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1.0 CONCLUSIONS AND RECOMMENDATIONS.

1.1

—
g

1.4

1.6

1!7

Moisture is a mador constraint for crorP pProduction
beacause of the derpendence of rainfall durina the
arowing season. Little or no water is stored in the
soil durina the winter months (3.1).

Crop pProduction methods range from the more
traditional to modern. However, common to all
methods are several plantinas which mav continue
throuah January derendinag uron vainfall. Therefore.
testing of new varieties should include as gereral
procedure several planting dates to insure
adaptability. This also should apply to weed control
and to new impraved production schemes (3.2).

Initial results of cereal—-legaume rotation studies
suagest that on low fertility soils establishment of
higher fertility (nitrogen) will accur in a relative
short period. These studies should be continued.
Higher fertility will aid in water use efficiency
and exprression of higheyr vields of imeroved varities
(4.0).

An important and lacKing sterp in research Progarams
is farmer contact. The Aaricultural Technological
lprovement Prodect (ATIP) and others provide this
imPogrtant link. Agaronomist, Plant breeders,
entomologists:, Pathologists: ect. should make
recommendations based on their vesearch for these
aroups to use (5.0).

Mr. Louis Mazahni will be returning in May as a
sorahum breeder. The Derartment of Aaricultural
Research has redquested a cansulting rlant breeder ta
assist in setting uP the breeding program. Dr. Bill
Ross would be and excellant candidate (6.0).

A cereal aaronomist poasitiaon has been arpvoved. The
aaronomist should become fFamiliar with the existing
research and farming svstems Prodects. His pProdect
should be directed towards relevant ecrorP pProduction
research with the obJdective of mahing
rocommendations which can be used by the Farmina
systems arours (7.0).

An daronomist (M.Sc.) is beina requested to continue
coreal=-legune raescarch to ImpProve soil fertilitr.
This is a wery important area and I recommend that
this Position be established (8.0),



2.0 INTRODUCTION:

This repart is based on a trie to Botswana from
February G-12, 1983. Nebrasha Prodect 13 is involved with
cropPing svystems especially the benefitial role lesumes prlav
in increasing soil fertility, The obdectives of the trie
were to.

g%}

.1 Evaluate the pProgaress of the legume-sovrghum
rotation and intercropPrPing research of Mr. Lucas
GaKkale. He will be using some of this data towards
his Ph.D.

rJ
3

Observe croprs growing in the fields and assess
Problem needs.

2.3 Meet with various pProgram scientists involved with
saorahum vesearch.
2.4 Exelovre the co-oreative role of INTSORMIL For

sipPorting research with Jdunior scientists to aid
existing rragsvrams while their scientists are
obtaininag advanced studies. Alsor methods of
suprPort For returning scientists.,



3.0

OBSERWATIONS.

3.1

GENERAL.

Crop Production is mainly in Eastern Botswana. It
derends on rainfall which occurrs througshout the
season. Seasonal rainfall may start at anvtime
beginning in November throush December. Essentially
no rain occurry Jduring the winter manths from May
throush UOctober. Usually 1if the rains start sarly
there is a sood pProbability fFor a good season. Local
rainfall mar alsao vary considerably. Farmers plant
begsinninag with the start of the rains and mavy rlant
up througsh the middle of Februarv.

Rainfall started earlyv November and there was every
indication that it would be a aood vear. Howesver,
for the maost part the last rains occurred around the
first of December and has resulted in in severe
drouaht. In manv areas farmers had abandoned crae
culture either entirely or certain eplantings.

CROP PRODUCTION.

Crops observed grouving were maize: sorshum, coWPEaS:
groundnuts, Jugo beans, and mellaons.

Cyror production in the Lobatse area is fairly
modern. This area has deerp soils and a rainfall of
900 to 350 mm. Maize is the dominant cereal.
Sorghum, groundnuts and cowrPeas are also grown. A
two meter row-spacing is used. Weed control is bv
disking hetween the rows. The main weed pProbhlem is
with weeds in the cror row. Several rlanting dates
mavy be used beainninag with the first rains.
ficcardinag to the farmer whose farm we visited
cawredas would be planted in late Februarv.

The influence of so0il tvrPes on sorahum arowth was
observed on three exrerimental sites established bv
Dr. P. Stewart—Jones (lMobile Lab) to studvy sorgahums
response to Phosprhorous. The sites were in the
Gabarane area located within arProximatelv 10 Kkm of
edch other and had soils which were either sandvy,
medium (loamv):, or heauy (clavev). This wvariation is
tvepical for Botswana. Some of the sandv soils became
very hard when Jdrvy and need sufficient rain before
any tillage can be paerformed. Sufficient amounts and
distribution of rainfall had occurred in Nowvember to
fill the sorl profiles of even the heaviest soils.
The sorghum was reflecting the moisture holdina
cdrdacity of the soils. The sovahum on the sandy soil
was stressed from drouaht, whereas, the sorghum on
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the heavier soils had very little stress, especially
if the soil fertility had been imProved,

Crop praduction in the Mahalapy area is more
traditional with small farms and draft power. This
area has an annual rainfall of 400-450 mm. The croes
observed arowing were <orghum, cowPeas, Jugo beans
and mellons. The croe sz2ed:, usually a mixture of
cereal:, leaume and mellons, is broadcast and plowed
in. Some farmers mav Plow:, broadcast and harrow the
seed in. Stands are variable with resrect to density
and ratio of crorps. This reflects the seeding svstem
and moisture conditions at planting. The legume and
cereal distribution in the mixed crops fields
probably rerresent a "random" yvotation and maintian
a fairly adeauate nitrogaen level. Plantings occur as
lona as the soil is warkable and continues with
successive rainfall until the entire farm if
Ppossible 1s planted. This vesults in a series of
different planting dates, anv which mav vesult in
the hishest vield for that season.

CEREAL-LEGUME RESEARCH.

Research using sorashum and leaumes iIn rotation or
sequence was established 1n 1981-82 (Appendix A). This
research addresses the area of soil fertility that is
Wwithin the arasp of the small farmer who usually does nat
use fertilizaer, Increasing soil fertiity is very
imPortant because good fertility impProves the water use
efficiency of crors and also is required for improved
variaeties to elpPress maximum vields. Three exreriments
are i1n pProuaress on the Sebele Exrperiment Station and one
on the Goodhore Exreriment Station. By February of the
second season (1983), there was an obviously wvisual
affect of better sorshum arowth following coupreas in the
rotation swudy at Sebele. There was also good visual
graowth of sorghum when grown arter cowreas and gsraoundnuts
in the sequence study. In both experiments nitrogen
avplied Lo sorghum resulted in good sorshusm arowth.
Probably the most spectacular sarahum vresronse after &
legume was at Goondhore. Excertionally good Plant stands
were obtaoned after groundnuts as well as better sorshua
agrowth. The responses observed one vear after
establishinag the rotations are exciting because it
sugagests that on these low nitrogen soils establishment
of a higher fertility level in a shovt period is
rosslible.

FARMING SYSTEMS RESEARCH (ATIP).

The abdectives of Aaricultural Technoloagy ImProvement
":‘

Prodect (ATIP) are outlined in the December 19842 wovrhkpelan
(Appendix ). A team is located at Mahalarve and another
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will be located at Francistouwun. At Mahalapve on farm
trials have been established. This is the linlk that past
research progaramns have lachked, an actual contact with the
farmer. This pProJect takKes research recommendations for
crop Production practices, wvarieties and improved
technoloay which have a hiagh probability of success and
tests them in comparison with the farmer pPractices. One
of their constraints is that there 1s not a aood data
base of eroduction pPractices, etg. to use in their on
farm trials. Therefore:, close contact is necded betueen
the cereal and legume aaronomist, the plant breeder, the
s0il fertility scientist, entomologsist, plant
rpatholoaist, etc..

PLANT BREEDING.

At Present there is not & cereal plant hreeder in the
Derartiment of Aaricultural Research (DAR) This rPosition
wil)l be filled by Mr. L. Mazahani uron comrletion of

his M.Sc. at the Uniwversity of Nebraska this Mav. Upoan
his vreturn, DAR would like a consulting eplant breeder to
spend froum 2 to 6 weekKs In Botswana to aid in settina up
a sorahum breeding prosram Prior to the 1983 eplantinsg
seasun.

CEREAL AGRONOMIST.

This pPasition was appvoved by USAID/Botswana. Attached
are the recommendzvions by the Dervartment of Agricultural
Research:, Botswana for the Job descrirtion (Arrendix C).

The pevson in this pPosition has the opportunity to
conduct research and pProvide a data base from which
recommendation can be made and verified by the wvarious
farminag systems arours (ATIP, EFSAIR: ADN, IFPPY in
Botswana. Even thoush there 1is considerable research
beinag conducted with saorghum, there has been little
effort to summarize for wvevification testina. This persan
should become very familiar with these different arours.,
Theye 15 the opPpoviunity to conduct vavrious exrPeriments
in a co-opevative manner., Houweover, thev do not want to
conduct these cuperiments, but want the best treatment:
variety, cultural epractice, etc. to introduce and comprare
Wwith the traditional systems.

AGRONOMIST (M.Sc. ).

This position huas been Prorosed to continue the DAR
prodect "Ceroal-leaume Svstems of Imeproving Soil
Fartility" (Appendix D). Leaumes are Known for their
nitroven fFixation abilities which benifits soil
ffertylity. This prodoect addresses the problem of



furnishing nitrogen with a cereal—-legume svystem which is
arplicable to the small farm. Mr. Lucas Gakale has heen
scheduled to leave in Mav 1983 fFor the U.S.4. to complete
his FPh.D. studies at the University of Nebraska. This
scientist would maintain the lesume studies in Progaress
and work closely with the rlant breeder and the cereal
and arain leaume agronomists in develoring varieties for
cereal—-leaume crorprina. This pPerson may also aid the
Farming Svstems Prodect in adaeting rotation or
intercrorring of sorghum and legumes to imProve soil
fortiltivy on the farms which generally do not use
fertilizer.

4



Append ix A

DEPARTMENT OF AGRICULTURAL RESEARCH ~ FIELD DAY, 1982

Crop Rotation and Nitrogen Nutrition Studies

Introduction

Traditional Tarming practices entail the planting of crops in
mixtures, often a cereal and legumes are included in such mixtures. The
practices scem to have enabled reasonable yields even without any
fertilizers., HModern farming practices call for row cropping in monocrop
planting patterns., This eliminatles crop mixtures (except in as yet
unrescarched intercropping situations) thereby increasing chances of crop
failure duc to impoversishment of the soil in monocropping situations.
Appropriate cercal - legume rotation sequences offers opportunities of
maintaining reasonable yields of cereal crops under low native fertility
regimes especially in the 'swmall farmer' situations vhere fertilizers are
usuwally not uced., The experiments under this section examine the
possibility of cxpleoiting the legume nitrogen fixing ability to satisfy
the nitrogen needs of a succeeding sorshum crop. )

The Projccts

The projects under study have the following wmain objectives:-

1) Determince the yicld response of sorghum following cowpeas or
groundnuts comparcd to continucus sorghum with and without
fertilizer nitrogen.

2) To monitor scasonal €0il mineral nitrogen (mainly post harvest
and preplanting) and try to relate this to crop response,

2) To try to work out the minimum fertilizer rale - legume
combination that will give the yield ol the cereal crop.

) To measure the plant He-uptake (cercal) during the life of the
crop - vegetative, flowering and physidlogical maturity stages.

To achieve these objectives four field experiments have been initiated
during the current cropping scason:-

2/enee



At Sebele
i)  Sorghum - cowpea rotation study on 2 soil types, a candz soil (Block 8)

ii)

iii)

and a sandy loam soil (B 33) at 0, 20, 40 and 60 kg ha™ N as LAN
(282 N) applied to the sorghum crop only.

A three crop sequence - sorghum, cowpeas and rrroundnuts to be ‘followed
by sorghum the next season at, 0, 20 and /0 kg ha~t N (Block 8).

A straight fertilizer NP factorial experiment with four levels of
N (0, 20, 40 and 6O kg ha™t ) and threec levels of P (0, 20 and 40
kg ha"lP).

At Goodhope.

iv)

Bame as i) above but with groundnuts substituting for cowpeas.

Field plans for the 2 experiments are attached for guidance,



Appendix B

AﬁRICULTURAL TECHNOLOGY IMPROVEMENT PROSICT  (ATIR)
AHNUAL WORK PLAN

December 1982



AGRICULTURAL TECHNOLOGY IMPROVENENT PROJECT (ATIP)
ARTUAL HORK PLAN
NDecember 1902*

1. PURPOSE O PROJECT:

1.1 To improve the capacity of the MIA's research and extension
prograns to develop and ¢ffectively extend farming system
reconmendations relevant to the needs of the sme]l farmer,

1.2 In the project design it was envisaged that ATIP would
contribute to this purpose in three ways:

1.2.1  Help strenglhen the experiment station based research
of the Department of Agricultural Reccarch {DAR)
and strengthen the links between such rescarch and
farmers by implementing a Farming Systems Approach
to Rescarch {FSAR), wilh teoms based at Hahalapye
and Francistown,

1.2.2  Help strengthen the linkage between research workers
{in DAR) and extension personnel {(in the Department
of Agricultural Field Services (DAFS)) through the
appointment of a Rescarch Lxtension Liaiscn Officer
(RELO).

1.2.3  Help set up a commercial sced praduction system to
ensure that adequate supplics of necded sced are
available for distritution to Batswana farmers.

1.3 in terms of the above, the worrn plan until Septlewber 15035
includes censideration of 1.2.1 and 1.2.2. Ho worl plan for
1.2.3 has been proposed due to poslponement of this program
as a result of discussions between USAID/Cotswana (USAID/B)
and the Governmenl of Cotswana (GUB).

2.1 Preanble:

2.1.7 A number of attributes of FSR helped focus the
direction of the work plan. Since there is o great
deal of confusion as to what is called Fevcming Systems
tescarch (ISR), a conceptual oulline of the ATIP
approach is qgiven in Figure 1. ATIP rescarchers prefer
to call it a Farming Systems Approach to Research (FSAR),
ATIP's FSAR proyram is aimed at diproving the welfare
of farming fertilies Uheough increasing their produc-
tivity, Two compleaentary approaches car be followed:

a) Farming Systeas Rescarch (FSR) - involving the
development of relevant improved technalagics and
their dissemination via the extension service,

b) Farming Systems Perspoctive (FSP) - involving influ-
encing the development of relevant policies and
suppord systoems,

2.1.2  Initia)lly ATIP's emphasis i5 to be mainly on ISR
altangh hopefully Jater in the project increasing
erphasis will be placed on FSP,

The Annual York Man is scheduled to e produced in Seplewher cach
year but was late because of dedays o aaplesentation of the contract and
Tate arrivaly of 1A personnel,
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in Potswana. Two types of formal training programs
are envisioned:

a) Short non-degree training courses. Two of the
counterparts have already been to the CLAMYT-FSR
comrse while a third one will be going in February.

b) Long term degree training course. It is planned to
send two persons for degree training from DAR - one
in Januvary and the other in August, In addition,
another two will be sent al similar times from DPS.

2.2.4 Short-term consultants will play an important role in
the initiation of the project. The following have been
or will be involved:

a) Dr. J. Sjo (Agricultural Econumist and professional
backstopper at KSU) in September familierized himself
with Botswana and ATIP, and helped i1l in the period
prior Lo the arrival of Hr. Doyle Baker in October,

b) Drr. M. Collinson (CIMMYT, Mairobi) in October gave
valuable advice on the methodolegical aspects of
FSAR,

c) Mr. C. Lightfoot (formerly of EFSAIP) in Hovember
helped guide the FSAR activities of ATIP.

d) Or. J. Jorns (Campus Coordinator at KSU) in Hovember
famiYiarized himself with lotswana and ATIP and helped
resolve many detailed administrative issues.

e) Dr. A, Barnaby (Agricultural Economist at KSU) will
visit in Harch to help set up an efficient data
processing and analysis system for the recently
acquired micro-computer,

3. THE_RESCARCH EXTENSION LINKAGE CONPOACNT (Item 1.2.2 above):

30

Preamble:

The RLLD position with respect to crops is a new one in DAFS,
As @ result it is as yel difficult to predict how the work
plan will develop,  Therefore, the following work plan should
be considered incomplete and very tentative in nature.

Hork Plan:
3,20 Activities of the RELG will inciude the folluwing:
a) Huch time will he spent over the coming months visit-
ing various RAOD's and DAD's to obtain knowledge
about the extension service and the problems faced
by farmers as perceived by extension personnel,

b) Attend some district level meetings.,

¢) Ohtain knoale lge ahout developuant activities in
the country throuch Tiaising with ALDEP.

d) Develop famidliarity with the rescarch activities
and prrograms an DAR,
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e) Help in cooperation with the various FSR-type
projects in DAR to develop productive relation-
ships and information-exchange systems with DAFS
personnel,

f) Continue close liaison with the activities of other
ATIP personnel in the Mahalapye area.

g) Plan an improved or expanded refresher program in
crop production, including agricultural mechanization.

h) Investigate potential interest in refresher in-
service training courses for extensicn personnel.

3.2.2  In terms of formal training for Batswana, two DAFS
individuals will be sent for degree iraining - one in
January and the other in Auqust,

HDAINISTRATION:

Substantial administrative duties on the part of the Teem lLeader and
the Deputly Team leader will continue to occupy 8 great deal of their
time, with planning the expansion of ATIP to Francistown and improving
the efficiency of administering the rest of the project in cooperation
with GOB, USAID/B and WIAC.
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Appendix C
JOB DESCRIPTION FOR CEREAL AGRONOMIST « DEPARTHENT

OF AGRICULTURAL RESEARCH

Duty Station  Sebele or Mohalapye (if housing and facilities are available).

Backqround

The Agriculture Technology Improvement Project ATIP (633 - 0221)
includes the position of Cereal Agronomist (Annex 1I D p. 10) to strerqgthen
the Department of Agricultural Research and support the Rrojects through
relevant rescarch findings.

DUTIES

The officer will undertake time of planting/variety trials vith millet
and sorghum as the lest crops in Eastern Botswvana. The trials will initially
be planted at rescarch stations ond ultimately sites will be developed on
farmers fields in collaboration with FSR projects.

The zorghum and millet variceties uscd vill be those released from the
Seed twltiplication Unit plus the better performers in the Crop Screening
trials conducted by the Department of Agricultural Rescarch. As material
is made available from the 1CRISAT/SADCC/millet/sorghum breeding programmne
Lo be based in Zimbubue il will be incorporated into the experimental
programre ‘

The test varictices should be exposed to as wide a varicty of conditions
as practically possible. These will include soil type, and site cropping
history, wvith the treatments of plant population (two to three rather videly
spaccd population) in factorial combination with variety, management practice
and fertilizer Jevel (+/-P).

The cereal agronomist will be expected to closely monitor the test
sites and help the sorghum breeding and crop Screening officers, identify
those plont attributes contributing to the varictal specific responses
observed,

Assistunce will be given by the soil fertilily, plant protection and
agronomic disciples wilhin the Department of Agricultural Recearch, on -
the design and location of trials,and on experimental procedure.

QUALITICATTONS

The officer should have a ¥h.D. degree in Agronomy (cereals) or closely
relaled digciplines and substantial overseas expericnce in developing countries,



Appendix D
JOB DUSCRIPTION FOR AGRONOMIST —~ DUPARTHENT

OF AGRICULTURAL RESEARCH

Duty Station Scbele

Backyround HMr.le Gakale (Agricultural Research Officer) has initiated
a series of crop rotation trisls at Sebele and Goodhope
research stations; the primary objectives of vhich are as follows:

i) Determine the yield response of sorghum following cov-
peas or groundnuts compared to continuous sorghum with
and vilhout fertilizer nitrogen.

ii) To monitor scasonal soil mineral nitrogen (mainly post
harvest and preplanting) and to try to relate this to
crop response.

iii) To try to determine the minium fertilizer rate-legume
combination that will give the optimum yield of the
cereal crop,

iv) To measure the plant N - uptake (cereal) during the life
of the crop - vegetative flowering and physiological
maturity stoges,

v) To determine the yield advantages or othervise of inter-
CLOPS VEESUS MONOCIopS,

Mr. Gakale is scheduled to leave for the U.S.A, during mid 1983 to
complele his Ph.D studies on the sbove theme at the University of Nebraska,
1t is impcrative that the rotational work initiated by Hr. Gakale continues
during his absecnce as it is only after 4 - 5 ycors that clear trends in
such a sludy con be detected; and the study should ideally be continued for
al Jeast up to 10 years,

1t is therefore recommended that the Department of Agricultural
Rescarch recruits an agronomist under the auspices of INTSORMIL to continue
Lhis important rotational work,

Duties The officer vill continue the four experiments at Scbele and Goodhope
as initiated by Hr, Gakale and take all the necessury measurements

of plant growth and yield and,.of soil N und plant -N uptake during

the life of Lhe cereal crop. In addition the officer may be requested
to conduct crev rotation triols on selecled sites in South East
Botswana, in Tarmers fields, in collaboration with FSR projeclo.

Justificalion:

The information obtained from long term studies on crop rotationg
vill be of great value to the Farming systems Projects in Botswana
(ATIP, LFSAIP, ADH, IFPP) who will test the findings before gencral
recommendations con be released to Lhe Deportment of Agricultural
Field Services, lor extension to farmers.,

Qualificalions: The officer should have at least an M.Se. in Agronomy/plant
nubrition with some overscas espericnce in developing
countrics,



Appendix K

FROGRATZ G THS VIZIT 0 DR, MWX CLEGS Cx THE UNIVLRSITY OF

[

SUARASKA TO BCTOWARA  JLB 6 = FEB 12, 1983

Sunday 6th Teb.

Pondny 7Tth Feb,
08.0 O

16,00
Tuescay 8th ¥Fab,
08,00

VWed, 9th Fet,
06. %

Thuraday 1Cth
08.00
09,00
10,00

Fridoey 11th

Saturday 12th

Arrcival at Adrport L. Gakale to meet.

Moeting in D.AJR.'S office

Proposed INTSOMNIL research support for Botswana

(:'. Jones, F. Brown, D. Herman, ¥, Stewart Jones,
L. Gekale, G. Kenressy, C. I'antho, E. lotalaote,

D, Collifer, C. Mrmolawva to attend).

Generz) tour of the stetion

Discuse progress rade in dissertation work. Visit
trials on the station,

DLFRS Dr. M. Joneo
CRSP Clowpea improverent programme Dr, Lellooy

ATIP Dr., Normen

Visit to Geodhope out-station.
Visit a firmer in Barolong arca C. Fanthe

Vigit to Mahalapye and ATI) - rmers trials. I. Norman
and L. lModizkgotla to arrange.

The Yobile Unit r. Stevard-Jones

General discussion of dissexrtion work.

ATD Tdssion Dircctlor

General Discussion diszetation work

Deparrture,



