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Abstract 
Citation: Nageswara Rao, R.C., and Subrahmanyam, P. (ed3.). 1992. Proceedings of the Fifth Regional
Groundnut Workshop Ior Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi. (In En. Summaries in Pt.).
Patancheru, A.P. 502 324: International Crops Research Institute for the Seni-Arid Tropics. 138 pp. ISBN 
92-9066-234-4. CPE 079. 

Eighteen scientists representing national programs and agricultural universities in the Southern African
Development Coordination Conference (SADCC) region participated in this regional workshop. Angola and
Lesotho were the only countries of the region not represented. Also participaing were live groundnut scientists 
from lfour other African countries (Ethiopia, Kenya, Nigeria. anJ Uganda), representatives from the Southern
African Centre for Cooperation in Agricutural Research and Training (SACCAR) and Deutsche Gesellschal'i fr
Technische Zusaimrenarbeit (GTZ), and 10 ICRISAT delegates. Papers ieviewed various aspects of' groundnut
research, particularly agronomy and physiology. CoTintry reports summarized the state of groundrnut research in
each country represented. The recommendations tnade at the Workshop's plenary session provide valuable 
guidelines for regional project activities. 

Resumo 

Anais da Quinta conftrncja regional d111',aendoin)para a Af'ica Austral, 9-12 de Mar 'o de 1992, Lilongwe,
Malawi. Dezoito cientistas represetatdo programas nacionais e univercidades de agricultura de regiao da
Confer6icia de coordenaqiio para o desenvolvitnento da Africa Austral (SADCC) participaram na Conferncia 
Regional. Angola c Lesotho sio os 6nicos paises que nfo estiveram representados. Tambdm participaram cinco 
cientistas provenientes de outros peises At'ricanos (Ethiopia, Kenya, Nigeria e Uganda) represenlattes prove
nientes de .CtItro de cooperaio, invesmigayao e treino para Africa Austral (SACCAR). Deutsche Gesellschaft ftr
Tchnische Zusamtnenarbeit (GTZ) e 10 delcgados de ICRISAT. Os artigos reexaminaram vfirios aspectos
agronotnicos e tisiologicos de invesliga ,. de amendoim. Os relat6rios sunarizaram o estado de in\vestigaqaio de
aniendoitn de cada pafs rcpresentado. As recomendaqies feitas ta sessfo pleniria da coilferncia tornecem 
indica Oes vfilidas para as actividades dos projectos regionais. 
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Introductory Remarks
 

The Representative of the Southern African Centre for Cooperation in Agricultural Research and Training
(SACCAR) and the Technical Desk Officer, German Agency for Technical Cooperation (GTZ), honorable 
delegates and participants, colleagues, ladies and gentlemen.

It is a great pleasure for me to welcome you to this Fifth Regional Groundnut Workshop for Southern Africa. 
This biannual workshop has become an important occasion for groundnut scientists from both the SADCC
region and elsewhere. We have slightly altered the nature of this year's meeting. Whereas the previous work
shops were multidisciplinary, this year we have decided to focus on agronomy.

The SADCC/ICRISAT Groundnut Project has been very strong in breeding and pathology since its origin in 
1982. The agronomy of groundnut, which is determined by divergent environmental conditions in various 
agroclimatic zones in southern Africa, was initially undertaken by the national programs.

An overview of the important research results from the SADCC countries over tho last 10 years was presented
by Mr A.Z. Chiteka in November 1991 at the Second International Groundnut Conference at ICRISAT Center,
India. During this workshop, delegates from each SADCC country represented will give detailed reports of the
cumulative agronomic research results, including those obtained during colonial times, since many of these are
still applicable. Soils and climate have not changed to any great extent and very old cultivars are still grown in 
sone countries. 

Conventional agricultural research (such as experimentation with plant density, date and depth of sowing,
fertilizer requirements, and weeding) has been conducted intensely throughout the reiion. Do we still need such 
experiments'? I think so, and perhaps on more than a mere maintenance le%,el.

We are all concerned about the catastrophic drought presently afflicting many SADCC countries, especially
the southernmost ones. Fortunately, groundnut is less subject to long dry spells than maize, and thus contributes 
to stability in farm production. Often fairly dry years are the best in terms of yield and quality. This year,
however, the drought is particularly severe and all crops are affectcd. 

With regard to research needs, we must put the question whether there arc still possibilities of increased yield
stability in dry seasons. While breeders select for drought resistance, agronomists can determine optimal plant
density for dry years and assess possibilities for increased soil moisture conservation. A modest harvest in a 
season with catastrophic drought may in some respects be more valuable than asurplus in agood year. Recently,
I saw low groundnut populations (40 000 plants ha-1)surviving on sand in Maputo while crops with normal plant
density had already collapsed. Both plant density and row distances may be of importance. The difficulty is that 
if we do not systematically repeat the same type of experiments year after year, we will be unable to cover the
variations in weather conditions and assess their influence. The great variability in the weathcr in southern Africa 
is a very complicating factor inagronomic research. 

Any approach that neglects companion crops ill a cropping system are inadequate when it comes to research 
on fertilizcr requirements. Normally, groundnut does not respond to nitrogen fertilizer and responds to phos
phates only on phosphorus-deficient soils. It is therefore economically advantageous to concentrate expenditures 
on the highly responsive maize preceding groundnut in order to secure an immediate return of the expenditures.
A full groundnut harvest can then be obtained from acrop which relies entirely on residual phosphorus from the
preceding maize crop. Fertilizer experiments must include whole cropping systems to have any relevance for the 
farmers. Results of fertilizer experiments applicable to farmer' fields catl be obtained only if two additional 
conditions are met. 

First, experiments on research stations must be permanent and sites must not be changed for as many years as
possible. I have been at Chitedze for little more than 2 years. In acrop succession experiment, maize yields were 
as high as 11 t ha-' without any fertilizer application. This maize relied on huge quantities of residual fertilizer 
accumulated in the soil. The question is: how many years will it take to decrease the nutrient availability to 
approach the levels irevailing in farmers' fields? 

Second, annual experiments are recommended to demonstrate fertilizer effects on cereals and groundnut if 
severe phosphorus deficiency is detected. One does not need to be an expert to observe the widespread nitrogen 
and phosphorus deficiencies currently affecting farmers' maize fields. 
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When it comes to prove, demonstrate, or assess tile extent of positive residual effects of groundnut on 
cropping systems, long-term station trials without changing the site or shorter-term experiments on farmers' 
fields with poor nutrient status are the answer. Groundnut is among the best preceding crops for cereals, equal to 
cowpea. A maize-groundnut rotation is ideal on lands poor in nitrogen: maize residues poor in nitrogen can 
decompose during the year of groundnut cultivation without any harm to the groundnut crop. The next year, 
maize benefits from nitrogen accumulated in the soil after the decomposition of residues, those from the previous 
maize crop as well as those from tie immediately preceding groundnut crop. The difference in maize yields after 
maize and after groundnut may be substantial. 

Agronomy experiments on farmers' fields or on-farm trials are very desirable but expensive and time
consuming. Transport is the most costly item and many visits are necessary to secure a success. Research 
systems that can barely cope with managing research on stations would fail in on-farm experimentation. It is thus 
important that we make sure that funding is adequate before initiating on-farm trials. 

A final word on experimental policy. Comparisons of cropping systems must always cover a number of years. 
A small intercropping advantage in one year may be obtained at the expense of decreased productivity in 
subsequent years. To obtain valid results, intercropping experiments should be repeated on the same site for at 
least two seasons. Although intercropping and rotation are generally considered to be mutually exclusive 
alternatives, a combination of both is possible. lntercropping combinations of noncereals, for example, can be 
grown in rotation with intercropping combinations of nitrogen-deficient cereals. 

We may also find slight advantages with regard to disease or pest incidence in intercropping combinations 
compared with the sole cropping. However, the possibility exists that pests and diseases of acrop mixture can be 
carried over from one season to the next. Nonetheless, acomplete absence oc acrop during one or more seasons 
has often proved to be the most reliable way to prevent carry-over of pests and diseases to subsequent crops. 

When concentrating on increasing agricultural production, we should keep in mind the factors that contrib
uted to the eradication of hunger in Europe and even to agricultural overproduction in industrialized countries. 
These were mainly three. 

1. 	The transition from the medieval three-field cropping system (a winter cereal, asummer cereal, and a fallow 
season) to an improved three-field rotation system (including a legume crop on the previous fallow) and later 
to biannual rotations (cereal-noncereal) on good soils. 

2. 	 Mineral fertilizer application. 
3. 	 Improved cultivars. 

Referring to this last point, remember that it is not enough to create excellent new cultivars. We must also get 
them to the farmers. This task is frequently difficult, particularly with groundnut, acrop with a low multiplica
tion rate. The question of seed multiplication will certainly be an important point of discussion during this 
workshop. 

Population pressure in many areas of the SADCC region places very high cereal requirements on both 
farmers and governments. Cereal monoculture, often seen as a short-term solution, is fraught with negative 
effects on sustainable productivity. Price policies therefore sometimes favor this uriproductive cropping system. 
Groundnut, a suitable substitute crop, is, in my view, an essential part of sustainable agriculture in this region. 

Thank you for your attention. 

G. Schmidt 

Team Leader and 
Principal Groundnut Agronomist 

SADCC/ICRISAT Groundnut Project 
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Welcome from ICRISAT
 

Chairman of the Workshop, the Honorable Deputy Minister of Agriculture, the GTZ Representative, the 
SACCAR Representative, distinguished guests, ladies and gentlemen. 

I welcome yo, to the Fifth Regional Groundnut Workshop for Southern Africa. Since joining ICRISAT in 
1991, I have been confronted with an apparent outbreak of groundnut workshops. First we had the large SeLond 
International Groundnut Workshop at ICRISAT Center in India in November 1991, now we have this workshop in 
Malawi, and in September we will havc the West African Regional Groundnut Workshop in Burkina Faso. The 
number of workshops being held, and the support being given to them, illustrate the importance of groundnut to 
many countries of the semi-arid tropics, and the recognition of the importance of ensuring interactions between 
groundnut researchers. 

When the SADCC/ICRISAT Groundnut Project was set up in 1982, it was agreed that workshops should be 
he',! every 2 years. The original sponsor, IDRC, is to be coninended for its foresight; and the present sponsor,
GTZ, is to be congratulated for enabling this interaction between scientists to continue. The Project could not 
have succeeded without the enthusiastic support of the host country, Malawi, and the cooperation of all 
concerned national programs. The Project is an excellent example of a genuinely cooperative enterprise and I am 
convinced that it will go from strength to strength. I wish you all success in your deliberations over the next few 
days and am sure that you will have a most useful and productive meeting. 

J.G. Ryan 
Director 	General 

ICRISAT 
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SACCAR Representative's Address
 

Mr Chairman, Honorable Deputy Minister of Agriculture Mr F.M. Kangaude, GTZ Representative Dr M. Bosch, 
Representative of the Director General of ICRISAT Dr D. McDonald, colleagues, ladies and gentlemen. 

It is an honor for me to say a few words on behJf of SACCAR at this important regional workshop. For the 
benefit of those of you from outside the southern African region, allow me to explain the origin and purpose of 
SACCAR. The Southern African Centre for Cooperation in Agricultural Research and Training was established 
in 1984 by the member states of SADCC to assist the Government of Botswana to coordinate agricultural 
research in the region. 

SACCAR's activities are classilied into two categories, a service function and a coordination function. 
Under the service function, SACCAR serves as a secretariat for its Board, which is comprised of the 

Directors of Research; six Deans of the Facu!ties of Agriculture, Forestry and Veterinary Medicine; and two 
Directors of extension programs. The Director of SACCAR serves as Secretary. 

SACCAR publishes a newsletter, and in collaboration with the Department of Research and Specialist 
Services of the Government of Zimbabwe, publishes the SADCC/Zimbabwe lournal of Agricultural Researcn. 

SACCAR awards research and travel grants. Lately, we have become increasingly concerned about the low 
number of applicants for the research grants. I wish to appeal to our SADCC scientists to make use of this 
facility. which is also open to social scientists. 

SACCAR's coordination function of regional agricultural research involves 15 projects. Nine of these are 
either ongoing or at various stages of implementation. The other six projects have been developed but not yet 
funded. 

Ongoing projects: 

I. 	 Land and Water ManagementResearch Programme. Phase I of the project ends in March 1992. Phase I1, 
which still awaits funding, will assume a decentralized structure. 
Sorghum andMillet Improvement Programme 
Donors: GTZ, CIDA, USAID 
Executing Agency: ICRISAT 

3. 	 Grain Legume Imnprovement Programme 
a. 	 Bean Inprovenient Project 

Donor: CIDA 
Executing Agency: CIAT 

b. Cowpea Itmprovement Project 
Donor: EEC 
Executing Agency: IITA 

c. 	 GroundnutInprtientPtoject 
Donor: GZ 
Executing Agency: ICRISAT 

d. 	 In-service Training in Research Management
 
Donors for Phase 1: USAID, CIDA, ODA
 
Executing Agency: ISNAR
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c. Agroforestry Research Programme 
Donor: CIDA 
Executing Agency: ICRAF 

f. SADCC Crops and Forestry Seeds Gene Bank 
Donor: Nordic countries
 
Executing Agencies: Nordic Gene Bank, SADCC
 
This project is fully staffed by SADCC nationals.
 

g. StrengtheningFaculties of Agriculture, Forestry and Veterinary Medicine 
This program operates our SADCC/GTZ Postgraduate Training Project. It includes ongoing regional MSc 
programs at Bunda College (Animal Science), Sokoine University of Agriculture (Land and Water 
Management), University of Zambia (Crop Science), and the University of Zimbabwe (Agricultural 
Economics). 

Development projects not yet fully funded 

I. Collaborative Network for Vegetable Research and Development in SADCC 
2. Maize and Wheat Improvement Network 
3. Roots and Tubers Ne!twork 
4. Research on the Ecology and Biology of the Gononieta Silkmoth 
5. Management of Black Cotton Soils 
6. Wool and Mohair Improvement 

Together, these programs will enhance the three basic components essential to successful agricultural re
search: the development and exchange of improved germplasm and technologies with tile national programs,
human resource development (both long- and short-term), and information exchange.

I now come to our regional groundnut project. The SADCC/ICRISAT Groundnut Project has done very well 
in gerinplasm development and short-term training. Recently, the Project has begun to address agronomic
problems. A thorny issue, however, is the lack of funds for MSc and PhD training. SACCAR and ICRISAT, the
e::eculing agency, will continue to seek funds for this important component. Sustainability of the Project will,
after all, be virtually impossible without trained national scientists. 

We are also extremely grateful to GTZ for its generous financial support for the Project. 
SACCAR has been instructed by the SADCC Council of Ministers to address the question of sustainability of 

the SADCC regional research by developing mechanisms to sustain them after donor funding has ceased. We 
will work closely with ICRISAT to accomplish this goal. 

I take this opportunity to thank Dr Gerhard Schmidt, who plans to retire shortly after this workshop, for his
contributions to the Project during the last 2 years. I refer specifically to his cnthusiastic involvement in the 
creation of the agronomy component of the Project. Although 2 years is a very short period of time for any
individual to make an inipact in a research program, Dr Schmidt has done just that. I am sure that my colleagues
will agree that h,! is an easy person to work with. Dr Schmidt, we wish you all the best in your retirement. 

In conclusion, I would like to convey through you, Honorable Minister, the heartfelt thanks of SACCAR to 
the Government of Malawi for hosting the SADCC/ICRISAT Groundnut Project and for allowing us to hold this 
workshop in tile beautiful city of Lilongwe. It is always a pleasure to come back to Malawi. 

C.T. Nkwanyana 
Programmes Officer 

SACCAR
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GTZ Representative's Address
 

I am very grateful for this opportunity to convey the cordial grectings of the Management of GTZ, the German 
Agency for Technical Cooperation, to the participants of this important workshop and the subsequent Steering 
Committee meeting. 

GTZ has had long ,,ld 	 back tovery fruitful cooperation with Malawi. All my compatriots who have come 
Germany after several years of service in this country have very agreeable memories. This wonderful country 
provides an atmosphere conducive to both arewarding professional career and apleasant private life. 

Since 1982, GTZ has supported the Malawi-based SADCC/ICRISAT Groundnut Project, which has just 
entered into anew 3-year phase. GTZ isconvinced that the collaboration of all parties involved in the Project-the 
Project scientists and their Malawian support staff, their colleagues in the S.ADCC national groundnut programs, 
the strong backing and resources of ICRISAT Center, and of course SACCAR with its structural support
guarantee a very efficient program. These efforis arc bcneficial not only to Malawi but to the other SADCC 
countries. 

GTZ follows tile 	 as possible. Tileprogress of the Project with great interest and would like to be as helpful 
Project is a model of cooperation between a number of important parties for wthom agricultural development is 
the common denominator. GTZ looks forward to fruitful interaction with all these parties. 

Once more best wishes for the workshop and thank you for your attention. 

M. Bosch 
Technical 	Desk Officer 

GTZ 
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Opening Address 

Distinguished Guests, Ladies and Gentlemen. 
First of all I would like to express ly gratitude to His Excellency the Life President, Ngwazi Dr 1-1.Karnazu 

Banda, for diiecting me to open this Fifth Regional Groundnut Workshop Ior Southern Africa. As you know, His 
Excellency takes agriculture seriously. He is itn fact his own Minister of Agriculture. I an therefore greatly 
honored and privileged Io be given Ihe opportunity to ofliciate at this opening ceremony of your Workshop on 
His Excellency's behalf. 

On belalf of the Government of the Republic of Malawi, I welcome all tile distinguished delegates and guests
who have gathered here to discuss and exchange experiences in groundnut research and production. This 
Workshop Will give delegates a unique opportunity to discuss [ie performance of this crop in southern Africa. 

It is plea.sIng to note that this Workshop is being attended by delegates from eight of the ten SADCC 
countries: B,tswana, Mozambique, Namibia, Swaziland, Tanzania, Zambia, Zimbabwe, and Malawi, the host 
country. Observer delegates have also come from Ethiopia, Kenya, Nigeria. and Uganda. ICRISAT is repre
sented by scientists based in Inrtdia, Malawi, and Niger. 

Grotndnut is one of NIalawi's most import ant export crops and is alr importartl commodity ill tile confection
ery trade. Because Malawi imports substantial anounts of edible oils, we realize the importance of increasing 
production of oil-rich grouidnut in decreasing import requ iremeints. Nutritionally, grouni luts are an excellent 
source of protein arid elergy. When grown ill rotation wilh other crops such Is maize or tobacco, grounidnuts 
improve soil ferlility. 

For all these reasons, it has become the policy of the Government of Malawi to iiicrease groundnut produc
lion as rapidly as possible. The NIinistry of Agriculure is intensifying both research and extension efforts in line 
wilh that policy. 

Realizing tile importance of groundnuts in Malawi and other SADCC countries, the Government agreed ill 
1982 to host the SADCC/ICRISAT Groundnut Project. which is based at Chitedze Agricultural Research Station. 
Malawi also hosts the SADCC/ICRAF Regional Aroforestry Project, which is based at Makoka Research 
Station. Ilhro ugh these projects and others, Malawi contributes positively to the ideas of SADCC. 

The value NIalawi attaclies to grou1ndnuts is underlined by tlie fact that sirce 1982, we have hosted no less than 
three grourldnut workshops. This Workshop is theretore welcome. 

The main objective of this Workshop is to review the work during the past decade in tile ield of groundnut 
research and development in the SADCC countries. Papers by eminent scienists frormn within the SADCC Region 
and elsewhere will be presented on a wide range of topics affecting groundnut production. The workshop will 
also identify constraints affecting tile grounidnut industry in tile SADCC region and make recommendations to 
iemiiber countries. 

This Workshop has been .rganized by ICRISAT and funded by GTZ a,; part of activities of tile SADCC/ 
ICRISAT Groundnut Project. On behalf of the Governmient of Malawi, therefore, Iexpress gratitude to the 
German Government for funding this important research, and to ICRISAT for executing tIle Grounrrdnut Project 
on belhall of southern African countries tIhrougIi SACCAR. 

His Excellency tile Life President has said many times that no natter what his people rnay not have., three 
things at least they must have. These are food. clolhing, and houses that do not leak. Our Government is 
iherefore commit ted to alleviating poverty and malnutrition. 

Malawi's overall agricultural strategy, as delineated in the Statement of Development Policies for 1987-1996, 
is:
 

9 to elnhance tile social welfare and income of tire agiricultura; community; 
0 to ensufre prosperity and stability of the nation by improving self-sufficiency ill food; and 
* to expand and diversify export earnings from agricultural produce. 
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These policy objectives will be achieved by minimizing the deterioration of natural resources, by examining 
the distri'ution of agricultural incomes, and by reducing dependence on imports. Malawi is well aware that 
groundnut, can contribute signific.antly to the achievement of these objectives. 

I ,intherefore happy that this Workshop has been called to facilitate exchange of scientific information 
b-ween scientists in the SADCC countries and those from outside the region. Together, you should work to chart 
the course of groundnut research in the 1990s. 

Distinguished delegates, some of you may be visiting Malawi for the first time. I invite you all to visit other 
parts of our country. We are very friendly people. If you would like to extend your stay, you will find yourselves 
genuinely welcome, especially by the young. Feel free to talk to any of oiir people, and to learn about their hopes 
and aspirations. Wherever you go, you will know that you are among friends. 

Mr Chairman, ladies and gentlemen, I wish you every success in your deliberations. I declare this workshop 
officially open. Thank you. 

Hon. F.M. Kangaude, M.P. 
Deputy Minister of Agriculture 

Government of Malawi 
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Physiological Models and Agronomic Data Applied 
to Experimental Analysis and Interpretation 

B.J. Ndunguru! , J.H. Williams 2, R.D. Stern3, and B.R. Ntare4 

Abstract 

Variability in e.xperitnental data presents considerable challenge to the analysis of expetitnents.
 
Physiological models may be useful in this context since they can be used to partition sources of
 
variaticn into components which can then be used to improve the analysis and interpretation of 
results. This can be done using data already collected in most experiments (bionass. pod yield, 
flowering end maturit'y), so the value of data and knowledgqe gainedfrom an experiment can be 
improved without increased costs. The methods and potential benefits of the system are denon
strated using an example from a heat tolerance screening experiment. 

Resumo 

Modelo fisiologico e dados agronomicos aplicados para analise e interpretaqdo de resultados 
expermentais. Variabilidade nos resultados experimentais apresentant mudenqas consideravies 
para analise dos e.xperimentos. 0 modelo para proporcionar fontes de varia 'do nos comnponentes 
que pode se usar para desenvolver a analise e interpreta 'ao dos resudtados. Isto pode ser feito 
usando dadosjd existente;, colectados en mutitos experimenbos (bioinassa, rendimento em vagens, 
flora 'Joe maturafao),s6 o valor dos dados e o conhechnento adiquirido dun experinetno pode 
ser"melhorado sent aunentar os cutstos. Os ntuodos e o potencial benmfaco do sistenta estao 
dentostrado corn exenplo ditt e'nsaio da atalia co de tolerancih a epoca quente. 

Introduction These statistical methods then allow the effects of 
these various contributions to total variation to be 

Variability within data due to site and other causes is evaluated against a mcasure of the size of variations 
amajor problem for scientists. To deal with the prob- of unknown origin (the error). The objective of this 
lem, treatments and experiments are repealed, but re- statistical method is to account for the sources of vari
suits can still be inconclusive. Standard statistical ation and so diminish the size of the error component.
methods exist for dealing with variability and classi- One measure of how well mis objective has been 
fying this variation into: achieved is provided by the coefficient of variation 

(CV%).
" that which is attributable to experimental treat- Physiologically, yield is the outcome of the effects 

ments- of environmental and genetic factors. Knowledge of 
" that which is associated with systematic or delin- the yield, however, is not as useful as knowledge of 

able site differences (block, or covariate); and the contributions of the determinants of yield to that 
" that which is associated with unsystematic, or un- end product. Recent developments allow the use of 

known causes (error). agronomic data and crop physiological models to re-

I. Team Leder and Principal Agronomist, SADCC/ICRISAT Groundnut Project.P.O. Box 1096. Lilongwe. Malawi. 
2. Principal Physiologist and Groundnut Team Leader. ICRISAT Sahelian Center, B.P, 12404. Nianey (via Paris. Niger. 
3. Principal Statistician. ICR!SAT Salhelian Center, B.P. 12404. Niantey (via Paris). Niper.
4. Principal Breeder, ICRISAT Sahelian Center. B.P.12414. Niantey (via Paris). Niger. 

ICRISAT Conference Paper no. CP 810. 

Ndunguru, B.J., Williams, J.H., Stern, R.D., and .R. Ntare, B.R. 1992. Physioogical ntodels and agronomic data applied to exp rimental
analysis and interpretation. Pages 3-..in Proceedings of the FifthRegional Groundtut Workshop for Southern AfriLa. 9-12 Mar 1992. Lilongwe.
Malawi (Nageswara Rao. R.C.. and Subraltmanyam. P, eds.). Patancheru, A.P. 502 324. India: international Crops Research Institutelorthe
 
Serni-Arid Tropics. 
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fine the statistical analysis of experiments and the differences in ability to grow in either drought or high 
interpretation of the results. Models can be used to temperature conditions (Greenberg et al. 1990). Thus 
determine the contribution of various components of we believe that temperature tolerance is an important 
the crop system to yield, and where the source of component of drought resistance, and anecessary at
variation is understood in the physiological sense, tribute for varieties cultivated in the Sahel. By provid
they can be used to refine the analysi.i and improve ing adequate nutrients and water to groundnuts 
the vahe of the experiment. This technique isdemon- growing in the very hot summer, genotypes with the 
strated using the results of a heat tolerance screening necessary heat tolerance can be identified without the 
experiment conducted at the ICRISAT Sahelian Cen- confounding effects of drought stress. However, 
ter (ISC), near Niamey, Niger. groundnut growth at ISC is extremely variable (Sub

rahmanyan et al.1991), and obtaining meaningful 
results can be difficult. 

Experimental Background .The parameters for simple models of yield deter
mination associatec with a measured final product 

Droughts are complex situatios during which crops may be estimated for many genotypes without inten
m,.y experience various combinations of water,heat, sive destructive measurements (Williams and Saxenamayexpriecevarouscobintios o wter het, 1991). In the model used the pod yield (Ya is de
and nutrient stresses as a result of inadequate water fIn as: 

supply. Sahelian countries experience high tempera

tures during the season when groundnuts are grown [
 
(Fig.1), and these conditions are aggravated if drought pd = C x Dre, x p [Equation 1]
 

where C = the mean crop growth rate, Dr,, = the 
duration of reproductive growh, and p = the parti

45 - Evaporation tioning of growth to pods (Duncan et al. 1978). 
E 40 -• I.Mx eprtr A second model that has relevance to ouc problem 
E "Max temperature deals with the determination of biomass production 

(Monteith 1977): 

..Min temperature 

o 35 
z Optimum ---.-..30 p -	 Ylt,, Ix e [Equation 2] 
CLCU ~f. .....0... 


w25 -
. 

2.	 where I = total energy intercepted, and e = the light 
-- 20 -use efficiency. This model can be converted easily to 

0 account for variations in C since: 

C = Yhi, + D,,,,a 	 [Equation 3]
10

C, 

5 -	 where D,,. = time from sowing to harvest. 

0 	 A Generally, major variations in C are due to I sin:e 
M A M 	J J A S 0 e is a relatively conservative parameter (Monteith

Month 1990). This model is important to the ratiorale of the 
Figure1. 1991 seasonalvariation in maximum and analysis, which suggests that variations in Y,, due to 
mnininum temperatures and pan evaporation at variations in C are largely the result of a factor easily 
Sadori,Niger. manipulated by managerial techniques. Most differ

ences due to variations in C can therefore be attrib
uted to environmental rather than genotypic effects. 

occurs, since plants then cannot dissipate incident en
ergy by evaporation. We have shown that the ground
nut varieties adapted to Sahelian conditions all have Materials and Methods 
the ability to yield well during the hot months prior to 
the onset of rains, and that this ability is due to the The trial was conducted during the dry season of 1991 
adapted varieties' ability to maintain partitioning to at the ICRISAT Sahelian Center (13' 29'N, 2' 10'E; 
pods in above normal temperatures, rather than due to 221 m above sea level). Soils are Psammentic Pal
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eustalfs (sandy, siliceous, isohyperthermic) with low 
pH, low inherent soil fertility, and low organic matter, 
The trial was laid out as abalanced lattice and 46 kg 
ha-' P,0 5 was applied as diamoniun phosphate prior 
to sowing. Plot size was 4 m2 and seeds were sown on 
7 March 1991 at 10 cm spacing along ridges 50 cm 
apart. 

The trial used 625 groundnut lines, including 
some released lines with adaptation to Sahelian con
ditions. Adequate amounts of water were provided by 
irrigation so that plants did not experience drought 
stress during growth. The trial was regularly ob-
served to determine the date at which 50% of the 
plants in each plot had commenced flowering. At har-
vest, shoot dry matter, pod yield, and seed yields were 
measured. To provide the best possible measure of 
total biomass for groundnuts, one needs to adjust for 
any defoliation that may have occurred (based on the 
fractions of stem and leaf without defoliation), and for 
the higher energy content of the seeds (Duncan et al. 
1978). Crop growth rate (C), pod growth rate (R), and 
the partitioning coefficient (p) were estimated for 
each of the 1875 plots of the experiment using tie 
energy adjusted final biomass, the energy adjusted 

reproductive yield, and the timing of flowering and 
maturity (Williams and Saxena 1991). Although 
growth is known to be a nonlinear function, it is pos
sible to use a linear approximation over the whole 
crop life, since this will maintain relative differences 
between treatments. The linear estimation of growth 
rates using standard growth rate equations was as 
follows: 

C = (HWT + (PWVI'*1.65)1/(T,) [Equation 4] 
and 

R = (PIT:I.65)/(T,-T-X) [Equation 5] 

where HWT = haulm mass, PWT = pod mass, T, = 
days to harvest, T, = days to flowering, and X = time 
between flowering and the expansion of the pods (at 
Sadord this interval is 10 days). 

Results and Discussion 

Variation in pod yield was very substantial (Table I).
Most genotpes produced pod yields ranging between 
0.2 and 0.5 t ha-', and a few produced more than 1.0 t 

Table 1.Basic statistics of variables measured in the tempei ature screening experiment. 
Variable 

No. of plants emerged 
Days to flower 
Days to harvest 
No. of plants harvested 
Hauln mass (t ha-') 
Pod mass (t ha-1) 
Crop growth rate (t ha-' d-1)
Partitioning 
Rep di-ration (d) 

Minimum Mean Maximum Distribution 

1.00 
27.00 

119.0 
1.00 
0.008 
0.0030 

39.87 
32.74 

133.3 
24.56 

1.994 
0.5545 

99.00 
47.00 

148.0 
69.00 
11.840 
4.8200 

Normal 
Normal 
Normal 
Normal 

Skew 
Skew 

0.900039 
0.0260 

63.00 

0.007304 
0.4796 

85.60 

0.038800 
1.4309 

104.00 

Skew 
Normal 
Normal 

Table 2. Distribution of sums of squares between factors and covarlates in the analysis ol varianc. 

Source 

Reps 
Covariate 
Cultivars 
Residual 
Total 

CV (%) 

DF = Degrees of freedom.
 
SQRT = Square root transformed.
 
C =Crop growth rate.
 

DF 
SQRT pod

yield Partition factor DF 

SQRT pod
yield with C as 

covariate 
2 2.144 0.499 2 2.144 

624 
1208 
1833 

119.318 
68.810 

182.477 

33.400 
21.677 
54.279 

I 
623 

1208 
1833 

51.700 
28.989 
17.108 

182.477 

35.5 27.9 17.9 
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ha'1. Tile data were not normally distributed and re
quired sqaure root tratslormation to allow statistical 2.5 

analysis. a 
Despite the wide variation inyields, the large size 2.0 a 

a , 9 0 n 0 nof the experiment produced a standard error wh;.:h 

was able to show signilicant differences in the trais- 1 -00 o 0 16 
formed pod yield between genotypes. However, this 1.5 0 

was confounded by large variation in the number of - 0 
plants per plot (Table I). and on yield alone the data " 1.0 oo a" a 

could not determine whether a variety yielded poorly A ao0 
because of its population, or because of its genotypic "906. 

attributes. Without further informalion the results of Em'Oo 

the experiment wvould not have been useful. % 
Hlowever, whenccomputed the model parame- ...........
we 0 

ters contribuing ,to yield and analyzed these sep
arately, we Found thai C was a powerful factor -0.5 I I I I 

inlluencing pod yield (Fig.2). Although there were 0 10 20 30 40 50 60 
diferences in crop growth rates between genotypes, Plants (plot) 
these were partly a reflection of differences in plant Figure 3.The relationship between plant number 
stand at harvest and plant number was a signilicantt and pod yield in 625 grnmndnut genotypes, Sadori,
covariate in the yields. For most purposes, this varia- a rp o nsunmner sea , 1991.1991. 
tion is not of major interest to us. The basis for this 
decision is knowledge expressed in Equation 2,which 
indicates that the major sources of variation are varia
tions inenergy interception, and the signilicant role o' 
thL variations in plant number per plot indetermining o 

Criterion2.0 -Selectedthe pod yield (Fig.3). on yield 0 indifferent 

F1.5 0 WO9 3:o!B 
0 Emo: 

....... ..
................... . .
 
0)
 

3.0" 
Included by"o0 -0 

01 partitioning2.0 
..........
ElO 00 (3 o0 0 ................ 0 4 o"
 

L?01.5 ai mooWJ
 

t-,..., 1o 0 -0.5 1 

0.1 0.2 0.3 0.4 0.5 0.6 0.708 0.9 1.0 1.1 m 1.0 'O 
Partitioning 

0" Figure 4. Distribution of pod yield and partitioning
0- 0.5 1in 625 groundnutgenotypes, Sadorj, sumnmner season 

1991. 
0 

I I I When pod yield was analyzed with crop growth as 
0 0.005 0.01 0.015 0.02 0.025 0.03 a covariate, the frequency distribution changed and

the coeflicient of variation was reduced from 36 to 
Crop growth rate (t ha- 1d 1) 18% (Table 2). 

Figure 2. The relation between pod yield amid crop Partitioning data were normally distributed, and 
growth rate in625 groundnut genotypes, Sadori, significant dil'cretices in partitioning between ge
summer 1991. notypes were also found. Most genotypes partitioned 
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between 0.4 and 0.6. A negligible percentage parti-
tioned less then 0.2 and there were some that parti-
tioned above 0.8. Several genotypes with low yields 
were found to have high partitioning. The p was only 
poorly related to plant stand and differences between 
genotypes have been attributed mostly to genotype 
effects. 

The impact of the use of physiological models in 
the interpretation of data is provided by examining 
the effects of selecting on yield alone, compared with 
that of involving partitioning and yield. The lines can 
be classified into four groups based on pod yield and 
partitioning performance (Fig.4). 
Group)I Cultivars with high yield AND with a par-

titioning of above 0.7. For this group the 
outcome w:s not influenced by data me

thodology. This group included cvs 796, 
4-2-12-7, 4-4-4-20, 55-437, MF-47, and 
ICGV 88461. The inclusion of the best 
available released variety (55-437) in this 
group provided some measure of confi-
dence in the results. 

Group 2 Cultivars with low pod yield BUT with 
high partitioning. These lines would have 
either been discarded, or required further 
screening before characterizing them for 
their heat tolerance. The group included 
cvs ICG 1141, ICG 2239, ICG 1816, ICG 
2149, ICG 2195, ICG 9345, ICG 8620, 
ICGMS 21, ICG 10736, ICG 1840, ICG 
2092. ICG 1338, ICG 1236, ICG 1622,ICG 2058, ICG 1620, and ICG 372. 

Group 3 Cultivars with high yild BUT with lower 
Group3 g.harwit roupBU inlude cpartitioning. The group included cvs 
ICGV MS 86775, ICG 1697, IITA/IBPGR 
42, and ICGV 88427. The majority of the 
group probably owe their high yield to 
better radiation interception, and will be 
retained for further evaluation. The possi-
ble existence of genotypes that may have 
better radiation-use-efficiency justifies fur-
ther investigation of these lines. 

Group 4 	 Cultivars with low pod yield AND low 
partitioning. Most of' the lines examined 
came under this group, and there is no 
justification for further investigation of 
them. 

The extreme genotypes in Group 3 were of inter-
est because they apparently achieved high yields by 
exploiting mechanisms different from those common 
to most genotypes. If the high C of these lines is 
repeatable, our interest in them is in that they had 

superior growth rates under these adverse conditions 
and provided the possibility of combining superior p 
and C under high temperature conditions. 

This example of data analysis using physiological 
models as tools to improve the value of data is one of 
many potential applications of this approach. There is 
growing evidence that simple physiological models 
like those presented here can provide powerful tools 
to breeders, agronomists, and crop scientists in other 
disciplines to increase the cost efficiency of research. 

Thus, knowledge of the manner in which environ
mental and treatment factors effect the parameters of 
these physiological models allows better analysis and 
interpretation of the results of experiments, and indeed may form the basis for diagnostic interpretation 

of the results. 
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Discussion 

Subrahmanyam: You have a large variation in plant 
population across replications, genotypes, and other 
treatments. This seems to be the major contributing 
factor to high coefficients of variation (above 70%). 
What are the major factors contributing to low plant 
population? Is it due to low viability of the seed, or is 
it due to seed/seedling disorders? If these are the 
major factors, you should be able to manage/control 
them very easily. 

Ndunguru: Our present knowledge indicates that 
crop growth variability is due to nematodes, peanut 
clump virus, and Al and Mn toxicities, as well as 
nutrient imbalance due to low soil pH (about 4.2). 
Viability of seed was also a source of variation. Ef-
fortspenetrationfortmdehae ben grotho maagecro an-
ability. Other studies have been initiated to find ways 
to interpret data obtained from a crop with 'ariable 
growth without managing this problem. Both ap-
proaches are inprogress at ICRISAT Sahelian Center. 

Chiteka: There were varieties with low partitioning 
and high yield and others with high partitioning and 
high yield. What was the difference in partitioning? 

Ndunguru: We considered a partitioning of 0.7 and 
above as high, and a partitioning of less than 0.7 as 
low. 

Chiteka: What was the basis for high yield and low 
partitioning for genotypes with the same crop 
duration? 

Ndunguru: The majority of the variation was attrib-
uted to variation incrop growth rate. While the model 
suggests that variation may diminish with changes in 
radiation interception, we also want to identify mate-
rial with tolerance for Al toxicity. 

Olorunju: I. You said your cut-off points %ere arbi-
trary, but there must be soulme factors you considered 
ingrouping your results. What are they? 2.Could you 
comment on the decision you made to analyze 
skewed data and the significance of the results that 
came out of this unusual statistical practice? 

Ndunguru: 1. A partitioning of about 0.7 was the 
cut-off point. Pod yield above I t ha-i was considered 
reasonable under our conditions in Niger. 2. Data 
analysis isbased on the assumption that data are sym-
metrical (i.e., normally distributed). If the data are 
skewed then they are transformed. In this case our 

pod yield data were asymmetrical, but we neverthe
less analyzed them, as our aim was to test the model. 
On transformation, the data became symmetrical, and 
using the simple grouping technique lines with known 
drought tolerance got high marks. We would like im
press on participants that we deliberately presented 
these data in various forms to show how much im
provement in data analysis and interpretation can be 
made using these simple models. 

Subrahmanyam: Do we have any information on 
the rates of physiological (natural) defoliation in dif
ferent botanical groups? 
Williams: No. We only have observations that the 

leaefation is ifleedy p pland ht 
to the leaves. Widely spaced plants havelittle defoliation but cloud canopies have substantial
 

defoliation.
 

Chiteka: At what point do you consider pods to have 
started forming: pod formation, peg formation, or 

point of peg entry into the soil? 
Williams: The point that you need to fix iswhen the 
first pods are expanded. That isthe start of significant 

reprodictive growth. 
Nageswara Rao: I have acomment regarding calcu
lation of crop growth rate. I believe that we should use 

days after emergence as the denominator rather than 
days after sowing. The time to emergence can be 
affected by differences between genotypes, clanges 
in base temperature, or other factors-all of which can 
infliience the crop growth rate when we are compar
ing across varieties. 

Williams: Perhaps so, but it is more a question of 
definition. As long as one defines the basis, the values 
are valid. Changes do not affect the absolute values 
and should be relatively constant across the 
treatments. 
Freire: 1.Is it possible to use harvest index for prob-. 
ability? 2. How is vegetative growth prior to the be
ginning of the reproductive stage taken into account 
in relation to final yield? 

Williams: 1. No, harvest index does not take into 
account the differences in timing. Partitioning is 
based on rates and therefore defines the efficiencies. 
2. It does have some impact on the estimate of the 
partitioning, but these are absolute rather than 
relative. 
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The Potential of Runner Groundnuts to Decrease "Pops"
and Increase Yields in Low-Input Farming Systems 

U. Hartmond', J.H. Williams 2, B.J.Ndunguru 3 , and F. Lenz' 

Abstract 

Calcium deficiency is a serious agronomic constraint to pod production on the poor soils (Alfisols)
of African groundnut-growing areas. In a series of field experiments at the ICRISAT Sahelian 
Center in Niger. runner genotypes demonstrated better ability, to cope with inadequate Ca supply,
producinghigher yields, having better podfilling and reduced sensitivity of shelling percentage to
increasing pod size across varieties. Breeding for improved yield potential in the runners should be 
a priority for groundnut breeders concerned with improving productivity in low-input fairming 
systeis. 

Resuno 

Pontencia de variedades postradas de aniendoin para reduzir o estainpido das vagens ial
preenchidas e aumentar a produqdo nos sisteinas de produfdo de baixo "input". A deficiencia do 
calcio e tun dos serios limitantes agronomico para a produi'-o de vagens nos solos pobres (Al
fisolos) das :onas de culturatieamendoim einAfrica. Nima st~rie de experinentos de campo no
ICRISAT centro de Sahel em Niger, genotipos postrados inastrarainunelhor abilidade em fazer 
frente a seministro inadequado de Calcio, produ:indo maior colheita, possuindo nelhorpreenchi
inento de v'agens e sencitividade reduzida de perwc,,ttagem tiecasca para o i/tcremento do tamnanho 
de vagenzs atrave: das variedades. Cruzantentos para o inelhoramnentodo potencial de prodC'do
dlas variedades postrati. is deve ser a prioridadepara os nwlhoradoresde amendoini relacionado 
coin o mnelhoratnento da productividade em sisteinas de campos de prodtqdo dlepotca 
conserva 'do. 

Introduction Calcium nutrition is aproblem for which there are 
known genotypic differences in susceptibility. Much
In the semi-arid tropics, groundnut pods are often attention has been focused on the role of pod size as a
 

affected by Calcium 
+ 

(Ca++) deficiency because soils factor influencing susceptibility to Ca- deficiencies-
often have low Ca content, or mobility of this cle- (Keisling et al.1982, Kvien et al. 1988). Much less 
ment is limited due to droughts (Cox et al. 1976). attention has been focused on the rote of pod dispersal
Calcium deficiency is a known reason for the failure to limit interpod competition for the element. The
of seed formation commonly called "'pops" (Colwell better pod distribution of runner groundnuts in the
and Br'dy 1945). Seed yields and the quality of seeds soil makes more than double the soil volume avail
are reduced drastically by Ca++ deliciency, and the able to individual pods (Hartmond 1991). This effect
number ofempty and immature pods multiplies (Con- could be important in influencing Ca++ nutritio,.
kerton et al. 1989). Walker et al. (1976) reported higher yields c a runner 

Air Ob,,t-1.tnstitut und Gernsebau derRteiischen-Friedrich-Wilhelms Universitat Bonn.Auf dern IIgel 6. D-53(X) Bonm I, Germany.2. principal Physiologist and Groundnut 'eam Leader. ICRISAT Sahelien Center. B.P.12404. Nianey (via Paris). Niger.3. Team Leader and principal Agronomist. SADCC/tCRISAT Groundnut Project. P.O. Box 1096, Lilongse. Malawi. 
tCRISI Conference paper no. CP 811. 
Harlmond, U., Williams. J.H., Ndunguru, B.J,,and Lenz, F.1992. 'the potential of runner groundnuts to decrease 'pops' and increase yieldsin low-input latrming systems. Pages 9-13 in Proceedings of theFifthRegional Groundnui Workshop for Southern Africa. 9-12 Mar 1992,Lihongse. Malawi fNageswara Rao. R.C., and Subratm'anyan. P., eds.). Patancheru. A.P. 502 324. India: International Crops Research Institute 
flor the Seni-Arid rropics. 
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compared with bunch cultivars at low soil Calcium botanical classes, and pod sizes. The details of the
 
levels. Despite their widespread use in the intensive four experiments are summarized below.
 
groundnut cultivation in the USA, runners are not
 
commonly selected for crop improvement in the semi- ExperimentI Location: Tara
 
arid tropics, perhaps because of their relatively long Varieties: 12 (9 bunch, 3 runner)
 
growth cycle, and disadvantages in hand harvesting. Ca- levels: 3 (0, 120, 240 kg ha-')
 

Breeders have been able to increase the yield po- Drought: No 
tential of groundnuts, primarily by increasing the pro
portion of assimilates partitioned to the pods (Duncan Experiment 2 Location:Varieties: 4Sador(2 bunch, 2 runner) 
et al. 1978). These changes have been possible in both Ca++ levels: I ( 0 kg ha-') 
runners and bunch types of groundnuts. Much of the 
production in .ile Drought: NoUSA utilizes rurner types with high 
yield potential (Woodroof 1973, Franke 1982). Experiment3 Location: Sadord 

The present study evaluated the role of the runner Varieties: 4 (2 bunch, 2 runner) 
habit as a means of improving pod filling under var- Ca++ levels: 2 (0, 240 ha-') 
ious calcium supply conditions. Ca++ supply was ma- Drought: 2 (levels over grain fill) 
nipulated by combinations of fertilization and 
irrigation, and the effects of these 'environments' on Experiment 4 Location: Sador 
groundnut varieties of differing habit and pod size 

Ca++ levels: 2 (0, 240 ha-I).were examined. 
Drought: 2 (levels over grain fill) 

Final yield, yield components, and shelling per

centage were assessed and the number of empty lo-Materials and Methods 
cules ("pops") was counted separately for one- and 

During the rainy and postrainy seasons or 1989 and two-loculed pods on a500 g subsample. 

1990, field experiments were conducted at ICRISAT 
Sahelian C.nter, at Sador, Niger, in the Sahelian 
Zone, and at Tara, 300 kin south in the Sudanian Results and Discussion 
Zone. 

At Sadord, the soils are very variable and belong "Pops" occurred in all experiments. There was con-

Psammentic Pal- siderable variation between experiments, manageto the Labucheri Seri:s of the attribute. Ineustalfs. They have a very low xchange capacity of ment treatments, anC genotypes for thi.; 

less than 3 meq 100 g-' of soil and a pH of 5.0 to 5.2. all experiments correlation analysis demonstrated that 

The topsoil is very sandy. with 94% sand and only shelling percentage, and percentage of filled locules 
3% clay (West et al. 1984). At Tara, the soil is classi- decreased with increasing pod size, as is shown using3%allay(Wet194).AtTar, tle oilis lasi- the data for experiment rI (Table 1). Varieties withe 
tied as Haplic Acrisol with 90% sand in the topsoil. It 
has a pH of 3.9 and the exchange capacity is 6 meq 
100 g -I(INRAN 1990, Fechter et al. 1991). 

The fields Lhosen for the experiments had been Table 1.Correlation coefficients of pod yield, pod volume, 
fallow for at least 6years before the experiments. The shelling percentage, and the number or filled 
grass and bushes were removed manually, and the locules (Experiment 1). 
groundnut seeds sown directly by hand into the soil Filled 
without further tillage to avoid destruction of the poor Pod Shelling tocules 
soil structure. Plots or 4 x 5 in2 were arranged in yield percentage 
randomized block designs with three (Experiment 1) 
or live replications. A basal fertilizer of 12 kg N and Pod volume 0.002 -0.461 -0.385 
30 kg PO5 ha-' as diamonium-phosphate (DAP) was Filled locules (%) 0.331 0.762 -

Shelling percentage 0.328  -
applied before sowing. 

Calcium was applied ai the pegging stage as gyp- r* = 0.195 r**= 0.254 n= 107 
sum. All fertilizers were distributed by hand onto a * = P<0.05 
25-cm wide band along the rows. The varieties used = 
were selected to provide a range of growth habits, 
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smaller pods had fewer "pops" because large size 70.0
 
reduces the surfacc:volume ratio and thus the Ca
uptake ability relative to requirements. This effect 62.5 A
 

was also apparent between the pods with one or two 55.0
 
locules. Thus for environments deficient in calcium,
 
and where gypsum is not available, it may be useful 47.5
 
to breed for a larger percentage of fruits with only one . 40.0
 
locule, compensating for tie decrease in seed number
 
by greater pod numbers. S32.5
U 3 

To combine results from all experiments stability 25.0 o Bunch y= 1.17x-11.08 
analysis was used (Finley and Wilkinson 1963). Each 17.5 - &Runner y=0.86x+12.38 
treatment level of Ca ++ and rrigation fror the exper
iments was consideredthe as a separate environment for 10.0nalyis.20 25 30 35 40 45 55 60 6550 70
tile analysis. Environment mean shelling (%)


"b compare the shelling percentage of the two
 
morphological groups, all the runner and bunch types 
 Figure1. The relationshipbetween shelling percent
were averaged for each 'environment' and plotted age of runner and bunch groundnuts in differentenl 1ironnents. 
against the overall nean shelling percentage in the 100
 
different environments (Fig.l). Tile shelling percent-
 (Bunch y =80.8-11.8x 
age was higher in the runner gelotypes Ihan in bunch - Runner y=72.3-5.8x
 
cultivars in most environments, except in tihe best 84
 
environment (i.e., high Ca- and irrigation levels).
 
The regression lines converged in the best environ- 8

-68nents and contrasts were more profound in poorer o
 
enviroments. This indicated tile beler adaptation of'
 
runner types to these low Ca- situations compared = 52 
with the bunch types, whereas in hiigher-yielding en
vironlnerts both types illed the pods equally well. 36
 

A highly signilicant negative correlation between
 
pod volume and shelling percenlage was detected in 20 I I I 
 I I I 
all the experiments, a relationship observed by sev- 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
 
eral researchers (Pallas ei al. 1977). However, seed Pod volume (cm 3)

size is an important quality criterion in groundnuts, Figure2. The relationship between sheljingpercent
and bigger seed commands higher prices in the inar- age and pod size ofgroundnut varieties with runner 
ket. Since j.od size increases the Ca+- requirement, and bunch growth habits. 
and the runner habit decreases this requirement, is 
there evidence that the runners can better fill pods o1* 2700 
a given size than bunch types'? The regression of ' 2480 ABunch y=1.08x-106.9 A 7 
shelling percentage with pod size separately for run- O 2260 oRunner y=0.1 Ix+998.9 ,'/
ier and bunch genotypes (Fig.2) shows that tie tilling m 2040 A A
 
of pods from runners was less sensitive to pod size : 1820/
 
than was the bunch genotypes, supporting the idea of Q 1600 /
reduced nutrient competition in the soil due to v1tter E 160 
pod distribution (Harntond 1991). D1380 o ,,i 

To evaluate the effect of runner or bunch habit on im 1160 0 v 
yields, the gcnotypes were grouped according to nor- - 940 o 0 

0 

photype, and the individual pod yields regressed " 720 ' 
against the mean yields of the experimental environ- 500 ,.i i I I I I 
ments (Fig.3). The regression lines presented in Fig. 500 900 1300 1700 2100 2500 
3 demonstrate that runner varieties yielded compara- Environmental mean (kg ha-1)
tively well in otherwise low-yielding environments, Figure 3. Yield stability of runner and bunch 
but that as the yields increased, rellecting better envi- groundnut genotypes in various calcium supply 

eniironments. 

II 

http:y=72.3-5.8x
http:80.8-11.8x
http:nalyis.20
http:y=0.86x+12.38
http:1.17x-11.08


ronments (Ca, water, and other considcrations), then 
the bunch types outperformed than runners. Perhaps 
with more improved runner types the cross over 
would occur at ahigher yield. 

Many of the pod yields observed in this study are 
fairly low. but fall within the range of yields reported 
earlier in these environments (Boote 1983). More im-
portantly, shelling percentage at the lower yield level 
was less than normal for many genotypes, but higher 
for the dispersed pods of the runner types. Therefore, 
where Ca++ nutrition was probably a factor contribut-
ing to the low yields (although the yield potential of 
runner cultivars was apparently lower than that of the 
bunch types), the fertility was better realized at low 
soil fertility, or moisture level. Despite the lower 
yields in good environments, the high stability of pod
lilling of the runners is of great interest because it is 
likely that the breeder can base cor,'ections of yield 
potential on low partitioning. 

These data show that better filling of pods can be 
achieved by using genotypes either with small pod 
size or the runner habit. However, if gypsum is sup-
plied one must anticipate that the most eflicient use of 
limited application would be achieved by the bunch 
types. 
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Discussion 

Freire: I. "Pops" particularly occur or. light sandy 
soils and in drought-prone areas (mainly late-season 
drought). Runners are normally long-duration 
groundnuts. How do you see this problem? 2. How 
did you compute the environmental yield? 

Williams: I. The long duration of runners is still a 
problem, but have the breeders tried to create ashort-
duration runner? 2. The environmental means are the 
treatment means for each combination of calcium and 
irrigation. 

Anders: If you select for a runner type in a marginal 
environment, would you not then create a situation 

where the addition of fertilizers might be une1Lonomi
cal because of the higher value of soil required to 
raise levels? 

Williams: Yes, I agree totally. Inputs are most effec
tive with bunch types. However, for much of Africa, 
access to these inputs by groundnut producers is un
likely in the near future because of the greater re
sponse to fertilizer from other crops. I think that the 
breeders, through their use of inputs, have biased 
themselves towards the bunch types. 

Syamasonta: If runner groundnuts are less suscept
ible to "pops" than bunch types, why is MGV 4 
(ICGMS 42), abunch type, less susceptible to "pops" 
than MGS 2 (M 13), a runner type? 

Williams: A number of factors contribute to the oc
curence of "pops". ICGMS 42 may be better for a 
number of other reasons. Pod size o. calcium uptake 
efficiency, for example, may be important in deciding 
the difference. Another possibility is that season 
length may expose M 13 to more drought than 
ICGMS 42. 
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Influence of Soil Type on the Adaptation 
of Groundnut Genotypes 

R.C. Nageswara Rao, L.J. Reddy, and S.N. NigamI 

Abstract 

Several trials conducted at ICRISAT Center showed that the performance ofgroundnut on Vertisols 
tas generally poor compared with that on Alfisols. There was a strong soil type x genotype 

interaction, suggesting specific varietal adaptation for soil type. Physiological studies revealed that 
while crop growth rates are greater on AIfisols, they are linearly related to those measured on 
Vertisols (R = 0.77). However, pod growth rates and partitioning of dry matter to pods showed a 
strong soil type x genotype interaction, suggesting that the genotypes developed on the Alfisol may 
maintain relative ranking for total dry matter on Vertisol, but not necessarily for pod yields. 

Resumo 

Influencia do tipo de solo na adaptatdo dos genotipos de amendoim. Muitos ensaisos conduzidos 
no ICRISAT centro demostraram que o comportanhento do amendoim nos vertisolosfoi geralmente 
pobre comparado corn dos alfisolos. Houh'e forte interafdo tipo do solo Xgenotipo. Sugerindo se 
t'ariedadesespecificas para adapta-las ao tipo de solo. Estudos fisiologicos revelaram que en
quanto as percentagens de crescimento da cultura sdo grandes nos aljisolos elas sdo linearmente 
relacionadas para estas medidas nos vertisolos (R = 0.77). Porem, a percentagem de crescimento 
de vagens eparticipa iio de materia seca para vagens dentostrou forte intera -dotipo de solo x 
genotipo, sugerindo se que os genotipos cultivados nos alfisolos podem manter relativa categoria 
para materiaseca total nos vertisols, mias ndo necessariamente para a produtq-o de vagens. 

Introduction cal properties of soil also vary with soil type (El-
Swaify and Caldwell 1991), and are particularly im-

Groundnut (Arachis hypogaea L.) is an important portant for groundnut, which has a subterranean fruit
cash crop grown on a wide range of soils and climates ing habit. 
in the semi-arid tropics (Virmani and Piara Singh Although some information is available on the ef
1986). In addition to developing genotypes with toler- fect of various components of the environment, the 
ance for biotic and abiotic stresses, the adaptation of nature of the limitation- inposed by soil conditions to 
genotypes to varied environments is one of the major groundnut growth and yield are not clearly under
problems faced by groundnut improvement programs stood, mainly because of climatic factors interacting 
(Branch and Hildebrand 1989). Soil fertility problems with the performance of genotypes at different sites. 
that are likely to be very diverse and location-specific It is therefore important to determine whether high
can be overcome to some extent by use of fertilizers yielding genotypes developed on one soil type are 
and other amendments. However, the inherent physi- adapted to other soil types. 

I. Crop Physiologist. Senior Groundnut Breeder. and Principal Groundnut Breeder, ICRISAT Center, Patancheru, A.P 502 324. India. 

ICRISAT Conference Paper no. CP 812. 

Nageswara Rao, R.C., Reddy, .J., and Nigarn, S.N. 1992. Inlluence of soil type on the adaptation of groundnut genotypes. Pages 15-18 in 
Proceedings of the Fifth Regional Groundnut Workshop for Southern Africa. 9-12 Mar 1992, Lilongwe, - 'ilawi (Nageswara Rao. R.C., and 
Subrahnanyam, P.,eds.). Patancheri. A.P. 502 324. india: International Crops Research Institute for the Semi-Arid Tropics. 
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At ICRISAT Center, Alisols and Vertisols occur 
in close proximity, thus facilitating the study of crop 
growth in different soil types but under identical cli-
matic conditions, 

Soil Type x Genotype Interaction 

Several trials conducted at ICRISAT Center with ad-
vanced breeding lines indicated that the performance 
of groundnut on Vertisols was generally poor com-
pared with that on Allisols (Table I). In the trials, the 
soil type x genotype interaction was signilicant. 

During the 1987/88 and 1988/89 postrainy seasons, 
we examined the effect of the two soil types on the 
growth and yield of fbur genotypes grown under irri-
gated and drought-stressed conditions. The four ge-
notypes (ICG 1326, ICGV 87128, ICGV 87160, and 
ICGV 86635) were subjected to four irrigation regimes. 

TI: Adequate irrigation 

T.,: Drought imposed by withholding irrigation 
during flowering 

T3 : Drought imposed by withholding irrigation 
during pod-set 

TI4: Drought imposed by withholding irrigation 
during pod tilling 

The three drought regimes (T2 , T3, and 14) 
spanned 25-30 days. Crop growth rates were esti
mated from plants sampled at 10-day intervals during 
crop growth. 

The pooled data over the two seasons indicate th, 
the total dry matter (TDM) on the Alfisol ranged from 

-10-12 t ha- l and declined progressively to 6-7 t ha' as 
the drought occurred later in the season. However, 
ICGV 86635 recoraed signilicantly greater TDM on 
the Alfisol compared with other genotypes in T,, T, 
and T3.The mean pod dry mattcr (PDM) on the Al
fisol was 3.5 (±0.5) t ha-' in T,, and was pro
gressively reduced to 2.0 (4+0.5) t ha-I in T4 with no 
genotypic variation. 

On the Vertisols, the mean TDM was 6.0 (±0.25) t 
ha-, although the drought treatments did not signifi
cantly affect the dry matter production. However, pod 
yield ranged from 1.0 to 1.5 t ha-' in T, and was 
reduced to less than 0.5 t ha- " in T3. ICGV 86635, 

which had superior pod yield on the Alfisol (more 
than 3.5 t ha-' in T,), had the lowest yields on the 
Vertisol (less than I t ha-'), while ICGV 87160 
showed superior performance on Vertisols with pod 

-
yields about 1.5 (±0.3) t haI in T. ICGV 87160 was 
also least influenced by drought. 

-Table I. Mean pod yield (tha1)of groundnut genotypes from breeding trials grown on Alfisols and Vertisols at 
ICRISAT Center during tie 1987/88, 1988/89, and 1990/91 postrainy seasons (values within brackets indicate the 
percentage coefficient of variation). 

Pod yield (tha-') 

Season 
No. of 

entries Alfisol Vertisol 
Soil x genotype 

(F value) 

1987/88 4 3.39 ±0.122 1.29 ±0.131 4.86 

(11.6) (10.2) 

1988/89 16 3.81 ±0.154 1.48 ±0.127 6.83"" 
(7.0) (14.9) 

25 3.17 ±0.225 1.06 +0.148 3.07"" 
(12.3) (24.3) 

4 2.02 ±0.092 0.61 ±0.083 8.21I * 

(15.7) (19.1) 

1990/91 25 3.49 ±0.178 1.52-n.169 4.95" 
(8.9) (18.8, 

16 2.49 ±0.152 0.81 ±0.144 2.97"" 
(10.6) (30.9) 

16 2.52 ±0.212 0.76 ±0.101 3.17"" 
(14.6) (23.0) 

** P < 0.01. 
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Table 2.The mean crop growth rate (CGR), mean pod growth rate (PGR), and partitioning of dry matter to pods (p)of 
four groundnut genotypes gruwn on Alfisol and Vertisol at ICRISAT Center during the 1987/88 and 1988/89 postrainy 
seasons.
 

Alfisol Verfisol 

CGR PGR p CGR PGR p 
Treatment Genotype (gm-2 d-1) (%) (gm- d 1) (%) 

Control ICG 1326 13.9 11.2 80 9.2 4.7 54 
ICGV 87128 11.5 9.6 83 8.7 4.7 56 
ICGV 87160 12.1 9.0 75 8.7 5.2 60 
ICGV 86635 16.1 10.9 67 10.9 4.5 43 

Farly drought
 
tCG 1326 12.9 8.7 66 8.0 3.8 48
 
ICGV 87128 10.9 8.1 73 8,6 4.4 56
 
ICGV 87160 12.5 9.2 61 9.1 4.5 50 
ICGV 86635 13.8 8.1 58 8.2 3.5 42 

Mid-season drought 
ICG 1326 10.0 7.0 70 6.6 2.6 43 
ICGV 87128 10.1 7.7 76 3.5 2.3 48 
ICGV 87160 9.8 7.2 73 6.8 3.7 55 
ICGV 86635 10.1 7.5 74 6.0 2.5 47 

Terminal drought 
ICG 1326 8.9 6.1 73 5.7 4.0 58 
ICGV 87128 8.1 5.3 65 5.6 3.3 58 
ICGV 87160 8.1 5.1 64 7.0 4.2 61 
ICGV 86635 9.7 6.3 65 7.2 2.9 43 

SE ±0.024 ±0.011 ±2.3 ±0.014 ±0.091 ±2.3 

The crop growth rates (CGRs) on the Allisol were References 
40% greater :han ol the Vertisol in T, (Table 2). On 
both soils, the CGRs declined the later the drought Branch, W.D., ",td Hildebrand, G.C. 1989. Pod 
occurred in the season. Drought during file pod-till- yield comparison of pure-line peanut seitions si

phase (T,) reduced PGRs by about 45% oil the multancously developed from Georgia and Zitnbabwc 
Allisol, while the reduction in PGRs ont the Vertisol breeding programs. Plant Breeding 102:260-263. 
in a similar treatment was only 22%. However, the 
pod-set phase (T3) appeared more critical for drought EI-Swaify, S.A., and Caldwell, R.C. 199!. Potential 
on the Vertisol, where the PGRs declined by more crop productivity of Allisols and Vertisols in ihe 
than 40%. Partitioning of dry matter to pods (/) was serni-arid tropics. Pages 3-16 in Phosphorus nutrition 
signilicantly less on the Vertisol, although some ge- of grain le umnes in the semi-arid tropics (Johansen, 
notypes were able to maintain p on both the soils. C., Lee, K.K.. and Sihrawat, K.L., eds.). Patancheru, 

The correlation of' growth rates between the two A.P. 502 324, India: International Crops Research 
soil types indicated that the CGR on Allisol was pos- Institute Ior the Semi-Arid Tropics. 
itively correlated (R = 0.77'") with the CGR oti Ver
tisol, but there was no such relationship for PGR (R = Virmani, S.M., and Piara Singh. 1986. 
0.52) and p (R = 0.38) between tile two soil types. Agroclimatological characteristics of tie groundniul 

These results imply that high-yielding genotypes growing regions in tie seni-arid tropics. Pages 35-45 
developed ol Allisols may maintain relative ranking in Agrometeorology o" groundnut: Proceedings of it 
for total dry matter on Vertisols. but not fbr pod yields. International Symposium. 21-26 Aug 1985, ICRISAT 
However, it appears that productivity of groundtut can Sahelian Center, Niger. Palanchcru. A.P. 502 32.1, In
be improved on Vertisols by developing varieties with dia: Internatioal Crops Research Institute lor the 
specilic adaptation to this particular soil type. Setii-Arid Tropics. 
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Discussion 

Ndunguru: Could you expand your work to include 
climate? Since you have data on both regional and 
international trials, this would enable us to see how 
your proposal fits into various agroclimatic zones, 
Basically, this entails analyzing the data inretrospect. 

Nageswara Rao: I agree that the results could be 
expanded. With the GIS system recently installed at 
ICRISAT Center, we can now analyze international 
trials and look at the adaptation of genotypes to var-
ied environments with a totm!ly new perspective. 

Nigam: The only problem is tha! we are not getting 
prompt feedback on information from the interna-
tional trials th, t we send to3Ar: ican countries. 

Syamasonta: Don't you think it would have been 
better to include both virginia and spanish types inthe 
experiment to obtain more complete varietal informa-
rich? 

Nageswara Rao: In the trials presented, we included 
only spanish types. We have not yet included virgin'a 
bunches or runners, although we hope te include 
them in future work. 

Olorunju: Our choice of varieties for different eco-
logical zones has thus far been based on climate, rain-
fall, etc., without considering the effects of soil. Is it 
possible that when we introduce the soil factor we 
may end up with information that contradicts pre-
vious findings? Is the soil factor much more impor-
tant than the other climatic conditions combined? 

Nageswara Rao: Soil is an important factor for the 
adaptation of a crop like groundnut with subterranean 
fruiting habit. The problem of adaptation becomes 
important when the breeding program occurs on one 
type of soil and genotypes are evaluated on other soil 
types. What I am stressing in my paper is that apart 

from climatic factors, specific adaptation to soil types 
should also be considered where applicable. 

Freire: Selection for specific adaptation is commonly 
accepted. But why spend time and money on selection 
for Vertisols if other crops like soybean or sunflower 
might be higher yielding, better adapted, and more 
economically valuable? 

Nageswara Rao: Growing other crops in hostile soil 
environments is one of the options. However, chang
ing of crops at the farmer's level involkcs consider
able time and introduces significant socioeconomic 
considerations. Specilic adaptation of genotypes of 
the crops already growing in a given environment 
should therefore be considered. 

Chiteka: Specific adaptation creates a problem with 
seed availability. What information is there concerning 
soil type distribution across different zones inIndia and 
how is this incorporated into the testing sites? 

Nageswara Rao: If one is hoping for improvement in 
yield of groundnut, specific adaptation of cultivars 
should be considered. In India, the groundnut-growing 
area is divided into six agroecological zon:cs based on 
agroclimatic and soil factors. The national trials at the 
preliminary level are common throughout these zones. 
Subsequently, however, only entries that perfbrm well 
are promoted to the advanced trials. The national eval
uation system considers both specific and general adap
tation, and varieties are released zonewise and 
nationwide. Scope exists to improve the present system 
in the light of specific adaptation of cultivars. 

Anders: In what season did you conduct these trials 
and how much importance do you give to soil x sea
son interactions? 

Nageswara Rao: All results presented in this paper 
were Gbtained during the postrainy seson. -We have 
not yet examined soil x season interactions. 
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Performance of Elite Groundnut Varieties in Ethiopia 

Adugna Wakjiral 

Abstract 

This paper reviews the peiformance of' elite varieties of groundnt in Ethiopia under three 
agroclitnatic conditions to determine the potential of growing the crop in the country. Current 
production status, constraints, and breeding objectives are e.'ainined.Released and recommended 
varieties are indicated and fitture crop improvement plans discussed. 

Resumo 

Compartamentode algumnas variedades de elite de amendoin na Etiopia. Este artigo faz rel'isao 
ao coMportanento de algquneas variedades de elite de antendoini na Etiopia em tr~s zonas 
agrtoclimatologicaspara determinar o potencial do crescinu'nto da cdltura io pais. Estado actual 
da prodtq-do, liinita'es, objectivos e desenvolvi'mento d,-, novas plantas scto exaninados. Var
iedades recontendadas e libertadas sdo indicadas w;bhetn; os pianos do melhoramentofutttro da 
cultura so taw;ebhMi desctaidos neste artiga. 

Introduction Table 1. Area, production, and average pod yield of 
groundnut in Ethiopia, 1979-88.Groundnut (Arachis hvpogaea L.) has been grown by 

small farmers in Ethiopia since the early 1920s 1979-81 1986 1987 1988 
(Yebio Woldemariam 1983), particularly in the north- Area ('000 ha) 33 46 40 40 
ern and eastern parts of the country. The low-lying Production 27 53 50 50 
regions (less than 1600 ni above sea level) in the (d0003) 
southern and western provinces (Welega, Illubabor, ('000 t 
Gojani, and Gamu Gola) arc also potentially suitable Yield (i hal -) 0.83 1.15 1.25 1.25 
for groundnut cultivation. These regions are high
rainfall areas, receiving over 600 mm during the 
growing seasons, seeds are added to various types of dishes, thus pro-

The current total production area of groundnut in viding agood source of proteins "nd fats. In the East, 
Ethiopia is 40 000 ha, with an average productivity of high quality edible oil is extracted from groundnut 
1.25 t ha (Table I). Both area and productivity have and cakes are zna,"e from the remaining cake as a 
been increasing until 1987 when drought and pricing valuable foodstuff. Shells are also used for fuel and as 
policies affected agricultural production. organic fertilizer in many regions. 

Groundnut is a multipurpose crop in Ethiopia. Besides its superior food value, groundnut pro-
Roasted seeds are directly consumed and crushed vides asource of cash tbr resource-poor farmers. As 

I. Research Officer. Institute o Agricutural Research. P.O. Box 2003. Addis ANNba, Ethiopia. 

Wakjira, Adugna. 1992. Performance of elite groundnut varieties in Elhiopi.i. I'aqes 21-2.1 in Proceedings of the Fifth Regional Groundnt 
Workshop for Southicrn Africa, 9-12 Mar 1992. Liltngwe. Malawi (Nagcswara Raa. R.C.. and Subrhnmanyam, P.. eds.). Patanchertr, A.P. 
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an export crop, groundnut earns badly needed foreign 
currency for the country-over US$ 2 million in 1989 
(Adugna 1991). 

In areas where cereals (primarily maize and sor-
ghum) are cultivated, groundnut is a suitable rotation 
crop that contributes to sustainable agriculture by 
maintaining soil fertility and breaking pest and dis-
ease cycles. 

Since 1976, four varieties have been released, 
These are Shulamith (1976), Nc 4X (1986), Nc 343 
(1986), and ICG 7794 (1988). Crop duration of these 
varieties range., from 130 to 160 days. Their yields are 
5.0-7.0 t ha-' under irrigation and 2.3-5.0 t ha-I under 
rainfed conditions. 

Production cons;traints of groundnut in Ethiopia 
include drought stress, poor cultural practices, insuffi-
cient supplies of improved seeds, insect pests (partic-
ularly termites and boll worms), and leaf spot 
diseases. Inadequate extension services, the lack of 
farm tools and implements, and poor incentives have 
also contributed to poor crop productivity, 

Crop improvement work was initiated in the 
mid-1960s to overcome these problems, with the ma-
jor emphasis on the identification of high-yielding, 
widely adaptable varieties for the major growing 
areas. Present breeding objectives are directed to-
wards developing new cultivars with higher yield, 
more oil content, better shelling percentage, and yi-ld 
stability over seasons and across locations. Short-du
ration varieties for dry and short-season areas are a!so 
desirable, while varieties with resistance to early and 
late leaf spot are needed in the high rainfall regions in 
western Ethiopia. 

Materials and Methods 

Field experiments were conducted in three 
agroecological regions: irrigated, high-rainfall, and 
low-rainfall areas. Through these experiments, Ethio
pian scientists have endeavored, since 1972, to iden
tify varieties with better performance than the local 
landraces. The environmental conditions under which 
the varieties were tested are summarized in Table 2. 
Completely randomized block designs with four repli
cations were used. Before the 1980s, improved vari
eties were introduced from the USA; since then, they 
have come from ICRISAT. 

Experin,.nts were sown between June and July. 
Most farm operations (sowing, cultivating, weeding, 
and harvesting) were done manually. The exceptions 
were plowing and disking, which were done with 
tractors. Single seeds were sown in 2-4 cm deep 
holes, spaced 10 cm apart. Row spacing was 60-80 
cm. In most cases, neither fertilizers nor chemicals 
were applied. In the irrigated sites, 10-12 cm water 
were applied at intervals of 2-3 weeks, depending on 
the weather conditions. 

Results and Discussion 

Irrigated areas 

Pod yield at the four irrigated locations ranged from 
3.5 to 6.5 t ha-' (Table 3). The yields at the irrigated 
locations where cotton is grown commercially by 
state farms were very impressive-sometimes as high 

Table 2.Summary of environmental conditions of groundnut testing siles In Ethiopia. 

Locations 

Melka Ten- Arba Bisi-
Abobo Asossa Didessa Fincha Beles Tedelle werer daho Gode Minch Babile dimo Meiso 

Altitude (m) 530 1550 1200 1530 1200 1670 750 380 315 1400 1650 1450 1600 
Temperature V C) 

Maximum 
Minimum 

35 
18 

30 
14 

30 
15 

28 
t3 

30 
13 

26 
It 

38 
18 

40 
20 

40 
25 

33 
16 

29 
14 

32 
15 

30 
15 

Annual rainfall 
(mm) 

600-
900 

800-
1000 

900-
1300 

600. 
1000 

800-
1000 

900-
1300 

300-
400 

+ Irrig. 

80-
200 

+ Irrig. 

200-
300 

+ Irrig. 

250-
350 

+ Irrig. 

450-
600 

400. 
500 

300
500 

Soil type clay 
loam 

clay sandy 
loam 

sandy 
clay 

clay 
loam 

clay silty 
clay 
loam 

sandy 
loam 

clay 
loam 

clay 
loam 

sandy 
clay 

sandy 
clay 

Verti,,ol 
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Table 3. Mean dry pod yields of elite groundnut 
genotypes in irrigated locations of Ethiopia, 1972-40. 

Locations 
Yield 

(it la-) 

Melkawerer 
(Eastcrn Rift Valley) 

6.0-6.5 

Tendalio (Northeastern 
Rift Valley) 

3.7-4.7 

Gode (Eastern. 
Wabi-Siebele Basin) 

3.5-4.2 

Arba Minch 
(Southern Rift Valley) 

5.0-5.4 

Genoypes 

Shulamith. virg.inia 
bunch. Nc-2 

Virginia bunch. MN 
383. Congo 

Abadir. Dire Dawa. 
Nc-2 

Bamby. Nc-5. 
AK II 

as 8.0 t ha- (Yebio et al. 1986) on experimental plots. 
On tie larger plots, at least half of this amount can be 
realized, mostly from the large-seeded virginia bunch 
types that are usually better yielders than the valen-
cia/spanish types. 

In spite of these high yields, however, tihe state 
farms did not adopt the groundnut cultivation, mainly 
because of policy issues, high labor costs, and lack of 
proper machinery for slmelli lg. sowinl-, cultivation, 
and harvesting operations. Nevertheless, if proper a
ricultural policy prevails for tie private farmns and 
small-scale farmers in these irriLaied zones, erom11d
nut caii undoubtedly become profitable and serve as 
an alternative crop in rotation with cotton. 

High rainfall areas 

Pod yields in the high rainfall areas ranged from 1.7 
tha-' at Asossa to 5.3 t ha-" at Didessa (Table 4). The 

relatively lo, yield at Asossa was attributed to high 
incidence of termites and damage by wild animals. 

All these elite varieties were virginia types (ssp
hypogaea), and while ICG 2518 and ICG 2519 were 
runner types, tile rest were bunch types. ICG 7794 

had superior performance across the three locations 
and was licensed for release in 1988 under the name 
Roba. All these three varieties (ICG 2518, IC 2519, 
and ICG 7794) were introduced from ICRiSAT itt 
1982. 

Low Rainfall Areas 

Babile and Bisidimo sites in eastern Ethiopia. with 

marginal rainfall, represent the main groundnut
growing regions of Ethiopia. Similar varietal perfor
mance was recorded aitKobo and lumera in northern 
Ethiopia (Adugna 1991). 

At Babile and Bisidimo, ICG 2518 and ICG 7794 
yielded on par with local controls, while ICG 273 
yielded signilicantly lower than tile local controls at 
these locations. However, at Meiso, ICRISAT lines 
showed superior performance compared with the lo
cal controls (Table 4. 

The First International Trials 

Four of 36 ICRISAT varieties gave excellent pod 
yields at four locations, exceeding the local control 
(Nc-4X) by 28 to 85% over the 3 years of tests. At the 
irrigated site of Melkawercr. ICGS 69 yielded nearlv 
as much as the control. ICGS 63 and ICGS 65 per
formed well at Babile and Meiso (low-raiilfall sites) 
and also had higher oil percentages (Table 5). These 
genotypes are in the process of release to farmers. 

Table 4. Mean pod yield (t ha-I) of some elite groundnut varieties at high and low rainfall locations in Ethiopia, 1985-90. 

High railnfall locations Low rainfall locations 
Varieties Didessa Fincha Abobo Beles Asossa Babile Bisidimo Meiso 

ICG 273 1.7 1.5 1.1
ICG 2518 -  - - - 2.4 2.1 1.0 
ICG 2519 5.3 4.0 3.3 2.6 2.5 
ICG 7794 4.5 3.6 3.9 2.9 1.7 2.6 2.4 1.I 
Manipinlar 4.2 3.7 3.2 3.9 2.8 
Code 02 2.8 2.7 0.5
Nc 4x (control) 4.8 3.4 2.9 2.6 1.8 2.4 2.6 0.9 
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Table 5. Mean yield and other desirable agronomic characters of the top performed varieties of the some ICRISAT
introduced genotypes in Ethiopia, 1988-90. 

Yield Percentage Oil Shelling Duration 
-Locations Varieties (t ha I) over control (%) (%) (days) 

Melkawerer ICGS 69 6.2 
Tedelle ICGS 84 4.4 
Abobo ICGS 62 3.4 
Babile ICGS 63 2.9 
Meiso ICGS 65 1.4 

Future Research 

The future groundnut improvement program in Ethio- 
pia will focus on five main points. 

" Development of high-yielding, short-duration, and 
drought-tolerant varieties, especially for dry 
areas. 

" Screening for varieties for resistance to early and 
late leaf spot for high rainfall locations. 

* Strengthening extension capability to disseminate 
the available production technologies. 

" Further collaborative research with ICRISAT. 
" Consolidation of the breeding program by ad-

dressing labor and material needs. 
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Discussion 

Syamasonta: 1. How long is the growing season in 
Ethiopia? 2. What is the altitude of the growing 
areas? 3. What types of groundnut are grown: virginia 
or spanish? 

Adugna Wakjira: 1.About 6 months: May to Octo
ber. 2. Below 1600 m above mean sea level. 3. The 
virginia types are most commoniy grown. 

Olorunju: I. How serious is the disease problem in 
your high rainfall regions? 2. Not much was said 
about short-duration varieties: do you grow any for 
the dror ;ht areas? 

Adugna Wakjira: I. Both early and late leaf spots are 
constraints in the high rainfall areas. A study done 
during the mid-1980s showed a yield loss of about 
30% due to these diseases. 2. So far the released 
cultivars, as well as local landraces, are long-duration 
virginia types. ICG 273, with a duration of 100-115 
days, however, is in the pipeline. 
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Groundnut Production and Research in Eastern Kenya 

J.W. Kimwaki and J.W. IrunguI 

Abstract 

Groundnt (Arachis hypogaea L.) cultivation in Kenl'a has remained low despite its suitable 
agroc'cological -ones fil"procction 01 the crop. In i/h'eastern part ty" t cottrv. see.v'tehls 0# 

-
0.50-1.29 tha'were recortl'd between 1984 and 1990.Potentialfir e.\nansion0'/u/tivatio in this 
rtgion is hig'h. The producttioni Sy.te/ c10 r'gional constraints are ih'scrih'/ in this paper. A 
varietal ahlationl trial was conductedt'tc h' t,K'n'va Ag,ricudtural Research Intitute (KARl) at
Einhu Centre in March 199/. rorty-ti co improived ICRISAT ,ri)mIrinlmt varieties and a local cu/tivar 
were sOwnt in a rep/icated trial. Anal'vsi% of the results indic'ated si,,ni/icant /ilf'r'ncl'(T0Cmo 
varieties fil-yie/cl and other characteristics. Yields 0j //l to 2.0 t I/ Iwere achieved. Fuiture 
researchainied ait improvin' the viecl cijiiulav at *,/I-no cre otllined.t ili the r-'..ion 

nesmino
 

Produido e investigaCio de amnendoit na Kenya uriental. 0 ciiltivo de anccloini (Arachis 
hypogoae L.) emnKent ' teim silo pc'rinanentllelehaLvo ipesoIr chcs Silas Zonc/ls (Ir'Oimalohcgicas 
se/en, fiilaiarveis.Na porte oriental o pais c'/ntinieltos c/' ane//ni 0.50 a 1.2 

registathsentre 1984 e' 1990.0 iote/c'ia pc//l a e./nsato (a ar'e/ de cu/ti/o e; 


h'le t haI fiuracn 
alto. Os sistenic/s c/t' 

prodltt'io e os A/ctitc's lini/tc/it's estao cl'scritos ilsete clltio. Oin el/sc/io d' achlc/ti/co c/t' 
I'/rinh/des/'oi c€oicid:iclo /'O ns1/tit//to dc i/l'setigcdo agronomi c/ de Ken 'ca(KARl) no ent/o c/ 
ELnh/n 'it 199/. Qucre/ta c'cl//as varie'/cc/cs(/c, ame/Oint nte/horahs de ICRISAT c' /iniavaridhic/ 
Ioc' 'cllin 'c/cls it/n/Sc'n c'/isc/io c'i/ I'v'ptli.'es. cI cn/cilis' cos c'se5s/ta(/os i//ostro/ it/ /c dit'clvn/.ci 
sigltlicAitica c'ntre c/svarieh/c/s e/'n re/iientoe,cntrs caitctc'risticas. R'ndinientsl/t5 2.0 i iri 

fn-arc atiigichis.Ft'acS i/i 's'sigciq cI (/llc'itcr o re/tdic/llto f' i/l(c'S coll i'7st/ 'lholl I quil//c/dc'
hI limllf~lilil 'stlode'litl
'elils.
 

Introduction Apart from its use as an oilseed, groundnut is also 
beneficial to the farmers when totaled with cereals inGrouidnut cultivation in Kenya is small compared dry and irrigated larming systems, as it contributes to 

with that of other crops. Most of the produce is used soil enrichment and nitrogen econoly. Also, the 
locally for conf(ectionery, but the potential for oil ex- dried or I'resh haumis and oilcake are good animal 
traction is high. If this potential could be fuily cx- fodder and conceitrate (Singh and Rulto 1991).
ploited, the coutlry would be relieved of' the heavy Groundnut production is mainly concentrated in 
import costs presently incurred for vegelable oil. It is warm, humid areas, parlicularly atonlg the coastal and 
estimated that the country is spending in excess ofI lake regions (Western and Nvanza Provinces). There 
Ksh 2 billion annually to import vegetable oil. The are. however, scattered pockets of production in the 
quantity imported represents about 801/ of the na- RiIt Valley and Eastern Provinces. 
tional requirement (Minislry of Agriculture 1988). 

I. Re scarch&Scnioii.da Arccorlclims. KecnvaA'rukultural Rcecrch tcsfitutc. P.O. 1tcc27. ti'tu. Ken',a. 
Kinv aki. .WI.. tncc ad researcth iiiditrungu. ,I.W. I)1)2. (rotmirprcluclion Kenau. 25-28 in Proccecdings cca,,ern ',cg'es cthe FillhRegional
(Gr hccclcrn 9.- 2 Mar I192. Iihcce.Mtlchii Na;tcdui Workshop forS Africa. igesvcara eds.). t.). .ci Rao. R.C.. ;d Sutrt;mm) . tR.. c tli 
A.. 512 324. Crop, Rc,.;rch ithe"FL.ci-Arid"trcpics.Idia: Intlernatiold hisiiume ir 
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In the Western, Nyaza, and Rift Valley Provinces, 
groundnut is mostly grown below 1500 m above mean 
sea level (msl) with annual mean temperatures of 
21-24"C. On the coast, the crop is grown at much 
lower altitudes (less than 400 m),with temperatures 
of 24-27"C. 

Production Practices in Eastern Kenya 

In the eastern region, groundnut is mainly grown in 
the marginal cotton zone (LM4) and the lower mid-
land livestock-millet zone (LM5) of Meru District. 
These zones are found between 710 and 1280 ii above 
msl with amean annual temperature of 21-24"C and a 
mean annual rainfall of 1000 mnm for LM4 and 800 
mm for LM5. Rainfall occurs during the October-
December period (tong rains) and the March-May 
period (short rains). 

The crop is mainly grown in small holdings bet
ween 0.5 and 1.0 ha,usually in pure stands, but some 
farmers intercrop it with crops like maize (Zeama'ys), 

sorghum (Sorghlun bicolor), cassava (Manihot es-
ciilh'nta), sunflower (Helianthius a1n1s), or cotton 

(Gosslpinin hisutwn). It is grown durig both the 
long and short rains. It is sown in October and har-
vested in February in the long-rain season; and during 
the short-,ain season it is sown in March and har-
vested in July. Singie-plowing is done in the month 
preceding the sowing, 

Farmers grow their own seeds of local varieties 
(e.g., Ex-Mcru) to which they apply no fertilizer at 
sowing time. The crop is sown in rows, 1-2 seeds per 

at a spacing of 45 x 7 ci. A few farmers spray 
foliar fertilizer twice aseason. Hand hoes are used for 
weeding two to three times each season. Harvesting, 
threshing, and shelling are done manually. The local 
variety has seed yields ranging beiween 0.5 and 1.29 t 
ha-i and seed size of about 45 gi 100-seed mass. The 
produce is sold at Ksh 7 k&-1 to stores in Meru town, 
about 50 km from tile 

hill 


farnis. 
The most common diseases are leaf spot (Cer-

cospora urachidicola) and root rot; while cutworms, 
bollworms, termites. and squirrels are the major 
pests. 

Production Constraints 

* 	 Seed acquisition is a major constraint to produc-
tion because there are no groundnut seed agents in 
the country. Improved cultivars that would proba-

bly be higher-yielding and resistant to diseases 
and pests Lre unknown. 

• Because the local variety takes 5 months to ma
ture, it always suffers when drought occurs. 

* 	 The tillage method used in this region (plowing 
with oxen) limits the cultivated area to small man
ageable plots. 

* 	 There is general lack of knowledge of appropriate 
technologies among the farmers. 

• Labor-intensive manual farm and postharvest op
erations limit the area under cultivation. 

* 	 The marketing infrastructure for the crop is made
quate. Farmers must transport their produce long 
distances on public transport. fhe low production 
could be a major cause of this problem. Also, the 
prices offered for the produce are quite discourag
ing to the growers. 

Present Research Focus and Preliminary 
Varietal Trials 

The area under cultivation is presently estimated at 
1080 ha (Ministry of Agricu.ture 1990) and consider
able scope to extend it exists. Our research focus is to 
extend this area and to maximize production. The 
strategy is to identify potential areas in both tradi
tional and new zones and to introduce improved vari
eties best adapted for the specific agroecological 
zones. Potential areas inLM4 and LM5 zones of 
Enibu district have been identified in close collabora
tion with ICRISAT, our major source of gcriiplasm. 

To initiate the work, a preliminary varietal trial 
including 42 ICRISAT grcundnut varieties and one 
local cultivar was conducted at KARl's Regional Re
search Centre. Embu, in March 1991. Embu is situated 
at latitude 0° 30' S and longitude 37" 27'E in the 
upper midlald subhiumid zone, the main coffee zone 
(Jaetzold and Schmiidt 1983). It stands at 1470 m 

above mnsl with a mean annual maximum temperature 
of 26"C and amininum of 14*C. 

The area has bimodal rainfall with annual average 
rainfall of 1081 mm. The rainy seasons occur from 
March to May (long rains) and from October to De
ceiiber (short rains). The average rainfall during the 
long rains is 340 tni, and that of the short rains is 
240 mii. The soils o"the area are well drained, very 
deep, dark reddish brown, friable clay, and classilied 
as Eutric Nitosols. 

The 43 entries were sown in a randomized com
plete block design oii 27 Mar 1991. Two replications 
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'rable I. Performance of ICRISAT groundnut varieties at the Regional Research Centre. Embu, 1991. 

Entry Variety 
Seed yield 

(t ha-1) 
Shelling 

(%) 
100- seed 
mass (g) 

Disease 
incidence' (%) 

I ICGV-SM 86708 0.93 59 104 29.0 
2 tCGV-SM 86720 1.38 53 86.5 7.5 
3 ICGV-SM 86725 0.71 63 95 28.0 
4 ICGV-SM 86734 1.01 50 79.5 18.0 
5 ICGV-SM 86737 0.54 44 74.0 12.0 
6 
7 

ICGV-SM 86743 
ICGV-SM 87723 

0.30 
1.22 

44 
49 

66 
75 

25.0 
13.0 

8 ICGV-SM 87798 0.82 54 74 19.0 
9 ICGV-Si,- 87805 1.41 54 80.5 8.0 

10 Control Ex-Meru 1.85 67 44.5 6.0 
II 
12 

ICGV-SM 88710 
ICGV-SM 88711 

0.67 
0.37 

46 
56 

63 
67.5 

11.0 
20.0 

13 ICGV-SM 86584 1.01 64 77 12.0 
14 
15 
16 

ICGV-SM 86726 
ICGV-SM 88701 
ICGV-SM 88737 

0.37 
0.26 
0.75 

53 
48 
47 

74.5 
71.5 
67.0 

17., 
20.0 
5.0 

17 ICGV-SM 8 ,757 0.32 58 80.5 16.0 
18 ICGV-SM 89742 1.40 57 85.5 22.0 
19 ICGV-SM 89744 0.93 62 81.0 2.0 

20 ICGV-SM 89749 0.40 58 75.5 19.0 
21 ICGV-SM 89778 0.69 39 82.0 16.0 
22 ICGV-SM 284 1.10 39 51.5 19.0 
23 ICGV-SM 285 2.02 56 52.0 13.0 
24 ICGV-SM 286 1.57 44 59.0 12.0 
25 ICGV-SM 550 1.98 49 91.5 1.5 
26 ICGV-SIM 554 1.01 38 79.5 0.7 
27 
28 

ICGV-SM 83005 
ICGV-SM 83011 

1.38 
1.52 

57 
55 

75.5 
67.0 

2.0 
1.5 

29 ICGV-SM 83030 0.55 56 62.5 0.7 
30 ICGV-SM 85038 1.28 55 96.0 2.0 
31 ICGV-SM 86051 2.38 61 88.5 1.5 
32 ICGV-SM 85048 1.53 56 62.5 7.0 
33 ICGV-SM 85055 0.48 47 82.5 12.0 
34 ICGV-SM 86004 1.97 50 75.5 8.0 
35 ICGV-SM 86022 1.64 44 76.5 19.0 
36 ICGV-SM 86068 1.60 51 61.5 0.7 
37 ICGV-SM 87019 0.53 62 80.5 4.0 
38 ICGV-SM 87039 2.13 61 61.5 4.0 
39 ICGV-SM 87050 0.69 49 52.5 16.0 
40 ICGV-SM 87053 0.53 70 55.5 19.0 
41 ICGV-SM 87064 2.62 70 58.5 17.0 
42 ICGV-SM 87082 0.84 59 62.5 21.0 
43 ICGV-SM 86061 0.85 58 75.0 7.0 

Trial mean 1.10 53.8 72.8 

SE ±0.42 ±69 ±5.7 

CV (%) 53.8 18.1 11.1 

I. S,:Ierotinia blight. 
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were made to determine the best adapted varieties for 
eastern Kenya. Each plot had two rows of 34 plants 
spaced at 15 cm intrarow and 40 cm interrow. Triple 
Super Phosphate fertilizer (100 kg ha-') was used at 
sowing, and hand weeding was done twice. 

Significant yield differences (P<0.05) were re-
corded among varieties with ICGV-SM 87064 (span-
ish type) yielding the highest (Table 1). This variety's 
yield, though not significantly different from that of 
the local variety (Ex-Meru), was 41% higher. Spanish 
varieties generally performed better than other types 
with six among the 10 highest in yield. Among valencia 
types, ICGV-SM 285 and ICGV-SM 550 performed 
well. Hundred-seed mass differed significantly 
(P<0.05) among the varieties. ICGV-SM 86708 
weighed 104 g, while the local variety weighed the 
least (44.5 g). 

There was high incidence of Sclerotinia blight in 
this trial, resulting in low plant stand at harvest and 
low yields in most entries. Excessively wet conditions 
persisted during harvesting, resulting in harvest de-
lays and reduced yields. Yields in this trial, however, 
indicated that production of more than 2.6 t ha-' can 
be achieved with improved varieties and good 
managerment.

Twenty entries were retained for further evalua-tio n. 

Future Research Programs 

Introduction of improved varieties will be continued. 
Varietal adaptation trials will be conducted in several 
sites of the potential agroectlogical zones. 

Most agronomic recommendations are general and 
were developed elsewhere in the country. The pro
gram will therefore be geared towards developing 
efficient low-input agronomic packages specific to 
differe t agroecological zones. These will then be 
disseminated to farmers through extension officers 
and other appropriate channels. 

Lack of certified seed is a major constraint of 
production in Kenya. A sound seed multiplication 
program will therefore be initiated to ensure avail-
ability of good quality seed at the right time and 
place. 

As previously indicated, groundnut production in 
the region is undertaken by resource-poor farmers 
who use hoes and other hand implements for farm 
operations, harvesting, and shelling. Joint efforts with 

the engineering department of the Ministry of Agri
culture will help to improve farm tools to eae the 
farmers' work. This will improve the efficiency of 
production and reduce cost of production. 

Periodic surveys for production constraints will be 
conducted to help identify farmers' problems. Re
search should then be directed to remove these con
straints, increase productivity, and sustain production. 

When production increases, the marketing struc
ture will improve as the buying agents will have the 
courage to go out to the lields and collect the produce 
themselves. There is, however, need for increased 
prices in order to stimulate interest among growers to 
increase production. 
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Discussion 

Chiteka: In Zimbabwe, sclerotinia blight presents 
problems during very wet seasons and on irrigated 
crops. What is the rainfall in the areas of Kenya 
where sclerotinia is a problem? 

Kimwaki: The region receives an average of 1081 min 
year' and about 240 mm during the short rainy sea
son. This amount of rainfall is quite high, hence the 
development sclerotinia blight. 
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Groundnut Agronomy Research in Malawi: 
Past Achievements and Future Priorities 

N.E. NyirendaI, T.J. Cusack 2, and V.W. Saka 3 

Abstract 

Since the 1940s.groundnt ag'ronomyt*vresearchin Malawi ha"cdeterminedthe apropriatetypes and
levels of a wide range of citltiralpractices intendedfio sinallohh'rswit/i recomnended c/ltivars.
These findings, where alpropriate. have hecone standardfiuin practice. The), have been incor7)o
rated into the national extension handhook and used by/a,ricu/lural aidministratorsto set credit
guide/ine's and other policies. Groundnts are cOrent/l raiked fnirth in national commodity
research hqortance,with itan estimated priority weighting 09%J" c 'total researczh resources. This 
weighting com/pares with an actucalresource usage of 7%. Agronmy is given a weighting of 20% oj
the total resources used in grounttisresearc-h, coliparedwith 14% actualusage. Within ground
nut agronomv, the hig/hest priortY research categorV is titc evahtation o lbreeders' varietiesfir 
yield adaptation ad "pops". 

Resunio 

In vestigaqdo agrondmiicade atnendoin enmMalawi Anterioressucessos e prioridadesde investi
ga'do.Desde 1940 a ilvestiga -coagronoinica ce anendoint en Malawi ten detferminado niveis
clpropriados e 1ita /cist tgc/aa c/c' pratica.%c/lturaisrcconc'davcis paraos peqi'nosagricdtores.
Estes restultados c'ran apropriados. omqc'ar'an a scr unia pratica pado (standard) para c'ste's 
c,ricidtores. T'nt sido iicorporalo no ,n taciciional (c extensdo c'usado peos ac/ministradores
dc c'-'icu ltii' /)c('W /l'assar Ihhas c' c /r&litosent out/'os Itgcr'es. 0 tnmn'/icoi, autmcton t qat'o
'e':es c S/ttl poridahc na ii/ll'stigaj-'o cooi atm peso priorita'io e'Aittdo c'// 9% do total dos 

recusos.Este peso conpara se ci)iti 7% do itso acttaldos re'cuisos. Agronoinia c;dado iti peso de20% do total cos rc'tursos itscdos i/a investigiq'o tie a/nendoin comparado com 14% do itso
actucal. Dentro c/c' agronoin tic , ac endoin, ci inais alta categoriac/e prioridade de investigaqdo c a
clcliadtco cus variedades reprodtuctoraspara adaptacoc'consistencia de vagens. 

Introduction its fourth most important export crop. National policy 
objectives are to increase groundnut production,Groundnuts are important Ior smallholder agriculture mainly through increases in yield. It is felt that in

and for the national diet in Malawi. They contribute creased output will:
signilicantly to dietary requirements in most parts of * reduce import requirements for edible oils;
the country and provide more than 25% 
 of all small- * increase exports of confectionery nuts;
holder cash income. Groundnut accou,nts for approx- * improve the quality of smallholder diets; andimately half of Malawi's supply of edible oils and is • signilicantly improve smallholder cash income. 

1. Groundnut Commodity Team Leader. Chitedie Agricuhural Research Station. t.O. t3o 158. Lilongwe, Malawi.
2. Ecotnomist. Chitedze Agricuiural Research Station. P.O. /ox 158, lilto//to . Malawi.
3. Associate t'ro/issor act tleiad. Crop Production Department. Bunda College of Agricu/ltre. '.O. Box 219, Lilongwe. Malawi. 
Nirenda. N.E.. Cusack, "lJ.,and Saka, V.W. 1992. Grotr/dan aironomy re ,arch in Mala,,i:past achicvemen/s and future priorities. Pages29-33 in Proceedings .lihe Fifth Regional Groundhu Workshop lor Southerni Africa. 9-12 Mar 1992. Lilontgwe. Malawi (Nageswara Rao. R.C..and Subihntanyarn. P. eds.). Patancheru. A.P. 5102324. India: International Crops Research Institute lor he Semi-Arid Tropics. 
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Groundnut production, however, has declined 1.Crop rotations 
from 80 000 t shelled nuts equivalent in the 
mid-1980s to 20 000 t at present, due primarily to Low soil nitrogen is a major limiting factor in most 
seed shortages and the erosion of profitability of soils. When groundnut follows awell-fertilized maize 
groundnuts compared with other principal crops. or tobacco crop, it benefits from the residual nitrogen 
Nonetheless, groundnut research has recorded signifi- fertilizer (Brown 1965). 
cant achievements, and continues to enjoy high prior- On deep ferruginous soil:s, groundnuts tend to suf
ity within the overall agricultural research program. fer less setback than unfertilized maize or tobacco, 

The material presented in this report is taken front when sown after aplowed-out Rhodes grass Icy. 
a research planning exercise presently being imple- On higher ferallitic soils with marked sulphur and 
mented by the Groundnuts Commodity Research nitrogen deliciency, application of gypsum increases 
Te-am. Tho riilfk of this exercise will be written up groundnut yields; otherwise, groundnuts should be 
as an "Action Plan" in late 1992. The material for the sown after a crop of maize or tobacco that has had a 
achievements section of this report was obtained pri- moderate dressing of sulphate of ammonia or single 
marily from recent Annual Research Reports by the superphosphate. 
Groundnut Commodity Team (Groundnut Commod- The maximum safe frequency of a cropping sys
ity Team 1991), while the priorities section is based tern that includes groundnut in a rotation was found to 
primarily on a comprehensive departmental report be I year in 3 at Chitedze. 
which established research priorities and proposed 
resource allocations to research for 1991-95 (Depart
ment of Agricultural Research 1991). 2. Fertilizers 

The elimination of "pops" through soil fertility
Achievements changes has not yet been found possible; however, on 

ferallitic soils, both gypsum and calcitic limes, either 
Groundnut research in Malawi is currently conducted incorporated into the soil before sowing or applied at 
by a multidisciplinary research team called the the pegging stage, have resulted in sonic reduction in 
Groundnuts Connodity Research Team, based at "pops". and in increased shelling percentage arid seed 
Chitedze Agricultural Research Station. The team yield. 
consists of one pathologist, two breeders, and two Preliminary results show that incorporation ol po
agronomists. This core team undertakes its own re- tassium sulphate into the soil at sowing can increase 
search, and simultaneously cooperates with other re- shelling percentage by up to 10%. 
search teams investigating aspects such as adaptation, Although yiei responses to fertilizers were sub
farm machinery, economics, and fariing systems stuntial in sone cases, responses to potassium sulp
research. hate, sulphate of anmonia, urea, and phosphorus 

Overall constraints to groundnut production in were generally low and inconsistent (Brown 1965). 
Malawi are: 

" use of low-yielding varieties,
 
" a narrow germplasm base; 3. Plant configuration and population
 
" inferior cultural techniques;
 
" the prevalence of early leaf spot and rosette dis- Under good manLgernent conditions, optimal plant
 

eases (Subrahmanyam 1983); and population was 60 L100-90 000 plants ha- I for all rec
" extended dry spells within the growing season. onimended varieties at 90 cm between ridges, and a 

-population of I11000 plants lia at 60 cm between 
Agronomists are charged with the development of ridges. The exception was the variety Malimba, 

appropriate cultural practices for groundnut cultivars which had an optimal population of 120 000-140 000 
-in the major groundnut-growing areas of Malawi. plants ha I at 90 cm between ridges. 

Nine agronomic research thrusts (listed below) have Sowing a single seed per hill results in slightly 
been incorporated into the Extension Handbook (De- lower yield than sowing two seeds per hill (Brown 
partment of Agriculture 1991). Farmers have widely 1965); however, no significant difference in yield was 
adopted the applicable technologies, many of which ebtained for the variety Chalinbana using one or two 
have become standard farming practices throughout seeds per hill (on one or two rows per ridge at either 
the country. 70 ci or 90 cm b-Lween ridges. 
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Although 60 and 75 cm distances between ridges 
produced superior quality seeds from both runner and 
semi-bunch groundnuts-as opposed to 90 cmr-the op-
timal configuration for farmers is 90 cm combined 
with interplant spacing of 15 cm (10 cm for Malimba) 
and one seed per hill. The 90 cm spacing, rather than 
60 cm or 75 cm. is chosen for convenience to farmers 
since most use the 90 cm ridge spacing for their 
maize. 

4. Time of sowing 

The optimal time for sowing cultivars in Malawi isat 
the onset of the rains, or as soon as possible thereaf-
ter. For example, using Chalimbana, late sowing (i.e.,
1-3 weeks after the onset of the rains) resulted in 
20-50% yield losses, 

5. Weed control 

The critical period at which Chalimabana yield and 
quality is affected by weed competition is 30-50 days
after emergence (Chiyembekeza and Sibale 1986).
This period coincides with peak flowering and pod-
set. 

Initial weeding is better if done not more than 5
wc_ks after sowin.w rFor all the recommended round
nut varieties in Malawi, the critical weeding time falls 
35-45 days after crop emergence. 

Studies at Chitedze have shown that by 45 days 
after emergence of groundnuts, almost all the major
weeds (Nicaudra spp, El'usine indica, and Com,-
melina spp) tend to outgrow the groundnul crop and 
restrict the canopy. Yield losses of"40% resuied were 
recorded when weeding was delayed by 35 days for 
variety Chalimbana, by 32% for Mani Pintar, by 20% 
for Mawanga, and by 45% for Malinba. Malimba 
was the most sensitive to weed competition. 

6. Diseases 

Fungicide applications to control leaf spots and rust 
were effective, particularly in high altitude areas; 
however, use of these fungicides by farmers was rare 
due to the high prices prevailing between 1986 and 
1991 (Mwenda and Cusack 1987 and 1988, Kisyombe 
1987). 

Cultural practices such as early sowing, close 
spacing, and maintenance of optimal plant stand re-
duccd the incidence of rosette disease. RGI, a rosette-

resistant cull;var developed in Malawi, was sue
cesfully established as a recommended variety in 
rosette-susceptible areas. 

7. Har'esting 

Under adequate rainfall over a 4-month period, Red 
Valencia must be lifted at 90-100 days for optimal
yield, after which sprouting in the pod and damage to 
the pegs occurred. With dormant varieties such as 
Mwitunde, date of lifting is not so critical, although at 
least 130 days growth should be allowed and the 
plants must be lifted before the stems turn black at 
about 160 days. 

In the hotter and drier climates of the medium and 
lower altitude areas, nondormant short-duration vari
eties cal mature in about 120 days, and must soon 
thereafter be lifted before the stems die and the pegs 
become weak, resulting in significant yield loss. Sim
ilarly, long-duration dormant varieties are best left for 
140-I50 days before lifting. 

8. Labor requirements 

It is estimated that an average hand-cultivated crop
(hoed twice and weeded once), yielding 0.8 t ha-' 
shelled nuts, requires 80-100 person days of labor 

delivering unshelled nuts to a 
sore). 

Onl a per task basis, using I person (lay, 0.04 hacan be sown, 0.04-0.06 ha can be hoe-weeded,
 
0.04-0.08 ha can be hand-pulled of large weeds, 0.06
 
ha can be hoe-liftcd, 22.7-27.3 kg unshelled nuts can
 
be hand-stripped, 45.5 kg nuts can be shelled using a
 
hand-operated shelling machine, and 4.5 kg shelled
 
nuts can he hand-shelled (Brown 1965). 

9. Intercropping 

Groundnut yields are reduced by 56-70% compared 
with sole crop yields when groundnuts are mixed 
with maize. The taller maize crop develops more rap
idly and maintains a competitive advantage over the 
slower-growing and shorter groundnut crop. The 
maize itself does not suffer any yield loss. 

In groundnut/maize inercropping, Mani Pintar 
outyields Chalimbana, RGI, SAC 58, and Malimba 
(Edje 1981). 
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Priorities 

Groundnuts are presently ranked tourth iii national 
commodity research importance behind maize, roots 
and tubers, and livestock, but ahead of other grain 
legumes and cotton (Department of Agricultural Re-
search 1991). In terms of use of resources, as a, pro-
portion of total research resources, groundnut is giveil 

aweighting of 9%. 2% less than the present allocation 
to groundnuts (7%). Actual resource allocations to 
groundnuts have varied between 5 and 10% in recent 
years, and it is expected that current allocations will 
increase to almost 10% following the return of three 
professionals in late 1992 (after training abroad). 

Within the groundnut commodity research team, 
overall priorities have been indicated (Department of 
Agricultural Research 1991) (Table I). The groundnut 
team is responible for research in breeding, agron
omy, and pl:m, protection, which together are given a 
weighting of 60%, with breeding being given the 
largest individuai research area weighting. The other 
research disciplines are given 40% of the total 
weighting. In terms of total resources used, breeding 
presently attracts 50% of all funding, with agronomy 
in second place with 14%. Other research areas ap-
pear to be similarly underfunded. However, the pat-
tern of resource allocation corresponds to the 
established priorities. 

Table 1: Research priorities and resource use for 
groundnut.' 

1990/91 
Actual total 

Priority 1990/91 resourcesusedweightingweighting 
Research area (%) (%) (Kwa1ma) 

Breeding 30 50 262 006 
Agronomy 20 14 74 859 
Plant protection 10 7 37 429 
Irrigation/drainage 5 7 36 707 
Farm machinery 10 9 45 908 

5 1 4 601Agroforestry 
Adaptive research 10 3 14 867 
Crop storage I I 3 270 
Soils 3 4 22 691 
Sociocconomics/statistics 5 3 16 990 
Food science/ 
postharvest 1 1 3 270 
Total 100 100 522 598 

1. This (able excludes resources used to provide direct ser
vices to farmers through extension, such as implementa-
tion of the smallholder groundnut seed production 
scheme. 

Within groundnut agronomy, preliminary esti
mates of research priorities were ranked in accor
dance with the expected extent that a given proposal, 
if successfully researched, would result in production 
increases by farmers (see Department of Agricultural 
Research iY9i, Section 2, for a details of the ranking 
criteria). The core activity of evaluating breeders' 
varieties for yield adaptation and resistance to "pops" 
is given highest priority, and the detailed review of 
past fertilizer work, intercropping, and rotation are 
given intermediate priority. It should be noted that 
these are preliminary indicators of research impor
tance which will be modilied during the writing of 
the Action Plan. 
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Discussion 

Williams: I'm concerned about the retention of 90 
cm ridges. This must result in yield limited by light 

interception. Can't this system be modilied to allow 
higher population to increase yield? What about 
growing on the flat, or making furrows at 90 cin rather 
than ridges, or having two rows per ridge? Ideally,radiation interception should be complete either at 
flowering or shortly after that stage. 

Nyirenda: Past research on variety Chalimbanay r n : P st e e a c o n v ity C a i b a
showed that sowing onl one 
or two rows per ridge of
 
either 0.68 m or 0.91 m distance between ridges re
suits in yields that are not significantly different.
 

Singa" Ridge sowing in Malawi is a blanket recom
mendation to conserve soil. In practice, farmers find 
it easier to sow on ridges when rotating crops, as most ., maize) do well at 90c spacing. echacrp .gmie)dwlla90msain.M hnization mnkes this job easier. Recent research has 
made specili: recommendations as to where lat sow-

Chiteka: Why is the variety Mawanga difficult to 
store under farmers' conditions? 

Cusack: Farmers responded that Mawanga was diffi
cult to store because of its high oil content. 
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Groundnut Production and Research in Namibia 

D.J.M. Marais' 

Abstract 

Namibia is a dry country with a national rainfall average of less than 380 mm year'. Associated 
with this low rainfall is an average annual evaporation rate of 2300 mm and a daily rare of 15 mm 
during the groundnut-growing season. A majority of groundnut production is located in the North
east of the country where rainfall averages more than 500 nm year'. Cultivation is conducted 
primarily by commercial farmers. A small amount of groundnut is grown in irrigated areas such as 
the Kardap Scheme in the South. Maize (23 000 ha) and millet (more than 5000 ha) are Namibia's 
prinaty crops. Approximately 4500 ha ofgroundnut are grown. This paper describes the produc
tion inputs and agronomic practices used by farmers. 

Resumo 

Namibia: investigaqdo e produqfo de amendoim. Namibia e um pais seco corn mdia anual de 
precipitaf'o inferior a 380 mn. Associado a esta baixa principita§'do tern tra media anual de 
evaporaj-do de 2300 mm e ura mdia didria de evaporafdo de 15 mm durante o periodo de 
crescimento, a maior prodiq'do de amendoim f,ita no nordeste do pais onde a precipita 'domedia 
9 superior a 500 mm por aro. 0 cultivo de amendoinim efeito por agricultores comerciais. Pequena 
quantidade de anendoimn j cultivada has zonas de regadios como kardap scheme no sul. Milho 
(2300 ha) e mroeira mais que (5000 ha) sdo culturas primdrias de Namibia. Amendoim 9 
cultivada numa area de 4500 ha aproxinadamonte. Este artigo descreve os "inputs" de produtdo e 
as praticas agron6micas dos agricultores. 

Production 	 substantial fertilizer inputs. Sowing is done between 
20 November and 15 December. 

In Namibia, groundnut is mainly produced be com
mercial farmers. Seed is not produced in the country, 
with most farmers obtaining seed from South Africa. 	 Plant population 

Average plant density is 150 000 plants ha-'. Plants 

are sown in 90-cm rows with approximately 7.5 cmSoil preparation 
between plants. 

Before sowing, the soil is plowed to a depth of 20-25 
cm in order to bury debris from the previous crop 	 Weed and pest control 
(generally maize). After plowing, the seedbed is pre
pared. Normally, no fertilizer is applied because: 	 Weeds are contro!led both chemically and manually. 
groundnut is sown following maize, which deceives 	 Although chemicals are usually employed to control 

I. Senior Research Ofticer, Department of Agriculture and Rural Development, P.O. Box 788,Grootfontein, Namibia. 

Marais,D.J.M. 1992. Groundnut production and research inNamibia. Pages 35-37 inProceedings of the Fifth Regional Groundnut Workshop 
for Southern Africa, 9-12 Mar 1992, Lilongwe. Ma!awi (Nageswara Rao, R.C., and Subrahmanyam, P.,eds.). Patancheru, AP.502 324, India: 
International Crops Research Institutefor the Semi-Arid Tropics, 
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pests and diseases, primarily on commercial farms, 
smallholdcr farmers rely on crop rotations to reduce 
pests anod diseases to tolcrable levels. 

Harvesting 

Groundnut is generally harvested manually, with pod 
yields averaging 0.8-0.9 t ha-'. 

Constraints 

There are live main constraints to groundnut produc-
tion in Namibia. 

1. 	 Low rainfall. 
2. 	 The preference of maize production over that of 

groundnut. 
3. 	 Smallholders' access to seed is restricted because 

of underdeveloped extension services in many 
rural areas. 

4. 	 Acid soils. 
5. 	 Draft animals are often weak at the start of the 

growing season (attributed to long dry season), 
which results in delayed land preparation and 
sowing. 

Research 

1990/91 growing season 

The Regional Groundnut Variety Trials were sown at 

Malanene and Mthomst Research Stations. All ge
notypes sown were spanish types. Sowing details are 
shown in Table I. 

Table 1. Groundnut trials sown at two sites in Namibia,
1990/91. 

Maianene Mtholnst 

Altitude 	 1100 m 1500 rn 
Sowing date 17 Jan 8 Jan
Spacing: row 7.5 cm 90 cin 
Spacing: plants 20 cm 20 cin 
Rain before sowing 25 mm 122 mm 
Rain after sowing 384 mm 165 nim 

1991/92 season 

Two trials were sown at Mahanene and Mthomst Re-
search Stations. 

1. 	 1991/92 SADCC Regional Variety Trial 

2. 	 Fourth International Early Groundnut Variety 
Trial 
An additional trial was sown at Mahanene Re

search Station. This trial consisted of 18 segregating 
populations from crosses bred for short duration (har
vest at 85 days) and dormancy. 

In 	addition, 12 cultivars from South Africa were 
sown at Sonop Research Station, northeast of Grootfon
tein in the middle of the groundnut production area. 

Future Research 
Because Namibia is acountry where drought stress is 

common, it is important that agricultural researchers 
focus on this constraint. Three basic activities are 
envisioned in future groundnut work in Namibia. 
1. 	 Plant population trials. 
2. 	 Crop rotation trials with I fallow year for conser

vation of moisture and 2 years of sole cropping 
groundnuts, then maize. The idea is to increase 
residual moisture. 

3. 	 Development of cultivars with drought tolerance. 

It is important to undertake farming systems re

search to help smallholder farmers increase their 
manaaement skills. Although production by smallholders is pcsently very low, through the introduc
tion of improved methods and management techniques it is possible to increase groundnut production 
in Namibia by 100%. 

Discussion 
Nageswara Rao: 1.What is the extent of acid soils in 
Namibia? 2. Is there any ongoing research on acid 
soils? 3. Are groundnuts grown on acid soils now? 4. 

If not, what are the crops now being sown on the acid 
soils? 

Marais: 1. Mainly in the northeastern area in sandy
soils with high rainfall. 2. No such research is being
done at present, although it is planned in future. 3. 

No. 4. Millets. 

Cusack: 1. What is the difference between "commer
cial" and "small" farmers? 2. What are the constraints 
to small farmers in trying to increase groundnut pro
duction? Specifically, why haven't the large increases 
in production enjoyed by commercial farmers been 
shared by the small farmers? 

36 



Marais: 1.Commercial farmers cultivate groundnut 
purely as acash crop. Small farmers grow it for their 
own consumption first, and then as acash crop. 2. The 
main constraint is the extreme distance from the farm 
to markets. Because groundnut is still grown as a 
subsistence crop by the small farmers, and is there
fore consumed at home, large production increases 
have not yet occurred. The first step is to improve
management. 

Olorunju: 1. What is the proportion of small farmers 
to commercial farmers in Namibia? 2. Groundnut is 
grown once in 3 years. In the year that the crop is 
sown, do the farmers ignore the maize crop, i.e., do 
they use a rotation system? 

Marais: I. The overall small:commercial farmer fig
ure is 10:1, but in groundnut production the figure is 
1:1. 2. Fie farmers don't ignore the maize crop, they 
sow groundnut and maize in rotation. 

Ndunguru: From your presetation, it appears that 
the constraints in Namibia are very similar to the ones
in the Sahel. Resources permitting, I suggest Nami
bian participation in the Regional Workshop at Oua
gadougou, 14-17 September 1992, as well as the 
development of linkages between ICRISAT Sahelian 
Center and Namibia. 
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Groundnut Breeding in Nigeria: Past and Present
 
Achievements
 

P.E. Olorunju and S.M. Misari' 

Abstract 

This paper discusses the groundnut breeding efforts in Nigeria, where the crop is a major staple
Jbod as well as a cash crop. It covers the histor' of groundnut cultivation in that country fron 1928 
to the present, describes the breeding achievements, and suggests the natrt... .fJijture work. 

Resumo 

Reproduqdo de amendoin na Nigeria ixitos do passado e do presente. Este artigo discute os 
esfor-os ina reprodutq'o de amendoim ent Nigria, onde esta cidtura e alimnento bdsico assin como 
Lultttra comerical. Cobre a historia de cultivo de anendoini neste pais desde 1928 ati! ao presente ,
descreve os cx'itos da prodiqiCao ea nature:a dofiituro trabalho. 

Introduction 

Groundnut (Arachis h)Vogaea L.) is an impoitant 
crop in Nigeria as it constitutes a principal source of 
protein and dietary oil for both subsistance farmers 
and urban dwellers. It also provides a significant 
source of cash income through sale of seeds, ground
nut cake, dietary oil, and haulms. In Nigeria, 0.8-1.2 
million ha are sown to groundnut each year with 
yields ranging from 0.8 to 2.5 tha-1. 

Between 1956 and 1967, groundnut products, in-
cluding cake and oil, accounted for some 70% of total 
Nigcrian export earnings, making it the country's 
most valuable single export crop. The drought years 
of the early 1970s, the unprecedented epidemic of 
groundnut rosette in 1975, and the increasing preva-
lence of rust disease combined with infection by leaf 
spot diseases that occur every year resulted in the 
considerable decline of groundnut production after 
1967 (Alabi et al. 1990). The focus of research since 
then has therefore been on crop improvement. This 
paper reviews the breeding work that has been done 
and highlights current breeding activities, achieve-
ments, and future prospects. 

Breeding Objectives and Program 

The breeding program in Nigeria dates as far back as 
1928 (Harkness 1977). Long-term and short-term 
breeding objectives include developing genotypes 
that I-ae the following attributes: 

• high yield with good agronomic characteristics; 

e different season lengths for the various ecological 
zones: 

e drought tolerance for the Sahelian and Sudanian 
Zones; 

e high nutritional quality; and 
e pest and disease resistance. 

Crosses were made in Nigeria using introductions 
from America, Asia, and Africa. These crosses were 
followed by single plant selections during the early 
segregating generations and by bulk selections in ad
vanced generations. Material emanating from these 
crosses plus introductions were tested for yield, qual
ity disease resistance, and other traits such as crop 
duration and seed dormancy. Promising lines from 
preliminary trials were tested in advanced trials from 

1.Institute for Agricutiural Science, Athmadu BelloUniversity. P.M.B. 10t44, Zaria. Nigeria. 

Olorunju, P.E., and Misari. S.A. 1992. Groundnut breeding ili Nigeria: past and present achievumcients. Pages 39-41 in Proceedings of theFifth 
Regional Groundnut Workshop forSouliern Africa. 9-12 Mar 1992. Lilongwe. Malawi (Nageswara Rao. R.C.. and Subrahnanyam, P.. ed,.).
Patamiceru. A.P,502 324. India: tIternational Crops Research Institute for the Semi-Arid Tropics. 
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which selections were made for state trials in order to 
determine their performance under the various eco-
logical zones of the country. 

Research Activities in the First 

6 Decades 


Breeding work in the first 4 decades focused on intro
ductions and selection as well as hybridization and 
evaluation of the material for productivity, disease 
resistance, and adaptability. The emphasis during the 
next 2 decades was concentrated on disease resistance 
and drought tolerance. The genetic material/base pop-
ulation was therefore widened by introducing mate-
rial from other countries in West Africa, America, 
and Asia. 

This resulted in the release of rosette-resistant va-
rieties such as M25.68 and M554.76, as well as intro-
ductions such as RMP 12, RMP 91 and 69-101 to the 
farmers. Among the exotic lines, 55-437 (ExDakar) 
was found to be drought-tolerant but susceptible to 
rosette. All these recommended varieties were suita
ble for the Northern Guinean and Guinean Zones 
where the rainy season lasts for 190 days or more with 
a total annual rainfall of 1000-1650 mam. The tradi-
tional commercial groundnut-producing areas 
(Sahelian and Sudanian Zones and the northern half 
of the Northern Guinean Zone) still need short-sea-
son, rosette-resistant varieties, 

CurrentBreeding Activities 
(1986 to the present) 

Inheritance of resistance, mechanisms of resistance 
to rosette, and epidemiology have become the major 
focuses since 1986 because it was apparent that all 
available rosette resistant varieties were long duration 
and little information was available on the disease. 

A disease resistance study was conducted by the 
Institute for Agricultural Research, Zaria, in collab
oration with the University of Georgia, USAID Pea-
nut Collaboration Research Support Program (Peanut 
CRSP), and the Institute for Viniskrankheiten de 
Pflanzen, Braunschweight, Germany. Crosses were 
made between resistant and susceptible selections on 
short-, medium-, and long-duration varieties. Selec-
tions followed in the early segregating generations 
were screened using the procedure described by 
Bock and Nigam (1988). Results of this work have 
been reported by Olorunju et al. (1991 and 1992). 

The problem of drought is difficult. The Institute 
for Agricultural Research, Zaria, recently obtained 
material from ICRISAT Center, India, with which it 
hopes to develop asolution to the problem. This work 
will involve strong collaboration with ICRISAT 
Sahelian Center, Niger, which has the facilities and 
expertise to conduct the work. 

Future Prospects 

@ The release of anumber of medium- to long-dura
tion (more than 120 days), rosette-resistant vari
eties with yields ranging from 2.0 to 2.5 t ha-1. 

* 	 Establishment of a reliable groundnut rosette 
screening project. 

e 	 Greater understanding of the groundnut rosette vi
ruses to ensure the adoption of preventive and 
control measures. 

* 	 Establishment of a strong collaboration with other 
scientific programs such as Peanut CRSP and 
ICRISAT. 

References 

Alabi, 0., Misari, S.M., Boye-Goni, S.R., and 
Olorunju, P.E. 1990. Current status of research on 
groundnut diseases in Nigeria. Pages 30-31 in Sum
mary Proceedings of the Second ICRISAT Regional 
Groundnut Meeting for West Africa, 11-14 Sep 1990, 
ICRISAT Sahelian Center, Niger. Patancheru, A.P. 
502 324, India: International Crops Research Institute 
for the Semi-Arid Tropics. 

Harkness, C. 1977. The breeding and selection of 
groundnut varieties for resistance to rosette virus dis
ease in Nigeria. Submission to African Groundnut 
Council, Jun 1977. Institute for Agricultural Research, 
Zaria, Nigeria: Ahmadu Bello University. (Limited 
distribution.) 

Bock, K.R., and Nigam, S.N. 1988. Methodology of 
groundnut rosette resistance screening and vector 
ecology studies in Malawi. Pages 7-10 in Proceedings 
of the Collaborative Research on Groundnut Rosette 
Virus, 8-10 Mar 1987, Lilongwe, Malawi. Patancheru, 
A.P. 502 324, India: International Crops Research 
Institute for the Semi-Arid Tropics. 

Olorunju, P.E., Kuhn, C.W., Ansa, O.A., Demski, 
J.W., and Misari, S.M. 1991. Disease reactions and 

40 



yield performance of peanut genotypes under ground-
nut rosette and rosette-free field environments. Plant 
Disease 75:1269-1273. 

Olorunju, P.E., Kuhn, C.W., Demski, J.W., Misari, 
S.M., and Ansa, O.A. 1992. Inheritance of resistance 
in peanut to mixed infections of groundnut rosette 
virus (GRV) and groundnut rosette assistor for virus 
and a single infection of GRV. Plant Disease 76: 
95-100. 

Discussion 

Subrahmanyam: I am surprised to know that the 
variety 55-437 was listed under rosette-resistant lines 
in the Peanut Disease Compenendium published by 
the American Phytopathology Society. In fact, it is a 
well-known standard susceptible control in rosette re-
sistance screening experiments in West Africa. It 
must be a typographical error and the editors must be 
informed. What isthe percentage of'disease incidence 
on acontrol cultivar in your rosette nursery? 

Olorunju: The disease incidence so far has been 
100% for the infector rows, except for the Iirst year 
when we had 80% infection clue to tile rainfall pattern 
which interfered with aphid populations. 

Singa: In spite ofyour conducting screening work for 
rosette resistance on several groundnut varieties, why 
was the released variety found susceptible? 

Olorunju: The variety was identilied as a result of
 
general field observation as resistant. At that time, a
 
reliable screening procedure had not developed or
 
adopted in Nigeria. The procedure currently used,
 
adopted from ICRISAT in 1988, has been effective
 
and reliable.
 

Banda: How successful were you in the greenhouse 
experiments involving mechanical transmission of' 
groundnut rosette virus conducted to corroborate field 
experiment results? 

Olorunju: The results obtained from the greenhouse 
were similar to the field results. Disease progress and 
severity followed the same pattern as in the field 
experiments. 

Anders: How successful have you been in incorporat
ing disease resistance into cotnnercial!y acceptable 
lines? 

Olorunju: RMP 12, RMP 91, and M 55476 are avail
able and grown comtnercially. They are acceptable to 
fartners, but these varieties are still unsuitable for the 
traditional groundnut-producing areas of Nigeria be
cuase they are long-duration varieties and these areas 
need short-duration (less than 110 days) varieties. 

Mayeux: KH 149A and KH 241D are two short
duration groundnut varieties with resistance to 
groundnut rosette disease. These varieties could be 
evaluated in areas where the growing season is short. 
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A Review of Groundnut Production and Research in Swaziland
 

V.M. Mkhonta and Z.I. Mainba t 

Abstract 

Groundnut production in Swaziland has been declining due to decreasing hectarage during the 
1970s and 1980s. Some progress has been made with the re-establishment of the National Ground
nt Research Programme, which has not operated for 10 years. Virginia and short-duration vari
eties have shown promise, and in view of current changes inclimaticpatterns, these varietiescould 
be what the country needs to boost its groundntt production. 

Resutno 

Revisjo da investigaqjo eproduqdo de anendoin na Swaziland. 4 produi do de aniendoim tent 
declinadona Swaziland po" causa da redaq'do de area do sen cultivo durante os anos 70 e 1980. 
A/guts progressos ten se alcansado coin o restabelecitentodo progratna nacional de in'estiga-do 
qtte no tent estado a fnttcionara 10 attos. As variedades do ciclo curto eVirginia ten: se mostrado 
protissorase em vista as corentes nntaan'asclintaticas, estas variedades podem seren as que o 
pais necessita para exibir a sua prothq-do de atnendoint. 

Introduction paper will only cover the progress made on two trials, 
the Virginia and the Short-Duration Variety Trials. 

Groundnut (Aracitis hypogaea L.) production in Swazi
land is mainly limited to Swazi Nation land, which 
accounts for 60% of the total hectarage. Groundnuts Virginia Variety Trial 
are grown in all four agroecological regions of the 
country, but most of the cultivation occurs in the Mid- This trial wa conducted at Malkerns and Luve Re
die Veld. There has been a steady decline in the pro- search Stations during the 1989/90 and 1990/91 sea
duction of groundnuts in the country from 3000 t inthe sons. Fifteen varieties were tested in the first season 
early 1970s to less than 500 t in the early 1980s. This aiod seven in the second season. These were selected 
has been due mainly to a dtcrease in hectarage under on the basis of their yield potential and tolerarice ,or 
groundnuts (Rao and Masina 1991). rust and late leaf spot. In 1989/90, each plot consisted 

of four rows, each 4 m long. In 1990/91, the plots 
likewise consisted of four rows, but their length was 
increased to 6 m. Rows were spaced 60 cm apart in

Progress in Groundnut Research both years, while the intra-row spacing was 10 cm in 
1989/90 and 15 cm in 1990/91.

A series of variety trials conducted since 1988 has Basal fertilizer was applied at a rate of 25 kg N, 38 
included spanish, valencia, and virginia types, as well kg P,and 25 kg K ha-'. Manual weeding was done 
as drought-resistant and short-duration varieties. This three times and ridging was done before the lirst 

I. Research Ofliccr/Weed Scientist, and Grain Legumes Agronomist, Malkerns Research Station, P.O. Box 4, Malkerns, Swaziland. 
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flower appeared. Data were collected from the two At Luve, in 1990/91, ICGV-SM 86720 produced a 
center rows. higher seed yield than all the other varieties except 

The final plant stand and seed yield is presented in ICGV-SM 86704 and ICGV-SM 83708. 
Table I. There were no significant differences in plant 
stand at Malkerns in either season. At Luve, ground- Short-Duration Variety Trial 
nut varieties ICGV-SM 86715 and ICGV-SM 85718 
produced lower plant populations compared with the This trial was conducted at Malkerns and Nhlangano 
other varieties in 1989/90, while in 1990/91 ICGV- in 1989/90 and 1990/91. Twenty-live varieties were 
SM 86715 had a lower plant population than the con- tested in 1989/90 and eight in 1990/91. Each plot con
trol, Mani Pintar. Generally low plant populations sisted of 4 rows, e.ch 6 in long and spaced 60 cmn 
were experienced at Malkerns due to poor drainage, apart. The plants were spaced 10 cm apart. Basal 

Seed yield differences between varieties were sig- fertilizer was applied at a rate of 25 kg N, 38 kg Pha, 
nilicant at both sites in both seasons. ICGV-SM and 25 kg K ha-1. Manual weeding was perlormed 
86715 produced the highest yield at both site, in three times during the season. 
1989/90. ICGV-SM 83708 resulted in a higher seed Results are presented in Table 2. Final plant stand 
yield than the other varieties at M:,lkerns in 1990/91. differences between varieties were signilicant ia both 

Table 1.Plant stand and seed yield of Virginia Variety Trial. 

Nialkerns Luve 

Plait stand (plot-') Seed yield (t ha-') Plant stand (plotr ') Seed yield (t ha'a 

Variety 89/90 90/91 89/9(0 90/91 89/90 90/91 89/9() 90/91 

ICGV SM 86715 
ICGV SM 86721 
ICGV SM 86704 

36 
38 
40 

23 
26 
23 

1.10 
0.54 
0.56 

1.05 
(1.92 
0.85 

49 
61 
65 

28 
44 
42 

1.40 
1.31 

0.98 

0.00 
1.43 
1.09 

ICGV SM 83708 
ICGV SM 85718 
Mani Pintar 
ICGV SM 86719 

41 
37 
38 
42 

35 
29 
35 
22 

0.86 
0.86 
1.03 
1.01 

1.25 
0.85 
0.68 
0.48 

61 
50 
66 
61 

42 
38 
53 
46 

0.80 
c,.85 
0.68 
0.58 

0.92 
0.61 
0.47 
0.44 

Trial Mean 39 28 0.85 0.88 59 42 0.93 0.90 
SE - - ±0.45 ±0.31 + 9 ±18 ±0.52 ±0.59 
CV (%) 14 26 35 24 10 27 37 6 

'Fable 2. Plant stand and seed yield of short-duration varieties, 1989/90 and 1990/91. 

Malkernis Nhlangano 

Plant stand (plot-') Seed yield (t ha-') Plant stand (plot') Seed yield (t ha-'I 

Variety 89/90 9(/91 89/90 90/91 89/90 91/91 89/9() 90/91 
ICGV SM 86016 75 53 0.50 0.90 60 5(1 0.37 0.49 
ICGV SM 86105 73 44 0.47 0.69 54 36 0.33 (.48
ICGV SM 86117 71 32 0.43 0.64 62 34 0.54 0.46
ICGV SM 86(115 78 22 0.39 0.48 78 42 0.55 0.46 
ICGV SM 86063 83 27 0.38 0.73 56 37 0.43 0.65 
ICGV SM 86017 78 36 0.36 0.78 60 70 0.53 0.64
ICGV SM 86103 76 37 1.34 0.50 66 34 (.34 (0.59
Nalal Cotnon 71 32 0.30 0.80 59 53 0.51 0.46 
ICGV SM 86092 78 36 0.19 0.72 67 47 0.62 0.72 
Trial mean 77 36 0.37 0.69 62 45 0.48 0.55 
SE ±9 ±11 ±0.17 ±0.36 ±15 ±13 ±0.23 
CV(%) 8 22 31 36 17 20 32 32 
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seasons. ICGV-SM 86063 had a higher plant popula-
tion than Natal Common or ICGV-SM 86117 at Mal-
kerns in 1989/90. In Nhlangano, ICGV-SM 86015 
produced a higher plant population than Natal Conmon, ICG V-SM 86017, ICG V-SM 86063, ICG V-SM 
8610, adICGV-SM 86016 dringM86 90.	 Plant86105, and ICGV-SM 86016 during 1989/90. Flant 
stand was low in NhlangaCo due to a nutsedge weedstanNilanlanwa lov i du toa ntsege eed 
problem. In 1990/91, ICGV-SM 86016 had a high
plant stand at Nhlangano and Malkerns. Seed yield 
differences between varieties were significant in both 
seasons at Malkerns and NhMlanano. ICGV-SM 
86092 produced a lower seed yield than ICGV-SM 
86063, ICGV-SM 86015, ICGV-SM 86117, ICGV-
SM 86105. and ICGV-SM 86016 at Malkerns in 
1989/90. During the same season in Nhlangano, 
ICGV-SM 86092 produced a higher seed yield than 
ICGV-SM 86105. In 1990/91, ICGV-SM 86016 had a 
higher seed yield than ICGV-SM 86063 at Malkerns. 
ICGV-SM 86103. ICGV-SM 86016, and ICGV-SM 
86063 will be tested on-farm in 1992/93. 

Achievements 

1. 	 The National Groundnut Research Programme, 
which had not functioned since 1972, was re-es
tablished, and has been able to conduct nultiloca
tion testing. The re-establishment of this program 
was made possible through the clforts of the 
SADCC/ICRISAT Groundnut Project. 

2. 	 An informal survey onl food grain legume crops 

was conducted in 1991. Farmers' problems withgroutndnut production wer'e identilied. 

3. 	 Several groundnut varieties from the virginia, 
spanish, drought-tolerant, and short-duration 
types have been found promising for adaptation to 
our climatic conditions. Some of these varieties 
will be at the prerelease stage during the 1992/93 
season, 

Future Plans 

I. 	 Continue participating fully in the SADCC/ICRI-
SAT Groundnut Project. 

2. 	 Conduct averification survey ol groundnuts. It is 
hoped that the SADCC/ICRISAT Groundnut Pro
ject will assist in funding this activity. 

3. 	 Start an on-farm research program on ground
nuts. However, groundnut seed is more diflicult to 
multiply than beans or cowpeas. Both technicaland financial assistance will be necessary. 
an 

4. 	 Advise the national program to expand its 
groundnut research to include cultural practices 
and other agronomic aspects in addition to vari
etal screening. There is a need to request addi
tional Government funding since groundnut 
cultivation is labor-intensive. 

Reference 

Rao, Y.P., and Masina G.T. 1991. Groundnut dis
eases and pests in Swaziland and germplasm evalua
tion for resistance. Proceedings of the Second 
Regional Groundnut Plant Protection Group Tour, 25 
Feb to I Mar 1991. 

Discussion 

Bosch: Could you tell us something about the results 
of your informal survey conducted in 1991? 

MkhontaJ: We found that in most cases farmers do 
not apply fertilizers. Even il they do, the amounts are 
negligible. Farmers weed twice by hand, and the sec
ond weeding isdone while ridging. They do not apply 
any pesticides. 

Olorunju: How would you rank the crop in Swazi
land: is it amajor crop, i.e., anlong tile priority crops? 

Mkhonta: Groundnuts are not a major crop. The sta
pIe food crop ismaize, which covers more than 70% 
of the cultivated land area. Groundnuts rank below 
beans and are given little attention. They are more 
important in certain areas such as the low veld. 
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A Review of Groundnut Agronomy in Tanzania:
 
Current Status and Existing Gaps
 

K.P. Sibuga', E.M. Kafiriti2, and F.F. Mwenda 3 

Abstract 

This paper examines past and present agronomic research on groundmt in Tan:ania. The discus
sion covers time of sowing and harvesting, seed bed types, plant population, weed management, 
response to fertilizers, and intercropping. Future strategies for agronoinic studies on grolndnut are 
suggested. 

Resumo 

Revisdo agrondinica de amnendoim na Tanzania:estado actual e lacunas existentes. Este artigo 
examnina o presente e o passado da ln'estiga 'do agrondca de amendoini na Tanzania. A dis
cussao abarga epoca de sententeira e colheita, inutodos de senenteira, densidade de plantas, 
controlo das ervas daninhas, ,'htha -Jo e consorcia -do. Estratgias futuras para estudos 
agrononicos no aniendoin silo stugeridas. 

Introduction manure is applied where draft power is utilized 
(MALD 1989). 

Groundnut is one of several oilseeds produced in Tan- Since the inception of groundnut research in Tan
zania, the others being sunflower, sesame, coconut, zania in the early 1940s, the main thrust has been on 
cottonseed, soybean, and castor. However, edible oil varietal improvement. Research on groundnuts is cur
production is dominated by cottonseed and sunflower. rently based at Nalicndele (National Oilseeds Re-
Groundnut is mainly used as a food crop and con- search Programme) and Morogoro (Pulses and 
sumed directly (MALD 1989). Groundnut oil pro- Groundnut Improvement Project, Sokoine University 
cessing is therefore only an alternative end use. of Agriculture). 

Groundnut production is undertaken mainly by This paper reviews past and present agronomic re
smallholders who iaitercrop it with a cereal (sorghum, search and highlights the major tasks ahead. The 
millet, maize), a legume (pigeonpea), or cassava. groundnut agronomy program hs two main objectives. 

Although the principal means of groundnut culti
vation in Tanzania is the hand hoe, aninal power and 9 To identify the best cultural practices (e.g., spac
tractors are also used. In Dodoma (Central zone), ing, time of sowing, and fertilizer application and 
90% of the groundnut area is hand cultivated. The maintenance) for different varieties of groundnut. 
main inputs are labor and seed. Most farmers use no e To investigate the role ot groundnut in local farm
chemical fertilizers, although it is reported that small ing practices and to recommend improved prac
quantities of TSP are often used and that farmyard tices for groundnut in these systems. 
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Time of Sowing and Harvesting 

Adverse weather conditions, particularly unreliable 
rainfall (Nigam 1984, Preston et al. 1985) have long 
been recognized as partially responsible for the cur
rent low average yield of 0.60 t dry pods ha-', corn-
pared with the world average of 0.99 t ha-'. Much of 
the groundnut-growing area receives an average 
500-800 mn rainfall per annum. Since ',roundnut in 
Tanzania is grown entirely under rainfed conditions, 
rainfall intensity and distribution :re :mportant fac-
tors which call influence sowing dates and yields. 
Erratic and poorly distributed rainfall resulting in fre-
quent dry spells is common in Tanzania. Rweyermamu 
and Mushi (1989), reported that drought conditions 
soon after sowing led to poor crop establishnent and 
reduced yields. 

In an experiment to evaluate the performance of 
seven groundnut lines sown at tour different datcs at 
seven-day intervals, Sibuga et al. (1990) reported that 
the groundnuts sown first received more than 60% of 
the total rainfall within the first 5 weeks of growth 
(i.e., up to early pod formation). The pod lilling was 
poor if moisture was limited during the later period of 
growth. Furthermore, a 21-day delay in sowing re
duced seed yields by an average of 52% in one year 
and 75% in another. Early sowing, which allowed 
plants to receive most of the rain, was also associated 
with high leaf area index (LAI). 

Trials were conducted at two sites in southern 
Tanzania during the 1982/83 season to compare the 
performance of Red Mwitunde (virginia type, long-
dui.ition) and Natal Common (spanish type, short-
duration) at live sowing dates. Sowing date effects on 
seed yield were significant at both sites. The yield of 
Red Mwitunde fell after the lirst sowing, whereas that 
of Natal Common was maintaiied in the second 
sowing. 

The main conclusions from these trials are that 
large yield losses can be attributed to delayed sowing 
and that the effect is more significant with long-dzira-
lion varieties (virginia types) than with short-duration 
varieties (spanish types). 

Timely sowing enables the crop to mature when 
the weather is favorable for lifting (i.e., at the end of 
the rainy season). Timely sowing, however, is likely 
to be aconstraint to most farmers due to labor compe-
tition between groundnut and other food crops. The 
farmers' need to sow staple food crops as early as 
possible in the rainy season implies that timely sow-
ing of groutidnut may not get due attention. 

Kaliriti (1990), attempting to determine appropri-
ate timing for lifting of groundnuts using Nyota (a 

short-duration spanish cultivar lacking seed dor
ma cy) and Red Mwitunde (a long-duration virginia 
cultivar with strong seed dormancy) over two seasuas 
and two sites in southern Tanzania, reported that: 

* 	 there was a steady decline of seed yield as lifting 
was delayed, and that the loss in yield was as
cribed to factors other than sprouting (e.g., in
creased attacks from termites, rodents, and crows, 
especially for the long-duration cultivar); and 

• 	 at the maximum period of delay in harvesting 
(i.e., 28 days after physiological maturity), yield 
losses for Nyota averaged 24% and for Red Mwi
tunde 77%. 

Regardless of the difference in yield losses, it was 
concluded that timely harvesting is important for both 
dormant and nondormant cultivars, particularly under 
moist conditions whih increase both pod rot and in
cidence of Aspergillus flavus with subsequent af
latoxin contamination (Mixon 1980). 

Seed Bed Types 

Farmers sow groundnuts on flat seedbeds, on the tops 
of ridges, or on the lower sides of ridges (hereafter 
referred to as furrows) for variou:, reasons. 

Using two spanish genotypes id three plant pop
ulations (333 333-400 000 planis ha-'), at Morogoro, 
Likango and Tarimno (1986) reporte' that genotypic 
response to !:cedbed type was similar, with both types 
giving highest yields on the flat seedbed (average 0.72 
t ha-'); and that yields from ridge and furrow sowing 
were comparable (average 0.59 t ha-'). 

In a separate study over a 2-year period combin
ing seedbed types (flat, ridge, and furrow) and four 
spanish genotypes, Rweyemamu and Boma (1990) 
reported that although seedbed types did not signifi
cantly affect seed oil content, the lowest yields were 
recorded when groundnuts were sown on ridges dur
ing the drier year (307 am) and in furrows during 
the wetter year (about 23% more rainfall). Yield 
reduction in the latter was enhanced by a drought 
spell during the podding and seed-filling stages 
which reduced podding and seed size. Weiss (1983) 
contends that ridges enhance soil desiccation while 
furrows conserve moisture. Results suggest the use 
of either flat or furrow seedbeds for groundnut 
production. 
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Plant Population 

Suboptimal plant population is one of the constraints 
to 	 improving groundnut yields (Bolton 1980, Taylor 
1985). In southern Tanzania, Bolton reported higher 
hields at 40 cii row spacing than withli 6) cm spacing. 
lit another study cond uctcd at NIoroooro in which row 
spacing was maintained at 50 cm, Rweyemnan u and
Mushi (1989) similarly reported a Iii-iher yield at 10 
cm (200 000 plants ia-1) than at 40 cm (50000 plants 
ha-I) spacing. In this sludy, plants fo0rned more pegs 
and pods and gave higher kerniel yields per plant at 
lower populations. T[ileoverall yield advantage at [ie
higher plant populations was apparently a Cnse-
quence of higher plant stand at harvest. 

Oil the other hand, Governient researchers, at 
Morogoro in the mid-1980s reported highest seed 

1,
yields wih a plant population of' 400 000 h.l-. as 
opposed to tile current recominendation of 2((0 000 
plants ha- , regardless of whether sowing was dlone oil 
flat seedbeds. on rid es, or in turrows. Another Gov-
ernment study at NIorogoro in 1990 similarly re-
corded highest seed lekls of 1.3 t Iia' at 500 (10( 
plants ha-I (5 x 40 cin,. This plant population also 
gave the ligelst 100-seCd Mass oilaverage. Ilnthese 
studies. increases in population wcrc acCOmpa iied by 
decreases inshellig pi-iCeilage. This lindlino COntra-
dicts tle results olEnyi (1977). 

Wliei combining plant population with deloliatioln 
to duplicate the adverse el'fects of f'oliar diseases and 
insects (Tarimo and Mkesele 1987) witlhin ile range 
of 100 (00-44) 0(1(1 plants ha-1,seed yield increased 
signiiicantly v,'ith increase in plant population. Fur-
therniore, increasing the deloliation intensity (fi-oi 0 
to 100%,.carried out at'ler Ilowering) witlin any plan 
population reduced yield, but file elfkcls were less 
severe at the higher plant population levels. These 
workers suggested thit plant populations could be 
manipulated to minimize the adverse elfects of iti-
sects and diseases. 

Trials oilplant population insouthern Tanizania 
compared the local variety (mixed runner and spread
ing bunch) with a spreading bunch (Red Mwitundc) 
and ati upright bunch (Natal Common) at populations 
from 50 000 to 250 ((10 plants ha- 1 Resulis riom two 
seasons (1981/82 anid 1982/83) showed highly signili-
cant differences between varieties, and while tile 
overall response to populatioi was small, there were 
significant dilTreiices between varietal responses. As 
population increased, the yield of the local variety 
declined slightly, the yield of Red Mwitunde re-
maimed constant, and tileyield of Natal Conimon in-

creased linearly. Tile main conclusions from these 
trials are twolold. 

* 	 High populations are not required for spreading 
bunch and locals. Optimal results can be obtained 
from a range of 150 000-200) 000 plants ha-1. 

* Upright bunch varieties need IiiglI populations 
from 200 000 plants haI for optiium results. 

Due to the high price of seed, howt ;er, it is likely 
that Sinll holders would prefer lower plant densities 
1t obtain lmaxinlllniyield per ha. 

Weed Management 

Grouiidnut farners tileuse hand hoe for most land 
operations. including weed control. However, the sub
terranean tiature olpods makes groundnul weeding a 
delicate and labor-intensive activity, often leading to 
Subopt imal weed control. In Tanzania, little work has 
been done oilweed management, even though studies 
lroni olhCr areas (Oiiiraii 1961. Drennan and Jeiinin es 
1977) indicate yield losses due to weeds ,isa major 
problemii for small hirmiiers.
 

Ill a lield experiment over 2 years at Morogoro
 
using three spanish genotypes, Sibuga et aI. (1989)
 
ICporled that leingtheliing the period of wed ilfesta
tion (predominanlly broadleal type-69,4 and 831,'( ii
 
tlie 2 study years) incrceased \cCd dlrv mass at[lie
 
expense of seed yield. Genotypes did not exhibit any
 
si gnilicanl dilfCrellCe illweed SUplrssioll, but s\eed
inc withint the first
6 weeks-either o ce al4 wveeks
 
after elnergelice (VAE or onice at 6 WVAF. or twicc at
 
2 WAE and .4WAE-had no deleterious efl' on
cls 

yield and resulted in very little subsequent wvCed
 
growth. Oil ileother hand, weed iml'cstation beyonid
 
tilefirst reduced yields signilicanily (by
6 weeks 
46-55%) iii the 2 )cars of study. It one of the years 
when moisture was most limiting, weeds thrived bet
lerthan groutndriuts, inani.esting their greater efli
ciency than groundinuts in utilizing resources. 

Response to Fertilizers 

Fertilizers are rarely used by groundnut farmers in 
Tanzania, partly because the crop is regarded as a 
second or third crop when allocating resources, and 
also because groundnuts seem to thrive better than 
many other crops without fertilization. lii addition, 
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there is a lack of information on appropriate nutrient 
requirements under Tanzanian conditions, 

Based on results from tile work of Taylor (1985) in 
southern Tanzania, good response of groundnuts to 
phosphorus ,P) fertilizer was obtained with up to 22 
kg P ha-', a slight response to farnyard manure, and 
11o signilicant evidence of respionse to Ca. At Mo-
rogoro in 1990, researchers recorded seed yield in-
creases following the application of P either as triple 
superphosphiate (TSP-20% P) or as Minjingu rock 
phosphate (MRP-t.8% P). The application of MRP 
at 75 kg P,O, resultcd in yield levels and oil content 
of seed, comparable to the application of 50 kg P,O 5 
as TSP. Based oil these results, these workers sug-
gested a replacement of TSP by MRP in areas with 
acidic soils, low available P, and low exchangeable 
calcium (Ca). MRP undergoes con:siderable dissolu-
tion in acidic soils, thus releasing both P and Ca, 
which constitute the greatest proportion of elements 
in the rock (Mnkeni et al. 1989). 

Intercropping Studies 

Intercropping research has been sporadic in tile past. 
However. evidence now exists for yield advantages of 
intercropping groundnut with several crops. In the 
late 1950s and early 1960s, trials conducted at Ilonga 
and other places showed good yield advantages for 
intercropping. 'ms compared with sole crops 
when groundnut was grown with maize, sorghum, 
cassava, or castor. 

For example, Evans (1960) obtained yield advan
!ages ranging from 9 to 54% from live groundnut/ 
r:.aize intercropping experiments conducted at two lo-
cations during 1957 and 1958. in 1980/81, studies in
volving a single row arrangement experiment with 
groundnut/sorghuni intercropping showed significant 
advantage (an average of 43% over sole crop), but a 
significant yield di:iadvantage involving groundnut/ 
maize (-9%). !i F981/82 and 1982/83, three ground-
nut genotypes at two densities and two sowing dates 
were intcrcropped in alternate 50-cm rows with cas-
sava at Naliedele Pescarch Institute. Sole crop plots 
were not included, but results indicated that cassava 
yields were not affected by intercropping; groundnut 
could therefore be considered to be a bonus to cas
sava yields. However, Government officials reporred 
that when early-sown groundnuts were intercropped 
with late-plantud cassava, the yield of groundnuts was 
seriously affected, but tile yields of cassava were re-
duced to less than 20% of the sole cron. 

At Morogoro, Rwamugira and Massawe (1990) 
compared single alternate rows of groundnut and 
maize (1:1) and single rows of maize alternating with 
paired groundnut rows (1:2) to sole crops. They re
ported that yields of maize and groundnuts were re
duced by this intercropping system. For maize, the 
significant yield reduction in sole cropping (6.2 t 
ha-') to intercropping (4.2 1 ha-') was attributed to 
reduced plant population in the latter, since other 
yield components (cobs plant-' and 100 seed-mass) 
were not affected. For groundnut, the main crop in the 
study, the yields of four genotypes were not signifi
cantly different, although yield was reduced in one of 
them (Natal Common) by 59% in single alternate 
rows and 43% in paired alternate rows. This suggests 
differential performance under intercropping. How
ever, all intercropping combinations gave anl LER 
greater than 1, indicating enhanced productivity in 
this system and that paired alternate rows gave a 
higher average advantage (29%) than single alternate 
rows (5%). 

Studies at three sites in southern and eastern Tan
zania in 1991 similarly indicated that the 1:2 (sor
ghum:groundnut) combination was more productive. 
At each site. the short-duration variety (Nyota) con
sistently gave the highest level of yield advantage (up 
to 62%) compared with the long-duration (Red Mwi
tunde), which only attained a4% yield advantage. 

In combination with cassava, results thus far ob
tained are inconsistent (Kafiriti 1991), with the short
duration genotypes giving higher intercropping ad
vantage in one season and tile long-duration ge
notypes in another. 

Conclusion 

Results available so far indicate that although some 
worl. has been done on various aspects of groundnut 
agronomy, many of the results are only available in 
annual reports with limited circulation and acces
sibility. The need for more coordination is evident in 
order to identify and prioritize the missing links. Such 
a strategy could ensure that each of the identified 
problems is given dut attention and researched 
conclusively. 
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Discussion 

Chiteka: You have identified two key problems in 
Tanzania as low rainfall and poor distribution. You 
have also stated that optimal plant population is about 
200 000 plants ha-1. Your experiments indicated that 
populations of 500 000 plants ha-' would give higher 
yields. Given the unreliability of rainfall, however, it 
seems unlikely hat such a high population would be 
feasible for smnallholder farmers. You have said that a 
future research need is to develop cultivars tolerant of 
drought, and then to determine the mechanisl, - that 
provide drought tolerance in those cultivars. Research 
has shown that no single criterion can be employed to 
determine or identify drought-resistant materials in 
the field. How do you propose to solve this problem? 

Sibuga: We plan to follow the example of similar 
research at ICRISAT Center. Dr Nageswara Rao, 
could you summarize this work? 

Nageswara Rao: At ICRISAT Center, t, investiga-
tion of mechanisms of drought tolerance has received 
serious attention for several years. We have developed 
screening techniques to identify genotypes with 
greater water use :.l1ciency using either carbon-iso-
tope discrimination or leaf thickness techniques. We 
plan to use the models presented at this workshop by 
Dr Williams to estimate growth rates and partitioning 
of dry matter to pods to select genotypes with greater 
partitioning efficiency. Apart from water use effi-

ciency, we also are making efforts to identify ge
notypes with efficient root systems and ability to re
cover rapidly under intermittent drought conditions. 

Ndunguru: Was the Minjinju Rock Phosphate par
tially acidulated or naturally occuring? 

Sibuga: Naturally occuring. 

Adungna Wakjira: It is difficult to advise a farmer 
on series of cultural practices to obtain higher yields. 
Have you conducted studies to determine yield-limit
ing factors or the relative contributions of cultural 
practices to yield? 

Adungna Wakjira: It is difficult to advise a farmer 
on series of cultural practices to obtain higher yields. 
Have you conducted studies to determine yield-limit
ing factors or the relative contributions of cultural 
practices to yield? 

Sibuga: What we have presented is the ideal scenario 
for achieving maximum yields. Rarely can farmers 
follow all the recommendations. Also, ve have not 
done any specific studies to determine yield losses if 
the package of recommendations is not fully imple
mented. It is therelore difficult to quantify the contri
bution of each cultural practice to total yield. Such 
trials require controlled conditions to obtain mean
ingful results. 

Nageswara Rao: I wish to know about the commer
cial importance of groundnuts in Tanzania. The true 
value of inputs (such as the high seed rate recom
mended by some researchers) to increase yield de
pend on the cash value returned to farmers. 

Sibuga: In Tanzania, because groundnuts are grown 
on only about 5% of the total area under food crops, 
they are not as important as crops like coffee or cot
ton. However, the price of groundnut in the uniofficial 
market can be as high as twice that of maize. There
fore, even though groundnut is not cultivated as a 
commercial crop for export, it is widely used at the 
household level either in cooking or as confectionery. 
Its market value is thus assured; furthermore, the high 
unofficial price makes groundnut production attr
active. 
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Groundnut Production and Research in Zambia 

M.B. Syamasonta' 

Abstract 

The importance of groindiit (Arachis hypogaca L.) in Zambia: research results of Zanibias 
national groundnutt improt'enient prograni;and the progresstiade in cultivar h''elopnwint,agron
ota*y, and plant protection during the 1982-92 period are outlined. Future strategies a" the national 
researchprogram are also discussed. 

Resunio 

Investigaqdo e producao de amendoin na Zambia. A imnportancia de amnendoim (Arachis hypo
gaea L.) para a Zambia. Resultados (a investiga -aodo progrania nacional da Zanhia para o 
melhoranleitodce afiendloint. pragressofcito no desenvolvimento (1a cuittra,agronom:. e protecq'o 
cas phautas diarante o periodo de 1982-92. Sto tratados neste artigo. Estrategias fittur'as do 
proiramitanacional de ii'estiga'qu) so descutidos. 

Introduction 

Groundnut production in Zambia is small by world 
standards. However, it is an important fbod crop in 
both rural and urban areas. It provides cheap plant 
protein to low-income groups and is a substantial cash 
carner. Groundnut is also a good crop for rotation 
with cereals. Above all, it has a potential for export, 
and could earn the country much needed foreign 
exchange. 

Despite the importance of this crop in Zambia, 
there are numerous production constraints. As aresult 
of these constraints, low yields are obtained from year 
to year. Hence, research work on groundnut is de-
signed to address these problems in order to naxi-
mize plant productivity and production in general. 

Production and Adaptation 

Although accurate figures are unavailable, estimates 
of production during the 1980-88 period indicate that 

annual production ranges from 9 372 to 116 558 t. 
About 75% of this production is grown on the central 
plateau of Eastern Province. The crop consists mainly 
of the virginia types belonging to the sub-species hiy
pogaea. Depending upon the length of the rainy se,. 
son, cultivars and landraces mature in 140-160 days. 

In the high-rainfall areas of Northern, North-
Western, and Copperbelt provinces (1100-1400 mm), 
which have acid leached soils associated with 'pops' 
problems, local landraces of the virginia type are 
grown. Production from these areas contributes about 
3% to total annual national production. 

Short-duration spanish types belonging to the sub
species fiistigitaa that mature in 100-120 days are 
grown in the drier conditions prevailing in the south
ern and western part of the country (less than 900 mm 
rainfall). Although the genotypes grown in these 
areas have good yields under favorable growing con
ditions, seed size is small. These provinces contribute 
about 22% to total annual ntional production 
(Sandhu et al. 1988). 

1. Groundnut Breeder. Msckera Rcgional Research Station, P.O. Box 510089. Chipama. Zambia.
 
Syamasonin, M.B. 1992. Groundnut production and research inZanmbia. Pages 53-56 it Proceedings oftie Fifth Regionat Groundnut Workshop

for Soutliern Africa. 9-12 Mar 1992. Lilongwc. Malawi tNageswara Ran. R.C.. and Subrahmanyamn. P..eds.). Palancheru. A.P. 502 324. tndia: 
Internationat Crops Research Instilutc ror Ihe Semi-Arid Tropics. 
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Crop Improvement 

A hybridizatioi progran; was initiated in the 1982/83 
season. Single plant selection for desirable characters 
1rom the segregating populations was done in the F 
generation. At this point, a reasonable degree of ho
mozygosity is expected to have been achieved. The 
selected plants are progeny-tested, and promising
lines placed in prcliminary yield evaluation trials. Lo-
cally bred materials are also supplemented with 
carly-generation single seed bulks 'rom ICRISAT 
(Malawi and India). Production ol breeders' seed for 
all released genotypes is a regular activity of the 
program. 

Agronomy 

Prior to tie linal release of selected genotypes. both 
on-fl rn and on-station evaluations o1prereleased e-
iotypes ar undertaken. The genotypes are also in-
vestigatcd to determine the most productive spacing 
ald respoIIse to di fferent levels 0' fertilize rs and 
spray regimes of fungicides and insecticides. In addi-
lion, intercroppilig trials inclluding maize, sorghum, 
cotton, sunflower, and pigcon pea ill various intercrop 
row arraiIgemiieIts are studied, 

Pathology 

Early leafI spot (Cer'ospora ain' hidith la), late leal 
spot (Phaeo.ilrioplmis personala), rust (Pltcf-ini ar-
WhIidis), and rosette are the major floliar diseases al-
f'ecting groundilul in Zanbhia. Other disease problems 
are allatox in coitam ination (A1sper,illus ./lh/is). af-
laroot, and tlie viral diseases strcak iiecrosis aiid bud 
inecrosis. Genotypes which show tolcranice Ior the miia-
jor diseases are lurtlier evaluated in a foliar diseases 
nursery where conditions conducive to spread of the 
diseases are artilicially created by using spreader 
rows. Promising lines are utilized in the breeding 
program. 

Entomology 

Soil insects (termites, white grubs, and wire worms) 
and sucking pests (aphids and jassids) cause eco-
noinic damage to groutidnut. Experiments are being 
condclcted to determine the extent of the avoidable 
losses due to these pests. A number of grounldnut 
genotypes have been screenecd for resistance to suck-

ing and soil pests on both on-station and on-farm 
locations. Short-term measures for insect control, in
volving applications of carbofuran. chlorpyriphos. 
and neem leaf extracts have been explored. 

Research Results 

Following a 10-year (1982-92) multidisciplinary in
tensive research project on groundnut, three culti
vars-Comet, MGS 2 (M 13), and MGV 4 have been 
released. 

Comet, a spanish bunch groundnut cultivar was 
released fbr growing on the liglit textured soils of 
Southern and Westeri Provinces, which receive scant 
rains over a short growing season. Maturintg in
I10-116 days. Comet has high yield potential (1-1.5 1 
Iia'), thin shells, and attractive small seeds. Comet is 
susceptible to early leaf spot (Sandliu elal. 1988). 

A long-duralion virginia runner cultivar intro
duced from India, MGS 2 (M 13), was released for
 
medium-rainfiall areas. MGS 2 matures in 135-145
 
days. It has high yield potential 11.5-3.5 t ha-1), ac
ceptable seed qualities, atd tolerance for early leal
 
spot (Saiidhu etal. 1988).
 
MGV 4. another virg inia bunch cultivar, selected
 

by the SADCC/ICRISAT Groundnut Project, was re
leased for use in the medium-rainlall areas. So far,
 
this culli\var has show tlieighest yield potential
hi in 
Zambia (2.5-3.5 hia-), and iswell adapted to stress 
conditions. It matures within 125-135 days and has 
thin shells aid large attractive seeds. 

MGS 3. anotlier virg iia bunch type, was selected 
by Zimbabwe's grou~idnul improvement program and 
is in the prerelease stage. undergoing oil-flairm testing. 
It is doin well inEasteri and Central Provinces (Sva
masonta 1990). 

Results from tie on-f rm trials showed that the 
three new cultivars (MGS 2, MGV 4,and MGS 3) 
have signilicantly outyiclded Chalimbana by 20-30% 
under farmers' conditions. The most productive spac
itig for the 3 cultivars was 75 cm between rows and 10 
cm within rows. 

Sowing of MGS 2 oii 24 November (compared 
with the usual sowing date of"8 December) resulted in 
a 38% yield gain, while sowing the same cultivar on 
22 Deceniber resulted ina 24% yield reduction. One
hand weeding at 45 days after sowing (DAS) in
creased seed yield by 9%, while two weedings at 20 
and 45 DAS increased seed yield by 25% over no 
weeding. 

Intercropping of maize with groundiut olfered an 
advaiitage of 20% seed yield over sole cropping. This 
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system required only 50% the labor of sole cropping 
both crops (Reddy et al. 1988). 

Development of cultivars resistant to leaf spots is a 
long-term, economical way to control these diseases. 
Screening lor leaf spot resistance resulted ii tile identi-
lication of SAC 58, Gambia Bunch, C 177/5/I, ICGMS 
54, ICG 7884, and ICG 2271 as tolerant of early leaf 
spot. Gambia Bunch D had high yield potential and 
could be released to Ilirmers. However, the rL . ,.;6 
poor seed characteristics and are being used as parents 
in ihe hybridization program. 

Experiments on short-term control measures have 
yielded interesting results. For example, one applica-
lion of either Labilite (3 g L- water), Bravo (3 niLL - I 

water), or Benlate (0.5 kg L-I water) effectively con
trolled leaf spots. Tle sprays should be applied at 75DAS.Thee fngiidesprysesutedin 0% eed 
DAS. These f'ungicide sprays resulted in 20% seed 
yield increases (Kannaiyan and Ilaci wa 1990. 

ICG 2271. ICG 2306, ICG
Groundnut genotypes 

5041. ICG 5045, and ICG 7237 have been found resi
stanlt to iost groundnut pests, including leaf hoppers 
(SithI anantlham et at. 1990). 
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Discussion 

Chiteka: You staied that groundluts intercropped 
with maize yielded 20% more than the same variety 
grown a:; a sole crop. How do you explain this? 

Syamiasonta: This may depend on the spacing bet
ween rows of groutidnul and maize. A lull explana
tion may he possible after iurther experi mentatio,. 

Freire: InI MoZambitluc, we got similar results with 
groundnut/maize intercropping during tie 1990/91 
season, with grounidnut yielding more intercropped 
with maize than as a sole crop. However, the results 
seem to be quite unpredictable, and probably depend 
on the quantity and distribution of the groundn ut 
componlnt. 

Nyirenda: If Chal imbana grown in the intercrop with 
maize gave higher yield tiain that variety as a sole 
crop, I would like to know the actual yields of 
groundnut in both cropping systems. Also, what \ as 
the yield of iaize in each cropping system? 

Syamasonta: The data of this particular trial will be 
you in due course. 

Schmidt: The fact that groundnut yields \ere in
creased by 205% in the intercrop over sole cultivation 
is interesting. Did groundnut plants replace maize 
plants or were they added to the maize population? 

Kanenga: We sowed alternating rows of' maize and 
groundnut. 

Schmidt: Normally, maize competes strongly with 

groundiiu. The result is increased maizc and de

creased groundnut yield. 

Kairiti: What was the distance between rows of the 
same crop? 
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Kanenga: Seventy-five cm. Syamasonta: The future plani concerning chemical 
control of leaf spots is to conduct experiments inSubrahmanyam: What are the future plans for farmers' fields. Right jiow little work is done outside

chemical control of leaf spots in Zambia? Do you the research stations. The spray regime trial is in
have any conclusion from the work on the number of progress, but this season's results may not be repre
fungicide applications? sentative due to drought. 
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Agronomy Research on Groundnut in Zimbabwe: A Review
 

B. Mpofu' 

Abstract 

This paper discusses the agrononic constraints limiting groundnt production in Zimbabwe. It 
reviews past agronony research ained at improving yields and outlines the countrys fiture re
search trends. 

Resumo 

Investigafo agron6mica de amendohn ent Zambia: revisdo. Este artigo descute os principais
fitores agrinoniicosque ten lintitado a produi'aode anendoimn na Zambia. Fa: revisdo a in'esti
ga'do agrnonicaanteriorcorn vista a atimentar os rendimentos e definir os futtros trilhos deinvestigau'tdonto pals. 

Introduction 

In Zimbabwe, groundnuts are grown by commercial 
and communal aica farmers. Between 1956 and 1976, 
sales from communal areas to the Grain Marketing 
Board averaged 19 () t shelled nuts year'I (Shumba
1983). Between 1977 and 1985, the area sown to 
groundnuts in the commual sector declined 51% 
while productivity dropped 45% (Dendcre 1987). In 
1989, sales from this sector totalled 1700 t. This di-
minishing groundnut production has contributed to 
malnutrition in most communal areas. 

Production Constraints 

Drought is the single most important constraint to 
groundnut production in Zimbabwe (Chiteka 1985). 
Another factor is the inherent low fertility of the 
sandy soils that predominate in most communal areas 
(Mashiringwani 1983). Lack of draft power results in 
delayed sowing and reduced yield (Shumba 1983). 

Furthermore, groundnut has a higher labor re-
quirement with respect to sowing, weeding, and har-

vesting than maize, the staple crop, which receives 
higher priority. 

Research 

Agronomy research on groundnut conducted in the 
1960s and early 1970s formed the basis for the cur
rently recommended cultural practices. Research on 
plant population, spacing, and early sowing with irri
gation were significant contributions to production 
(Metelerkamp 1967). 

Nutrition 

Small yield benefits were obtained in a fertility trial 
by applying 5 t manure. A 21% yield increase was 
obtained with the application of 46 kg ha-' P,O., and 
a 27% increase with an application of 200 kg ha-' 
gypsum. Field trials to investigate the response of 
groundnuts cultivated at different levels of phosphate 
and lime to inoculation with various strains or rhizo
bia did not show any significant yield difference be-

I. Weed Scientist. liienderson Research Siation, Private Bag 2(014, Mazowe. Zimbabwe. 
Mpolu. I. 1992. Agronomy Research on Groundnut io Zimbabwe: A review. Pages 57-59 in Proceeding%of ite Fifth Regional Groundnui
Workshop for Southernt Africa. 9-12 Mar 1992. Litongwe. Malawi (Nageswara Rao. R.C.. and Subrahnmanyam. . eds.). Patancheru. A.P. 
502 324. India: tlternatioiml Crops Research Institute lor the Semi-Arid Tropics. 
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tween either strains or plhosphate levels. However, ap-
plication of lime at 500-800 kg ha- significantly in-
creased groundnut yields, 

Sowing date trials 

Two trials were conductd onlfarmers' lields to com-
pare tile performiance:: of short-season cultivars sown 
during November and December. Thle first trial was 
sown with the lirst rains and the second 4 weeks later. 
Delayed sowing reduced yields at all sites and yieldwas urter cnstainebydrouhtyear 
Was further constrained by drought. 

Plant population 

A comparison of two plant populations, 250 000 and 
350 W0)planits hia-I was conducted using short-season 

cultivars on farms in four different agroecological 
zones during the 1983/84 and 1984/85 seasons. In 
both seasons the two populations showed no signili
cartt yield differences 

Sowing method 

A yield trial was conducted to compare the effect of 
sowing groundnuts on beds with sowing on flat 
ground. Results were inconclusive. Another trial 
comparcd yields of groundnuts sown in disced land 
with yields obtained from plowing on clayey soils, 
Higher yields were obtained from plowed land. 

Cropping systems 

with intercropping and rotational cropping systems 

Work was conducted by the Agronomy Institute for 

live seasons. One trial studied the effect of row pro

portion and plant density on the productivity of 
maize/groundtnut and sunflower/groundnut intercrop
ping systems. A pattern of one row of maize or suit-
flower to two rows of grounidnut was the most 
productive, and a population pressure of 133% was 
found beneficial to the maize/groundnut combination, 

In another trial, groundnut yield was reduced by 
33% when intercroppcd with pigeonpea, indicating 
the need for a higher proportion of groundnut than the 
4:1 groundnut:pigeonpea ratio used during the trial. A 
rotation trial conducted to monitor the productivity of 

four systems of maize/groundnut over a4-year period 
showed that both maize and groundnut benclitted 
from asimple 2-year rotation. 

Weed research 

In 1983/84, two trials were conducted to investigate 
long-trm effects oflhcrbicide on groundnut following 
maize treated with pre-emergence herbicides in sandy 
soils. In one experiment, groundnuts were sown 

after maize. In [lie second experiment, ground-
Z 

nuts were sown 2 years after maize. The herbicides 
applied to the maize were atrazine, proraton, and a 

inetolachlor:terbuthylazine mixture. These treatments 
were compared with an untreated control. No signili

cant yield differences were observed between treat
ments during the three seasons in either experiment. 

Further Research Needs 

Further research is needed to provide guidelines 

for fertilizer application in communal areas. Re
sidual fertility studies warrant detailed investiga
tion as a basis for fertilizer recommendations in 
rotations that include groundnut. 

@ Research on Rhi:obiunm inoculation must be 
continued. 

9 	 The possibility of sowing groundnut on minimally 
tilled land should be investigated. Reduced tillage 
would reduce demand for draft power. 

* 	 Since reduced tillage is associated with heavy 
weed infestation, herbicide research aimed at min
imizing the cost of application (c.a., broadcasting 

granular herbicides) is recoinmended. 
• 	 Studies on labor-saving implements are needed. 

The Farming Systems Research Unit must continueto adapt, develop, and test production technologies 

and systems generated by the various institutes in-
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Discussion 

Williams: ICRISAT had a rhizobium program which 
we terminated because, with one exception, we found 
no positive responses that transferred from the glass-
house to the field. This lack of transferbility was due 
to the fact that fixation per unit light was no different 
under a range of circumstances. In field conditions, 

total radiation was the limiting factor. The one excep
tion was the case of Nc 92 rhizobium which gave very 
good yield response on an alkaline Vertisol. The bac
teria apparently worked by modifying iron nutrition 
rather than nitrogen fixation. 

Freire: 1.What are the yields of groundnut in commu
nal areas? 2. What is your view of the economics of 
herbicide technology related to the high risk, low yield 
cropping systems of the communal areas? 3. We also 
undertook rhizobium research with negative results. 

Mpofu: 1. Less than I t. 2. At the moment, we are 
encouraging farmers to use herbicides for maize, 
which they consider more important than groundnut. 
This should release labor for weeding groundnuts. 3. 
Initially, several trials were conducted in pots under 
glasshouse conditions and positive results were 
obtained. 

Singa: What implements were used that led to the 
conclusion that reduced tillage required less draft 
power? What were the draft power requirement dif
ferences between full and reduced tillage? 

Mpofu: Work on reduced tillage in groundnuts has 
not yet been initiated. In maize production, where 
reduced tillage is fairly widely practiced, farmers use 
herbicides to kill weeds, then open a furrow with a 
tine before sowing. 
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Yield and Quality of Groundnut Hay from a Commercial
 
Crop in Zimbabwe 

Z.A. Chitekat 

Abstract 

Three long-duration groundnut cultivars were grown in two tests during the 1989190 and 1990191 
seasons to determine the yield and quality of hay. Hay yields ranged from 4.6 to 6.8 tha' and 
percentage of crude protein (CP) ranged from 9.8 to 20.3%. Yield and quality of hay harvested 
declined from a maximum at 120-160 days after sowing (DAS). Harvesting at about 150 DAS 
maximized pod yield with an acceptahle CP percentage. 

Resumo 

Rendimnento equalidade dofeno dos restolhos da cultura de amendoim de cultivares comerciais 
de longo ciclo, no Highueld em Zambia. Tris cultivares de anendoim de longo ciclo fbram 
testadasna canpanha agricola ti'1989/90 e 1990/91 para determinar oseit ren,.dimentoequalidade 
dofeno. 0 renditnento dofeno oxilou de 4.6 a 6.8 tha-1 ea percentagem de proteina bruta oxilou 
entre 9.8 a 20.3%. 0 rendiniento ea qualidade dofeno hai.vou ao indxinto entre 120-160 dias depois 
da senenteira. Colheita aos 150 dias depois da sementeira den itnrendimento nt.'inio de vagens 
con jtna percentagent aceitavel de proteina bruta. 

Introduction 

Groundnut is widely grown in Zimbabwe (Hildebrand 
1980, Chiteka 1984). The crop is a rich source of oil 
(46-63%) and CP ranges from 25 to 30% (Knauft et 
al. 1987). Groundnuts are an important food as well as 
a cash crop with surplus produce marketed to gener-
ate foreign exchange. Groundnut tops are used as an 
important stockfeed in Zimbabwe. 

During the dry months (May-October), grass is 
unpalatable and very low in protein. This reduces the 
feed intake and results in a loss of body weight. Sup
,lementary feeding is therefore necessary during this 
period to prevent loss of body weight in ruminants 
raised largely on veld. The los; of body weight re
duces fertility and conception rates, thereby reducing 
animal productivity. 

Although groundnut isprimarily grown for grain in 
Zimbabwe, substantial amounts of high -quality hay can 
be also be obtained from the crop. The area sown to 
groundnuts in communal areas of Zimbabwe is esti
mated at 180 000 ha. This could provide acheap source 
of protein which could be used for supplementary feed
ing of cattle. The quality and quantity of hay harvested 
from a commercial crop depends on the timeliness of 
harvesting and the method of curing of the hay. The 
objectives of the research reported here were: 

* 	 to quantify the yield of groundnut tops obtained 
from a long-season groundnut crop; and 

* 	 to determine the crude protein level of the ground
nut tops obtained at the time of lifting. 

I. Senior Research Officer iGroundnut Breeder). Crop Breeding Institute. P.O. Box 8100. Causeway, Harare. Zinibo' i& 
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Materials and Methods 

Three long-season commercial cultivars, Flamingo, 
Makulu Red and Egret, were grown during the 
1989/90 and 1990/91 seasons at Harare Research Sta-
tion. The trials were sown on 18 Oct 1989 and 15 Cct 
1990. Standard cultural practices were followed but 
the crop was no, sprayed to control leafspot diseases. 
Supplementary irrigation was applied to ensure an 
adequate moisture supply throughout the growing pe
riod. Ii both seasons, r ndomized complete block de-
sign was used, each with four replicates, 

Each plot consisted of 20 rows spaced at 45 cm 
and seeds spaced at 15 cm within the rows. At 9-day 
intLrvals, starting from 120 DAS, one plot consisting 
of two rows 240 cm long was harvcstcd in the tradi
tional way and both the pods and hay were air-dried 
to 10% noisture. The mass of hay and pods was 
determined in each case. A sample of hay was drawn 
from each plot for determination of the CP using the 
Keldhal Method. 

Results and Discussion 

There were no significant difference.; in hay yield 
among cultivars at all harvest dates at Harare Re
search Station (Table 1).The mass of hay harvested 
from 120 to 140 days generally increased, and after 
140 days hay yield decreased. This is largely due to 
translocation of nutrients to the pods and the rapid 

loss of foliage due to foliar diseases. Since the pri

niary objective of cultivating the crop is for improved 
seed yield, it is not desirable to lift the crop before 
140 DAS as this results inreduced seed yields, 

Table i. Yield of hay in t ha- I for three groundnut culti-
vars harvested at five different stages during the 1989/90 
season at Harare Research Station. 

Harvest date (DAS) 

Cultivar 120 132 141 150 160 

Flamingo 6.1 6.4 6.6 3.2 5.3 
Makulu Red 5.4 5.6 6.5 5.7 4.7 
Egret 5.5 6.3 6.5 5.7 5.2 

Mean 5.7 6.1 6.5 5.9 5.0 

SE ±0.5 ±0.2 -. 7 ±0.5 ±0.2 
CV M% 17.9 7.8 23.0 7.8 17.0 

The mean CP percentage dropped from 19.7% at 
120 DAS to 11.0% at 160 DAS (Table 2). This is also 
due to the loss of leaves since foliagc carries ahigher 
CP percentage than the stems. Harvesting at about 
150 DAS would achieve both high seed yield and 
acceptable otuality. The timing of harvesting de. znds 
on altitude, .ieason quality, and 'ie incidence of de
foliation on the crop. 

Table 2. Cl1percentage in hay for three long-duration 
groundnut cultivars harvested at five different dales dur
ing the 1989/90 season at Harare Research Station. 

Harvest date (DAS) 

Cultivar 120 132 141 150 160 

Flaningo 19.4 18.4 14.8 14.0 12.6 
MakLu Red 19.4 18.4 13.6 13.7 9.8 
Egret N.3 18.0 15.6 11.3 13.0 

Mean 19.7 18.3 14.7 14.0 11.8 

SE ±0.4 ±0.6 ±0.7 ±0.6 ±0.9 

CV (%) 4.3 7.1 9.2 8.2 14.9 

Pod y i (Tbl 4.9 t a tofo D 

cant differetc.s (P<0.05) in pod yield aniong culti
vars at ;,t!hiarvest dates. All varieties had similar pod
yield at !harvest time. 

Table 3. Pod yield (tha-1)for three groandnut cultivars 
harvested at three different dates durin4 the 1990/91 sea
son at Virare Research Station. 

Harvest date (DAS) 

Cultivar 120 140 150 

Flamingo 3.7 4.6 4.3 
Makulu Red 5.4 6.3 4.5 
Egret 5.7 5.6 5.1 

Mean 4.9 5.4 4.6 

SE ±0.4 ±0.4 ±0.7 
CV(% 16.7 15.5 26.5 

Conclusion 

Yield of groundniut hay of up to 5 t ha-' can be 
achieved when the crop is lifted at the rightL time.Delayed harvesting causes a reduction in harvestable 
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hay yield after physiological maturity. CP levels of 
12% or higher can be achieved at harvest time. CP of 
the harvestable hay also decreases with delayed 
harvesting. 
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Discussion 

Sibuga: The use of groundnut hay for animal feed 
could lead to problems due to pesticide residue, 

McDonald: Problems could be especially significant 
if fungicides such as triphenyl are used. For most 
commonly used fungicides, a period of 3-4 weeks 
after the last spray is sufficient for decomposition of' 
active ingredients. This is particularly tile case when 
rain falls after the last spray is given. 

Sibuga: You informed us that you did not spray your 
experiments with pesticidc-. But the commercial 
farmers do. To make the study complete, you should 
include fungicide splaying and then dcetermine resi-
dues in the hay so that the farmers can be assured of 

the safety of their animals, which are eventually con
sumed by people. 

McDonald: Chemicals like chlorothalonil do not 
have much residual effect. 

Subrahmanyam: Mancozeb, chlorothalonil, and be
nomyl break down rapidly and there is no danger of 
any mammalian toxicity if there is enough time bet
ween harvest and feeding. 

Schmidt: What kind of storage do you propose for 
groundnut hay? In Malawi haulms are destroyed 
completely by termites within 2 weeks if left theon 

soil surface.
 

Chiteka: Farmers using groundnut hay for their ani
meals do not leave it in the field. They generally collect 
it as soon as possible and keep it in bundles or in piles 
under some form of shelter. 

Freire: 1. What is the quality of the pods at 120 days 
if the pod yield is reasonably high? 2. Is there an 

earlier harvesting time with lower pod/seed yield andhigher hay yield that can have better economics than 
the harvesting of grain alone? 

Chiteka: 1.At 120 days the pods are not yet filled and 

shelling percentage is very low. This would not be the 
appropriate time to harvest long-duration groundnuts 
because the seeds are small, irregular, and shrivelled. 
2. We have not harvested earlier in our experiments, 
but I would expect tile hay yield to be higher than that 
reported in this research. There would invariably be a 
very low pod and seed yield at that date of harvesting. 

Nageswara Rao: I am told that the commercial yield 
of groundnut in Zimbabwe is about 10 t ha- and that 
groundnut farmers have 10-, clubs. The yield data you 
have presented, however, shows that the commercial 
yields ranged from 4 to 5 t. How do you explain this? 

Chiteka: The yields reported in the range of 9 t ha "
in 1980 were from one specific area where record 
yields were achieved. The average farner's yield is 
5-7 t ha-' of pods; but some farmers, using very high 
management, can achieve yields of over 8 t ha-l of 
pods. 

1 
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"Pops" Screening in Groundnut 

M.B. Syamasonta t 

Abstract 

One hundred eight, groundnut genot pes were screenedfor acid soil tolerance at Misanft Regional
Research Station, Zambia. Results of two seasons showed significant differences among test entries 
for seed yield, shelling percentage, and "pops" percentage. Coefficients of variation were 19.6% for"pops" percentage. 34 .9 % fibr shelling percentage, and 70.3% for seed yield. "Pops" percentage 
was negqatively and sigtificantlv correlated to seed yield, shelling, and 100-seed mass. while seed
yield was positively and significantly correlated to 100-seed mass and nmber of pods per plant.
Broad sense heritability estimates were moderate for seed yield (43%), 100 seed-mass (40%), and

umntber of pods per plant (35%). However, the broad sense heritability estimates were low for 
"pops' percentage (7%) and shelling percentage (9%). 

Resuno 

Obsen'aqes e avalido sobre estanpido de vagens de amendoiln (Vagens m1al preenchidas).
Cento e oito genotipos de amendoitn forai testados d tolerancia a accidez na Esta a6 de investi
ga('ao regional de Misamfa. Resultados das has epocas demostrarain diferengassiqnificatit'as a 
prodqmdo de sementes, perceentagem de casca e percentagem de estampido de vagens mnal preenchidas em todos os testes reializados. 0 coefictente de varia 'do foi moderado a alto para a 
percentagem de estanpido com (19.6%) a percentagemn de casca foi (34.9%), e a prodtit 'o desememtes (17.3%). A percenta-.Ien de estanipido de vagens foi negati'amente e ",,nifiativanente
corelacionada para prodtt 'tode sementes, casca para o peso de 100 sementes e o ntmero de 
vagens por planta. 0 sentido amplo d hieritabilidade estimada foi moderada para a produi-do de 
semente con (43%). para a produid(o de 100 sententes (40%) epara o nwmero de vagenspor planta
(35%). Con tudo o sentido amplo de heritabilidade estimnada foi baixo para a percentagem de 
estampido (7%) epe'rcentagem de casca cOt (9%). 

Introduction Roasting plays a secondary role, while the surplus is 
sold at local markets.In the high rainfall areas of Zambia, groundnut is a Soils in the region are highly leached due to heavy

common crop in village gardens. It is an important rains (900-1500 nm year'), resulting in soil Ca defifood crop, particularly for subsistance farmers. ciency and acidity. On such acid soils, groundnut re
Large-seeded varieties with relatively low oil content quires Ca application to gi','high quality nuts and
and pink testa color are desirable. The crop is often maximum seed yield (Walker and Kersling 1978).
consune- after being cooked in shells, and Zambians Severe Ca deficiency in the soil results in seed abor
prefer a floury consislenc, to a h:!rd and oily one. tion, commonly known as "pops", while moderate 

I. Groundnut Breeder, Msekera Regional Research Station. RO. Box 5100! 9. Chipata, Zanmbia. 
Syamasenta, N.tt. 1992. "Pops" screen;og in groundnut. Pages 67-70 in Proceedings of the FifthRegional Groundnut Workshop for SouthernAfrica. 9-12 Mar 1992. Lilongwe, Mialawi (Nagewara Rao,R.C., and Subrahmatyan . P.eds.) P 'avcheru. A.P.502 324, India:Iterational 
Crops Research Institute for the Seni-Arid Tropics. 
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deliciency results in poor seed filling, reducing ger-
mination capacity (Cox and Reid 1964, Sullivan et al. 
1974). 

While the application of gypsum has often given 
erratic results under Zambian conditions, the applica-
tion of lime has consistently given positive results and 
is consequently recommended. Despite this recom-
mendation, the farmers who live in the "pops"-prone 
areas are unable to obtain lime due to its scarcity, 
high price, and transportation problems. 

The objective of this study was therefore to screen 
groundnut genotypes for tolerance lor "pops" forma-
tion. Selected cultivars should have acceptable 
agronomic and seed characteristics. Such cultivars 
would give reasonable seed yield on leached soils 
without liming. 

Materials and Methods 

During the 1988/89 cropping season, a"pops" screen-
ing groundnut experiment was conducted at Misamfu 
Regional Research Station. The experiment included 
180 groundnut genotypes with varied phenology, in-
volving both local and exotic material. The trial, 

sown on 15 Dec 1988, was conducted as a randomized 
complete block design (RCBD) with three replica
tions. Seeds were sown 10 cm apart on ridges pre
pared at 75-cm intervals. The pH of the soil at the 
trial site wa- 4.5 at sowing. 

In 1989/90, 58 entries selected from the previous 
year for their low "pops" percentage and high yield 
potential were evaluated on the same site. An RCBD 
with three replications was again used. Soil pH was 
4.2 and the trial was sown on 5 Dec 1989. In both 
seasons, data on yield and yield components were 
recorded.
 

Results and Discussion 

There were significant differences among genotypes 
for seed yield and shelling percentage in both years. 
Low yields were observed in the second year. Signiti
cant seedling mortality occurred within 3 weeks after 
sowing. The low shelling percentage (mean = 27%) 
and the high "pops" percentage (mean = 72%) were 
the main effects of so;! acidity in the second year 
(Table 1).Sarmezey (1978) reported similar results. 

Table I. Performance of selected groundnut genotypes on acid soils, Misamfu Regional Research Station, 1988/89 and 
1988/90 seasons. 

Seed yield (t ha "1) Shelling percentage "Pops" (%) 

Ctltivar 1988/89 1989/90 88/89 89/90 88/89 89/90 

Comet 0.52 0.58 65 51 49 44 
C. 16/10/I1 0.53 0.54 50 41 62 60 
ICG 1152 0.82 0.48 70 67 8 48 
ICG 9096 0.58 0.42 55 39 43 72 
_G 3243 0.57 0.40 54 55 86 30 
ICG 9097 0.55 0.37 60 41 36 48 
ICG 777 0.55 0.34 70 37 26 42 
ICGMS 36 0.53 0.33 40 36 65 78 
Gambia Bunch D 0.51 0.33 42 36 63 78 
Ch. t83/74 0.48 0.31 58 27 56 74 
Robut 33-I 0.50 0.29 36 43 79 34 
ICGV-SM 86068 0.43 0.27 28 31 80 48 
Makulu Brown' 0.23 0.11 43 41 212 60 
Copperbelt runner (C) 0.16 0.16 44 27 46 92 

Mean2 0.39 0.18 41.6 27.4 63.6 71.5 

SE ±0.02 ±0.02 ±3.8 ±5.8 : 5.2 ±8.1 

CV (%) 10.6 70.3 15.7 34.9 7.3 19.6 

I. Control. 
2. Means are for 180 entries for 1988/89 and 58 entries for 1989/90. 
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Table 2. Correlation coefficients among yield components of groundnut cultivars grown on acid soils. 

Seed yield Pops" (%) 

Seed yield 1.00 -0.57* 
.Pops" (%) 1.00 
Shelling percentage -
100-seed mass 
No. pods plant-' 

* P < 0.05. 

Variation among genotypes for yield was partic-
ularly pronounced during the lirst year at Misamfu. 
Positive and signilicant correlations were observed 
between seed yield and 100-seed mass and between 
seed yield and number of pods per plant (Table 2). 
These results conlirmed previous observations that 
yield is reduced when "pops" incidence increases, 
while the number of pods per plant increases or re
mains unchanged. The findings of previous re
searchers (Chiow etal. 1983, Dholoria et a!. 1972, 
Coffc't and Hammond 1974, and Lin 1954) are also 
corroborated by the results. 

Broad sense heritability estimates were moderate 
for seed yield (43%), 100-seed mass (40%). and num
ber of pods per plant (35%). However, low estimates 
were obtained for "pops" (7%) and shellitg percent-
age (9%). 

Conclusions 

* 	 Environmental factors play a more important role 
in "pops" formation than do genetic factors as 
indicated by low heritability for "pops" percent-
age. Selection for "pops" tolerance will require 
many cycles and large populations. 

* 	 The screening method resulted in the identilica-
tion of entry ICG 1152 as having a reasonable: 
level of tolerance for "pops" formation. This ge-
notype has also shown high yield potential 
(0.5-0.8 t ha-' without fertilizer). 

* 	 Further studies on this subject should includephysiology, genetics, and nutrition. 
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Discussion 

Nigam: 1.You said that when a plant 'realizes' it has 
empty pods, it produces more pods-so what is your 
problem? The plant is already trying to solve its own 
problem. 2. Why should the negative correlation bet
ween "pops" percentage and seed yield worry you? 
This only means that by selecting for high seed yield, 
you can reduce "pops" percentage. 3. The low heri-
tability for "pops" percentage is due to variation in 
soil pH in the field. If you improve the uniformity of 

low soil pH, the h2 estimates will increase. 

Syamasonta: 1. What worries me here is that the 
formed pods may be empty. 2. The negative correla
tion does not worry me because selecting for high 
yield would lower "pops" percentage. 3. I agree with 
you, but this subject requires further study. 

Williams: Would you care to comment on the differ
ence in your results and those that Ipresented in my 
paper? I suggested that some simple considerations 
such as pod size and dispersal may be effective. 

Syamasonta: The fact that small-seeded cultivars are 
more tolerant to "pops" formation is well docu
mented, but farmers prefer medium to large nuts. The 
dispersal of pods in runner types will be further 
investigated. 

Olorunju: What components did you use to calculate 
your h2 estimates? 

Syamasonta: Broad sense heritability estimates were 
calculated from components of variance. 
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Regional Screening of Groundnut Germplasm
 
for Late Leaf Spot and Rust Resistance in Swaziland
 

D.M. Earnshaw and Y.P. Rao' 

Abstract 

During 1990191, 22 groundnut gernmplasm lines were tested for late leaf spot resistance, and an 
equal number of lines were tested for rust resistance in Swaziland under a regional cooperative 
program. Nineteen of the 22 lines tested for kte leafspot resistance reacted as susceptible to highly 
susceptible, the disease scores rangingfroni 6 to 9. However, entries NC Ac 17132, PI 476164, and 
P!476168 showed some tolerence for lat leaf spot. Screening for rust resistance was inconclusive 
because of interrence front late leaf spot, a muwh faster spreading disease iunder the prevailing 
conditions. It is suggested that in all fiture screening pirogranis, attempts be made to avoid 
undesired disease problents. 

Resumo 

Observaqoes, avaliaqao da resistencia de germoplasma de amendoin i mancha da folha e 
ferrugem na Swaziland. Ent 1990/92, 22 linhas de gernioplasna de amnendoin forai testadas 
sobre a resistencia ( inancha dafolhaesinudtaneamentc tnt numnero igual de linhas da ,nesntafoi 
testada sobre a resistencia o fe.tugen ia Swaziland. Dezanove das 22 linhas testadas sobre 
resistencia t) mancha tardia dafolha reagirain com susceptiveis a altaunente susceptiveis o registo 
da doen 'a oxilon de 6 a 9 - Por nt, NCAC 17132, PI 476164 e PI 476168 mostrarant tuna certa 
tolerancia o niancha tardia da folha. Observa '5es a resistencia o ferrugen foram inchsos por 
cansa da inteyferencia da niancha tardia da folha, tnia doelnta que se espalha rapidantente tas 
condi'Oesprevalescentes. Sugere se que en todos os progranias de avalias'do no fturo tentativas 
devent serfeitas para evitar o problenia indesejado. 

Introduction Experimental Details 

Swaziland was chosen for regional screening of Two rows for each test line, each row 4 m long, were 
groundnut germplasm for resistance to late leaf spot sown at spacings of 45 cm between rows and 10 cm 
(Phaeoisariopsis personata) and rust (Ptuccinia at- within rows. After each test line, a row of Natal Com
achidis). Results of the 1989/90 screening were pre- mon was sown as a disease spreader. The spreader 
sented at the Second Regional Groundnut Plant row was sown 2 weeks prior to sowing the test lines. 
Protection Group Tour in February-March 1991. In Malimba was sown as a local control. The plot re
1990/91, 22 lines were tested for late leaf spot resis- ceived acompound NPK fertilizer 2:3:2(22) at 0.30 t 
tance and an equal number for rust resistance. The ha-'. Weeding was done regularly. The season (No
results obtained are reported in this paper. vember to April) recorded a total rainfall of over 1000 

t. leaching Assistant. and Professor, Crop Production Department, Faculty of Agriculture. University of S%iziland. P.O. Luyengo. Swaziland. 

Earnshaw, D.M., and Rao, Y.P. 1992. Regional screening or groundnut germplasm for Laie leaf spot and rust resistance in Swaziland. Pages 
71--3 inProceedings of the Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe, Mah.wi (Nageswara Rao. R.C., 
and Subrahmanyam. P..eds.). Patancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics. 

71 



mm, most of it falling between December and March. showed tolerance for the disease. Most of the lines also
Using a modified ICRISAT 9-point field disease developed moderate levels of early leaf spot (Cercospora
scale, late ieaf spot and rust intensities were recorded arachidicola) and a low intensity of rust (Pseudomnonas
at maximum disease development-approximately 2 solanaceartun). Isolated cases of bacterial wilt were also
weeks prior to harvesting. Other diseases of impor- recorded in some lines (EC 76446 (292), PI 350680, PI 
tance were also recorded. Crop protection measures 259747. PI 270806, PI 341879, and P! 405132). Withincluded one spraying with dimethoate at (3 mL L-1 regard to rust screening, the disease scores obtained 
water concentration) to control a severe attack of were generally very low (Table 2). Late leaf spot was,
thrips. however, the most dominant disease in this experiment 

as well, severely affecting almost all lines. 

Results
 
Conclusions
 

In the late leaf spot experiment, 19 of the 22 lines
 
tested gave scores ranging from 6 to 9 (Table I). Only 
 Seasons with total rainfall of over 1000 mm and an
3 lines, NC Ac 17132, PI 476164, and PI 476168, average maximum temperature of 26.9"C and a mini-

Table I. Screening of groundnut germplasm for resis. Table 2. Screening of groundnut germplasm for rc.3is
tance to late leaf spot disease. tance to rust. 

Disease scores' 
 Disease scores' 

Late Early Late EarlyGermplasin leaf leaf Germplasm leaf leaf
entry Identity spot spot Rust entry Identity Rust spot spot 
ICG 1707 NCAc 17132 4 3 1 ICG 1697 NCAc 17090 1 7 5

ICG 1710 NCAc 17135 7 3 1 
 ICG 1710 NCAc 17135 1 6 4ICG 2716 EC 76446 (292) 6 4 1 ICG 4146 P1 298115 1 8 6ICG 4747 P1259747 8 3 1 ICG 6284 NC Ac 17500 I 6 4
1CG 6022 NC Ac 927 7 4 I ICG 6330 P1270806 I 5 5

ICG 6330 P1270806 
 9 4 I ICG 6340 P1 350680 1 7 5ICG 6340 P1350806 
 7 4 I ICG 7340 WCG 182 198/66 4 7 4

1CG 7013 NC Ac 17133-RF 6 3 I 
 lCG 7883 PI 315608 I 9 6ICG 7621 NC.Ac 17718 8 4 2 ICG 7888 PI 393516 I 5 5
ICG 7881 P1215696 7 
 3 I ICG 7890 P1393526 I 6 6
ICG 7884 P1 341879 
 6 4 I ICG 7893 PI 393531 I 8 4
ICG 7888 P1393516 
 7 5 2 ICG 9294 58-295 3 8 4
ICG 7897 PI405132 8 7 I 
 ICG 10030 A PI 476166 1 9 3

ICG 10029 Pi 476164 8 6 
 3 ICG 10031 P!476168 I 9 4
ICG 10035 P1476172 
 8 3 2 ICG 10042 PI 476177 I 9 4
ICG 10891 PI 476018 
 9 7 I ICG 10052 PI 476182 I 8 5

ICG 10920 PI476152 9 5 3 
 ICG 10053 PI 476183 1 9 4
ICG 10931 PI 476164 4 5 2 
 ICG 10061 PI 476186 2 9 4

ICG 10936 PI 476168 5 
 4 4 ICG 10068 PI 476192 1 9 5

ICG 10951 Pl 476178 
 7 3 2 ICG 10939 PI 476172 I 8 5ICG 10975 PI 4/6195 8 3 4 ICG 10978 PI 476197 I 9 4
ICG 11485 P1393530 9 4 ICG 11285 PI 476165 1 8 5 

Susceptible controls Susceptible control cultivars 
ICG 221 TMV2 9 5 ICG 221 TMV2 I 9 6ICG 799 Robut 33-1 9 6 ICG 799 Robut 33-1 I 9 4

Malimba 9 5 Malimba - 9 6 
I. Diseases scored on a 9-point scale where I = no disease I. Diseases scored on a 9-point scale where I = no disease 

present, 9 = 80-100% leaf area damaged. present, 9 = 80-100(% leaf area damaged. 
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mum of 15.9'C were generally conducive to develop-
ment of foliar diseases. 

Late leaf spot, as expected, dominated the scene, 
and affected severely most of the lines in boll iate 
leaf spot and rust screening. While leaf spot screening 
was successful, rust screening was less so because of 
interference from late leaf spot. The high incidence of 
late leaf spot may have prevented rust from establish- 
ing to its fullest potential. It is therefore essential to 
control such unwanted diseases in nurseries where 
resistance to specific diseases are being sought. Ac-
cording to P. Subrahmanyam of the SADCC/ICRI-
SAT Groundnut Project. Malawi (personal corn-
munication), carbendazin to control leaf spot and tri-
demorph to control rust can be sprayed. But such 
fungicides, which are not locally available, must be 
supplied along with seeds. 

Discussion 

Nigam: While genotype P! 270806 has a score of 9 
for late leaf spot in Table I, it shows a score of 5 for 
the same disease in Table 2. Were the~se two experi-
ments conducted at the same location during the same 
season? If so, what are the reasons for this 
difference? 

Earnshaw: Yes. they were grown at the same place 
and during the same season. But since we did not 
inoculate the plants with the pathogens for even distri-
bution of the disease, I think the disease was not 
evenly distributed. 

Ndunguru: What were the yields like in this trial? 

Earnshaw: We were not interested in yields-the ex
periments were focused on disease resistance. 

Subrahmanyam: International Groundnut Late Leaf 
Spot Disease Nursery (IGLDN) and International 
Groundnut Rust Disease Nursery (IGRDN) trials 
should be conducted in locations where fhe disease i; 
severe and whe. - the interference from other diseases 
is low. This can be achieved by selecting the experi
mental sites carefully. If it is not possible to do that 
under natural disease pressure, you should try to cre
ate this situation artificially by inoculating tie infec
tor rows with rust and late leaf spot, as described in 
the logbooks supplied to you. The interference of 
other diseases can be minimized be spraying carben
dazim or tridemorph in your trials. In fact, if you 
artificially inoculate the infector rows you will mini
mize the interference of other diseases to a greater 
extent. 

Freire: Natal Conimon is widely cultivated. Why 
didn't you use it as a control? 

Earnshaw: We used it as adisease spreader since it 
is very susceptible. 

Banda: How were you able to score for leaf spois 
using ICRISAT's 9-point scale without going into de
tailed leaf-by-leaf assessment'? 

Earnshaw: Since early leaf spot conies very early in 
the season in Swaziland-usually it is the first disease 
to occur-it is not difficult to score. Using ICRISAT's 
9-point scale, we look at the general severity of the 
disease per test line. But with late leaf spot and rust, I 
would agree that it is quite difficult. 
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Effect of Sowing Time on Groundnut Yield in Botswana 

A. Mayeux' 

Abstract 

Spanish groundnut genotype 55-437 was sown under 'ainfedconditions at different dates to evalu
ate the effect of sowing timne on reproductive and yield components. Sowing date did not affect the 
time offirst flower appearance. but subsequentflowering was highl' dependent on i.inj'all distrihit
tion. Earlyv (November) antd mid (December) sowing dates produced well-developed plants, whil,
late (Januar'/February) sown crops were stunted with poorly filled pods. The earlv-sown crop)
matured when there was a high probability of rain and the risk of seed germination was high.
Groundnut cfficientlv exploited soil moistureand abundant rainfall led to high hauli yield with a 
smaller increase in pod yield. In two seasons, a December sowing, gave the best yield and the 
highest seed quality. 

R!.sumno 

Efeito da ipoca da setnenteira no rendimento de amnend,?im em Botswana. 0 genotipo Spanish
55.437foi semeado na esta -Co chuovosa ein diferentes datas de sementeira para avaliar a data 
efectiva da sementeira, produi'uo e rendimento dos comnponentes. A data da sementeira nao afectou 
o tempo do inicio da flora'-tlo nias subseqttt,,mnente a flora -doesteve altamnerte dependente da 
distribui 'ao das chuvas. Sementeiras nos ptincipios de Nov.mebro e ineiados de Dezembro pro
du:irainplantas bent desenvolvidas eniltanto que as sementeir-av tardias tI, Janeiro e Fevreiro as 
platas estiveram arrofiados e coin pobre preenchi/ento de 'agens. A cultura seneada cedoatinguiu a inaturs-oquando havia fortes probabilidades (et chiuvas e o risco tie germnina -aoti,
amnendoim a inaior 0 aniendoimn e.ploroti efectivanente a humidade, a jabundacia de chtivas 
indu:iu o niaior crescinento da parte aerea pouco atntento de produt'uo tie vagens entre as das 
epocas, as senientaireas de De:embro deram melhores rendintentos esemente de alta qualidade. 

Introduction the effects of sowing dates on yields and encourage 
farmers to sow groundnut at the right time.

Because sorghum and maize have priority over 
groundnut undet the current farming system in Bot
swana, groundnut does not always receive the re- Materials and Methods 
quircd attention. For example, sowing could be done 
be.ween November a~id February, depending on the In a 2-year experiment at Sebele Research Station,
interest of the farmers in this crop. In view of the seed three sowing periods were studied in the first year
and labor costs, the purpose of this trial was to study and four in the second year. 

t. Research Officer, Oilseed Division. Department of Agricultural Research. P/B (133. Gahorone. Botswana. 

Mayeux. S. 1992. Effect ofsowing time on groundnut yield in hoLswana. Pages 75-79 in Proceedings of the Fifth Regional Groundnut Workshop
for Southern Africa, 9-12 Mar 1992. Lilongwe, Malawi (Nageswara Rao. R.C., and Subrahmanyani. P.. eds.). Patancheru. A.P. 502 324. India: 
International Crops Researdi hl.ritute hor the Semi-Arid Tropics. 
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e Beginning of the rainy season (mid-November): Vegetative grwlwth and flowering
 
early sowing-ES
 

a I nionih later (mid-Dccember): mid sowing-MS so it),ng for all
Flowerig, began 30 days after (DAS) 
* 	 2 months later (mid-January): sowing-LSlite four dates (Fig.I). Flowering intensity was the same 
* 	 3 months later (lid-February): vcry late sowing- for thr first few days, and then rapidly became depen-

VLS de,it rainfall. Figure si-nificant variaoil I shows tile 
tions of rainfall pattern during tileflowering period. 

hFile Since 9('c of pod production is deternined by tietrial was conducted on sandy soil nirked by a 
conmict ferruginous /one. varing in thickness, flowers produced in tilefirst 3 weeks, the toial nuln
about I iii below the stirface. A raiidoinIizcd cOm)lctc ber of Ilowers poduced after 20 days was 73 for (ES), 
block design wilh three replicaition.s wras used oi Plots 128 for (MS), 124 for (LS), lld 74 for (VLS). The 
of six rims, cil'h 6 ill longer flomering period o1' ES allloss.d a:it ger podilong. Seed of SpatnisIh cultli var 
55-437 was Sit nmanLially to\,,s 7f ding period the olii spaced ciii but later pods w\ere poor quality 
apart. \witii 10-12 cit Spacings along each rosv.. Sced (scc Iarvest analysis). 
waIs OIotcCLd bv a funicicide/inosecici de in ixtire During lie 1990/91 seaMni, leaf roLuci ot fol 
(caplall alnd Ialathlioi). Fertilizer ii the form of ().2 t Iowed aIsimilar pattern for ES and NIS until the 701h
 

s -
l a-I of single superpliospliale (l( 1 ha	 ied alittost all1.5; ') and 01.1 day after sowing. Ilowever. ES reta 
of limestone aiiitoniuiti intrale (2S; N) sscrc ap- leaves untilharvestiiig at the cnd of' March, while MS 
plied. Weeds scrc controlled Iy tianIta Itocing. The wsi scvercl\ Lslbi atcd alllsrthe abrult end Of tle 
s,:ater potential of ile Soil was iintiittored using a iieu- rainy season. Tile LS aind VLS plaits rCminiied 
tron probe calibrated it10. 25, 41), 55.600, 75. 85. 100. stutcid. %it a n axijui leaf area itdex of 1.5 (,.tin
115, and 13( cin s%'ith aluminum access tubes (45 til pared swith-1.3lor -S). 

diamiteter) placed itt the middle of' each plit. "ko 

plits scr ii prootdI every If) dayss to iioti itor del - Development of pegs, pollcs, nc seedsrd 
opiiiieii of'varituS Vcgstatie cro\vhtlldi rep]roLIC
tive ocit's. Lcaf arilassas Illteiraed byI)pltilllellrv. In the 1989/91 seasoti s,ilhno \water stiess Ater so %

owrit ssi, iitititore.'d e'ach day onlIso talgged inc. slwi datLI:ilCdid nit iglitfl alfect appear
patPlnceIf thte firs! ppecs. s Iich Lirred atoutilet the 35th 

day aller sowilog. Ilo\e\cr, ntuiiber o pegs planti 
Results and Discussion produced illthe first 3 %\ccksitctc .edfliti,, of.oFS 

to 37 and 36 ftr IS and I.S. )Uiiin, theC19)(/91 
Cliimtatic conditions sCaSOii. dioughlit ses illDcccisihCl delayed peg al)

pearattce. LOW relalisC hiuntiit in l)ecciiber (57'; 
Tetitpcrattires %%crc iormttal with a 1all maxinun olo lat itih 73; for Jalutlry p)i ((800 coipared \s as 
3.°T fron Noveinber itFebruary, falling to 25TC iii bly responsible for reducesd Ilss5r I'riillr, ii th EIS. 
April. The iiiiuti tIiipcratiurc throughttll [he sea- flile iLuiIbCr of poLds ilildsCds 'oflo5d the saiimC 
sotirl ianed fromii 18'C to 20(T. but fell to 8'C IllNy. patte*rpa fat ing, peg irotucltioli.Ien il C s.s stini-
Daily pan evapiratlioit ranlged betws en 4 and 8 miill. larto ISbecause (if lctolo.i itoistire: lit ,seve'r tile 

w%'a millittTtial raifall s 471.1 1989/90) (October- nuinber of potlt decIiied dratnatically due to unfavor
min in I991/91 (October-March).Miay)iLl . I ii 	 able environnsni:i conditions. 
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Figure1. Effects ofsowing dates on flowering ofgroundtt (55437), Sebele Research Station, Botswana, 1989191. 
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Table I. Effect of sowing dates on the distribution of dry matter in stems, leaves, and pods (expressed as percentage of
total plant mass), in groundnut 55-437 over Iwo seasons at Sebele Research Station, Botswana. 

Total dry 
mass (g) Stems 

Distribution of dry mass (%) 

Leaves Pods 

DAS Sowing date I 2 I 2 I 2 I 2 

30 ES 1.5 1.4 20.01 36.8 53.3 63.2 0.0 0.0 
MS 4.6 1.7 30.4 35.9 59.8 64.1 0.0 0.0 
LS 3.0 1.4 30.0 34.3 63.3 65.7 0.0 0.0 
VLS 2.0 - 25.0 - 60.0 - 0.0 -

60 ES 19.4 11.7 47.9 42.9 45.1 53.7 1.2 3.4 
MS 51.9 20.8 32.4 28.7 39.1 43.3 22.2 28.0 
LS 13.2 16.9 32.6 26.6 55.3 65.1 2.3 8.3 
VLS 11.4 - 21.1 - 71.9 - 2.6 -

90 ES 54.1 20.7 31.4 34.3 32.3 48.3 31.1 17.4 
MS 51.5 31.1 37.9 25.7 40.4 38.6 34.6 35.7 
LS 37.1 20.8 34.5 28.4 30.7 48.1 27.0 23.6 
VLP 12.5 - 37.6 - 42.4 - 11.2 -

120 ES 98.1 46.3 35.7 23.8 29.9 33.0 30.3 43.2 
MS 67.6 47.6 29.0 18.7 8.1 28.8 57.7 52.5 
LS 23.2 24.7 29.7 30.8 18.1 35.2 47.0 34.0 
VLS 14.7 - 38.8 - 40.8 - 13.6 -

I= 1990/91. 2 = 1989/90. 

Fable 2. Yields of groundnut (55-437) over two seasons at Sebele Research Station, Botswana. 

Sowing dates 
Final stand 
('00 ia-') 

Haulm yield 
(Itha-) 

ES 95.4 5.62 
MS 91.5 3.10 
LS 91.2 2.18 
VLS 91.8 1.70 

Mean 92.5 3.15 

CV (%) 5.2 11.3 

Changes with time in stem, !eaf, 
and pod mtci 

Rainfall plays *t major role in plant development. Ta-
blc I shows dry matter partitioning between stems. 
leaves. and pods as a percentage of total dry mass 
production. Defoliation I month before harvesting in 
MS was very severe, following an early end to the 
rainy season. Leaf nass represented 18.4% of total 
plant tiass of the plant compared with 31.0% for ES. 
At harvest, the ES plants reached a mean height of 
53.3 cm, compared with 37.5 ctn for MS, 28.5 cm for 
LS, and 18.2 cn for VLS. Pod nass at harvest was 
36.7% for ES and 55.1 for MS. 

Pod yield 
( ha-') 

Mixed 
seed yield 

(I ha"1 

Ist grade 
seed yield 

kg hai ) 

1.41 0.90 615 
1.37 0.93 734 
0.75 0.50 339 
0.15 0.11 89 

0.92 0.61 444 

9.4 12.5 19.9 

The comparison between the two seasons was 
similar, with well-developcd plat:ts (dry mass) for 

November (ES) and Decetnber (MS), and a very sig
nilicani reduction in development in January (LS) and 
February (VLS). 

Yield 

The effect of rainfall was greater on vegetative devel
optent than on reproductive organ development. -t e 
ES plants, which were harvested in mid-March before 
the end of (lte rainy season, had a fair amount of 
haultn yield, which explains their higher yields when 
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compared with the other sowing dates. The LS suf-
fered from drought and thus accelerated plant 
defoliation. 

Differences in pod yield were highly significant 
between sowing dates. Pod yields decreased signifi-
cantly between the early sowing date (1.41 t ha-i) and 
the very late sowing date (0.15 t ha-'). 

A comparison of the November and December 
sowings showed almost no difference in pods ha-' 
(Table 2). However, an extended flowering period for 
the early sowing (Fig.l) led to pod production over a 
longer period. The later pods did not reach full matu-
rity because the plants were harvested early while soil 
moisture was high to prevent germination of the first 
mature seeds. As a result, the last pods to form were 
not fully mature, resulting in the reduced sheiling 
percentage of quality seed from 45.1 for the Novem
ber ES to 53.7 for the December MS (Table 3). In 
terms of quality seed production ha-', the mass differ-
ence is 119 kg, the equivalent of US$ 61 (as of April 
1991). The percentage of poorly tilled pods ("pops") 
in ES was significantly higher than in MS due to the 
extended pod formation period. 

Table 3.Harvest qualify of groundnut (55.437) over tNo 
seasons at Sebele Research Station, lotswana. 

Shelling 100-
100-pod percentage' seed 

mass - mass 
Sowing daies (g) A B (g) "Pops"2 

ES 49.2 63.6 45.1 21.2 18.0 
MS 54.6 67.8 53.7 23.2 11.6 
LS 44.9 64.2 43.2 182 15.7 
VLSI 40.4 60.5 46.1 1.0 22.9 

Mean 47.3 04.0 47.0 20.4 17.1 

CV ( I, 11.4 5.0 12.7 9.) 40.0 
good seeds.1. A = mixed seeds. B = 

2.Measured as percenlage of alxiried seeds. 
3.On'y 1990/91. 

Water consumption 

Abundant rainfall at ES in 1990/91 resulted in almost 
100% increase in hauhn yield and 50% increase in 
pod yield for the spanish type genotype (Table 4).Wa
ter use efficiency, expressed as mm of water con
sumed (evapo-transpiration) per kg of pod, assuming 
that no water drains to below the 130 cm zone, was 
similar for the two seasons with an average of 3.5 kg 
mm-'. A root system study showed that groundnut is 
quite a flexible p'ant with regard to soil water, and is 
capable of effectivL!V exploiting soil moisture by 
very quickly extending its root system. 

Conclusions 

Analyses of tl'e advantages and disadvantages of each 
sowing date are summarized below. 

Early sowing (ES) 

e 	 Due to the low probability of rain in October to 

build up soil moisture reserves, ES can suffer very 
quickly if rainfall is low. 

• 	 Minimum temperatures are sometimes low at this 

time of year. and this delays seedling emergence. 
9 Flowering period is long, leading to a range of 

pod maturity, then an increase of immature pods 
mixed with mature pods at harvest. 

• 	 Plants reach maturity when the probability of rain 
is still high, posing harvesting and drying prob-
Ictus. Losses attributable to seed germination can 
ems .be high. 

Intermediate sowing (MS) 

* 	 Soil water reserves are assumed to be adequate for 
the plants to withstand slight water deficits. 

Table 4.Water-use efficiency on agrolndnut crag (55-437) sown at different times. 

Yields Water use efliciency 

Sowing Rainlall Pod Hauhn Pod Hauin 
dale (mill) I ha-') (t ha-1) (kg mm (kg mnry)li) 

899r; 90/91 89/90 90/91 89/90 90/91 89/90 90/91 89/90 90/91 
ES -73.8 486.3 1.13 1.69 3.h2 7.z.3 3.2 3.8 10.8 i6.7 
MS :77.8 355.9 1.4.1 1.31 3.42 2.', 8 5.7 3.4 13.5 7.2 
LS 222.3 283.9 0.66 0.85 2.46 1.8'; 2.5 2.2 9.4 4.9 
VLS - 222.4 0.15 0.17 - 0.5 5.7 
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" Higher temperatures favor development through- and mid-Decenber, depending on the rainy season. 
out tile growth cycle. Since sorghum and groundnut have similar growing 

" Harvesting is completed during a period with a cycles (120 days), selection of a short-duration 
low probability of rain. This facilitates drying, and groundnut could be asolution. 
harvests are of high quality. 

Ndunguru: Cattle play a more important role in the 

Late sowing (LS) economy of Botswana than food crops. What is the 
potential of growing long-duralion groundnut for fod

" Tihe crop is always sown under good conditions,C der, particularly during the long dry season when 

since soil water reserves are high. pastures may be in short supply'! 

" Flowering and peg fornation are also good, but 
tie well-developed plants can rapidly suffer from Mayeux: There are 3 million head of cattle in Bot
drought stress due to the erratic rainfall at tile end swana. Growing long-duration groundnut for fodder 
of tile season, will not have a signilicant impact and would be very

SThe low temperatures at the end of the cycle re- uneconomical because grazing land is so important. 

duce plant metabolic activity, resulting in small, However, wye encourage farmers to use groundnut 
poorly filled pods. haulm to feed draft animals before tile cropping 

, The early sowings from january and February are season. 
susceptible to infestation by aphids (roselle vec
tor). lhat are more numerous at this time of year. Williams: Have you considered tile possibility of 

mixing groundnut varieties? In West Africa, espe-These results indicate that sowing groundnut in cially with cowpea and groundnut, we find much 
Botswana during mid-December results in optimal greater stability from mixed maturities relative to 
pod yield and seed quality, pure varieties. 

Discussion Mayeux: If farmers sow in late December, there isno 
opportunity to sow mixed varieties. Mixed varieties 

Olorunju: What lime of the year is sorghum sown in should be sown in October, but since priority is given 
Botswana? Since there does not appear to be any to sorghum, we have had little success with this idea. 
clash in sowing dates. is it possible to advise farmers 
to sow groundnut before sorghum? Keli: To improve groundnut production, tile whole 

farming system should be examined to determine tile 
Nlayeux: Sorghum, as a staple crop in Botswana, is leverage points through whicl, tile productivity can 
always sown first, usually between mid-November best be achieved. 
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Response of Groundnut Varieties to Drought Stress 
at Namulonge Research Station 

C.M. Busolo-Bulaful 

Abstract 

Groundmit (Arachis hypogaea L.) is a very inportant leg'un crop in Ugailani agriculture. It is well 
acceptedfin cultivationand consumption. The general trend is to increase prod tili' in all crops, 
including grotolnitts. Howeter, one of the fictors responsible for lowering this prodtuctivity is 
chotgh. Preliminar)y obsertationshave shown that some lines are highly tolerant qj'h'tdought stress. 

Resumo 

Resposta tie algumas varidades de antiendoim a "stress" provcado pela seca na Estacfo Agraria 
de Natnlonge. Amnendoim (Arachis hypogaea L.) e tina legiuninosa de nmaior importancia ita 
agrit Iltitra de Uqandta. 0 sell cultivo ecosfan(o tent boa aceitai'ao. A tendencia genral o;auntentar 
a prothictivihtde'le todas as cu/to'as inc/htioe omendoint por ;nt, o/ot for responsavel pela bai.ra 
productitidadeeta seca. Obsern-at~oesprelintinares tent mostrado qt/e alc'ttmas linhasSao altamente 
tolc'raitt's o "str'ss"origincado pela secta. 

Introduction 

Because agriculture is the backbone of Uganda's 
economy, there is a tendency to emphasize increases 
in crop productivity per unit area of land. However, 
some abiotic lactors such as drought lower the poten-
tial productivity by interferi,.g vith the growth and 
development of the crops. 

Drought is 0t12 of the main constraints to the pro-
duction of groundnut, the second most widely grown 
grain legumiec in Uganda. Besides its direct efllect in 
reducing groundnut yields., drought discourages 
farmers from alleviating effects of' other constraints 
such as diseases, pests, and nutrient stresses through 
inaa[, rial practices. One way to increase aid stabi-
lize groundnut yields is to moderate the impact of 
drought stress by using tolerant cultivars. Another 

way is to match cultivars to specific agroecological 
zones. 

Uganda has two growing seasons. Dry spells at 
the beginning and end of each season are common. 
Hovever, potentially damaging dry spells also occur 
at any time during the growing seasons. Damage to 
groundnut in paiticular depends on time of occurence 
and duration of the drough! spel! Inlhe linal analysis, 
recovery of acultivar and rLurn to active growth and 
development, alter exposure to varying periods of 
drought, may be i:iorc important lhan drought a 'oid
rice or diou-,, tolerance. Althoungh reliable esti

mates of ave.'age crop losses due to drought are 
lacking in Uganda. total (100%) losses of the crop 
have been observed in some areas. 

Most of the farmers growing groundnuts in 
Uganda are peasants of limited means. These farmers 

1. Grmundnut [Irteder andltCimmnlinattir, Namll. onge Research Siatimir. 11.0. li,)x 708b4. Kampala. Ulganda. 

|usuo -iulafiu, (:. t.. 1992. RL l'so, tit 1ruLiiidiiu varieties tootrotligit stress at Naiinuhtoige researci sltimnl. 'jge,,Mt-82 it Proccdings ofthe 

Filth Rcgitmal Gromndnut Workshop for S.uliern Africa. 9-12 Mar 1992. timiglwv. Madawi iNageswara Rao. R.C.. and Subrahmanyam. R. 

cds.). Palacheru. A.P. 512 324. !adij: Internatinal Crops Rcearch Institute hifr the Semi-Ardt 'rop,.s. 
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are aware that late sowing results in low yields, but 
lack of farm power and erratic rainfall often force 
them to sow late. Some farmers give priority to other 
staple food crops. 

Although the Groundnut Improvement Pro-
gramme at Namulonge Research Station has not yet 
conducted a full-fledged study oil groundnut response 
to drought, several useful observations have been 
made on materials under evaluation and screening for 
other parameters. This paper reports the preliminary 
observations on the drought responses of 10 cultivars. 

Materials and Methods 

Ten varieties wei' evaluated at Namulonge Research 
Station under rainfed cwnditions. No irrigation treat
mients were applied. Th: experimental design used 
was the randomized conmplete blo,k design with live 
replications. Each plot consisted of six rows, each 5 in 
long with 0.6 in distan,:e between rows. The trials 
were conducted during the two rainy seasons in 1991 
(March-July and Septenber-December). Observa
lions were made on tlhe ability of genotypes to recover 
and return to active growth after exposure to varying 
periods under drought stress. 

Results and Discussion 

The cbservations were made following mid-season 
droughts in a number of seasons, leading to adverse 
effects on the trials. Despite severe drought, however, 
a few varieties consistently gave better yields, indicat-
ing better drought tolerance than others. These vari
eties recovered more quickly after drought stress than 
the ,!rought-susceptible varieties. The lines identilied 
as highly tolerant are long-duration types (120 -130 
days). RMP-12 was one of the best yielders. 

Unfortunately, little information is avaiible on 
the extent of yield loss due to drought in Uganda. It is 
therefore desirable to cond:,ct more detailed investi
gations involving drought simulation studies in order 
to establish the yield losses caused mainly by mid-
season droughts. Research efforts should also pit 
more emphasis on the development of drought-toler
ant varieties since this is a natural hazard which can
not bc easily controlled. Drought not only causes 
loss of yield, but deterioration in quality because it 
predisposes the groundnut pods to infection by 
Aslwrgill"-P. 

Discussion 

Mayeux: You mentioned your preliminary observa
tions were made from return to active growth. Can 
you make any other observations, such as flowering 
(time, intensity), which is more important in relation 
to drought and gives a better understanding of plant's 
ability? 

Busolo-Bulafo: Drought can occur at anytime during 
tile growing period of the crop. If the spell occurs just 
after flowering, the flowering will be retarded; but if 
moisture returns, the rate of resumption of flowering 
will differ with the varieties, resulting in different 
yields. 

Nageswara Rao: 1.What were the lowest and highest 
yield levels recorded in your trial? 2. You mentioned 
that long-duration genotypes yielded well in your ex
periments. Did you include genotypes with varied 
duration in your trials'? 

Busolo-Bulafo: I. Yields ranged between 0.79 and 
2.50 t ha-', while the average was 1.15 t ha-1. 2. The 
series we arc evaluating now consists mainly of long
duration varieties (120-130 days). 

Olorunju: In your trials, RMP 12 yielded 2.50 t ha-' 
under stress conditions. You said under rainfall , i,.
quate conditions), it yields 3.50 t hra1 . Is that the 
normal yield in farmers' fields for this variety or does 
it only reflect experimental conditions? 

Busolo-Biilafo: RMP 12 is a new variety and has not 
yet been released to farmers. We hope to release it in 
the near future since the evaluation is an advanced 
stage. The average yield is 1.20 t 11-1 in the trials, 
while the national average is 0.80 t ha-'. 

Bosch: What methodology did you use for simulation 
of drought? 

Busolo-Bulafo: We did not use any simulation. The 
trials were grown under rainfed conditions. However, 
we intend to conduct more detailed trials where 
drought simulation will be used. 
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Groundnut in the Farming System: A Case Study

in Salima Agricultural Development Division, Malawi
 

T.J. Cusack and N.E. Nyirenda t 

Abstract 

The principal crop)s grown in the Chinguluwe area ofSalinia Agricultural Development Division 
are cotton, maize, and growidnnt. Both the area sown to grout,dnut and the proportion of the 
groundnt area planted to the recommended cultivar Mawanga are declining. Farmers indicate that 
these trends are due to the relatively low profitability of grondnuts, the lack of'ati'iabilityof 
Mawanga seed, and the superior drought resistance of alternative groundntt varieties. These 
findings st:ggest that fittre research be directed specifically towards cultivar adaptability and on
fari seed storage. 

Resumo 

Atnendoin nos sistemas de producao: urn caso em estudo na divisdos de desenvolvionento de 
agriculturaem SaHima, Malawi. As p,'incipais cultiras praticadas na divisao de agricultura de 
Salima em Chingulwe sdo: algoddo, milho eamendoim. Tanto a area semeada de anendoim assim 
bent como a poinorp'io da area seneada com o cultivar recomnendado de anendoimn estdo declina
ndo. Os agricultores indicaram que esta tendencia deve-se relativamente a baixa rentabilidade de 
anendoim, falta de semente de mawanga (variedade reconendada), falta de variedades alter
na!ivas e tolerantes a seca. Estas in/orma'5es sngerem que as fturas investi4a,'Oes devem serent 
dirgqi'as especi'icainente a adaptabilidade de cultivares e armazenamente de semento no campo 
dos agricutores. 

Introduction and Method 

The lakcshore area ol Malawi is historically an im-
portant grounenut-producing area. In order tc ensure 
that on-station atid on-farm groundnut research is un-
dertaken on those topics having highest poteritial im-
pact on lakeshorc smallholders, .1r'ecactl planning 
exercise is presently being undertaken by Ihe Chi-
tedze-based Groundnut Commodity Team. As par! of 
this exercise, resea -hers undertook abrief survey of 
groundnut-growing fartrers during the 1991/92 sea-
son, and reviewed earlier survey results over he past 
5 years (Mwenda anC Cu;ack 198h, 1'.venda 1N92), 

for smallholders in the Chinguluwe area of Salima 
Agricultural Development Di, *sion(ADD). Surveyed 
farmers were more commercially oriented than aver
age. Because of their membership in farmers' clubs, 
they had access to credit, their farms were above 
average size, and a large proportion owned their own 
draft animals. Farmer survey data were supplemented 
by interviews with extension staff P'nd by data pub
lished by national scientists. 

The primary objectives of the study were to iden
tify constraints to groundnut production, and to iden
tif.. re arch activities which could address these 
constraints. Of particular concern was the national 

I. Economist. and G.oundnut Commodity Team Leader. Chitedze Agricultural Research Station, P.O. Box 158,Lilongwe, Malawi. 

Ca~nck, '.J., and Nylrenda, N.E., 1992. Groundnuts in tihefarming system: a case study in Salima Agricultural Development Division, Malawi. 
es 85--87 in Proceedings of the Fifth Reional Groundnut Workshop for Suuthcrn Africa. 9-12 Mar 1992. Lilongwe. Malawi (Nageswar Rao. 

R.C., and Subralhmanyan. P..eds.). Patanclteru. A.. 502 '24. tidia: International Crops Research Institute for the Semi-Arid Tropics. 
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decline in groundnut production over the past several 
years. Output during the 1984-87 period averaged 80 
000 t shelled nuts, compared with an average of only 
20 000 tduring the 1988-91 period (Ministry of Agri- 
culture 1991). This trend was reflec.cd by the declin
ing levels of output at the Salima ADD (Salima 
Agricultural Development Division 1991). 

Results 

Production changes 

Total area of cultivation per sampled farmer ranged 
from 1.2 ha to 5.4 ha, compared with an average farm 
size for the area of 1.2 ha. Subsountial changes have 
occurred in ;he importance of various crops between 
1986/87 and 1990/91. The proportion of the farm 
(considering only the three principal crops: maize, 
cotton, and groundilnt) sown to maize has remained 
constant at appiu,,:imtely 40%, but there has been a 
substantial shift away from maize composite culivars 
to maize hybrids, v, th strong interest in the varie.y 
MI 18; respondeits indicate that the poor dreught 
tolerance of the composites and the availability of 
credit for hyb:ids were the main determining factors. 
Of ihie total maize area, the proportion ofmaize land-
races has remained at approximately 40%, with hy-
brids recently replacing almost all of the composites. 

The area sown to cotton, expressed as a propor-
tion of the area of principal crops per farm, has grown 
from 41% ii 1986/87 to 52% in 1990/91, reflecting ai 
equivalent reduction of the area devoted to groindnut, 
Farmers expect that cotton will suffer only a 10-20% 
decrease in yields under the 1991/92 drought 
conditions. 

The area sown to groundnut has declined from an 
average of 20% of the sown area of farms in 1986/87 
to only 8% in 1990/91. For those farmers who con-
tinue to grow grounrdnut for cash sale as well as for 
home consumption, the typical area sown to ground-
nut has declined from 0.8 ha in 1986/87 to 0.4 ha in 
1990/91. The areas devoted to the various groundnut 
cultivars have also changed on commercialized 
farms. Whereas approximately 90% of groundnut 
sown during the 1986/87 season were Mawanga, a 
high proportion of the total area (approximately 70%) 
is now sown to cultivars other than Mawanga. More 
land is sown to Chalimbana than to Mawanga, and the 
local cultivars Kalisere and Mani Pintar are also pop-
ular. In addition, Malimba is gaining in popularity, 
although it is not clear how the seed was introduced, 
having been previously released only for the Lower 

Shire Valley area. Farmers in the silty-loam areas of 
Chinguluwe expect signi¢cant yields only from Mal
imba this season, wher :as farmers i,. sandy-loam 
areas expect significant yields from all cultivars. 

Reasons for production changes 

Main reasons given by farmers for these changes in 
groundnut production were the removal of Mawanga 
seed from the credit system due to lack of supply, the 
removal of the Mawanga seed program from 
Chinguluwe (members of this program received sub
stantially higher output prices with no additional in
puts needed), and lower levels of p-ofitability for 
groundnut than for cotton. Some farmers were linding 
it diflicult to store Mawanga as sowina material, al
though there was some evidence to indicate that 
farmers who stored Mawanga seed in nikhokwe (bam
boo storage sheds) were less s:iccessl'ul than those 
who stored material in sacks in the house. 

Despite the well-rec.ognized yield advantage of 
Mawanga, it was con,:ured too oily to make a suc
cessful relish, and yields fluctuated under erratic rain
fall conditions. Chalimbana is grown mainly for its 
taste, and is clearly [le preferred cultivar for home 
consumption. Although farmers rep'-,ted that 
Chalimbana yields are usually less than 50% those of 
Mawanga, the seed is easy to store. Kalisere is similar 
to Clalinibana, with somewhat smaller yields. It has 
slightly superior drought tolerance but is less tasty as 
a relish. It is usually used where Chalinbana is tn
available. Maliniba is renowned for its maintenance 
of yield under severe diought condilions, and farmers 
reported that they woul like to include it as perhaps 
10% of an ideal groundnut cultivar portfolio which 
would also include 70% lMlawanga and 20% Chalini
bana. Malimba isconsidered intermediate in taste and 
yield, and is easy to store, with some farmers suggest
ing that Malimba can in some seasons be sown twice 
within the same season. Some farmers also observed 
that Mawanga is more prone to teimite attack than 
other cultivars, and therefore plant population at har
vest tends to be low. 

Farmers indicated that they preferred arotation of 
maize/cotton/groundnut, but due to the small areas 
devoted to groundnut, cotton is usually rotated with 
either of maize or groundnut. The sequence of sow
ing is often cotton (dry sown), lollowed by maize and 
then groundnut, or maize followed by groundnut 
and cotton. The groundnut haulns are valued for live
stock feed, but are not sold if the farmer does not own 
livestock. Shells are thrown away. Farmers often save 
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thrce 35-k bags of unshelled nuts for domestic con-
sumption and two bags for seed. The remainder is 
sold to private traders [1991 prices were K 40-45 
(US$ 10-12) bag-1, or at higher prices to 'arnlers for 
seed. 

Cotton is valued for its high prolitability and its 
ability to yield effectively even under the most 
verse conditions. Maize is considered essential for tie 
domestic provisioln of s:taple food, and is moderalely 

prolitable when hybrids are used as cash crops. 
Faersl're f'requently reluctant to sow groundnut 
because of its low prolitability and because of low 
yields during droughlt years (40% of years). However, 
it is valued For home consumption as relish, For cash 

enhancelinell.income, 16 fertilily ad for the crop's 
ability (according to one farmer) to .substantially le
duce Striga incidence in succeeding maize. 

Conclusions 

From fariner responses, grotundnut production in 
Chinguluwe appears to be COlisltalled by: 

a lack of seed of' the recommended culti var, 
Mawangoa" 

* 	 low levels of proIi tabli ty of gin und l~lt conipared 
withi the (othetrpriIci pal crops: aid 

* 	 low levels of yields ofeslablished cullivars i l 

rainfall years. 


L
Additional cx ln:iol e ffoirts to pronlte iiore el
fecclive illiods, backed up bydoieslic Sced storage 
,iol-farmi trial, could help to reverse tie declinie ii'llstsvlu to tlIri higlly productive cuievar Miawa ila. 

It is unIikely, howevet.rt lat farniers will lie able t 
11obl:aiii substalialIMawaniga seed materials fromtiout

side sources (oi credit or otherwise) in the forsce-
able fuitu1re. At the same lime, prices recently 
received by farmers for unlishelled nuts sold ioprivate 
traders are up it twice that offered by the Agri
cullural Developlnent and Marketing Colpoation. so 
a review of lherelative prolitability of groulidlut is 
needed. 

This study has raised a number of questions about 
the suitability of established culivars lor conditions 
louid in Chinaluwe. Researchers situLIId review a.ist 
results for variety/agronoyiv trials oi the lakeshore. 
Plialotbe. and the Lower Shire areas, Isitt Ih0Cs as 
a basis for desiginhg on-farm trials i;;Clinguluwe. 
Malilliba, Mawa nga. anid ct livars su Ii as CG 7 
should be used int liese trials. 
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Discussion 

Freire: I. What is the oriein of the local cultivars? 2. 
Il'gronIdlut prices have doubled, why is the crop less 
prolitable? 

Cusack: 1.Local cultivars ort cinaled froni ilnlroduc

tlions imade by extension/research workers inprevious 

(ecades. The original introductions are generally re
cognizable as separate cultivars it farlniers' fields to
day. armiiers often maiiilaill separate stocks and 
sowins of' these cultivars. 2. Pri;vate traders hav 
recelitly been allowed to purchase giOUnlidliils rtom 
farmers, and prices received by farmers have corres
pondingly increased substantially. Potential prof

itability is therefore increasing at present, reversilg
the decline inlprolimability during [lie 1980s. 

Anders: Why did you select the top 25'( of comier
cial producers: does ilie remailing 75%cnotmake ali7 

impact ol produc iOn? Does this group hav allycon

tact wililtfthe commtierc ial sector?! Is t lie re amoitvemtenit
technology from this top 2514)i" 	 tothe other 75',?
 

to 
Cusack: The samplii,.. frame was "f'artiers who %were 
members of farlmier c bs'., bccause these clubs have 
cxICtisionl COitact. 1lie arc capable of switly re
sponclil, to produCliOl llICClliVes. The rella illilll 
75% of farlmers are diflicultIor researchers lo ,ork 
with. but do significanly ilmpact productiIn. Move
inenlof lechniology from the top 25%, t the other 
75% is slow and inf'irmal, but i,nevertheless quile 
eflet ivye wili some techiolg ics. 
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Investigations of Cultivation Systems and
 
Cultural Methods of Weed Control
 

D.D. Singa' 

Abstract 

Research on the niechani:ed cultivation of groundnut, as with other higlh-priorit, crops in Malawi, 
is now biasedtowards sinallholder farners. The snallholders produce the bulk of the crop in the 
counitry sith hand cultivation practi'es,which usually limit productioi to subsistence levels. Land 
holdiingsare geierallvsiall,and there is increasing ieed to conserve the cotntry's foreigqn reserves 
y mnilililLing importation ci" tractorsand petrol 'un products. This papei"reports recent efforts to 

seek iniprov'ed gronutdinitproduction techiiques tsing hunian and aninial draj power. 

Resuino 

Investigaio has tecnicas de cultivo: practicas culturais de controlo de infestantes. 
hjvcstigcluc'o no cultivco ncaui:ado de autendoint assini cono cultturas priorittirias no Malawi j 
agora bcscdo e'i pcqienos agriciltores, 0s peqiienosagricultorcs prod:tit o grosso da ptrodli alo 
t)o pais coni praticas (le cutiv'o niauiual ls qttuis linita a prodttu'co para o nivel de subsistencia. 
Posstilor's de terrassuco gerahlnintepoiwos e hd ncessidade de conser'ar as r!%."rvas do pals 
(Divisu) atrare:dc dintintd'ido ts iuniorta'es de tractores , derivahos de petroleo. Este artigo 
reporta es/orb'os reccents n hitsca de ecnics nic'wlhoradasde prodtqado de ",ndoini utsando a 
Iraq-o ciiial huneaina. 

Introduction with credit systems, more farmers should be able to 
own the equipment. Work on a planter, a cultivating

The Government of Malawi, faced with the need to tine, a weeding sweep, and a clod crusher is under 
increase both land and labor productivity while con- way. 
servilng the country's foreign reserves through the A farner is able to save about 35% of the cost of 
mirlinlization of machinery and oil importation, cn- single implements whenl he buys tool-irame wi.h 
couragcs the use of animal and human power. plowing and ridging attachments. The phenol|elon 

Over the past 3 years, a highly promising multi- gives a chance to low income farmer; to own the 
purpose tool framc capable of accepting a wide range implem|enlts.
of atta unents has been developed, tested, and nianu- Malawi is now self-suflicient in th n;ianufacture 
facturcd. 4,1tachments are currently available for of all ox-drawn implements. The problems of owner
ridging and liting. The tool franC has gained in- ship and lack of high adoption of larm machinery
creasing popularity with farmers, and as firn ma- technologies are due to external forces beyond the 
chincry extension services are introduced in all control of the farm machinery team and are not exam-
Agriculiural Development Divisions (ADDs) along imed in this paper. 

1. t::niln Machinery Te aum Leader. Chiled/c A -- ictiuhural Research Station, RO, Box 15.4. Lilonlgwe. Malawi. 

Singa. D.D. 1992. hr'csiIO.Iij(s '14cuiiivMiio ,ysicon d cuhu11r1almellt,.ts (lf weed Cniurol. Pages 89-92 int Proccedinmgs tit' the tifih Regionmal
Grotuntldltml Woarliop lor Soiilierm Africa. 9-12 Mar 1992. Lilongwe. MaLmni (Ntgeswara Rao. R.C.. and SLIhralimainyaim. R. cds.). tatancheru. 
A.T. 502 34. hilii: Inicrnllonal Crops Rescarch iltitutc for the Scu.i-Arid Tropics. 
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Cui*urail Methods 

Trials in weed control and crop response from alter-
native cultivation. systems and subsequent .zeding 
methods using ox-drawn equipment on groundnut 
were conducted from 1981 to 1985 at Chitedze and 
Chitala Research Stations (Table I). The mechanized 
systems were based on combinations of nethods 
using existing equipment and others which had be-
come available with the introduction of the 'ultipur-
pose toolframe. Planters and lifters were developed 
between 1982 and 1985 as acontinuation of investiga-
lions conductud from 1968 to 1970. 

In each treatment in the Chitedze and Chitala 
treatments (Table I), sowing was done by hand. Three 
plants were sown at each station spaced at 90x90 cm. 
Hand weeding was done at 3 and 6 weeks after sow-
ing. While no direct measurement of weed intensity 
was recorded, the total labor hours spen! weeding 
indicated the overall importance of this task. Ferlil
izer and pest control procedures followed standard 
recomtcrded applicalions. 

Ox-drawn Planters 

Investigations were made into tile .operations o' 
types of ox-drawn planters in 1969 and 1970. Two 
were the proposed attachments to the National Insti-
tute of Agricultural Engineering's wheeled, two-row, 

tool carrier which itself proved to be inappropriate. 
The third one, known as 'Salin' was manufactured 
by the Agritnal Company. It was rccomnended for 
sowing maize and soybean and featured a special 
plate to provide adequate seed rate. However, it 
proved unsuitable for groundnut due to high seed 
damage and low seed rates. The fourth planlr, part of 
apedestrian-operated toolbar package specifically de
signed for maize, was not recommended. 

A prorriising double-row ridge planter, an addi
tional a:tachment to the new multipurpose aolbar, 
was designed and developed by FMU bet vecn 1Q82 
and 1985. This planter sows on two ridges pcr run and 
sows one seed every 0 cm. 3-5 cm deep. The planter 
consists of two drive wheels that move inside lhe 
furrow, two hoppers and s- .tplates, an opener, and a 
cover. The linal stage Ml development has bcen 
reached and two manufactl'rcrs iave been identified 
(Agrimal and Lilongwe Sheet Metal). 

Field Trial Results 

o 	Tine cultivation provides less residual weed con
trol. Deep-tine cultivators have greater draft re
quirements than plows. 

* 	 Although ridging requires extra lab,'r, substantial 
labor can be saved with ridge sowing, especially 
when tilesowing is done illstraieht lines. This 

Table 1.Cultural methods (if cultihation and weed control, Chiledze atmdCliltala Research Stations, 1981-85. 

Treatment 
ond category Primary and secondary cultivation 

1.Fiat Moldboard plow an( harrow 
2.Flat Moldboard plow and harrow 
3.Fl 	 Moldboard plow and harrow 
4. Flat/ridge: Moldboard plow and harrow 
5. Flat/ridge2 Moldboard plow and harrow 
6. Flat Winged deep lineand leading tines-' 
7. Flat Winged deep line 3and leading litles
8.Flat Winged deep line and leading lines.-

39. Flat/ridge2 Winged deep line and leading lincs 
3
10. Flat/ridge2 Winged deep lineand leading tines

II. Flat/ridge Moldboard plow and harrow and ri. 
12. 	 Ridge Moldboard plow and harrow and ridge 
13. Ridge Moldboard plow harrow and I":'mers 

I. Metlhod did inotihlt de ox-drawtl lifting (as did all olher tiietltods). 
2. Ridges were built as the season progmessed. 
3. Winged deep liles were used at amaximum of 30 mn depth witI the leadmin 

Seed was sown in line with the deep lite. 

Weedin Ilte',,od 

Hand (control) as recommend. . to farmers 
3x250 intosweeps 
5xl50 minmsweeps 
Ridger 
Ridger rolnbine with 2x 1501 mi sweeps 
Hand (control) as recommended to f'alrners' 
3x250 nimsweeps 
5x 150 m sweeps 
Ridger 
Ridger combined with 2x150 mn sweeps 
Hand (control) as recommeided to farmers' 
Ridger 
Ridger combined with 2x 150 mim sweeps. 

tines at I50 til deep and spaced at 450 min. 
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facilitates weeding with animal drawn-imple-
ments. 

" Weeding with cultivators (tines and sweeps) is 
only effective when the soil has average moisture 
and weeds are small. 

* 	 If soil is well plowed, insignificant yield differ-
ences are obtained whether sowing is done on 
ridges or on flat ground. 

* 	 Ridger weeding on flat-sown crops provides good 
banking systems and saves labor. 

" Only two weedings arf! required. 
" 	 Groundnut lifting usin.. Animal-drawn implements 

i easier when the crop is grown on ridges. Perfor-
mance of crops sown on flat ground deteriorated 
over 3 years of trials. Poor pegging was observed 
under such conditions. 

Lifting 

Trials during the 1968/69 and 1969/70 seasons on 
blades and shares for lifting groundnuts indicated that 
a curved f,00-mm blade was the most suitable. Such a 
blade penetrates the ridge offectively with minimal 
draft requirement. Flat blades were recommended be-
cause they can be reversed, thereby halviog sharpen-
ing time. 

Another reversible leaf-shaped share was found 
useful as a dual-purpose ridgcbreaker/groundnut 
lifter. In 1975, a design was completed for a single-
purpose groundnut lilter using a curved blade. Al
though 50 were made for evaluation and extension 
purposes, laig,"-scale commercial manufacture did 
not result. 

A completely suit, able groundnut lifting tool was 
developed by FMU in 1992. This lifter features circu-
lar legs, which enable the lifted groundnut haulns to 
slip off easily during the operation. The tool has been 
recommended by the Government and is being manu-
factured by Agrimal as an attachment to the multipur
po;e tool frame. 

Concluding Recommendations 

1. 	 Whcrc residual weed control and proper soil tilth 
are required, a plow should be used instead of 
deep tine (or chisel plow). 

2. 	 Deep tines and front tines can only be used where 
drainage is required and weeds are not a problem 
in land preparation (old lield with no resulting 
weeds). Siong animals should be used as the in-
plement req'ires considerable power. 

3. 	 Although sowing on ridges is faster, the initial 
ridge-making requires considerable labor, It is 
recommended that ridging be done where slopes 
will encourage erosion. Otherwise, flat sowing on 
well-p!.kwed land is prcferbl. since it is labor
saving. 

4. 	 Weeding using a ridgei on a flat-sown crop grown 
in straight lines is reconirenled due to the result
ing banking situation. It is also labor-saving. 

5. 	 Weeding with cultivator saves time but this 
shoLId only be done when weeds are small and 
soil is nor too wet. 

6. 	 Mir imal tillage can only be practiced safely for 3 
years. Thereafter, complete plowing should be 
done. During the 3 years, all recommended inputs 
should be applied; else the crop will be affected 
more adversely during the final 2 years than dur
ing the one under normal tillage. 

Observations of ox-drawn planter developmaent in
dicate that farmers without access to the multipurpose 
tool frame can efficiently use the Agri mal-manufac
tured .;iiim planter. Meanwhile, those with access to 
the tool frame should soon be able to avail of the new 
pianter attachment. For groundnut lifting, the only 
eflicient and inexpensive lifter is the tool franc at
tachment currently manufactured by Agrimal on or
der from farmers. The ADDs can place orders for the 
attachments (as well as all other Agrimal implements) 
on behalf of their farmers at wholesale prices. 

Discussion 

Mkhonta: Which weeding methods are the farmers 
currently using? 

Singa: Mostly hand weeding (with hand hoes). A few 
(about 10%) use ridger weeding. 

Williams: How much of the groundnut crop is buried 
during the growing season by ridging to control 
weeds'? 

Singa: Not much. For bunch varieties, three weed
ings can be done; for runner varieties two ridge
weedings are sufficient. 

Nigam: You mentioned 90 cm row-lo-row spacing 
for groundnut. When I was here, the Malawi national 
program had decided to recommend 60 cn row-to
row spacing for groundnut. Has it been changed back 
to 90 cm? 
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Singa: No, the natianal program also recommends 60 
cm spacing. But many farmers lind it difficult to 
adopt this spacing because of the various crop com
binations they sow. These combinations often require 
90 cm row-to-row spacing. Farmers find switching 
from 90 cm to 60 cm or vice versa difficult. llowever, 
in the case of 60 cm row-to-row spacing, by reducing 
the yield size, animal traction can be used for effec-
tive breeding 

Anders: What is the minimal farm size required by a 
farmier to invest iate animal tool carriers and how 
many farmers have sufficient land to use animal tool 
carriers? 

Singa: A minimum of 2 ha, although smallholders 
are encouraged to pool their resotirct., "ooling, how-
ever, is a long-term strategy. In ,orthern Malawi, over 
50% of the farmers have sufficient land: in the central 

region, about 20%; and in the southern region, about 
10%. 

Sibuga: The inlbrmation you have presented with regard 
to the multipurpose tool frame for ridging, sowing, and 
weeding is very interesting, especially in view of increas
ing labor shortages. Is it possible for ICRISAT to take a 
leading role in assisting national programs to adopt such 
tools? Can someone from ICRISAT )lease comment? 

McDonald: ICRISAT is not doing active research 
on the mechanization of groundnut production. 
However, we are collecting all available inforlna
tion on mhachinry-manual, animal draft, and 
mechanization-and will be glad to make this infor
mation :vailable on request to researchers world
wide. Much work has been done in the past in 
many couniries and there is good scope for moving 
information and equipment between countries. 
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Effects of Improved Technology on Groundnut Yield 
and Probable Adoption Implications for the Farmer 

K. Kanengal 

Abstract 

Poor crop husbandry is one J"the most itnportant constraints to increasing groundnut yields in 
Zambia. The stulyreportedhere was undertaken at Msekera Regional Research Station to establish 
the benefitsfJiont the incremental adoltion ofi]nprov'ed technologies into traditional s'*,stems. Early
solving, improved seed, optinial weeding. iniproved phnt densi., and disease nanagenentprac
tices were evaluated in a ]idl faictorial design. After 2 Years the dota showed that by tising all 
improved technologies there was a !70% yiehl inc'reas over the tradiional sYstem. Early sowing
tolie restietdin a 94% increase, while early sowing combined with opt'mal p)/ant density resulted/
in a 200% increase.These datti indicated that significant yield inc'reases are possible wit/i minimal 
tntltlu''tetetchang's. 

Resunio 

Efeito de tecinologias melhoradas sobre o rendimento de amendoim epossiveis implicafes da 
sua adopi~do pelos agricultores. 0 iaczo conhecimento ietecnicas cultur'ais c tot do; mais 
importantte fator liitatte pata o c'zt,.';:etto c/c)renlintc,;' , de amencoint na Zambia. Os cstudos 
aqti cpresentai/os fin'an conldttzios itaEsta 'do regiotal clehtt'est.,qaqtl'o c/c' Msekera para es
tcbelece' os bene/icios da aclopao tas teccnologias mnelhoratasno sistcma tradicional.Semenitt iras 
tic) c'/)oca propria.Sc'telme'nt/elhoral/as,optitlas sachas, denshtde de phnta ntellorac/a e pratica
t/c, controh ce i/oe't'asfi)nni avaliaclas ntim desen/hofilcorial compl'to. Depois (Ic',ois anos os 
resttiacos tttostrclrtot qte tII/Indo toch/Sis t'cnolotqiasmelhora/s houve tin c/t nento c/c' rencli-
Itetco c/e176% emt reh'ltoao sistenifradic'tntl/.S6 a csentet'ira IJ c'poca propriaresul/tott /Iotat 
ucllneto ce lpro /tt'ao em 94%, cn t/It'm1atco qte s't'ett'eian i poca r/opria coot binat/o(Ot op/tima
deusidade t/,plattasrestltott nttut atnmento 1cprodutdo tc' 2.)0%. Os resttlticos indicaran qt 
Iurn sigqtijic'tivo altlento ti' prolth'do e;posssivel ctom peqettas 11nttt1ctm(cmStio tmttecio. 

litroduction often as low as 0.5 tha-t. Optimal agricultti;al pro
duction requires timely, efTective use of interrelated

One of the most signilicant constraints to increased and interdependent factors (land preparation, sowing
groundnut productivity under low-inpul agriculture is date, optimal plant density, etc.). 
the low level of crop management. This is made According to a report of the Eastern Province Ag
worse when cultivars that demand high management riculture Project in legume research, 90% of'ground
crop husbandry are introduced. It has been observed nut f'armers would adopt the improved tcchnology.
that while research yields could be as high as 1-3 1 However, the actual adoption rate is still ut;docu-
haI under iainfcd condilions, larniers' yields are mented. Ifonly 15, .of the total area under niaize, fie 

1.Groundnul Agrtnomttis. MsLera RegiatulResearcitStation. ox 510IX9. Cjlipqla.P.O. /uunia. 
Kanenga. K. 1992. t-ffecof itnprovtd tect tnoogy on groui-dnut and probablatdopotn ic plications 11orthe 'a,.es5,ield 
 tarttcr. 93-96 t1 
Proceetings,of theFifthRegiotal Grountdnut %.orkshop IrSouthern Africa. 9t-12Mar I1992. Liltongpc, R.C.. andMalawi iNag'xwara Rat).
Subrahtniatyam, P.. cds.). Patanchcru, A.P. 502 324, India. tnterational Crops Research titte fortie Semi-Arid Tropics. 
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regiol's staple l'ood, were Iarmed with Inoderi pro- in a rantdotn i/tCd complCe i block design %ih two 
duction techniques, [Ile rate 0f groundLut replicatjots.adoplion 
would be about 7% (Reddy 1989). Zambia's Depart- Each plot comprised 5 ows of 5 in long %%ith 75 
ment of Agriculture (1989) attributed this lOw liguire 30 cii spacing forIO density and 75 x 15 cit for 
to the restricted availability of lnewvseed, which is 
directly related to tihe low multiplication rate of' 

groundnut. 
In tite tropics. most lood production isundertakei 

on marginal land by small-scale fariers with linitcd 

resources and poor access to credit for purchasing 
inputs. lrrig tion and Icriilizer-two essential inputs 
for the production oflnew high-yielding varieties, are 
not easily available to these lariters. Iinproved tech-
nology has not therclore been readily ado)ptCd. Re-
searchers must consequently take a niew look at Ihe 

practicality o1generating improved technology. 
This study was conducted wilh two aims: tirst, to 

ine:' ure tilepotential benefits of adoption of' itr-
pro, d technology; and seccnd, to establish the most 
eflective cultural practices available. 

Materials and Methods 

The study site was located altile Msek ra Regional 

Research Station. Chipata, in Zaitbia's Eastern Pro-
vince (elevation 1024 il).Rainftall avcrac :s 887-i114 

isit. Soils are Acrisols. They are inoderatcly deep, 
dark i'eddish brown, moderately to strongly Icached, 
moderately permeable, %ell-traiied clayey soils witi 
Sandy loamn topsoil anid low tlirielt hilding capacity 
aind pi rangiitg finn 4.5 to 5.6. 

The data presented wcre dIcriscd iri'toi a 2-year 
stly. IIi the first year. tire experiment cotisisled o1 

live trcatillents. 

1. Reconlilnenided pait denSity: 88 8KS plaits Iia
vs farters' practice (44 444 plaits haT. 

2. 	 Weeding frequency: two weedings at 35 aid 45 
days after sowing (DAS) vs one wcediitg at 45 
DAS. 

3. 	 Protection against leaf spot: one fungicide spray 
;it75 DAS vs no protection. 

4. 	 Sowing dale: early sowing with the tirst efleclivc 

rains vs late sowing (around 15 Nov). 

5. 	 Improved seed. 

This gave a total of 32 treatiment cotmbinaltiotis. In 

tle second year,however, tire leal' wasspot protectioin 

dropped, resulting iltfour treatmients, a tot alof 16 
lreal itcnit cotnbinalions. The cxperiment i as tliere-
fore initially a 2 x 5 !.actorih. and latter a 2 x 4 
flactoria!. It cases crc arringcdboilh ihc treatincis 

recoliniended density. Gross plot area was 3.75 , 5 
it (18.75 m 2),and the net plot area, the three center 
rows, was 2.25 x 4.5 ili (10.125 n12). 

Seeds v\cre sosIi oilritlg'es at 5 cOndepth %ilhoel 
seed so%%nper sialion. Belore idgiiig. 151 kg ha' 'I)' 
cotmnpound (N:I':K:S 1t:20:1:10) tertli/i/cr %%as 
broadcast as a blankot treatmenti. Captasan .1 125 g 

,
50 kg- seed was applied as aI seed dressing to the 
improved secl, wlile tlie fa,ners' seedSs as not 
treated. 

Illtilefirs season (1986), cal' s,wiing 'as co:,

dueled oil15 December and late sowing oii 25 )-
ceober. li tile secoind season (1987). early so%%ii. 
was done ott 4 December and late sowing on 27 De
cetober. Ilarvestine in1986 was done oit 22 April for 
tire early-sown crop antdoin 12 May for ihe latc-stss in 

crop. In1987, harvesting waris done oil3) April o0rthe 
early-sown crop atnid it 21 May for the latc-so n 
crop. 

Observations included days to 5),'( Iloweritg, a 
;land count at both emlengence aid harvest, assess-

Imen of idisease anid pest incidenceii,titiber of pods 
-
plant-t , pod yield ploti,Slellitng percentage, aiid 1(10

seed mass. c'ore any sveights %ere taken, sCCl had 
to be dried as iuch as possible to reach ire siandard 
of 7% tmoisture conteit. 

The datla were finally subjected to statistical anal
y'sis using MSTATC wilh Iactor optiotn o1" RCID 5 
'itid 4 Iactors. 

Results and Discussion 

Table I presents the 2-year results. Sivnilicani yield 
benefits were observed froii the adoption of ini
proved technology as opposed to farmhers' practices 
(203% in1986 and 149,' in 1987) . 

Individual cultural practic's contributed differ
ently to yield. Early sowing alhne gave a 94% yield 
advaintage (average o1 2 )ears) over cotinrol. Leaf spot 

protection, wkeeding frequency, and optimal density. 
ott tie other hand. had in sionilicant elctl iii 
isolation. 

Application ot' Iwo fIaciors svas. Itloresr. si nli

cant. Plnt density %%llh early sowingz. for cxalple. 
gavi: a 68; ad'anlage . witiIt Lea!' spot prolection 
early siowitig ca ve 1561. improved sced plus early 
sowiig 145(/,, optinmal planit detisity plus leaf spot 
protection lI38.". early sowing plus tmo weedings 
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Table I. Groundnut yield response (Ihar'lto the adoption of different cultural practices, Nisekera Research Station, 
Zambia. 

1987 Yield 
Treatment% (I ha 1) 

1.Control 01.46 

2. A 0.07 
3. AB 1.03 
4. AC 0.86 
5. AD (.b8 
6. Ar . 1.21 
7. ABC 0.99 
8. ABD (1.81 
9. ABE 1.39 
10. ABCI) I.(6 

II. ABCE 1.21 
12. ABCDE 1.39 
13. ABDE 1.95 
14. ACD (.84 
15. ACE 1.88 
10. ACDE 1.42 
17. ADE 1.33 

18. (1 0.69 
19. BC 0.80 
20. BD I.09 
21. B3E 1.43 
22. BCD 0.87 
23. (ICE 1.44 
24. BDE 1.58 
25. BCDE 1.38 

26. C 0.67 
27. CD 0.95 
28.CE 1.02 
29. CDE 1.25 

30. 1) 0.68 
31. DE 1.18 

32. E 0.94 

Mean (.07 

SE ±). I 

cv 19 

Control = Farmers" ,aciccs.
 
A = Improved see.!.
 
B = Recommended plant dcnisI.
 
( = 1Fr 5*,ei(jlg,.
 
1)= Leaf spot protcclion.
 
F:= Early sovking. 

118,",
and two weedings with leaf slx 
A co,,mbination of three lactors 

Increase ov er comoltol 

('1) 

45 
124 
87 
48 

163 
115 
/0 


2(13 
131 
165 
203 
323 
82 
90 

208 
189 

51 
74 
138 

21(0 
88 

214 


243 
200 

45 
(06 
122 

171 

45 
156
 

103 


prolection I(06';. 
was even more 

1988 Yield 
(I ha 

(.86 

0.68 
1.15 
(.70 

-

Mean increase 

'r) 

-21 
34 
-18 

12 
79 
34 

1.96 
1.13 
-

2.13 

128 
32 

149 

145 
73 

-

176 

2.02 136 150 

1.20 133 I1 

- -

1.01 
2.00 
-
1.94 

18 
133 

126 

34 
103 

168 

1.97 130 172 

0.74 
-

1.85 
-

-13 

115 
-

-13 

118 

1.59 

1.43 

±0. I

14 

86 94 

ittgs/early sowing, two weedings/leaf spot proleclion/ 
early sowiig, and improved seed/opimal density/ 

significant. Combining optimal plat density. leaf spot earl' sowing all gave a 172(5( advantage. 
protection, and early sowing. for example, gave a Combining four or live f(actors gave substantial 
243% yield advantage. Opittial delsily/two weed- yield increments. averaging 200';- over the control. 

95 



There is little justilication for this number of factors, 
however, since the yield advantage was not signili-
cantly different from some of the treatments with only 
two or three factors. This linding suggests that certain 
factors are more effective than others. Early sowing, 
optimal density, and two weedings (in that order) 
proved the most effective because they were ex-
pressed with just two or three factors improved seed 
and leaf spot control, onl the other hand, proved eflee-
live only with more Ihan three factors. 

As 	mentioned earlier, farmers' laboi conditions 
and credit facilities rarely permit them to adopt 
agronomic packages. With this problem in mind. this 
study has attempted to show that by arplying minimal 
combinations of techniques, farmers can increase 
yield even if they cannot afford costly inputs. Optimal 
plant density combined with early sowing, for exam-
pie, gave a yield advantage of 168%. 

Conclusions 

I. 	 Adoption of improved technology improved 
groundnut yield 176% over the control. 

2. 	 The most effective and consistent single factor 
was early sowing. which gave a 94% yield in-
crease. When combined with optimal plant den-
sity, it gave a 174% yield increase over the 
control. 

3. 	 Rather than adopting the whole package (all fac-
tors), which is rarely feasible for resource-poor 
farmers. the farmer cal concentrate on the most 
practical factors. 

4. 	 Firm recommendations will be possible after fur-
ther on-farm research. 
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Discussion 

Banda: Were genotypic responses to various treat
ments taken into consideration? For example, Mal
imba responds much more to early leaf spot control 
than ICGMS 42? 

Kanenga: No. Only variety Chalimbana was tested it, 
these experiments. Other varietie:, will of course re. 
spond differently. 

Mpofu: I. What were the timings of the two w.ed
ings? 2. Can you explain why you did not get a posi
tive response to the two weedings? 

Kanenga: 1.Thirty and 45 DAS. 2. According to 
earlier findings, groundnut suffers most from weed 
competition before 45 DAS. Since the one weeding 
was also done within this limit, neither one weeding 
nor two weedings expressed themselves signilicantly 
in terms of yield. 

Freire: It seems that your improved seed gave unsat
isfactory results. However, experiments with plant 
density and early sowing have shown encouraging 
results. Are you going to test all the factors on onl
farm trials or are you going to select only sonic of 
them? 

Kanenga: Given the nature of on-farm research, we 
must endeavor to suggcst crop improvement that do 
not require inputs. Therefore not all factors are tested. 
In fact, after the second year of testing, we have al
ready dropped leaf spol protection. 

Chiteka: Why was there no response to control of 
leaf spot'? 

Kanenga: It is true that there was no response to 
control when we used a single factor, but in combina
lion with other factors there was. 
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Effects of Cultural Practices on Diseases of Groundnut 

P. Subrahmanyam1, J. Kannaiyan 2, D.L. Cole 3, V.W. Saka4,
H 6Y.P. Rao5, and M.G. Mpiri

Abstract 

The relative aith o"fthe upplitih io/liJn c'ltlilurl practit'vs il' the ontrol o]"groundnitdiscases is 
discussed ill thi~s papewr. 7Tew emplhasis is r'etiollill, targetintg ther southewrn t'ic'an regiont. The 

'tltrtlputlt se.wuuinledill't,Vill'l' .H C'Op I g tec'hniqlu'S, I,Ihe o]'solvillq,/Vhllif dt'll.ity, rllolO~l 
of"v'ohutterhtt . rnk, t '''r, 'U'd I/W "lPlit'Wit)" 00cl-rili-€'rsanld Isticides.n11,10 TO imt'( "tionl, 

"T'hepritcipacldt.i 'A. t'rted 	 al''a .o.. rlot, Iwb'Nb/otcIt, pod rot, r 
1 	 etta', and aflatm.Ainl. 

Restina 

Efeilo das praticas clturais sobre doenqtas de amendoitn. Ef.t, artiu discate a ialor - tivoda 
uplica tti this praittast.11 111turis it)o tllroh (t, (h-,,rna. de aumemhfii. A rit?]isrt regilonl abatrtl
c'anldo It ,Afri.ta Ati.strti. ..I.s prafitcas. ittim-rlis t'.s( tls. S io I~'11.1A t'( Itica. de' (t11til'o Iis ( olo." 

.a tll/. WIdd(td phsi ll., tiiot t A/ita A.t', It (iditlfs iIa dt ' t 'tlitxt d ll lhit,asd' ll/ft. l tfi thrlltt, 

itttcld'lh tit), ttllli(ak io 	 Otdt-fi-IrIth"_ tllie's t, pl '.sle'id . .-I N lll( tll~i.S doltlq (is ( obl trt.%.s'o."/1I Id~u l I/( 
fill "'/)e-Itru,,uhlot h'"plo, ridinhu)da rit: I, vtigvn. , r o.ett, 41101llot.ta. 

Introduction nsti destructive disease of notiundiiii in the rcion 

(lIildebrand and Btck 1991)). Ltisses oft 50"( ini potei-
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(AUDPC). However, in groundnut following either 
maize or pasture, disease development was slow and 
less severe. and the AUDPC was low (Subrah-
manyam 1991). 

loth leaf spot pathogens perpetuate from season 
to season in infected crop debris. Burial of crop resi-
dues with a moldboard plow delays disease onset. 
Removal of volunteer groundnut plants and ground-
keepers may reduce tileprimary sources of iloculum 
(McDonald et al. 1985). 

Rust 

Rust (Puccinia arachldis)occurs sporadically in sev
eral countries of the region, mainly in low-altitude 
areas (Cole 1987). but is economically important in 
the lakeshore and southern areas of Malawi. coastal 
southern Tanzania'. :outhern Mozambique. Swazi
i,tnd,
and Zambia. 

The grountitnu rust pathogen is short-lived (less 
than I month) in infected crop debris. A clear break in 

Delayed sowing increases the severity of leal' time between successive groundnut crops to reduce or 
spots and reduces yields itt Tanzania (Sitnons 1985, 
Lyito and Kangalawe 1991) and in Malawi (Sub-
rahianyam 1991). However, in Zambia, tlte severity 
of leaf spols was higher inearly-so%%n (late November 
to early December) than in late-sown (late December) 
groundnut (Kanaiyan et al. 1989). 

Disease severity of groundmuts intercropped with 
maize, pigeonpea, sorghut,. sunlower, or cotton was 
not markedly different from that of sole groundnut 
crops in Zambia (Kantaiyat et al. W'9). Subrah-
mnanyam et al. (1983) ilso reported no differences in 
severity of late leaf spots between groundnuts inter
cropped with pearl millet or sorghum and that of sole 
groundnut crops in Idia. In Malawi, the effects of 
ittcrcropping groundrim with maize or pigeonpea on 
disease severity vere investigated at two locations. 
Trhe severity of early Ial sl,,)twas not markedly dif-
feretu between sole and intercropped groundnuts at 
Chited/'. However, at Makoka. tle severil) of early 
leaf spot and rust was lower oti intercropped ground-
nut than on sole crop (Subrahmanyatn 1991). Mukiibi 
(1982) reported low disease severity itt groundnuts 
intercropped wit h bean thau in sole groutdn uts in 
Uganda. InTanzania, however, the disease severity 
was higher in intercropped grouuidnuts than iii sole 
groundtnuts (Lyinio and Kangalawe 1991). Mpiri 
(1991) reported allinteraction of groutditut genotypes 
and tie ratio of crop cotmponents in intercropping otil 
the severity of leaf spots in Taizanta. 

Plant densities ranging froti 44 ((0 to 222 (WOt 
plants ha- showed no marked efects on leaf spot 
severity iii Zambia (Kannaiyan et al.1989). lowever, 
Farrell et al. (1967) reported an invctse relationship 
between in-row spacirtg of plantv; and intensity of leaf 
spots iti Malawi. 

Late leaf spot was less severe in cullivar mixtures 
than in tileindividual coniponens imTanzania. Culti-
var mixtures suffered less from late leaf spot and 
yielded higher than the individual cultivar inpure 
stands (Lyitio and Kangalawe 1991). 

eliminate viable inoclunl is recommended (Subrah
manyani and Nc'Donald 1983). In tileSADCC region, 
grountdnut is grown mainly during tilerainy season, 
and the possibility of P. aracii. survival during the 
Offl-season is vtry ietnotc. Ilowcver, care should be 
taken to prcvet perpetuation on off-season seed mul
tiplication crops. Voluncer groundtnut plants and 
groundkeepers should be eradicated to eliminate tile 
primary sources of incuiuti (Subtlahtnanyan and 
McDonald 1983). 

Web Blotch 

Web blotch (Didv'ella arachidicola) occurs iti a 
number of countries, but is important only in Zim
xab,.e, where it occurs mainly on long-season crops 

(Cole 1981), and iti Swaziland (Rao and Masina 
1987). 

Tie web blotch 1,Alhogen call survive in infected 
crop residues, or ,;n volunteer -roundnut plants. Pyc
nidia and pscudothecia develop on fallen leaves in the 
ield, and provide inoculum infect subseinitial to 

quent groundnut crops. Crop rotation and eradication 
of infected crop debris and volunteer groundtnut plants 
may be useful in eliminating the primary sources of 
inoculunl. Although groundmnut is the only known nat-
Ural host, the pathogen call also infect several other 
legumes, such as soybean, sweet clover, and hairy 
vetch (Philley 1975). 

Pod Rot
 

Pod rot of groundnut is caused by a variety of soil
boroe fungi (Rhizoctonia soln, Mairop/ominta 
phaseolina. Sclerolitn rolnii. Pvthiio spp, and 
Futsaritam spp) commonly occur ini all countries in the 
region. Howeve , icy are considered economically 
important only in Zimbabwe. 
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Traditional crop rotation was ineffective in con-
trolling pod rots. However, in Malawi, fields where 
groundnut had been grown for several years in suc-
cession had signiticantly more pod rots caused by S. 
rol/sii and R. so!ani than did rotated or faltowed 
tields. Cultivation in well-drained so~l reduces pod 
rots. Delayed harvesting increases pod rot and re-
duces pod quality in Mala,/i (Subrahmanyam 1983) 
and in Zambia (Kelly 1985). Mercer (1978) showed 
that control of leaf spots reduced the incidence of pod 
rots in Malawi. Application of high rates of gypsum 
(1.12-2.24 t ha-') at early pegging is effective in con-
trolling pod rot in the USA (Bell and Sumner 1984). 
Pods may be predisposed to infection by R.soani 
and other microorganisms because of calcium deli-
ciency or imbalances of calcium, potassium, and 

magnesium (Bell and Sumner 1984). Application of 
potassiam sulphate or magnesium sulphate to ground-
nut at flowering stage increases pod rot (Beute 1984). 

Seedling Diseases 

Seedling diseases caused by several seed and soil-
borne fungi (Aspergiflhts niger.R. solani,M. phaseo-
!ina, Rhizopus spp, Pwhiten spp, and Fusarium spp) 
are widespread and important in most countries of the 
region. These diseases can be very effiectively and 
economically controlled by seed dressing with fun-
gicidcs combined with certain cultural practices. 
Only high quality seed should be used for sowing. 
Decp sowing of seed should be avoided as etiolated 
seedlings are more susceptible to infection. Deep 
plowing of fields and crop rotation reduce the inci
dence of seedlin diseases. 

Groundnut Rosette 

Rosette is one of the major constraints to groundnut 
production in the region (Nigam and Bock 1985). 
Although disease epidemics are sporadic, yield losses 
approach 100% whenever the disease occurs in epi-
demic proportions. The pathogen is transmitted by 
aphids (Aphis cracctvora). 

Several researchers have conclusively demon-
strated that groundnut rosette can be effectively re-
duced when groundnut is sown early in the season 
and at high population densities (Guillernin 1952, 
Jameson and Thomas 1954, Saugere al. 1954, Smartt 
1961, Booker 1963, A'Brook 1964, Gibbons et al. 
1966, Davies 1976, Farrell 1976a and 1976b). Al-
thou-h Bock (1987) observed aphids at crop emer-

gence, early sowing will avoid peak periods of aphid 
flight activity, resulting in low disease incidence 
(Farrell 1976a, 1976b). This observation is supported 
by recent research in the SADCC region. InZambia, 
late-sown groundnuts with poor plant !:land showed 
higher rosette incidence (36-85%) than the earlier
sown crops with full stand (2-6%) (Sandhu ctal. 
1985). Subrahmayam (1983) renorted that the dis

ease incidence was higher (97.3%) in late-sown (mid-
January) groundnut than in early-so%n (ear!y Decet
ber) groundnut (22.1%) iii Malawi. Aphids were more 
severe in low plant populations (222 000 plants ha-') 
than in high plant populations (333 000 plants ha-') in 
Mozambique (Ramanaiah et al. 1989). 

Eradication 'of volunteei groundnut p~anrs and 
groudkeepers was recamvaended for preventing the 

perpetuation of virus inoculum duling the off-season 
(Reddy 1984). However, Bock (1989) found no cvi
dence of pathogen survival oil volunteers during the 
dry season in the SADCC region. 

Intercropping groundnuts with beans decreased 
rosette incidence in Malawi (Farrell 1976b) and 
Uganda (MLiibi 1982), and similar effects were 
found when groundnut was intercropped with maize 
in the present Central African Republic (Guillemin 
1952). In Zimbabwe, groundnut rosette has been vir
tually eliminated in commercial farming areas by the 
use of improved cultural practices such as removal of 
volunteer groundnut plants, early sowing, maintaining 
optimum plant stands, nutrition, and insecticide appli
cations (Cole 1985). 

Aflatoxin 

Contamination of groundnut with aflatoxiri, the sec
ondary toxic metabolites produced by fungi of the 
Aspergillusflavius group, is a serious quality problem
in the SADCC region (Cole 1991). A. flavi.s may in
vade groundnut seeds before harvest, during posthar
vest drying, and during storage if seeds a-c rewetned. 
Prenarvest aflatoxmn contamination is important under 
drought-prone conditions. while postharvest contain
ination is significant under wet and humid conditions 
(Mehan 1987). 

A considerable amount of inrormation has been 
assembled inthe region and elsewhere on the intlu
ence of environmental factors, crop productioni, and 
produce handling procedures on seed invasion and 
aflatoxin contamination (McDonald 1989). Invasion 
of seeds by A.flavis and allatoxin contamination can 
be minimized by: 
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" 	 crop rotation; 
* 	 prevention of drought stress by supplemental irri

gation during the 4-5 weeks of the crop season; 
" 	 avoiding mechanical crop damage, particularly 

during cultivation, harvesting, and subsequent 
s:orage; 

" 	 harvesting at optimum maturity; 
* 	 drying pods to asafe moisture level (8%); and 
* 	 storage of produce at low temperature, low humid-

ity, and insect-free conditions, 

It is important to tailor these recommendations to 
fit the particular conditions in each country in the 
region. Farmers should be apprised of these simple 
but effective cultural practices to reduce aflatoxin 
contamination of their crops. 

Conclusions 

The effect:; of cultural practices on diseases of 
groundnut, particularly rosette and leaf spots, have 
been exhaustively studied. 

It has been conclusively demonstrated that early 
sowing at optimal plant densities can reduce the inci
dence of groundnut rosette; hence the successful 
adoption of this practice by the commercial farming 
sector in tile region. However, over much of the re-
gion, early planting at high plant densities may not be 
possible because of the sowing sequence and differ-
ential crop priority, labor constraints, or because of 
nonavailability of good quality seed and seed dressing 
chemicals. In addition, early sowing in some areas of 
the region may result in harvesting the crop during 
the wet season, leading to severe aflatoxin contamina-
tion. 

Crop rotation reduces the severity of several fun-
gal, bacterial, and nematodal groundnut diseases. 
This simple cultural practice can pay high dividends 
in crop productivity. Unfortunately, crop rotation may 
not be feasible to many smallholders. It is nonetheless 
important that farmers be informed about the value of 
adopting these beneficial cultural practices, thus mini-
mizing crop losses due to diseases while improving 
the quality of produce by minimizing aflatoxin 
contamination. 

Although cultural practices may provide only par-
tial control of diseases, they can be used effectively as 
one component of an integrated disease management 
strategy, thus lessening the risk of disease severity 
and minimizing the impact of disease on yield. 
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Discussion 
Schmidt: You mentioned crop rotation as an effective 
measure against aflatoxin contamination. However, 
this contamination is not limited to groundnut but 
occurs on cereals as well. What kind of rotation do 
you propose? Or does the aflatoxin problem occur, as 
with maize, only during storage? 

Subrahmanyam: As a matter of fact, maize-ground-
nut rotation proved effective in ieducing aflatoxin 
contamination in groundnut. This is because ground-
nut infection takes place in the soil, whereas maize 
infection is air-borne. 

Nageswara Rao: What are the reasons for reduction 
in area under the disease progress curve (AUDPC) 
when groundnut is rotated with cereals like maize? 

Subrahmanyam: The disease onset is delayed and 
less severe when groundnut in grown in rotation with 
maize, resulting in low AUDPC. 

Syamasonta: Is there any difference between burning 
and burying the crop remains in controlling leaf spot? 

Subrahmanyam: Deep burial of infected crop resi-
due is probably the best means of reducing the sever-
ity of leaf spots. 

Ndunguru: When pathologists assess the importance 
of a disease they measure yield losses. But when it 
comes to s .ening for disease resistances, yield fig
ures are not presented. I am pleading that yields be 
recorded as well for three reasons: (1)potential yields 
should be recorded, (2) some national programs have 
no breeders so measuring yields is doubly important, 
and (3) some resistant lines may be negatively cor
related with high yield and they may retain these 
negative aspects in the crossing activities. 

Subrahmanyam: 1. Yield potential of disease-resi
stant lines is determined. 2. Yes, Iagree. 3. Yes, it is 
true with some of the foliar disease-resistant germ
plasm lines. However, the populations originating
from crosses between resistant ano susceptible geno
types have good levels of resistance and yield because 
they are carefully selected for these two characters. 

Ndunguru: The incidence of groundnut rosette is in
creased with low plant population and decreased with 
intercropping when the groundnut population is also 
low. Do you see a conflict in these two findings? 

Subrahmanyam: No. The component cereal crops 
may be acting as a barrier for the vectors. 

Olorunju: Our work corroborates this. Aphids are 
attracted to brown color (ground color). Intercropping 
discourages aphids by covering the ground. I have 
another question: what is the prospect of cultural 
practices in disease control when you consider the 
problems faced by most groundnut farmers (e.g., 
which crop to prioritize?). Most farmers grow maize 
or millet before groundnut, thus sowing late and ex
posing the crop to disease (leaf spot, rosette). 

Subrahmanyam: I agree with your comments. Even 
though cultural practices provide only partial dis
ease control, they should be considered as integral 
components of integrated disease management 
strategies. 
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A Model for On-farm Research to Improve
 
Groundnut Production
 

D. McDonald, C.L.L. Gowda, and D.G. Faris' 

Abstract 

The dramaticincreasesin rice and wheat production during the Green Revolution era were mostly
from highly productive, irrigated,homogenous lands (core areas)cultivated by farmers with ade
quate resources.However, the success could not be duplicatedin the less productive, heterogenous, 
rainfed areas(hinterlands).The main reason was that the technology developed at well-endowed 
researchstations could not be replicatedin the diverse ecologicalconditions of the hinterlands.A 
concept of decentralizedresearchstrategy coupled with farmer in volvement and use of indigenous
practices to develop andadapt technologies suited to the needs of the resource-poorfarmers has 
evolved in the 1980s. This paper describes the farm er-participatory,on-farm adaptive research 
currently undertaken by ICRISAT to help increase groundrut,chickpea, and pigeonpeaproduction 
in South andSoutheast Asia. 

Resumo 

Modelo de investigcao no campo do agricultorparaaumentar a rendimento de amendoim. 0 
draniaticoaunientode produi-Jode arro:e trigo durantea era da revohlufo verde eraproveniente 
de regadiosaltamenteproductivos des agricultorescorn recursosadequados.Porem o sucesso ndo 
podia ser duplicado nas dreas heterogenias de baixa productividade, quentes e dependentes de 
chtuvas. A razdofindanientalfoide te- se desenvolvido investiga -Co destas tecnologias em esta'Oes 
bent definidasque ndo se podia repetiren diversas zonasecologicasde areasquentes. Urn conceito 
estrattgicode descentrali:ag'lode investiga'do associando o envolvinento do agricultor,uso de 
praticas indigenas e adaptar tecnologias adequadas as necessidades do agricultorpobre em 
recursosfoi levado a cabo em 1980. Este artigo descreve a participa'Jo dos agricultores nos 
ensaios de investigacio de adaptabilidadeno campo dos agricutoresactualementelevados a cabo 
pelo ICRISAT paraajudara elevaro rendinentode atnendoint, grdo de bico efeijdo boer no sul e 
sudueste da Asia. 

Introduction nology was successful in the well-endowed, produc
tive, and homogenous core areas because well-to-do 

High-yielding varieties of rice and wheat were re- farmers were able to simulate research station condi
sponsible for the Green Revolution of the 1960s and tions. Duplicating the results of the Green Revolution,
1970s. However, the dramatic yields from the im- unfortunately, provcd extremely difficult in the less
proved semi-dwarf and fertilizer-responsive varieties favored areas usually referred to as 'hinterlands'. 
came largely from 'core areas' of highly fertile and Technology adoption was slow or nonexistent in these 
uniform land cultivated by farmers with adequate re- areas, which were more diverse, less productive, and 
sources. The 'top-down' approach to transfer of tech- poorer (Rambo and Sajise 1985). 
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Technology packages are generally inapplicable to 
the 	diverse situations of the semi-arid tropics. Each 
are;: requires a system of site-specific management 
practices. Scientists are obliged to offer a 'basket' of 
technology options from which the farmers can 
choose those most suitable and affordable to improve 
and stabilize their yields. Research and development 
should therefore be decentralized to enable develop
ment of site-specific technologies to serve the re
source-poor farmer of the hinterlands. 

Over the last decade there has been . shift from 
the top-down approach to transfer e technology to 
the bottom-up, farmer-lirst approach (Chambers et al. 
1989), indicating an apparent reversal of roles in agri-
cultural research. However, a more realistic view is 
that both experts (scientists) and local people 
(farmers) have unique areas of expertise which col-
lectively can provide a better basis for development 
than either can achieve alone (Raintree and Hoskins 
1988). Since many farmers experiment, advantage 
should be taken of their technical knowledge and ex-
perimental abilities in planning on-site systems re-
search. Farmer evaluation of technical alternatives is 
particularly useful in the identilfcation of relevant is-
sues and in the adaptation of technologies to specilic 
local circumstance, (Fujisaka 1989). Hence the con-
cept of farmer participation should contribute to de-
velopment and adoption of technologies suitable to 
particular locations or zones, 

ICRISAT's Transfer of Technology 
Project in India 

Groundnut oil isa major cooking oil in India. In1987, 
edible oil imports to India totalled US$ 6.5 million. 
The Government of India established a Technology 
Mission on Oilseeds. and itvited ICRISAT to assist 
Government efforts to increase production, thereby 
re:ducing the nccd to import vegetable oils. 

The average yield of groundnut in India is about 
0.8 t ha-' in the rainy season, and 1.7 t ha-' in the 
postrainy season (Ior irrigated crops). Under non-
stress situations in experiment stations, ICRISAT sci-
entists reported yields of 4-6 t ha-1. In collaboration 

Sith national program scientists, ICRISAT re-
searchers tested improved production ieclnologies iti 
farmer:s' fields. Working with extension staff and 
farmers, tile was modified and adapted totechnology 
suit diflerent areas. Tile improved technology prac-
tices included use of improved varieties and better 
crop management. In farmers' field trials over a 

3-year period, use of one improved variety gave a 
32% yield increase, use of improved crop manage
ment gave a 25% increase, and use of an improved 
variety with improved crop management gave a 
50-150% increase. The improved packages are now 
being disseminated by state governments and farmers' 
cooperatives. 

Asian Grain Legumes On-farm 
Research Project 

The impact of ICRISAT's technology transfer activ
ities in India was so successful in India that the Insti
tute felt that extending these activities to other Asian 
countries would be advantageous. The United Nations 
Development Programme (UNDP) agreed to provide 
funds to organize a meeting to determine the interest 
of national programs in such aproject. 

The Asian Grain Legumes On-farm Research 
(AGLOR) lanning Meeting was held at ICRISAT 
Center in November 1989. Representatives of live 
countries (Indonesia, Myanmar, Nepal, Sri Lan.ka, 
and Vietnam) met with invited consultants atid ICRI-
SAT scientists. Country representatives expressed in
terest in participating in an on-farm research project. 
atid prepared draft plans for such activities inmeach 
country. ICRISAT prepared a research proposal 
based on these d;afts and submitted it to tileUNDP 
for funding. The project was approved by UNDP, as a 
component of its UNDP-FAO/RAS/89/040 Project, to 
support adaptive on-farm research on ICRISAT man
date legumes in Indonesia, Nepal, Sri Lanka, and 
Vietnam (Gowda and Faris 1991). 

The main objectives of the project are: 

.	 to assist the national agr;'-ultural research systems 
(NARSs) to assemble information from research 
and extension sources within the project countries 
and the region that could be used to generate pro
duction technologies: 

• to generate and test crop production technology 
under research station and farmers' field 
situations: 

i to modify the most effective production technolo
gies to suit real farn situations; and 

* 	 to enhance the adaptive research capabilities and 
interest of the NARSs in legumes production. 

The project activities are described here to pro
vide an example or one way in which an on-farm 
adaptive research project can be organized. We fol
low a four-stage approach. 
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I. 	Identify constraints. 
2. Find suitable technologies or solutions, 
3 Evaluate solutions in single-factor or multifactor 

diagnostic experiments at research stations and 
farmers' fields. 

4. 	Formulate a basket of technology options for the 
farmers, 

Diagnostic Surveys 

The target areas for on-farm research were chosen by 
the national program administrators based on the area 
cropped, potential for improvement, and other factors 
that could eventually facilitate adoption of improved 
technologies. Diagnostic surveys (Table I),Lsing 
rapid rural appraisal methods, were then conducted in 
the target areas by multidisciplinary teams of scien-
tist:; from the NARSs and ICRISAT. The survey 
teams included agronomists, breedcrs, entomologists, 
economists, pathologists, and soil scientists. 

The teams visited target areas and discussed the pro-
ject with farmers and village leaders. Interviews with 
farrners were conducted informally. Each team mere-
ber had a check list of questions designed to provide 
an understanding of local agronomic and crop man-

agement practices to help identify the causes of low 
yield. Plans for on-farm and supportive back-up re
search to address the farmer-perceived production 
constraints were then prepared. Suggestions were 
made to concerned Government authorities to con
sider how to alleviate the socioeconomic constraints 
faced by farmers. Survey team members prepared 
experimental plans for addressing the biotic and abio
tic constraints. 

Planning Meetings 

Planning meetings were held in each project country, 
usually after the diagnostic surveys. These meetings 
involved survey team members, national program ad
ministrators, extension staff, and research scientists. 
Participants reviewed existing information and docu
mented available technology and current ideas to pro
vide solutions. The farmer-identilied constraints 
(Table 2) were matched with the available solutions 
and technology options, and plans were prepared for 
both on-farm research and supportive back-up work 
in research stations. Most of the on-farm trials 
planned were single- or two-factor diagnostic exper
iments. 

Table 1.List of single-factor diagnostic treatments for groundnut on-farm research in Nepal. 

Treatment 

Seed dressing fungicide Thiram:Vitavax " (50:50) 3g kg-' 
seed just before sowing 

Seed dressing insecticide Chloropyriphos t2.5 mL kg-' seed) 

Rhizobium NC 92 

Foliar disease control Daconil (chlorothalonil) 50-60 days 
after sowing or when around 10 spots 
plant- appear 

Insect pest control Folithan/Sumithion® 0.5% at 40 days 
or when insects present 

Micronutrient spray Tracel spray 30 days after sowing 

Seed rate (plant population) 60 kg ha-'. 40 x 20 cm 

Gypsum 400 kg ha-' at peak of flowering with 
second weeding. Placed near base of 
plant on both sides of row 

Purpose
 

To determine if seedling diseases are 
aconstraint 

To determine if soil insects (white 
grubs) reduce plant stand 

To eeif rhizobium can improve pod 
yield. particularly in rice fallows 

To determine if foliar diseases are a 
constraint 

To determine if insect pests are a 
problem 

To determine if micro-nutrient deli
ciency reduces yield 

To observe the effect of plant popula
tion on pod yield 

To determine role of gypsum in pod 
tilling and pod yield 
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Table 2. Farmer-identified constraints to groundnut production in Tay Ninh and Long An Provinces, southern 
Vietnam. 

Ranking' 

Constraints Tay Ninh Long An Overall priority 

Socioeconomic 
Lack of cash for input 
Lack of irrigatio'i water 

2 
1 

3 
3 

High 
Medium 

High cost of input 2 Low 
Input not available I Low 
Unstable/low prices I I Low 
Spurious pesticides I Low 

Abiotic 
Lack of coconut ash 
Lack of farm machinery 

3 
2 

2 
2 

High 
Medium 

Quality of canal water 2 Low 

Biotic 
Weeds 2 2 Medium 
Leaf eaters (Ih, icoverpa and Spodopiera) 
Damping off disease 

3 
2 

3 
2 

High 
Medium 

Lack of high yielding-variety 
Yellow leaf disease (?) 

3 
1 

3 
2 

High 
Low 

I. Ranking based on yield loss and temporal and spatial 
importance. 

On-farm Research 

The on-farn research in each project country fol-
lowed a farmer-participatory approach. Extension 
staff and scientists discussed individual diagnostic ex
periments with the fatrmers and explained the ratio
nale behind the selection of each factor. They then 
ensured farner input in.o trial design and manage
ntent. The farmers agreed to implement and manage 
the individual trials. Research scientists' input was to 
monitor the progress of trials and provide tinely ad-
vice and suggestions on the operations to be under-
taken. 

On-station Research 

Whenever the identilied production constraints were 
complex and needed controlled experimentation, ex-
periments were proposed to ascertain their efficacy 
prior to testing by farmers. For example, these back-
up research plans included: identification of suitable 
pre- or post-emergence herbicides, determination of 
optimum levels for nieed-based fertilizers in different 
soils, optimum plant populations in different areas, 

occurrence of the constraints: I low: 2 = medium; 3 = high 

and optimum irrigation schedules. In some cases, the 
long-term back-up research included varietal devel
opment and identilication of suitable varieties for dif
ferent locations/situations. 

Results 

Since the AGLOR Project is still new, few results are 
available. However, some results from trials in Viet
nam are given here as examples. 

In the rhizobium inoculation trial, plants in the 
inoculated plots gave 14% more pod yield than plants 
from nontreated plots. Seed treatment with fungicides 
gave 18-30% increases in yield over nontreated con
trols. One fungicidal spray reduced damage by leaf 
spots, resulting in a 22% increase in pod yield. Sim
ilarly, application of lime (400 kg Ia " ') gave yield 
increases of 11-23%. 

These results indicate the advantage of each single 
factor and underline the usefulness of such experi
ments in assessing the importance of each factor. It is 
hoped that further testing at other locations nexv sea
son will confirm 'he results. The data will then consti
tute an important component of a 'basket of tech
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nology options', and farmers will be able to choose 
one or more options, depending on their resources 
and requirements. 

Feedback from the Field 

Bacterial wilt was not an important groundnut disease 
in southern Vietnam. However, during a monitoring 
tour in January 1992, it was observed that several 
ICRISAT lines in the International Groundnut Vari
etal Trials were showing high mortality due to bacte
rial wilt (caused by Pseudomonas solanacearunt). 
Subsequent visits to farmers' fields to conduct a dis
ease survey confirmed the presence of bacterial wilt 
on introduced varieties in most areas, while local 
landraces appeared resistant to wilt. The research 
program was therefore modified to include screening 
and breeding fbr resistance to bicterial wilt. Future 
varietal introductions into Vietnam must have resis-
tance to this disease, 

As a result of this feedback from farmers' fields, 
seed of the Vietnamese landrace Ly was sent to Indo
nesia (where a sick plot was available) for screening 
against bacterial wilt. 
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Discussion 

Freire: There are two main on-farm adaptive re
search methods: the first where the message is well 
tested and well known, and the second where the 
testing is conducled straight away in farmers' lields. 
Each has advantages and disadvantages. However, 
what happened in Vietnam with tile bacterial wilt 
problem can be a major setback causing distrust of 
the packages under test. 

Nigam: Agreed, each approach has both advantages 
and disadvantages. But when the research is partici
patory in nature (in this case, for example, farmers 
and scientists worked together to identify constraints 
and assign priorities), it also becomes a leariing pro
cess. There was no claim made that suggested treat
ments will always work better. The failure of' ini
proved varieties due to bacterial wilt did not cause 
any setback. On tile other hand, it revealed an addi
tional constraint that had not been previously identi
lied and gave a clear riesse to researchers that 
groundnut varieties will need to have resistance to 
bacterial wilt in addition to high pod yield. 

Ndunguru: In Niger, farmers sow their staple food 
crop, millet, with the first rains. Becaue millet has a 
low seed rate, farmers canl withhold enough seed to 
resow the crop in the event of drought. Groundnut, 
which has a lower priority than millet lor Sahelian 
farmers, has a high seed late, and is therefore sown 
only after the rains have stabilized to minimize risk of 
crop loss. 

Nigam: We have heard this morning and also in tile 
past that groundnut is always sown late by farmers in 
the region because they sow their staple food crops 
first. We are aware that this practice is unlikely to 
change and acknowledge the wisdom of the farmers' 
prioritization. Why, then, do we continue to conduct 
trials for varieties and cultural practices that require 
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sowing at the onset of rains? These improved vari- sowing conditions so that we develop something use
eties and practices will hrve no value to the farmers ful to offer these farmers? I submit that this issue is of 
who sow their groundnuts late. Should we not conduct crucial importance and that it be discussed thoroughly 
our agronomic research and yield trials under late during the general discussion. 
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Ongoing Production Agronomy Studies with Groundnut 
at ICRISAT Center 

M.M. Anders, M.V. Potdar, P. Pathak, and K.B. Laryea l 

Abstract 

Results from three distinct groundnut studies are presented. Initial field surveys indicated iron 
chlorosiswas a significant production constraint in many groundnutgrowing areas ofIndia. Village 
studies showed inmproved yields from using iron sprays (FeSO) and iniproved land management 
(broadbed andfittrow system). These results were not consistent over all sites tested. A second study 
was initiated to quantif, the efj'cts ofa broadbed and furrow land managementsystem on ,"ound

nut production on an A Ifisol. It showed that the broadbed andftrrow system improved soil physical 
propertiesbut reduced groundnut yields. This reduction was attributed to intermittent drought stress 
in plants grown on broadbed and firow system. In a third stttdy, cropping systems/rotation 
experiments showed that groundntut intercropped with nedittm duration pigeonpea is a very attrac
tive systeni. Perennial pigeonpea inte'cropped with groundnut performed iwcll the first season but 
was too competitive jir grotoidnut in the second season. 

Resumo 

Estudos agronomicos em curso sabre amnendoim no ICRSAT. Os resultados apresentadossdo 
provenientes de trs estudos distintos sohre anendoim. Urn levantamento preliminar no compo: 
indicou que a clorose era o n6 do extrangulanento de prodtq'o na maior parte das areas de 
produi'do de anendoim da India. Estudos no campo em diversas localidades inostraram itt;, 
aunientode prodti'ocoin a pltveri:a 'do de sulfato deferro (FeSO 4) e tiso de praticas nelhoradas 
na armia-'d6 do tereno para sementeira "broadhed and.firrow system". Estes resultados ndofiramn 
constantes eintodos os sittos e.perinentudos. Urn segtado estudo ]oi iniciado para qtantificar o 
efeito do emprego do sisterna de "broadhed and firrow" no cultivo de amnendoimi eni alfisolos, viii 
se que osistemia melhoron as condi 'oesfisicas do solo emidetermento de aniendoin, a reduduiq-(o 
do rendimnento atributiu-se a seca drcstisca que provocot *'stess" no cresciniento de aiiiendoini no 
sistmea de "broadbed and ftrrow". 0 tencioso estudo sister/as de prodiittJa rotacao niostrout que a 
consorcia 'to de amendoim coon fcijco boer de ciclo medio e o sistema mais atractivo. A consor
eifaO de feijdo boer perene coni atendoim deni ben na prineira canipatia, nas foi muito 
competetivo na segiinda. 

Introduction 	 level studies aimed at identifying and quantifying 
farmer level production constraints. This work isdone 

Research was initiated in the Production Agronomy 	 in collaboration with India's national program and to 
Unit of the Resource Management Program at ICRI-	 date has addressed issues in organic matter manage-
SAT Center in 1989 with a focus on a series of village 	 ment, sorghum genotype selection, and iron chlorosis 
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in groundnut (Arachis hkypogaea I.). In addition, a 
number of on-station studies have been initiated to 
examine mechanisms and processes involved in spe-
cific constraints to production. All studies conducted 
on-station were multidisciplinary. This approach has 
resulted in anumber of useful lindings and we plan to 
continue in this direction in futu.'c. 

While groundnut is only one of ICRISAT's man-
date crops, it plays asignificant role in our village and 
station work. It is ilso a major oil seed crop in the 
semi-arid tropics. In this paper results from three 
studies are presented. Rather than attempting to fully 
represent our work, this paper describes our approach 
and scope rather than reporting specific details on a 
single study. 

Iron Chlorosis 

In 1990. diagnostic research work was initiated on 
iron chlorosis in groundnut. Iron chlorosis is exten-
sive over much of India's groundnut production areas 
and is common in many places throughout tile world 
where calcareous soils are found (Chen and Barak 
1982, Saxena and Sheldrake 1980, Morris et al. 1990). 
Management factors reported as contributing to iron 
chlorosis are soil type (Brown 1961, Mengeland and 
Kirkby 1982), fertilizer rates and types (McKenzie et 
al. 1986), genotypes (Singh and Chaudhari 1991), and 
water management (Morris et al. 1990). Many re-
search scientists have focused on individual causes of 
this disorder, but little information is available on the 
interactions between martagement atid environmettt. 
With this in mind, a serie; of diagnostic studies was 
initiated with tile following objectives: 

" to evaluate the effect of land form, genotype, and 

foliar nutrition on the incidence of iron chlorosis in 
groundnut; and 

* to quantify yield losses caused by iron chlorosis. 

A series of' researcher-managed, farmer-based 
plots were established at four locations in Andhra 
Pradesh and Maharashtra States. All sites had a his
tory of iron chlorosis and all soils were calcareous. 
Comparisons in these studies consisted of two landforms [flat vs broadbed and furrow (BBF)], two ge-
notypes (local vs improved), and three iron treatments 
applied as foliar sprays (FeSO 4, Fe-EDTA, unsprayed 
control). A strip-split plot design was used with four 
replications at each site. The broadbed and furrow 
(BBF) consists of a 1.5-ni wide raised bed formed 
with a bullock-drawn wheeled tool carrier. Foliar 

sprays with FeSO4 (0.5% w/v) and Fe-EDTA (0.05% 
w/%) were applied at 3-week intervals from the dth 
week after sowing. Data collected on growth and 
yield at final harvest were evaluated using the anal
ysis of variance (ANOVA) technique. 

Dry pod yields were signilicantly increased in 
BBF at one location (Fig.IA). Use of improved ge
notypes resulted :n increased dry pod yields at an
other location (Fig.lIB), while foliar applications of 
FeSO 4 increased yields at two locations (Fig.IC). 
Failure to identify a single contributing factor to this 
disorder front these data is not uncommon with iron 
chlorosis work and illustrates the complexity of the 
problem. Analysis of plant data from Umri (Ma
harashtra) and Korvipad (Andhra Pradesh) indicated 
highly significant (P < 0.01) differences between iron 
sprays for plant stand, pod dry yield, plant biomass, 
and harvest index at Umri; and plant stand and dry 
pod yield at Korvipad (Table I). 

Front these results and visual observations the fol
lowing conclusions were drawn. 
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ICRISAT Katneswar Umri Karvipad 
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Figure . The effects of landform (A), genotype (B), 
and iron spray (C) on groundnut dry pod yield at 
four locations in India. Source :Poldar and Anders 1991. 
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Table 1.Ylela and yield components of groundnut as influenced by follar Iron sprays at Umnri (Maharashtra) and 
Korvipad (Andhra Pradesh), India, postrainy season 1990/91. 

Plant Dry yield (t ha-') Harvest 
Iron stand index 
sources ('000 ha-') Pod Fodder Biornass (%) 

Urnri 

FeSO 4 193.5 1.73 1.72 3.45 49.56 
Fe-EDTA 172.0 1.28 1.47 2.75 44.57 
Control 161.5 1.19 1.19 2.60 42.56 

SE 	 ± 4.7" 0.08- 0.08" 0.04" ±1.40"" 

Korvipad 

FeSO4 195.1 0.77 
Fe-EDTA 177.9 0.59 
Control 167.6 0.57 

SE 	 : 5.5"" 0.03"* 

* P <0.05%. 
* 	 P <0.01%. 
Source: After Potdar and Anders 1991. 

o 	 Severe iron chlorosis symptoms were evident as 
early as the seedling stage, and the intensity of 
chlorosis varied considerably within and between 
sites. Three out of four sites showed severe iron 
chlorosis symptoms. 

" 	BBF was effective in reducing the incidence of iron 
chlorosis at one site. 

* 	All genotypes tested were highly susceptible to iron 
chlorosis and yielded similarly. 

* 	Foliar sprays with 0.55, FeSO 4 were more effec-
tive than Fe-EDTA in correcting iron chlorosis 
symptoms. 

" 	Iron chlorosis can reduce pod yield up to 46% and 
reduce fodder yield up to 22%. 

To extrapolate these results to other areas, we will 
be conducting intensive surveys on farmers' percep-
tions and management of iron chlorosis in groundnut. 
The survey results will be integrated into a Geo-
graphic Information System (GIS) to extrapolate the 
results to other SAT areas. We will continue these 
studies focusing mainly on developing management 
strategies to minimize yield losses from iron 
chlorosis. 

1.26 2.03 38.66 
1.06 1.65 35.37 
1.05 1.62 34.62 

0.08"" 0.10** ±1.091 

Land Surface Management 

During the 1970s, ICRISAT concentrated on develop
ing a Vertisol technology package which included the 
BBF land form as an integral component. Recent vil
lage work has indicated that farmers are adopting this 
land form in groundnut-growing areas which have 
Alfisol and/or Vertisol soil types. The adoption of this 
land management strategy has generated some con
cern, particularly with Alfisol soil types where BBF 
may increase soil erosion (ICRISAT 1981). 

To address this concern, acollaborative study be
tween the Soil Physics and Production Agronomy 
Units of ICRISAT's Resource Management Program 
(RMP) was initiated in the 1990 rainy season. An Al
fisol site (fine-loamy, mixed, isohyperthermic Udic 
Rhodustalf) was used with two land forms (BBF vs 
fiat) and five replications. Broadbeds (1.5 m width) 
were formed with bullock-drawn equipment after the 
onset of rains. Groundnut genotype ICGS-11 was sown 
into 30-cm rows with five rows on each bed. A preplant 
banded fertilizer application of 18 kg N and 46 kg P 
ha-' was given to all plots. Soil physical and plant 
growth measurements were collected during plant 
growth. 
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Soil penetration rcsistancc was lower in the BBF 
treatment than in the flat treatment throughout the 
growing season (Fig.2A). Differences in soil oxygen 
content were significant for thti first 60 days following 
BBF formation, but decreased with increasing bed 
age (Fig.2B). However, oxygen content was higher in 
BBF for al!treatments. Soil bulk density increased 
with increasing time after tillage (Fig.2C) with signif-
icantly higher values for the flat land treatment at all 
measurements. All soil physical data suggest that 
groundnut production should increase in the BBF 
treatment because crusting, which results in poor peg 
penetration, is a major constraint to groundnut pro-
duction in these soils. 

Contrary to this a sumption, there were no signifi-
cant differences between land form treatments for 
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Figure 2. Soil penetration resistance (A), oxygen 
content (B) and bulk density (C) in the 0-5 cm soil 
layerforBBF andflatlandformns. 
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Table 2.Effects of land form on fresh and dry groundnut 
ps and fodder yields. 

Popula- Fresh Fresh Dry Dry 
Treat-
ment 

tion 
(ha-1) 

pod fodder 
(tha-1) (t ha-1) 

pod 
(tha-1) 

fodder 
(t ha') 

Flat 146 500 2.41 2.62 1.28 1.08 
BBF 140 916 2.04 2.28 1.12 0.98 

NS < 0.05 P 0.05 NS P<0.05 

plant population or dry pod weight (Table 2). Fresh 
pod and fodder and dry fodder weights were signifi
cantly (P < 0.05) higher in the flat land treatment. To 
better understand how these differences occurred, we 
looked at rainfall and plant growth indicators. This 
crop received approximately 250 mm rainfall bet
ween sowing and flowering. However, most of this 
rainfall occurred between 20 and 30 days after sow
ing (DAS).

Plant growth measurements taken at 31 DAS indi

cated a significantly higher leaf area in the flat treat
ment and a correspondingly nonsignificant higher 
fresh and dry leaf weight (Fig.3). Specific leaf mass 

higher in the BBF treatment at 31 DAS, indicat
possible drought stress. By 77 DAS, leaf area and 

leaf fresh and dry masses were higher in the flat land 
treatment. These results indicate that plant growth 
was not improved by using the BBF land treatment, 
even though some of the soil physical measurements 

this should not be the case. We conclude 
that the efficiency of BBF in groundnut growth and 
development depends very much on rainfall distribu
tion. Prolonged droughts in the rainy season has apronounced effect on crop growth as the micropores 
in the beds lose water quicker than the micropores of 
the flat land. Probably supplementary irrigation dur
ing such prolonged droughts would eliminate this 
problem on BBF. 

While BBF improves soil physical properties, it 
also results in faster soil drying, thus increasing the 

of intermittent drought stress during plant 
growth. In our study groundnut was unable to com
pensate for this stress. Our previous work also indi
cated that erosion may increase if aBBF land form is 
used on an Alfisol (iCRISAT 1981). One MSc student 
in the Soil Physics Unit is continuing this research. 

Crop Rotations and Intercropping 

In 1989, a cropping systems study was initiated at 
Vertisol and Alfisol sites at ICRISAT Center. Even 
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Figure 3. Groundnut leaf area (A), leaffresh mass (B), specific leaf mass (C) and leaf dry mass (D) for BBF 
andflat land treatments. 

though this study was termed a pigeonpea inter-
cropping study, groundnut played a major role in 
many cropping systems (Table 3). From a total of 
20 cropping systems evaluated, 9 (including 5 rota-
tions) contained agroundnut component. Four rep-
lications were used with all rotation co:.ponents 
included each year. Grcuntdnut rcceived a preplant 
application of'18 kg N and 20 kg Pha-'. Row spac-
ings in sole and intercropped groundnut systems 
were 30 cm with every 5th row utilized for the 
companion crop in intercropping treatments. Dur-
ing the lirst year of production, perennial pigeon-
pea genotypes were not thinned and were kept at a 
population of 35 000 plants ha-'. 

At the end of the lirst season, alternate pigconpea 
rows were removed and plants thinned within rows, 
resulting in apopulation of 8000 plants ha-' All sow
ings were made the same day following the onset of 
rains. Improved groundnut genotype ICGS-11 was 
used in all sowings. Plant growth and y',ld data wer, 
collected each year. 

Rainfall varied considerably during the 3 years of 
experimentation "--ig.4). It is unlikely that there was 
any drought stress in 1989, as total rainfall was ap
proximately 400 tm more than the 15-year mean. 
While rainfall was above normal in1990, distribution 
was poor and many crops suffered from intermittent 
drought stress. Total rainfall in 1991 was similar to 
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Table 3. Cropping systems and rotations containing a groundnut component on Altisol sites at ICRISAT Center. 

earI (199) 	 Year 2 (1910) Year 3 (1991 ) 

PPP /GroundLitl. PPPt/Caslor PPPI/Castor, PPPI/Groundnut Groundnut. Castor 

PPP 2/Groudnul. PPP2/Caslor PPP2/Castor. PPP2/Grou1d(out 

MDPP3/Groundnut. Castor Castor MDPP/Grourdtt MDPP.3/Groundnut, Castor 

M DPP'/Casior. Groundnut Groundnut. MDPP3 /Casitor MDPP'/Castor. Groundnut 

Groundtit Groundnut Groundnut 

1. Percimial pigcunpea S194 intercropped with groutiinut ICGS 1. 
2. Perennial pigconpea 8860 ilercropped with romdhul ICGS II. 
3. Mcdium-duration pigeonpea ICP I-6 intercropped %ih grotldout ICGS It. 

Table 4. )ry grain yield t ha- 1) and standard error of the mean (SEM) for rotation treatments with groundnut 
com)onents. All groundnut crops are boldfaced. 

System 1989 	 1990 199I 

PPPi/GroundluI. 0.38 (0.04)/0.72 (0.t!5) 0.96 (). 15)/0.40 (0.10) 0.92 (0.05)
 
PPP/Castor 0.34 (0.06),'0.34 (0.04) 1.19 (0.13)/0.28 (0.03) 1.02 (0.07)
 

PPP 2/GroU11LtIdt1. 0.37 (0.04)/0.72 (0.05) 0.97 (0.11)/0,44 (0.07)
 
IPP/Castor 0.40 (0.05/0.37 (0.06) (0.09)/0.42 (0.04)
M.00 

MIDPP/GrouMlnut. (.414 (0.06)/0.69 (0.07) 1.72 (0.12) 0.59 (0.04)/0.81 t0.05) 
Castor 0.04 (0.09) 1.02 (0.09)/0.33 (0.04) 0.93 (0.07) 

MDPPI/Castor. 	 0.28 (0.05/0.23 (0.03) 0.49 (0.04) 0.82 (0.07)/0.69 (0.04) 
Grouodnut 0.70 (0.08) 0.53 (0.08)/1.01 (0.09) 1.11 (0.06) 

GUrotltl 	 0.70 (0.06) 0(.58 (0.36) 1.05 (0.08) 
1. Pe.ennial pigeolipa X0}94. 

2. Pe¢rennial oipea 8860).piutm 

3. Nl,,liuit-duraliton Iii-gonlva ICPI 1-6. 

1200 	 -- 1989 1990, but with better seasonal distribution. Our pre
...... 1991 vious Inidings in the land form study indicated that 

1000 - 1990 drought stress was common in 1990, as all sowings 
were made on a BBF land lormt. 

_ 80C.Groundnut yields in 1989 (Table 4) were gener-
E ally low because of late sowing with no signilicant 

differences between :ropping systems. From these 
E600 data and other ICRISAT studies (Odongo el al. 

9 , 	 1992. Willey et al. 1987), we con~cluded that 

400 i[ /groundnut/pigeonpea 	 intercroppitig systems aremore ellicient in resource utilization than sole 
cropping either species.

200 Increased efliciency in intercropping systems can re

suit from temporal and/or spatial cotnplemnentarity.
 
00 100 200 300 400 Pigeonpea/groundnlut systems using annual pigeonpea
 

are excellent examples of temporal complementarity.
Pigeonpea plants develop slowly, while groundnut de-

Figtre 4. Total rainfall received al ICRISAT Center velops much quicker. On a per plant basis, pigeonpea 
in 1989, 1990, and 1991. achieves a similar leaf area to groundnut at approx
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FigureS. Groundnut and pigeonpea leaf area devel-
opment from emergence to 50% flower. 

imately 9 days following groundnut flowering, thus 
minimizing interplant competition (Fig.5). 

In this study perennial pigeonpea types were used 
oilthe assumption that in subsequent years there 
would be reduced establishment costs for pigeonpea 
and better utilization of off-season rainfall, resulting 
in additional benefits from dry season fodder and 
fuelwood production. By 1990, groundnut yields were 
lowest in the intercropping treatment using perennial 
pigeonpea genotype 8094, aspreading type, and high-
est for genotype 8860, an upright perennial type. 
The medium-duration traditional genotype ICP 1-6 is 
intermediate to these perennial types. Unlike the pre-
vious season, all intercropped groundnut yields were 
lower than in sole cropping systems. Highest yields 
were from sole crops with continuous groundnut pro-
ducing the highest yield (0.58 t ha-1). During this 
season, it was observed that all intercropped ground-
nut competed for water with the pigeot.pea. This was 
most evident with the perennial pigeonpea genotypes. 

Our data indicate that in the second season, peren-
nial pigeonpea canopy development in ratooned 
plants was more rapid than from seed plants, thereby 
reducing temporal complementarity and subsequent 
groundnut yield. By the flowering stage, perennial 
pigeonpea achieved leaf areas of I1000 cm2 plant-', 
illustrating the increased competition following 
groundnut flowering. By 1990, plant mortality was a 
problem in perennial pigeonpea systems and it was 
felt that groundnut was not subjected to competition 
commensurate with that given by a full perennial 
pigeonpea stand. Reduced groundnut yields in the 

Table 5. Land equivalent ratio (LER) values for pigeon
pea/groundnut lntercropping in apigeonpea.based crop
ping systems study at ICRISAT Center, 1989. 

values 

I.Pigeonpea (8094)/groundnut =0.88 + 1.02 = 1.90
2.Pigeonpea (8860)/groundnut =0.66 + 1.03 = 1.69 

3. Pigeonpea (ICP 1-6)/groundnut =0.53 + 0.98 = 1.51 

and low values using SEM as range 

I. Pigeonpca (8094)/ High = 1.16 + 1.44 =2.57 
Low = 0.68 + 0.87 = 1.55 

2. Pigeonpea (8860)/ High = 0.82 + 1.20 = 2.03 
groundnut Low =0.52 + 0.88 = 1.41 

3. Pigeonpea(ICP 1-6)/ High = 0.66 + 1.18 = 1.84 

groundnut Low =0.42 +0.81 = 1.23 

second year of a pigeonpea/groundnut intercrop were 
observed in other studies (Odongo et al. 1991). Reduc
tions in groundnut yields in the medium-duration 
pigeonpea/groundnut intercrop treatment were attrib
uted to below ground competition. 

By 1991, plan: mortality in perennial pigeonpea 
was so severe that all plants were destroyed with sub
stitutions made in appropriate treatments (Table 4). 
Total rainfall in 1991 was similar to 1990, but distribu
tion was more favorable for groundnut growth. Yields 
were highest in sole crops and lowest in the medium
duration groundnut intercrop. Groundnut yields re
mained constant or increased over all treatments over 
time. This suggests that none of the cropping systems 
are detrimental to production stability. We will con
tinue this study for one additional season, after which 
promising rotations will be incorporated into our 
long-term rotation studies. 

Agronomists are continually searching for ways to 
compare intercropping systems. Common indicators 
are land equivalent ratio (LER), area time equiva
lency ratio (ATER), and area harvests equivalency 
ratio (AHER). LER values for pigeonpea groundnut 
intercropping systems in 1989 ranged from 1.90 for 
perennial pigeonpea 8094 to 1.69 for perennial 
pigeonpea 8860 (Table 5). While these values appear 
attractive, it must be remembered that they represent 
a ratio between four variable values. 

If we select standard error of the mean as a value 
for variance and recalculate using the best case sce
nario (e.g., maximum intercropping yield and mini
mum sole crop yield) there is a disproportionate shift 
upward in all LERil values and ail intercropping sys
tems are extremely attractive (Table 5). 
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If we use the worst case scenario and select low 
intercropping values and high sole yields, there is a 
similar drop in LER values. These lower values will 
be achieved by some farmers if they adopt these sys-
tems and it is extremely important to keep these low 
values in mind when assessing advantages in inter-
cropping. In our Production Agronomy Unit we are 
striving to develop rew techniques which will better 
represent cropping systems production over time. 

In this study a major consideration has been omit-
ted: the nematology component. All plots are sampled 
for nematodes prior to sowing, during plant growth, 
and at the end of each season. From these samples we 
are able to follow cross-hosting patterns of those 
nematodes known to contribute to yield reductions in 
the crops we study. This work will lead us to a better 
understanding of rotational effects on pest and disease 
constraints. 

Summary 

In the village studies we found that using survey and 
diagnostic plots together was the most efficient and 
accurate way to elicit farmers' management practices 
and perceived production constraints; and then to 
quantify the extent of these constraints. 

In the case of iron chlorosis in groundnut, we 
found that farmers were applying high amounts of 
nitrogen fertilizer and that they associated this prob-
lem with the introduction of irrigation. This allowed 
us io focus our researcher-managed village plot treat-
ments on water and fertilizer management. Recogniz
ing that possible solutions t(, this problem were iron 
sprays and improved genot.pes, these treatments 
were added to our studies. When we realized that 
some improved groundnut genotypes are not iron-effi
cient, our crop improvement program initiated breed-
ing work in this area. We have also been able to make 
extension workers aware of he effects of high nitro-
gen fertilizer applications and poor water manage-
ment on this problem. 

Work with land forms would have impact, partic-
ularly with respect to resource poor farmers, whose 
technologies are necessarily independent of sub-
stantial mooictary input. We know that by using a 
BBF land form on an Alfisol soil type may result in 
increased erosion and that plant growth may not be 
improved under rainfed conditions. From these re
sults we are better able to structure our future re-
search focus and advise others on crop p,'oduction 
strategies. 

We understand that cropping systems/rotations 
work is essential for an institute like ICRISAT, which 
seeks to develop new technologies needed to lit into 
existing cropping and farming systems. We also rec
ognize that this type of work requires long-term 
studies involving various disciplines. We are able to 
conduct this type of strategic research at ICRISAT 
Center and hope it will provide guidance to our part
ners in the national programs of the semi-arid tropics 
to conduct their own research. We are therefore anx
ious to establish links with as many national research 
systems as possible. 
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Discussion 

Schmidt: Was the soil very alkaline where you ob
served severe Fe chlorosis? I-low do you explain the 
difference in efficiency between Fe ETDA (not cffec-
tive) and FeSO., (effective)'? 

Anders: Soil alkalinity was observed in Pakistan. We 
suspect that our spray concentration of Fc ETDA was 
not sufficiently high. Because chlorophyll levels in
creased in plants sprayed with FeSO., \%,care satisfied 
that we are getting an Fe effect and not an S effect, 

Freire: I. What are the reasons for the poor condition 
of the flat soil forms compared with the BBF form? Is 
the soil condition not linked to plowing depth, soil 
turning, etc.'? 2. Because BBF requires more soil dis. 
turbance, is it not more prone to crust formation? 

Anders: 1. The flat treatment received a shallow 
plowing. 2. No, only if the argillic (clay) layer is 
brought to the surface. 

Ndunguru: At ICRISAT Sahelian Center, we coin-
pared tied ridge, flat, and raised bed forms, but we did 
not observe any significant differences. Our stalisti-
cian believes that tihe split plot design, with a few 
degrees of freedom, may have been responsible for 
your nonsignilicance in the BBF-Ilat comparison. 

Anders: This may be true in the Fe chlorosis study, 
but it was not the case with the land form study that I 
reported. We also have supporting evidence from 
other studies, 

Nigam: I. Was there any difference in days to enter
gence between BBF and flat land forms? 2. Was there 
any difference in temperature ill the podding zone 
under these two systems'? 3. Were the furrows in the 
BBF system laid along the contour? 

Anders: 1. No. 2. We did not measure temperature. 3. 
No. 

Olortinju: You talked about structured surveys and 
rapid rural appraisal. Could you expound on the 
latter? 

Anders: We use rapid rural appraisal in our prelimi
nary work to get a general idea of how to structure 
our subsequent formal surveys. Once formal surveys 
are complete. we select specific concepts %)rmanage
inent practices and test them across a range of condi
tions in a very structured rapid rural appraisal 
approach. 

Nigam: Don't you think answers tend to be artificial 
in a structured survey'? 

Andei s: Not if they are done on an individual basis. 
We have found biased answers when using group in
terviews and there is a senior farmer. 

Bosch: I agree with the idea that more village-level 
diagnostic work should be done. By definition, this 
work has to be done by the nalional programs since it 
is site-specific. I wonder whal the regional programs 
and ICRISAT can do to support this kind of work. 

Schmidt: Our regional project will soon include only 
two senior scientists-a breeder and a pathologist-and 
they will be fully absorbed by their tasks. We have to 
leave farm and village studies to the national pro
gramus. In order to obtain a "complete picture", such 
studies should include all crops in a cropping system. 
The price of maize relative to that of groundtut, for 
example, determines how much is grown. Socio
economic considerations have an important influence 
on overall productivity. Breeders and pathologists 
should concentrate ott their crops, while agronomists 
and econnoi. Is should consider all crops grown in ain 
area. 

McDonald: Most NARSs have systems for geting 
researchers, extension workers, an1d farmers to come 
together to discuss problems. [low much feedback is 
obtained from farmers? Could discussion on farmers' 
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perceptions of constraints be encouraged more? 
Could their reactions to "surveys" be examined? 

Nkwanyana: Village-level studies are important. Be-
fore SADCC projects were started, NARSs were re-
quit d to survey their crop situations through visits to 
farmers' fields and interviews with farmers. These 
survey results were consolidated in adocument which 
formed the basis of SADCC'" crop improvement pro-
gram. However, we now need to go back and inter-
view the farmers again to record their evolving 
perceptions of the problems and their preferences for 
certain crops. The earlier surveys were not exhaustive 
and possibly not sufticieitly representative. 

Ndunguru: A good deal of information has been ob-
tained from various surveys and on-farm experimen-
tation. Examples are the USAID, IDRC, and Bean 
and Cowpea CRSP work in Tanzania; Bean and Cow-
pea CRSP and University of Illinois work in Zambia; 
and the regional work of Bunda College of Agricul-
ture and CIMMYT. Perhaps we need to dig out this 
information and digest it before we initiate yet more 
surveys.
 

Freire: One of the main questions is the identification 
of the target groups to receive the benefits of the 
research/extension system. A study in the so-called 
"greenbelt zone" of Maputo observed that the poorest 
households were those headed by women without 
men but often with children. At the same time, these 
households were among the most conservative 
amongst farmers. The question is: shall we target our 
work at the poorest or shall we focus on more pro-
gressive groups with higher impact on national 
production? 

Anders: The question of which group will benefit 
most from a given system will always be argued. 
However, this does not negate the need to conduct this 
research.
 

Williams: I would like to suggest that surveys be 
undertaken with care. They are expensive and in 
some cases are used to replace the obvious conclu
sions arrived at by common sense and observation. 
Because ICRISAT deals with many problems at the 
regional level, it is frequently necessary to deal with 
them as generalities. National programs have a rela
tive advantage at the local level. 

ChlIteka: It has been suggested that some trials be 
sown late (i.e., at the time that farmers are sowing). 
Delayed sowing invariably reduces the amount of 
moisture available to the crop, temperatures are re
duced, and there is more disease. Is there information 
available from ICRISAT concerning genotype perfor
mance under stress conditions such as reduced tem
peratures, high disease rate, or reduced hours of 
sunshine? 

Nigam: Although date of sowing studies have been 
conducted in the past, the main objective was to find 
out the optimal sowing time for a given location. In 
the southern African context, where farmers are 
likely to continue to sow groundnut late, we need to 
identify varieties that do not interact with sowing 
dates. Such varieties will necessarily be of relatively 
short duration. They may not be the highest-yielding 
varieties available, but they wil! yield more than the 
varieties currently grown under late-sown conditions. 
One set of advanced breeding trials should be sown 
under late-sown conditions to identify such varieties. 
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Effect of Plant Density and Sowing Pattern on the
 
Yield of a Groundnut/Maize Intercrop
 

S.M. Eliseu I and M.J. Freire2 

Abstract 

Grounhnt/niie intercrolping is common throughout Mozambique, particularly i the south. 
Ainiing it higher vieldsfir subsistence faners, researchers coilducted experiments on / /lnt den
sit.v. sowilig patterns. and sole versus i/tercroping %sstems.There ivas no sigqnificantdifference in 
grotuidm lield or ie1d components when the crop w/as sown either inJ rows or inl a zigag pattern. 
However. ulai-e viel was significantlv increased. Both groutidnt and mai:e yield increased with 
increasingplantt densit*. Although sowing alternaterows 0/'grotumhiit aud mai-e reduced ground
/tll viehl, make yiel was comparitivey tnchangedfront sole crop yields. Increasing grotinut 
densitV,l% diredtcting that c4fi-e resulted ill t1 increase inl groiuidnityield (higher than that oy 
the sole cr'op) told 0 rCd1CtU)it ii mai:e *viehl. Land equivalent ratio was larger than 1.00 in all 
intercropling11'ettllels.raligiltg 'om 1.20 to 1.99. 

Resumo 

Efeito da densidade de plantas e metodo de sementeira na produdo de anendoin: e milho em 
consorcia'Cio.A consorcit ','o dle meni0 e iiilhoIe ti prlic comt 'nt Mo'anihiqte 
/lrti(Ihtr~t' 1nosill. COP,,iniito tie eh'1vr it prodliq/'o (/0 agriciltlio et,sibsistencia (le 
compo/ese(',V'.S. ill veiti.do/'eS ./ir / e/nsaios sohre (I de'si(hide, i todos d' .(' lent'ira.e cultina 
ptr/ (('on1tra sist'llic/ (ollsol''citdo. Na-o Iotve (icel sinc'ns uicativus 1o rendi'ientod) aIttlCthdi11 
ol /IOA C0llonlIt'Itc's(/tta11( 0 c()mpo t(r sido seneado litr em linhas qIer Cnt :i,--al,. Por;m o 
rencdillieIto do millio llmelnltot sicn]ifictivamente.Ambas cu/tuirs niilho e acnenldoiit o sell reli-
Ilntto. altml'Intott (0on11) CIIII(tol1 plllttls. Coltlttdo (I alterlativlo Se'helnteira emtc/a dc'nsidatl de' 
lilltas reduhtiit o rentlime'Ito (It t/C ('tdoii1.0 renldinento (Citmilho two mildoll compaliralivanlellte 
0o ntilho pi1ro. Almlentando a cl(nsihO I,h me'lhil e reditindo t)h( milho residta ntt111alto 
£II)IIntlo d rdtlintc'litodo ttnldlhloi c/I' ui ulltitti /l1r a' 't'h'q-(O) 11o lC'll/iily'lo tlnuilho. 0 
"'hi( c'qttivalit ratio (LER)" ]oi 1uis qu I em totos os trltullleitos consorcifihos, oxihtcIlldh de 
1.20 ( 1.99. 

Introduction vast majority (99% of the cropped area or groundnut 
and 96% that of maize) of these crops is produced by 

In Mozambique, groundnut and maize are very im- subsistence farmers using traditional management 
portant crops, cultivated throughout the country under technologies (Bokde 1980, MIAM 1971). Yields are 
various cropping systems and environmetal condi- quite low, not surpassing 0.7 t ha-' for maize and 0.5 t 
tions (Nunes 1985, Malithano 1980). However. the ha-' for groundnut (MOA 1977, Malithano 1980). 

I. Aaronomlici. Nafionlal I)irectormle fir Rural )cvelop'mce1nt. Mini ry of Agriculme. CA 14116.Mapulo. Nitzancbique. 
2. A ssjslal Pnclessor.atd Ilead. Depdrlcm lnclcclCropc t'cthiclihcl acnd Prol clihci. r:icuhy cl Agrtoomy acndForestry Eugincerirg. Uuciveriy 

tEduardo Modlae. C.. 257. Mapci'c. MNctlucbique. 

Eliseu. .M.M,and N.J. Freire, %.-. 1992. Effect of plaidl desily and Sowing palterc omIhe Ni ld ol a gr.ndnc/cuaize tiercrcp. Pages, 2124 
iccProcccings oflhe Filih Regional Grounlthcui Workshop for Sculhiern Africa. 9-12 Mar 1992. Lilhccvoc. Malawi (Nageswara Rao. R.C.. and 
Subhmacyam. P.. cds.). Paancheru. A.P. 5112324. India: mlerncainal Crocps Rcsearch listis leIfor Ihe Semi-Arid Tropics. 
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According to Bokde (1980) and Malithano and 
van Leeuwen (1980), these low yields are due to inad
equate cropping systems, sowing methods, plant den-
sities, and plant protection, 

According to Mozambique's Ministry of Agricul-
ture (MOA), at least 30% of the area sown to naize is 
intercropped with groundnut and other crops (MOA 
1977). In most cases crops are sown without apartic-
ular row arrangement. 

Aiming at higher yields and more efficient crop-
ping systems, research was conducted to identify the 
best cropping syst-n in terms of yield and land use 
efficiency. 

Material and Methods 

The experiment was conducted in southern Mozambi-
que at the Umbeluzi Research Station on a medium 
textured ,il under rainfed conditions. Rainfall during 
the growi.. season was well distributed, totalling 342 
mm11.The experimental design was a randomized 
block design with four replications and 12 treatments 
(Table I). The groundnut variety used was Bebiano 
Branco, which matures in 90-100 (lays, while for 
maize Matuba (100-120 days) was used. Both ge-
notypes are presently recommended for cropping un-
der rainfed conditions in southern Mozambique. 

Table I. Treatment description. 

Results and Discussion 

As seen in Table 2, the plant density at harvest was 
consistently less in all cropping patterns except the 
an3 treatment. Reduction in maize plant density was 
due to the incidence of stem borer. The low plant 
stand in groundnut crop at harvest was due to lack of 
germination as well as pest and disease incidence
during the growing season. 

Groundnut had a tendency to produce fewer pods 
per plant with higher plant density when grown tuder 
sole cropping. Sowing pattern had no effect on the 
number of pods per plant. 

Irrespective of the plant density or the sowing pat
tern, sole groundnut yield wvs constant. When inter
cropped with maize, groundnut showed no yield 
response to sowing pattern, but yield increased with 
the increase inl groundnut plant density in the inter
cropping system. Treatments AAMI and AAAMI 
produced higher yields than either the sole crop or the 
intercrops with high maize and low groundnut density 
(am3, AMI, AM3). 

Number of cobs per plant and maize yield were 
largely influenced by sowing pattern, with zigzag 
sowings producing far mere than row sowing, inboth 
sole cropping and intercropping regimes. Reduced 
maize density and increased grouldnut density re
suited in higher groundnut yield and lower maize 
yield. The higher inlercropped yields were obtained 

No. seeds hill-' Spacing (cn) Row arrangement Cropping 

Trcatment Maize Groundnut Maize 

an3 3 I -
AM3 
AMI 
AAM I 
AAAM I 
m3 
mil 

3 
I 
I 
I 
3 
I 

I 
I 
I 
I 

90x90 
90x30 

135x30 
180x30 

-
-

M3 
MI 
AI 
all 
al/2-

3 
I 

I 
I 
I 

90x90 
90x30 

-
-

-

1.Same plant density as Al. 
2.Ilalf the plant density of AL 

Groundnut (Maize:groundnut) system 

- zigzag Inter 
90x 10 1:1 Inter 
90x 10 1:1 Inter 
45x10 1:2 Inter 
45xI0 1:3 Inter 

- zigzag Sole 
- zigzag Sole 
- Sole 
- Sole 

45x10 Sole 
- zigzag Sole 
- zigzag Sole 
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Table 2.Yield and yield components of groundnul and maize grown as sole crops and intercrops. 
..
Plant density Il 

Expected At harvest 
Treat-
 No. pods 
,ment Maize Gnut Maize Gnut plant-' 

a:u3 3.7 11.1 2.8 8.5 11.5 
AM3 3.7 11.1 2.2 5.2 13.5 
AMI 3.7 11.1 2.1 3.5 11.0 
AAMI 2.5 14.8 1.9 7.8 15.4 
AAAM I 1.9 16.7 1.4 9.5 17.6 
m3 3.7 3.7 - 
ml1 3.7 2.7 
M3 3.7 2.6 
M 1 3.7 2.0 

Al 22.2 - 11.3 14.8 

all 22.2 12.4 14.4 

a I/22 


- 11.1 5.3 25.6 

CV t%) 22.2 20.6 28.3 

SE +0.2 ±0.9 ±2.2 


I.Same p 	 litdensity asAt. 
2. IIhtfthte plant deniy (WlA I. 

using zigzag sowing and by sowing alternate rows of 

groundnut and maize. 


In all cases, intercropping groundnut with maize 
showed a higher land-use efliciency with latnd equiva-
lent ratios (LERs) ranging fron 1.20 to 1.99, with LER 
increasitg with each groundnut increment (Table 2). 

Given that these results were obtained in a single 
year and that an overall analysis of similar trials has 
yet to be done. we can draw the following preliminary 
conclusions. 

I. 	 In good rainflall years, groundrut/maize inter-
crops produce higher yields and LERs. 

2. 	 Unless such fhctors as weeding, irrigation, or cro-
siot dictate otherwise, there is no need to sow in 
rows because maize tends to yield better with a 
zigzag pattern.. t.3. 	 When inierc,'opping, it is better to increase thec 
groundnut conlribution, thus increasing its plant 
density and reducinlg that of the maize. 
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Discussion 

Chiteka: Would you explain why the yields from the 
zigzag sowing were higher than the row sowing? 

Freire: We still do not understand it fully, but it may 

be related to more efficient pollination among other 
factors. 

Williams: I believe that the nondestructive model ap
proach described in our paper can provide a better 

understanding of the causes. It will separate the ef-

fects into those associated with the source and those 

associated with sink effects. 

Nyirenda: What is the explanation for the increased 
" witri increase in plant density?number of pods plan-t 

Firease: In sole cropping, the number pods plantr 
increased with the reduction of plant density. In inter-
cropping, the opposite happened. We assume this to 
be related to the reduction in maize density and the 
reduced temperature caused by shading. 

Ndunguru: The size of the plots may have influenced 
your results. How large were they, particularly con-
sidering zigzag sowing? 

Freire: I do not have the exact figures, but plot size 

was the same in all plots. We gave the field workers 
the exact quantity of seed required for the plot. 

Busolo-Bulafo: I can see from your results that the 
shelling percentage (35.7%) is quite low. Is this nor

mal with groundnuts in Mozambique? 

Freire: Yes, the values are quite low. Normal figures 
range between 50 and 60%. 

Keli: Your third conclusion suggests an increase of 

groundnut population and reduction of maize popula

tion. Would the low maize population result in low 

yields? And which of the two crops is the more im
portant in the farming system? In Central Province,
Zambia, anly technology lending to lower maize yield

C 
is unlikely to be adopted. 

Freire: Reducing the population of maize (the main 
crop) %kill reduce maize yield, but will also allow 
groundnut yield to increase. There are three other 
considerations. Firsi, the market price of groundnut is 
about four times higher than that of maize. Second, 
f:,rmcrs (especially those living near cities) tend to be 

more market-oriented and therefore recognize the 
value of groundnut. Third, southern Mozambique has 
suffered from frequent drought during tile last few 
years and farmers know that groundnut is more toler

ant of drought stress than maize, which is difficult to 
grow in this region. 
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Combined Intercropping and Crop Rotation Trials 

at Chitedze Agricultural Research Station 

G. Schmidt' 

Abstract 

In a trial to assess the comparative advantage of intercropping versus sole cropping using naize 
and fiorgroundnut cltivars, niai:e yields increased when intercropped wit groundnut. Groundnut 
yields were depressed by intercropping, btt there was a differential response f"cultivars to cr*op
ping systems. Intercroppingwas not advantageous compared with sole cultivation of the partners. Inthe subsequcnt season, niai:eyields on the same plots were slightly higher after sole grotundntt than 
fter naie/groudnut intercropl)ing, but in general precedi crops had little influence on sibse

quent inai:e,even without ertilizerapplication. 

Resumno 

Consorciag'do combinada eensaio de rotaqdo de culturas na Estacdo ae investigavao agrondinica
de Chiedze, 1989-9C No ensaio paradeteriniiar a vantagem coniparativa da consorcia'do versius 
cultura ptn'a usando milho e q/uatro variedades de anendoini, a produic'o do milho anientoll 
quando comsorciadocoin aniendoin. A prochtq'o de anendoimnfoi redu:ida pela consorcia 'Co iias 
hotve respostas nas diferentes variedades ao sistenia de prodtqco. A consorciaS'do ndofoi vauita
josa coniparando coin a caltt'a pttra dos pareceiros. Na sibseqtente esta 'cjo a prodtiqdo de milho 
noitesnitos tallhes ]oi ligeiranmente alta depois cle antendoini puro que depos tie consorciafao 
ntilholanindoimn, nas emt geral culturas procedentes tiverami pouca influencia no niilho subse
q/ette, miesnio sent aplica 'do de fertili:antes. 

Introduction therefore initiated at Chitedze Agricultural Research 
Station in 1989/90 to assess the effect of intercroppingOn small-scale farms in Malawi and other SADCC maize with various groundnut cultivars on the pro

countries, cereal monoculture is prevalent and pro- ductivity of the intercropping partners, and to assess
ductivity is low In some areas, cereals are inter- the residual effects productivity the subsequent
cropped with groundnut or other legumes, in others season. 
sole cultivation predominates. Increased incorpora
tion of legumes into cropping systems may lead to 
increased cereal productivity and thus contribute to Materials and Methods 
sustainable land use. 

According to results in West Africa, rotation of The experiment was conducted on a dark brown
legumes and cereals may increase productivity to a loamy soil with a preceding crop of maize. The ex
considerable extent. An exploratory experiment was perimental area was treated with single superphos

1. Former T°:amL.eader and Principal Groundniut Agronomist. SADtCC/tCRISAt Groundnut Project. P.O. Box 1096. tLilontw.+c MaaWi.
 
Prescnt address: Im Ahdort'. )-3302 Creniimlen. Germany.
 

tCRIStr Cozl'erence Piper no. CP 816. 

Schmidt. G., 1t992. Combined intcrcropping .id crop rotation trials at Chiltedze agricultural research station. Pages 125-128 in Proceedings of tleFifth Reuiottal Groundnut Workshop fbr Southern Africa. 9-12 Mar 1992. ihtngowe. Matla,,i (Nageswar Rao, R.C.. and Subrtinatanyam, P..
edts.). Palanctieru, A.. 502 324, India: tnternational Crops Rescarch Institute tor the Semi-Arid Tropics. 
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phatc plus compound fertilizer at a cumulative rate 
(kg ha-') of 16.0 N, 62.0 P,and 8.3 K. In addition, 50 
kg ha-' N as urea was applied as a topdressing to 
maize. 

The experiment was sown ol 15 December 1989; 
topdressing followed about 5 weeks Iter. Spanish
type genotypes were harvested 105 days after sowing 
with maize and virginia-type after 131 days. Plowing 
was done on 29 June. A maize crop used for testitig 
residual fertility effects was sown on 10 December 
1990 and harvested after 134 days. 

A randomized block design with 6 replications 
was used. The maize cultivar was R 2t11.Each plot 
consisted of six rows wtl 60 cimi between rows. 
Within iows, maize spacing was 30 cm (55 556 plants 
ha-1), virginia genotype spacing was 15 cm (11 I11 
plants ha-1), and spanish cultivar spacing was 12 cm 
'166 667 plants ha-1). When intercropped with vir-
pinia genotypes, every other maize nlant was replaced 
by 2 groundnut plamis. When intcrcropped with span
ish genotypes, b\ 3. 

Results and Discussion 

II the 19819/90 season, maize had adark green color. 
indicating a continuously high nitrogen supply to the 
plants even after lowering. Because of the excellent 
nutrient status of maize during this first season, and 
takitg into consideration the high phosphorus appli-
cation to the 1989/90 crop. no fertilizer was applied to 
the 199(0/91 crop. Maize stands were regular and the 
plants grew vigotously on all plots. During the whole 

season, maize appeared to have been well supplied 
with nutrients, in particular nitrogen, and the various 
preceding crops had little effect on growth, leafcolor, 
or cob formation. 

Maize yields in 1990 

Maize grown as a sole crop had very high grain yields 
(Table I).Intercropping with groundnut by replacing 
every second maize plant by two virginia or three 
spanish groundnut plants resulted in an increase of 
30% in maize yield plant-'. Intercropping was thus 
advantageous to maize, as half of the number of 
maize plants averaged 65% of sole crop yields. No 
differences between groundnut genotypes with regard 
to the prodttctivity of intercroppecd maize was 
observed. 

Groundnut yields and overall results 
of intkreropping 

The high productivity of maize in maize/groundnut 
intercropping plots was achieved at the expense of the 
intercropping partncr (Table 2). Groundnut produc
tivity was depressed 65-77%, compared with sole 
cultivation, in which the average 1ld equivalent ratio 
(LER) was 0.27. 

The overall result (maize LER + groundnut LER: 
0.90-0.97) did not indicate any advantage of inter
cropping compared vith sole ctllivalion of the two 

lo 
genotypes, and maize LER, Chitedze, Nfalawi, 1989/90. 
Table I. Sole crop maize (N) yields, yields of maize intercropped w%-ith virginia and twso spanish type groundnut (G) 

Net yield 
Total yield allocated to M2 

Cultivars G/N I Itha-1) LER t hla-') Yield (% 

M: R201 (densitv 
55 556 plants la-) 10.6 1(X) 10.6 100 

MI/G: ICGM 42. 2 7.3 0.69 14.6 138 
Nl/G: Chitembana. 2 6.9 0.65 13.7 129 
M/G: Malinmba. 3 6.8 0.64 13.7 129 
M/G: ICGV-SNI 85038 3 6.6 0.62 13.3 ;25 

±0.25 ±01.49SE 
7.6 13.2Mean 

8.8CV (%1 8.0 

I. G/NI = no. of Gplants replacing every oither Ni plant. 

2. Yields of ideticl nunbers of maize plants inall treamnltms (i.e ,'ield oilintercropping plots multiplied by 2). 
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Table 2. Productivity of virginia and spanish groundnut (G) genolypes in sole crop and in inlercropping with maize 
(M), groundnut LER, and total LER, Chiledze, Malawi, 1989/90. 

G sole crop 
Cropping genolype 
system 	 (plants ha-I or G/N,1 

Sole 	 ICGMS 42 (111 0W), 
crop 	 Chiteitbana Il1 ,Aj)

Malimba (166 667) 
ICGV-SNI 85038 

(166 667) 
Mean 

Inter-	 ICGNIS 42 (2G plants) 
cropping 	 Chitembana (2 G plants) 

Malimba (3 G plants) 
ICGV-SM 85038 
(3 G plants) 

Mean 

Varietal 	 ICGMS 42 
means 	 Chitembana 

Maliniba 
ICGV-SNI 85038 
Mean 

SE Cropping systems 
Varieties 
Intcraclion 

Total yield 
(t ha-1 ) 

2.26 
1.40 
1.00 
1.43 

1.52 

0.52 
0.35 
0.26 
0.50 

0.41 

1.39 
0.88 
0.63 
0.96 
0.96 

±0.043 
±0.061 
±0.086 

22 

I. G/M = no. of G plants replacing every other NI plant. 
2. Yield on intercropping plots multiplied by 2. 

partners. Groundnlut genotypes differed considerably 
in productivity. In the case of sole cultivation, 
ICGMS 42 was highly superior to Chitembana, Mal-
imba, or ICGV-SM 85,)38. However, in the case of 
intercropping, ICGMS 42 and ICGV-SM 85038 
proved to be equally productive. This is an interesting 
case of inleraction between genotypes and cropping 
systems. However, even under intercropping condi-

tions, ICGMS 42 proved to be a good genotype. 

Maize test crop yields in 1991 

Maize yields were very high in 1991, even though 
fertilizer was not applied. This result is attributed to 
the excellent soil nutrient status, and maize produc-
tivity was hardly affected by preceding crops (Table 
3). Only a factorial evaluation indicated a slightly 
more favorable residual effect on tile subsequent 
maize crop in the case of sole groundnut compared 
with tnaize/groundnut inlercropping. 

Net yield 
allocated to G2 G yield LER 

LER (t ha-') (%) (M+G) 

1.00 2.26 100 1.00 
I.00 1.40 100 1.00
1.00 1.00 100 1.00 
1.00 1.43 100 1.00 

1.00 1.52 100 1.00 

0.23 1.04 46 0.92 
0.25 0.70 50 0.90 
0.26 0.52 52 0.90 
0.35 0.99 69 0.97 

0.27 0.81 53 0.92 

1.65 - 

1.05 
0.76 
1.21 
1.17 

-0.051 
±0.072 
±0.103 

21 

Table 3. Influence of preceding sole crop of maize (M), sole 
crop of groundnut (G), and maize/proundnut intercropping 
ot maize productivity, Chitedze, Malawi, 19"0/91. 

No. of G Seed yield 
Treatments in 1989/90 plants in 1990/91 
0 M and 4 G cultivars) (ha-') it ha-') 

-Preceding sole crops (NI at 55 556 plants ha ) 
N1R201 10.2 
G I ICGNIS 42 I11II I 11.1 
G2 Chitembana 166 16 11.3G3 Maliniba 166 667 10.8 
G4 ICGV-SM 85038 166 667 10.3 
Mean GI-G4. result after sole G 10.9 
Preceding intercrops (M at 27 778 plants ha-') 
M+ GI 	 55 556 10.0 
M + 0? 	 55 556 10.3 
M + G3 83 333 i 0.2 
NI + G4 83 333 10.4 
Mean G-G4, result after intercropped G 10.2 
SE (all treatments) 	 ±0.357 
CV (%) 	 11.4 
Mean all treatments 10.5 
SE (sole crop vs intercrop) ±0.187 
SE (cultivars) ±0.264 
SE (interaction) 	 ±0.373 
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Conclusion 

The results confirm earlier findings that maize yields 
are increased at the expense of groundnut in maize/ 
groundnut intercropping systems. This intercropping 
combination is therefore rarely advantageous, In con-
trast to results obtained on poorer soils (Schmidt and 
Frey 1990), favorable residual effects of preceding 
groundnut oil maize may be minimal if the soil is rich 
in nutrients. Such experiments should preferably be 
conducted onl larmers' fields, and not on experiment 
stations with strong nutrient accumulation in the soil. 
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Discussion 

Ndunguru: I. At the ICRISAT Sahelian Center 
(ISC), we have found that lines that perform well in 
monocropping also perform well in intercropping. We 

therefore feel no need for inititating a separate breed
ing program for intercropping situations. 2. Intercrop
ping and crop rotation are substitutes and crop 
rotation being an advanced stage. The problem arises 
because as long as the hoe remains the main farming 
tool, crop rotation becomes unfeasible. Perhaps rota
tion/intercropping trials should be linked to equip
nent. 3. For the information of the participants at this 
workshop, we started a comn!,x rotition trial at ISC 
that addresses intercropping, rotations, and mixtures, 
and their implications for sustainability. 

Schmidt: Thank you for sharing this information 
with us. I would like to add that other intercropping 

combinations such as root crops/groundnut or ground
nut/pigeonpea are more likely to give beneficial resuits than ntaize/groundnut. 

Olorunju: Because farmers are restricted in terms of 
land and have little choice of the crops they grow, 
they end up practicing what amounts to monoculture 
within an intercropping system. How can our research 

more accurately reflect the farmer's actual situation? 

Schmidt: We try to compare farmers' practices with 
various alternatives and recommend the most promis
ing ones. 
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Appendices
 



Recommendations
 

The workshop participants expressed their appreciation For GTZ's financial support for the SADCC/ICRISAT
Groundnut Project and for the Project's contributions to groundnut research in the region. The following
reconmendations were unanimously approved by tlierepresentatives of the national prograns. 

I. The crop improvement component of the Project, together with the seed multiplication component, should
continue to receive a very high priority. At the same time, the Project should assist and strength n the
agronomic research capabilities of the NARSs in the region. It should conduct research only on agronolomic/ 
crop managenent areas with regional signilicance. 

2. Agronomic research on fertilizer requirements, optimal plant population, improved ciopping systems, etc.,should be conducted by the NARSs for the specific groundnul-growing areas within ea.h country. The Project
should arrange to supply methodologies for economic analysis of :gronomic e,.perimnents. It should also
supply information on newer ways to design experiments and to interprct daia. All agronomic experiments
should record observations on pests and diseases. 

3. The work on acid soil problems in Zambia was commended by the participants. it was recommended that thiswork should be expanded to Nanibia and to other countries with similar pioblems. In time, this work could 
be linked to ongoing research in West Africa and Asia. 

4. The drought research work in Botswana was applauded by the participants. It was recommended that theBotswana program, ii, collaboration, with ICRISAT, should continue to develop drought-tolerant genotypes
while olher NARSs engage in agrononic research on ways to minimize the harmful effects of drought. 

5. The project will assemble literature and information on drying methods, postharvest handling, and smlll
scale equipment for cultivation and crop processing, and make them available to tileregional NARSs. 

6. The NARSs and their extension agencies will be responsible for the transfer of new technology. The Project
could assist these efforls whenever possible and appropriate. 

7. The existing arrangement where the Project provides computing services for breeding trials of the NARSs
should be extended to cover agronomic trials. ICRISAT will keep NARSs informed of the training courses at 
its various locations. 

-3I1
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Field Visits
 

Chitala Agricultural Research Station 

L.R. Mtuana, Officer-in-Charge of the Station, wel-
corned the participants and gave a brief introduction 
to the station's facilities and activities. Chitala is lo-
cated 660 in above mean sea level. The mean annual 
maximum temperature is about 30°C; the minimum 
16"C. Chitala receives a mean annual rainfall of about 
900 mm during the rainy season (January to March).
However, only 350 mm fell during the current rainy 
season, resulting in a very dry year. 

Participants were shown two groundnut experi-
ments at the station, 

Foliar disease nursery 

P. Subrahmanyam showed the participants a wide 
range of foliar disease-resistant material being 
screened for late leaf spot and rust diseases in the 
international nursery. A nursery in Swaziland is con-
ducting similar trials. Infector row technique is used 
to raise the inoculum load and disease incidence. Al-
though inoculum of rust and late leaf spot was suffi-
cient, the disease intensity was very low due to dry 
weather. The crop, which was at podfilling phase dur-
ing the visit, was clearly suffering from drought 
stress. Significant differences were apparent among 
genotypes for both late leaf spot and rust. 

Apart from foliar diseases, we also noted pod 
borer damage. Juvenile and immature pods had been 
bored through the shell to the seed. We were told that 
the damage had been caused by the pineapple mealy 
bug, a sucking pest. 

Cultivar screening trials 

Participants were shown an experiment by one of the 
Chitala research scientists which compared the per-
formance of ICGMS 42 with local cultivars. Al-
though the crop was facing severe drought at the time 
of visit, the experiment will provide useful informa
tion on the performance ICGMS-42 under severe 
drought stress. All crops at Chitala Research Stati-"n 
are cultivated under rainfed conditions. Irrigation fa
cilities are generally unavailable at all research sta-
tions in Malawi. 

-..... , ... . ... ... ........* , .. ,..... 


Visit to Farmers' Fields 

Participants were guided through five farmers' fields 
by the local Agricultural Officer. Farmers partici
pated in the discussion. 

1. Farmer name: Lande 

Under the resettlement proforma, farmers are allo
cated holdings of 6 ha. The: are trained by the Agri
cultural Department personnel. The major crops 
grown on each holding were maize, cotton, and 
groundnut. 'the price of groundnut pods is greater 
when sold to private parties than at the Government 
price. The proportions of land allocated to each crop 
is not fixed. However, the farmers are expected to 
grow each of the three crops: maize as a food crop, 
cotton and groundnut as cash crops. 

This farmer was growing three groundnut vari
eties: Chalimbana, Mawanga, and Malimba. The lat
ter cultivar is the local variety. The groundnut was 
sown on ridges 90 cm apart. The furrows were unusu
ally deep (40-50 cm from the top of the ridge). The 
seed-to-seed spacing was not uniform. 

Mr Lande got his seed and other inputs (fertilizer 
and pesticides) on loan from the Government. He has 
to repay the loan after selling the produce. The fertil
izer is ordinarily applied only to maize. The crop was 
facing severe drought the time of the visit. 

2. Farmer name: Chibwe 

Four varieties, Chalimbana, Mawanga, Kalisere and 
Malimb,, were being grown. The crop was sown in 
December with the first rains and was clearly suffer
ing from drought stress. This farmer's practice is to 
leave the hrulms in the field as feed for his cattle. The 
haulms are not sold. Farmer Chibwe keeps his own 
seed. Fertilizer is applied only to maize. The standing 
crop of maize in sold to obtain cash. 

3. Farmer name: Mpangalume 

This farmer was cultivating maize and groundnut. 
The grou.idnut crop was a mixture of several vari
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cties. Due to inability to obtain seed material, he col-
lected whatever seeds he could lay his hands on. The 
plants were sown randomly and included all types of 
taxonomic groups, including long-duration runners. 
Farmer Mpangalume's practice of mixing seed for 
sowing is not common. 

4. Farmer name: Chitanya 

Farm-r Chitanya was growing two groundnut vari-
eties, Chalimbana and Malimba, on ridges with deep 

furrows. The crop was suffering from drought stress. 

5. Farmer name: Banda 

Four crops (cassava, cotton, maize, and groundnut) 
were being grown in strips. Cassava and cotton were 
showing remarkable drought resistance compared 
with groundnut and maize. Mr Banda told us that he 
practiced crop rotation among the latter two crops. 
Fertilizer was applied to only maize, and other crops 
are grown without any inputs. 
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