0 



ranked in terms of the level of weed control that the) provided."," Ranking 
of these systems is given in Table 4.9. 

TAHtU.. 4 9 A TONtIPARISON 0I ', II) (.'N IROI. ACIIII-DVI) UN)I-R t)II.It.I RN I 11.1AGII 
AND PI AN IN(6 ME'll l)lS 

.1 t Al ;i, t AN I NG 

MIIOI S 
AVI:RA( ; I)UVIA I INlS 

IRA)I ItONAl. 
FROM NUIEIIR OF SFASON/ 

.('AIONS 

Ii,, h 1h"l r! 'I. l' 2til0 4 70 

I. la l, , i m . I ,l ig 318;',',] 1.1X.l' Idl * 1011 11,
%tryl 'wll l -f~.,l.lth l fill". q rl' i 'll, '.,L' 151 t 5ri 

Contclusion., that were dral~ i about llo these tillage and planting systeiils 
afflected -eekI c itiol %,er"as I oh % : 

- Double plo ilng sOlllilCS illiptoed the control of wCed growth. 
I'Cel MtiC'i wCed coltiol ws not irmproved, double plowing resulted 
ill . larri l]ercentac ilicrtasC lt iriiit ,icld than the percentage 
icre-,e il %cedii, labor wequired. 

A SVsteri of tLrl, plhwirg atd latcr row planting vas ideal for 
ftarters who were able to cultivate or double plow just before 
plantin! if eed liroblelis appeared. 

Early plowing plus row plantling was also observed to increase grain 
yield, but excXesS ive weed probletms could restrict early crop 
developetnt and gra in eeld in about one-half oftlhe plantings during 
seasons with relativoly poor rainfall. 

T[lhe capability to iech anicailly weed soon after planting would aid in 
the control of weed problcls. For farmers with ino access to 
cultivator resources, the early ploiwing and row planting system is 
risky. 

Tillage systems involving deep-ripping must also include a practical 
and cost effective weed control component bef"- they can be used as 
a gelieral extells:ton recoltiniendition. 

The ranking in '[able .1.9 does not fully reflect thl. impact the systems had, or 

. hi cases where the iR ,cent groutndcovei b) wecds, at traditional weeding Lime, was not 
relx)rFld. the colpari,,n with the traditional system was made on die basis of the 
respective weedittg labor times recorded in pe-rson-hours per hectare. 

Ilic ranking is ba.ed on r sutIts from the followinig trial.s: RMI:1 Double Plowing Tri:ls, 
MNalialapye IAI'I MI 8?-). p 61; RNIFI Double Plowing Trials, Erancistowti IATIP NIP 
S7-7, p.6l1: (otincrcial Steps itt Technology Tral IATIP NIP 87-9, p. 41; Tillage 

vs,cns Tral [VIII' \IP 87-7. p.31 antd Water Conservatioi Syslems' Trial [.\TP MP 
S7-9. 1)A!. 
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could have on weed control throughout the entire season. 1hree other 
considerations are important in addition to the weed burden at weeding time. 
These are as follows: 

The eff:.tiveiss in controlling weeds early in the season. 
--	 The effectiveness of tilesystem t establish plants which lead, to 

weed control benefits through the entire cropping season. 
Whether row planting, vhich 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 AlIP NMI 7.9, 71.P 	 p. 

iv. 	 Use Of Krutal Manure. Some tattlcrS have indi ated that tIey feel that the 
use of kra al manuinre %%ill lead to inereased %..ce-d problems ol their field 
[ATI' RI 1,pp. 70-71 1, lativel 3 little w rk hi I eCCi done, to date, oilthe 
use of kraal manlre IATIP RD 9-1, pp. 53-5.:7 .VIP RD 85-1. 1p.7.33; 
A'I'IlRP I. p. 1NQ] but one importal trial i s~. oL;:i. Thus far, the cifecl 
of manuring ol sorghtim growth and yield has 1to: bCCn significant IATIP RI) 
8)-, 11pp. 53-541. IEffects oil,,eed burdens hiavt iot een observed, but these 
data are not vet analy/cd ,NIannui applied illthese trials was genierally aged 
and there fore should not contai.,:r'' y viable weed seeds. hl'hte liiiquC of 
heaping i-c:sh imainure during tile winter ,;k0: wr-d soeds Iias beeii proposed, 
but has not yet been tried by AlIIP. 

v. 	 Promotion Of (;od Plowing filus Row Planting And Mechanical Weeding 
Package. The use of mechanical weeders have been noticeably absent from 
the ATIP research proiram. 'Themain reason for this was the generally joor 
quality of row planting achieved under fartuer management. This would have 
made mechanical weeding very difficult [ATIP RD 8-1-1, pp. 7.34-7.351. As 
more emphasis has been shifted to the promotion of row planting, interest in 
mechanical vecding has also increased [ATIP RP (I, Section 2.2.1.31. All 
approach pursued in ATIP was to upgrade -hie skills of farmers in row 
planting and mechanical weeding through farnier training IATIP V'e 29, pp. 
5-101. It was fet that not only was the development of skills important, but 
the use of a row planting and mechanical weeding package also required a 
change inlmanagement. Management changes such as earlier weeding than 
was customary, were presented at the fi'miing training. 

4.3.2.3 	 Recommendations 

A sutimary of tile recomiendations is as follows: 

(a). 	 The current recommendations ot weeding early and more than once, if necessary,
 
should not be dropped. It is important to recognize, however, that most small
 
fanters using hand hie weeding will not follow this recommendation. This is
 
particularly :;oas labor for weedi ig in the household Iecomes more limited. 

-(1). 	 The emphasis on row planting and mechanical weeding should be continued aned 
increased. This package can be promoted in various ways including farming training. 
In ibis promotion, several problin areas need to be addressed: 

i. Becaase labior is becoming a constraint, even for the adoption of rowy planting 
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-aIQeig 
syst~t~njb3ly inole i arir hsd o ai [ATIP Wl29 p9-­

101ths I ay,3 ulllaorforcewIHW6 abl6t coew1 wieedigrge 

i,nd qIR 1.hi iciadoder children' at :home, should be 

I Anothrway to address the labor~problern onecaialwtngs . 
promote th ocoertv eeding 'arngemen 'is' canapy 
could ;eVen used 	 y liit'd I wizibi 

by hoshlswt e e ar ihuml 

(c.Iresech Writi ,n, t otneteeauto of haresses, hithi ':. 
-o;'carra work; -1eqipen 	 1r iancifrfrhr 

tawennts,,anid eqtjirnfo khanical ,weedi Tiisihedfrfute 
,'ere ,ab 

antuing, such s ;ili&vide sjpaci ofterft -team,;' where 'donkeyis:Wal on' ad' 
<~~mark the pahs~fo o lnig li ~tmsoldb oiae ihCa~C"_O

marke.-s as' ncpofpoiigrwthtanb eilz-ialy c d 

Th) ar'loqet t:ihi iierits: of~famess arrangemens3 in row 

(d). Research work needs' to'contiiiue to identify andtewedcnrlsaegsfo tr ',
cosevtin ytesthat do not craea re'seedd(e, isfrwteri",Lwe co~o~te 
anticultivation s.'work,should be'handled in-ai1"RMR1Thte~r 	 frat, 

f(e) 11iercs a~need to evaluate the immrediate. and long term e',ffects'of~ eaving a weed:cover on mps in fields, 1hs1 ve tismih aebnft' ~ ae u~ 
rcontroliand onztrol 6oi~tft~* 	 ~~ . -, soil erosion tThey haebe nic ~i
run-off rraniage~1ent work, Effecs'of ths weed ri~shanevaitonr: 

(§A i.A2'AAEnroachm~ent of. weeds into )igboning cutivated areas.: 
ii. A IAarboring 'of crop pests.­

ese probeins 	have k-enT'<-; 	 cited- as being potentially serious by drmers. 

43.3 TILLAGEI -ANDLAND.TYPE'NTERACTION 

4331:JstificationA 	 AAA' A''A 

lInthe'surveys and exploratory work that ATIP' dseo est blish research, prionrs set c. 
no lndication that' farmers manngemerit 6fthe land varied Wi th',, fern 11ye 

-may,5. have been beas, h i Wce phcs',betwecnt soil tht r-,Uijit'Ctil rsomewkha'subtle, More eXII-me, iOiiye'scia iieJsid andSbUacA 
jjj~A~~j 	 heas'enb veld ',ans~-, idr ak ha:t c Irtys,sandcd~ 

"for 'soils of seve~i fids,' ihaithaeben. part of thfe ATIP research" pgrm re ported; In 

AIjPA tials have generally not' been' AdeigfledAto t~Jillage ai J ad. ' ttyecn onri -
Obften, wtierc a trial incuded uites wih cbOftrat ng slt- 'or liand.-typs, other,' dffences'df 

~See. for. examiple,- Mas'Aand Pier 81 i ,wllh~eaied rei hys ddput' 
chemical alnalysso soi smle ar rsric A aAp,337)Sh 

Ar...A 3842O'Nako rAAA , Niajupoig[p g j 8Qnce'r pp
O't-her ful reeene ar lrlP 1, pp,"l4 6 '"12tn ;)",'9 7 I J 

AA4A 



as date of planting and rair,.fall pattents were coofounded with the soil-type difference efl'et 

Unfort nateI,. in a majority of the reports from AlIlP experiments,on croppinig outolm es 

the sil-ty pes of trial sites %,ere ot given.
 

h this c ,h:ir haS bVci a sufficient number of sites 

or seasonll-site (onm at ions, for v lich ,soils have been classified, interactions cal be 

evaluitcd. Th is brief ,urri.,r. covers both tillage s',stenm b, Iaid-:ypc interactions as well 

as the of Lnd+ or t.p productiotn ,e 

Even %t,ii ,isli,.r, , testing CotndutIctCd on 

effect ,toil .oil , under a sing .stcrr. 

Thc objc:tivcs for Callaiiig thcciiteractiois , cr. to. 

IJ) Ctenirie ;,hvther ,ititlafc or ti!lavc Lmiiiig s\,,,tm hould bicta getcd for a 

Particular soil cilrcusianic 
te5 	 pioductioiS )"tc 	 itit reliIP.e ii',pii'.ti t land ,t that tr.ate, forDrtiiI.ti,

could b,:pllcil .atckrdi!IilN 

4.3..2 	 Revuls .AridC'oncluiom 

A sutnirar., of the results ard cimciusiois. is as foliows: 

Tillage ;a,obscrwed ttioprow riiifall infiltration oi all soil-types. This effect was 
, .as rnma,;r'd the deep the soil becamcobserved. hit iLo oi basis of how 

ir In I 9Sh.87 1I:' )..1, .Moldboard plowing and suh­
clctatlN 


]5-86 ani IA'llI' ,P p. 1771 

soiiing ,crc lOund to iicrirse tIre depth if ratfall intiliratioi v 15 percent over io 

tiIlage. Similar r.sults ,erv obtained for harry sand, ,and clay loan tin sandy 

soils. These 1sulls indicated that allsoils Ii this rX.:+'c (it' ltextule coapactedhIarIr 

before tiletillagc period, ad hence benclited from tillage.
 

(b). 	 Tillage and planting me.thods were found to affect th percent emergence of seed 

soliewhat differteitly il surface soils v ithvarying texture;, arid under different 

planting Conditions. il tih analysis that was pterformnd fDAR, 198H, pp. 92-941, 

emergence under the traditional single plm and broadcast system was used as an 

indicator of llanting conditions. 

i. 	 WWet the sitface texture s,as loamy, row plalntinrg --otlthe saille day is 

plowing -- impnroved emergence over single plow and hroadcast, but this 

effect occurred when planting conditions were conducive to good emergence. 

Under conditions that generally resulted in poor emergence, this planting 

method failed more oficii than single plowing and broadcast. Early plowing 

before the day of row planting both increased the stability of the emergence 

response and the Ienefit of row planting utrder all planting conditions. 

ii. Wnen the surface texture was sandy, row planting -- oil the same day as 

plowing 	 -- gave a consistent 30 to 50 perLcent emergence ariost regardless of 
of drought.tire conditions. Flhese results were ohs' "eu duriig three se'isons 

Early pl1owin g did :ot significantly "afte : ruergrence on tlie sanlier soils. 

iii. 	 No other tilla ge and planting inethod by soi-ltype interactiols were observed. 

I.Inder tie btoadca.st syst ci, double plowing consistently gave betier percent 

field emergence than single plowing on all soil-types. 

(c). 	 Evaliating le effect of an interaction betweet soil-type and tillage oil grain yield 

was itore complicated. This complication was dute to tlie large ntimlber of 

September 6, 199(0File: A107.114 	 - 85 ­

http:btoadca.st
http:DrtiiI.ti


detenr)iani tacto rs( (r ield) th at o:curred during thIte C op gro tII pet iti]1d iost lN 
cause and effect felaiisibhips kteell tillage/plaltill.. metliods. soil-tIpe, and crop
growth were evaluated ini rcsearchcr ilnplcnrlleld trials Sonic of" thscc arc discussed 
below: 

. llVeef'Ct tof deplth C1,1 . itent sUb- oildud t of OILt eL.. et.holdilg
Cap .il','I ti'ltgwith was .s, td Ilal RNMIR trial ortsotrhiuil production 
factors. Ilnihis trial, c t'rs"elh nt\. s nhhde to targc nill.lgand plali |g
operations to Inoodoil illoisiurt I lo t'%r. rAlr.L" M4. eT iilNIi pe d id i|
respond cqiuill, it,plaiiniil, 01l'il iillIthW . i'l ti l dolike% r(ie n 
%te" used ot sle ini ,ort t.1 ' cv,, i ",tce'rltiths \'ret toiigih 
during ,g,L 
plaiting dait", as kvsll,s subsutti 

mucth. tof die iltmtnni sed.'ul, ,i oi,',imi u'tl ilt If .g hitiit5.ti , 
paitlomt'tntnu Oiw 

sedsoit ,ereClIVt'tl e,l <\III' RD)S7 .pl II I1"N 
rinlt ll dur\1,! the 

Tab.rle .10 noe 111;eihn:dee tIetijitt eep I klh N.st ' ',Ill L1.1 conltentii 1 to l dkT 01 l 
ltohold \.,ttr. ouldll1 Iiroh l !!I5 t Ie ',t tIC;gC :m uni ititiltr.itig %%er 

double plox ilI, 

I hi",t.e1%i.,i ,fA.slos
 

tAl t "t I11) INI i I.N(L I StillI) 1.I .. ',()R(;l N . %) Ii.N I1 44 tM itI "I llN)
1XW lllI PI()M,NC;. I JIAI .NI 1l"+t,+.


. '.+l IY \,%(;I. R \N it ISN '* t-IN .()S I; \I?;'1Hl1)1 (IN,IiA)
 

IN.,!pP itrdltjlln i 11k)It lit'-d ( X ,lsniciiihii.";alo Icittrcd 'A' "'i.i!, t1 1 !' 2 ""1 IS4. ' lt * 
NihAilr ligt icily d i S S ' 

iS, 

Ile, 

SmItnC RMRI (r'miiitri.d Sirj'rl l rv i,,lgr, ,I ,-t - ur Ih'!- i il .I,VIn In.d.I 4 7 
Niir "iaui I- V.1n1, 1il udilhrg I- Ilv tltrtwmA. ltt+ m t 1+:1 l~. "'l .j .1 ip ) 

m l'lkd Sg~ ltLl+ foir r illedl mel'f thet .....an ()X +,b lt[+hh'xrl 
k'rh1i +l ' lllitxillgrlt 'flleftrmt"tt
 

ii. The1Ceconuvnic benefit of any tillage or tillage-planting opt1ion will be 
improved if the option can be effectively targeted to appropriate soil- or land­
types. This is imporant because some A"ithe econ romic anal'ses indicated 
that tIlebne fis of sone tillage options %%et just at the Illrviai of being 
profitable, )ouble plowing iii this RiMRI trial was not prolitable whentraction was costed ata hIire rate IDAR, 1)87, pp. 0)2-941, except for trials on 
deep soils s iti higi water holding capacity and \with good moisture for 
germinatiuln at pai:ting. )ouble plowing (l shallow soils or oin poor planti, 
Moisture was not prolitable. " 

iii. When dh uble plowing was compared with single plowing at high potential
sites JATIP 1l' 89-3; ATIP RD 6,p. -4, grain yield was not improve'. A 
high potential site was ;inarea of the field that tle farmer, together with
researchers, had identified ;-:shaving the highest potentia fobr grain yield in 
good arid p.or rainfall. Generally, these siic wert: at the lower end of the 
field with cm pa rativcly (Jeep soil profiles ard some wt er rin-on during 

'. In the refenice II)A, 198,)7,pp. ,02-i11. soil with high water capacity and good soil 
moisture was nLpxrted as Iinvirotnmelt A, while Enviroinnits Ii. C', and 1)represented
shallow soils or pl:ililitii ilto poor soil moisture. 
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storms. Doub,~ e par iae.anplwig, st of, eiilizer paka 
to. Iprov yir) on trged sit' offields wvt teh h~goeintal, forpa 

0( F 

kiflogram per, hw~are and 12 loga'zpehcr',i d'& an.er 

plowing was done with a tzractor .th~r 4esnn eedie elplauting onditins for both 'single nhd doubl poi Rai 
in"t~4second9 	 fall the~bg

seodya astie.te long-er averag hif iis' favorably~ affce
platigondtinsand crop growfll throughout the eiresaon, 91;if'i.rs s that aill plartng was completed early. -ith eas ne;L-s 

~circuinstancetopsilexlninshv bengie why,doubleplowig, 

Th frsi 	 tatth sites were~aua wate rt lng pons. -inngrifltewtrwsnaturall Lconcentrate andinfiltrated a 

Splowmg may have been m~asked, 

V The other Lz~that plowing quality was highl saifcr for bt 
kA singles and double plowing at th= sitsL Wr

good anid planing was early enou h.in the "season to, captu~re -mst of 
.~the,.seasons', rainifall. 'Me -ult'ad alns'o lwn n

plan: hgn-ay ha -'. bc sufiet todach1iee , plora andjffnt 
~ sometimes otherwise. otied through doul owing-, 

A numiber 6f qu sueions were is e as Io-what conditions- were necessr to -­
~obtain th~e beneis from 4double plowing, Clery the, cadit ofa the ol 
profile tohold iadded~mosueJ eev a motn.Adto ]l, ,fi 
amount (of' aifall before !-tigmosuecnth'lw.p
plantzing, aid, othcr fa~ctors that contributed" to' the, quality of -plowi g,could 
a0sb iportant. Agronomists~suggested 	 wbl soiythat soi as, 

likely to -be, influenced by the type. of. illage sysiv used. ShoulId" doubl';-,,; 
ie{d'ian improved pract~~... ~ be dl~wn c or a tarming operat ons orFa 

remedial action toYcompnsate for figl plowing that is of: poor. qL Iit,,or­
<poorly~tim d? The anwe Ii neovd btsrlIie"s sre erc- e 
t C; wo' extremes. As fo r resource poofam ers, poor_,.ua it, and iy
timed plownisj~ common. Trohelp resolve ;tcica sse lt 
a Soil "Manaigement Specialist, was recritied. to, condc re a d ti1 
realm of FSR1. 

(e). 	 Analyses w~ere. also~performedI'onth i ationship betwe soil, rainallytI ligags
the grain yield resultsfromfarmerlimpicnrte d ,i as.2. 

i. Data onsol charactens remr ec a-s 

complicated b' the wq4 dilage rewici .,.r maage ty
ti a1. For example, die o'nid~nIorLhe plow ard p qigdpt Wre: gh I 

ai4~~~ond~il ~Ii~ ut ii$t affected inpowing, quaf , ee'0 

Rerh Proram~(irsopmI L) pwd:frmA 

FlEll 
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analysis, Tvo retgesit, ial.,es %%ere reporitd, but tihe sultsr \,ere riot 
particularl, uetful il clan ..ing tillage and soiltvpe reLationships 1I)Ak. 1487, 
pp. 89 (, AHI' D) 7 i, pp. 1144-11.451. 

ii. 	 A bietter e\plafattion ll ho"s lind . pe atfect.s grain i'd and the tte.fit from 
double plv. ing ill Ihe 1ttriner fron categ;i/iig land­iniph.'cnitd trials came 
types batt-i oit lsititt In thIe Itil,,cdik , rather than looking .it sptecific soil 
char.lCt'r~til s Ilest categorit- s cre iot ;imilar to tle I"A() soil lasses in 
that twi diti.'rclit's III the," xtecgtit ." ,erc t:cnrallt raItdsUbtle 	antd Ito
 
posititon il tie hIIoIl,ucltI ( )lten), SC cal Ltd tpCs \etC., lW;ttd s/,ilhin a 
sirtgl+ . 

t o1l N.hjpm Illt HIcc catc. orl's %eteC1ttltll dtlhv, e.ll IIvt 
aeriaul phltogriph, i l t' r-ll .ilk.t tct. 

II .,,tftr irt i, I A I I Ii'T ' I \ I'I' NIP 8 1e) lind I. pc catcglries \%ert
clefIlc+d I inud rclaick I.ir,tiim +,~li.k". %cwL" 'I,I+.(v iledl, liltLc,' 	 L's ,h,v1 , \%, 
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+,
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ia Ptl,'land. ('ttt tt It l INIlNrr-, had diI icuits 
I IerI whss ii tt , c th, :'t:tt,,tL forI , - , 	 .lho~k
otul k -c \, (.1l' th11V,0 ( ilaoll IC.hl IIIJh] x'ete'tI itsl l 41 Ilh' 110%\,tirll' 
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1,,Ntl o% o0,
llN ",Ill I hIN pto ,lllt1l 

Soil%I$ igli A'4'witroe','4 Sul-.,il .Mrala. lhe,, s, dialltmssnl tthss 

[iitictt l 	 %,.,i hoidltt , a iC I \ t IIItIlI.. ktt.-Itt.J itIlI t-op of 
\% .tlh,,. r tll] r I il the L ld aw Ithese stolls ere%% cotititioill) 
far It'd I te \l .ih d . It ,t. possili becaust tf' their proxhiit Itt 
village'. attd the tat.i thait te s ,ies were genierally sallily and easy 
1t0 tIldttltCCl -tctttitI Irittt tiltl', ptsls. sscr\\ re low oilthese types ol 

Deep loamv Sand%. litcs .si ,,erc oflten ftund near te top of ia 
tOltiliL'ut'Cme ol Ilipi.dIIlis. e lov hills in rile Mahalapyc area. Even 
thtugh lti ssater holdng ,apacity ,Ias low pter unit depth, water 
hilding calti.i il1 rttolirg lone %I sometimes quite good.,, tht".ttal as 
lhese sot:, f.,e gJwd &.rtp gril,+ll tiring drttughlt aiid liso showed a 

Iurprisingl. gittd) t00,,itNe InI l plowing I rfar.mrdiIh wider i 

Wel l)rained L,w'r Slopes Of I'tdiplihirs. ILtoer slopes and to a 
lesser ekt.ttt mttiddle sloipes. sohm,,d good to xcellert crop growtl 
during drought, %% a response to douhle plowing under larmeritl good 
managemnt. lii ts Icst:er shlpe positiotns tended to have dee p soils 
\%ith higher cl.1% cottnctit in the sub-soil than posiuions furher up the 
topoe luciict lit s*Cpoti also retspnded t lilt high poientiains cone 
sites. 

This .as 
Categor x tli et It.het highlly growt: wilhin 

Soils With Ifighlv 'neven Surface s. i ia variable land-type 
Clled heterogeneotis crop 

pilot; during ,ihtught 
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CC th 	 usflcsi pohate q fners who'sruggl.e wt 

Eary-urey~or-ldiatcd ha-e' iouse-hbd-'ntt AT P-.re-carch- ~el,-uscdl-,hc-nic.al;. 

~~c ppr 	 e;~ Thp1r 

knwegadwfafu oncrae i wcreddie TP 
There ppeare little s fcorii okgwt etlie lcton per se u dfam'si -: 

417le obttie for incluzdingv fertlizer comparioswere~ t folowing: 

at). 	 To test whether 1ertilizerus wa rofitable nd shuldwube v1comed'd ­
rcsoumapoor farmers who used, impiroved~przictkes 

(b). Toasses the~potential'or lrnprmwr tillage 'and. platingpractices by reuing the 
S(c), 	 To dernotstratijhtp auc of phshate application to farms in ieeeac at§''

and, indoing~so, obtain their rcactions.~~ 2 

(d 	 Toob an Informiation oni fertilizer use frn amrwoue hemica fertlize 

Tcimnportance of (eztilizcr tin AT1P re~search has~ken limited.? Frzer wa added t 
s-~ral tillage ad plntn meho ul as:a smple "wihan"N1 liiot' com4rnan­
~ATIPII 	 on thCeJusK of~ fenillzer, except-'in th'RFswcC artrafocitsed specifically

S who geesd were assisted in tesing ieceffects of phophte fcr1 iionthl , re 
~7fields, J
 

f fertilizecr cornparion usal inole theii:I ge
 
IPcr 1icctar-, by broadcastng be~ore "plowing,. Becas 2:12 plus 7iR 	 was' d - oe'tI
frining'corrmunity by ARAP inA987,:Ihs ca-pefeiize wa ueint eo.Pta g

niiert 'Tril.,. Nitrogen plus ph~osphiate was lso (ed ina theJj
Developmen Trial. 'A list oftrials wtit a tillage and plantull; sstern by fertilizer ac lo 

13~g Table 4.7,lcnIn 

3 4.34.2, Results And Concluions ~ 

a m" nnbc 

p I eJMV4L',ra.eeac 
lwn lc;wt plwing ad' fllfrent*pln g-,lh6fT 

soghmImlmete b aines hiR 	 e-' ce corde 
er'I poigwihltrpatF o',rs t mrv o sueadco 

http:el,-uscdl-,hc-nic.al


(b). 	 In the Maximum Production Trial, a recommended production package for cereals
 
including phosphate fertilizer, wa, implemented under researcher management.
 
This package showed promise, but failed to consistently give a large yield benefit
 
under the harsh growing conditions. In this trial, phosphate fertilizer was .,
 
profitable [:Aiii WI 5, pp. 6-81.
 

(c). The Commercial Steps In Technology Trial includedl a recommended level of
 
phosphate fertilizer comparison. Phosphate was tested inthis RMRI factoriail trial
 
kith several faitc for sorghtim tt ver three seasons, at five different
prodluction ts 
si[Lt'. iinpicilrntton and yicl level, were ,ood ald there were several(4cmorIplle, 

,kilrilic:mt r,hs IJ)AIR 1-987, pp 10t9, 1 2-31.
 

'!ie hkie-r.,,!r!ii je l jnl lilt,,hdt u:e elfiLitu0 wcrcthre rairtf',Il obtaind for 
sec~r a! iil~:e,{ wvhe is alipired IA'IandIloting 5) tsier phoshte lcrItiliVcr 

ElP 89 .4, [EvCn thie iul reurll tph
p. 18;21. thotlr it lo lc feItilier w.is po.itive 
and sitniicarl. the eCkrtorili return W0, r1ot. pAr;ial nlder :rrt3llsis fo the 
Ut'ceilil oi IfertilizCr the colivLeriitiorll plo/hroad?ast(fpllospAiC in sing. Systtlit 
drowed a loss of l 2,8.21 ler i triL. IErlli r aum.l;i indi cated .I hect;lrc Ii his 
righlv si IIiicarIt iec v Ii 1l1,. :iildpltitirit Sy'terri hv ietili er iteractciOnI. 

\Vhern ites; wt oi'1rlIld 1, soil %I)pL, re'silts 4.11) SLl!te'ctd ah, (TahlC UtkiC'll 
treriml. 'lHie to fertililzer itnit arid withretu 1risphll:;te was Ni"gniliCanrt piofirahlle 
the best tillac and plaiiri . om soils with high water capacitysystets holding 
IDAR 1)87, pp. 93-Q-1. The iesponst was assuedril to be re laied to i1~p roved soil 
inoiSttlre :r eStiabllishllell.rd plafit 

TABtLE -1.11: tIICT 0:F ItSP IA 11: t BtY"TIIttt.AGEAD SOII-TYII.,MAIIAtAPY:, 1984-8, 

ANt) PIANIIN(, 	 WI'ItIIII.I.AGI-	 SOILs w.'I II IIGII ;I SOtUS t)w WttC
'1--ARCh 	 N["MIlT to) P 	 P NO P MARGIN 

K.I. -_KCILAL\ PItA.I A ,1 Al IA1AI 	 K/ IA K__[AjU 

'lraditiomrrsingle plow/hroadcatsi 463 359 Loss 275 316 Loss 
Doble ploingbrozdcaLst systeii 7S2 61.1 22.51 261 266 LoAss 
1:arly plowing + row planting 0t2 6W0 43 ,i 145 363 tIoss 
Exilyplowing + row planting 1017 711 41.68 ,472 323 Loss 

Sourcv: Commercial Sieps InTechnology Tri;a. Matialapye. 1984-86. [ATIP R) 87-1.pp.11.37-11.30l. 
'Waterholding capaliiy as a functin otf suit depthiand claycontent in thesub-soil IIDAR t ia-86, p. 

b. 	 tne palial budget bast'd on added costs and beneits oi using 20t kilogramsof P per hectre. In this 
analysis, sorghumnwats valued atP0.39/kg andfemiilir and applicationlabor at 62.89 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 intile trial. 

(d). 	 Special sites with high production potential were identified. The production 
potential came, inpart, from water rcn-on during storms and, in part, from deep
soil profiles IIAR 1988, pp. 107-108; ATIP RD 87-1, p. 11.24-11.261. Serghum 
pr(xluctior atthese sites Was good for i dry season even under farmer inplunented 
broadcast arnd plowing. Under these comnditions, the yield response to phosphate 
fertilizer was significant. The return to 410 kilograms of P per hectare was 
profitable. but it was constidered doubtfitl that farmers would consider the purchase 
of this quantity of fertilizer even for selected sites. 
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(e). 	 A somewhat modified producti n package was tested at selected high potential sites 
under good rainfall condition, the following season. What was noteworthy under 
these good moistrt" conditions, %vas the significant and profitable response to a 
nitroge-i -- applied before plowing -- and phosphate combination IATIPI' EP 89-3].
The response to ptorsphlate alone was not significant, nor was there an interaction 
with a plowing treatment. Ihe response to nitrogen when added to phosphate 
corroborated findings for Mhaalpye in the 1969-72 fertilizer trial [Jones, 1984]. 

(r). lwo trials, rarotred to fannilr; ho used row planters, included fertilizer 
conrparisons Alt' RD 1801, pp. 0,) 62; AIIP RD-80-2, p 521. boh trials,I) lin 
fertilier 005 itdded h.' tml:;ii ,.. i let: that the iipiroved plant --stablishmenttunder 
row plattin. wu'mld incrk:as'c Ow rcliabilily ,)l a return to the crtilizcr. il dhe 

1 "-0 tril), Intilii ' , i: ret i ri!, if trlti !i r w .s icted to determine it' Oie 
(rt c('i;dtl fh ICt i1olu''I ill it pa",riw" :;ipdlli',tic aildI )i In vittItiill hr.C lt sy'stemin . 

'he usIe of plio;sphIr,. fcrl.,'ri .\.is cN\ ,tcd to II more profiitaiIc with banding
than with kroildt t appietin [Ii artin, lcoatrd ,iot Stamtp, 117o, pp. 15)-1511.
In both ,,,ts, the tcsult, ',ereC a ri0tt1tt1ic I'liIhiCs. leCtCfits of fertilizer and of 
barnding ,rt no: t ir:iht. Ilo',. et.ver, t-C,fut information was obtlined ont 

robtcenis a;tSsOCiAlcd V rithroiv. lntit,. Stuccific iotable points wcrc: 

i. 	 A ltjor tCasno for thw pOr icsiuu;isc to ferlilizer was cltuly, the problem the 
farners contitued to hc x,ith ptiht crabtishnemn. i'tant establishtnent under 
farmter rnattniet'0t1 %%as n101 COtnststet etnoulgh to exlpect a respotise tromt 
banded fertiliier. 

ii. 	 Many planters were itt poor condition which afcctcd their perfornance. 
About one-hatf of the phjiers, were eqLuipped with a fertilizer hopper but 
none of these wcrw found to be functioning correctly. It was observed that 
farmers tendel not to mitain or shelter their planters in a satisfactory 
manner. 

ii. 	 ATIP reseachers were also concerned with tile precision of application -­
placement and flow uniformnity -- using the ferilizer attachment of the Sebele 
Standard Pl:inr'vr. 

4.3.4.3 Recommendations 

Recommendations for future work are as follows: 

(a). 	 ATIP ihas itctluded simple fertilizer comp,irisons in trials that invotved improved
soil and Vater managcement .ystcms. !t is recommended this be continued for 
trials, with researcher nianagetent, that address the problems of soil and water 
management or platt esta bishment. The objectives of this work would be to 
dcterniine long-tcri benefits from fertilizcr Ilse and to gain a better understanding
of tire interactiot betweein soil- and land-type. tillage and plating system, and 
fertilizer. 

(b). 	 The Soil Waler NiagenacInt Group at Scbele should continue its on-farm fertilizer 
testing to aid in deveoming recommendations on [lte type and rates of fertilizer to 
use ott different soits in the above trials. 

(c). 	 When testin tie interaction of I citil ier 'iti the tillage and planling systems,
statiorn-hased research shotuld tko c ..sidcer if fertili/er Ilse is profitable under tie 
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plant establishment achieved without gap-filling or thinning. Famiers are very 
reluctant to thin plant stands. So, results from trials that have been thinncd may 
not be directly usefil in making recommendations to these farmers. A comparison 
of thinning versus no thinning can be superimposed on tillage, planting and 
fetilizer trials. "i'illage and planting systems' trials with fertilizer comparisons, 
conducted 1,%rAlIlP, have not involved ttiloin ',, but a thinning comparison would 
have been 1o the cost o not throing.L,,Cf*L1scentaitl 

p~artictilarly should in 
:addrcssi ng tileproblems of platter anltaiettlaac' aild shlterin-. ATIP de 'i..ned atnad 
baelpCd adtl1illistcr ('ondition A''IP RI) 51; Wl' 

(d). 	 Research, h) the F.SR tea:ins, ilI\OIve CxtensW;ion staff, 

a Plantcr Sirvuy 892, pp. ATIP 
381. Scvcr~al nhiolei ,mica h~ave IICL-n idetlllifietl thi.tneed follojwrup (sOC ScCOntn 
4.4.3.1 ).
 

(e. 	 Witi' thW te:;tlts1 ONIiodie durin .VIP recl.ah, a otnannlatia tht: lresource
 
poor talllt'rl n I [ '1k II. iP rlirclixc r lse illtheir ,S SIe
A a ea, Ic t i.' to il,raait sll., 
Should nt 1 ailes' tit'Ielhjli;\ lin andb ndC h- r i water 
conetrvation s oreailly i',, vcd. 

(1). 	 For lteSOUrce p ttl tiritCs. Iresearch should f'oi:s ltctlllionotilthe of' .,oilolloll usc 

buildiait oltiois iistead of'"on the use of' c tlenaical tcttil,'ers. 

4.J i'LANTIN(G .METHIODSANi) 	 PST-E'TAHIIIIMEN[PIRACTICES 

4.4.1 ROW PL',AN''ING VERSUS BROA)CASTING 

4.4.1.1 Justification 

This section gives an overview of the istie of row plantirtg versus broadcasting ba,,ed on a 
large volume of research undentaken in Mahalapye and Francistown. Row planting has for a 
long tiic been a major recommendation of' the Ministry of Agriculture in Botswana, even 
though the rate of adoption illthe Central Agricultural Region and the Tutunle Agriculturil 
lis:rict is very low [Singh, Kelly, and Motseninl, 1981, p. 106]. Lightfoot 1198>11 
suggested that broadcast plantig is appropriate for most small farmers in Botswana. This is 
hbc.aus.,e broadcast seeding ly one plowing farners respond to the rainfalll followed allows to 

p:1M'ri tat lii'olds in an V gien season. The single plow/broadcast system lt rail its farmerst 

to plowb-hroadcast whenever rain falls and to plow/broadcast as touch as rainfall permits 
withuIttt making a large investmt nat any portion of land. In its final report, however, 
-FS,.\IIP indicated thait fron the conaventioial broadcast and row planting companiocresetlts 

were variable and circumst attial, but Ihat there was a positive profit over a four year period 
illshiftilag frotn broadcast Io the ise of row pilaters I!E.FSAIP, 10184, p. 1741. 

ATIIP has con duLtct l sevreraIl trials focused ott screening technological options. The 
cottltarisoin of roiw plainting sVstemns with broadca.st systems has often heen part of these 
trials. There have a ist been hree RN Fl trials to compare tlie ianagete tt requirenments of 
row Iplanting and boadcast, attd to Cvallc pallicular impleIcntatiton strategies (see Table 
1I.12).In total plotI. eiparinsons (it' row planting and broadcast seeding have been reported 

5'r53 difl''ernt farn-seasoats. Ilamany of these cot iprisons, more that one type of row 
planting or broadcast systen was included, and with usually more than a single replicationt 
per t'artit. A list of AlIIP trials inwhich row plting and broadcasting were coipared is 

eivanillTable 4.12. 
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[AIBILE 4.12: A'II'AC VIjHIS Ri'I.A IN TO I'LANNNG MIE IODS ANI) POS -PSI A II)SIMF-NTl'RAC.lCES

MAJOR Il1S MOR - I)t'TAII.S AND tI:.R" ARI"EA
,A1I:.RS POST-ES_ S 1MH.F1'yI Pt " "EIPL. II' 

Comparins;, broadcast Vet'us row plant Pl'lante nethoids 1952 NIdial 4 'n RMFPI RI) V'.7 9 DAR 4, p.176-179Eflectiveness of soleplowing 983 M.daL Q 1la RMII 7 4 P!) 53-, ;V.29-31 RP I p.1 -193Steps in technology 1983-4 7 41-sl 2, TI R.IIRl RD 1 5' RD 55-I. p N, -S9 0 WI 5,p.8-12Maitum pioduction 1983-4 Fo n Ti RFIP3
J RI) .- 2, RI) 85-1, p.8.5-8.11 WP 5. p.3-8
Tfllaveplanntg scheme 19"4 NaEal. Q Iral RMII Ri'Commercial steps in technology 1.p "7-119S4-6 NdLa! 5 rmal RM RI) , ­ ' 7 RI) 6-I. p 54-57 

RD i 7 , I. 7-'Y 1P-'9-4Tillage systems 19h5-6 I-,n 2. RIRI . OND,. ',s R) %7-1. p.11(-70 PR "56-5 
Water conscn-ation systems 19X5-6 an'iE 3 5 3.l .Ri RI) 1.RI) 57-I. p.. -35 

Plant population control "lhinning 19S5 S 'Isi.. 1,.1i RID 1"na 

19W,( M.a l. iC l IIMR I ' . :Replanting failed plots 1956 3 -u 1)aI -1 . 7Gap-lilling and hand rteplanting 1985 :"'" In ' 1I E) ', 1-2 PR I:86-4 
1986-7 MNthad 13,9 It-:

Relay planting 1984,7 . 9,17 I.d 
R" !HI RI) ' RD S7-1 p.11.39-42

I R1 , , RI) 88-1.p.37-8 
, Planting methods Animal drawn planters 19S9 ulth 15 C It)P 2. , WI' 3Sland row planter: 1986-7 Fl, n 20.1 I nal 2 6 8  FI'I RD ,. i -I-7 
 RD)8- .p.63- PR 88-4 

RD 9-2, p.
7 

9-89 
F r"I tl PR 1-90 6l'onotnics 1987 M;duai 14 [1ti I FMI- F ,)

Test of impnvmed local model 1988 Mdala] 5 Ini FMI:I RI) ,9 2,p r'5Sur.ey of those using new model 1988 loth 39 Sur" - I) 1 F PR IP8--
Level of adoption 19S9 F'Town 15S Sur, - ',T 4

Impact of fertilizer and tillage 1989 MxIhal. -- P- --- EI'Custoin-hire row planting 1987 M:.dla. 21)1 I I:MI RD-Weeding PP. Mu9-IFarmer practices 1985 F'Tosn 2i su:s l)) " p-h.}. 1) WP 3
Magnitude of Constraint 1983-4 Flosn 6 TnIal RM!i ',\I'
5.p ;
 
Weeding Rates 1990 Gahotmne --- Stud" IF G(- 2,. 

a. 
 The year listed is the beginning of the crop;0ping year in question. For example, 1954 refers to t 14 ,5e cppl c d l'64-_I "I r tt tUe 108445 and 1985-86 cropping 
seasons.h Refers to the number of sites or farmers. RMRI trials will usually have morn than one replication at each sit-.I iures in tlh coilurn-. paraied by a comma indicate sample sizes indifferent years.
 

1% "i1tis can refer to a study, survey, trial or paper.
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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 famiers. 

(b). Determine which system had the highest production potential in this environment. 

1.4.1.2 Results And Conclusion: 

In ATIP. broadlc ast and row plamting came to be viewed arid evaI atcd as part of tihe tillage
and plantiig Intlthod sy;terms. The tillage and plantirig niethxl systems that were included in 
the ,. o'k are listCd beLohw. For the row planting work. only trials with comparisons uing
animal or tractor drawn u:lits, arc listed. The work vith hiand operatnd planters has not been 
includ .d becauc it dealt Inlro with the Cvaluation of the eqrimicrilt than tile Ystecl. 

Under broadzla.A. the tolowing ,;ySte1,; hvi beeVnhCtel: 

t). 
b). 

(C). 
(d). 

Broidcast and siilelC pl0winj. 
'arly plowing plus I) onadcast and 

Early p1(1W in g plus broadcast and 
Early plowing pluis broadcast and 

Second plow ing (doubl 
harrowing. 
Cultivating. 

pIowinrg). 

Under row plIanti ng, t ile foilowin' ssvsteris \were tested: 

(a). Conventiona! powing ard row plaiting. 
(h). Early plowing and row planting. 
(c). Double plowing arid row planting. 
(d). Early plo\\ing plus cultivation and row planting. 
(e). Early plowing phls harrowing and row planting. 

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

(i). Row planting sometimes gave a better percent field emergence for sorghun than 
broadcast seeding under conventional (i.e., single plowing) and double plowing 
lDAR, 198, lip. 92-94; ATIP Wl) 5, p. 6, 10: ATIP RP 1, p. 1791. The 

variability for plant emergence from rov planting was high, and the average was 
well below the 60 percent phlis that was desired. The consistency of emergence 
improved somewhat with early plowing, regarlless of the planting method. As 
Would be expected. tile best emergence from row planting occurred under 
conditions that favored emergence under single plow/bruadcasting. This 
underscored the imlortance of rapid plowing and planting under conditions 
conducive for good emergence IDAR, 1988, ppl. 92-941. It is important to note 
that the return to seed will likely lie of greater importance for high value crops, 
such its cowpca ird groUndrit. It has therefore not been surprising to see a strong 
interest amnong ATIP research farmers in row planting these crops. 

(b). Agrononiicaliv, tile difference hetwcen row planting options ind broadcast seeding 
options was not very clear when the plot data were examined. Generally, row 
planting restiltcd in i higher grain yield Ihan single Ilow/!iroadcastinlg [ATIP WI' 
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5; ATIP 	RP 1,pp. 179-180; DAR, 1987, pp. 109-113; ATIP EP 89-4; ATIP MP 
88-61. In these same trials there was generally no significant differences 
between row planting systtcms, 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 IATIP Ell 89-41, and 
double plowing plus broadcasting appeared to perforn better tinder poorer yielding 
environments. 

An analysis ot" yield componcnts for sorghum resulted in nearly the sanme average 
tillering number per plant and head weight. Differences in grain yilds appeared to 
be mostly related to ifferences inplant stand [DAR, 1987, pp. 119-123; ATIP RP 
1, p. 179). However. at typical seeding rates for Droadcast planting, conventional 
and double plowing sooctimes L!.ave x cessiv, 1y large populations which reduced 
their vicld potential in rotmy seasons. In somc ,TIP trials, broadcast seeding rates 
were reduced in Order to lessen this problem pa.ticularly under double plowing 
IATIP \VP 5,p. -. 101. 

It was noted that followi te staid establishment, the only agroroinic advantage for 
row plantino over broaadcast 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 benefit is likely to be modest in extensive systems like the one 
practiced in Botswana. ald 1.certainly over shadowed by other factors in the ATIP 
data sets. 

(c). 	 A detailed economic analysis of double plowing and early plowing plus row
 
planting was unLdcrtaken [.I'lP R1P 1, pp. 182-1931. All of the budget comparisons
 
were between singlc plow/broadcasting and early plowing plus row planting, or
 
between single plow!hroadcasting Mid double pkowing. In this analysis, both the
 
broadcast double plowing and early plowing plus row plh.nting systems provided
 
net gains of P27.(X) 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 	 opportunity cost was given to perforing early plowing before row 
planting instead of plowing on the (lay of planting. In both cases, just one 
plowing operation was involved. However, there may be additional costs due 
to hea.'ier weed burdens when early plowing. 

iii. 	 No benefit in the analysis wais 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 hick of row planters and other resources for undertaking 
the planting operation. In addition to the ALDEP subsidy on the purchase of planters, this 
resource constraint has been dealt with under several research topics including the rotary 
injection planter (Section 4.4.3.2) and the custom-htrc row planting scheme (Section 4.4.3.3). 

There are a number of points to be made when extrapolating experinental results otnrow 
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 
optiots. Tillage options include: early spring plowing, early plowing with 
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secondary tillage, deep plowing, winter plowing, and plowing with planting on the 
same rain. Except for the speed of the planting operation compared with the 
second plowing, these options pertain to double plowing as well as row platting. 

(b). 	 Early plowing and later tow planting can generate weed problems at, or soon after, 
planting [ATIP PR F87-8: ATIP NI1 87-7: ATIP NIP 7-91. Increased weed 
problems were observed in about 50 percent of the trial implementations [ATIP 
MPI 87-91. When this occurs in the eariy plowing and row planting system, 
cultivating [ATIP NIll87-0, p. 41 or double plowing [ATIP PR F87-8; ATIP PR 
F86-51 may be-,required before planting. Cultivating inmtediately before planting 
was found to :igntiifiantly imlpro'e weed control IATIP NIP X7-9, p4 1. 

(c). 	 The most important benefit planting itspotential to larger portionsof row o. plitut 
of fields in a day, cotnprcd to the broadcast/plov system. This can allow more 
planting to be done on days with good soil moisture. Ihis good soil mnoisturt; 
window can he very narrow in some seasons [ATIP RP 1.pp. 141-1-131. I'ven 
though the speed of row planting depends on atnumber of factors -- suit t typeas, 
of plainer and preparation of ecuipilent, animal teams, Li bo. soil conditions, etc. -­

several mean valics have been reported that perist, a coparisoin t' ploilg and 
planlliig operations. 

The best estinate of, row plantinig operation tilic for a mitLc row animal drawn 
(i.e., donkeys) plantcr, is around 4.5 to 5 hours per hectare AllI' PR MN89-11. 
Tb is time is for experienced operttors workinrg onl 0 lorts. Theor1ie Cta rt litroe 
also compares favoiably with the time repoled by I'l:lSAIP [i 8, p 31) loner 
tiues are also reported elsewhere I VFIiP PR 690-2; ATl' PR NI80-11, but these 
appear to reflect tie prohlei of inexpi'rience with row pl antiti g. These values 
compare with an estimate of more than 24 hours per hectare for donkeys doiug a 
second plowing ir. a double plowing system, and I16hours for cattle [ATIP PR 
G90-21.
 

(d). 	 Row planting creates the potential for mechanical weeding thereby increasing the 
return to weeding labor. Mechanical weeding could also improve soil aeration and 
water infiltration during the period of crop growth. Some estimates that have been 
obtained for hand hoe weeding of sorgim have been 20 to 40 person-hours per 
hectare in broadcast plots IATIP MP 87-7; ATIP MP 87-91. Mechanical weeding 
is reported to take eight hours per hectare [ATIP PIR G90-2; EFSAIP, 1984, p. 
301].a" The shift from hand hoe weeding to mechanical weeding can result in a 
labor savitigs. Itowever, it will require a shift to the use of nore labor for 
mechanical operations. which are usmally done by men, in contrast to hand weeding 
which is gcncrallv the preserve of women. 

(e). 	 Lack of experience and skill, and intensive crop management with reference to row 
planting were serious obstacles in the doption and correct implementation of this 
operation IATIP WP 5; AT'IP PR M89-1; ATIP Wll 29; ATIP MP 88-18]. The 
broadcast system, including double plowing, is much easier for farmers not trained 
in flow to row plant. 

That is For inter-row cultivation. Intra-row cultivation, whichl needs to be dninc by 
hand, would be extra. Also since two people are iceded for mechanical wcdiig, the 
actual operatioial titrie is Ibur hours per lectare. 
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4.4.1.3 Recommendations 

Over tileyears, a series of decisions have been made illATIP with regard to row planting 
versus broadcast seeding. 

Illthe first ','ears f'A'II1', nore attcition was givenl to broadcast systems than row planting. 
ATIP stilltirds ,,e I\lvig Util arid sUp~lorts syste manyiiiIC tte recomnmending tihis lor 
houlCholds and Circiill( al cs. Thus. there has been consider, ble fOctus on doublLe pIn.wing
work it) tile imupletnented as the first ip die ladder.fartmer fonnat, step technology 

:, hCdI. h . " 'IlnI .il .\cele Ilc C ii iliC rtel in i(i1 I11i1.IIIt ot wmrk 'arried OLIlOil rOW,
altlhouth li[(, 

iarmcir. im me A IP ti cas. 'licteole ATIIP .ctiviii love tclilsCt onilidcntiyil ,,,ayo1 

ilam miui. mt(tic" llIllo 'o\N lllti llC"Ilott he -".v.''cxful implemecnte.d by Ilost 

iiikiiio rm,% planii, practic:aL hin uoriC hou chIl lisuil" tirmer nii: iin eetl tdlllldili(,is. As a 
re.miihi. the iollomlllh, rC'Oriinlatioiis t,tie neveloped rid arc illthe process of being! 

ll TNile: IcLcd 


Ilie Ctlitratii.S IOWt:d,f in_ .-Il.k 01 trattien. equiprent ,and labor ­fOr ow,I phla 
lidvye hcn ard dtioiul clii ir to lie adlressed through two research activities, 

IIa.lli(v!V
 

i. 	 'ITsting of tihe hand operated rotary mijection plairter. This planter is the last 
and [Ilost sfilr] !Iec opcrated thIlat have been tested (seest:.cc Of nIaid planters 
Section -1.4.3.2 

ii. 	 Organiie trailino. equipimnt and scheduling for custon-hire row planting tila: 
is to bel,'lfit hoLIsCholds 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 toihelp alleviate the cnstraints of inexperience and
 
lack of skill and knowledge. Avenues explored, in collaboration with other
 
agencies 	ilMOA,have been and should continue to be: 

i. 	 The prootin (if a row planting package through contests at District 
Agricultural Shows (see Section 3.5). 

ii. 	 The developmient and implementation of' fanner trainirig courses ol tie use of 
platers aid a row planting systen (see Section 3.3). 

(c). 	 Row planting and ilechanical weeding equiplent optiotis should continue to be 
included i tiOle IL ensiii-(rient.ld Fatier Groups, antd advice on how to use them 
correctly mutlin be riv en. 

(d). 	 Part of the ATIP's ',,orkplan should continue to) include research on problens that 
are identified in tire p~llr oliollt row plaiting. 

:'\PromisinIg Glidklllc tli ll,'. '.r , iIln'.r-T",r. ilnIxiatieal weedling has befen 
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4.4.2 POPULATION CONTROL: TIIINNING AND GAP-FILLING 

4.4.2.1 Justification 

h'inning and gap-filling are practices that caui be used to correct inappropriate plant
popl ilatiois following assessment of' tie initial planting. Under typical farmer management 
in the ATIP research areas, tilevari ation in plat stands achieved was high. Even a 
p;iacticala target 20 to soighutin .inis hectareof 60.OM1) p1l per was inot easily obtainied by 
tanters (see Section .1.3.1). 

.- inlvsCtigoting 2apl-fillilng the early tpd itofthe jI.-ct as aVIP be al thitmine',+ and in 

rcspon c to the problem of' pl:tlt estatlishillclit. This work continuc until tw sixth \L'asIon
 

rojct it %%a.
01 the hLhclMi felt th,It eoth. itina)[1ll1tio. had hCtrl! i tiie,Wlcted. 
'A i"+l ,esderh it to r(ctlie he l.eCd to :pCCifyN the typeu W, thin ut,o:w :ip-lilliu:,flirlht 'itCLill):l %hiCh1 th ll't ,%CIC hx-il i~ - Olihiii ,lt ;LIlLICIt 11 tices l+ ~ ~ti,"'ld; 

thLre cirtil tsi:nlc irtliill, dtillccnt approaches wicrc ientilich! 

l:)t+5+i't..e
h'lta .',t 	pop.itlittit.us> isy s'ltnd tc ++c+,+l t{!t.f),tt( \ljih thitlor 	 sn~lit linl 

PlInts per ht'-.farc. 
l(t. Broadcas stt it!, ltoriICel't1ihh" 1l,ait ttmnhcr hit ii etOWdittl oCCUtlilIM" 


ill ,tLllc [acu.
 
tc). ThlI ti:!, it thitmink hacAk to prtcike pplant
stratet... 0t(]),i .iil 


statidL . This .Cnitllr. ICl'cilit'tl plaited S llds.
Ii) lo' 

dliter o.ia)-fillilg practiccs, thrc or tour circui tatnes were HOted: 

(a). 	 Re-plalnting a completely failed plot.:' 
(hi. 	 Gape-filling large areas within a plot. 
(c). 	 Gap-filling ;is in (h), but for smaller gaps within a plot.
(d). 	 Relay planting. Following tileestablisiment of one crop, a second crop is seeded 

in the gaps. Rela planting can be either pre-planned for specific enterprises or 
practiced on an oppotiunistic basis. 

The ina in objectives related to thinning aid gap-filling of tle several ATIP trials and studies 
that included these practices were as follows: 

(a). To identify circumstances in the farner's operations wher,. thinning or gap-filling 
could be used. 

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

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

(d). "lo identify crops of choice for gap-filling strategies. 
(e. 	 To obtain fa rmcr asscnsnient of these practices. 

Oneicll note that the work oiltethods appropriate for gap-filling (objective (c)) evolved 
ii to tihe testing of hand plating options for farmers with poor access to traction and 
standa!rd planting equipente I laind planting options are discussed under Section 4 4.3.2. 

Ilithe references, plot as used here, is somnetimes referred to as it"acre" by famers. 
An "acic" represcnt :i block ofI land tat is typically plowed adt planted as a tilit. 
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4.4.2.2 Resulls And Conclh.ions. Briefly, the results and conclusions are as follows: 

(a). 	 Thinning Excessive Stands. When farmers thinlned sorghum stands that tiley had 
identified as over populated [ATiP RD 86-1, pp. 64-651, thinning was clearly not 
economical. This cal b explained becat:se thinning was fo)lowed by drought 
stress durinlg wiich tinam, platas, evyen with thinning, didn't survive. Differe nces 
bet\een thim-d nid nilhinfied stnd:k ,,ere noretd mostly oil the basis of' plant 
vigor antid plant siv;:l, with little yicld 'hiieed on ay, plots. In order to b:'e 
profitable, thirniij -,i had to it m- t.ai that were viable, '.'ith Stifficieilt soil 
tm isture rt'.";l\'tr a'.:xil lllicipated ill tliiiw ,vork indicated 
some intcir.t ill the Tcrllts, btit ost ver:" reluctant to thll carl ro or 
intensely trour,)i to rmee trwuidclii, o)f tlinlin to 5t)P,)'/ plalts per iectare at 
the e;,ricst staec po,,ihl. AlT' icmsar'lit'l concldie( that itl;t f'aitlirS \',Uld be 
lt'lIlOtlIt.) pe'tr-nilr ! .iteciAl lhij ijl opet.ion before the forimlal ltdirL'time. 

(b). 	 itinning (rotK- ut'd F tt I 'tulle Mult Stnls. Surb-plot "t, iuin LI trrmer 
iml)lIciertcd dolic pot\h.ig trial . t, lhinnetd -- target of live to ,ix plants per 
quarc lrlt'r -- b rycu:icliers. 'I1:c original purposc ofthis lhiuniig v.as to 

investijte %% dire o i piowinghcth_.r cl ft the treatIIie:r tcut bt plaitheyond 
establishlitlent I )AR 1(Q,7, pp. 9-t) ii. Htcatise tiio-t plant stands in this trial were 
comparatively good hctkloc tlinning, the sniperillrpo.ed thinning was used to 
evaluate the licctl Ir JCloe :iti!tionl to plant density, hi this iilstance, thinning 
consiSted Oif'lvreoviil tile Slli1lestI front occa'io al pockets of heavyof iplants 
sland. A fewtarnocri ilirtutd thatl they aiready thined pockets ill this way. In 
the trial, the slight Icdut(Mi(itMin plant talnls (lie to tithiniing was riot significant. 
Ilowever, a Siall ilncleIas, in grain yield wis sigrificanit. Such :i srnall benefit was 
n)t likely to he ceconormically advisable eceCplt whenithinnig wais combined with 
weeding. 

(c). 	 ()fverseeding And T"hinning 'lhnt Stands. Towards the b,,tinning of ATIP work, a 
strategy of 0Vlrseetldil a rd thiiniig back was discussed is all optini for farmers 
to more re liably achieve appropriate plant stands. This option was reconlrcrded 
tested bv F-"SAIP IEFSAI, 1978, pp. -1-6J." This strategy was iot directly tested 
With ATIr' farriers. iec,Ise Of the already poor response shown by farmers to thin 
heavy stahr hat had rlnot been planred. ATIP research has only worked with 
oi'rscedi rrg as pa;t rff ti,, Natital Tillage Trial. ri this tri:l, row pliant ed stands 
were overse ded but thinning could be handled systematically. Iln general, ATIP 
reserch h,!s tendCd to Ule seeding lates that were likely to give desired plant 
stands and to look for \vws to i ll irove plantitn nmoisture -- that i.:. early til lage to 
lprovic i \et seed bed. 

(d). 	 Re-plantin, Complh'ely Failed J'lofs. Near the heginllig of tL project, ATIP 
riMnCrS occasionally 	 then 

gain or hiarr(oxcd whln tihe first plow/plaitinrg had failed. InI terms of oitutce,
this prclice ciiresl tldcd.. clo,;Cly r donluble plowing that w:s already parl of tie 
trials' work..\ stirll i\ estii,nin \;is rrmade into why such re-planting wasn't 
pra"cticed by moiret'arircr IATIt' RID 

resea rche rs il'0rid :1 lc'w a0V \ 'ho broadcast seed aind plowed 

86-1, pp. 67-68. (incriall,' !he issue for tile
farer \a, Mietier ti rc-irlait 1ailed ploits or l( conitinlie plow/ihnting on untilled 
land.
 

Tis 


Research Schiriem l .IRS t.
 
b iad 	 prey iouidv beern recotmcmltileridled Iiv aIr carlier project. tic Dryland Fartnitrg 
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Two results of the stildy were of interest. These were as follows: 

L 	 The pattern of rainfall often limited the number of times in a season that a 
decision oilwhether to re-plant or continue new planting, needed to be made. 
If plow/planting began late, there wats not always an opportunitv for re­
planting. 

ii. 	A duh>:tintiaitl,,cd (tIto:Tellcc ftllilu 1tally \'itlh. cttlltcd , lhlattills. 
tile la\.d tt er'i .ctitbIC,."IIdii'll It to dVC1i(' r! iitcl,' Wl httcr ie­
5 	 tiI,.' . t ) I I ,, at.cl c o 2(.000 

(C ; in 111.1w . , 1il t.f'a ( ,i " . I'JtNi it li.;it! tltill' 	 . !,'( a
 

I t it 101holl( 

ettsutrCht miuirir iht titt'i h c : tt , ,a '\, 
o'..rlu h , i t ,~ o>,1 	 lk i. 

p attti ,tui ii ii,l de',. cut\,':si,,,. :t. .'b"P,, 


(c G(hp-tFilling I ai-ge ld .illaM (;,ipsK W1ithin I'lotix 	 d ac''~I. 	 I;,-ithk
I a 	 il1 cci :1lai1V1oe)ti~it l d , vii -ilic i'ac ii e itci I oo 
osidCl r cap-fihliotterI ot .ttietiteIdll fvtral wihendlte practice, wa" At1-r:arh. 

x\it h11 I II Ii:: .I il Ii;. did fi t h~ito .,,% II; Iy1 j) I f'- )!! ; i 1 Iiot t Iv \'., I -c ,: IrtIki IaC rcl~ tji' it of5 tI I\ ;I)II-I uX) l 	 Iflt'tt :ii dtiit tiltop I~ 	 Ic 
whenr planltil U !IL. (It-Wtxi,;oll 7 ; )1..".nolhwr problvin%\." ill 1..TH, RM 85 .. . 
':'v'OIllltt.'ICd., itlh mpnWhp~ wv,'JIMl ',omc l olv,'cd !,;r,Iqw,dtc it!	 illmv p'lot.:I 
Ihefoltplt!n . IHc,,.'lHcW1 -iln_ lC,,at o the Circ mstaniCe of 1);,(r101 an 
estah~lishllcll .. L,%t [Oll' In() tf)jr0I)IiJWt JA FIP I) 80-1, 111. 1(}-102;%-Uli 

PR F:,(t-.1J. 

Results for \' ,-:¢g fawombic when the practice was Il%%cfilin 	 ta.nl'cte([
nerally 

areas where plants had not been established. In these trials, tile i.sues of planting 
moisture and crop or variety to use wvere investigated. land planting sorgltt and 
millet gave satisfactory stands IATItP RD 86-1, pp. 65-66]. Millet perfored better 
harn sorglitn when hand planted oindry soil. Grain yield ard return to labor for 

hand planting of sorghut, millet, ER-7 cowpca, black-eye cowpea and maize were 
compared. Only maize failed to produce sufficient yield to show a profltable 
return to the labor for hand planting IATIP RD 87-1, pp. 11.39-11.421. land jab 
planting of four cowpea varieties was also successful [ATIP RD 85-1, p. 7.39­
7.401. 

Increasingly, it became clear that the attractiveness of gap -filling and hand planting 
generally depended oi the equipment available to perform the task. Famers were 
familiar .vith gaI-filling by broadcasting seed and ccvering with Ita hand tool, or 
hill planting withr a hoe or a plaiting stick. Gap-filling with these instruments was 
not widely practiced. Details oi hand plamters thrat have been tried, are as follows: 

'The 	 first paniter used by ATIPi was athand jab ptanter. This unit was 
Modeled after hand jah maize ptantcrs available itt tie LISA. These units 
were Manufactured lo(ally in!I83 for P22.00 each. They were tost suitable 
for large seCLed crops. lhe plarter was sligitly too heavy and planting was 
slow. IE>ven with experience, tiost tarmcrs did not find platntirg with this unit 
to be attractive. Because scd svas placed itt the unit by hand. small seeded 
crops were difficult to disperse at the desired rale. 

it. 	 '['he Sani',y push planter was ttostly used to plat vegctable [)lots. This Unit 
was imporcd fron SssCdct by Safitas of (abhorone. 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. 

iii. The 	 move to the rotary injection planter (see Section 4.4.3.2) led away from 
gap-filln!in, to rescar.h Oll a svstcurl of hand pllinting plowed land that had not 
been iplaiMteC 

IOtillllcd ';orghiuiii 
to fill iap, i;1 th ichY .\T'IlP R0 ,o 1, ip. 05.6(;i. Survival rate:s .ere 
rciorialflv od .d pii.p , pio t cd4 toino .raiki. ilowetver. lbor rimet for 

At the :equet 21 sevt, i's, ~i' 01i.i plInt.; waS Cd 

t:'rus iti; , ; , 01ht,i., the >Taritas Ut toldjy injection planitr. 
]iit ll i t-;tlt- i ' ' " , 't iii ai a-s ldiiiti g ii, it lt .iiilily\ h: icf l for 
"e ri , J i > .lo C"'l.hi !ot r ftill+ iruitrii.ottl ' 	 A ,\tk r it Sint. 

f p 111C 
otf itter-plaltinl: s: , od C;01 :r thie first \%its \t.li CStblishcd or evCn neir 
naturit . The kw-Olc , rolp1 scNitC'.iL spice, ntrietits nd soil nistt:re not utilized 
ly the first. li t\ko ret'1 \ paItiii tria]',, >holt c'le cmop\,:' or varieties that could 

. 

(f). Relay J'lh ting'. l ,'x, iA IM! i - - t olatii e ; with the ittntiot l 

be plhitcd ilhate %,,etc.iiiier-.tLittad IVI'lIP RP I, pp. 200-201: Tl' RD 85-1, pp 
7.33-7.341; .\T'll R pp. 37-3,"'8.1I) 88-I. 

Relay phaittlig v a.;not prfi:abhle ini ither trial. lit the earlir trial, plantig of the 
first cropiwts gcrily late ihew oporinunit ies for second planting occuIred. 
1T is situati11 can occurtL itlvCn for households with poor access to traction. Ill 
the secotnd trial, stands of orotndn which were planted first were satisfactory, and 
there was little need for relay planting. 

4.4.2.3 Recontinendtations 

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

(a). 	 Farmers should place low priority on the thinning of large plot; that have 
excessive plant stands under broadcast. These farmers could make better use of 
labor, weeding plots with more satisfactory stands. Thinning should be 
commenced when tle more satisfactory stands have been attended. 

(b). 	 Pockets in broadcast p1ots, with excea;stvely high plant stands, should be thinned as 
part of the hand hoe weeding opeiatiotn. 

(c). Farmers should adoti an OpnOrtunistic approach to plot re-planting. If it is certain 
liar significant energence Of seed is completed and a planting rain falls, a farmer 
shoutlt broadCast and rtl0-ph w -- or cultivate -- any failed area. This procedure 
corresponds to double plhmingi. (Section 4.2.1.2). If additional emergence is still 
possibIc, 	the fartnter should iilow/plant untilled land. if available. 

(d). 	 Farmers should also adopt an ppoituniistic approach to gal-filling. If equipnment, 

I-or cxam i!tc. Iii111.tibeatis, cowpeas, suinflower and m aimi. 
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seed, and labor are available; farmers cat profitably gap-fill at a rainfall 
opportunity during the planting season. The best choices for gap-filling are large 
seeded, high value crops. 

(e. Relay planting should be not be treated as , pre-planmed activity, but as an 
opportunistic option for appropriate circumstances. In this situation, relay planting 
becomes similar to gal)-filling. 

4.4.3 ROW PLANTING 

4.4.3.1 A1nimal Dritwn RowlPlanters 

(,6. Jtslij-calion. Row planters have been available in Botswana for many years. In 
spite of this, lClattively Iew farners row plant and even fewer prOduce technically 
gocj,. results. In addition to a lack of knowled.:e and managerial skills with 
rc pcCt to row planting, poor results rm alIso be becausLe of tilepoor condition of 
mnany of tilerow plar!ers owned bv farmers.7' T erefoe. iii collaboration viti 
extension ilar I NIl)tUst'aff. a survey otf 157 fariers owning row plaiters in a total 
of 17 villages was undertakent in 1981) in tile lrancisioun, Nlahilapye and Southern 
areas to ascrri n tile tlarattceistics of flarm ing families who ovcd row piairters, 
the amount of row plantin g they did. tre ir knrow ledge and op inikls ;dUt row 
planting. and an assessttent of the condition of' tile row pLIattes themselves. 

(h). Results A.nd Conclusion.;. The results can be sunrirralizetl Isfol ows: 

.	 lousehohl Characteristics. The average age of tile household head was 
about 58 years old, 'vith an average size of household of about seven. 
Ilowever, the households owning row planters were obviously not 
representative of all the households in tile surveyed areas. For example, 83 
percent of the households were nmle-headed, and they tended to represent tile 
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 tie Sebele Plow Plantei (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 'vas 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 famiers last row plalted, 39 percent 
did not row plant all of tile 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 tsing the row planter every year, and for 

This not-io was prompted, in pait, by tire observations that many of the planters used 
in the trials were illpxor condition, and by the results of a Plow Condition Survey 
conducted t few years earlier. This survey Iund that ntany of the plows were very 
old, had missing parts, and were badly adjusted. Because of this they required more 
draft power it)operate ih:m wttuld nornilly be necessary and (lid a technically poorer 
job IATIP PRZ F84-41. 
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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 .ercent did just one plowing, 26 
percent double plowing, and 18 nercent one plowing plus harrowing. 
Somewhat surprisingly perhaps, although probably because they tended to be 
wealthier fanners, 26 percent of iht ftrrmers used manure and 62 percent 
applied fertilizer. lowever, this apparent progressive featurc was not 
reflected in the weeding operation. S sty-three percent of the sufveyed 
fanners only veeded by hand, while tl,ose who weeded rTecharically were 
surprisingly eqw:!liy divided ht :ten oxen anid donkcys. "Ilhus. for many 

farmers, one of tne rn:6or :n'v:nuagcs of row planting -- that ofI"saving labor 
for weeding --\VtS not explited. \VhI, MU'hliCill -,cedi:; was undertakcn, 
tileMahon ;ta. i:e1.. y I [ th t nerscultivator gener;ly O p:IelCli l I'irm 
kept their row p:mter. in the open. 

When t iState ;Od 
p1rtting, the riost comlotn was that n saved weeding, labor, tollowed by tihe 
fact that it prototed V'e plant stods d early ph.1t vipor, the crops 

iv. Farn:uer.- Perc'eptions. askCd Mod :aik tIh vit agt.S C' row 

anM that 
were easier to harvcst, and that ilie aic circulated aueongs tilet Inplants. 
ternis of p ex1Creced a significant minority -- 20bleit:,,s with Io', planting, 
to 45 perenit -- had probl&cns that co'.d be clas::itied as logi;tical, planting, 
mccharicaI, an d/or ;aidclig in IIatUC. \Vlat was of particular concern was 

lelp 	 in dealinrug with tile problemn-sthat alinost 81! percent had rect ived Iio 
encountered. With rcference to lcpairing planters, over !) percent with 
problems had received no help and 80 percent indicated spiare parts were not 
available. In spite of ihis, 82 peirci . of the farners indicated their planters 
were currently in good voiking condition. 

v. 	 External F'vahtation. To provide an independent check of farmers' 
knowledge concerning row planting and an evaluation of the row planters 
themselves, a staff member from FMDUT visited 73 percent of the households. 
Ile concluded that the fanners' overall knowledge of row planting was 
average. With respect to different aspects, Ile found farmers' knowledge 
about planter adjustnient, 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. 
Therefore 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 contacting ADs and knowledgeable 
people in each of the sample villages its to who owned row planters. 
Thus the sample was likely to be biased towards farmers who were 
then row planting, ai-d 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 fornat rather than practical assessment in tilefield. 

(c). Recommendations. As well as a Promnisi.ig Guideline on row planting [ATIFP RP 

6, Section 2.2.11 it is recommnrended that: 

i. 	Efforts are made to ensure tia; farmers can get help in handling problems 
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through improving ADs' practical expertise in dealing with problems relating 
to row planting. 

ii. It is necessary to improve the local availability of spare parts at commercial 
outlets in the area, for all equipment being distributed to famers through 
government programs. 

iii. 	 It is desirable to cotinuc the recent y adoptrd initiativc: of ALDEP to provide 
row planters and inter-row CUltivators as an iotegrjalted package. 

iv. 	 It is desirable to off':r practical "hands on" trainin.g to fanners on row 
planting and inter-row culti'ation, and also on routine maintenance and 
adjustment of' 1:u tlupment, thirough 'arnie r groups, farmnr training courses, 
etc. 

4.4.3.2 Hand Row tPlanters 

(a). 	 J.ftflcation. Part of the responsibilities of FSR involves presnting new 
technologies to fartoers, to determine whether the farmers have any interest in 
them, and to tc,,t the effectiveness of those technologies should such interest exist. 
It was on this basis that two types of hand row planters (E N l's) were introduced to 
arniers by ATIPI staff. Work on the hand tow ,t tirs was justilied on ilie 

following grotuds: 

i. 	 It was believed that hand row planters were potentially importatt for 'a!twiers 
who did not have ready access to drait. It would open up the possibility of 
doing the planting in a timely manner when plowing was done at a non­
optimal time for planttig -- that is, when soil moisture was not adeq.late. 
F:trners in the ROFG in Mathangwane indicated in g.roup discus: ions that this 
commonly occurred whcn draft power was obtained throug h hiring or 
borrowing, because farmers then had to use the draft power when it was 
available, rather than using it when planting conditions were optimal. 

ii. 	 Good row planting could be difficult to achieve when using oxen, particularly 
for women oti their own. It was believed that hand row planters might be 
attractive !or flaning housecthols ',vierc: 

--	 There was no access to donkeys. and/or 
- were for the planting, and/orWomen responsible 

-- Only small areas of land were to he row planted 

Two types of hand row planters were tested, the "Sanitas" IRP and the Rotary Injection 
Platnter (RI[P).' 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: 

t. 	 The Sanitas .and Row Planter. The name for this IIRP derives from the 
fact that it wa:. first observcd by ATIP staff in use by the Sanitas company in 

Itn sonte of tile ATI Ipaper:; this has also been called [lie , Iasdlar or Nlaster Planter. 
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Gaborone. This HIRP 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 observaticns and 
'IXscussions with farmers who used this IIRP resuled in the following 
conclusions: 

The Sanitas IIR P was not useful for planting large areas in fields 
because the small circunercti,.e of the furrow-openers made the 
machine too difficu ltto posh over plowed (tleven) grotnd. 

ihe machine did a icasonable job of planting when used. ft was 
quite appropriatc for filling gaps where initial seedling emergence was 
poor. [his was because the machine was light w&,gfht and easy to 
carry ;a Ihe at bcCause allowed re-planting beroulld fields. td it to done 
without the rise of' animals, the need for re-plowing, or the need to dig
holes wh a hc. 

This 	IIRP was introduced to fart:cr:; in 1986, and although it has not been 
promoted by AIP in recenii years. there ire still famers who colme to the 
ATWI" compounds in the villages at.d tr]qL1Cst to borrow the machine for gaip­
filling. 

ii. 	 The Rotar-y Injection iPlanter (RIP). This 1 RP was originally (eveloped at 
the International Institute for Tropical Agriculture (liTA) in Nigeria. It was 
first introduced to 13otswan a by the ANDP project in Ngamihand. The RIP 
consisted of a secil hopper attached to the center of a six-sided wl:cel. At 
each comer of the wheel were "injectors" that opened a hole in the soil when 
tile wheel was till nCd. Seeds fell from a metering device at the base of the 
seed hopper ilto these holes. The device could be pulHed or pushed by a 
long handlc which was attached to the central axle of tile wheel. 

ATIP ':egan to vork with the RIP in 1986. Most of the trials were 
condict(Cd in allEMFI fornat. The results of testing dont, between 1986 and 
1989 ate reportCd in a t umber of places (Table 4.12). The RIP could be 
operated by one perstln colpared with a mninimum of two reqiuired for a row 
planter with donkeys. The limited amount of data collccted indicated that tile 
title to p1a;-;hectare with a \as about 15 hours compared withrow a RiP 

about 8 h(urs using dottkeVs [ATIP IR G(1-2, p. 41. " Thus they were equal 
ill ternis of tilettnber otfpersott -hout s of labor requited to pllnt a lectare, 
ahht ou.i a itdottkey team could cover the area much faster. 

The 	major cooclusiots arising ottt of the work on tileRIP were as follows: 

'File first locally produced RIlPs underwent several tnodifications based 
oi both f'arner andl re:,earcher suggestions for itll)rovement. At 
present it prototype exists which is quite good. but is still in necd of 
minor todificatioils to1tile seed metering device before going otnsale 

This excbtldcs liele iivolv' d inlcollecting tile :tttintals atld hitching them u1). 

.
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to farmers. 

The RIP is potentially useful to arniers and has confirned ex ante 
reasons for testing it, namely: 

It allows fanneis without draft power to separate the plowing 
and planting operations. This allows them to better control the 
day of planting instead of being forced to plant on whatever 
dJay they can obiain draft power. 

It is easier to nake straight rows when pulling a inachine by 
hand"' than when catle or donkeys are used. 

Using the RIP does not free fanners urot responsibilitythe of 
using gotxl judge ient in selecting a planting date and doing 
the planting in a timely manner. 

in I( 
tie l'rancistov.'n aia iki I tu). sllIo%, that the RIP the 
A survey of farinitpwicip.irts ie RN 6s. cOnducte( in 

ed was 
secoild most Conllll[ii!) adolted tTchMology after double 
plowing. Adopted [eclmiolotoies" ,rc definld as technologies 

lhat tan-te1r; ncd onl their tue. m fieldv o;itidc of AIP trial,.. 
This is 	 a sironz irtdicat ion dta amleast sortie Iarnrers 
considemed the RIP to he aruseful tool 

(c). 	 Recoinniendations. concerning time hiand row platters, ac 

confined to the RIP on which a Pronising Guideline has -eo produced ATIJ' 
RP 6, Section 2.2.21. They arc as follo\es: 

A reasonably ftnCtional RIP can be, and has been, produced in Botswana. 
Ilowever, the recent still sonic toniost iiodel requires tiutor modifications 
the brtsh, which at presen tends to janm the flow of grain from the seed 
hopper to tie seed wheel inilarge seeded crops. Other useful modifications 
have 	 been recoiriended My 1M DU, andtite NID', both in DAR. to ALDEP. 
The reconidietiled niudiications should be Cffected, and the imiodifired machinrue 

should iunderg o ininor field testing to verify that the nmodifications have 
solved the problem. 

ii. 	 These machiies should lien be demon,srated widely in differ'nt regions to 
determire dciilild, and iinitial trial sales through A LD)tHP should be in itiated 
in regions where tlenliiad seeTs to exist. 

iii. 	 AL.FI)"lP and DAR personnel shtould continue with developing and testing 

fulher imnodi ficat ions of the ituachille, to make it easier to disniantle -- to 
change the s-eed wheel -- and to test a two row model that could be pulled 
by a donkey. 

4.4.3.3 Custoin-ilire Row Planting Scheme 

(a). 	 Justification. Many fanners in the Central Agricultural Region have indicated an 

Pulliig was found to le iore satisfICrtory t1m1apushing. 
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interest in row\ plantintt, ttowever, the primary constraints to row planting have 
continued to bc little knowle l e ott hov. to roy. plant ctlomed with Iiiiited access 
to the IecCLSsarv input s, incltding draft, row plaitino cnjuipnieit and !abor 1ATIP 
RP 1, p. 7 1 ]. While cu:;tom-hire arrangentents have tradintitaly 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. 821. 

A survey conducted ill Mak wate and Shoshong villages indicated that 60 percent of 
the surveyed tarniers believed 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 prolibitive 
IATIP WP 171. Therefore, an apparent gap has developed between what fanners 
believe is beneficial for production, and their abilities to acquire the resources and 
skills necessary to implement improved practices. 

Given the level "interest in row planting, and the potential time saving in 
weeding by com.ntling it with mechanical weeding, ATIP decided io t.:t a custonm­
hire row planting scheme during the 1987-88 season in Makwate and Makoro 
villages. ATIP rtef'rences where details are discussed are listed in Table 4.12. 
The 	 objectives of the scheme were to: 

i. 	 Increase the areas row planted while at the same time demonstrating good 
quality row plantin g. 

ii. 	 Link row planting witi mechanical weeding. 

iii. 	 Test whether or not a custom-hire approach was a viable option, thereby 
creating employment opportunities for young men in the villages by row 
planting for other farmers, under the ARAP schene. 

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 Conlusions." Because young under-employed men were generally 
either unavailable or tnreliable, farmers, who were currently active, were offered 
the opportunity to be trained to do custom-hire row planting. Extension and ATIP 
personnel were involved in tile selection process, while a number of criteria were 
used in identifiing potentially suitable individuals. Those considered eligible were 
those who demonstrated an interest, had access to labor and draft, and were able to 
maintain their own arable operation during the plantingweeding period. An 
intensive one weck "hands-on" training course was then undertaken in Ma'ialapye
during September 1987, involving nine selected customn-hire operators." The 
selected operators were also given assistance in obtainingL equipment, and in 
arranging contracts with fanners who \%ished to have one hectare plots row planted.
ADs in the two villages assisted with the contractuai arrangements. ARAP 
subsidies were used to pay the custoro-hire operators. 

More details on the approach used, and the results derived from the custom-hire 

scheme are presented elsewhere IATIP PR M89-11. 

Only 	three eventuall) 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 farmiers -- 12 
in Makwate and eight in Makoro -- had their land row planted tinder the scheme. 
Farmers participating in the scheme were :equired to plow and leave one hectare 
unplanted which would then be row planted by the custom-hire operators. 

Briefly sone of the major results were as follows: 

i. 	 The average yield from row planted plots was significantly higher than from 
adjacent broadcast plots -- that is, 766 kilograms per hectare compared to 434 
kilograms per hectare." Row planted p!,)ts were planted anywhere from two 
to 20 days after the adjacent broadcast plots, and targeted for gc A soil 
moisture conditions. 

it. 	 The net gain to tilehost farner from having his/her land row planted was 
estimated to l," 1P64.49 per hectare. 

iii.For 	 the custom hire operators, the row planting ot:eration took on average 
6.17 hours per hectare, which at the ARAP subsidy level of 1'20.00 per 
hectare, amounted to a return of P3.24 per hour.3 

iv. 	 Unfortunately no mechanical weeding ws undertaken as the custom-hire 
operators were occupied with row planting. 

(M. 	 Recoynniendalions. The inability of the custon-hire operators to implenient tile 
mechanical weeding operation implies the need to: 

i. 	 Encourage supplemental winter feeding of the draft animals of the customn-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 seemed that custom-hire row planting, and possibly custom-hire 
mechanical weeding, could have a role to play in helping farmers who did not 
have enough 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. 

Out of 42 farmers who initially expressed interest in the row planted scheme. 

3. 	 There is little doubt that the training program and the substantial amount of row 
planting done by each custom-hire operator during tie planting season -- in a sense 
accelerating their learning or skill curve -- contributed to the significance of the 
results. 

This does not include expenses incurred with reference to depreciation on animals and 
equipment, and time spent in moving from one field to another. Nevertheless, the 
return would seem to he quite attractive compared with the drought relief wage rate, 
prevailing at Itletime, 	of 1)2.48 per eight hour day. 
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4.4.4 WEEDING 

4.4.4.1 Justification 

Weeds are a factor that must te addressed in any dryland crop production system. When 
ATIP began research activities in tht Central Agricultural Region and the Tutuine 
Agricultural District, little wo'k had been done to quantify the magnitude of this constraint 
to production in these areas. Thus initially studies and trials were conducted to better define 
the situation. The potential impact of weds on crop production varied from season to 
season Mid depended on a number of factor, including: 

(a). The level and distribution of' raint'ill.
 
(b). Soil type.
 
(1). Tillage system eiployed.
 
(C). Quantties and spciCs of wCedk i;ii:!Iy pliesCet.
 

Much of the ATIP initiative in weedig related activities has, of necessity, been one of
 
responding to opportunities and perceived needs of others. For example, during much of
 
ATIP's existence there. has been below aver;,ge annual rainfall, consequently fanners have
 
not vieved weeding as a major problem. Ito\ever, the activity still required considerable
 
albor. and there were indications thlt some tvople had difficulty using the recomnmended
 
weeding equipment. Thus some time was devoted to testing light weight cultivators that
 
coulh improve the efficiency of the weeding operation in row plantted crops.
 

The effects of different tillage systems on w\ced control have been discussed earlier (Section

-1.3.2). This section summarizes descriptive work that exanited traditional weed control
 
systems ,,nd discusses observatitns on the FMFI testing of a new, light weight mechanical
 
weeder (Malin cultivator).
 

4.4.4.2 Results And Conclusions. A summalry of the results and conclusions is as follows: 

(a). Hand Weeding In Broadcast Planted Plots. A Baseline Survey of famiers' 
practices in the Tutunie Agricultural District was conducted in 1985 [ATIP RD 85­
1, p. 8.11; ATIP WI) 31. This survey involved interviews with over 2( randomly
selected famners across the district. The results indicated that all farmers in the 
district broadcast planted at least pan of their fields each year, while only four 
percent row planted some portion of their fields. The same survey showed that 75 
percent of Al, fields were weeded by the female household members without help
fromti males or non-household persons. Thus the indications were that in the vast 
majolay of cases, wkeeding 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
proluction constra int, at least during tile drv years prevailing at the time, and that 
a single weding v, as sufficient to acliie,,e good wced control IATIP WP 5, p. 10]. 

From 1986 onwards, weeding time per plt was measured by a stop watch in all 
researcher-Managed (RM) trials in the I rancistown region. Tlifs was (lone 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 iieters 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 NIP 87-7; ATIP MIP 87-9]." These figtires vaied 
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, fanners abandoned the crop and did not weed at all. 

(tI. 	 Matin Cuitittor in Row 'lanted Crops. In early 11)58, the NIDP personnel 
demonstrated a light we ight mechan ical weeder they had develnped and 
nanuficttred ill Ziltilhale. Previous field observations ill the TutIumc Agriculturtil
District h:id sugested that farmers had diflculty u11lsinj,' tle Maihon cultivator 
because it was hcav r L tlie ref i e hIad ai high draft requireileti. It seeiied illat 
farmers had pmloinl contr-llinlg the n1umber1'l' of allinls required to0pLll it when 
thev hItla crop,, -. - ingilhe field. irtlhermi ore, bciathe tile% coul itot lil't it 
Ot ![ 1 Li atIon. t,, ;,re litely to ltse crops wlcilever tile aniills s-alli out 
of' the rol.,. The \liU,111cullivator, ointhe otli.e-r hald, ctilld c pulled b) one or 
tIo dolltc%, illd could cdsilv be lifted 0LL o 0peratiOli ilthe alliilltnaV straye'Cd out 
Of the i'\ %t therlore to ti ll ;itiNjtorto inr ., eas l cidl'd tiri'st.'it l IM farilcrS 
thleuttin AricultirAl I)istrict and !to observe their rcaciott:. 

The Mtlll Ctlltivitor %%as itroduced to tie ROF(is (Sctioti 3.2.2) il the ISS-8l) 
Seasoltn. ThLouL:h ottilnk a few fliitnrs te.icd the titachitie, reatiion kias tetterally 
favorable. !it I N tlte culiv',tor iade:lie 	 t)8Lseasoti, N:iti[ ,'s i .aill available. 
fr testing, to falierS in the RFGs. lhe testing ttprasill a'lst extetded to 
the EOI:Gs itt Tati )istrict (Section 3.2.3) becaise if' tleoreater lSeol Rto 
plantintg alllk thoseJnef r \t the Salllitt lne it waris ilttLdtct.etLI l'LIattiter's ill 
the A'\'llP villaces ilttw Nlialallapylc ala. 

The reactiitL to ictachite ill tire t:O)Gs x as itlmmCdiatC'ly cntlhu:SiasiC, with 
nunitts farti tc qtteillg irCtse the In response, theits to ieitmchitnes. AIL.)EI 
prograiti allowed a trial sale of itmachilnes obiliiied frotn Matul. TWtitv niachintes 
were obtained. a dt ll were imiiia e.v !urchased by E) [C participants ththrouih 
tile ALDEP stilsidy prograin. 

4.4.4.3 	 Recommendations. 'lhere are a number of recommrendations that can lie made 
concMitig ile Meain cultivator. These are as follows: 

(a). 	 Though the rcsl)oise by farers to the Main cultivator was very eC1Ouraging, a 
follow-up study still nieeds to be carried out. ile farniers who piurchased tihe 
machinties should be interv icwed to qutantify how iuct tise they made of them, 
their oil)riots Li the effectiventress of the i achines. aid in) observ aitions they
nmight have on how tile machilCs could be improved. The farners in the EOF Gs 
can be idntified lhriioli tile ADs in Mapok a anLd Musojale villages. 

Ib.	 It should be notel that the RMIDLJ at Sel- Ile still has sonic reservations about tile 
machine, and some ideas regarding the improve ment of the soil-engaging par,:; of 
the machine. "l ,I-seideas should lie developed and tested under faIner conditions. 

In coniparisoLt. very lirniled data for mechanical inter-row cultivation in row planted 
plots indicated that 8.5 draft power hours per hectare were required JIPR G90-2, p. -41.
However, lhis fiure didLot include ititra-row cultivaitiotn MI i itas to e dotie bv 

hiand. Alsi two i Ioitce lsi s arc rCLUired to operate [lie draft lealn. 
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(c). Within both the ROFGs and EOFGs. farmers using the machines have encountered 
some difficulty in :tdjusting them, and have requested more intensive courses on 
how to adjust and use the machines. Such fanner training courses should be 
developed once tilemachines are available for sale. 

(d). Farmers have also observed that the machines do not work well on dry soil or 
where the %keeds are "large". They have noted that the width of tilemachine is 
not adjustable. There fo re. when cutivaiing bet,,een fairly wide rows, it is 
sonletinite necessary to go over the row twice to achieve go,xl weed control. 
Before the machines are made available to farners, steps :houtd be taken to ensure 
that buyers are aware of -hese limitations. A Promising Guidle has been 
prepared IATIP RP 0, Section '.2.31 and Idce an Agrifact shoul also be 
produced. These shoulu be distribiuted to ADs, and the ADs should advise 
potential buyers of thc;ta beforetthe machii -s are purchased.limitations 

4.5 	 SENl-PE{RMANENT FIELD DI VELOPMENT 

Increased rainfall retcntion artd stora ,c in the soil has been tIleobjective of rainfall run-off 
management work. III son t,cases, this intclided teIC concentration or harvesting of rainfall 
run-off during storms, tisit, setiti-perniancit soit sti-ncttres or plowing patterns. Ingeneral. 
the opvtions described in tis section arc proposed as alteniatives to improved conventional 
tillage (.ptions which also assist ini rainfall iianagenent. Ilthe rainfall run-off management
\work, tie setii-periianent sVS IItN can be differentiated oi tle basis of whtether the 
iimatiaeeniItt is of rain in cultivated orfl'illn,,1te plot (in situ micro-catcltnent) or for 
harvcstinig waier from off the fiel (itacro-catchnteitt \ater harvesting). Basin flooding is 
the only system that ATHI has investigated that falls into the inacro-catchinent category. 

4.5.1 RAINFALL RUN-OFF NANAGEINENT STRATEGIES 

4.5.1.1 Contour Strip Cultivation"4 

(a). Justification. Contout strip cultivation was first proposed by visiting agronomists 
front the USA dhting tile drought season of 1984-85. It was designed to address 
two l)rletts of arable agriculture ineastern Botswana: 

i. 	 Many farinirg households face a plowing resource contstraint. Because 
plowing instrips can more qIuickly cover a large area of the field, a greater 
portion of tite field ean be made receptive to rainfall infiltration earlier in the 
se ason. 

ii. 	 Since soil moisture is often limiting for crop growth, crop production often 
fails, even ot land that has been plowed early. Strip cultivation improves the 
reliability of soil moisture because water infiltration in tile 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 

" .	 It somie of ATIP, work Ihis has also Cil cIIllId band or contour tand plowing. 
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plowing system in terms of: 

i. 	 Witter conservatinn. 
ii. 	 Grain yield per unit of land area. 
iii. Grain yield as a retuni to plowing input.
 
iv, Grain Nield per unit of labor input.
 

Following the identification of scver:a problems with the system when implemented 
it the level of resOurce poor fartner'. research focused on problem solving and 
technolog1y designi or modification. Ohjc tives of the design phase of research ol 
Contour ,.trip cultivation were to CvltC plowing ald plantilg ptt'n s that would: 

i. 	 Ni nitil/e the weed control pIobleI itlifernt in the system. 
ii. 	 lnprov,. ,atCr rCtentiol. 
iii. 	 Provide tilth Cor :adctlUaie plant CstbliShnen1t. 

(b). 	 Results And (onclusions. Con tour strip cultivation has been included in RNIRI 
testing for five Sea isons at Mahlalapye, ;md three seasons at Francistown (Table
1.13). EVeN iht Igh testili.: of this system has been handled iin researcher 
,i1Iplicnhted trials, the v.i" it has been impleImented conesponds closely to the 
way mirost farnrll; s ould ltll;UIaC sulCh t tilhlge SysteII on their own. A groulp of 
farmers has also assisicd in assessitig the research work otl contlur strip cutltiv'tititll 
at Nlahalapye." Several problellIs hav, stifaced il the itllemeCutalionl ol this 
system. 

D:iritig the l'ir';t two ycars of testing, the strip systeI was not ittiplcmeilted directly 
along cotI (ir litnes. 'lThis certainly limited the amou:t of' V:tcr harvested by the 
sy stemt. ]tde r these conditions, the strip systeil genterally fa i Ic to produce as 
Much grain pcr tnit of land area plowed as w,,is obtained from continuous plowing.
Because of a weCl control problem in the fallow strips, the return per hour of' 
weeding labor iput was also lower than for standard plowing [I)AR, 1987, p. 
1011. -

Several design problems were identified ii the early evaluations of strip cultivation 
These problems ietided: 

i. 	 Difficulty in controlling weeds in the fallow strips. 
ii. 	 Erratic plant establishment in the cultivated strips. 
iii. 	 Poor tilth associ ated with the edges of cultivated strips. 
iv. 	 Erratic concentration of water. Water failed to concentrate on the strips when 

slopes %%cre not regular or targe enough, or when the strip was not bounded 
by ait I'IHow to collect and i(old water so that it could infiltrate. Without a 
cOillCtiti Ctrrow, run-off water tended to flow through the cultivated strips. 

Bleginning in the IP)87-88 season, cultivation strips weie carefully laid along 
cootour liies il both Irantcistown and Malialapye. This change was made to 

". 	 See Seclion 3.2.1 Ior a discussioni of how fanuers can be used in evaluiting RMRI 
trials. 

'This can 	 be ctmticluoded by dividing the grain yields in Table 5 IDAR, 1987, p. 1011 

by the itinbr ot hours weeLed. 
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deternine whether this would increase the amount of water harvested by this 
simple technique. 

Double plowing and broadcast had been tIred to till and plant tilecultivation strips. 
With this plantimg method, plant establishment continnen to be erratic. Plants often 
were not e:,tablishcd at points where water was larvc.,ted. The other major 
problem was weed control. Early hand hoe weeding at Mahiaiapye required a great 
deal of labor. A weed slashing icclihnitlue was tested at IFrancistown, but this still 
requited a large aimoun t of' labor IATIP PR F:88-61. 

InI tile follo, ing two seasons, work on tihe design of contour strip cultivation was 
continued at Milialiap e only. Several changes were m:de in the design of the 
strip system. A group of farmers wa, converied at thecd 0i e' ih scaso(i, in a 
workshop forniat, to discuss tie strip symerli aiid to provide a lv cc on wavs his 
syvstel inlight bc inlprOVed al made more usef'ul for farmers in the area. 

Design criteria for the contoLr strip Clrivutio sV',eill Wcre as follows: 

i. 	 Plowing of tile were to be done i;searly in tle sea on as possihle.strip 

ii. 	 Sitrips were made by plowing two or tiree passes i1 caci direction. In this 

way, a strip with a slightly raised ridge running along the center was created. 

iii. 	 With this pattern of plowing, lead furrows wce lecat both margins of tile 
cultivation strip which served as collection furrows for ruii-Off In ile fallow 
strips. 

iv. 	 Strips were to be placed as close to the contour lines as possible. lhwe er. 

it was observed that the lateral moveienilt of water was gcnerall iiiinini al. 

v. Cultivation strips were to be placed so that no more thian one meter of fallow 
separated thein. Farmers indicated that this Wats [ile imia Xi muIiI width that 
most farmers would be willing to weed. 

vi. 	 Weeding of the fallow strips was to be doiie by early hand hoe veeding or 
by using a harrow. 

a useful planting rain, stripe: to be 
helped to ensure a better placement of plants and a more reliable plant 
establislnent. Relii,'le iflant establishment was very important in this system 
given that a large part of the field was not seeded. 

vii. 	 Following were row planted. Row planting 

viii. 	Each cutivation 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 that 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 year. that soil building amentcsl \\ere concentrated in th" strips, and 
prxuction strategies such as crop rotatim were readily managed. 

IEVCn tlioughI a nnLImiier of' problems with tile design 1 contour strip cultivation 
have been solved, the ;tentlllhs otr d ioistratted yehid i,.,nefits over conivention al 
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cultivation, or improvements in return to plowing or labor. Generally, farners
have expressed concern with tilenotion of leaving cleared land uncultivated, with
the weed control problens of this system, and with tileidea of intentionally
concentrating water at points on the field. 

(C. Reconmttndationiv A Prt";,-;,-g lf.'-,,. 
.... ... 	 mendni,,, it been produced since morePr .aA 

extensive 	 testing of the system would be desirable [ATIP RP 6, Section 2.1.21. 
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 farners. 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 peraninent vegetative cover in fallow strips. Farmers expressed 
concern with leaving weed and grass growth in the fallow. They cited the
problem of pests being harbored in vegetation oif such a large number of 
strips in the field. On the other hand, agro-forestry and soil conservation 
advocate such mteasures. Research could look at the benefits amd detrimental 
effects of leaving grass strips, or other vegetative cover, on the fields in 
Botswana, so that this information could be passed on to fanners. 

ii. A type of relay cropping has been discussed for the strip syst.nim. Initial 
planting would be, as proposed for the cultivation strips, a means of 
conserving and harvesting rainfall. If the season ",ere fallowa wet one, areas
coald be subsequently plowed and planted as well. This could solve the 
problem of weed control in tilefallow areas 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
Mahalapye (Table 4.13). This design was adapted from a high preci.ion design
that was 	 developed for the semi-arid Great Plains of tileUSA. 

Part of the justification for working with water conservation terraces in Botswana 
cane from observations and analyses that particular sites within the landscape have 
the highest yield potential during both drought and high rainfall periods [ATIP EP
89-3; ATIP NIP 88-6: ATIP RD 88-2, pp. 4(-411. Water conservation terraces
have been proposed as a technique for creating high potential zones within a field.
These zones are characterized as areas with water run-on potential and with deeper
soils (i.e.. 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 broadc;it system. 

',-.',,. 	. (,mclt.ijs, t'. .. Dcve!opmen: of -.atr conservation terraces was planned
to take placc over :i three or four Year period. This type of implementation was 
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thought to he most appropriate for resource poor farmers who would not he willing 
to devote nuich mort than ieoroal tilagc input, eVen initially, into th1e terace 
syvstem. In the first season, ridges, or other barriers, wer, built along the contour 
with 15 to 20 meters separating them. Subsequent plowing was always in the 
direction of moving ,oil 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, Sou!e water rn-on potential. After two seasons, there stiil was 
not enough soil movement to con;plete constniction of the terraces. Therefore, the 
agronomic results (to not reflect the potential of' this systei. Following the advice 
of farmers, the terraces were double, and in some cases, triple plowed following 
tie second season, in order to complete constniction of the terraces. Thus, the 
reSuts in the third season were confounded witi he effects of early plowing. 
I owever, tie comparison tit' terra,.es and early plowing with double plowing was 
valid. 

Specific 	results from this system were as follows: 

tlant establishment was generally good within tile terace aid was often 
better than thie doubIle plowing comparison. 

ii. 	 Water run-off leading to chareling and originating in ihe terraces was less 
than channeling from flat cultivated areas elsewhere in th field. 

iii. 	 The construction of the te:-:ices was mtiore definite and results nore 
promising on land with slopes of 1.2 percent or greater. 

iv. 	 There was a definite soil build-up at lower portions of terrace. following 
four rounds of phowing. 

v. 	 Farmers indicated an appreciation of the concep of water conservation 
terraces. 

vi 	 Weed control arid other management issues were no different than for flat 
cultivation. 

vii. 	 Two elements of the terraces were difficult or costly, namely: 

The construction of base ridges f(.r each terrace required the use of 
good traction on days with adequate soil moisture. Many farmers felt 
that this work wou l have to be done with a hired tract or. 

The plowing pattern involved plowing in ore direction thrIiough the 
entire terrace until a satisfactory beinch was ceeated at tie lower zomne. 
Once the hench was created, plowing could again be done as usual, 
provided 	there was no drastic movement of soil w itthin the terrace. 

Agronomic and economic results front the water conservatiot terraces were not 
conclusive. T[his system wotuld ieed to be tested over a range of seasons. 

(c). 	 Recomnendations. In addition to the Promising Guideline which has been 
produced [ATIP RP 6, Section 2.1.31. reconicndations are as follows: 

i. Research should be continuet, but in more of a farte r implmented mode 
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4.5.1.3 

ta. 


th). 

File 

for farmers who are inteiestud in p;'r1 icip:iing. Research Jhouk provide a 
consulting service and monito the restiults. 

ii. Soml-lpetyp v.'netaik c r'fr ridgcs he : V t in'2Cated.t:f . should 

i :"w! l i ji; 


terraces shcu!d lie el, ;ii h d be 

iii. The possitldit'" .d liin o ild.Ielln IIIh hig ti tl,.ol:cs of tile 

d111lOhLni0., s Imolitored. 

s!Io1 !!,l assisted 
dcti)flSt'+ 'iad Mi'i5wterI'r.,C i',ti: i" ti . 

v. Tthe [ evclien: l'l:l ISot Sho',ho : .iold tl' py:,c be in- te 
iOil CXt.iI;,l:iI'i1 

.;emi-PernanentRid,e ind Iu,roti 

.c- eiit s nd!:; ovs v,o nr hjtri' i lto c jiistification. a:g ii rid, ind :,ed 

ainh Rnf-offiNianm,,,t'Cilt by\ the Ialld ats.f Water lM:: lnewe Project 
I VMPI), in It r SAC(',, hdu:ir.1i ,tSC!-1.' Ihc r!s ,of Owreducic 

1.1"i ' 
the
 

ridge and ftmtrw _ itihe .'fl'i; polor-a %,,asto observe i ;.,;le nttiti
svstcn
of" I Irlatic extensive I_ -_ stale. ' his . oik par.llelcd ar_)
 
cot;o i c ictie ll l Iitcni'V ,Ii ",;s,'tl iv, iltS.-\(A."l ,
~ted the exenitlSNrli.morelt !.ill~.0.'teli this NSe Iv00SC.' !.riulp 

.. , -lcl:<i' ,.
at !h' . m k ili and 

The s:.i1i-1 lern: .'icnt iikl.e id itlr ,' ,ist ' is ni cllboatc and costly .-, stein,
 
i(0::dud t e:su 1t,L rcdi;lbi!v of pIoductioi ini ihought plolic rrinis, 1)V
 

permilhq! ;!oIietrni ,I l ., i i tt tC' ill sittl
: ti h',i L'0 r riilitill ill
 
ih,rooting ,'onc of \ ide'i,ws pc', 1. me
I, 

obfeecive eealch tonthisThe specific f ,\I I' rT Ss.iltll 'welt' ;oj; 

i. olc'!,.;ntio l e~I,'an!lld ilic ii ;.iproprimtetness for sm:lll;v,'titelto '. 

leaxtihgp it.it . nd inm estigate tileissue of :reting tilth for plant 

st-iablishlnl it ;,et; e "\stei. 
ii. Lv:thIla!t 

iii. wiiari;rer asss.,iiicnt of lh system.r: 

Results And Calitluio:.s. Ic id...adll ctiplV\ to illemnl t
 

in the 'ilnst year. al:illerN. that was too costly unless
indicatcd nit)J impiementation 

t11 syStln'l %teldedl dhinltic htCithis. Even thi. lte ridge and furrow .,)stem was
 
tur,' likely he .cmdilla snuali-scalt- ior hiilicr valtie crol!.(i.e., nlai/.e f,r green
 

naliest thal ftor Sohtll which h.d Icii used illthe asse.,s;inllts. 

hinpl,"entaiiion ilivolved ,IC ltoill w SItCs: 

i.ih , the !.Md. 

ii. Ridging with a sp-citl riding!. tool usually dlri I by a tractor.
 
ii:.ItColllj,millg and thell ict:,1apin tihe ridges.
 

I h tni tiv. Posibly ct!Itnsi,, la o tolieridge !bteore pilaiitig. 
v. Planting lcl hanically v.hich .v t:, difficult. tr by hand. 

After tilefirst S,';ISWIl and 'eht: tle i iti e> Acre wCii eStablii'led, no0 foll r tillige
 

was plannted. lIIs tctd tile ridges wcic re-shiapetd. lh served to loosen the soi on
 

the flank of the ridge iti and ot weetd control. Rc­planitinlgll ave\soei nlc:iSurc 
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shaping was followed by planting. 

In addition to the cost of inmplenentation, two major proble'ms that were identified 
were: plant establishment and root development. 

Planting in the s,ystefl was done on the flank of the ridge. llnowevLr, because thi:­
flank was prone to rapid drying, plant establishment was erratic The most 
successful establislhoieICtcate from hand planting using hoes or i .':and tools. 
Several planters - g row planter, a hand jab planiter. mid the rotaryifIchudilitsingle 
injection planter -- were inivestigated lsto their practical ipplication on affield level. 
Ilowever, lolic of tlhecwere atisfaetor)' for planting ott tit flank of ridgoes. 

' to loptttitt uttiiled 

lRootS ttlddt' t t p10tt ttLd soil 1s1ttltt.
 

(Once platms v\ tc t.'Illi hd, dfv on the flank w%: impeded. 

(C). 	 Rl'COnttIte'nIdalio/I v tCliuIoh moi.sitrc itotiil!s 	 t Ol soil ltto itdicitctl illatllto'l;tnte 
' 
\%as ret.ilet d aiii r ow sttt stelTl 11ein th tu ' td '1 s llt Sh IM 0 :tec'Pfullv 

imopollved crop pIod tit:(m. 'hc curctt t dsii:i fo Oni lI0llCt sott'dsrthr teiiit 
to ia . \laittuat Plumjcct th;lther t'tCHiltt: 

5\ Stltt h' rL,-dc.ItMld to iitlptivC tilth int the llIiili! l rCa. A proptisal to 
IC'tilll i-lhlhi1 i to MlVCll ,itrtICriLt iidl'.S of thte tlr'Cit desinilh floilattds tiat 
cOuld e_ illeCd ,illtdittttd. l i.,f tte\+ LICei-lt would tIlICC tihe aliott il Of WItet 
COittctittteld, Iut %otft!l 're.at imttprove iw posibility of' ,chivilt! yatisf:ttorv plant 
ct-ablimn 11n'111. .00! & %c'clopiillL. 

4.5.1.4 Basin tloodin, 

(a). 	 Justic~ation. iBasisn fllotinig a att idea that enterged froit discussions withl 
eottnltalITs of tte Soil Niliagetnen; Support Services (SMSS) itt1985. Earlier, ATIP 
rescarchcrs had held ex rloatory tilks with farmters about developing iuproved sntall 
dattis tI imtpotnltld ,vater ntit-off dhring large storttts. Thte SMSS grouip advi sed that 
.'atcr could he tmtore efficiently tised by re soitrce poor farmters by tlsing the water 

holdintg capacity of thte soil profile ,tstime storage rescrvotr. 

B.Sil t]OitfilW II Xlli ;mit Itcllitut' IIqte ill the Middle Last and the Indian Sub­
('ltiltit to tatM'V.t raitlfall tiu-off frotm 'aterslcd arca- abovc a field (macro­
L.,itlttllt l) Mlitill 'ttihe protfile field vhtonever rainfalioil if tite rnI-off eventts 
occur. "he illcidCC' of lare rainfall nexeis (e.g.., ttat would pluXitce nitl-off) itn 
otstita is toiewortltrh\ AI'I M1'7-31. 

The i t Mt hithcr IL-xl 0I llis;ttlt to ilprove crop yields and increaseSoil o to 
the reliability o, ,eli. p:trtiicularl, illdrier %-cars. is evidett illite case of Botswana. 
What is lot _lear is tite eicilt o which an illterelioi like nmiacro-catchtilnt water 
harvestirng to flood o1itO %illgiveT inl ilotlSwaa.hsilis thiell dividends CSern This 
tchniiquc IlasgeCallC:' bCCit applied ill/tntes that receive less rainifall tian the 465 
miliitciter aiUal Avertl- for Nlaihal:ilve. lBotswana. Water hatvclstitg tecthiques are 
also titlicd ill area, here arilrs LIeVOte mtore t itme to the intensive mtamagement of 
tie arable is casc for mosilttt+ This mayecterrist, titain the hotseholds in Botswana. 
create problems siice taleie labor in otlvaia is often used for the itanilittneit of 
livestock and off-tarli ettll)Iyttent. with only a smitall portion allocated to arable 
operat ions. 
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The objectives of .is study were to: 

.	 Evaluate site selection criteria for water run-on potential and suitability as a 

water harvesting production site. 

ii. 	 Test simple structural developments on the field that would en,.7lce water 

run-on (supply channels) and water retention (retaining bunds). 

iii. 	 Assess faner response to tile technology and to tile management issues 

involved. 

iv. 	 Assess the risk of increased erosion created on the field. 

v. 	 Measure the benefit of water run-on in terns of cropping outcomes. 

vi. 	 Evaluate the return to other pr.duction inputs (double plowing, phosphate 

fertilizer, stover incorporation) at the water run-on sites. 

(b). Results And Conclusions. A sunLmmlary of the major results is as follows: 

wereUsing the experience of host farmers, nine sites in different fields 
identified as having water ru-on potential. During tl!' season, six of these 

were classified as water imn-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 constncted on two sites that had water run­

on potential. Results from developments oil 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 requiremnerits for adequate structures would be considerable. 

Distribution of water in the bundcd parts of the field was not very good. 

iii. 	 Farmers participating in this study cooperated fully, but expressed no interest 
niti-on to the field. Rather, interest was expressed inin promoting water 

using bunds to divert flood water around the field. Farmers also indicated 

that the management of gates for tht- supply channels, that could be closed 

to prevent further water from entering tile field, would be difficult because 

farmers were often not at the fields andi during stons would not want to 

venttr,: out to far comers of tile 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 erosion, in tile sites with water retaining bunds. It 

was clear, though, that the quantity of water flowing onto many fields could 

riot be retained in a manage able way using the techniques of this study. 

The Iencftt of war..'r rin-on for cropping outcomes is discussed elsewhere 

Ii,.l. IP iQ. . 1(7-1081. Grain yield at water ran-on sites was 

,;,-, ifc:,' v ;. _r ti, at Mlie r points of the field but was not improved 

l\ fhe md-litim x rc, '.,arvs,ing_ structures. 
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(c). 	 Recommendations. In the 1986-87 season, ATIP made a decision not to continur 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 
(see 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 famis arid/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 see a major hazard in flooding. 
Research staff and the Soil Conservation Unit in MOA need to look more carefully 
at the issue of flood protection. 

If sufficient resources were available, it would be recomneilded 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 season, water holding capacities of different soil-types, and 
estimated crop requirements. The main issue would be whether priority should be 
placed on water concentration 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 FertilizerAnd Kraal Manure 

ATIP observed that most farmers in the research 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 fanners indicated that they lacked knowledge on the 
effects of chemical fertilizer. The use of chemical fertilizer was low in both the Mahalapyc 
and Francistown area.;, even in villages where other improved methods were used [ATIP RP 
I, p. 671. 

The use of chemical fertilizer was also not generally listed as a promising practice by 
farmers IATIP R!1 I, pp. 60-701. On the other hand, ADs ranked fertilizer use just behind 
row planting as a practice with potential to improve grain yield IATIP RP 1, p. 711. 

[leh. work on basin flo(oding has, however, been continued by INTSORMIL [Carter and 

Miller, 	 19901. 
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Comparisons with chemical fertilizer have often been part of the village level demonstrations 
set out by the ADs. The ADs listed lack of knowledge, lack of labor and concern with 
weeds as the main reasons farmers failed to use fertilizer. 

The use of kraal manure followed a similar pattern. Little manure was used in eithcr ATIP 
research area [ATIP RP 1, p. 68; ATIP RP 2, p. 41). Even though some farmers indicated 
that they believed manure and chemical fertilizer would increase yields, others said they 
were not certain or did not know how to apply a chemical fertilizer or manure amendment 
to the soil. 

There was some indication that farmers did not perceive that low soil fertility 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. 511. 

The use of fertilizers was also limited by the cost. Capital outlay 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 fertilized plots. 

The indifference of farmers towards fertilizers was illustrated when ARAP fertilizer was 
made available free of charge to ftrmers. 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. 1571.
 

lit most years, rainfall was the most limiting factor. It was only in years of higher rainfall
 
that the limitation of poor soil fertility was exposed.
 

Under two situations, the arable land use pattern could change to more intensive management
which, in turn, could affe.t 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 listory of Cultivation Study [ATIP RD 89-2, p. 108-109] 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 area cleared for cultivation in each farm increased as did the number of 
farms. Increases in field size occurred even before government programs subsidized 
land clearing atid 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. 

"'.'tii was also derived trom unpublished information in the Ilistory of Cultivation Study 

A1iP RD S)-2,i pp. 108-0N]. 
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(b). 	 The traditional method of production resulted in low returns to labor. With low 

yields in drier seasons, this return39 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 cultivated, while at times, 
of labor input did improve (e.g., double plowingyields and the return per hour 

[ATIP MP 87-61. As was expected, the likelihood that soil fertility limited 
methods were used by farmersproductivity increased as more improved tillage 


(Section 4.3.4).
 

4.5.2.3 Summary Of Chemical FertilizerTrials 

The justification for the work with chemical fertilizers is discussed under Section 4.3.4.1. 

The project decided that there was little justification in working with fertilizer application per 

se. Most research involving fertilizer was with the objective of assessing the interaction of 

tillage and plantin igmethods with a recommended ate of phosphate fertilizer. In most cases, 

this involved a "with" and "without" comparison. 

In only two trials, were different levels of fertilizer applied. The Hligh Potential Site Trial in 

1986-87 IDAR l988, pp. 107-1(8; ATIP RD 97-1, p. 11.24-11.261 involved two levels of P. 

The 1ligh Potential Site trial in 1987-88 imolved P at 2(0kilogrn.tms per hectare and P plus 

two trials are also discussed tunder Section 4.3.4.2 pointsnitrogen [ATI P FP S9-31. These 
(d) and (e). 

The most profitable responses to chemical fertilizer were from the use of P plus nitrogen at 

selected high potential sites in a wet year, and the response to the recommended rate of P 

under improved tillage and planting on deep soil profiles (see Seetion 4.3.4.2 point (c)). 

Another objective of work with fertilizer was to demonstrate their use to farmers and seek 

useful for further research and extension. Use of phosphate fertilizerfeedback that would be 
ATIP RP 1, pp.was demonstrated in a superimposed trial [ATIP RD 83-1, pp. 7.32-7.33; 

174-175; Section 4.3.4.2 (a)l and in ROFGs [ATIP PR F87-6, pp. 7,91. The use of 

phosphite under farmer implementation was not profitable. However, as an extension 

exercise, the demonstration was usefil as it provided farmers with information about 

phosphate and allowed them to assess its use first hand. 

4.5.2.4 Kraal Manure -- Resourcc A:;ssvment 

(a). Justification. During most of the ATFll research 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 I, p. 691. This finding is contrary 
made by other researchers working into conventional wisdom and assessments 


Botswana [lHerbert, 1983 pp. 10, 131.
 

letter retrn, to labor is acute. In wetter s;asons, extensive cultivation . The need Ior a 
often outpaccd labor available for weeding, bird scaring a,)d sometimes even harvesting. 

linited tile retun to labor in years that had good potential. The laborThis again 
shortage will continue to worsen as individual members of households move away from 

the villages, to seek jobs. 
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The need to study the availability of manure became important after researchers in 
the project decided to look at ways soil fertility 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 studies were designed to provide baseline data 
not previously available in Botswana. The specific objectives of the resource study 
were to: 

Gather fanners' assessment:; n tile relativi, merit of manure use versus other 
options that could also improve soil fertility. 

ii. 	 Assess the availability of manure on a household 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 transpntation and labor for the application of 
manure. 

(b). 	 Results And Conclusions. Fanners stated, overwhelmingly, that they would prefer io 
use manure over chemical fertilizers. Even though most farmers had never used it, 
they preferred manure because no cash outlays would be required. 

Because of possible problens of weed seed importation, farmers said they would 
prefer cattle manure to goat mnure, and manure from abandoned and older kraals. 
They envisaged using the old manure on a small-scale basis (i.e., 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 either from kraals they 
owned or from those of neighbors and friends. It was generally felt that manure 
could also be purchased locally. No actual large-scale market existed but, if it did, it 
was estimated -- based or, 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 carts, the cost per two-wheel cart load was 
underestima:ed and would be adjusted upwards if caning of manure became a 
commercial activity. 

A typical situation fcr a farmer with access to manure was to own one goat kraal 
and own or oih,-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 cattlc kraals w'vas 270 square meters and the average measured 
quantity of manure was 19 tons (converted 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). T!io:;e figures suggest that in a typical situation, a farmer would have 
direct access to 210 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 averae 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 fron 0.5 to 5 kilometers. Cattle kraals tended to be 
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located further from tile fields. Large concentrations of manure were available at 
distant cattle posts, that belonged to wealthy farmers. However, these cattle kraals 
were not sampled in this survey. 

Inquiries into transportation dealt with issues of access to carts 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 carts. 
However, easy or inexpensive access 1or the purpose of transporting kraal manure 
appeared to be seasonal. If manure were to 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 carts, 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 households would 
need to hire help. Some farmers expressed concern that hired labor would work at 
very slow rates unless payment was 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 appliCd: 

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 
iv. 	 Spreading averaged 2.2 person-hours per hectare. 

This 47.8 person-hours per hectare labor cost for applying manure did not in lude 
time added to weeding that might be required on fields to which manure had been 
applied. 

(c). Recommendations. These are as follows: 

Until circumstances can be defined where the crop response is profitable and 
should be promoted to farmers, the current data on the availability of 
manure are sufficient as baseline information. Additional data should be 
collected to confin the existing estimates on the cost of applying kraal 
nanure. 

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. "' 

'. 	Off-loading and spreading were calculated as separate activities because manure was left 
as a heap on the field until just beforc plowing so as to minimize nitrogen loss. 

The cost of applying and the availability problem clearly precltde more than a few 
neighboring larniers from using manure otn an extensive scale. If the demand for 
manure were to increase, and nearby sources of manure were depleted, transportation 
costs would greatly increase. 
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4.5.2.5 Kraal Manure -- Crop Response Trials 

(a). 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 researchers and presumably have involved a fairly high level 
of management. Herbert [1983, pp. 15-161 reported that under these conditions, the 
crop response to manure was !lot 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 (try 
seasons. Carter, larris, Youngquist and Persaud 1199W] found that manure increased 
the water holding capacity in soils. They also reported that the use of manure gave 
a long-term grain yield benefi!, produced residual benefits into years when additional 
manure was not applied, and was most effective on sandier soils. 

Because 	 of tie opinion eic.ss, tari-rs, . . manure a.i 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, 
Ar1P researchers re-evaluated tile manure issue and decided that there was sufficient 
justification -- based on tile 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 manuLire under fanner management -­

to conduct further research. 

The use of kraal m1aurc has been tested in three AT1P trials. The specific 
objectives of these trials wverc as follows: 

To evaluate tile 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. 199-2001. 

ii. 	 To assess tile impact of applying 14 tons manure per hectare to selected 
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 under farmer managed crop production [ATIP RD 85-1, pp. 7.33; 
ATIP RP 1, p. 199). 

iii. 	 In an on-going trial, to nin 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 tile residual effects of 
manure application and targeting of manure use to contrasting soil-types 
[ATIP RD-89, p. 53-541. 

(b). Results And Conclusions. A summary of the results is as follows: 

The evaluation of garden plots at the home residences using manure was not 
successful Several management issues were raised. lowever, AitIP 
researchers felt that thc concept was appropriate and that recommendations 
on garden plots should be developed and promoted. This work was not 
pursued further by ATIP. 

ii. 	 I)Dilngia very dry season, there was no crop response to manure at selected 
sites on ficld. Ia:irmcrs showed little interest in 0sing manure and this trial 
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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 tile return might be most profitable. As i.a the case of manure, many 
interventions are too costly to be applied over the entire field. 

iii. 	 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 arm expected after the second season. There was 
no indication of a residual benefit in this trial. Under fanner management, 
plant establishment was erratic and many fields were planted late, but 
overall grain yields were typical or better than for other faris in the area. 
'The problems were, in par, a function of the poor rainfall patterns of these 
two seasons. The response to manure application is thought to accurately 
reflect what shold be expected under typical managcment conditions. The 
results also failed to show a differen--e in response for sandy and finer 
textured soils. 

iv. 	 Clearly, the returns to the use oi manure were not profitable. An economic 
break-even analysis is still useful to help understand tile types of target 
benefits that would be required. A problem in the analysis is how to value 
tile opportunity cost of translort and labor during dry season work. If it is 
assumed that the fannr owns a cart that is not being used (no opportuniity 
cost) and labor is valued at 35 thebe per hor:r, the use of manure starts to 
be prolitable with only 50t kilogrms of grz im per hectare benefit. If the 
olpportunity cost of labor is ol thi. order of l'L.(X) per hour, a benefit of 150 
kilograms per hectare would be required. IHowever, it the cart can be used 
profitably for other activities, tie cost of manure use would increase greatly. 
For example, a load of firewoo.1 per four-wheel donkey cart could ,;ell for 
P10.00. 

(c). 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 

2years. 

ii. 	 On-farm researcht'rs should complete the current on-farm trial on the use of 
kraal manure. 

iii. 	 On-farn researchers should focus new research on the use of manure in 
special proluction 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. 

". Ministr)' of Agriculture recommendations suggest that 12.5 tons of manure per hectare 

sh!ul d be ,nnli, ,.-rv , t ,,, ,,-r' It,1r , r9W1r 
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CHAPTER 5: COMMOIITY INVESTIGAT;oNS 

5.1 CROi' COMNI(DITY INVESTiIGATION ACTIVITIES 

5.1.1 INTRODUCTION 

The ittain bodv f agnro mic rc,eark-h carried oat by ATIIP has J'toeus Cd on the two major
cereal crops -- so .hurri arid millet -- inl tImal crop ro,.hnti,+ll .IS, small­s.stet lowever,
scale faimrls iI Jo I ,k ranw.e of rilillor crops illoddition to sorghulda ,roiic 
and mille t_' "'. n')ir r O c L',apitr [llcc i ll p a),'IV imporitant to tile tanner as a source 
,r ntition, 1i, . Ind;kC !edill"( 1 > te r.eal cro>Is. ar10 Islt cOf i hS Cr10Is. A IPlhas 
LOihIldW,!C Sonic1 en .c0:1~clthe iiik~ crop5 hc~acii kt irat'ih. e ra;ois. anid alsor inl
trcpOT1r'\ to f:t). ,tttiori h~lure CinrirodL+il icsei! L'Ipro ranIs. 

llnil ,rarsin e tile ho'. of hi; dealt \%]ilthtliirtjor cereal crops .+s tunm arnd to a
lesser extuei. millet - ibis xti tofhc turport has been included specifically to present
research Coniducted onl illilollop;. Th'erefore. tie discussion below pr eserts research 
findirngs on: 

(a). Cow,-peas (Section 5.i.2).
 
(b). (routidints (Section 5. 1.3).

(C). ",I[W Ill." telr3.1
ri. j 
(d). Sorlurn-hascd intercop -iprlg ,ystcns (Section 5.1.5). 

5.1.2 COWPEAS 

5.1.2.1 Justification 

A Cowpea Baseline Survey was administered to a large number of farmers early in the

ATIP, in both the Mahalapye and Francistown areas IPR M84-5; PR 1-84-1]. This was done
 
partly at tire request of tilestation-based cowpea researche.rs. The survey indicated that
 
cowpeas were grown by the majority of farmers in both areas, largely in mixed-cropping

systems, that most of the prodtuction was consured at -- Irave,.: --
home hoth aid grain and 
that production was limited by a lack of seed, predation by pests, and the number of
 
planting opporturilies. Solue sale 
 of' cowpeas was reported within villages, and' latermarketig studies indicated relatively high prices were received for cowpeas sold ott tie local
 
rmarket.
 

The idesplcad Cutitvation and constmption of cowpeas, and tire relatively high prices of 
cowpeas in villagc areas indicated that cowpeas wt.rc an iniportant crop. Because of this, 
sorte specific ittnvestigatiotts (it cowpea productio, werme Undertaken. These investigations,
for lretimost
part, vere done ili collaborattion with lie on -station commodity research teans, 
aLindincluded variety triali, po aloitnti sole cropp:ng, ;inl improved pi'lanting metho s. 

These topics are Liscussed separately itt the frillowing section. 

Il contrast, attnuch later 5,0tte oitbillts, also urndertaken at tile request of tie on ­
station cowls:a re sea rctiers, cOliir1cL halrbeanrs were not importat in the fanning

Mirjiii t a,tl SSR iiclLaS ITI" W 2-11. 
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5.1.2.2 Results Arid Conclusions 

A list of the activities specifically undenaken with respect to cowpeas is given in Table 5.1. 

(aO. 	 Cowpea Vriety l'rhids. Over tile years, a ntimber of cowpea variety trials were
 
inplelented. These wre perforned in coilaboration with either tile Seed
 
Multiplication tnit (SMI.I) or the station-based cowpea researchers at Sebele.
 

Five out of tile ~s sets of trials inchlded otmparison, of' determinate ail 
indeterminate var-ietiC.S. In thre'e ot Of' those lve tritls sets. indctcrmninate varieties 
had athigher a;,r.i.e vield thiun deterlintte onles. In the rt.;tinlino two trial sets. 
the 'icld of at least orc ltrcILu-11hiitt varici., was stilm r to tile yield of' tlt" 
irtdetermnlate varicty. Thus in all cormprr;ol, f derf rine :tn inderetrtirinta 
co\,,pa vtri,.:tics. on ,t\,cr,.+. th' iNrIfc!itr.ti tt :tri'tiO!\ i, l tI h :mw or ,,tttd <OW 
t lardctcrrinitu t\,pcs. 

In all ,i\sere k'rit'ddrou',ht ,tresS inec.t thatyears i o mid/or infcstattion redtice'd 
crop yields. sevCal of the repolts indwated that the lither yiels 'of tile 
itdeterminlAe V,mitrics ,.;ere du to their C'IpMCirv to Htr'iV\e strcss periods and 
prodte graii inirmore favorable periods. 

These 	 datla indicated thtt uinder the difficult enviromnl'nCIS nctnlutered in fariers' 
fields, indcttertnitmile cowpea varietics were often tii. most p r ductive. Dete rinate 
genotypes may be best suited to special niches in tte croppilln, svstt.< , such as 
situations v%here late-season planting is required. All of the deterrintate cowpeas 
tested, in fact, were improved varieties, cotmpared to tite traditittal varieties wticlh 
tended it) be indctertinate. 

Altltoutgh grain yield is art important evaluation criterion, tile Cowpea Baseine 
Survey, referred to above, indicated that cowpeia plants often had ano',her purpose, 
namely, the leaves were used for ltntan consumption. 'There is, of course, the 
potential for the residues to le used as feed for livestock. Consequently, in more 
recent years, the on-station cowpea researchers have recognized that tle cowpea 
varieties should be evaluated in terms of being: 

i. 	 Single ptrpose -- grain yield. 
ii. 	 Dual ptlrpo' -- grain yield plus use of leaves for hunanl food. 
iii. 	 Triple purpose -- grain yield plus leaves for huian food and residues for 

livestock. 

Based ott ATIIP's observations, in general, it would seen that indetenninate varieties are 
likely to be superior to detertinate varieties in cases where farers wish to have varieties 
fulfill more than onte purpose. This is becaiuse: 

t. Continuing leaf growth over a longer tie period il indeterminate, compared 
with detenninate varieties, means that leaves are available over a greater 
length of thiuc. The issue of assessing tile imrpact of leaf removal on grat 
yield in recent years has beent irvest igated by station-based cewpea 
researchers at Sebeie. 

it. ILeaf drop-off istmore prolonged in indeterntinate than in determinate varieties 

+ See 	 or exantptc. ) 1Nioov atnt I )eMttoy I 1989J. 
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TAIIIE 5.1:AII' 	ACIIVITIIS RELATING I() SPECIFIC CROP COMMODITIE-S 
MAJOR FOCUS 	 MR- I)ITAILS YEA,..RI-,_ SAMPI 'l_ F'___ "f'RIAlo __I__A 

Cn.peanI Iaucht:csurs.s 	 71983 MNual. 49 Survcy --- RD 4-i. p. 17 PR M94-5 
1983 FI.an 275 Sursuy --- RI) 64.7. p 8.1( IR F64-1

V.ineiy teshin4 Gratinyaild 
7I"waxiaa. laickce. U.-7, SriLanka 193-4 Nat;al 7.11 rial RS I:I RD 1-1-.p, .?

3
-35 PD J15-1,p.7.14 R!, 1, p.202-204

"s'aa.,na.lBlackee, ER-7, IVX 3236 19s7-8 Mldlal. 19 12 '"ld FMI1 RI) 66-2, p.34-35 RD 89-2, p. 
4
9 

"s .ana. ii1:ickc~e. EA-7. TVX 3236. 13O05C 19.7 6 F ',n 21,12 '1nal FMI.I RD 6-2. p,63-60 RD X9-2. p.88-90 

Forage 1967 ,i 2a 1 I-IMFl RI) S-2. j, 15 

6Sole cropping 1 5 .Uhal 46 Iia! FAMI RD 6-1 p ' 64 
Planting method 196) MaNu,.! I1ntl RMI RD 65-1 p'.7.9 PT . p. 294-206 

Gioundnuts Sole planting 	 1985 Mdahl. 7 i! 1.H1 RD ,6-1 p.63-64 
Eliminating hilling 1987 Nhala 1, "Ind FMFI R' S- 1.p.37-3 
Seed treatment 8 7 4 7 4 81984.66 MUitaL. I.17 '1""1 RNII RD 85-1 p.7.4142 RP 1. p.203 RD -I,p.II. -
Seed treamient 1967-h I-Ian 44.25 TriAn 	 F.IMi RD W1, p.66-67 RD 89-I. p.89 
Variety testing
 

55-437. Scllie 19S8 Mahal. 12 
 Tnal RNIFI RI) 89-1 p,49-50
55,437, Sellie 198 F"I.o'.n 2 I nal -,MFI RD 89-1 p.89 

Row planting 	 1987-h Mahal. 6, [lTnal RMI:I RD 68-I p.45-46 RD 89-1. p.59-60 
Productionpackage 1989 MNUal. --- "Inal RN 1 RD 89-1, p103 

Beans Baseline survey !988 Both 14.t Survey --- WP 24 
7 4 1 2Mung bean : 	 Crop variety comparison 1984 Mahal. Ill Inti RMI- RD 65-1, p. . -4 RP 1,p.202-203 

Sole planting of crops 1985 Mahal 5 ITi"l FMFI RD F,6-1. p.63-64 

Intercropping Sorghum/copeas 	 5 2 5 3  6 8 6 9 1986-8 FTown 	6,r, Tnal RMRI RD 67-I. 1,11.73-74 RD 88-2. p. - RD 89-2_ p. -

PR [:87-7 33 4 4 7  Sorghum'melon 	 1987-8 Mahal. 12.12 Trial I-,11:i RD 66-2, p. -3 RD 69-2. p. PR M90-1 

a 	 T year listed of cropping For example, 1984 refers to the 1964-5 croLpping seasun, and l9M4-5 rcfers to both theThe is the beginmng the year in question. 1984-85 and 1985-86 cropping 

b. 	 Refers to the number of sites or farmers. RMRI trials %illusually have more than one r-plication at each site. Figures in the column separated by a comma indicate sample sizesin 
different years. 

c. 	 *his can refer to a study. ;urvey. trial or paper. 
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therefore improving tile possibility of more leaves being harvested as crop
residues, should an interest develop in storing f'odder.3 

In conclusion, it would appear reasonable, in view of the differont uses of cowpeas,
and the uncertainty of the growing season, that the farmer could benefit from 
selecting cowixa varieties based on their objectives, and the length of growing season 
remaining at planting time. 

(b). 	 Sole Cropping Of Conpeas. A trial was conducted in 1985-86 in M.halapye to 
examine the profitability of producing high value crops in sk stauids IATIP RD 86­
1, p. 63J.4 The reason for doing this was that the marragement of mixed crop stands 
tended to be geared towards the dominant crop -- usually Norgit in. lhierefore the 
specific milag, mrent of high value crops, such as cowpeas, in Sole stands might
make their prodUtct 1onmure profitable and increase tile returi to labor. 

In general, the trial results were not very conclusive. They .;lrowed no major
advantages or disadvantages to sole cropping. Ilowever, it was evident that farmers 
were not at all averse to planting high value crops in sole stards. 

(c). 	 PlantingMelhods Fo *wpeas. A variety trial in Malialapye [ATIIP R11 1, p. 203­
206] suggested that under the broadcast planting systcm, the variety ER-7 produced 
a 
lo%,er stand deirsitv,' than other varieties. It was hypothesi/ed that this could be due 
to smaller :eed size. Subsequtently, a variety by planting systcn- trial was 
implemented to examinie tiis hlpothesis. In the second trial, results showed no 
differences in stand estabIishment heween ER-7 aid any of the other three varieties 
under either the broadcast plaittin g syste i or where the plniting was or plowed
ground irsing a harid-jab planter. Furthermiore, there were ino variety by planting 
system 	 interactions. 

(d). 	 Field Observations 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 pe'ods during the growing season. 
iv. 	 Major aphid irffestations during dry periods. Aphid popu!ations were greatly 

reduced after good rains 
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 itens "iii" and "iv" abovt. 

5.1.2.3 Rec onmendations. Rcconmmendafions for further work on cowpeas, which have 
included the production of a Promising Guideline [ATIP RP 6, Section 2.3.11 also includes 

'See 	 discussionr itt Section 5.2.2.3 on use of cowpcas in fbrage. 

"liswas 
when grown in sole stands [ATIl Rl' 1, p.2031. 

'. a holloW-LI Of earlicr work done onl stand establislment and yields of cowpeas 
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the following: 

(a). 	 Cowpea variety testing should continue at the FMFI level, with emphasis on
 
evaluating cowpea varieties for particular purposes, and their fit in particular niches -­
for example, identifying better long-season varieties, and improved determinate types
 
for late-season planting.
 

(b). 	 Incorporating aphid resistance into acceptable cowpea varieties couhl have a major
 
impact on grain yields at the field level.
 

(c). 	 Farmers have shown a willingness to invest more effort in both cowpea and
 
groundnut produoction, possibly beca , ;e of their high vaIlie in local matkets. This
 
may indicate that the dcvelopineit and extension of niore intensive production
 
systems would be acceptable to farmers, providing they are reliable and more
 
profitable. 

(d). 	 At present, seed of improved cowpea varieties is difficult for farmers to obtain.
 
Effort; should be made to rectify this situation.
 

5.1.3 GROUNDNUTS 

5.1.3.1 	 Justification 

ATIP work with -- -_ ggea 	 because the cropgrouLndut A-achis 'p_- --is of particular interest 
was known, but not widely grown at the beginning of project work. Groundnut was 
essentially not grov i by farmers in the Mahalapye research villages [ATIP RP 1, p. 601. 
Groundnut was more fretuently grown by farmers in the Francistown ara but still not 
grown by most households [ATIP Rl1 2, pp. 39-411; WP 3,pp 2, 10-111. ihis means that 
research involved devising ways to encourage farmers to produce the crop as well as 
conducting ,.xperinients on production methods. Another groundnut, jugo bean (oanzeia 
sJ'iterr-anac, was miore commonly grown in botb Mahalapye and Francistown areas. 

The primary reason for beginning on-farm research with groundnut stemmed from the desire 
to react to positive trial results from the station-based groundnut researchers. These 
researchers had begun to work on groundnut in 1983-84, and first results indicated a 
substantive irmprovement in stand establishment by treating seeds with fungicides. lhe 
interaction between oil seed and fanning systems research illustrates the potential of a 
linkage that is mutually beneficial Isee the Promising Guideline in ATIP RP 6, Section 
3.2.11. The groundnut commodity and farming systents research linkage involved tie 
development of' station or fari testing on at least five issues of runtual interest is well as 
regular field visits. 

At the time the decision was made to work witi groundrut, relaively little station work had 
been done. Crouhlot is uSually gro,.ii inparts of the world witlt more reliable and greater 
total rainfall th:i it eastern Btotswana [Martin et al., 19761, Still, estimates of grain yield 
potential for areas like Botswana appeared favoratle. le. ndey, Ilerrara, and Pendleton 119761 
reported that grouLidntit could prodIce more than one ton I..r on ais little 2(X)hectare as 
millimeters total rainfall in a season. Before 1982, groundnut yields from research trials 
were above 6WX kilograms per hectare in 22 out of 31 season/locations. During four seasons 
(all wet) in Nlalhal;al-ye prior to I1)82, groundnut (variety Sellie) yield in on-station trials 
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averaged two tons per hectare.' 

The objectives of on-fann resea,i on groundnut included the following: 

(a). 	 To evaluate tire incentives fanners had for producing groundnut.
(b). 	 To evaluate the yield levels with conventional methods to helr assess the potential

contribution small farners could make to production targets for the country as a 
whole. 

(c). To evaluate measures that could reduce labor costs or facilitate management of 
groundnut production for small-scale producers. 

(d). To evaluate methods ", increase production by small-scale fanners. 

5.1.3.2 Results And Conclusio, . The following is a brief summary of the results. 

(a). 	 Observations On tlow ;Grounanut Fitted Iito The Farming System. Even though
only Spanish type varieties (determinate) were used in research, the crop was of a 
long duration (alpproximately 130 days for Sellie). It was observed that the crop was 
sensitive to cool temperatures, therefore, it was necessary !or the farnier to have land 
prepared and plantingl done before niid-lDccember. The detenninate growth habit 
made the crop reliant on soil moisture at critical times (i.e.. from bloom to just
before harvest). The relatively long nmturity cycle gave little flexibility in temis of 
planting dat. The -rwth habit and long maturity comb;ned to make this crop less
flexible in fitting into the tillage and jlanting system of farmers than almost any
other crop or variety of crop commnlnonly ised. Mally smIall-scale farmers have 
struggled with plaiting groundtmirt trials inl a timely mainer lATIiP RI) 86-1, pp. 62­
64; ATIP RD1) 87-1, pp. 5h-511. The crop %%as vulnerab le to termites for which no 
control was recomntided. Other problems that were coi-niuon elsewhere, such as 
early and late Ilaf spot. atd black stem rot have not as yet been serious problems. 

(b). 	 Farmer Incentijves For Growing Groundnut. Assessments of household consumption
needs, local markets during years with seed shortages, aind marketing board prices 
were undertaken and the results are as follows: 

In a study on household food consumption in the Mahalapye research villages
(ATIP WP 19), groutdnut was not mentioned. ATIP researchers observed 
that when available, grourdnut 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. 141, 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 limited by
low production. IHowever ii was noted that its use would still be somewhat 
low even when available. Given that groundnut was riot common 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 groundntt in the Mahalapye research area begam to 
supply local markets. A Regional Trader Survey conducted in the Central 
Agricultural Region in 1985 (ATIPI WP 18) revealed that local trading prices
for legumes, particularly groundnut an( jugo bean. far exceeded BAMB prices
(Table 5.2) which provided an incentive tt the producer. Faners did not sell 

. ;flpublished data obitined from oil seed research at DAR. 
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groundnut to BAMB, and only small quantities were sold to tie local market. 

TABITJ 5.2: 	 TRADING I'RICES (PJLA PIERKI.(XRAM) FOR GROUNDNUT 
AND Oi'IIFR IIIGII CENTRAL AGRICULTURALVAI.UE CROPS, 
REGION, 	 1985 

COMMODITY LOCAL IRAD.R PRICE" IIANIL PRICE 
___._lS 	____ 1995 

Jugo bki 1P2.25/kg 	 P0.37/kg 
Mungjrepary l't.56/kg 	 P0.41/kg 
CowpCa 11I.56Ikg P0.47/kg 
Suit IN)60/kg P025/kg 
Grmundnut (shielled) '2.(Xi/kg P10.59/kg 

Sourucs' Untpublisheddal.ri 

(c). 	 The Evaluation Of Labor And Crop Management Issues. Points to note are as 
follows: 

A sole crop planting trial [ATIP RD 86-1. pp. 63-41 showed that farmers 
acknowledged the advMtage of planting separately high value crops, including 
groundnut, 'hat required particular attention IATIP RD 86-1, pp. 63-41. This 
finding was of interest for certain crops (i.e., particular varieties of cowpea). 
lowever, sole planting was alrcady widely practiced for both groundnut and 

jugo bean. The need for separate management of groundnut was due to 
intensive labor inlPUt that was required after planting, that is for hilling, 
har-esting aind 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 ott 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. 	 Following on-.,ation research which showed that hilling groundnut did not 
increase yield an, 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 prodluction IATIP RD 88-1, pp. 37-81. In this trial, hilling plus 
weeding time was recorded as 87 person-hours per hectare. Just weeding 
alone accounted for about'50 person-hours per hectare. Elimination of hilling 
saved 37 person-hrours per hectare without a significant reduction in grain 
yield, plant stand, shelling percentage 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 conisumption, 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. Immature grain could be used in the preparation 
of differetn fords. Separating mature and immature grain would require more 
labor at threshi,,, but this might not be art issue when total production was 
small. The ehiminatior of hilling woukl still be attractive if production were 
slightly larger and labor became a greater issue. 
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(d). 	 Assessment Of Methods 7'o linpro. : Grain Yield. The major points are as follows: 

Benefits from treating seed with fungicide have generally been significant 
even under farmer management [ATIP RD 87-1, 11.47-48; ATIP RP, I p. 203;
ATIP RD 85-1, pp. 7.41-7.42; ATIP RD 88-1, pp. 66-67; ATIP RD 89-1, p.
891. 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, fanners were forced to use any seed available 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 IATIP RD 86-1, p. 621. A baseline 
recommendation for using quality seed 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 vaiic'y was usually as 
good or better than the check. Farmers did not express a stroog opinion
about the variety. This infornation has been turned back to the groundnut
researchers at Sebele [ATIP RD 89-1, p. '49-50; ATIP RD 89-1, p. 891. 

iii. 	 Use of row planters for groundnut production have been tested. Planters 
included the rotary injection planter IATIP RD 88-1, pp. 45-461 and a unit 
imported from West Africa referred to as the groundnut planter, in ATIP 
report. [ATIP RD 89-1, p. 691. The rotary injection planter provided a 
considerable seed saving over broadcast but did not give better stands or 
higher grain yield. Thcse results were obtained in a very wet season. The 
new groundnut planter did no! improve grain yield, but the planter was 
designed to provide the high seeding rate reluired for intensive groundnut
production and farners 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. AI'IP reseatchers are convinced that 
intensive groundnut production will require row planting. This will improve
seed saving, depth of planting, arid timely planting to good soil moisture. 
Trial data supporting 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: 

An estimate of groundnut yield potential under farmer management, in the 
research villages, can be calculated from trial results obtained over the six 
seasons of testing (Table 5.3). 

Generally, yields were very poor indry 	years and from fair to good in wetter 
years. 	 In these trials, fart,,srs used traditional production practices combined
with a single experimental intervention. At this level of input, these farmers 
clearly 	 had difficulty with consistency. These yields were not consistent 
enough or high enough for many commercial needs. 

ii. 	 A more inlensive package of improvements would likely be necessary to 
achieve a higher and more reliable yield. A groundnut package was 
fornulated and tested with small farners in the 1989-90 season [ATIP RD 
89-2, pp. 103-41. 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. 

TAlIIJE- 5.3: 	 AVERAGE GROUNDNUT YIELDS DURING SIX SEASONS OF A111 
RI.SEARCII, MAIIALAPYE AND FRANCISTOWN, 1984-1990 

MAIIALAPYE, FRANCISTOWN 
SEASON RAINFAI. RESEARCH YIELDS RESEARCII YIELDS 

1984-85 	 200-300 mm 21 kg/ia 
1985-86 	 200-300 mm 49 kg/ha 
1986-87 200-300 nun Indicated as low yields 
1987-88 >700 mm >900 kg/ha >300 kg/ha 
1988-89 300-400 nm' 141 kg/ha 100 kg/ha 
1989-90 420 mam' 153 kg/ha 

Source: 	 See trials listed in Table 5.1. 
I. 	 Rainfall in dse ATIP' research villages was far below average into the month of January. "liis 

severely affected the yield xitential of groundnut varieties tested which should have been planted 
by the middle of tDecember. 

More study is required on plant populations for different management levels 
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 

to 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. 891. 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 level," 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 droughf of the early eighties. New varieties can be readily 
used by farmers when seed is inile avtilablc. Seed availability is vtiil a constraint 
to production for many households. The Seed Multiplication Unit and the extension 

service should be encouraged to expedite the production and distribution of groundnut 
seed to areas where interest in groundnut is indicated. The need to complete 
distribution before the rains begin is particularly important for groundnut. 

(c). 	 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 cossumption only, planting would be on a 
small plot and possibly the rciurn to labor input would be less critical. Plant 
populations would be lower than generally recommended, but with a good 
return to seed used. Recommendations could include: good seed quality, 
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seed treatment, improved varieties as seed for these becomes available, and 
planting on good soil moisture. Hland planting could help improve timeliness 
and the return to seed if moisture at plowing is not good, or if seed is 
limiting. 

ii. 	 If the goal is surplus production, a more intensive pack age would be 
appropriate. Good early tillage and timely row planting would beconme more 
appropriate. IHigher plant populatiOns would 	give a better return it)labor. 

iii. 	 If the goal is relativclv large-scale production by the small f mcr, the return 
to labor becomes increcasingly critical as does the quAity andlllil0rHli!y 01' 
the grain prodtlccd. More emphasis would need to be placed on timely ro%\ 
planting anld tho citijoation of billing, and other laboi saxing, measures thlat 
could be developed. Ihese farolcrs might seek both the ieans to increase 
the yield rettn to Libor, and a higher price incentie that issu~taittable even 
if local piodn-t.'ion %\,etcto increase. 

5.1.4 	 NII!N(; BEANS 

5.1.4.1 Justij-calion 

At tie reiunest of tie oi-stat ion cowlCa researchers at Sebele, a Bean Baseline Survey .,ATIIP
WP'2-11was :arried out in the eastern part of Botswana. The tesols of the survey
confirted what was alrealy known, that beans were rarely grown by farmers. Of the 
farrmrs interviewed only 23 percent of the farmers grew any type of beans diiinig the period

IN8.4 to 19-. Although iiioitg beans were specifically excluded from that strvc), aitother
 
sUrvy had indicated that imitg beans were [lotwidely grown even thoogh tthey were known
 
to fartiers IATIP RIP I, p. (ill. ATIP's 
 interest in mutg beans was therefore, at first,
stimulated more by earlier station-based research rather than an expressed interest oti tie part 
of farmers. 

Initial work with mung bems -- PhasqklJIs atreus -- was part of an effort to screen crops

and varieties; of crops for general performance under typical fanner management.
 

Later, mung bean was one of the crops tested with farmers under a more intensive
 
management 
 schene. In this scheme, farmers planted sole plots of secondary crops rather 
than mixing seed and thinly dispersing the crop over the entire field. Sole planting small 
plits of mung beans would facilitate special inanagement of this crop including timelyharvesting. Because of its short growth cycle, ihemung bean was proposed to farmers as an 
option for planting late in the season. 

When 	 several agronomic characteristics of tie mutg bean were identified as major 
constra its to its adoption by farners, ATIP agronomists ini:ated the planting of an 
international variety trial' at the Malialapye sub-station. Grain yield, cspecially in terms of
 
harvest index, and resistance to pod shattering were key traits in the variety evaluation. 
Variety testing of nting beart was suIbseqiuently and correctly made tle responsibility of the 

". It was confined to beans other than rung be arts anid banbara nuts commonly called 
jIlgo ibeans. 

A standard variety trial package Fmni tie Asian Vegetable Research and )evcloplnent 
('enter (AVRI)('t of Tai.,art. 
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oil seed researchers at Sebele. 

5.1.4.2 Results And Conclusions 

A list of ATIP r,,rJi activitie, on mung bean is given in Table 5.1. Under fanner 
implemented planting, munig bean gave good to excellent plant establishment [ATIP RP I, p. 
2031, out performing the recominnided short cycle coy pea variety, ER-7. Plant growth and 
grain yield under dry conditions \wre good. 

When the nig beti w;s placed into a comnpletely farmer iniplemnented management trial, 
litldll' taer s v,, crluctilii to iooke to plait it. For those who did, pod dehiscence with 
std ls wa:; cited a., a illitior pilohlcn Mung heant proucliOll, with available varieties, 
lellired care_'fUl mrwl.,itir inig llllllliti and tillyC hiareStill o avoid Ced loss following 
plod Sh1,1rirlli'. Sich A dClni~adill,! Shchdule: Oftcli did not tit tl into the labor allocation 
patteill ot the lrehiColqd, ll. etr iesistance, to pod 'hialttering w'v idi ilac_ ilade nilng bealls 
ire .ueftll. (ther truts,, ho0\evCr, alo indicaltd that inung bean was less 

,itpprc~i,ted thin 1te cos)Ca fortnCea illloptioll. 

Evell tholugh data trolli the im" bean varictV trial conducted at the Malialapye research sib­
station were iiorporated into tie n bean commliity programin, ATIP twoil ornr uiade 
interesting observations. 'Ihce were: 

(a). 	 There is very good pot ential for the iting heart to serve as a catch moistLre crop. 
Iln l 08-1-85 and I tS5-S6. rainfall during the early and mid-season was very poor at 
Mahalapye. Milig heartplantings in February and March of these two seasons, 
respectively, were able to use the late season showers and produce crops of more 
than 5(W) kilograms per lectare.' 

(b). 	 None of the varieties tested showed much resistance to shattering, and all still 
required careful attention to the timing of the harvest. 

5.1.4.3 Recommendations 

Until a variety with high grain yield and good resistance to pod shattering is available, there 
is not likely to be ituch farmer interest in growing mung beans. A decision was reached in 
ATIP to wait until tire oil seed researchers proposed new varieties for farmer testing before 
further work was done on-farm. 

When new varieties are proposed, they should be compared with conparable short season 
cowpea varieties, even for late season planting. 

if Arty iiiurlrg bearn vaiity is recomimiended for late season planting, planning will be required 
ol how to provide the seed Io tire farming Commlnunily, on a contingency basis. Better 
reconrmerndations oil Intig bean seed storage, at the household level, would be useful in 
creating a year to \ear supply of a seed that will only be used when planting conditions are 
appiopriate. 

I r',:m: ; rvFnbli;hcM. but were handed over to the station-based groundnut researchers.
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5.1.5 INTERCROPPING 

5.1.5.1 Sorghum And Cowpeas 

(a). 	 JustOication. lntercropping 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. 

lherefore objectives of the work with the commonly found sorghuin/cowpea intercrop 
system were to examine whether: 

i. 	 A sorghunilcowpeas intercrop could reduce the risk of total crop failure 
relative to sole crop soighlniL production. 

ii. 	 An intercrop system was actually more pr(xluctive iln a sole crop systen 
under farmer field conditions. 

tb). 	 Results And Conclusions. The systen was investigated ina row planted RNIRI trial 
conducted over a three year period (Table 5.1). The intercrop system was designed 
as wi improvement over the traditional broadcast inix cropping, but was only feasible 
for farmers who already practiced row planting. 

Results indicated there was no yield increase in tihe intercrop system over sole 
cropping. lowever, it was observed that over the year some crops did better than 

others due to weather or environmental changes. For e.xample, 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 cowpeas reduced yield. This implied that an 
argument could possibly be made for intercropping to avoid the risk of total crop 

failure, especially under fanner conditions. 

(c). 	 Recommendations. The work that has been undertaken, to date, indicated that: 

i. 	 The combination of main and minor crops should bc 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 systmn for farmers who use animal draft. This should, however, 
only be addressed once systems are developed, that show merit. 

5.1.5.2 Sorghum And Melons 

(a). 	 Justification. A high percentage of the sorghun fields, under practical farming 
conditions, included the presence of melons. The impact of melon growth on 
sorghum yield was not know,n. A negative relationship would imply that itwvitild be 
advantageous to sole crop sorgh i and melons. On the other hand, a positive 

relationship %vould imply that tie shade benefits (t the iielon canopy could result in 
reducing weed growvth and soil water evaporation losses. lius intercropping would 
then be beneficial. 
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Therefore, the objective was to assess the influence of the water melon component in
the sorghun'/melon mix on sorghum yield, at tile plant populations used by farmers. 

(b). Results A,5d Conclusions. The FMFI systems monitoring trial implemented by 12
farners was conducted over a two year period (Table 5.1). Particip.ting farmers 
were asked to 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 mnelon cover. 

No grain yield differences between the sole crop sorghum and mixed sorghum plots 
were observed. It is likely that at tile low melon population densities used by
farmers, the impact of water ilI on did not have an opportunity to express itself. 

(c). Recomnmendaions. 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 propo rtion of melons in the mix. 

5.2 LIVE;lSTOCK ACTIVITIES 

5.2.1 INTRODUCrION 

The mandate of ATIIP was to direct most focus on crop activities. Ilowever, recognition of

the critical nature of the crop/livestock interaction 
 in such a harsh climatic environment led
to the inclusion of at: animal science component in the design of the project. Overall, this
input has been 
 less than would be desirable because of limited project resources. 
Consequently decisions had to 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: 

(a). Topics which included a crop and livestock interaction, such as draft power, feed and 
manure. 

(b). Small nrinants which, compared to cattle, had received little attention by the MOA, 
were more equitably distributed among farmers, and could provide a ready source of 
cash income for most families. 

Because of limited project resouices, these activities were carried out predominately in the 
Irancistown area. 

There was another limitation imposed on ATIP's work in the livestock arena. This was in
relation to tile methodological approach. It proved much easier to undertake trials at tleRMRI and FMFI l vels rather than at the RMFI level IATIP RI1 3, pp. 33, 971. Put simply,
the non-experimental variables were more difficult to control in livestock than in crop work
because livestoc were able to mnve 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 FS R work with livestock to have an analogous
inpact to that whicli was possible with work on crops. 

File: A107.2/5 - la - September 4, 1990 



The following liscussion Presents research resuts on: 

(a). 	 Nutrition - mineral sUopp lentation, bhoxl patanicteis, forage production and use, 
water and the low-Iift klcr ptnp (Section 5.2.2). 

(b). 	 Draft atinials -- draft pmoer, harnesses and yokes (Section 5.2.3). 
(c). 	 Small runiamt, -- di,casc, housing and tacilities, goat milk prtoluction, estimating 

%,eight froii heatii 6i111 ineasurenients (Section 5.2.4). 
(d). Chicken nanagcnient (Section 5.2.5). 

5.2.2 	 N TRITION 

5.2.2.1 Mineral Supplementation 

(a), 	 Justification. The phosph orous content in pasture in Botswaim is generally low -­
being relaiicl more actIIC Ott Sandveld than on Iilvadveli soils. The Animal 
Production Rcseairci I lii in D.\R. not surprisingly, has determined under cxperimient 
statiOit-bisCd cOitiLons, that niir::l supplcintation ot ruminant livestock 
throughout lie car is ItiTcc,,;tr\ to inillvo',e andltsnstLlin livCtock rod.luctivity levels 
APR. 1l0)). p, 10,411, Ph o,phorou, aiid ctal,:iun hupplcmiicwmiatiou in cattle has 

increased trowih iitc, of o.Iig t'aitt mid ,oncelptioi rtcs of cows. Ilowver, 
pcrhap,; bccalu-se " thti- being .:, rt'e, CsrN,.calciu ;l 11010ho0o11S conient of 
goat hes hive been uleu filllti ;hiIOve thos, c-oilidered 1o he Atdckiate [APIZU, 
10001. (.lcium mid pin'I,phoirou, ate ,:crall., ,,uppihcd iogcthie. ecry few farineis, 
in) l How.alia. prov'I e minnienal s,uplenlint :o their amiimal'. It 'was Ieicrefore 
coiiidered to bc dcsliblc to a.Crtenani whether iiiiliral .,upl'IeoCntntti had a 
discCrabl fatorale- inipict on tlinimals under piac'ical ltinniuig conditio!n;. 

(b). 	 Results and Conclusion.. f)verall, the re:ults of the studiCs on mineral 
supplementation (Table 5..1) v erc not verI cotivincing. The following represents a 
si ti.tnary of tie results: 

In general, farmers tailed to understand the value or the role of mineral 
supplementation in relation to nutrition. 

ii. 	 Some farmers apparently expected an immediate response from feeding 
mineral supplements, atnd whein this was not observed, withdrew from the 
program. 

iii. 	 A number of farrmers remarked that the animals appeared to be in better 
condition, that lactating goats produced more n.ilk, and that draft animals 
such as dotikcys and c'attic were able to work longer. Ilowever, it was not 

possible to verify these opinitos in any objective measurable manner. 

iv. 	 An effort wits minde to supplement the attitudinal statements under "iii" above 
with a more objective evaluation in terms of bloodiparameters (see Section 
5.2.2.2). Once aigain it was not possible to derive any consistent significant 
conclusions. 

v. 	 There v.,ere maijor prolictus in obitainiig regular and reliable SLIlpplies of 
mineral soupplements. AlhouIgh bone mieal ,' its subsidi/ed, it was often not 
available. A potential subtitute in the form of' a mineral mix was generally 
available, hLit was not subsidi/ed and ,,as, as +I rest It, six times more 
expCs i e. The sipplI issue wa.s further comiplicated because the sappliers, 
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Serolog cal study 9,-0 - n Stu? P' 
Internal paratles 1989 F' I.r W7 Stud'V 1 32 

I.ice 1989 F' 7 2 g-,, Inad" P, I *'A 1Illusin. and faitites Sh'elhcred kraal with feed storage capacity 1989-)',-n9'.ii Fd1 0Milk prrduo.tlon Iraditional P 
19sfb-7.9 FI) n 2.0 td I I -7-2 PR Fli8-I MP 86-5 
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a s"he ear listed is the begutng ,)1 the cropping )ear in question. For example, 10N. er t, the 
 l'lt-,nS crspptni ,c.itt aid 195,4-5 refers to both the 1984-85, and 1985-86 cropping 
b. "'hcsc refer to the number of sites or farmters. RMRI trials wll usually have more than -nc rcphcation at cah Sitt. l-gttres In the column separaled by a cortma indite sample si/.es in

diffetent years. 
c. flits can refer to a study, survey. tnal (or paper.
d. Wlerakdosn according to type of lives!ock is given in the "More Detail Column." 
e. HFlood samples­f. lany more references relating to draft poer could be cited, but since topics in them are ciscussed in other sections, they ar: cited elsewhere. For example, under forage, see refcrences 

to supplemental feeding for double plowir.g. 
g. Fecal samples.
h. Ilhe survey in 1987 was informal in nature and no sample site was recorded. The 1985 survey vas confined to the Malalkpe area. 
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the Livestock Advisor)' Centers (I.ACs) were often located a long way troml 
fartners, trailspoil was diffiCUlt to arrange, and supplies were only SOId ;i 5') 
kilogaml uraits. 

(c). 	 Recoinmendatin,. It iN ullikl y that mineral supplementattion will have much
 
impact on auiilt !, under practical atrming codiiotMs, until genieral alimal husbandry
 
levels have bei Im dc,. lihtir't ,,tep illthis process is to inNtitutc 'aritr educationi
 
progiais on anintil nultitio:, feeds and I''ilg.
 

5.2 2.2 BIhwd 'lgtra, icrs 

clij+ iO,.; kl (,,1111ctCi 
,I..'.i s,. u! i t,v.'iur 'i , ld itd.iti u! tI :rt'ret iitiiirs Arolc 

j t.t ';i,>:'. A I 5tn hut Alt ciiriite1Cd imtm1!tl b[ld t'? 

.ule i Ii ,, ,,lte q*'.uu ,eth .N rib' ili thei'll tt ' kr it,,. 

evalua td tiocinjen,, jild l I'lelcvd',.l %lk!,,in "".a b !tr ofb 
.\ ee(It t irir', i . luutl i'.:t. lie s t i .rII ti. ialtUr., if irttis ef r goat, n",ix iw,bpeltsnom-,lr . ite m jor ts frcill ,thel. iteWtordtudis iteJMiiAloon

ble. d cell w. 

it. 	 W'he t. hc'r t.. lrt , 
l' 

' 
.o'l r ,im 11l,; W C0, 11'c'iiu.I ' ! (filt' ill 	 ", II cwlcl.lilani 

ctdills. 	 oh l iir i lalibI ooi5.5 ated that I.i Iw;din ofo arpp11ttd'
 donkeys.; 


iii. 	The Cl'thetolai thellcotilsllcc of,Itic animal foiiatie slpfannglitatio Iss, 
e.va.lutie.dby flheowntr. 

). 	Results and Conclusions. The major resullts f'or the 11100dl parametler studies cited iil 
Table 5A,,%,,,ere folhovs:as 

i. 	 Goals. The results Table 5.5 indiCated thaltinl ,SlllqelllCMNt1lfecdililg01' goMiS 
under the management con~ditions w.hich existed inlpra-.tical l'annirng situations 

Ibe" little 
were probally obtaincd throughi the browsing cliaricteristics of goats, to 
sustain theit productivity. A visual evaluation cottirined thai both 
supplenilteitl and control pat." were itlquite good condition. 

appeared to of value. U1der the existing system. s,,fficiert minerals 

ii. 	 Donkev.. 'he itusts ill"able 5.5 sti.:gc.'ld that niinual suppleijnentation 
wa.. solletItirtiic 'l il for \%olkill. doloikeys. as it appeared to increase tle 
itunther oi ted blood cell,,, llosscver, this was nlotlikely to be economical 
inless the' miiial, cre ailaiic' to tarl with. Visu I evaluation of both 
corirol anl ,ul lltlte.In il tuk-, s ilticiCd the, weLre il tilite good 
'oitlitiOli, %%hile, the lvl!, 'f blood parainirfs tel %6wiitheitorital rantges 

qu11ttd itt the lil ratr' or whlher coulirie";, except I'tcopper and urca which 
%%ere higher, antd calcium antid red blood cells tei"whiclh lo,.
 

. Recenttly chanul.cd to ill )ettcilci ot' Aniial lltllh Protlucioir. 

The mineral ilixcot',iqtd of equal ialto 	 pluisphale.parts atid diialciutil 
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TAlEll 5.5 iILVESiS OF DII1I.RFN r III.(Xii) i,\RADMIIRS AND INi'1UENC O1 NIIN.ERAL
SUI'I']..,MI:NTA IION IN O.VIS AND IX)NKIAS. IR.,\NCIsIOW\N, I 

.Vi-A 	I II01! :VFRAi..I A... 	 EY .:I ji VS_91 .'t lFp11	 -I(D1 ­t Ihghr 1007I'h.;Plh1c ir 	 ,1. 2 1 Higher515 	 1 2 No cllct 737) ,-	 :.)' Lower 
nn 2 Sagnl."I N,)dlic 2 07011 1)(,0/. No ctfe.,t (I %* (lso N elc/ i7 17.l1N,, t-roi.dP 	 '1 No li-tl' I.* 02 1 Ih" 

Ulra ;7 I. I,,,r It (5 *, l02,.
 
Redl Ilt I('li In ,I 
 l. I Iighcr

;7i l' 	( till! g L .107 No tllel 
S, e 	 Slics ' ee Imi., Il 1I r . .
 

III Uie:(: I Ci' I I 10 r Vi I ,tl ~ ~ hrn, 1wii I, I]1 ilie 	 , w t .id smuileis ( 'iIii ' I r. it.' ;iR, ., del Ow[l. figul xo i .ti lIligriiils Ntii) TIh i1r 
[iw.lli't'Ilt, S!. IP< ' ll ItI' Ol ,r P ohcl. 
1sm v r t ,idc pll' I 'It'I, , IcI tt" hihi, 


11 IIIX. Jill" -A 

M 11111u *- ,il > p ! Pfjir, , "l,ivih i llhh th 1 t 

(C). 	 Rr'c m l \ .('ion ,dalIjo Itxlitioll I rutritriionial ns s luldeu lkcutll tle lIllle,\ ok n i it
 
ShlOuld 	 CIICtl I.(iic' i'l 11i1.eI ilio:1.Ckjl li id L dii IinClh×LXS, id CdIIC.IIiIng
faliildcl.;t it 1 ol .!Ildillltlillio , I Iitil higi.heroil i levels 	oi lllan: gellleit are 
1ntr,, Ceud %\ii'h IimprI,l' t t poducii w., I\ ,l 'oalS. ii k dilliculh tlo lake i1Stlong
C'VIC Cl'II ,t:jl','bllr 	iIIi II Ci' I';1l,11 l ',I loutt-11, 1i1dcr c\istilg Iiatiagerial Iand 
clivm lrilile ciroJmeiti,. )il)l,;I Oih:, -,iroigcr cast- cali Jhe Imiade I- Ililillera]
stlpple c niatitoni of i ki in, tdtiikevs lnollsidC nu tl e pieVal'ei', allliagerial ;ud 
eiiS'i ro ivienil cotlndiioinT. 

5.2.2.3 Forage Productioni ind Use Studies 

(a). 	 Justification. IltrinisicalIv. because of the long dry season, a strong case can
rimde for (tipi.lticlin of forages and storage of 

he 
crop residues to feed to livestockduring ,hat perio,I. Since J)77, 	APRU has looked it various fodder species

ililCldinig ,rascs, legunmcs and millets. A nunlber of potentially useful species have 
beell idntliied ilcluding oth 1Rldjchos labiab and babala nillet JAPRJ, 1990, pp.
22-2.31. 

There 	ait. hIo\;,tver.. t umber oii ipJudbin-, aeSoCiatcId wilh suCCesSfullv ilIPIeCleilting
fi, i-dcrlr .riji, s ilii OIC illsw.Iili stililng. !'hicC 01fheSC MOtISfollows: 

lhcrC i1 no iadilioiI ofging klkra.cs or prcserving crop residues. Any
crop residue,, arV tiMMI11,vCoiIStIIltd ill situ 	soonitalter haiest. 

Faliic's ha\c Iiiii d rciIotitcs llici gelicrally ali ColCelil led ol producing 
'o(xi crops, especially as tle lajorily of' arnleis are no :elf-sulficient inthese. 'lherofore, it is Ilikely ihai many resources wiui be devoted
exclhsively to pmoduci ug l'oddr crops, especiall by the poore r fanners. 
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iii. 	 Even if suitable forage species can be identified, it is unlikely, given tile 
above points, tht large quantities will Ie produced." Therefore, considering 
these limi 'tations, farners will need to moae decisions about its use for tile 
different types of livestock. 

Farmers, in the ATIP areas, had expressed little ii erett iII lie stipple ettal feeding 
of livestock. lhm, .er, becausc of it he ongoin.g intcrcst among .I OA officials, 
particularly AlD.)l-t ATIIP bcat ric iIlVcd i l s0tuIle %,..rk in this area. ATI 1P 
activities with respect to forage are suttari/eil itt Table 5.4 Broadly, the%, were 
classed inti two lzroills: ttlo:, relaiting to the potCnial reItursLl, hot produititg forage,
and thos;e reatitri, to he idcntiflVioti ot a \uitalh" \,Ltes to luitg forage. 

(It). 	 Rexults adt (',mclusioas. A ttillll,, Of I, c1lt- s Iollows: 

'or f drtl was 
stated 	 as A uI o,Io/rr aloI fi d0la, s in stitit.- arIilhle ab iviIiCes at lie 
begitmltg of thte ttrom~nl setAson AlIP', itteIst iTtearly phlwitt, as part of 
a double pliMMg sttaitc_' (;Ce Section 1.2.1) stimulLted ittercst ill 
stupplclleital fCediln ki diiatl it !htt ot 0W 

t. t'ne:fls From (;rowing Forg.s. CtOilitio (i'nials oftetl 

jir,,l C [e.itttitt i t ,tity sea:ol. 
lowevC r, it %\,as dit tiUlt to draw :Ili, dIttiIi',eC ,Otl,-ltol f10111t 1oV \ewok 
that \\cw t lui.ket "lhi-, i'..ca liethe v proli:., ill 

, 

vlo oltillit"i: 

C\,t l - nI p lett l :_chin : ., a' :,it lly' i il rt:t itt dc kl'ting 
,. hetitI CX!' i: xw.lld takL" l Ae\s rcsult it was dilticulplkmxis 
to estimiate :he lI t'tit t on doul-Ic l T:,I All'I' 11' S(i >, p .1701. 

lhe cost of the Ioravc. Although it apllpered that purchasig fora-,e 
was sot tetit e s too costly itt relltion to the I.citefts. there were ilso 
major tnceitaintics about whether farnietis thetrselves would produce 
forage with relatively high opportunity cost iesources -- especially in 
low rainfall years whcn it was difficult to grow forage or food crops. 

Given these utcertainties. it may well be that evenl if farmers were to accept 
tile use of forage in their farming systems, it might only be situations where 
the Ibnefits, ill relation to the costs, are more direct and easier to establish. 
For example, farmers mighi use high opporitullity Cost resources for producing 
forage if there were a well developed market for the mtilk and/or fattened 
anitials. It Blotswana, there have, for example, been trials done with limited 
resource farmers (ii the winter fattening of cattle (FSSR). peri-urbim dairy 
cattle (Dairy Init. APRU). and milk production of goats in drylots 1ATIP WP 
371. In al these cases. however, an effort was made to miarket a product itl 
a reasonataly shot pe.riod of time attd to select anirials that would benefit tie 
most fromt the additional nutrition. 

ii. 	 Ideiification Of Stuitable Forage Species. li teris of work on forages and 
crop residties, iuinch oif it has involv,d responding to requests ott the part of 
ALI.)P. Species looked at, sottntimes it art RNI -l but usually in an FMFl 
fonriat. have inclded: 

There is no well-established market for small-scale producers to sell forage or crop 
residues. 
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~Crop~resdues: sorghumn stover and cope huln(mainly C00C) 
AV4" 

e rnily 
millet, and to a lhiild degree perennials- such as Buffel grass and~ 

ra Foragjjcrops: annuals such asDlcosLbt and Babala 
' 

I7 Yields from the trials wec variable. Yields2 tha't NWere obtaine'd aind, measured, 

With 200 kilogramis single soepopht e hectare:
Dolichos'jb 1-04 o222 iorm per hectarBabala millet toper0hectoaraeg2,O27 

2,027tk2io 600~~42,2 >~~~'With no'ferizer 4,2 2~ ~ .42222, 42"2Dolihoslahab .5 Ito ,204.kIiriiis per hectare . 

44 i~abala, millet 1,200 to,3,412. kilograms per hiecta-ref 444' 

In ternis of dry matter prodiuction, itaperdthLat, ala millet wasseroto Qol~igho 1nib, but in the evaluitb prcsthe percn 2of 'crude. protin 
2"'needs to be caken, into aiccount. n, this respect Dgjkh~j lnklnb appearcd, to 

4222'be superior, ranging fro 13it 8oto 14rpercent24tor,~ 
2Babala millet. A rough economic , lysof some unpublished data 4lndicatedOptht if the Dolikb.Q LkIWAl were-valued at''the co.st2 of lucerne -hay' 'the break­

2'even yield was estimated to be about ,2,070, kilogmrs-per hectare iUno 
44, 2superphosphate was 'added. It w'ould, of6c~oure,-b'e lower for. a triple purpose 

2cowvpea such as BO05C, which 2also provides leaves and grain for human 
2 ~~consumption. 42 424 2 '224424'24 

2 2It isinteresting to nt.that bt oaecosapardt epn elt 
ap~ ~ ~~JJJ is unlikelyl that 1aries WouldiosoHuephsht.loweyer it 

222use superphosphate 'on forage' crops 11L2 r*ee.6*** toretlo(~co~ 
very little ,ferilier of-any sor'if isused"b 222,22' ~2.,foconlyTh possiley

42 ~exception ,would,,be where teco 2 ofhefl'ris qikly translated into a 
22 22cash retum,24for'xampe thog th sale' of2ik 

Another. matter- of concern. is,the, risk , involved :in, terms of the y Ids of the 
foraige crops.; Two polmwere, associa'ted :with this:-242242>4 

May rilstaled, itt 422 4.2aus ' 2 thyj is ntgemnaebeas
codtinweeto r, r uc 2' freu 2nly 24eaueo 

tis fvailaed, 
eorc ames iollo wre' tooit wil iiouc in developing2idese4 ' 

4442342 foag progMany cthat ilb~ue etheyiadialn otpemte becausete 
need, bes 

2 ~ ~ ~ va l pr2ogr2am:224242,, 
22 244 2 

Theroivec fiue are. fonuplantigel 4dat ascollectred for tlhe fod wpsth 
22ullIt was polatera ed~ oea tebs ini~hd4weig a.uuly 

~~2mbe'442 4444 

2 "2 4 4 42 2 423J2 2 2 



i. Instruction on tilenecessity 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 
rraining Centers or by extension personnel in the villages. 

ii. 	 Research needs to continue on the use of crop nsidlues and the identification 
of suitable torage species. Given the inevitable clash with the use of 
resouices on food crop production, and the difficulty of' establishing antual 
forage crops in dry years, when they are needed roost, there appears to be 
merit in) i iuchIt greiter emphasis bcing placed on perennials such as trees and 
shrub that can fort bohth vindbreaks and living h 130111.lioth exotic 111d 
inidigellus .r .'ies need to be investigated. Issues ,.!palatability and 
digestilhility will need to be addressed at the satllie tiuie. 

iii. 	 Once tileabove conditions are 11"et, a carcful assessment of farmrCs' interests 
and economic feasibility will be requirtd. This intormation will provide the 
basis for devising suitable stratezies for introducing fodder programs. 
Strategies for tilepractical and prolfitable use of fodder will a!lsohave to be 
developed, tested atd dnemonstrated. It is likely, as suggested earlier, that tihe 
best initial eritr' points Will Ibe'here the filder produced carl quickly be 
translated into a cash return. 

5.2.2.4 Water And The Low Lift Hand Water Pump 

(a). 	 Juslifict (ion. Watering of anitials, which was usually done ott a daily basis, was a 
very time consunming task for most famiers. Well over 30 percent of the farmers in 
the Tutune 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 inlthe lands areas, an(i the second most important water source in the 
cattle post areas IATIP WP 3, p. 3.7, A.26). Many farers had hand dug shallow 
wells at lands area., which tended to dry up duhring the dry season, and when in use 
soitetimes provided contaminated water. These hand dug wells ,vere also 
corstrcted, particularly during the dry season, in riverbeds. A well made low lift 
hand puip attached to a sand point could provide water in these situations which 
%:mild be cleaner, and available for longer periods. Sinking i sand point wonuld also 
be less work than digging t well, and putrping might take less labor than filling 
water troughs with buckets. 

(b). Results and Conclusions. Four pitcher pumps, capable of lifting water up to six 
ieters were imported, as were three ::.ind In two sand points werepoints. addition, 

locally made. A sumtary of the results is as follows:
 

i. 	 Farer assesstent wins favorable, and there was a great deal of interest in 
obtaining sittilar puips because titey provided clean water, "equired less work 
than digging wells. ard were "asy to use. 

ii. 	 The locally nitantflactured sand points appeared to work its well as the 
itiported sand poirt ts. 
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iii. Unfotunately the pumps were not always anchored properly with wire to a 

point oni the bank, and consequently were lost when the river flooded. 

(,:). 	 Recommendations. It is recommended that: 

i. 	 Efforts shoul d continue to deternmine whether the punmp tested, or a similar 
low-cost punp, can be manufactured locally, or ai ;Ca.t 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 hxally, then these should be 
subjected to extensive testing, and if successful, offered to farmers, possibly 
though the AI.DEP program. 

5.2.3 	 DRA F' ANIMA l.S 

5.2.3.1 Draft Power 

(a). 	 Justification. Ready access to traction is critically imporant in determining whether
 
fanners can tmderake timely operations, as far as arable activities are concerned.
 
Given tile rCsOirC liiitati ns of most farmers, ownership of animal traction, either
 
oxen or donkeys. is the only practical way iii which such access can be assured.
 
Effcctiveness of the traction, once access is achieved, raises another whole set of
 
issues. Many sections in this repoit indirectly address tie issues of access to, and 
elItectiveness of traction. For cxamle., i.uc'h of the work onmc. agronomiic 
tillilgelplant.,g atIcin)tempted to make tile p!ow ing/broadcasting bottleneck less critical 
through Ideveloping strategics to increase the amount of water in the soil profile, and 
by increasing the nuiilnr of hays planting could be done on good soil moisture. 
UnfornunatL!V most of these strategies required more rather than less draft power, 
therefore it %,:is critically important It 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. amimal traction, consisting of oxen and donkeys 
rather than tractors, was still very dominant. With the onset of the drought, two 
significant trends developed JATIFP WI' 22; ATIP ET 88-41: 

Th-" use of oxen decreased in relation to tile hardier donkeys. This shift was 
also encouraged through the A.L DFP program. 

it. 	 Because of the drought and because of the ARAP and Drought Relief 
programs which subsidited the plowing operation, nmch greater use was made 
of 11t:ed traction, particularly tractors. 

It is thIre fore lot surprising that in a 1988 survey of farniers in the Mahalapye area 
[ATIP PR MS9-2, p. 21, 51 percent were completely dependent on hiring traction for 
plowing pur-,oses. T[*his was relatively higiter for fetale-headed households that 
tcm led to J. poorer, while tie hired traction wts heavily dominated by tractors. Of 
the hotseholds using anita I traction, only 23 percent used oxen, ,iwle the rest i :sed 
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donkeys."4 It is difficult to pr dict exactly what Mill happen as a resul: of the end ofthe drought and the removal of the ARA13 and Drought Relief programs. However,
in the absence of new plowing subsidies, it can be anticipated that: 

i. 	 As more households benefit under the ALDEP program, and re-establish their own draft capacity, the trend towards greater use of donkeys will increase.it. 	 Use of hired traction, particularly tractors, will decrease, particularly with the 
recent removai of the plowing sobsidy. 

Over the years of ATII's existence, a number of constraints in the use of animaldraft power became evident. Some of the obvious ones, oftei mentioned and not
unique 	to All P's work, ire: 

i. 	 IPoor man;,apenwti aid care of animals used for purposcs other than breeding.ii. 	 Tilie rCq iir,:d !or daily management of animals, such as provision of food
and water, l'ftictlarly at the beginning of tile rainy seasoll.

iii. 	 Weak state of animals at the end of the dry season.
iv. 	 Time reqt~uired to catch and hitch up the animals oI the limitedtlnuml r of 

days when they were to be used. 
v. 	 Poorly trained ani.mnals. 
vi. 	 Reduced slaughter valIc of cattle if used longer than two or 	three years. 

It is perha ps not surprising, partly because of these p roblc ins, that oppl'ortunities for
plowilig amd plantin g wece missed, particularly early in tile g owing season. Betterrilnagenlieil of' draft animals is obviously an important iss,, but is only likelydevelop if there are perceived to be compensatory benefits (see. for example, 

to 
Sections5.2.2.3 	 and 5.2.3.2). The issue of water at the lands has been addressed in thecurrent A.I)1 I program. In terms of tie other issues it appears that donkeys,aIthough they are operationally slower, superiorare to cattl', in the sense that theywithstand dry periods better and being more docile, are eayier to train, and are kept

longer. 

(c). 	 Reconmendatijns. The recommendations concerning
and 	

draft power are fairly obviousneed little discussion, since they are often mentioned. Three main ones are as 
follows: 

i. 	 'To create conditions in which timeliness of operatiotis is possible, ALDEPshould 	 continue to provide animal draft power, 'id water provision at thelands, at subsidi/ed rates -- particularly with respect to donkeys. 

it. 	 Coupth'd vith 'i" above, increased efforts are needed to develop teaching aids
and procedures for instructing farmers about the handling of draft animals,
managenient, nutrition, fe.eds, feeding and training. 

it. 	 There are two strategies that are currently being considered or are beinginl plenlen tcd to address ie poor training of animals. lhese are: 

Poor training is partially a functioni of animals being under-utilized.
ATIP studies have indicated that for households owning traction, draft 

SI.in corntrast, in 1982, for those households exclusively using animal traction, 43 percent
of the households used cattle. Also tie proportion of households relying on animals
rather than hiring tractors was higher [AI'lIP WiP 161. 
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animals are used much more for transport purposes than for direct 
arable activities [ATIP WP 22, pp. 19]. Therefore, tile 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. 

Fanning Training Courses (Section 3.3) could, and should be used as 
a means to provide faners with ideas on how to train aniials fer 
specific activities, for examp!e, row planting and nech:,nical weeding. 

5.2.3.2 HarnessesAnd Yokes 

(a). 	 Justyication. It the work efficiency of draft aninals can be inproved 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 
plowingfbroadcasting operation are so limited. There are a number of factors that 
influence the work efficiency of animals, besides the type of draft, the soil moisture 
and texture, etc. The other factors revolve around the capacity of the animals 
themselves is determined by: 

i. 	 The condition of the aninials. 
ii. 	 The effectiveness with w hich the traction capacity of the animals is tapped 

anrd transmitted to the implements that they are pulling. 
iii. 	 The appropriateness of the desdgn, 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.?), while 
inder point "iii", several types of equipnent were tested (see Section 4.A.4) 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, harnesses 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 usu:;,ly worked in pairs. The yokes were reasonably good, but the neck straps 
tended to choke the animals. 

Work by ATIP on hamesse.i and yokes has complemented that of many others in 
Botswana. Field testing of several different types of equipment was undertaken, 
including ,envan donkey harnesses and improved Sebele ox yokes. Since a great 
deal of work inl Botswana has been done on the Sebele ox yokes, less emphasis was 
placed in this area. 

The Kenyan harness, which is now being nmanufactured under the supervision of 
RIIC, consists of a collar which allo,, s the donkey to exert its maximum traction 
capacity. The collar consists of hanes (wood), pads, draft hooks, hame straps 
(leather), neck strap (leatier), hooks and chair.. The hame strap aId chain make the 
collar adjustable. The pads -- filled with foan chips -- are fixed inside the haies 
and are placed against the neck in front of the shoulder. 

(b). 	 Results and ('onclusions. Over tire years extensive I-llFl level testing of the donkey 

File: :\107.2/5 	 - 159 - September 4, 1990I 



collars 	 has taken place (Table 5.4). In general, farmers found tiledonkey collars 
very satisfactory. Among the advantages they gave were: 

i. 	 L.ess time was involved in harnessing the donkeys with tilenew collars once 
they knew how to use it. 

ii. 	 The donkeys were fire from sores. 
iii. 	The donkeys were easier to control. 
iv. 	 The draft efficiency was increased, sinice tarnners oftenl stated that 

fewer- animals %%ere required to 1t11 ,he plows, and less lime was 
ieedd to plow a gi en area of land. 

Overall, 1lhtre-tort, ta rCrs cxp)essC d :tI %iththe collarsablt:rti,;faclioll dollkey 
or hanrwew. l:rnICrIe did, hlowever id.rnriy a few technical 1,roblens with the 
collars 	 suclh 1i10 tlerti! (.f ththetreC the ohs;c problems: i lrtps. alld I:. Tftic 
have beell tk llilnto Account ill I'lt Model; of 111Cco1la1. 1':11'r alo, 0 illLicalt'ed 
that it,o l Ich, r tii.1l ittht hrarres'c,,,( coklld Come ill rin iCS lit ally
i/c ,ll)m,11 

luch lcs,,,.ste mtraic \, k \ ,s Lone1%itlltileOx yoke,;, itce farmiters tounit tihe 
traditiorri one, fairly saIti\fJactory ()x collars, a la cr editiionl o1f tire dollke" 'oLr, 
received littl, iterest ointire part of t'arrners, arnd therefore wer riot tested. 

Filily. ill11)t, sarliplles of 	 the donkey arld Myokes liroen RIlICcollalrs MI were to for 
tesling. IRNINI tpe tenl , COtiparilig tileKenvat c'ollars' arnd Sebele yokes with 
local standaltd Cqniplrrlrt available illloiswanla:. 1,ave tie tol'owiig results [Jones, 
N1891: 

i. 	 For donike' collars: l'oer capacity increased by 135 percent.
 
Sped of' operation increased by 31 percent.


ii. 	 For ox yokes: flower capacity increased by 18 percenl.
 
Speed of operation increased by 12 percent.
 

Therefore, the cnthusi:asm farmers hatd for the donkey collars appeared to be well 
founded. 

(c). 	 Reconmenldations. rwo actions that resulted from the successfurl testing of the 
donkey harnesses were: 

i. 	 The production of a four pan Agrirat'l on using donkeys for draft power 
I lorspool and Gray, 19871. 

ii. 	 lhe continuLed local marntfacture of the donkey collars under tile supervision 
of WIIC and their distribution lhrough the Al DEP programit. 

There are a number of points that need to be considered in the future. These are as 
follows: 

t. 	 It is important to establish what price farmers would be willing to pay for tile 
harnesscs, especially in the absence of subsidies currently available under 
Al.DIIE. In tile evaluation survevs irdertaken to date, farmers indicated they 
would be willinrg to pay M3(.Mti-1.00 per collar. It is important to verify
whether. itl fact, this is tnre since a fair sized investiient would be involved 
in filling out a four or six donkey meat. 

ii. It is import an t to detenriine whether unIMufacturing costs carn lie lowered. 
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This needs to be negotiated between AI .DEP, I IC and tilelocal 
manufacturers. 

iii. 	 Monitorir;g of anners' attitudes about the collars, and technical problems of' 
the collars theitns¢l\ ex, ieeds to be confited, to provide a possible avenue 
for iitroducito, futtier improvemenits to tile equiplent. 

5.2.4 SMAI.I. RIU\INANI',S 

5.2.4.1 Inlroduc!ion 

Smla;lI 	 viltin.1:1s; ilolillv 1!o plU.N d l'a\Wt Ii'p -- c;ll he iti ntAILI iOlarfhtitriutotx to the 
vcll 11' lc'.l l c" L mttl \ b!i'tlt L ' i 0 l lt't ai'w pt' J ii> ii,,thcuil. [Ihcx
 
'ri~vije alnd of


.0 U, 0ith m ilk III,! l ilu',,.xcr. ifl IiiiU Cll t utilii/atioll .siall 
rtuinit 	 l , , . '. I!r I"l IN 1)0 0ttLiti 't cl ulihr ur,tIki'tc lJlh ldrvl~~rt;!+r~~l111, l. pro ~, l 	 Itilli.L,', , ! wlh 
 t.'CI 1h)


]lxltlx] lli,.'ti lk!;. 


I <, ,H :.,h t rc'h \cd ,tttludt Ct'l'ILdN 
*.t'N,,i;Ntt,.l Of "o~t u;cItu 
 i~t. the. t lircllccL ;l 

OC. M ~lltA, 0, \,t , . ']h'..I',:\ oWt'tUC l- ltt, " 1Ol[\",h;t.l~,1.'tCdd,.C 

,:; h\ I ilt -tixe'. 
Ni 1:0.t: i :m tth 

andlt\%,hi-liocr llt" Ir~II \111MAti, UM!N lll' N11]LMq,,ien thereit hum ! :I t''ttIl~,,r[ :;Ct_ 

I'N 1CSiluI l cc! h r CA.h 

..\lT' , " t,, 
, -

.cj ,1!,ill tLIit(1 x k01 ., 
, 

',[la' I o ri -­i 1 ,I ! l . i tiil tlllill ltts
pa:lli i ,,txlxt,i\lor111,,h,1.%h P, 1-1 lw il.111", 0 ,.'I1 110 'A 

ii. 1'ootcr hI!,Iu Ih I I cl oII A C. inOic k it,S lh1i1 cAitle. wil ct.le e\ 're i lutch 
itore irieuitr llu!x% l ili,; it ivot ii" cf' llhict tirlties. 

(). 	 In general, progitmNt il stildl rumiiatils xiih ricrence to research, production and 
narketing, hiad, up uitil ihecduly 19l,8l's, ieceived little emphasis compared with 
tlhose focussd Ott cattle. 

(c). 	 Giveti tlile rigtt incenties antd suppoti. sin all rutitinant production could fLirther
 
enhance the wkell-being of farminers by providing imore inilk 
 and meat for d(trestiC
consunmption, aind xxitI tite establishnment ol s uit able iarkets, through cash income 

tfroi sales of' iilk aid live ;niiials."

Typical dcscriptivc/diagn0tic wrork ct icerning goat productioi under practical farming 
conditions revealed the tollo\ing sitUilion in 1)8(I0AfIII PR 187-2!: 

(a). hlie herd structmic conixtcd (f 60 percent lIeniales -- mostiy young kids and does
 
,
more than four c'r 0l age -- ntearly 26fpcrcc it imales, ind about 8 percent iniale 

castrate, 
(b). Average atntuil death loss, per ft'k wvas I1.. percent. 
(C). Averagelos iii kciglit, per goal frlmi the wet to tlie dry seasoni was 1( perec.nt of 

body weight. 
(dl. The average Kidding perccittage was 137 percent.
(e) 	 The grov,lh rate --lhaiis. the iverage daily gain frlnt birth to 15(0 days -- wis 74 to 

93 gramts. pC'r day. 

,ilil 
 .lo'%le I' llis,lu li In( . ), in tIct, inicreased its purchase (it' siunall 
,,i,'i,il: , iii, l',wit . Tho stiliu s of i"\MC illdeveloping the smiall livestock 

i li:t 	 a t l ti , i.u,,,ul,_txcx liereVIII' \11 S t,l2l 
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(C). 	 On average farming families obtained 1.8 liters of milk, per day from 6.3 goats, with 
an average yield, per goat milked, of 28-1 milliliters per day. 

Initially, ATIP studies ftoc,,scd on uinlerstanding tile current production environm ent of small 
ruminants under pr.c.ical farinilg .'onditions, and evaluating tile effect (If mineral 

srrp ple Iiwttioin. I .ii'l efforts COILentrated oil idmntiffig the causes of sickness alld 

reuiing high death httsses n1oted :as a problcm in earlier smtudic,:. designing cheal but 

hl ltuin1iitts, 	 o,'k:;bihvtyciIectls e hit,sig niall atid I'tessiiig tw o ili, oats as small­

scalc dihrsu'imal, Wolk in these areas is suhiri/cd in tire tllo0 ilg sectiotIs atId ill 

Table 5.1 

5.2.4.2 	 l.iretxe 

hae %evcr- ,kiW:Tie does 

aIm.,,dt'l.t 1t b tlI t \cr ,etfdItilC Lt-iot1c on jroW I oscver. ( losse)1,% 

l)iqr.c 	pr:,ltcrr % a. iuiip~Ict ill goal production. .Mos't incitleiCC ow 

irfhtIIC 	 dta'ir aV high
ast,,(2 	ixr.cei per :..',r hri,. Kerrn irjittuid nUlicarinr a sets iih nciticiuce ti tista:se. Mollst 

', rt r ! II fi rtI, lilt, il l C\ d ll a to
 

t.';.'1 1 , it] ,", 11 l trd seVerili I.CrCoilutItIU
 
O ift I'-, - I I ) . he tr' Iof i 1 IW eLc hre MI etfo 

r11C ,ft i,r t ilir ',iWi1. 

'l h c I I ,.It I k ' , 1L,il], 

j! ' , Ihlh' oIlri, ,,,t i e Sciir 52..) ). 
't..I !', SCt"iob! 'l~q",II\C' < l , 11011 2,-14 ) 

Id i 	 t"I cI ,, i 5 2.- ' i ii 

5.2.4.3 	 (linical and homt-,Morf'en IPial, osis of liseas' 

(a) 	 Jusifict :,o1. I eiir losses in gitats has . been reported fiomi 1) to 62 percenl per 
wear ts r 'evcral i',ns,. Very little intotirration concerning qpcilic diseases or their 
i:1ideice was as tilahle at tre villge level. This was due, ill part. to logistical 

dilTicrilties inl collctin, the tiaa. antd to the itrirequtinrt cont:ct L(it cerinariatus with 

liti oiniig tanncr,. lhis rudth nutikc'ted in art effort Itt chlrify tie effects of 
diea,cs oil prduction ard il dLctIertii M dis'aS i Ctc ic.ponsihle tilte,lihich1 	 for 
tmorbidtl.' ;tridmlonI~dii%, 

11). 	 RIt'lmN and ('oncltsionx. IhIere s, rei 1 cSese\:tntilrCd. lhee CtlSiStti if 1-48
 

snlJrinstlllI it sick goats 3 i ,i ofl"f'bit go nld sUblissions
ga ILts. three Of 

Iiitit"is %%hihc l -chl correlate s, ith ct clrrci eaninetrd Ji k or dead goats. Ilt 
these 1,-1 casC . 1i) dilfent diaigro,cs were tiradC 253 tiriies (i.e., there vere 
s-llIlti-, Iore trh.l onre d.i'll(i- per gl!). These I1 tca.es contained 153) 

,llcr.'et'tl aiiiil~ n ' It %%,is iltir t,I ill ' t l loie th;t ItaiI;oll'ile r rclated dlis a',. 
1o1.ile (t 7 perctlit it, the tern Uitri Ctir11101 diagnoses tirade IATIIP WI' 35. p. 31. 
lie rctagl Oel io.,te'lce aiilecirietnt related diseases was as tfllows: 

,i. 	 l-,tetrmril praitc, and dietas ile% trart ittd liCe ( 15.4 percent). 
iteart', ater (I1) 3 pcrccmnt Ild ticks (7 5 pr'rt.entI).
 

ii NhIlnttrition 7.2 percent
 
iii Itfernial hmisits 0 7 perccit)
 

". A case '%.as a preset) tt o discaseid atiinal s. TIhus i case mighit h ave teen a single 

goat, or 	a herd of gatalS AfcIted %ilth a simiilar probt (eg.. lice). 
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Infectious diseases %%ere the secon(d most important group. "These inlutided: caseouslyniphadcnliti (7.1 percent), ke raOconjuncivitis (6.3 percent), corntagious ccthyma
(5.5 percent), and respirmtor, infec'tions (4 per'eot), which constituted about 23 
percent of the total c,scs examined. It is also interesting to note that, Iinthis group,
only Contagious ccth lla had a prophylactic agelt commuercially a 11cailI. and that 
management prictices could help in reducing the incidence of all of these diseases. 

All other diagnlosCd dIIIc'ANC .- Iltof themCIt--e'ch Iept1CeNCIL lctess two percentthan 
of the total diagnoC,. 

t ritoitlML.% Miucht of Ite .ILtillloNs illanimals as, \alvied thlolghli ine
.OIS1ruprrMOr h\ 1 rC1, ardles 1 the Caus dththir .,. \ otI" Tislsk%, a daierotis 
practice. W ith itm ctasitq, l ,,ution ; of 1tt111111,, arid 11 :1.1s it i unlikely that
disCas, in'idten'c \k.ill dcrt.JLs M .odemrrrua. lgcleit ant dikcsas c Control will
hCteOMI iiec N.,,ri\te[t' InIIIr'tsOf 01n1ls at re hihI dcclto tllhlill cll li!hto f the
population and tot LlMIJI.t ri'r\l1 i1'tFoOfeth 1Iitelr:, rtitm k \,I t'\% /01o16otC dista5SeS 
scrc fIound ill thP, stt h1 c,I I.ho 'ccr, that these tiill i.i ilceyeiirportance

aillk. r 1rribolt atillil.1n1d A1r111,I poptl11o10 , p\a;ndt 

(C). Recomnendtttit tic',,t reconncndtils areMIS tolltS',. 

There is Ln) InlciC riCed 10 niIIroVC thC IlrragerHICIt aiLd nutrition of
silallstock to corirhAl rii.uir1:rr'illt rclUicd di;Cases. [Ftlicatiorial programts are 
requirwd for c\iciiot NUff thillo isqtt'. 

ii. Control of c\tcrnail paraitc, nceds to tli stressed. 

Altiough corittol iritcnial 

5.2.4.51, it should riot 


iii. of parisites shOtlid not be ignored (see Section 
rcccisc the saive degree of priority as treatment of 

extmenal parasites atd nltriion rinagemrrerirnt. 

iv. Programs arc intTii iy rcquii'd to eduhcate the rural populat oi on the dangers
Of cO)lri ,rrtritr killcd disease. antdarrimat, 1) oil the best procedures for 
preservirg oir kecping rcat isi. 

5.2.4.4 Serological Sur''v Of fljscarc 

Ia). Justiationr. I t ils.thre ,sorie comipxlling reason to (io so. such as a major
tliic;tc ott're.k, sr1't ,c aid scrological tesling has rarely been done athL \ ork tilp

iW iel. s c. ll:" i,,tccAlt the 
 limited nunibers I profets";ional veterinary
ti !. ot til t ' hcci ,yirt'.lcti ssork it thc diitictktt ', Icxcl. It was

thtrc I tItti't:i;t l ,i I hIth r A I1' to tiesolc liImited rcsrit rtcc: to the serological 
IteItII 11 s 1,1 ll troll, ",,Wc nllpll.' 

(hi Re'ultland ('ottrlion, e.cc t,ts no cx itetice to ,stppot the pircsenfce of either 
' lhsts ort sr rt ,,tllor .o.1tt I trc \a.ii II inti ictitlio tit slItlil cirlaIydial 

l.c)' ',siLtMh0 lit OlW %I. Irst I. :1tt he Haso Ii I,1A i \ 1itiIC |O Stoppoll
thlinrll ,i, as .1 1 h i I olltiorIrt ,I,.ttllld II] 1tr.1 It's rClCtrCd to ir y 

pCiltti dcath ,I-,it,'1otttor. 'Ind it .tlipcaettc that r Otst01 Itts" irtillal deaths ,
\c.L' tL i sI't 11i I th titiItrll siel t s tt1ti irtui"isid tai1111, 

NctotIoi,it~ll ek tt(t Of trIrrutrrr'r testul \is \t,\ h111 tS Lic t positive).
Ih,'tl',1 \tttselt Crtib thI t i , \,lthinll ahc!+c \%ile i turt.i , ;is v\ c teld. wwith over 
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75 perCeiit fit and les,, i15 ietcent in kids less thian yearolder p,.ilts titan a old. 
[here w,,,is C,dceC (1t'luetonue vinis infection ob,,ered inthese herdsfilclimc.il 

5.hirhi tile e,',aMIh 'criod It 1,be ,es I tht pe) u: the virust ortyls prcsetCi prItduce 
N.IJlhjnical Is'. . It Ltt illlk.tt 

(c), I c't''om rendal -,,w. I nltlhitoetin. in 1tht'iar.eas o the 'ount! v ,OtLul,!I benC ficial. 
I n,1 l tL'.jI'dtrO f IVt("Conli ixv ls loped, . in:e!!o i l could liegained 

oolt v.a h Im. cll'iI,th'lliltcd 

5.2.4.5 Intrnal J'orusitc 

]InctlA .are( totitii:' to goat:a~t Jtui~jutioo. It~l',lt+
"- tiixt,Iit.I': 'b~ ini to 

t.,*ItC cIr hl' Cultv ,,n .nt il the VIII' atet. con',t ono lW ainfalIll, 
ler t'll, .v:t OW , , ',inI 1,.oil,,hiv eI 'd I , I tC1 k'55 III I tlics se !Wi i ,1it1 1.1 I 

ss,ii i 	 ', 1hele,! l.t -1,.h[ ,itvl Iti [ )_OI, ., l ,,. , I I tiI. .ilk jI!hat IhtC ni 

p 1 '. 11 I t' ! .1lIllh" Ill !t it. 1.' Ol IIhhI 111," k. t p \ iJ .. J ' 

1: 110t : 0 '"ll t t . til 
th;: lihst, stlt')' :1cc ho i ttltln t smnl i, u',scotia! the
(et.' it" ha dtte k).t '.tth 	 !,tI ,.I i so tili let 

l'ltv 	 t , it' [inl,.'t , to 

Il) I 	 R'est111s 4 ni ('on luii . -\ nItl o 5IiS .iN III 

Nc iIal(h Is helt citi ct', I",1 j'iAII (1:1'(;). 
COnU t :1 kaicuiaied for each 

fI ,i clicci ll per iokl, NlOre C! s \k er dtl data col'ectionfIoind iri!, tilt' 
periods corrcqspoointt, to Owe rain\ ea.son \tl.crintcrcaIcl risk of parasitism 
was to bteexpectcd. \'ery little ditfer'nce %,ias found hx,.-,e age groups in 
tie ileall Counts Mhole period. This \was siieshsaiiit different fromCe for the 
what was cxpcctcd - kids ustually have higher counts. A possible explanation 
\was that tie area where the kids ellel to feed was devoid of" grass almost 
all year lonit. They fed on veds aiid bush almost exclsively, reducing the 
potential for inesting infective third stage larvae. 

ii. 	 ('occidia. (occidia vere counted simultaneously with ictnatotlc eggs. It was 
difficult to ,leitmine exactlh Mhit these coutls m1C.11l no clinical signs ortits 
dletath hss font this problem twre observed during this period of timne. The 
increased cot l found for kid,, %kasa predictable result. This is a common 
octurrecue. and is e\pct:ied to drop by the tin the kids rcach one year old. 
The dccrease iihlicautedimtmutological response by tnimal to thean 	 rite 
presence of the coccidia in its body. As long as there is no clinical evidence 
of disease, or no deaths Occur. ; cont like thoe found should he monitored. 
but not treited. As \sit itIotode ggs, higher comiits .cre teond to 
coincide ,th, the rainv season, alihough rite results nt:uv have been influenced 
l\'ythe fact l1ii h of ill goat \%as atthe riportoit kids the ptpilation higher 
that tioe 

(c. Re''omnndaiot . lie three l;nnll tero riienldatuons are as loIlos s: 

r. 	 Since trieresult, discussed abive icte derived from only one pait (t 
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Botswana arid also Iromi a sirrallsa IplIC of goats, additilnal research to
confirimi the r be desirable. If they arrtilrdinLS Wogld coliFrr 	ed, Ihern fihe
following recommendartions should be implemrrieed, 

that 

of egg countstbe" orsciikidred.
 

ii. t is reconlcrr 1,r,'d %kht constitutes a disease conditirnl irr rerins of' levels 

iii. 	 Ifdeworming is cousidere i .reessanr,procCdUIrs need t- be Il'lhowed iria
strategic manner taking 	 into accott the rainfall iatteum and life cycle of' theparasites. To ain tie maxiniin berief'its, treatment should be carried out near the end oft de0 x.tt,vam'm or erl in tiledrs sea.uor, tor exarmnple, May.If a secrnd dc. orming is to tie dhine, it shroul biet10C Mca1tie end of' tire dry
seasoi ir ri,,lit ;atthe tirt raii. This trerrM IIrrit c rI 0i11t\ e dirr01Ct tIretarners tliCIrISele,, and JiOild 	 he .r imrii.tvrtd o1 a ' cdtile. 'T'huzs
stipplies oif the dri,:' 11111(lie rade Irauil, ,rv.1,iihC a the L.A('s, and
l'arniers reed t0 tierimrinctei oiltirel pocedu f'rir its ahliririraitir.. 

5.2.4.6 Lice 

(a). 	 Justification. "hrotjhont the dry winter perio': lice inifestatirn is severe andconstitutes a possible threat to survival, especially for 'ourtg Kis .ri iiia causedfr01 tile feeding ice.Cr ripled with nahritn ion tile to tile lack of' forage anddecreased availahi!itv of 'milk - li'c,isc t itsprimary i,,cfOr IriiLaI1 crmNiusiption -­
alliears to be ,a il.1jor case of* death for III C tri,oInut go;is. IL-;'lIIn this Situation,
a trial 	 was cr)( Ihct'l to te,tthe efficierncy of tile drug ivermcctiini " in controlling
sucking lice and r.clitti g recovcrs fron 11Vrllia. 

(b). 	 Results atnd Conchmluions. A Icke'd cclt .olrrnic (PCV) tct was used to evaluate red
blood cell concentratiin 
 inanimtals tr-eatetl with Iverirectin cotrpateti with that in tilecontrol or untreated animals. The treatment was highly effective at both 28 and 56days after treatment. "ivomcc" cottrolled sticking lice on goats as well as internal 
parasites. 

(c). 	 Recommendations. l'liree major reconiiendations, in addition to the Promising
(;uideline which has been prepared IATIP RP 6, Section 2.4.1 I,are as follows: 

r. 	 Since lice intfestation is a serious problem in flotswaia goat herds, guidelines
oi tire 	 contiol of this parasite with "lvoIec" shtumld he intrOducUd, and tire 
prtuct trale readiiy availAble 1 flarmers, 

ii. 	 As farnt,:rs ,Jo not associte the presence of lice x.ithan mnrbidity or
torlit!v proflem, larir edhurcationlraI progranis ieer t tie dt.evelo ed otnthe 

problets caisieI i1v lice, aid control progratms devised that can be effectively 
an ecrmiicrll used. 

iii Addithoral stain-based research oitcontrorl proiraams arid rtgs would be 

rne of 	 the cart is tire 

5.2.4.6).
 

dnugs th,t ie tr.sed satime drng riscl ftcoirtilrl lice (see Section 

,. Sold 	unler tine trade imaic '[vornrc" bx Merck. 
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amounts available for young kids. 

In order for the new techntology for prodacing goat milk to be adopted by farmers itis necessary to dermsonlrdtc that it ofters considerable advantage in the prxluction ofpr(xucts or cash. reductior in ,oik load and possibly other inputs, or an acceptable
combination of all three. 

(b). Results And Conclusions. The major results from the traditional system and a newdrylot production system (Table 5A-)catn be sutntmarized as follows: 

i. Traditional Production System. (joat milk pr JuctioMiunder the traditionalland ext,:nsiv, s'ystem was heavily influenced by tire browse and grazingavailable. The average amnount of milk produced per goat ranged from to284 milliliter: per day," 64 percent of the milk being retrieved in 
165 

themorning. For at least part of tireyear, almost all farmers used the milk asfresh uilk., ut tri, surplus was soured into madila. Most nladila used atwashome. Only one of the fnarmers surveyed sold madila and these sales addedconsiderablv to his cash floss . Gi\ven the relatively low amounts of milk
proluced per goat Under the traditionally harsh environmental conditions, kidrnalnutrition is likely to because tle anrourtoccur of milk produced has to beshared With ll man con ItlMrcr,. 'hese comr.pe ting den lails led to tiletestingof a new technologs con cotrating ot pr(xhlitig in ilk Csonoior h i nan mpiion
under drylot conditions. 

Although milk and itat loftorant:e itdicmlors of the Tswana goat were not
spectacular, it s.,asrcconmh:tctd a:lthe national goit tieeting referred toearlier [AIRU, 19)871. thlt a b,cecdin- progratn be initiated on upgrading thelswanaioat lThis rcct lltticd,tion ,was based Oil the realization that the
performance of tile pm\ssittis:impressivegixo given tile very harshenvirotnttt al conrtitio, that C.ist in Biotswana. There is also considerablevariability in nividt dicrttlancc implying that there may well be potential
payoffts Ir.t m enhaikitg onta hbreeding program for Tswan a goats adapted to 
the cuntent ens irtlrtilt~il C.ndlitions. 

i;p Dr'rlot tilk I'roduction. tsirl, this vs tem the etvironmntall conditionstuder \shich the ,ot operates are trastically changed it that good qualityfeed is rial%,I 'tall lcd inlcontrast to tIhe extensive grazing/browsmgtradilitlllio . 1(tllt. '10 rW,t laXitoUnhe beCtit from this iitrpotved
crvilt ill',ll 
 . .ih 

l'e Itccv,,.ir Iih rthr 


it .,, f.l l1h,[ %O. high nrilk litothtctiotl potential Would 
ti , I.,pIS \\e're coitipalred ortder tle i rovedlian .:'tiei' ,Iand l Itrititil Couiditit ns, txirllls "l'swtnat. risscs aand wellkirtossf milk t-crc Sc'tionl1 (iteriCtial. stitablC goats was litrited by\sshtat aiatile le. tll 6 comprel tileresults fromn tile diftercnt types

u,'d. t._C tsLof ts lhie , ,hou11d be CotSitleeLt' itdlicadive rather
detflilts, illnt111C h.',.,th,10 dite. old\ a goals 

than
nopttw \ee involved antd 

selectIitn vIt, t,Id.Iic I eoiI +II v typ e of gllik (-I bst sutitcdas he for Imtilkp'riskltictlhtl in a,Ir .ourx.', i.\? 

'. This ,ocs not irtcludc the attount of mtt4 removed by the kids, which were allowed to 
nurse alter tle moring milking. 
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TAIiLI. 5,b 	 PROItJ7IION PARAINI71'ERS FOR.DRYI.(0)r NtI K IPROI)UCI'ION I'1E (;OAT IIY TY'I: 
(0 GOAT. FRANCISI'OWN. lIS9 IM 

ISWAN.\ 	 SAANAN 'ISWAN,\ SAANAN 

Null. pnmduc'iin p6r d4y (1-) 2.1 tI19) 6.55 1.566 
Icnigih Of IA 'tait l ItLi>s) 171 261 2S9 256 
P,| l. pruductLi, Ivr 1.1.t1011 (hi CtO, 50 1 175 I 169.b 4(W).9
Cost 1wIir fle uk I') 

Fced 1 I6 022 (143 0.17 
I,.lNt" No ltidlmg (7) I0(M I'ti 0.12 

With helding 0 SS 1 -141 (135 
Inoil v ith hrdimlng I 71 .3.1 ( X.i 0.52 

A1 	 Further- nicutl, on h 1inluning I 1 C1\oI in h,"~ dine :oul Csuniari tvrln'~Itd olsnsnnn 


,&-nyie, I,, ,salabl e ,wlwev: iAlI' WI' 471
 

(livelt 	 the calculated estimates of' 'rodlICtiolr costs, it appeared that tilik production 
trller it drylot system, of' Ivpe, ot' glts other thai pure "Tswana,did havc 
considerable poteitial pesj,:cialy: since the retail price of milk in the Franicistown area 
was P1.63 per liter. 

(c). 	 Recommendation.s. The decisi n to ehmb ak on a Ibrteecding, piog2r:u to upgrade the 
lswana goat for perftormingIlunder tile n.ingti ell ,ioll leCllal conditions is fully 
suipported. With reter.nce to dlot ilk production, ftohur investigat itns are 
r,,qLired to: 

l)teivinirt the. ellt l' md potential nuitiion;al value otl goat milk to tile 

farmini! ftauilv. 
it. Select tile best Ipe ,of ,-.ltt to he used iln such a sste;u. 
iii. 	 Test more etcniively tile ptotlctioI( a.tll CCOII()lliC ICaslhilitv 01 tile System. 
iv. 	 Ascertain tanners' potential interest ill ad(optitj, stclI a systelti. 
V. 	 [Develop appropriate Markets, Strattegies and regulalionr for selling 

goats' milk. 

If the above issues are resolved satis tactorily in favor of' drylot milk prxluction, then 
stccessl'fil dissemination will require farmers to be educated on a umtier of topics 
intichding knowledge cnccming tile ftolhowing: 

I. (,oat nlltrti!lon, lecds and feeding.
 
it. Saiitation and llygienie in titilk production.
 
iii. 	 Appropriate hotsing for goats. 
iv. 	 Relea.nt huslaldrv practices. 
v. Iodder production and storage.( 

5.2.4.9 ~tEaiating Weight From IH'art Girth Measurements 

I). Jn.itificnilon. Scales fIm golts ll, not readily available ill the villages.goaehilt' 	 A 
le',tSOil\ ,. tilt n'Pll:td to estittlie hod\ \%,i.,,h .,ould be hee'icial in selecting 

.mniltii' to Illirkt cu1ite It lit 'illi!e buclherics; or1 tllllnU1 ilw Botswaian Meat 
(',.,u11i,.IN in bI, ( . 111Ctlli. tl c(s ilIll,11C 'vciu.ht acCuI.lvl', .souhl also be help1,ful 
ill IteIlln.! !",. tot p',li'ICN (el . IN \tl is basis li0t ,election ill ib ceding 

(th, Results and (iocl n.ii. S.\'vll hlmuCdl and tlV-lhC C&aSICllCIIIS 01 '.:,2art 
!iltll \%CIL*LOlh'cCd It t ,trc riile\n Ni ll , N i to Clci\c suiltable elUatici Irtsllg ltl 
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estimating weights based on hteart gi-th measurements, the data were divided into 
four categories: 

i. 	 Kids -- birth to three months old. 
ii. 	 Females over three montihs old. 
iii. 	Males over three months old. 
iv. 	 Male castrates over three months old. 

Figures have been presented in chart form relating the heart girth measurement to
weight 	IATIP WI' 30, P. 31. It is in ortant to note that this technique only resulted 
in approximate estimates of weight and should not be used where accurate 
nmeasurements are necessary (e.g. in most research). 

(c). 	 Recotnmendations. Itis reconenlcded that further data are collected to increase the 
number of observations inithe estimating; CII at ion, thereby potentially improving the 
accuracy of the estimations. A Promising Guideline to more widespread testing of 
this technique has also been prepared IATIP RP 6, Section 3.3.1 I. 

5.2.5 CIICKENS 

5.2.5.1 	 Justificatiwn 

From a survey in,the Tutume Agricultural District, it was found that 93 percent of the
 
sampled households owned chickens. Most owned less than 20 [ATIP W13 
 3, pp. 	3, 4-51.
Therefore, although chickens did n[ot seein to be very import ant in the farming systems of 
the average household, the widespread distribution justified a small amount of survey work
 
(Table 5.A) to obtain informanlion on production, constraints to production, and to suggest
 
possible areas for fulher study.
 

5.2.5.2 	 Results and Conclusions 

Some vital statistics on typical chicken flocks that were derived from a 1985 survey in the 
Mahalapye area IATIP PR M87-21 cart be summarized as follows: 

(a). 	 The distributiont of chicken numbers favored male-headed and wealthier households, 
aIIi oughi day -t-day tetndinig generally the responsibility of' feiales.was 


(b). The composition if' flocks was 
 relaied to flock size, with rooster ownership being
largely confiined to larger Iloc ks, and in general one rooster for every four hens. 

(C). Ilatching rates avcraied 75 ercent and chick mortality rate was 1 percent. Overall 
mortality also tendld to IT hithl. 

(d). In tertms of products, do estic iteat constmrption was considerotd miiost important 
followed by dili stic egg conrsutmlptiotn. 

(eC). ManIalagemruelnt practi'es appealed iot to vary rmuch by flock si/e. Flocks tended to 
range freely even ait iight, antid\cic fCd hiueholtl scraps and residues. I lCalth 
linllagellIil prltcrtli s were [loll-existiit. 

li 1 )87, anr infornmal tirve% olofriore coliirercial-oricnelld1prodtucers as weil as liitCd 
resource farniers was undeuiaken. to ilrlhcr idetiify cotistraints !int to determtinie strategies to 
increase tlck sie and productivity tlrrliig iiiprov.ed peinning. I'ceding. watering and health 
Illallagellien pract ices 
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5.2.5.3 Recommendations 

It is recommended that a research strategy is developed not only foi 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 managemtnt techniques. 
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APPENDIX A: SPECIAL STUI)!i'S 

AI INTRODUCTION 

This appendix consists of summaries of studies and surveys undertaken that wele not part ofthe mainstream research ,':ffmot that specifically relate to the extension and policy areas. 

There 	 have been two mtajor reasons why ,VATIPhas given some attention to extension-related 
issues. These were: 

(a). 	 Under ATIP', stIbstanltial funding was directed towards the extension area
supporling a Research l-\tensior .iaison position in the DepartintUt of Crop

in 

Production arid Forestry, iroviding training -- in-service., short antd long-teri -- of 
CtM'l)sioil stalff, 1rid pticaSiitg CquipriitL. 

r(b). 	 lhere was reco rgnitii of tile sign ificarncc of the rese arclh/e xtensiott linik age, and the
critical naturc of tile tole that emtcisinii Statt play in bringin_, about agricultural 

In contrast to lie extrnsion-rl:atck activiti,; that niinil arose in response to what wereOftern llttltilll,,pcCiVTd neeCds on tirle par (f birth research and extension stalf, the policy­
related activitics occurred iote in response to i(luests from ALDEP or tre planners

theiseilve itt 1)I'S.'
 

A2 I:XTI:NSI)NRI,AtVrEI) S'i'TI)IES 

A 2.1 INTRoI)IICTION 

ATI P activities that had stormie re lationship to cxtensiorn, cart be grouped into three main
 
areas, riairely:
 

(i). E xamination of tie activities and perceptions of extension staff (Sect ion A2.2.1).
(b). Eixamiiation of tlhe andaltittaies iticorlt'tncies of exthnsion staff (Section A2.2.2).
(). L-et'vyI'rlentptu of likagcs bet \c t researc h and extension, artnd between farmers and 

extenion. 

lFtiisiOnr tatfl (11 ulve'd, pthat 	 rt1hii\t wet riith l ADs. lrforniation 1t address areas
t)and tb) a!ove lave piririarily been rlrotir h surve\s (T;iblt A.I). \while ac'tivities relating

to are:i (c) ire discusq-ed eiscMhc thi,;ill 	 ICpolt.' 

Arer'),1(t lt 1t ;he l llC'it Oiw, po ition is ei~ tuielsewite IATI' Ri' 71. 

Art \eal lilu tl t eIl tl,, ': id L'ior 1t( i OIt linkS IVlt c liFSR t",irls, atIliCUItilV 
ATII, aind ,.sth'l.ron ill!(t\tiillirneuili'hitiliriiiit, is i\'ui c iSe ltrIAl T' RI' 3. pp. 5.­

,ollalofritirulo 'et ,eii reeirth ,iid ercisqoli ,kdiscriswk illA I'I'RI' ISection 3.2.21,
%%hilc Laui '. :'rolip, al I it.0 u t tol andi,ilh cmclsiri'rl k lrajor tisercmh stal haviiig
.1 slippt ikO .it, r1. 11',,u'cr iscetrorn 3..1].Aii d illVI I1'RI i. 
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5.,24.7 housing/ahdFailitesr7I 

(a). 	 Jufltiacadon. Thoi lbiush kra are effective in olinIng goats_
she 

-

er 4f4m frt itSn roeithrnsunia-torrina t o. 
supplemnta -(c1edinig of livestock Krccoinzidaion to design low-cost shelters in~ 

"a atecmpt to redu&mthe, igh levels of id :mortality, waswproposed at" a..na o.al<..... 
..... 'eeting, on f3oats inr 1986 [APRUA 19871. In response to this sugg stioo ATlP:;

onertookini ~a study on building goarshitr. Since the initial recbiniivndation,b'i~ne 	more appatret that the provision of better~ shelter ma~y be cl Qone of< die
i 

stratkles required to reduce mortality froni management-related itseasms, Although' > 

storage of crop~residues and forageCs isnot Llikely to develop to any. gireat extenlt ini 
the near future, it' was felt that~ it 'was advisable to build a shelter that could,

Sincorporate this possibity. With respect to the fodder component, it is 'probably A 
more important to keep) it up off the ground. to protect it from termithes than for it to 
be covered to protect it from rain, even though rain damage will greatly decrease dhe 
feeding value of the fodder.f 

imoved nt.facilities also tend to encourage better manageneo Better general 
management should have a positive effect ont health and production, Less death-,loss,
and more productive animials usually lead to. better utilization of the animal by their 1 

Aowners. 

(b). 	 Results andP Conclusionns, A tota of..nine shelter type: kals .were built (Table,54).
Tedesign selected was: large enough to. hold' a maximum of 54 goats allowing an 

average of one square meter per goat. I were nine merslnby'irlsaIS 
meters 	 wide, divided down the center lengthwise to creat tw es longquastz'eiA 
shelter across the end measured three meters deep b six meters wide.~A Storage
"loft"providng-eighteen cubic mneters of ,storage Fpace waxs uggested for each lter 
[see Figure.1, in ATIP RP 6, Section 2,4,2,2, p.211. Six of the cnstcuced krails' 
were, built with fodder storage areas. Material and labor costs varied :from P88.92.-to:1',
P637.37 depending on the amount of, local materials and external labor used. ' I 

(c). 	 Recommendations., Two major recommendations are as follows:J 

L A Promising Guideline [ATIP RP 6, Section 2.4.21 has been produced for
 
'4 more widespread testing of the suitability of the kraal~design currently being ­

proposed, r oh
 

ii 	 At the same time, additional ilnvestigations are required on other appropriate
designs for goat kraals that are wihinthe resource a..d skill levels of the. 
farmers who'.will construct the kruals ., 

i725.2.48 Mil Prdut o Studies A 'k 	 i, 

(a), 	 Justyr~calion. Goats are an important source of meat and milk. In addressing -the ­

milk production issue, initially ATIP work f cussed, on atdi~gnostic study to' ascertaln~4A 	 l++,'- A 4+-,A.,*i,: 

the traditional milk production~levels" and practices. Because~ of:'the, apparent
significance iT;{7 ;;, ; of the .poorer ':;7L{]:: D + 73 #, { .+ of goat milk production for domestic use In. many7 {;; 7TT{7 {' : ; 7 


~~tA. households, and the potential market for goat milk, attention was. directed; towards 
ways in which goal milk production, could be increased 4without decreasing \the10 4 
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AllTABEI. A.I: AlIP SURVFNYS REI.ATINC FX'INSION AClVI'US 

M_oI ELKUIIJLKI'.LKI&IL)~s) YIL _... YtAR _AEEA_._AMPLli __.AIUIPAliB.," 

itnsaon staff I avLo inlucncing exittisin cliti icncyand crop 
prodUiC-11 irMpnTveIlilt 1993 NjiouLd 213 stafT WI I 

Sulbct matter compctencics 1986 Nalotial 131stall WP 6 
A )i Activities. ass. unctnt. ,etfommicc wid linkages 19J83 CLntra] 52 AI)s WI' 14 

Attitudc tuar s jobs 1t987 Nafiotilt 135 AI)i WP 23 

a 	 The )car listed is dite beguiling of tile cropping )ar Ill qsLtiOnl. For example, 1984 refers to tile 1094-85tcropping 
seam , wid 19941-5refer-s to btih ile 198.1.85 uld 1085 -86 cr'lping sei ,son. 

h. 	 Refers to tit nutwnrl. of sites, faiUmers,etc. 

A2.2 RESULTS AND I)ISCUSSION 

A 2.2.1 Activities And Perceptions 

A 1983 survey of the ADs in the Central Agricultural Region IATIP WP 141 indicated that 
92 perctit wveto male, and that extension areas encompassed two or more villages with more 
than .14Y)families. Lands areas were, on average, between six and 24 kilometers front the 
%ilage where the ADs were stationed. In spite of the relatively favorable farmer to AD 
ratio, tile farmer and c\tenion contact often app;:arcd to be relatively low. Factors 
contrib u:it tg to this %vetc often attributed to tile distances involved, problcms of transpot, and 
activities that ..ompeted for time with extension, such as processing appli,:afit,:.l for fartmers 
to participate itt governmental programts, for example, Al.DI-P, I)rotoght Relief, ARAI", etc. 
As a result, the 1983 survey indicated that, oti average in the extensiotn areas in tile Central 
Ag itithural Region, only 2(1 percent of tie farming families were cootacted, and then only 
once a seasot . Also only one in 15 farming families was contacted even otnt per week, 
anld these farmers were otten the sane week after wcek. The characteristics of the farmers 

cont acted regtlarly a ppcared to inldicate tite were the more progressiv¢ farmers. 

In teris of perceptions, the A )s in tite 1083 survey indicated that resource constraints and a 
lack of knowled, e wcru tile main reasons farmcrs did not tmake chanlges. ttlcrmns of tile 
tell difft'rent 'e cific tcchnolog ies the ADs were questioned about, lack of' a proven benefit, 
or other t,.ntiical re asons, were only cited as major problemtis inhibititig adoption in the case 
of Clrtilier use, bettcr w'eed control, am;t early planittnt." 

Partially as a result of these and other findings, particolarly with refctetice it) the need for 
inicreasitg the effeclivencss of tile A)s, to enisure that they worked with intie farters, atnd 

to he!;, overcom ti he lam(ilers' ltac of knowledge probtele, ATIP t
thas bc n iii 51rttim t l ill 

dcve'loping :( )[Gs as a way of addres.stljg thc;w ai.t other issues :oee Pronmising (;uideline, 
ATlIP .' , 3,1.1 I.R 0Section 

the p)otenttial value tf these goups was substantiated in other fitudinits iii tile 1083 survey 
albott the ADs, percepi!,-. ,, n Irmicrs' iititudes to change. Most ADs ranked highest the 
statellilit "Illost fariters want to change and know of changes but Iac t resoir es." "Lack of 

knio,6. ledge of cihat ,¢s r'ct ived the second ranking, and "lack of intCrest" in changirg 
received the lovcst ranking. 

'. ()ther techn'ologies asked alxut were row planting, fencing, winter or spring plowing, 

use of cenilied sced, use of crop rotations and destutmpiig. 
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A2,2 Atitdgues Anad Copteces~ 

1983~Ai~. a'ifrn surf~y,:tis the nationwide, was undertaken involn~,mainly exesost [T~w~fj lik _erperceptions offactors influencing extension efficiency andprospects' fo iprovcd crppii4duction. Forty 1tr Tctors ,we're' ranked 'Die most imipo iant-. 

z(b).~:A 'syst 'ifd'-'~rofiii e- evaluatio~n an rmto' oeue, 
(d 'ccess to'notorized tran~sport.

S(e) Inrae opportuinities for ,in-servicer training.~~ I ncreaing the 'proportion of, practical'Araiing in extension MehdaI the'Bots .agricultixral, College (BAC) td
JOrgiinig' specific courses at 13ACI on identifying' farners problems,' 

'Iberefore 'it appeared 'fromi the survey tht as, far as' the AlDs were concerned, factors,relating to -their conditions of service plus their. articulated 1needs'.'forincluding that, l~atg othetnsn/amrinterace,, appeared 
furjthier 'traiing,­

significance in constraining- their reffectiveness 
to flieni to -eof more;

thaniP other factors ,related, 'to'iipoving ,cropproduction, such as. those pertaining to input availabiity, draft power, sp cial campaigsresearch activities and: research/extension coniunicalon. '.'',~ ~ 
Another nationwide survey, this time confinec1~to CADs and their upervisors, w.vsPunder-takeiinb198 to evaluate the competency of the ADs'i 10O2 subjects, gruped'into13slceI _-ubjctareas IATI P WP 61J Thie were for farm management,' inquiry 

results indicated' that,,the', lowest percived' competencies,methods, frm mechaniyaton mnd'aniistrato ITe'highest. areas of competency were 7for. MOA: schemes, ';-arable crop produiciion,-I id, grotij,work. ,With. the, exc~eption of group works and work ,with th6: 4-'D org iziiori, thee' waahigh level, of agreement~ between the Abs and ",hi.spr sorsio .1el,'mpttecy. ranikorder of sub-areas within the 13, subject areas thereinaly, were"f~v, differencesorder competencies by sex,-age i ranik ! or length of: time on the job,"~" 

'The survey, just discussed, wa commissioned, by the National Training CN'm$ite in. Ato help identify the needs 'of the ini service -training courses' for Al~swhich were, then 'staied-in the 1987, At the, firjt'session of this program,:,another survey copee byih'was 135ADS fromi all-over, the country [ATIP, WP hssre2] o'h to' dete'rmine th~eattitudes 'of the ADs towvard, their Jobs. Some maijorfindinigsfh suve wer : 
(a),' "In general,' the AlDs''were. notvr satisfied with their- jobs, ,in spite of finding 'the~work relatively exciting' Male ADs, and oldrAl" feit slitly 'noi6e 'iositive''abiut''"their jobs than" fcialeAbs' aid 'younger ADs. In:,terms, oflength ot evitof fou tIIyas-were the,'least positive about their jobs, .- hsi a iilro;w<4~ concem since vr5 ptrcent of'thie AlD samle w r ntigroup, 

of; thC21 3'respondents,

~>~~1<stiffan~d 

about, 60 Nrccnt wereN AlDs, 29 percent' ere other 'cxt'nsion
11 percent research staff. 

'1,lnitcrcsting~to note ~that~thi relative rankings- of the different chocs'showe~d~~ pcrccptu4&'gp betwcin the. few. researcheicn.i a.Ptcsurvey aiidfti A'l)s.! .Ncjrsurpisinglyperhips,thCresearchers,' tendcd to c6mphasize' factors influencing ;dJc substance of diemesag ben eieert~ than the conditions of service adtinng; 
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(b). 	 Correlation analysis showed a slight positive relationship between job attitude and 
age, indicating that job attitude tended to improve with age. There was little 
correlation between job attitude and sex, ye'irs in professional agriculture, and years 
in present position. 

It was hoped that another similar survey undertaken after three years of in-service training 
courses, would help in creating more positive attitudes on the part of ADs concerning their 
jobs. 

A2.2.3 RECOMMENI)ATIONS 

There iy nothing new about tile following recommend,t ions. What tihe CSuIts of tile surveys 
did wa., .o confirm concerns that had often been c.pressed, and to support recommeindations 
that have often been made. Impo ttant pointi, that need to I considered are: 

(a). 	 'The proportion of female ADs needs to be increased it) enstile that the needs of the 
manv female-headed hlouseholds are addressed.' 

(bi). 	 There is a coitintirg need Ito improve tile conditions of service (e.g., housing, 
transportation, performance evaluation criteria, and prono tional oppLortunities) of field 
level extension staff. 

(C). 	 Training, includinrg in-service, needs it be continued for field level extension staff! 

(d). 	 There is a need to expand tile use of Extension-Orieited Farmer Grotups (EOFGs), as 
is currently pairnld ill 'hase I1 of the Al.I) EP prograin. 

These recomnenidations, if imp lmCrentetd, shounli go a long way ii helping to improve the 
mreale and effectiveness of field level extension staff. Unfortunately, these would require a 
substantial commitment of resources on the part of GOB. 

A3 POLICY-RELATED STUDIE.S 

A3.1 INTRODUCTION 

There are two ways to improve the agricultural potential for farm families. One is to 
develop improved elevatlt technologies, the other is to implement relevant policies and 
support systems. ATIP has generally concentrated oil developing appropriate technologies. 
Over the :ife 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 prograims in the ATIP areas. Oil other occa:ions, ATIP staff has been asked to 
prepare papers on agricultural policy issues for meetings or for other reasons. 

'. 	 Fortmann 119851 arnr(Bettles 119841 discuss the Al) gender issue in some detail. Since 
this study was undertaken. this trend has, in fiacl, developed. 

'. 	 Unfortunatcly, tire p ogram started in July 1987 was unable to lie sustained :rId ceased 
operation in 1988. 
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Two approaches have be.en used in studying policy issues: 
(a). Studies have been based on relcvam .ii y reuh ,. Thc e .' e vs hve either been 

designed to answer specific policy tuCstionS or have been surveys made for other purposes which have had a policy comiponent, or which could Le used in policy
analysis. 

(b). Secondar datLaS Liudly Of naional scope, have been used to autent data from tileA'TIIP areas in making general pl)icy observtions based on the t1"11' experience. 

The reports derived folm the thcse studies are stmmried in ']'able A.2. Some observations
and results firor the studies mne qutmarietl under a nuntlr of topics as follows: 

(a). General agricultural polic\ (Section A3.2.1).

(b). ARAP and 1Drotrlit Rel ic f (SctijonI :\3.2.2).
 
(c). Tliactor policy (1A3.2,31.
(d). Marketing~(,. 2.4)}. 

(C). Gender issues (A1.2.5). 

A3.2 RESL;T1S ANI) RECIOMENDATIONS 

A3.2.1 General Agricultural Polic , 

Major points arisin ot of studie, and survey's relating to general agricultural policy issues 
were the following: 

(a). General purpose prograims are not likely to be successlit for all technical and hunanenvironments, so programs need to be targeted to specific resoLice groups. For thelimited resource farmer these should cmphiasize iii,provements in the traditional
farming system. Food ProdUCtiott COlId be increased by emthplasizir:g technologies
which are of particular use to the intermediate level farmers IATIP WP 151. 

(b). The Ministry of Agriculture could improve its delivery of technologies relevant to thelimited resource farmer by improving linkages be*,,'een departments, reducing ADs
administrative loal, and continuing ISR JATIP A P 151. 

(c). It is critically important that igricu ltural policies are put in place that [ATIP NIP 90-
I1: 

Will entcourage farmers to au opt improved technologies, since the initial
changes requ,ired to move up tire technolgical ladder are rather large. 

ii. Will make irodutiction and coiservat i strategies complementary to eachother, since individu al farmers are more likely to emphasize a shorter rnt
goal of production in order to stirvive, while society is also likely to have a
Ionger-rnt goal of sustainabi ity, to ensure tiiat the ecology can also support
production by future generations. 

t(d). "tliere are several areas %%Iere it will be necessary to make difficult trade-off 
decisions [ATIP NIP 48x-21i, including: 

i. Arabic versus livestck emphasis, 
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ii.Cttl vrus smalisoc emphss. 
iii.'" 	Encourage or discoumrge~ tractor- use,'S ~ ~ f 
iv.,t 	 Self-sufficiency versus food se.cury,p. ~~V: AD extension versus' service, - p<j.py~T ' Vi, Agricultural versu no darciitA 	

"eployment generation,'-
vii. Commcrcial'versti&'smallholder emphasis in dryland agrncultule.


S viii. Drylijud versus 
 irigation versus melapo d'ocus in research."", ~­
ixPe4siroii csus-.s Pe h y- L5{-daiy.-hoticulturei-- l.)-,-­

43.2.2A AtRAP and Drought Reliefs 

An assessment of the impact 	 of the ARAP and Drought Relief Programs, requestred, by the'Chief 	 Agricultural Economist in. DI'S IIP 	 EP 88-41, resulted in the followingrecommendations: 

(a). 	 'The plowing subsidy should be reduced and phased out over time' because it is~expensive 'and, while it increased area plowed, has not substantially increasedNIIproduction. Production increases, particularly during drought periods, more likelyarei to' result from land intensification, as a result of concentrating water, 	 rather~thant increasing thc areas 'cultivated, Because of the water constraint, subsidies should beused 	 to encourage land use intenisification through the adoption of improvedtechnologies, particularly those that focus on getting 	more water into the solil profile., 
(b). Seed offered to farmers should be acceptable to them and should consist pfinmaily: of:2~millet, sorghum and cowpea varieties, Commercial channels' of' seed distributionshould 	also be encouraged. 

' 

(c). 	 The fertilizer and fodder incentives should be dropd fromthe progams n 
weigsubsidy either icesd or dropped. 

(d). 	 The row planting subsidy should be changed to a miore permanent piogram tow{encourage row planting plus mechanical weeding. 

'Destumping(ce). and fencing are more appropriately continued. under ALDEP. The 'areas~supported under thle should to whichprogram be limited that can be worked withanimals. Upgrading of old fences should b,_'included in the program.~ 

t13.2.3 Tractor Policy 
't ;pf
 

Several issues and points have arisen with 
 respect to the increased 'use of. tractors (luringATI P's existence, Sonmc of these are were as follows: - ". . ,., 

(a). 	 T'here were several questions which an increased emphasis on tracto~rs raised [ATIp~PR F85-5): ' 	 W " 

i. 	 Is it a policy decision to increase tractor dependence?ii 	 What are the foreign exchange, implicaton~s in term~s of equipment, fuel, and'
spares? 

'
iii ' -
Will tractor farmers shift from farming to'doiiig custom llirre?" '>r2iv, Is there an infrastructure to provide spares-or simetiacors, or ~canit~be-
I S. "4-~~90 
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developed? 
v. 	 Will a shift to itactors creale additional probleh.ns ill obtaining anitmal drawn 

equipilent' 
Vi. 	 [ es the exteion se.rvice have pe rsonntl ilad equitnient ito support anl 

increashigly tractor-or iented prodtiction sy'sten? 

(b). 	 Average total tractor costsss; tcre est i;1 ated at P36.t5 per hect are wht iboul 139 
hectares were plxOsd per vear [ATIPPl' H 88-3, p. 41. Ilo%%ever, it was concluded 
that, tor many tractor ownrs, tl', l'50.(HI per lewctar," pls,Ning subsidy available under 
the ARAI ' program ,ould probably not cover the o[erating cots and ianagement 
expen-lses. 

(c). 	 It was also concluded thiat a governmit.it tractor Iire sc heit e '%%onld n1ot bhave good
 
prospects. A 
 ubsidy for tractor owners themselves svould be preferable, providing 
they did cuttom-hire \,trk IATIP WI' 221. 

A3.2.4 	 Mlark'ting 

"o poills v. ith reft'etce Ill tile S1tt.1hl allotint of' All' vork utndetaken ill the mtarketing
 
area %%crc:
 

ia, 	 The go.crnmcttit is ,.,ith dilt choices illfted itan\ coi,:uh theit maikctiiig area, and 
curreil poli)cS i1ta 11.1 teTci the govCtlltniett s agli culrtal oblwctives. Detailed 
r'ec,.ch, including casec studies on rural mltikt,, doctictiiat11,iih of pritce behavior, 
ai1l (itiritil ir tol Lttrmrs' chL\l.civ ot re,,ponse to.c c iii relatic p)ri'cs. etc ,
%%(tlil hetll irm htle purIi.:. itiake r . tI ti t i fwn tittjinti t lictl t o IIItk thIe litIIliuh 
choicICC ATI' il' 848 

b) The .iiniIg ,tItcI l a,l tradinge nI i'd relativcly Cflctive ad efficicnt s.stem for
pi-ru iding lood anrid other i:0 ,,1nI'ltM hol IWI 1t ht1tL>+.,h0lk [.ATII' W IP 181.l [ lril 

Possible inirir;cten1irs cull be irtakclt. 

S ncouttraging cioliriatises to 1t RIdCt;rOtlaltiOll services Ito tilte nearby 
smaller 	vihiges 

ii. 	 DAIS could monitor lpriC,, Of' irl t, intot agriculture and have ADs post 
price lis s of those illlt ,. 

iii. 	 II.A MI couIL be entcoutraged to work more thrt.ug h trade's. 
iv. 	 Ihisincs, itiaii!eriment cotjrses cirtld be offered t simiall liatlers. 

.A3.2.5 	Gender h.stvt 

[~tniing, arid .+rret"sitr s.h re,.i to gn't.lldcr issues hlve, ilicltdCt tile fo0llo\ing: 

(a) "tllml hetdtd h,ellthld, had lcs re,,ourcs Itan Imale. -heaidCd hutiseholdl s. Womelln 
,iikl.d ionger hnirt in inricitlc , but at tasks that pros\idtd a lower rtu1trln thanl1 

Iale dthllillite I,i ks, lhe Situation %%a.aggravated becaus liaim' govertimett 
agri:ultural 1tle0 ' t.t OT rLiale ,lotir,itei activiliCs AIlI' Nil' )-I1; ATI'P Nil' 

1niIth "tl'dt- ,s tfittuir 
lnlIrurCd tct.hl10h0!,l. Nunlrrhsu po's,0,,ibilitiCs CeiSIcdt i' ijuiote tile Sitlatioti 

(h) 	 I;111. +',¢n0t \%,i, ttai jor ill uL'It it'tililitL' , Clt Oft'V 

J~il '..\ II 7. J.+\ It, }I 	 )t:: Sep¢tember .1. 1090l( 
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including allocatiog more research and 
activities, ;uclIh as post-crop c lishemicnt 
PR M87-I 1. 

(C). 	 Women may he at more health risk if 
chemicals. Intensive education programs 
improved practices sat'el IATIP NIP 89-41. 

(l). 	 Targeting of agricultural programs based 
effectively address the needs of the poor 
N187-I 1. 

extension resources to female-dottinated 
activities and harvesting practices IATIP 

fanners mechani/e and use riore agro­
are needed to ensure that all farmers use 

on draft access would, ini most cases, 
and female-headed households JATIP PR 
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APPENDIX B: LIST OF PROMISING GUI)ELINES 

llere have b a':anumber oi promising ech nologies and approacihes arising out of work 
hoe by A- IP staff -- some in collaboration with others. in genera!, howev er, these could 
benefit from more extensive testing at the fari-level before being ipprovcd for publication 
as ExIlension Bulletins ,il the case of approa ics) or Agrifacts (in the case of 
technologies lheretore. ill order to provide easilk understood instnictions to facilitne 
further tesfingas ,cries of propoed lcallets called Prontkng (Guidelines are pi'sented ill 
another report .ATIi' RI' i. lhoc picr end ii the report arc listed ill thiS appendix 
togettcr s,il the section nurmIber s 

(at 'romising Guidlines On reclhntologies The guidelines are cla,,ifcd under a 
nutber of themes, 1iarrI] 

i. Soil .loisttrc liihr iccincit 

-- !:lar I'vlosnr I.AIt' R' 6. Section 2.1.11. 
Contour Strip "Illac .ATII' RI' 6, Section 2.1.21. 

-- \~tWater ('m,.vr.taion 'lerraces IAti' RI' 6. Section 2.1.31. 

ii. Planting And Wecfini,. 

- Row Planting Anrd Mechanical Weeding IATIF'RI' 6, Section 2.2.11. 
-- Rotar, Injection Planter [ATII" RI' 6, Section 22.21. 
-- Maun ('ultivaor IATIP RI' 6, Section 2.2.31. 

iii. Specific (rop Activities: 

-- Cowpxeas IATIP RI' 6. S-tion 2.3,11. 

iv. Specific [.ivcstock Activities. 

Control Of Lice ()n (;oats ATII' Ri' 6. Section 2.4.11. 
*Goat Kraal (Construclion IATIP' RI' 6, Section 2.4.21. 

(b)+ I'romi.ing (uidf'lin,% On .Ipprnez'h,' 'These ate also presented under a number of 
iterilte.", atel 

i Farmer Itvolemcnit IATII' RI' 6,Section 3.1 

-- IxItIsoio-(hirited Fanterl ;rolips .I'AT' RI' (,.Section 3.1.1. 
-. Farmer Trainln, ('our,,ts- IAlII' RI' 6, Section 1.1.21. 

('ol+dIwtinI.' t:,Irn Lr :iL-ld ] 1..VRI' 6, St'Ltior 3.1.31.J)AVII' 
-" (Ion PtItll \I'ticuiltlu 's, [.VI'P RP h. Section 3.1.41., AT Sh 


ii. ' t.cura,.i i: (Coolvmr hnlu J I111' RI' h. Sectin ;-1: 

- o tlleeti\ 'srIe! ee, ch drcTttlnI rr',l S%,stsc r ArtliStatioll-lased 
,.etlh I '\ P11' h. 11RI' Sectoi 
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Cooperation Ilet, ecu Research And Ext.sion IATIP RFP 6, Section 
3.2.21. 

iii. Towclniq es IA'I'P RP 0. Scction 3.31: 

-* ist it Tv,! (;0,t ','eight With A Tape Measure JATIP RIP 6, 
Section ;. ; II 

-+ Use And ('. rc (01 The lloodless Ca;itrator (Burdizzo) [ATIF' RI, 6, 
Section 3.3.21. 
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(a). lErtrnallY !'blilhed Paperl, (IT H)UIC COII" II an oil.%crie C , i,, papers AlI P 
mlil. that haivc hevii c\tcriaikN pnL h'11 heen kqpt it !,:nted quantities. ManNd 11,1%C 

Ot 	 OICieC Ili' likCI\ tot 1hA\ C e-Ialicceii prtlitCd &S~ Pli'rtrS' RV<-IptrS. NMiSCll~eL1ll 

I 	 %oringl'ptr% midru Ow Chw Iit ti ~t. a .m w Cit V1rcn1111in1 	 A.t~ 

Il~iUtlkl C L! kIC )1 ! I n 1 IL'L lI I ItiliC C ti IS. hateitl* rC\ i t' A 1*11 

liit etu tin~ i itbrit I l( n i. lH l 10C.1Or Isi inll,'tI1 tiv)ef k i slIii IWhaIOMC 	 MOP 

ci l'ro~l)rtlRprs RAttrt% les a nint cciIacr srlenb t 

L' I itbCr singa er VP cite i- NVt11. ie d cons: f rit1It I and 1,1Ch,f I IMIesearI111 .11kiI. 
ttcil olin1'.11ill 'III1. wltl ) It 01'icki;C 1H:Ii0ntt ter bN pnc .11n 1:\ I i I ) 11 1l1ie 

iii iio~it 1w 11i CILt t.11 k the %wa s 'ii Ol ,hictu h 1,tittt:Lliiuitu n ih*. ~ Ii tti111t111' 	 i 

d ifcd adc n t ?M [ater ei li~ iia~ ots setIts paier trtipS . Iint0ltlctd co 1, s 

ai 	 it It III,-t"Cr~tts (hui~orii tuilm ~itit hiti\cIl t ji!~~s-liN.I o 

1&toH OIN .1 (,kii !i fteIl R~oiiXld theO H ols tttiit~ 	 ~ts 

Prtogriiu, R tot,nt iReportsiE I lics hi'N( in paa ric ie prniI ci %ktn~ilettn istll 
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C2, PAPERS'WRI'ITEN BY ATIP, 

C2.1 EXTERNALLY PUBLISHIED PAPERS n 

A il P8 1 akr ,,E NoikgdD, Norman, J.Siebew and NJ ijrongo'- *lelp'ng iic Limited
Famrtruh-hFrin_________ scsAprah to Research'.,Culture and Agriculiire~ 

ATI l 41 omnDD a c n Sicben. "TheCalnco ~vlpn Agiul= in) ch 
4 inwih-tbhe00- 600 'SADCC Counre" ,Zimbabwe Agricultural Journal 
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Invited paper prcscmed :itI~l X'/IRA wolkshli on Fertilizer Efficencyv Research and 7chnogy
Transfer, l)otial1.i, 1'acri, , 212t-! h January. I '5 . Now pu1: slicd , wc ATI' VP ,5-2 

ATIP 	 l' 285-2.Nofmutti. I aid M. 'ollilltxs "]hc ('onCpr of I-SR nt ilTvory atid l'ractice". Invited 
pall.r psctn-J'd t .\U-r-flt ( cer obr Itl.tioit,)l Agiicultural Rse.s'crh slrtSOrcd Workshop
on Farming Syietn. Rt'v'etirch(ISR), IL[tk,teshjrv Agricultur~d ('tlte, Svdtnev, Australia,
12ii-15th May. 1 ,t';: puliscd, Nec AIll' E'i 	 86-3. 

ATIP Ml 85... Baker, I).('. "1'opulamitti Ctuni I/ SS ' Case Studies Project: Train ing Workshop Trip
Rcport". Arising out l'flOI'('FSS' (ate Studies Project Workahop, llostot, LISA, 9th-12th 
June, 1985. 

A7"IP 	 lP 854. taker, D.C. "ktamirg Sysitis l"cho)ip:tncn Project - Iklstcn Viayas: Philippine Trip
Report and hnplicati. ;s IorAlTI'". Repire (tl USAID tc'onsulllticy trip to Philippines, May 1985. 

ATIP 1ll' 85-5. Miller, S., Tl.|:tngon' aniid 1).Nooiinan. "Selecting a Micttk'o' puter System for
-armting S StCtes Re.c.arlIh A I:raumcioik o Palr atfir Icc isit-,Ni iig". presented
CIMMYT( ([i sitiilot ed Regional Worklshop tn Socio-IEconoiirs and Microcomputers in
Farming S)stetns Rr-.arch, (;ahitle, lhotsst ,ai.i 2l-lIt Jeily, 1985. 

ATIP MP 85-6. [taker. I).C. and J.l stflho. "lie Place of St.iology/ Anlirtro!h'gy inFSR and E in 
BoLswana". In Prefs]. 

ATII' .,11' 85-7. flaker, ).('., . Fh nt and N. Ilunter. "Co iribit tif Farmions ,Managetnent Economists 
ItI-SR anid I n tlttana". 'aper irend,.d at CIMNIYT/CTOB sxosored Regional Workshop
on acio-ltFconomics aud .)icrocomputcrs in Iarming Slstesr.t Research, GaloM.te., BloLswana, 
2nd-4th July, I1S5. 

ATIP .111185-8. Sichrt, J.D "Usc of a Spueadsliuct itt FSR and I--. Paper presented at CIMMYT/GOB
slmrnsireid Reional rort.thop :, Socio-Et.'contics ant Microcomputers in Farming Systems
Research, 2nd-4thi July, '1,5. 

ATII' 31' 85-9. laker, D.C. '1 abour Productivity in Traditional Agriculture". Invited paper given at The
 
NationalSeminar on I.abour I'uoductirit in llotxwana, Gaborotne, 
 8th-Il ditJuly, 1985. 

ATIP 1ll' 85-10. llobbs, J.A. "l,,scarclVFarnirg Systems Teawns/FExtcnsion Relationships and Agricultural
lDveltpment it flttswana". Prepared for Agricultural Skaff Relations Seminar, Peloselha,
6th-8th March, 1985. 

ATI' 31P 85-11. Norman. D.W. "Farmi ygstems Research inAfrica --Art Overview". I.vited paper
given at The Farming Systerm ndI. xtetnsion Seminaur, Nhlarngano, Swaziland, 22nd-23rd April.
1985. 

ATIP MP1'85-12. Masikara, S.,(;IIcinich, W. Matlho, and It.Koch. "Draught Animal Management 
for l-arly Pllughing". Iape'r presetted at the KSU Fanting Systerns Research Symposium onFarming Syvtems Research and E.xtcnsion: Mana nent and ,Mtethodology, 131h-16th Oct. 1985,
Manhattan, Kats,;. IUS A. Now pallished. s'e AlIP l'P 86-8. 

ATI' 11P85-.1 [taker, I).('. and D.W. Norman. "Iarriirg Systens Research and Ex ttnsiti inIlarsh
Lt'vironrcIrLs: [)eslchp tiir. tlfa Iarircr (ooperator Approach in Itotswaa". Paper presented atthe KSU Earinirg Systetis Rce,itc.h Symtxsitm on Farming Systemsn Research rind Extension: 
.alnagentent and .ltethadology. 13th' - I th (Xt. 1985. Manattan, Kansas, 	 USA. Now 
pisllthed, see ATI' EP 86.7. 

..|i' .111' 85-14. Cnt.(T hmt. 	T., and !- Mt.iakgottla. "-'rogrc.,, aMl :,et, in On-Faru
Research itnllotsa". ,al',f a, Ypr¢ entid clMIm sponsotred Networkshop of Senior
Agricultural Research, l".tcnii, tnd T,achinr I'ersonnel of Eastern and Southern Africa,
Naseru. 	'.oolhto.2:5th-'Mh Nm cm;, I )8S. Now published, see .TIP El' 86-5. 

ATII' 	IP 85.15. Meraic. Y., I). Itakcr, aid I). Norman. "Socio-FEconortic Constrai rts tol Farm
Eqiuip ent Inrnovatritont InBoLsw',la". Pael'r i.-\ilt'd ror11.0 sportsord Workshop on Farm Tools 
"andEquipment Technohtgy: llavic Ne'ds aitl Employment. :abrone, Botswana, 3rd-5th 

File ,107.2/C - IMH)-	 Date: SeptIemler 5,1991 

http:GaloM.te


).ceniwr, 1 85. Now published, !.cc ATI' El' 86-6. 

ALTIP All' 85.-16. NV9sWrd, 1). ,rid 1) Nonlran. -The Potential tk,,i Farmin S)t'e-irs Ri'Carcih in
Madjlaga :a". Re'lvirtsubll 'tol F(FIFA. Ni.Aigascar. r.1avisiuthlorI couLiiaicvfij 

Niadagas, ar,ith -I lh Nowcmithr. IN i.1r:: Lrerchl 

,Al'TI .111'86-1. flaki,r . iid 1) Normallin. 'A\ tAiki.",,, for A.sscwN~lig [armiig SyNtczl Activities III 
NilaIIl s liir4s iII \Vc' .\hi-' With Sjpcial1 RetcCuLit)hi M.h, N 'i Lla Scligal".anid Ilis'il 
tpltergi.n aItWe 1'itrwitn F-armning Svsr,,n ,N.t'Iwo,khroll', D)ajk.tr, S 'nil, I0h1 1-1111MaLrci. 
I '1St,. 

P86-2. 1). r'1uillillr1AIl)' Al' /itAcr. aid F. MksiAguth. of Noll h0L'VtL- nils III FS Work". Invited 
iXpllr i cii C1l10!11* Regional Re-iew of OFR., 1986, Mlb.iaie, Swk,uilaid, 121h-lot'h Mlay, 
IIN) 

86-3 G;h..111' A11' Ielrmi, %I, Mth.ikit oLi, I. mid I)W. Nornan'. F111ih.iicliig the VIr Iii 'tiv:ty of 
Naiiul -\gzi.iuliural Re Cdr1%1 Pr1 gaiiil IfIrroigh Flmninig 5)-'iL.Rewarili: (lie (ass( of the 
Se iim- An! A iltSoI i r ' liihic lted ilajr gi,l)'i.1t Interralional lroug itrt-. f 
S.mpipsium 'l"1OW(rc Is S.\l ;tR.\1 . , i%)Nliroli. Kenyl, Pih-2 id Nay' lSOr'. 

All'' .111'86-4. ik r.,I) I li,i,-[.;ii ,-\gri Uilir l [''lecIl0h ') ]li[4icNlCiit VIoJecT. I;il.i)p C 
FXIrnill, S-,rl',l iI ri 'hixIiiccd hrlPC1' Fwoject, lli,\llo, July 1l98.l'(/1-1 Cave Stuie v' 


TI/'All' 86-. (MP, tRRIIPatr 1i ge iltIhcSR-'A'.SP ifhl AnnualGL'.liai. (86.i5''.'Q'', 
';cienlistlark.shop, Nmll hi. K rv:i, -,!i Ni ,mi l, I)'r . 

I

.il ' (;t~i , R F.lTirlili., S ICoIIS Wlfk". llC 5,i5vcn ,tAnuiialrodIuction.M1P 8-6. l'' ir ,11th 

Iivi.iin 1986 Senior Staff feeting, I \hiiihinni Rtiral lFr.uilll Ce )iti Xi r 1SO.(C'lirc, 

.11"' All' 86-7. Norrnlin, ) 'l-.irniiiig S.NIcli Wirk liii IdF'iliil", I'iper il Exitnsiongis'i atthe 
('rop (Sfficerv leeting, I iillri Riril 'l'ramiii -nigrri ICien- Phre l)ceiiiiwrt', 19'W8. 

ATi'll' .111'86-8. Siellri,J "(1 Iilaim riils did IX-rnulii;iirairi". li'lkr giwier at the .xtension 'rop 
Offi'ers leeting, I)'iliii iral Traininig (erore Ith- 9itli1h I'r9S.h I)ccrihcr, 

Ai'll' ,ll' 86-9. Miaklimaj, F. "Goat Maingemireinr. Milk arid M,'at IProuiiion, Tutuni District, 
tllirlil'i". Proyjct llsr for S ale Il ile Colle-ge., UK, I),,-ccenilr N-0,. 

.TIT'.MP1 'reit, C. "Re.m'ai [iinkigc-". itSAD)CC l islio St d)'86-1O. li/V- rri~rl in PIpcr pire sented Ic 

Vist, Gifx)bonir, BotL-Nla, Iht-5lh Ikceiir, 190. 

AlI"' MU 87-1. (; R., inid I). Hlirj~ x il. '. ig I)rnikevs hr )r:liglit Phn er". Fiiur 'arLs. Itlepareti 
forpublicatil i ,griracts. Nioisw uiblishid, s e AlI P El' 87-1.u .. 

AT1'll' S'7-2. N ,riaiil, 1).aii I). Biake r. "Ihricei,'es for theI )cl:pimir or ticrArble (Cerea) 
Silb .ictliorluw Srall-Scale Farrrriir'". Prelpared iur I'mill ).curiss iil hosnlid by ItOSA ) on Crop 
Ilncenti'ev for hie )eeloprenrt iif the Aralle- Sub-Scrtor (Cereals) in flot.si'ari, Glahororre, 18th 
Mlarcih, 1087. 

.1111' ll' 7-J. Sic¢t , J.lu, midiLraki a. IIiH.reslilig S Moisture iniP l. got "Water itISoil u Cori. 'rvation 
Dryland Ualriiili.- Training on andPret'erlld mr Nitional Course Reclamation lanagem'nt of 
IPetrior l ''ils. (GAIh Irolc', 101th N larh 10187. 

-Il' .111'87-4. NOMlii,ir, , , 1). Iniker, (G. I Iciniih, lid :. "Iar iir Group ls rS. Nasuira, FWorrian. 
" t-liihology I 'cc-lopiiilciilr: thoicircetrr ilot.s%,waia . I're'lmic' fir\iurkhihii on Farmers and 

Agricultural Rveaurch: Corrplemnntiirv Methods. 11), Unkriermrr-, of Sirs .,, 11mgiiurd. 27thi-31I 
JuI, ljS7. N pullhhh,',u, k-L-.A II E 89-6. 

.It' All' Nomii. ).W 't'oiiuii aild liruliiituil SyNrlil S vstcii31S7-5. ,iiiaIorn iII F.l1annin' Worki 
Air (Owverwi' of iw l', iid Ic're' lit". I 'leriarirad' Ire' iil at lin-71h Ainnuarl Farrmninrg 

s.rem. symptr imn,, at tiN- I ni S'rSi yr lit Ar karisas. IFaHIekv ill C, Arkaisas, USA, (k'tol'r 
Nhl-2?nil, 1l087. Now iilMllll, wo A I'P :' X9., 
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ATII' MP 87-6. Worrnan, |. "F :o omi Anasis of die ATIP Double PIloughing Trl, 1')3.87". 

Presnd al Dep artment of Agricultural Research Seminar on Double P'loughing. Sebele. 
Bous ana, Septenilier 7th. 1987. 

ATIP ,l1P 87-7. licinrith. (., S %j.,jkara. 1. Wornan, ard D.C. Caiter. "EfecLs of Tillage S)stems onWeed Gross th aid Wecdting I.axkur Requirrerment:s'. |'re.erred at Department of .g'icr;ur,!
Research v etIs i 'orkihop, liots.%.lt.I .gri ulttral ('ollege. Selclc, lit'W.siwa. Jiune 19th, 1987. 

ATII' 311' 87-8. 1) liake-r Iril Rejsio I Z/NISt l:t:d Sccurt', R rcii Nith olog y Work shop".
IHarare. Z/irrhkrhe,2 rd 2Sth MIrch. I',67. 

A7Il' M' 87-9. S,ctx'rt, J 1). anid 1: .ihiakgotla. "'illage-llmting Method Ellects on Weed
Ix'velopiicli*t'. P't cl.Id a Delirtment of Agricultural Research Weeds Works hop, Bot-swaia 
Agricultural College Sceviie, lloLrwAtta. June Ithi, V8'17. 

AT11' M1I87-10. Normiani [).. I) laker, G. Icii rt. and F. Woritan. "Tcchnology D)vclopmt-nt Fanner 
(roup: :I.lvmrtcr omltu:,hat-s a". No%% pufhlNh-d, ,cc .. TU' E' 88.2 

A4 l! MPl 87-11. fllikcr. I)( .ad . .W. Norman "The Farming S;,tctts Rcearlleh and -.stension 
Ap,. ma,.h to Small i:,ter c eI'tcl rnit" (ktolir, IT'17. (Forticollingi 

ATIl' MlP 87-12. Nor:ian, 1).W, I. Sig'.clc arid I). Baker. "Rclccttons or" T"o Dcades of Research 
on Sorghum-llacd :arming Stem ini Northcin Nigeria anid BloL,,%,ma". Piescned at the 3rd
Annual Conference on Food Security Research in Southern Africa. Iarare, Zinlxabwe, Ist-5th 
Novenivr, 1087. Noss pt,-ihhcd, 'c ATII' El &-6. 

ATIP' M' 87-.13. Bak er, I). Irip rCliort: [.iescoity of Zimibathwe lhid Annual Coniferenc ott "(1xi
Sectrl) ini Sctuthern Airi,:a" Ilarare, Zin baits'. I*t-5th Noveiti'r, 1987. 

ATI PI'87.14. Baker. 1) "'Wecd ('ontiol I)urng l)rough,: a Fact Sheet". Prcsertted at Department oJ
Agricultural Research Weeds' Worlshop, lbot.swIa Agricultural College, Scbclc, lotswana, June 
19th, 1087. 

.1'IP MI' 87-15. Jon.,, C. "/Lribm "Iri Rcjiort: Intra - I otv'helid )ynatmics and FSR/E". Lusaka, 
Zamitbia, 2h)th-.!'th Mah, IS7. 

ATII' MP 87-16. Baker, 1). "Rc.rcih Relaitig to louschIld Fixil Security Analysis Carried Out by an
On-Farm Re.'.carcih Tean of the ,IH' Project ii tie MNahalapye Area, lotswana". Presented atthw- UZ/AISI' Food Security Research Methodology Wotkshop, University of Zimbabwe, Harare, 
Zi nl,abse. 21rd-25th March, I '7. 

AI' Mi" 88-1. WOMIrt ii., " G. lcithir i and S, lasikara. StrntIhcning tie Iik Anrong Fanners
l'xtcnsiol And Rc,.car.di Ari.uultira l)evelopmcnt in 11oLswaia". Submiitted for publieation iii
tire Information ('entre for 1.oK .iternial Input Agriculture Newsletter. 

ATI' Mi,iker.hI' ,' ,2. ). .\t,,usc Rca,,rti: flow it hi tci Iiilie:ucnted in tire SAI)CCC. iftrics". Intvited for S.. CCAR Conference, Arusha. Tawiatni, 22nd-26th Febrniary, 1988. 
No,, publiied.c, .171)'I:' 89.2. 

AIll' .ll' 88.3. Baker, I) "oIII en Mid Tit,,iN ':iiiagc1nrc in Iii BoL,,,aria: -vrerinces with Farmner
Groups". P.,Cicited ,it tihe 6,h Annual Farming Sy"te,r SYmlq iitum at KarIi iS State Unmiversity,
MNanIhanlai. Kan'cln. USA. Oktol-i .111Siht, 1i086. 

MP 884. 1)1TI' All' *hltiil, P. i,li Norilll ie Imctlisx!oici t kslcpitetir Rcxcarih in Riral Areas". 
Vic'r 1lcd at ltork.slip on Iki eloptrienrt 't-.sar-h. NIW, U'nrvcr, II tl IOfttswai May 271h,. 198. 

A1"11' MP1' 88-5. Worai. I t1I GIssttliilitth.. ()lir iitonai. \rrlalihc:, 
ti P,rticipative

lcihriol lo , iv's~i. u ni crttI i hwi ,\it'\,iciltirail FicltIuoILf,) 1i1iintOiCetueil Ptojectl, Frannisloln,
fitL-U' .rn t M, lhh I - tlhol- t !or ttiii I Co nfirence tin Participoiive Technology
Dce'elol,ri,e th ,'i's I itorll'illon (c rit r ias I.telialIor Input Agnt itirc, Alril ilth-12th,19 NS, Ire eteIr I \ III,Itr IkI 1is, 'P 89-8.Pitihidd. .II' 
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A/II .111'88-6 Siex';,t. J and F, .lXIIAkg itl, "Water Coni',rattOn al Use l'atneM, In the "l'IhIlotnl
 
(nrppil'S".ci ofofPretredIii ma'. for ine-national Driand Conference, IHuhlamd, Texas,.
 
.'.ugu,,t i pllh-hied. -,e tFIP El' 90.1.19, , Nw 

<I'Ii MP S'.7 Wowlli. 1:.Y aid 1) "licial¢ig Partlcipation%t.icatc N.rillaliv t:.Iuincl InII:S/l:: the 
Al' lIXVIel,, ii V. CI i '. h id or 'hilippincs I pland Research and E'xh'nsion 
and Training, V . ,'to iIOti 24tS: N'oS 1. NL'C 88-5Jun h I N pi1111,d ATIP E' 

.t1"ll' -S' Swt\'Il, I wt I , ktl T'.aluaion ot I:actos AIIL-c'igtiSirfi ii Yield ()in-
I anii l)tiii.i. Drt',hi m lklilLi anl'oteiiiialoI t4 Ykl iip.rveiil torYicld lInirpieiricnt 
tlItig ('onw i,1itioi1.iIll. '.,'laitzng ()pt n.,,"Invited for Forum on On-Farm Research in Arid 
and Semi-Arid Countrie' ho Lcdby , IP May 21rd-2 th,I9S8. pubish('I %I N" )jiui. Ni iw , 
we A I'll'EP 89-4 

AI1' Mil X,-'.o % onm.tii I ) Trip Report: I'hilippines Upland Research and Extm'n.vion 
!raining 'WorAhop. 'ta,I c~ic. Ihiipine,. Juiic 191th-24th. '188. 

I/'//' .%Il S l-) Sc i. 1 'l it.hh, li: ial Nla kt'L.N or 1'mall l.i',csii.k in li'utunicAgiiculitral 
Sitri Itoft Siceiler. 19" 

* 'll' .il)' 8,.II %Lliklia.S , Woim I(a l'n kol Tc.sing Group\ inI- , ir, h R.i'- flarinct! 
RL'c.iCrcfladI itci,, Sollic Lslicici, In rt,;iiii'. l'J\'r ,givcn at ile ,th Anniual 
F.arming Spiertits Ssmtpoiut ,itth" iWi'ct ItI.ikan,,l+S. kIiCtc\sie A .kana,.ISA, 
(Xcttolr 'r4h 12th. 'ISS A"c:\,:rc'! hr ptit'lk-Itiin. 

ATil' 'til -1I. Siclri, J i', Water Mll.aqCiCIII at the IVaii l'. Initcd paper given atl 'Soil 
StI('('SA('('.Ii? Ilirk.hop on Objectivt-. Strati ii' and Techniques arn Applied Research on 

ater .Ilanagrnment. 2tth- 20th Se'ltrl,Soil and ,t (;ab'din, Septe Ir Ii tX 

S"111' 88-13 (;ra, 1', Kkkh. It, W Windlsor, lluhh:ic, C. "BIti\XI51' N.thibilc, . R., A.. ataid Berg. 
,laraiiiet'0er ol Ihl'lk,,e iillIto,.iii. Sutlmieil to Tropical Agr+culture. 

I MP111'S-14, c; , . KLh I ahi. \\k Winsir. C. "Blx- B. , R., IHolms. A., ;tll) Berg. 
I'ir-aiictero (;oi-it. II. a " AckC..tcdI horpublication in 1ropical Agriculture. 

1ra, N1ah.iblle. S.lt and 'l'f.till l'iI ,S-15 . . W. "'lxl .tltillllnlicters t ai ( "L'a 

nti, 1. of 
Rc,,'earh andI 1:,,Uriii, l)ircv t FrmIer PartCIitn ,. Techinology l),%eClluirient, with Falnner 
Testirig (;ri's P,,r cg',enat the Annual ASA Meti:g, Anaheim, ('alifrnia, USA, 27th 
N)incii.hr-2it I'tLenifr, h ITo Agronomy Ab'rracts. 

411Ti' .111'S-16 IIcincli G, W,\ and S Ia,,ik:'ra. "Inproving lie If4fi,.ilicyOn-Fat 

IS t Iliticd ill 

511' Inlir,1A .I' VY-17 (;,.jid 1:.Wortian. "I.ululc P'lnking: a lTechn-olottnial-hiit "lctihiology for 
Icrcasiily (Gtaill I'rtiIiJitoll on Ihtrd'.eld Soils iii IPisern Iiattw:iiia". Iapxr gi',cn at the Annual 
ASA .11i-1-ing. Anaiclni. ( alhirnia. I'SA, 2 7th Nov1i9i88r-Znd I),ceniher, ItXX. To e ulishiedIpi 


iI. Agronomy ,.4/ivrlrt-t 

• Iii' .11' 88418. Sicbert, J . 'l.kgotl. 1K. ('.ipiln. \.. and i. \LakIh%%aje. ,lkallci', Decisioll Makilig 
in RlAiii tl .\ck',, II R.oiirctN atilt Uncertainty". Paier gi',cn at Seminar on('hlnatic 
SustainaleIDr'land +Mutnagemnn .. lil..c 1hivD lclipmnt 7th-10thTrltt Naventier, 
1088. 

.<iii ,S.V-19. I Miiiopi. K. (;.. I.. "A.i H1ll, hihakgtlla, [I.,Moji, G., Mtheiedi, atd Sctshwaclo. 
[iiii o, Aliicin S,-,ciii by Agri,tlltiu;il l'ith-27thI iriiiii; ' .'ri.ts hotw%:ina ()ltials. April. 

'
 
IIS . A 'rip Repm). 

I Is .111' 8'8-20. Noni.v, I) . aol S. lock. "Soni Not' i(i lol't Tade-()lt, I'repared as :
 
btic kgrmi lli . for H'iic Agricultiral Sector Review.
 

1/il' .Ill' 19-1 liI'iic. " "WI-i'ci ' Ar i'l,, 
AgriL1il;: ii Rlatiii to the Main i:actorsot Prodittion: 

'ixi I',,iVI~\ an
I: AIIP 'rillc' 'Wetited t the Alolhtjip im'lopic nt Project Workshop 

i:i,h Al07.2/( 183 - I)atc: Seplenitihr 5, I90 
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Constraints in Agricultural Ievelopment. ,ltin. 0lh- 12th ..\lrt!. I'),-


ATIP .111'89.2, NlAkh. jej. A,-\riin,II d tinIni a.fia.iip, 
 AicaS.. Papr 'res.ted it ie IltlpoDevelopment Project Ilorkvhop ',n (nstraints in .gricultural lie ptpmcnt. Mati, 10th.12th 
April, 198'. 

A TIP Pll'89-3. oLfialkgotl, F "111ic tcIC of 11111C Xhld ICf¢tllllk'f 441 SO"hiIIi lt 'l,.ltICtiionUndcr
Ihgh P.otet l Site,' No" i I.fhc x.cs .. 1e1' E ' , 9-3 

,.41'' .tll' 89-4 ltknc, C A ('itII, if A Iu , of IIcilth fla/..,t; \N', ... ',! %,th .AgriculturilActlisitic, in ltOit .o1 i.1,1 It ic A CkI. io, . t WOIlii " PczIII- rt"'ClIt,'L .11 'lol.' hop on the1ealfth and Safety of W~omen at the I11rk a'hce in tlhtina, (; ,r.i'. 2'th .thhIJiic. IV .
Now, pubhlishcd. ,c ATIP"1'Ell N9.7
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IFPP 
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INTSORMIL 

kg 

LAC 
LWN1P 

MDP 
MIAC 

un 


MOA 
MVRU 

File: AIO7.3/E 

APPENDIX E: ACRONYMS 

Agicultural Demonstrator 
Agricultural Development for Ngamiland Project 
Arable Lands Development Program 
Agricultural Ngamiland Development Project 

Animal Production Research Unit 
Accelerated Rainfall Arable Program 
Agricultural Technology Improvement Project 

Asian Vegetable Research and Development Center 

Botswana Agricultural Marketing Board 

Botswana Meat Commission 

Communal First Development Area 
Centimeter 
Collaborative Support Research Program 

Departnent of Agricultural Field Services 

District Agricultural Office(r)
 
Department of Agricultural Research
 
District Demonstration Farm
 
Division of Planning and Statistics
 
Drought Relief
 
Decision Unit Mmnagement Information
 

European Common Community
 
Agricultural Implements
Evaluation of Fanning Systems and 

Project
 
Extension-Oriented Farmer Group
 
Eggs per Gram
 

Fanner Implemented
 
Farmer Managed
 
Farm Machinery Development Unit
 

Farmer Managed and Farmer Implemented 
Fanning Systems Research
 
Farming Systems Southern Region
 
Farming Systems Work
 

Govemnment of Botswana 

ttectare 
Hand Row Planter 

Integrated Fanning Pilot Project
 
International Instittae 
 for Tropical Agriculture
 

Sorghum and Millet Collaborative Support Research Program
 

Kilogram 

Livestock Advisory Center
 
ILand and Water Management Project
 

Malapo Development Project
 
Mid-America International Agricultural 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 

National Conservation Strategy
Non-Governmental Organization 

Phosphate
 
Packed Cell Volume
 
Precision Deep-Rip
 

Regional Agricultural Office(r)

Research Extension Liaison Officc(r)

Researcher Implemented

Rural Industries Innovation Center

Rotary Injection Planter
 
Researcher Managed

Researcher Managed and Farmer Implemented
Researcher Managed and Researcher Implemented

Research-Oriented Fanner Group

Rural Sociology Unit
 

Southern African Center for Cooperation in Agricultural 
Research 

Soil Management Support Services 
Seed Multiplication Unit 

United State Agency for International Development
Unites States of America 

Zinc 
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