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Abstract 
Citation: ICRISAT (international Crups Re'earch Institute for the Semi-Arid Tropics). 1990. Proceedings ofFourth Regional G."ou,1dIut Workshop flor Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patan :heru, A502 324, India: ICRISAT. 

Twenty-three out of 32 national program :;cientilSts actively engaged in groundnut improvement in the SouthcAfrican Development Coordination Conference (SADCC) region participated in tie Regional Workshop; Ang(and Zimbabwe were the only countries cf" the region not represented in person. However, a paper by agroundiscientist in Zimbabwe was accepted as presented in his absence. Also partiLipating were groundnut scientists frcKenya, Mauritius, Uganda, ICRISAT Center (India), ICRISAT Sahelian Center (Niger), SADCC/ICRISAT Grounnut Project (Malawi). and ICRISAT's Eastern Africa
reviewed groundnut research oil 

Regional Cereals and Legumes program (Kenya). Papebreeding. entomology, agrone'ny, leaf spot diseases, and cropping systems. T1recOnnrlendations ofthe Workshop's plenary session provide valuable guidelines fbr regional project activities. 

Rsume 
Rli rence : ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Comptes rendus dQuatriine colloque regional sur I'arachide pour I'Afrique australe, 19-23 mars 1990, Arusha, Tanzanie. Patanchert
A.F. 502 324. lide : ICRISAT. 

Cc ColhOne r~gional a rduni vi nt-trois des 32 chercheurs de programmes..
Inainlre ationaux travaillant activemented'alnOlioration de l'arach ide (hn Iarg ion de Ia Confirence de coordination du d,.eloppement en Afr iqutaustrale (SADCC). [.'Alngola et Ic Zimbabwe dtaient les seuls pay:; de lardgion neTutefois, pas &e repr6sentds en pe:sonneune cOllmunication par un chercheur de I'arachide au Zimbabwe a dt6 accepi6e comme pr6sentde en sorabsence. Ont 6galemcnnt participds a :eColloque des chercheurs du Kenya, de t'ile Maurice, de l'Ouganda, duCentre ICRISAT (lode). du Centre sahelien de I'ICRISAT (Niger), du Projet arachide SADCC/ICRIsAT (Malm 'i),c du RWscau r6gional pour I'Afrique orientale sur les c6rdales ctles Idgumineuses de I'ICRISAT (Kenya). Lescommunications ont fait le point des travaux de recherche sur I'arachide portant sur ]a selection, I'entonologie,l'agronomie, les cercosporioses, et les syst .nesde culture. Les recommandations de lasession plnire du Colloqueol rent ies lignes directrices precieuses pour les activitds du projet r6gional. 

Suimirio 
Citaqiio: ICRISAT (Instituto Internacional de Investigaqio de Culturas para os Tr6picos Semi-Aridos). 1990. Anaisda Quarta Corlfreilcia Regional de Amendoim pare a Africa Austral, 19-23 de Marqo de 1990, Arusha, Tanzania.Patanchcru, A.P. 5)2324, India: ICRISAT. 

Viile e lres dos 32 cicnlislas, dos orogramas nacionais activamente engajados no melhoramento do amendoim nareg imo da Coiif'rencia Coordcnadora (to Desenvolviniento da Africa Austral (SADCC), participaram ra ConfernciaRegional; Angola e Zimhabv, e forani os 
Oftltdo. Lull 

uhnicos parses da regifio que nio estiveram representados em pessoa.artigo (tumcientista do amnendoini do Zimbabwe 1oi aceite e Apresentado na sua auschncia. Participaranianbhnl cientislas dtoaiecdoi i vindos do Qudnia, Maurfcias, Uganda, ICRISAT-Cenlro (India), ICRISAT-Ceiltro 
;aheliano (Nige c to Amendoini (o SADCC/ICRISAT (Malfiwi) .- da-eulilinosas para Rede Regional para Ce:'eais elenlto, cntomlologia, agroiloilia, doenyas de manchas foliares 

aA rica Oriental do I-RISAT (Qudnia). Os artigos versaram sobre a investigaqao em melhorae sisiemnas de cultivo do aiendoim. As recomenaOes da sessm) pleniria da Conk'ci,,hcia providencial irnportantes dircetrizes para as actividades do projecto
2gional.
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Opening Session Chairman's Remarks 

F.M. Shao1 

Our Guest of Honor, Mr Ludovick Rimisho, Deputy Principal Secretary in Ministry of Agriculture and Livestock 
Development, Team Leader of the SADCC/ICRISAT Groundnut Project Dr Schmidt, the Representative of 
SACCAR Dr D.M. Wanchinga, participants of the Fourth Regional Groundnut Workshop, ladies and gentlemen: 

On behalf of the Commissioner for Research and Training in the Ministry of Agriculture and Livestock 
Development (MALD), I would like to welcome you to the Fourth Regional Groundnut Workshop for Southern 
Africa. 

We in the Department of Research and Training of the MALD, Tanzania, were very pleased to host the 
Fourth Regional Groundnut Workshop in Arusha, Tanzania. 

We accordingly appointed a local organizing committee to work with the regional scientists to organize the 
workshop. 

We are happy to see that the workshop has materialized and the family of SADCC-groundnut scientists 
together with other invited national, international, and regional scientists are meeting here this week. 

We believe that through regional and international cooperation and collaboration we can strengthen our 
national programs. It is in that spirit that we participate in the various SADCC regional programs, notably the 
SADCC/ICRISAT Sorghum and Millcts Improvement Program, the SADCC/CIAT Phaseolus Bean Improve
ment Program, the Grain Legume Improvement Program, in particular the SADCC/ICRISAT Groundnut Project 
and the SADCC Regional Gene Bank. 

Through these programs we expect to see some impact in our national programs in the areas of manpower 
development and training, and varietal improvement through exchange of germplasm. 

Our national groundnut research program is probably not as elaborate as we have in some of the other 
SADCC countries, e.g., Zambia, Malawi, and Zimbabwe. It is a subprogram of the National Oilseeds Research 
Program including sunilower and sesane. We need to develop its full complement of research scientists, and we 
hope that through our collaborative efforts with the regional program we shall be able to do so. 

Our guest of honor, before I invite you to officially open the workshop, we shall first receive messages from 
the Director General of ICRISAT, through the Tearn Leader of the SADCC/ICRISAT Groundnut Project Dr 
Schmidt, and from SACCAR by Dr D.M. Wanchinga wbi is its Manpower and Training Officer. These I believe 
will be of interest to all of us. 

t. Assistant Commissioner. Research and Training. Ministry of Agriculture and Livestock Development, Government of Tanzania. 



Welcome from ICRISAT 

L.D. Swindale 

Participants of the Groundnut Workshop, ladies and gentlemen: 

It is with great pleasure that I welcome you to the Fourth Regional Groundnut Workshop for Southern Africa. 
ICRISAT is most apprecialive of the support it has received from the SADCC countries, and we hope to be able 
to respond with continued and increased input into the improvement of groundnut production in this regioa. 

The active collaboration that has dcvcloped between the groundnut researchers of the SADCC countries over 
the past few years is very gratif.ing. 

Today this workshop takes place in Tanzania, and on behalf of ICRISAT, I thank the Government of Tanzania 
and the of6ials Who.,hI made this possible. Two previous workshops were held in Malawi and one inhave 
Zimbabwe. IHolding such meetings in different countries of the region broadens our knowledge and demonstrates 
the type of regional nctworking wc all desire. 

Your advice and assistance are critical in making the SADCC/ ICRISAT Groundnut Project serve you better. 
We hope the deliberations and the recommendations of this Fourth Regional Workshop will lead to further 
cooperation and success in helping the groundnut farmers of the SADCC region. 

Thank you. 

t. Director General. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). (The address was read by Dr G. Schmidt, 
Te.'tn Leader and Principal Groundnut Agronomist. SADCC/ICRISAT Groundnut Project, on behalf of Dr Swindale.) 



SACCAR Representative's Address 

D.M. Wanchinga' 

The Honorable Guest of Honor Mr Ludovick Rimisho, the Deputy Principal Secretary, the Chief Agricultural 
Research Officer Dr Frank Shao, the Team Leader of SADCC/ICRISAT Groundnut Project Dr Gerhard Schmidt, 
and fellow participants: 

It is indeed a great privilege for me to say a few words, on behalf of the SADCC-member states, and in 
particular, on behalf of the Southern African Centre for Cooperation in Agricultural Research and Training 
(SACCAR). SACCAR, as the Honorable Guest of Honor and fellow participants are aware, is the designated 
management entity for SADCC regional agricultural research and training programs. These programs are part of 
the broader SADCC program of action aimed at enhancing food security in the region. 

The Honorable Guest of Honor, exactly 2 years ago, at the Third Regional Groundnut Workshop for Southern 
Africa, held 13-18 Mar 1988 in Lilongwe, Malawi, I was asked to say . few words at the start of the Workshop. 
To those of you who were there, I apologize if I sound like the kind of guy who can't say anything new. 
However, the fact that I am meationing them underscores the significance of these e!ements. Cooperative 
agricultural research in SADCC counti es started off on the directive of Heads of State and Government when 
SADCC was formally launched on I Apr 1980 in Lusaka, Zambia. Agricultural research and training were 
among the priority sectors identified by SADCC-member States when they established aprogram of action in the 
food, agriculture, and natural resources section. 

SACCAR was formed in 1984 as a management entity of collaborative regional agricultural research and 
training programs. This function is being carried out on behalf of the Government of Botswana, which was 
mandated by other SADCC-member States (at the formation of SADCC) to coordinate agricultural research and 
training in the region. 

To date there are 16 regional programs which are planned or on-going. 
Sir, the Regional Grain Improvement Program is one such program. As a regional program, its conceptual 

framework is based on a SADCC Grain Legume Improvement Program Feasibility Study conducted in 1984. 
The SADCC Regional Grain Legume Improvement Program isconceived as a 15-year program and has three 

projects under it as recommended by the feasibility study, i.e., 

" The Bean Improvement Project, which is executed by the Centro Internacional de Agricultura Tropical 
(CIAT), and has its headquarters here in Arusha, Tanzania, with asubstation being planned for Malawi; 

* The Cowpea Improvement Project, which is to be executed by the International Institute of Tropical Agricul
ture (IITA) and is to be based in Mozambique; 

" The SADCC/ICRISAT Groundnut Project which is based in Malawi. This Project, together with the SADCC/ 
ICRISAT Sorghum and Millets Improvement Program, based in Bulawayo, Zimbabwe, is being executed by 
ICRISAT on behalf of SADCC. 

ICRISAT, which had already been running a regional groundnut improvement network with the financial 
backing of International Development Research Centre (IDRC), has kindly agreed to continue its activities under 
t!:e auspices of SADCC. This phase of the Regional Groundnut Program (the SADCC phase) is now being
funded by the Federal Republic of Germany through the Deutsche Gesellschaft fUr Technische Zussamenarbeit 
(GTZ) wing. In the mean time, we are very grateful to ICRISAT for having been able to sustain this program 
from its core funds. We are also very grateful to the Government of Malawi which hosts the Project. 

I. Manpower and Training Officer, Southern African Centre for Cooperation in Agricultural Research (SACCAR), Post Bag 00108, Gaborone, 
Botswana. 
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With the independence of Namibia, this country will formally be inducted as the 10th member of SADCC 
next month. We are hoping that this Project, like all others under the SADCC program of action, will extend its 
activities to the new member in our SADCC family of countries. We hope that our cooperating partners will see 
the need to increase their financial support and goodwill in view of this increased responsibility.

Let me repeat once more that SACCAR is committed to the support of its regional programs, such as this one 
by soliciting donor support, by direct support to individual scientists through its travel and small research grant 
programs, by facilitating scientific information exchange through workshops, maintenance of databases on
regional agricultural resources, such as those on display here. This support is based on the value these programs
have in the development of germplasm required by our farmers and in the development of the human resource 
base to man our agricultural research systems. 

However, sir, we at SACCAR still have ashort wish list: 
* We are anxious that the situations in Angola and Mozambique should improve quickly so that these countries 

can benefit fully from the SADCC program of action. 
* 	We are anxious that all regional projects should have functional steering and technical advisory panels to 

legitimize and systematize the involvement of member States in the management of regional programs. 
* 	We also require that all projects should sign all the formal memoranda of understanding to facilitate the 

movement of equipment, funds, posting of staff, and in establishing a legal basis for the project activities. 
" We are hoping to issue identity cards to project staff to facilitate their movement, particularly to ease the 

current problems on the requirement of visas. 
On behalf of SADCC, and SACCAR in particular, I would like to especially welcome Dr Gerhard Schmidt to

the SADCC family and also our colleagues from outside the region who have come to share their experiences 
with us. 

Finally, sir, I would also like to thank the Government of Tanzania for allowing this Workshop to take place
here under a very congenial scientific environment. Thanks are also due to the management of Mt. Meru Hotel 
for providing us with the conference facilities. 

In the course of our scientific exchanges, I am hoping that new recommendations will be made to enhance the 
impact of this Regional Project. As we do so, I hope thL,: we nhall also take a critical look at the Project's
progress since we last met 2years ago and also review the progress made ,n the recommendations made at the 
Third Regional Groundnut Workshop for Southern Africa. 

I look forward to asuccessful workshop. Thank you. 
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Opening Address1
 

L. Rimisho 2 

Mr Chairman, distinguished guests, ladies and gentlemen: 

I am greatly honored to be with you this morning on this important occasion of the Fourth Regional Groundnut 
Workshop for Southern Africa. 

Indeed, it is agreat honor for Tanzania to host this Workshop. First of all, on behalf of the Government and 
the people of the United Republic of Tanzania, I would like to take this opportunity to welcome you all to 
Tanzania, particularly to Arusha. 

It is unfortunate that the venue of this groundnut workshop is away from the major groundnut-growing areas 
of the country and you will not be able to see for yourselves the environment under which our farmers grow this 
crop. Nevertheless, there are many other attractions in this part of the country, such as the best game parks 
known in the worh (e.g., Serengeti, Manyara, Ngorongoro) and 'he highest mountain in Africa, Mt. Kilimanjaro, 
perpetually snow-capped. I hope that you will take advantage of being here to see some of these attractions. 

Secondly, Mr Chairman, I would like to express our sincere thanks to the sponsors and organizers of this 
workshop, SADCC/ICRISAT Groundnut Project, Malawi. The initiative and efforts of the Project have made this 
workshop a success. 

I understand that the SADCC/ICRISAT Groundnut Project, in collaboration with national programs, is in the 
process of developing a regional research program aimed at benefiting all the groundnut-growing areas of 
southern and eastern Africa. 

In this endeavor, the Project has organized three regional workshops similar to this one within the past 7 
years. The objective of these workshops is to provide an opportunity for SADCC groundnut research scientists to 
share effectively and at regular intervals their research expei ience, to review progress made during the interven
ing years, and to interact further by jointly discussing problems, possible solutions, and prospects for improve
ment within the region through cooperative ventures for mutual benefit. 

I am told that this workshop brings together participants from Lesotho, Swaziland, Botswana, Zimbabwe, 
Zambia, Malawi, Mozambique, Tanzania, and representatives from Mauritius, Kenya, and Uganda as well as 
scientists from other parts of the world. I am proud to note that the spirit of regional cooperation embodicd by the 
SADCC-member states is not mere rhetoric, but is here translated into practical scientific research for the benefit 
of the region. 

Mr Chairman, I wish to assure you that my Government recognizes the role played by the SADCC/ICRISAT 
Groundnut Project in promoting groundnut research in the region, and fully supports the cooperation between 
national programs fostered by the Project. 

However, Mr Chairman, allow me to mention the obvious, that the main actor involved in all this organization 
and research efforts is the farmer. A groundnut farmer is, to be specific, a large-scale commercial farmer or a 
small-scale, resource-poor farmer. Therefore, the profitable interactions between the Project and the national 
programs and between the national programs themselves will take place only if we know the needs of our 
farmers. That is, the resources available to the farmer and their limitations, the complexity of thc problems which 
limit increased yields and efficiency in the utilization of resources. Careful consideration of all these factors 
should form the basis of properly laid out research strategies, for agricultural research takes time and is 
expensive. 

For historical reasons, it is appropriate that the Fourth Regional Groundnut Workshop for Southern Africa is 
held in Tanzania. The first concerted efforts to promote large-scale groundnut cultivation in what is now the 
SADCC region, started here in Tanzania (then Tanganyika) during the late 1940s when the colonial government 

1. lhtivered on behalf of the Minister of Agriculture and Livestock Development S. Wassira. 
2. Deputy Principal Secretary. Ministry of Agriculture and Livestock Deve!opment, Tanzania. 

ix 



embarked upon a large-scale groundnut scheme in southeast and central Tanzania. The original plan was to grow
3.2 million acres (1.3 million Ila) of groundnut estimated to produce 800 000 t of nuts annually. Sadly, because of
the lack of knowledge of the local environment and inadequate research, tile scheme failed after an estimated 
expelditure of over 36,000,000 pounds sterling in less than 10 years.

It is signilicant to note that the calamity of the Groundnut Scheme did not deter the small resource-poor
farmer to continue growing groundnuts. Today, central and southeastern Tanzania are still the major groundnut 
areas of (tie country.

Mr Chairman, I have no doubt that the distinguished scientists gathered here today have nore knowledge
than myse , o;! tie problems limiting production of groundnuts in our region. I believe that problems such asdiseases (e.g., leaf spots, rust, and rosette virus) and drought are common throughout the region. There are also 
other problems that are unique to each country.

In Tanzania, 100% of groundnuts are produced by the small-scale, resource-poor farmers. Intercropping is 
predominant without the use of mineral fertilizers and pesticides. Seeds of improved varietics are not available.The crops are devastated by disease and insect pests. Under such situations, the yields are low. Most of tile
improved production packages provided in the past were based on pure stand culture, which may be in conflict 
vilh other interests of time farmer. 

M Chairman, here is a challenge to the scientists. What is required is to understand tle philosophy behind
the farmcrs' production systems and to improve on those systems, without interfering too much with the basic 
philosophy. Iu short, the small-scale farmers require specilic production packages to suit their needs under theiremiviroiment. These packages include varieties adapted to tie specific farming systems including intercropping,
and also adapted to very low-input situations. These varieties should be resistant to insect pests and diseases.
This should not be construed to mean that the scientist is forced to research on mediocre production systems, but

[;,r froin it: tile research scientist must 
strive to develop production packages that wili increase small-scale
farmers' yields per unit area of land. But, these packages must be in concert with tile resources available to the
farmers and iheir level of management. This, then, will be appropriate technological innovation for the small
scale farmer. Ilhgh-yielding varieties requiring high inputs are also required to encourage medium- and large
scale farmers to join the groundnut subsector. 

However, Mr Chairman, tile development of suitable production packages should not be an end in itself.
Scientists and Extension Officers must work closely together to ensure that tie farmers adopt tie recommended 
packages. The concept of the systems approach may be of great advantage.

Mr Chairni, ::, "onclusion, I have no doubt that you and the other scientists present here today will agree
with me tha the small-scale farmer is the target beneficiary of research lindings today in the SADCC region as
well as in other developing countries. This is because tile small-scale farmer is time main producer of food cropsand export crops. For these reasons, I believe ithat your deliberations this week will focus on the needs of our 
small-scale farmers and tile opportunities available to improve their lot. 

With these remarks Mr Chairman, it is my great pleasure to declare your workshop officially open. 
Thank you for your attention. 
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Effect of Timing of Single Applications of Fungicide 
on Groundnut Yield 

G.L. Hildebrand' and K.R. Bock 2 

Abstract 

Recent research illZambia has shown that a stiategically timed single applicationoffingicide to 
control ear'v leaf spot (Cercospora arachidicola) i/I grovmt (Arachis hypogaca L.) has resulted 
in significant yield responses. 

The current ic'ommeaatiopl j r ear/v leal spot control illsome countries is to make six 
fungi cide applitations,a practice recentlv shown to be i econonic in Malawi. 

Inv'estigations at Chitedze Research Station, Lilongwe, Malawi, into the cifiect onl groundbut 
yiehl of timling, ct.sin'l'h,applications o/jfiligicide havt' provid'dpromising results. A single applica
tion o',c/hlro,haond made 50-70 days after sotving resdthed in significant vield responses ill 
Mal/inthi grotunlIut in the 1987/,? and 198N/89 cropping seasons. A single application made 63 
day*%sIftersowing resulted in a signo'tcattYie/l response in the virginia ttttivar ICGV-SM 83708 
(ICGMS 42). in the 1988/89 cropping season.
 

Furtherresearch on timingl
offiaigicide applications in relation to progress of the epidemic is 
warlanted. 

Sumdrio 

Efeito do Tempo de Aplica6es UJnicas de Fungicidas no Rendimnento do Amendoim. 
In'estiga 'torecente na Zambia inostrou qe, pa'a o controlo do inancha tempor' (Cercospora 
archidicola) no anendoim (Arachis hypogaca L.), na aplicaqcIo fica /efingicida,feita numa 
data estrate;icanwnte deinida,resultou emtsignificativas respostasdo rendimento. 

A acttal recomtenctla 'o para o controlo da mancha teolpord em a/guns palfs, c fazer seis 
aplica4O's de Jgic,'da.Recenteante, esta protica mnostroa ado set- ccontimia no Ala/wi. 

lnvestiga'atoes na Estaqo ideinvesia1 io c/c' Chitecze, Li/on g'u, Mal/cwi, so/re o efeito do 
tempo de aplicacies daicas cle fangicidasforneermresultados promissores. Ulca aplica('cW tinica 
de chlorthalonitl, feica 50-70 dias depois da sementeira, resuk/ou em significativas respostas do 
rc'ndimento do amencoin Malimba. d'ante as estao(es de caltivo de 1987/88 e 1988/89. Una 
aplicag'to uinica, feita 63 dias dc'pois (t. seente'ira, resaltou nuna significativa resposta do 
rendimento do cultivar , do tipo virginia, ICGV-SM 83708 (ICGMS 42), durante esti(ao dea 
ca/tivo de 1988/89. 

Fatra investigado sobre aplica 'es atempdas de fiangicida em rehcqcdo ao progresso da 
niepic,/ia garantiti. 

1.Principal Groundnut Breeder. SADCCIICRISAI' Groundnut Poject, Chitedze Agricultural Research Station, P.O. Box 1096. Lilongwe, 
Malawi. 

2. Tean Ixader and Principal Groundnut Pathologist at the atve address. present address: p.o. Box 6,11,Ukundn, Kenya. 

ICRISAT Conference Paper no. CP 621. 

ICRISAT (International Crops Research Institute for theSenii-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P 502 324. India: ICRISAT. 
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Introduction mancozeb and benomyl has been shown to be equally 

Early leaf spot (Cercospora arachidicola Hori) is the 
most important groundr.ut (Arachis hvpogaea L.) dis-
ease in the Southern African Development Coordina-
tion Conference (SADCC) region. Epidemics are 
consistently severe and, at Chitedze Research Station 
in Malawi, yields are reduced by 40-80%. 

Fungicidal control of early leaf spot is very effec
tive and yields can be increased dramatically by the 
use of chemicals. However, most groundnut growers 
in tileSADCC region are smallholder farmers who 
have limited inancial and other resources. The cur-
rent recommendation in some countries of six fun-
gicide applications is very costly and has recently 
been shown to be uneconomic in Malawi (Mwenda
and Cusack 1989). 

Researchers in Zambia have shown that a single 
fungicide application to virginia cultivars at about 75 
days after sowing (DAS) has resulted in economic 
control of leaf spot (Kannaiyan et al. 1989). 

The fungicide used in these studies was thiopha-
nate methyl + maneb (Labilite®), a locally formu-
lated fungicide, but more recently a mixture of 
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effective and more economical (J.Kannaiyan, Le
gumes Pathologist, Msekera Regional Research Sta
tion, P.O. Box 510089, Chipata, Zambia, personal 
communication). 

We have investigated responses of two groundnut 
cultivars to a factorial combination of up to five appli
cations of chlorothalonil at varying dates. 

Materials and Methods 
The susceptible spanish cultivar Malimba was sown 
in a trial at Chitedze Research Station in.1987/88 to 
assess the effect of a single application of chloro
thalonil on the severity of early leaf spot and on yield.
The design used was a '5 factorial in incomplete 

blocks with two replicv.ns. The fungicide was ap
plied at 36, 50, 64, 78, or 92 DAS. 

In 1988/89 the Malimba factorial trial was su'vn at 
two datc, to assess the effect of single applications on 
crops at different stages of growth during the disease 
epidemic. 

The fungicide was applied at 36, 50, 64, 78, or 92 

111.3
 

60 74 88 
Time of fungicide application (days after sowing) 

Figure 1.Effect of timing of single applications of fungicide on seed yield of g 3undnut cv Malimba, at 
Chitedze Agricultural Research Station, Malawi, 1987/88. 
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DAS in the early-sown Malimba, and at 34, 48, 62, 
76, or 90 DAS on the late-sown Malimba. 

In a different experiment, we Laessed the effects 
of single applications of chlorothalonil on the early 
leaf spot tolerant virginia selection, ICGV-SM 83708 
(ICGMS 42). Fungicide was applied at 36, 49, 63, 77, 
or 93 DAS. 

Assessments of early leaf spot severity were made 
on all trials at regular inttervals thi oughout the season, 
After harvest, measurements were made on yield, 
shelling percentage, and seed size. 

Results 

There were highly significant yield responses in 
1987/88 to single applications of fungicide made at 
32, 46, 60, or 74 DAS. The largest response was 273 
kg ha-' and resulted from an application at 46 DAS 
(Fig. 1). 

In 1988/89, there were highly significant yield re-
sponses to single applications of fungicide made at 

1200 Response 

X Yield 

36, 64, 78, or 92 DAS on Malimba sown with the first 
rains. The largest response (122 kg ha-') was from a 
spray at 64 DAS (Fig. 2). Sprays at 64, 78, or 92 DAS 
resulted in signilicant increases in seed size but shell
ing percentage was not affected. 

On late-sown Malimba, single applications at 48, 
62, or 76 DAS resulted in significant yield responses 
(Fig. 3). The largest response (74 kg ha-') was from a 
spray at 62 DAS. 

Applications at 62, 76, or 92 DAS increased shell
ing percentage significantly and sprays at 62 or 76 
DAS resulted in significant increases in seed size. 

Yield of the late-sown Malimba was considerably 
lower than that of the early-sown trial (Figs. 2 and 3).
This could be attributed to the effect of later sowing 
and to high leaf spot inoculum levels prevailing at 
earlier stages of crop development. 

On ICGV-SM 83708 (ICGMS 42), only the appli
cation made at 63 DAS resulted in a significant yield 
increase (153 kg ha-') (Fig. 4). The spray at 92 DAS 
resulted in a significant decrease in shelling percent
age but seed size was not affected by fungicide 
application. 

960 Sowing date: 19 Dec 1988 
86.6 122.1 119.3 111.7 

720 740 

480 

Nil 36 50 64 78 92 
Time of fungicide application (days after sowing) 

Figure 2. Effect of timing of single applicatiors of ftingicide on seed yield of groundnut cv Malimba, at 
Chitedze Agricultural Research Station, Malawi, 1988/89. 
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r z Yield 

960 

= 720-

Sowing date: 17 Jan 1989 

480  74.5458.1 
24.2 31.2162 

360 

240 

0-
Nil 34 48 62 76 90 

Time of fungicide application (days after sowing) 
Figure 3. Effect of timing of single applications of fungicide on seed yield of groundnut cv Malimba, at 
Chitedze Agricultural Research Station, Malawi, 1988/89. 
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• 1440 

"J 960 

480 

0 - - __ __ - __ -

Nil 36 49 63 77 
- _ 

93 
Time of fungicide application (days after sowing) 

Figure 4. Effect of timing of single applications of fungicide on seed yield of groundnut ICGV-SM 
83708 (ICGMS 42), at Chitedze Agricultural Research Station, Malawi, 1987/88. 
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Discussion 

These results support the Zambian findings and indi-
cate considerable promise for yield improvement at 
considerably lower cost than the current recommen-
dation of six applications, 

Although the limited data presented here suggests 
that fungicide applied to Malimba at 50-70 DAS is 
most beneficial, regardless of season or sowing date, 
we have not fully investigated the differences in the 
epidemic progress among seasons, host genotypes, 
and sowing dates. Further research is warranted on 
timing of fungicide application in relation to progress 
of the epidemic. 
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Discussion 

Subrahmanyam: Did you work out the cost-benefit 
ratio? 

Hildebrand: The results are only preliminary. The 
cost-benefit ratio was not worked out. 

Subrahmanyam: Did you consider the possibility of 
using other cost-effective fungicides? 

Hildebrand: We will consider this for inclusion in 
future trials. 

Rao: Do you have data on the relative disease pres
sures at different sowing times? 

Hildebrand: We have collected the data but have not 
analyzed it so far. Hopefully the new pathologist 
would be able to do it. 

Rao: Do you feel that an optimal disease pressure is 
a prerequisite for a positive response of the crop to 
fungicidal spraying? 

Hildebrand: We hope that together with Dr Butler, 
Principal Microclimatologist, we will be able to ex
plore the relationship of yield (and therefore, disease 
pressure) and response. 

Subrahmanyam: The research on optimizing the 
fungicide use in early leaf spot management is fas
cinating and should be continued. Some of the differ
ences in yield response between seasons were proa
bly dependent on the time of onset of the disease and 
the rate of disease progress. 

Hildebrand: Yes, we have sufficient data. It needs to 
be evaluated. 

Mayeux: Apparently your best results from chloro

thalonil have been obtained during the drier season of 
1988/89. This means that chlorothalonil, being a con
tact fungicide, was not washed away by rainfall and 
was able to protect plants for a longer period. There
fore, early treatment at 46 DAS was better-but the 
peak of the attack should be at about 60 DAS. 
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Recent Results with Early-maturing Groundnut
 
Genotypes
 

G.L. Hildebrand' 

Abstract 

Greater emphasis has recently been placed on the need for groundnut (Arachis hypogaea L.) 
genotypes that are able to give high yields in short growing seasons. I some areas of the Southern 
African Development Coordination Conference (SADCC) region the rain* seasons are short, while, 
in some other areas of the region slow growth rates caused by low temperatures require early
maturing groundluitgenot'pes. 

Recent evaluation if a group of early-maturing groundnut breeding li,.es at Chitedce Research 
Station, Lilongwe, Malawi, has shown that there are genotYpes available that have the abilit , to 
produce encouraging yields in short seasons and when sown late. 

Use of the concept (i/thermal time to estimate growiag season lengthfor genotypes at Chitedze 
has shown a considerable degree of consistenc, across seasons. There was, however, a lack of 
consistency in thermal season length among different locations. 

Sumidri& 

Resultados Recentes corn Gen6tipos de Amendoim de Maturaqiio Precoce. Maior enfase ten 
sido posta recentenente na necessidade de gen6tipos de anendoim (Arachis hypogaea L.) capazes 
de produzir altos rendimentos emnesta-6es de crescinento curtas. Nalgtnias dreas da regido da 
CoifericiaCoordenadora do Desemvolvimnento da Africa Avstral (SADCC) a esta -Jodas chuvas d 
curta, enquanto que nalgimiasoutras dreas da regido, baixas taxas de crescimento causadas por 
baixas temperaturas requereni genetipos de amendoim de inatura('o precoce. 

A recente avalia'-do de son grupo tie linhas de melhoramento de atendoini de niatura'do 
precoce, na Esta iio de lnvestiga 'to de Chitedze, Lilongwe. Maldwi, mnostrou que existem ge
n6tipos disponiveis coin a habilidade de produzir rendimentos encorajadores et esta -6es curtas e 
quando senieados tarde. 

0 tso do conceito de tempo termal para estitnar a duralcdo da esta'do de crescimento, emn 
Chitedze, mostrou in considerivel grau de consist~ncia em relado des esta5es. Houve, contudo, 
twnafaltade consisti~ncia na dura'o da estado termnal emnrelado aos diferentes locais. 

Introduction 	 gaea L.) production in the Southern African Develop
ment Coordination Conference (SADCC) region. 

The SADCC/ICRISAT Groundnut Project recognizes 	 These are diseases, of which early leaf spot (Cer
two major constraints to groundnut (Arachis hypo-	 cospora arachidicola Hori) is the most serious, and 

1. Principal Groundnut Breeder, SADCC/ICRISAT Groundnut Project, Chitedze Agricultural Research Station, P.O. Box 1096, Lilongwe, 
Malawi. 

ICRISAI Conference Paper no. CP 622. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990, Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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the lac. of suitable genotypes adapted to the many 
and varied agroccological requirements of the regio,i. 
One such requirement is that of genot,.)es adapted to 
:.,ort rainy seasons or areas that frequently experi-
ence drought spells during the growing period. 

The areas most affected by short seasons are Bot-
swana, southern Mozambique, and southern Tan-
zania, where the rainy seasons are shot t.Lesotho 
experiences a similar constraint in that the season 
length of groundnut is extended by low temperatures 
which reduce growth rate and delay maturity. 

The incorporation of fresh seed dormancy into 
early-maturing genotypes would be of great benefit 
because of poor and unpredictable rainfall distribu-
tion in Botswana, with rains often falling at end of the 
season when groundnuts are mature. 

It has not been possible for the SADCC/ICRISAT 
Groundnut Project to place much emphasis on screen-
ing and breeding for drought resistance. but it has 
attempted to evaluate germplastn for early maturity 
and to make this material available to national pro-
grains. Promising lines have: also bee!n used as parents 
in the breeding program. 

We have evaluated entries in the Third Interna-
tional Early Groundnut Varietal Trial distributed by 
ICRISAT Center and the results of tiials conducted at 
the Chitedze Research Station are ,eported in this 
paper. We also report our attempts to use temperature 
parameters as inindex for season length, and to es-
tablish a base-line for season length that can be used 
to select, at Chitedze, early-maturitng germplasm 
likely to i-,eadapted to other areas. 

Materials and Methods 

The International Early Groundnut Variety Trial 
(IEGVT) was first conducted at the Chitedze Re
search Station in the 1987/88 cropping season. On the 
basis of the results, itwas decided to repeat the trial 
in the 1988/89 cropping season but at two sowings, 
normal and late, and to harvest each trial on two 
dates, early and normal. 

A mean season length for the spanish cultivar 
Malimba was established for Chitedzc from data re
corded on groundnut varietal trials conducted from 
1982/83 to 1987/88 cropping seasons (Table 1).Mean 
season length was estimated by time (days) and ther
mat lime *Cday (Ong 1986). A mean value of 1350"C 
day was used as astandard for spanish genotypes and 
entries in the first sowing were harvested at 1200'C 
(lays (early) and 1350'C days (normal) to determine 
performance under short-season conditions and to 
identify those entries that did not require extended 
season length to realize their full potential. 

The second sowing was made to determi-! the 
effect of delayed sowing on these entries and to iden
tify any entries that were relatively insensitive to de
laycd sowing. 

Temperature data for the past few seasons have 
been assembled for selected locations in the SADCC 
region to estimate respective thermal season lengths. 
These locations were selected to cover a wide range 
of latitudes and altitudes and represented some of the 
areas identified above. 

Table 1.Season length ror groundnut cv Mallmba at Chitedze, Malawi, 1982/83 to 1987/88. 

'ime to Time to 
maturity maturity

Season Sowing date (days) (OC day) 

1982/831 29 Nov 82 129 1603 
1983/84 13 Dec 83 120 1425 
1984/85 16 Nov 84 
 116 1364
 
1985/86 
 20 Nov 85 113 1301
 
1986/87 8 Dec 86 109 1337
 
1987/88 7 Dec 87 108 1359 

Mean 116 1398 

I. Trial was dry sown; first significant rain fellon 9 Dcc 1982. 
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Results stand of Natal Common was only 76% of normal). 
The highest-yielding entry was 1CGV 86061 (Table 

The first (normal) sowing of the IEGVT in the 2). Natal Common recorded only 59.2% shelling, 
1988/89 cropping season was harvested on two dates: whereas 16 test entries recorded more than 65% shell
the first, when the crop had accumulated about ing, and ICGV 86061 more than 70% shelling. 
120("C days [at 107 days after sowing (DAS)I, and All entries again outyielded Natal Common on 
the second at about 1350"C days (117 DAS). plots harvested after 1350'C days. The highest-yield-

All the 23 test entries outyielded the local control ing entries were 1CGV 86061 and ICGV 86105 with 
Natal Common, in the early-harvested plots (plant yields of 859 kg ha-t , whereas the yield of Natal 

Table 2. Mean seed yields of entries in Third International Early Groundnut Variety Trial, Chltedze, Malawi, 1988/89. 

Mean seed yield (kg ha-1) 

Identily Season A I Season BI Season C' 

ICGV 86038 489 586 566 
ICGV 86042 595 762 461 
ICGV 86045 522 809 577 
ICGV 86053 650 706 558 
ICGV 86055 674 786 616 

ICGV 86056 535 695 483 
ICGV 86060 560 773 581 
ICGV 86001 704 871 687 
ICGV 86063 411 555 456 
ICGV 86066 578 678 510 

ICGV 86014 466 732 553 
ICGV 86015 424 526 429 
ICGV 86081 526 659 537 
ICGV 86086 529 698 555 
ICGV 86016 572 522 429 

ICGV 86017 430 579 509 
ICGV 86091 545 777 493 
ICGV 86092 372 581 515 
ICGV 86094 531 673 451 
ICGV 86103 500 639 465 

ICGV 86105 637 859 652 
ICGV 86112 595 639 406 
CGV 86117 415 538 447 
Controls
 
Chico 488 422 445
 
Natal Common 212 395 338 

SE ±48.5 :52.4 +33.3
 

Trial mean (25 entries) 518 659 509 

CV (%) 16.9 13.8 11.3 

I. Season A = Normal sowing (7Dec 1988), early harvest (1200 *Cday, 107days aflter sowing). 
B = Normal sowing (7Dec 1988). normal harvest 0350 *Cday, 117days after sowing). 
C = Laite sowing (6Jan 1989), early harvest (1200 'C day. 110days after sowing). 
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Common was 395 kg ha-'. Shelling percentages were 
more than 68% in all entries, the highest (74.1%) 
recorded by ICGV 86061. 

Only one harvest (early) was taken from the late-
sown trial as all entries approaching maturity had 
severe defoliation by early leaf spot. Some entries 
were harvested after 97 days when only 1094'C days
had accumulated. In spite of an improved plant stand 
in Natal Common, it was outyielded by all other en-
tries. The highest-yielding lines were ICGV 86061 
and ICGV 86105. Both recorded seed yields more 
than 65C kg ha-'. Shelling percentage was 70% for 
ICGV 86061 and 72% for ICGV 86105. These entries 
have shown remarkable yield stability at Chitedze. 

Comparison of season lengths for selected loca-
tions (Table 3) indicates a lack of agreement of data 
for Sebele (Botswana) and Umbeluzi (Mozambique) 
with that of Chitedze (Malawi) and Maseru (Les-
otho), although in terms of days, Sebele, Umbeluzi, 
and Chitedze compare reasonably well. High thermal 
unit values at Sebele could be attributed to high daily 
maxima, although the reason for reduced growth rate 
is reported to be low daily minima. At Umbeluzi, 
high thermal unit values are because of the high daily
minima recorded. However, season length does not 
appear to be reduced accordingly. 

Table 3.Season length for spanish groundnut genotypes at 

Location Genotype Season 


Sebele, Seflik 1986/87

Botswana' 
 1987/88 

1988/89 
Maseru, 
 All 1987/88


Lcsotho2 entries 1988/89 
Umbeluzi Bebiano 1987/88 
Mozambique Branco 
 1988/89 (1) 

1988/89 (2) 
1988/89(3) 

Chiledze. Malimba 1986/87

Malawi 1987/88 


1988/89 

Discussion and Conclusions 

These results indicate the availability of groundnut 
genotypes that could be well adapted to areas of short 
rainfall duration and also to areas or cropping systems 
where sowing of groundnut is delayed until after cash 
crops have been sown. Two genotypes in this trial 
series show particular mer;, 

Use of the concept of theimal time to establish an 
index for selection for early maturity seems possible, 
but lack of agreement in values among locations de
serves further investigation. The need to consider dif
ferent base temperature values in the calculation of 
thermal unit values is suggested. 

Evaluation of early-maturing germplasm from the 
ICRISAT Center Breeding Unit will continue. We 
have selected promising early-maturing lines to in
elude as parents in crosses and we have also recently
included dormant spanish germplasm lines in crosses. 

There will be agreater need in the future to screen 
and evaluate for earliness of growing numbers of ger
mplasm lines and breeding populations. We look for
ward to delegating some of this responsibility to 
national programs, which are better located geograph
ically than our Project, to undertake this work. 

four selected SADCC locations, 1986-89. 

Time to Time to 
harvest harvestSowing date (days) (°Cday) 

10 Nov 86 113 1914 
30 Nov 87 128 1973
 
11 Nov 88 124 1736
 

4 Dec 87 
 193 1437 
18 Dec 88 195 
 1287
 

2Dec 87 131 2292 
30 Aug 88 141 1932 
31 Oct 88 105 1577 
31 Dec 88 
 110 1725
 

8 Dec 86 
 109 1337
 
7Dec 87 108 
 1359
 
7Dec 88 121 1403 

I. Severe rainfall deficit%occurred a,'ri:ical stages of growth in1986/87 and 1987/88 seasons. 
2. Thermal unit values estimated from mean monthly lemperalures. 
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Discussion 

Freire: Thc use of thermal units for the evaluation is 
a good approach to assess groundnut duration. To 
make the method of evaluation uniform, the time to 
get a certain percentage of mature seeds coulr' be 
used instead of the harvest date. In this way, various 
SADCC countries could use the same methodology, 

Hildebrand: This is what we are doing. In the 
1989/90 cropping season, we have a lifting date trial, 
where we harvested two varieties on eight dates to 
plot trends of yield and seed size to establish optimal 
season length. 

Btusolo-Bulafu: It is true thnt many countries in Af
rica experience dry spells of varying lengths during 
the growing season, titus affecting the yields of the 
groundnut crop. As a result, many breeding programs 
have started to breed for resistance to drought per se, 
or for earliness, so that the varieties can grow within 
the rainfall pattern. What would you consider to be 
the lowest acceptable yield expected in these early
maturing varieties? 

Hildebrand: That is adiflicult question. We have not 
considered the lowest acceptable yield, but I agree 
with you tht there must be a limit. This would de
pend on the partitioning of assimilates and on the type 
of groundnut the farmer wants to grow. 

Mayeux: Which parents are you using for your dor
mancy breeding program? 

Hildebrand: 73-30 and ICG 944 are being used. 

Mayeux: Do you intend to submit your selected lines 
to physiological tests? 

lildebrand: We would welcome additional evalua
tion of our material. 

Mayeux: It will be apleasure to test your new early
maturing material. 

Syamasonta: What are the possibilities of separation 
of dormancy frcm early-maturity period? 

Hildebrand: True spanish varieties do have dor
mancy of up to 42 days which is being used in the 

hybridization program at Chitedze. 

Chigwe: Can some of the variation in time to harvest 

between Maseru and the other three sites (Table 3) be 
attributed to the use of all entries at Maseru compared 
to asingle genotype at the other sites? 

Hildebrand: No, all the entries used were harvested 
on the same day in both seasons. The differences are 
therefore true variations in days to harvest among the 

sites. 
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A Review of 'Pops' Research in Zambia 

M.B. Syamasonta' 

Abstract 

Between 1958 and 1978, several experiments were conducted to studyv the occorence of 'pops' in 
groundnut (Arachis hypogaca L.) in Zambia. The results have revealed that 'pops' occurs when 
groundlitlsare girown on acidic soils (pH below 4.5). Calciun deficiency*in the soil isas singled out 
as the main cause ol' 'pops'. High potassiun : calciun ratios in the soil were found to raise 
aluminiun toxicity and lower the pH valte of the soil. Liming sign ificantly iaised the soil pH, 
lowered 'pops' percentages, and increased seed yields of grotndnuts.Varietal differences in suscep
tibility to 'pops' were observed. A hybriidizationprogtratifollowedby .screeningfir 'pops' tolerance 
is suggested. 

Sumdrio 

Uma Reviso da Investigaqdio sobre "pops" na Zambia. Entre 1958 e1978, muitos experimentos 
foirant conduzidos para estudar a ocorreincia de "pops" (vagens chochas) no aniendoim (Arachis 
hypogaea L.) na Zambia. Os resultados revelaram que os "pops" ocorrem quando o amendoin j 
cultivado em solos dcidos (pH nienor quet 4.5). A diefcicncia de c'lciofoi identificada cono a 
principal catiso as "pops'. Observot-se que tuna alta razdo potdssio "ct'lcio no solo aumnenta a 
t~vicidade do altunotio e bai.a o pH do solo. Colagens atuntentarain sigtoficativamente o pH do 
solo, bui\atam a prt' tie "pops' e autnettaroti os rendintentos de atendoinm em grdo. 
Diferciws varietais qttantoi susce/tihilidde t's"pops" firat observadas. Umt progratade 
hibridrat'do segilido por aala'(t!)d tolertbicia(is"ops" sugerido. 

Introduction 

Groundnut (Arachis hvpogaea L.) is well adapted to 
the medium-rainfall areas of Central Africa. It is an 
important food legume which grows well oil most soil 
types but is susceptible to foliar diseases such as early 
leaf spot (Cercospora arachidicola Hori) and rosette 
virus. The popularity of groundnut in this reion is 
well demonstrated by the rapid disappearance of 
Bamnbara groundnuts, for many years adominant crop 
in Central Africa. 

In spite of a high-yielding capacity and good 
adaptability, groundnut seed yields are reduced be-

cause of the occurrence of pops (empty pods), caused 
by calcium (Ca) deliciency in the soil, according to 
Ilerbert's report of 1970 (Sarmezey 1978, pp. 3-5). 
The most striking is that 'pops' becomes apparent 
only .t shelling after an apparently normal growth, 
odulation, and pod setting. 

The occurrence of 'pops' in groundnuts was first 
observed in 1885 by Jones (Sarmezey 1978, pp. 3-5) 
who reported that unless the soil contains a good 
percentage of lime in some form in an available state, 
no land ''ill produce apaying crop of pods, although 
it may yield large luxuriant vines. 

Experiments with liming (calcareous and dolomi

t. Groundnut Breeder and Coordinator, Msekera Regional Research Station,P.O. Box 510089, Chipata, Zambia. 

ICRIS:T (inernational Cro.ps Research Institutefor theSemi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990, Arusha, Tanzania. Patancheru. A.P.512 324, India: tCRISAT. 



tic) materials and later with gypsum (CaSO4 .2HO) 
were initiated by Duggar and Funchess in 1911 in 
USA. Killinger and others carried out the first experi-
ments front 1923 to 1928 with gypsum, while Brady
and others in 1945 reported varietal differences in tIle 
response of groundnuts to tie application of lime 
and gypsun (Sarmezcy 1978, pp. 3-5). The results 
of these experiments helped to identify the cause 
of 'pops' occurrence and varietal variation in 
ground nuts. 

'Pops' Research in Zambia 
The problem of 'pops' in tie high-rainfall areas of 
Zambia, where the heavily leached soils have apHi of 
less than 4.5, is far more serious than in the southern 
USA (Sarniezev 1978). The phenomenon is not only 
conlined to Zambia but also occurs in neighboring 
countries of Zimbabwe and Malawi, although with 
less frequency and severity. Selischop in 1960 re-
ported lih occurrence of 'pops' inltie Rusape area of 
Zimbabwe in virginia types of groundnuts (Sarnezey 
1978, pp. 3-5). In Malawi, the occurrence of'pops' is 
restricted to the northern region, which has similar 
soil conditions to those of the Northern and North-
western Provinces of Zambia (Laurence 1973). 

'Pops' are not aseasonal phenomenon, but always 
occur in specific areas. Calcium levels below 1.0 mil-

liequivalent Ca (100 g of soil)-' are conducive to the 
formation of 'pops.' According to Henrickson (1967), 
potassium, magnesium, and boron do not seem to be 
important. 

Between 1958 and 1964, a series of experiments 
was conducted in Zambia, by different agricultural 
scientists, to determine the cause of 'pops' in ground
nuts. The results of these experiments showed highly 
significant seed yield increases and lov percentages 
of 'pops' where lime was applied. This suggested that 
calcium deliciency was the cause of high 'pops' per
centages and low seed yields in groundnuts (Hoch
man 1982). More experiments were conducted 
bet,. en 1965 and 1970 primarily to confirm tei re
suits of the previous workers and to determine tie 
role of other elements in tile occurrence of 'pops'. 
Contrary to Henrickson (1967), Herbert (1970) con
cluded that calcium was the most important nutrient 
for groundnuts, althouglt potassium may also be in
portant because of its role in potassium:calciun, ratios 
in certain soils (Table 1). 

lie further observed that pops occurred when 
,here is less than 1.0 milliequivalent Ca (100 g of 

.soil)- When Ca falls below this critical level, the 
ratio of soil potassium to soil calcium increases to 
above 0.2 and 'pops' occur with increasing severity. 
Further, when the soil pH- drops below 4.5, exchange
able aluminium increases markedly. As a result, any 
addition of calcium in the forin of gypsum is less 

Table i. Effect of addPed nutrition on seed yield of groundnuts at three locations, Zambia, 19701. 

Seed yield (t ha' ) 

Misamfim Mansa Copperbelt 

Nutrient 
Without 
nutrient 

With 
nutrient 

Without 
nutrient 

Witt 
nutrient 

Without 
nutrient 

With 
nutrient 

L.imc 
Gypsum 
Sulfur 
Nitrogen 
Phosphorus 
Potassium 

0.886 
0.8112 
0.905 
0.896 
0.888 
0.911 

1.063 
1.107 
1.044 
1.053 
1.061 
1.038 

1.142 
1.157 
1.208 
1.258 
1.043 
1.315 

1.416 
1.401 
1.350 
1.300 
1.515 
1.315 

0.357 
0.381 
0.386 
0.376 
0.343 
1.243 

0.410 
0.386 
0.381 
0.390 
0.424 
0.410 

SE ±0.0196 ±0.0518 ±0.0212 
Mean 0.975 1.285 0.457 
CV (%) 11.4 22.9 31.4 

1. Source: icrbert (1970). 
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elective in raising the pH of the soil or lowering the 
levels ol'aluminium as compared with the sae quan-
iy of calcium added as lime I'his may be becaus, 
gypsum is fast reacting and may bind the aluminiun 
oxides completely, leaving no free calcium as soil 
nutrient. Gypsum was, Ihcrefore, found io have nega-
tive elects upon haulm growth and was Only reconi-
Mended Ir crops grown on soil of already ,'itable 
reaction (Ilerberl 1970). 1lowever, this type of soil 
condition is not found in areas where 'pops' occur, 
Burkhart and Collins (1941) suggested that excessive 
potassium intake by the growing groundnut fruits in a 
low-ca citurn nMediun retards the transportation of cal-
ciuni 'rom the plant into the young embryos to such 
an extent that these may fIailo develop. Unifled infe-
rior fruits or 'pops' are tie consequence. Calcium 
nonavailability to ilie young seed is reported by Be-
ringer and Talia (1976). A much lower calcium con-
tent of tlie seed compared to that of tie sliell indicates 
that calcium does not move passively along a coceren-
tration gradient, and that the seed coat may have a 
regulating function for the calcium supply of the seed. 
Beringer and 'alta carried out an experiment with 
nutrient solutios using labelled 45- Ca and compared 
cultivars Makulu Red and Natal Common. Transloca-
tion of calcium from tle shells to the seeds was 
greater in Natal Common than in Makulu Red. Ier-
bert (1970) also reported a varietal difference in sus-

ceptibility to 'pops' in grouidnuts. He noted that cv 
Makulu Red, a medium- to large-seeded virginia 
bunch type was more susceptible to 'pops' than Natal 
Common, the small-seeded spanish type. 

Sarmezey (1978, pp. 3-5) came to the same con
clusion. He reported a negative correlation of 'pops' 
percentage with seed yield, whereas the correlation of 
'pops' percentage with the number of pods plant-' 
was either positive or nonsignificant, but never nega
tive. These relationships confirm previous observa
lions that seed yield is reduced when 'pops' increase, 
whereas the number of pods plant - ' incase or re
mains unchanged (Table 2). 

'flops' may also be caused by unfavorable condi
:ions, such as drought at pod filling. According to 
Herbert (1970), the root hairs of the pods are unable 
to absorb nutrients front tilesurrounding soil during 
dry conditions and 'pops' will occur regardless of the 
c-flcium status of* tile.oil. 

In general, positive responses to lime application 
have been recorded on soils with a pH below 4.5. 
Economic assessment of the use of lime and/or gyp
sum has not been made. Preliminary results of the 
long-term little trials indicate a necessity of lime ap
plication to acid soil, unless acid-tolerant groundnut 
cultivars are readily available. However, litiie is not 
easily available and is costly in regions of the country 
where it is most needed. Most Zambian subsistence 

Table 2. Relationship of 'pops' incidence with yield components of groundnut at selected locations, Zambia, 1973-771. 

Relationshmip Relationship 'Pops' incidence (%, 

Location 'car 

v,ithseed 
yield 
(r) 

with number of 
pods per plant 

(r) 
Trial 
nieani 

Makulu 
Red 

Mufulira 1973 -0.76** 0.21* 27.2 56.5 
1974 -0.212 0.062 29.3 50.2 
1975 -(0.64** 50.8 82.4 
1976 0.282 0.132 11.2 35.6 
1977 -0.84** 0.63** 29.7 75.5 

Luapfla 1974 0.31 * 0.71** 30.9 56.0 
1975 -0.34* - 47.6 87.0 
1976 -0.33* 0.35* 50.5 81.2 
1977 -0.58** 0.46* 31.0 67.5 

Misamfu 1977 -0.92** 24.8 79.3 
Mwinilunga 1977 -0.67*11 0.082 46.7 79.7 

t. Source: Sarmezey (1978. p. 29). 
2.NS = Not significam. 

19 



farmers expect dramatic yield responses to applied 
nutrients that do not necessarily apply to calcium ap-
plications. Since groundnuts are grown mainly by 
subsistence farmers whose emphasis is on the produc
tion of staple food (maize) rather than cash crops, 
liming appears all unnecessary expenditure. 

In view of the difliculties involved in liming ground
nut fields, the best way of overcoming the 'pops' 
problem seems to be tie development of acid-tolerant 
groundnut cultivars. Screening of new groundnut 
lines tor acid tolerance has identified useful ge-
notypes. A deliberate hybridization program should 
be initiated to create progenies from which acid toler-
ance may be effected. It should therefore be possible 
to make progress using cultivars such as Natal Coin-
mon, Makulu Brown, and Copperbelt Runner as par-
ctis. Breeding will undoubtedly need considerable 
lime, and financial and human resources, but it could 
be a more etective and cheaper solution than liming, 
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Discussion 

Wanchinga: What is the involvement of the Interna
tional Institute of Tropical Agriculture (IITA) in solv
ing the acidic soil problem in Zambia? 

Syamnasonta: I am not aware of the extent of IITA's 
involvement at a national level. 

Wanchinga: Is there a relationship between acidity 
and calcium deficiency? 

Syamasonta: Yes. 

Wanchinga: Are there any crops affected by acidity 

in Zambia? 

Syuniasonta: Yes. Maize. 

Shongwe: In Table 1, 1 would like to make a correc
lion onmthe solubility of gypsum. This material is 
soluble in the soil solution and thus calcium becomes 
available to plants. Therefore, the decreased yields at 
thle Copperkt'' site cannot be attributed to calcium 
de herfre it be at te decases 

deliciency. Therefore, it is possible that the decreases 

in groundnut yields at this site are because of possible 
alumninium toxicity and/or phosphorus deficiency. 
The addition of gypsum results in the replacement of 
Al... from the exchange complex by Ca+ +, thus in
creasing the concentration of AI ++ + in the soil solu
tion. AI +++ may affect groundnut growth directl 

through its toxic effect and indirectly through the fixation of phosphorus. 

Syanasonta: Beitg a plant breeder, I would acceptn s na Ben apl n bre e,1 w ud cet
the correction and comments by the soil scientist in 
good faith. I would like to add also that the Ca:K ratio 
seems to have some effect on groundnut yields not
withstanding the possible interactions between p-li, 
aluminium and phosphorus. 
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Mkhabela: Is the SE in Table I the SE of the mean 
or the mean differences? 

Syamasonta: It is the standard error of the mean 
differences. 

Ker: Have local sources of phosphate rock been 
tested on the acid soils in Zambia, and have the eco
nomics of phosphate rock and lime been examined? 

Syamnasonta: Little testing of phosphate rock or 
analysis of the economics of application of phosphate 
rock or lime has been carried out. 

Ndunguru: Results from work :arried out elsewhere 
indicate that rock phosphates in their natural forms 
take longer before one gets any response. But when 
partially acidulated, as is done by the International 
Fertilizer Development Center (IFDC), then yields 
obtainied are the same as with SSP. Perhaps the Zam
bian group could link up with IFDC and the Sokoine 
University studies, supported by International Devel
opment Research Centre (IDRC), to jointly look fur
ther into this problem. 

Musanya: Local people in acid-prone areas grow 
groundnuts only after they have cut down some tree 
branches and bur,-ed them (Chitemene system). The 
process seems to overcome the effects of soil acidity. 
Did the early researchers find out how this process 
overcomes the effects of soil acidity on groundnuts? 

Syamasonta: Yes, the farmers do not burn the 
branches but their order of crops is millet and cas
sava; then groundnuts may follow in the second sea
son. McPhilips did some work on the topic but no 
concrete results were obtained. 

Chigwe: There is some useful information presented 
in this paper especially o.i the nutritional aspects un
derlining 'pops' in grouncnuts. 

Doto: In your conclusions, you advocate hybridiza
tion as one possible alternative to deal with the 'pops' 
problem. Do you have information related to the ge
netic control for the 'pop' character. 

Syamasonta: No. 

Rweyernamu: You mentioned that more than 90% of 
the groundnut crop in Zambia is grown by peasants. 
You further noted that these peasants regard maize as 

a major or main crop. Thus, to advise these peasants 
to apply lime to the groundnut crop (which is re
garded as a minor crop) is not acceptable by many 
peasants in Zambia. Have you tried to advise the 
farmers to intercrop the maize crops with groundnut 
so that application of lime to the maize fields could 
also help reduce 'pops' formation in groundnuts? 

Syanasonta: Intercropping trials ha've been con
ducted to assess the benefits in groundnut production. 
However, this cannot be encouraged lnder large or 
commercial groundnut production. Also, one should 
remember that whenever an innovation is t;:ken to the 
farmers, a scientist should not try to change every
thing the peasants have been practising. 
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Regional Screening for Late Leaf Spot and Rust
 
Resistance of Groundnut in Swaziland
 

Y.P. Rao' 

Abstract 

Swa.ihtnd has been charged with the task ofscrening groundnut (Arachis hypogaea L.) germ plasm
for resistance to late leaf spot (Phacoisariopsis personata) and rust (Puccinia arachidis) for the 
Southern African Development Coordination Conference (SADCC) region. The gernplasm was 
sown-in January 1990. According to preliminarv assessments, the two diseases did not appear in the
gerinplasin screening plot though some gerniplasin was affected by bacterial wilt (Pseudomonas 
solanacearum). 

Suindrio 

Avaliaq.-o Regional para a Resistincia h Ferrugem e A Mancha Tardia do Amendoim na 
Swazilindia. A Swazilndia fi)iresponsabilizada pela tartfa de avalia -ilode gernmoplasma de 
amnendoim (Arachis hypogaca L.) para a resist~hciaa) mancha tardia (Phacoisariopsis personata) e 
t)firrtgeln (Puccinia arachidis) no regido dci SA DCC (Cotferncia Coordenadora do Descnivolhi
m'nto c/c tAftica Austral). 0 grntoplismta ]ti semeado em Jan-iro de 1990. De acordo corn 
obserica0'5,s preliminares, nelnhtua das doenqas aparecet no talhdo de ai'aliaqdo de ger-
Ioplasna, ent11h, a a/ln germtoplasnta tei/ha sido afectado pela inurchidoo bacteriana (Pseu
dollionas solanlacearuttl). 

Introduction Accordingly, about 75 late leaf spot and rust resi
stant gerinplasm lines were received from ICRISAT

Two disea,:s of groundnut (Arachis hvogaea L.)- Center (India) and the SADCC/ICRISAT Groundnut 
lateleaf spot [PhaeoisariopsispIrsonata (Berk. & Project (Malawi). Since the germplasm arrived late, it
Curl.) v. Arx] and rust (Puccinia arachidis Speg.)- was not possible to sow it at the normal sowing time
have become endemic and occur annually in epi- (October/November). However, the sowing was de
phytotic proportions in Swaziland. Participants of the layed to mid-January 1990. 
Second Southern African Development Coordination 
Confercnce (SADCC) Groundnut Breeders' and 
Agronomists' Mceting held in 1989 at Lilongwe, Mal- Experimental Methods 
awi, therefore recommended that Swaziland be 
charged by the SADCC/ICRISAT Groundnut Project The test lines were sown in double rows, each 4-m
with the task of scrcening germplasm for resistance to long, at an interrow spacing of 45 cm and an intrarow
these diseases, for the benefit of the SADCC region. spacing of 10 cm. A spreader row of Natal Common, 

1.
Profesz ir. Crop Production Department.Faculty of Agriculture, UniverAty of Swaziland, P.O. Luyenge, Swaziland. 

ICRISAT (ltternational Crops Research Institute for the Senti-Aiid Tropics). 1990 Proceedings othe Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancher,,A.P. 502 324, India: ICRISAT. 
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one of the most susceptible cultivars to late leaf spot 
and rust diseases, was sown after each test line. Com
pound N:P:K fertilizer 2:3:2(22) was applied at 300 
kg ha-' at sowing. The plot was weeded twice. The 
ICRISAT 1-9 scale was used for scoring each ger
mplasm line against rust and late leaf spot at different 
stages of crop development. 

Progress 

Both diseases had already affected the early-sown 
Regional Yield Trials, especially the spanish trial, in 
severe proportions. The diseases had not appeared in 
the germplasm screening plot. However, bacterial 
wilt (Pseudomnonas solanacearwn E.F. Smith) was 
noticed in the plo. at about 4 weeks after seedling 
emergence. Several lines were found severely at
tacked by the disease, resulting in a heavy loss of 
plant stand. 

The screening nursery is otherwise progressing 
well and results will be reported in due course. 
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Groundnut Research in Swaziland: 
1988/89 Cropping Season 

Y.P. Rao' and M.S. Mkhabela 2 

Abstract 

Groundnut (Arachis hypogaea L.) yield trials, involving 25 spanish and virginia entries each, were 
conducted during the 1988/89 cropping Significant differences (P<O.05) wereseason. observed 
among entries in seed yield, shelling percentage, 100-seed mass, and disease reaction. Seed yields 
ranged front 316 kg ha' to 896 kg ha-'for the spanish type, and fron 482 kg ha-' to 1158 kg ha-'Ior 
the virginia type. Some entries, especially the large-podded ones, were found to have pool pod 
filling and shrivelled seed. .4s e. ected, late leafspot (Phacoisariopsis personata) and rust (Puccinia 
arachidis) were the most prevalent diseases. Spanish entries diffired with regard to late leaf spot 
incidence while virginia entries differed with regard to rust. By their yield performance and 
reaction to diseases, four spanish entries ICGV-SAls 85001, 85053, 86014. and 86053, and four 
virginia entries ICGM 336 and ICGV-SMs 85751, 85764. and 86761 were identified as the most 

promi.%ing lines. These entries have been selected for evaluation in the National Groundnut Yield 
Trial, 1989/90. 

Sumdrio 

Investiga 5io do Amendoin na Swazilfindia: Estaq5o Agricola de 1988/89. Ensaios para o 
rendiniento do ariendoin (Arachis hypogaca L.), envolvendo 25 variedades - spanish e virginia 
-cada un, foramn conduzidos durante a esta 'ao de 1988/89. Foram observadas diferen'as signifi
cativas (P<0.05) entre var:,-dades,no tocante a0 rendimento de grdo, percentagemn de descasque, 
massa de 100 sementes c reacc-do a doeni'as. Os rendimentos de grdo variaramn de 316 a 896 kg 

,ha-1 . para o tipo "spanish", c de 482 a 1158 kg lia para o tipo virginia. Algumas entradas, 
especianente aquelas coin vagens grandes. niostraramn ter pobre enchiniento da vagem e semente 
enrugada. Comno era esperado, a niancha tardia (Phacoisariopsis personala) e aferrugem (Puccinia 
arachidis)foram as doenl'as de niaior inchkncia. As entradas "spanish" diferiran no respeitante a 
incidMicia de mancha tardia, enquanto que as entradas virginia diferiram no respeitante cafer
rugeni. Pelo comportamentodo seu rendiniento e pela rea d'o a~s doeni'as, quatro entradas "span
ish" (ICGV-SM's 85001, 85053. 86014 e 86C33; v q'axro entradasvirginia (ICGM 336 e ICGV
SM's 85751, 85764 e 86761)forani identificadas como as linhas mnais promnetedoras. Estas entradas 
foram seleccionadas para avaliai'do no Ensaio Nacional de Rendimento de Aniendoini, 1989/90. 

I. Professor, Crop Production Department, Faculty of Agriculture, University of Swaziland, P.O. Luyengo, Swaziland. 
2. Lecturer at theabove address. 

ICRISAT (International Crops Research Institute fur the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
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Introduction 

Groundnut (Arachis hypog'ae L.) production in 
Swaziland is limited to small-scale farmers in th~e 
Swazi National Land (SNL, areas. Groundnuts are 
seldom grown as asole crop but rather in association 
with other crops, pl incipally maize. 

Groundnut production occupies only 2% of the 
cultivable land in Svaziland. The national average 
yield for tie crop is disappointingly low. A dIiagnostic 
survey of tile Cropping System Project revealed that 
lack of improved varielies, poor quality seed, low soil 
pi1, disease and pest incidence, and lack of iarketing 
opportunities are iimportant constrainlts to groundnut 
production in Swaziland. 

Until recently, very little attention was paid to 
groundnut research. Through tile assistance of tile 
SADCC/ICRISAT Groundnut Project in Malawi, in-
proved grounidnut gcrriplasrn has been introduced 

and tested locally for yield and tolerance of pests and 

diseases. Tihe gerrnpla.m is screened at te Univer-

sity farm at Luycngo Campus and at Malkerns Re-

search Station. Groundnut genotypes found to possess 

good yield and tolerance of pest and diseases are 

selected and included in the NazJonal Groundnu! 

Yield Trials. These rnultilocational trials are con-

ducted in areas representing the four agroccological 

regions of tie country. Thirty-one SADCC/ICRISAT 

groundnu genotypes have been entmd into the Na-

tional Yield Trials, and the SADCC/ICRISAT Re-

gional Yield Trials continue to be a major source of 

gerrmplasm for the national program. 


We report here ihe results of two regional ground-

nut yield trials conducted during the 1988/89 crop-

ping season at Luyengo Caripus. 


Materials and Methods 

The trials were conducted (luring the 1988/89 crop-
ping season (Nov-Apr) on the Crop Production Re-
search farm (altitude 900 rn above sea level, annual 
rainfall 980 ram) at Luyengo Canpus of the Univer
sity of Swa:,iland. The mean ienperatures ire 26"C 
maximum ana 15"C minimum, and soils are of fer
risolic type. These soils are characterized by high 
iron and alurniniun oxide contents. They contain 
about 2% organic matter. The pl-I (KCI) of the soil 
was 4.9. 

One trial consisting of 25 entries of spanish, and 
another of 25 virginia type groundnuts were sown 
between 14 and 18 Nov 1988. The design used was a5 

x 5lattice with four replications. Each plot consisted 
of four rows 6-rn long and spaced 60 cm apart. Seeds 
were spaced 10 cm apart for the trial of spanish types 
an( 15 cm For that of virginia types. A basal applica
tion of phosphate (30 kg ha-1) was applied at sowing. 
Mauagelnenv practices included at least three hand 
weedings. No chemicals were applied for control of 
diseases and insect pests. The harvested area consis
ted of the two center rows of each plot, and seed yield, 
shelling percentage, 100-seed mass, late leaf spot, and 
rust incidence (using the ICRISAT 1-9 scale) were 
measured. 

Results and Discussion 

Signiticant differences (P<0.05) among entries were 
recorded in both trials for seed yield, shelling per
centage, 100-seed mass, late leaf spot, and rust inci
dence (Taibles I and 2). Fifteen spanish and 14 
virginia entries outyielded their respective controls. 
As in previous seasons, late leaf spot and rust have 
been the dominant diseases. Average late leaf spot 
score in the spanish trial was 7, and for rust the aver
age score was 1, while iii the virginia trial the score 
for late leaf spot was 5 and for rust 7. It appears that 
tile spanish type groundnuts have a higher degree of 
tolerance of rust than of late leaf spot. Only four 
entries were satisfactory for both high-yield potential 
and disease tolerance in each trial. The spanish culti
vars ICGV-SMs 85001, 85053, 86014, and 86053 
showed rost promise for disease tolerance, while 
ICGM 336 and ICGV-SMs 85751, 85764, and 86761 
showed nost promise among the virginia varieties. 
These have been selected for further evaluation in the 
National Groundnut Yield Trial in 1989/90. 

In addition to severe disease incidence and dry
spells experienced during the season, afurther poten
fial production problen is tie frequently observed 
poor pod filling and shriveling of seeds. This may be 
due to nutritional imbalance. 

Future Research 
The search will continue for superior genotypes pos
sessing high-yield potential and tolerance of late leaf 
spot and rust. Since drought appears to be increas
ingly frequent in certain areas, more emphasis is in
tended to be placed on screening and selection for 
drought tolerance. More detailed studies are needed 
on agronomic practices, including time of sowing, 
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Table 1.Performance of 25 spanish type groundnut entries in the SADCC Regional Yield Trial, Luyengo Campus, 
Swaziland, 1988/89t. 

Seed yield Shelling 100-seed LLS Rust 
2 2
Entry (kg ha-') (%) mass (g) score score 

ICGV-SM 85001 896 65.0 47.5 7.0 1.0 
ICGV-SM 83011 830 72.4 49.5 8.1 1.0 
ICGV-SM 85038 67.4820 58.0 9.0 1.0 
ICGV-SM 85045 750 71.1 44.5 8.8 1.0 
ICGV-SM 83005 732 70.6 50.3 8.8 1.0 

ICGV-SM 86053 708 66.5 47.8 7.2 1.0 
ICGV-SM 86014 699 66.8 50.8 7.2 1.0 
ICGV-SM 86080 687 69.8 44.3 8.7 1.0 
ICGV-SM 83031 652 69.2 41.9 8.7 1.0 
ICGV-SM 85053 654 63.4 58.5 7.5 1.0 

ICGV-SM 87009 627 74.5 43.3 8.0 1.0 
ICGV-Svl 86077 578 66.8 41.5 8.7 1.0 
ICGV-SM 870(03 513 74.0 38.3 9.0 1.0 
ICGV-SM 86070 510 75.4 36.5 8.7 1.0 
Natal Common 509 75.3 34.0 9.0 1.0 

ICGM 721 502 77.4 33.0 8.7 1.0 
ICGV-SM 86043 486 77.0 38.3 9.0 1.0 
ICGM 473 482 75.3 32.0 9.0 1.0 
ICGV-SM 85011 476 76.0 35.0 8.9 1.0 
ICGM 522 449 73.0 34.3 9.0 1.0 

ICGV-SM 86039 448 69.8 42.8 9.0 1.0 
ICGV-SM 86079 386 71.5 37.3 9.0 1.0 
ICGV-SM 86062 316 74.5 34.0 8.9 1.0 
Controls 
Malimba 400 71.4 35.8 8.8 1.0 
Sellie 465 76.3 33.8 8.5 1.0 

SE ±77.5 ±2.2 ±1.7 ±0.17 -

Trial mean 583 71.6 42.0 8.5 1.0 

CV (% 26.6 6.3 8.5 3.9 

I. Time to maturity was 132 days forall entries. 
2. Field disease scored on a 1-9 scale, where I = No disease, and 9 = 50-100% foliage destroyed. 

spacing, fertilizer application rates, and mixed crop- the Crop Production Department for allowing us to 
ping. Poor pod filling especially in large-podded use Department facilities, and special thanks to E. 
genotypes also warrants detailed investigation. Rapid Zikalala for typing the manuscript. 
evaluation of promising genotypes in national yield 
and on-farm trials for suitability for release, is an Discussion 
important objective of the groundnut improvement 
program. Sibuga: At Morogoro (Tanzania), we have observed 

what appears to be bacterial wilt. However, we also
Acknowledgment have aprobletn with ants and termites, and in most 

cases, we associated the wilting to tilese insects rather 
We are sincerely grateful to E. Dlamini for his assis- than bacterial wilt. Do you have any suggestions or 
lance with field operations. Thanks go to the Head of short-term measures to contain this disease? What 
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Table 2. Performance of 25 virginia type groundnut entries in the SADCC Regional Yield Trial, Luyengo Campus,
Swaziland, 1988/89. 

Seed Time to Late leaf 
yield Shelling I(0-seed maturity spotEntry (tha1 ) 

Rust 
(%) mass (g) (days) score' score'
 

ICGV-SM 83708 1.158 73.3 
 63.0 150 5.5 7.7ICGV-SM 86708 1.122 73.1 79.8 150 7.9 6.8ICGV-SM 8720 1.065 77.5 55.0 149 8.7 6.1ICGV-SM 86725 0.994 75.3 59.8 150 8.2 7.0ICGV-SM 85764 0.991 72.9 66.3 149 6.7 9.0 
ICGV-SNt 86704 (.997 76.6 59.8 150 9.0 7.4ICGV-SM 86719 0.946 71.3 56.3 150 6.9 7.6ICGM 336 0.889 72.1 46.5 151 5.5 7.4ICGV-SM 85718 0.880 75.1 65.5 155 7.8 7.3ICGV-SM 86734 (.850 70.9 48.5 167 5.8 7.9
 
ICGV SM S7707 0.822 72.3 
 3., 125 6.6 6.1ICGV-SM 86760 ().812 67.0 45.0 169 5.5 7.7ICGV-SM 86715 0.790 69.3 59.0 189 5.1 1.7ICGV-SM 86737 (.774 68.1 50.0 150 5.2 7.5ICGV-SM 857260 0.719 67.4 44.5 173 8.0 1.7 
ICGM 7-19 0.717 65.4 45.5 150 5.9 7.3ICGV-SM 80761 0.663 67.1 48.5 150 5.0 7.4ICGV-SM 857S2 0.577 60.1 43.8 167 7.6 2.4ICGV-S M 8)722 0.557 58.1 38.5 172 7.4 2.6ICGV-SM 8;5751 0.549 57.5 51.0 172 4.2 6.8 
ICGV-SM 80713 1.532 60.9 50.3 157 6.9 7.7ICGV-SM 85727 ).5I(1 69.0 46.3 168 7.3 1.7ICGV-SM 85753 0.482 59.3 40.0 172 7.6 2.3 
Controls 

Egret 0.611 68.9 54.0 148 5.7 7.7Mani Piniar 0.736 67.6 52.8 149 5.5 7.5
 
SE 
 -0.0645 ±1.82 ±2.85 ±2.8 ±0.33 ±0.5
 
Trial mean 0.789 
 68.7 52.9 159 6.5 6.1 
CV (%) 16.4 5.3 10.9 3.5 10.2 17.0 

1.Field d~seawscored onia 1-9 scale, ,liere I No disease, and 9= 50-100% foliage destroyed. 

should be the strategy, on a regional basis, towards 
solving this problem? I would like to draw the atten-
lion of entomologists on the issue of ants that are 
proving to be a serious problem, at least in our station 
at Sokoine University of Agriculture, Morogoro, 
Tanzania. 

Rao: Scrcening for resistance to the disease can be of 
help. If material is made available, the first step 
would be to screen for tolerance of bacterial wilt in 
different locations of the region. 

Busolo-Bulafu: Although Dr. Rao has said that he is 
not aware of any report on bacterial wilt from the 
other countries, we actually have been working on the 
disease since 1973. Resistance does exist and even 
some crosses were made. This work is now being 
handled by a colleague. 

Rao: We would appreciate if your colleague from 
Uganda could arrange to make some of that material 
available to us. This would also enhance regional 
cooperation on the disease. 
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Subrahmanyam: There arc sources of resistance to 
bacterial wilt available and development of high
yielding breeding lines with resistance to bacterial 
wilt is underway in many countries in Asia (e.g., the 
People's Republic of China, Indonesia, etc.) 

Ismael: You mentioned that you have extensive can
opy development in Swaziland. I have observed in 
Mauritius that when you have this extensive canopy 
devclopelcnt it is olten associated with fewer number 
of pods. Have you observed this? 

Rao: Yes. 

31 



Evaluation of Advanced Groundnut Genotypes 
at Morogoro, Tanzania 

S.O.W.M. Reuben1 and T.S.K. Mrema2 

Abstract 

Fifteen advanced breeding linev and varieties ofgroundnut (Arachis hypogaea L.) were evaluated in 
a yield trial during the 1989 cropping season at the Sokoine University ofAgriculture, Morogoro,
Tanzania. Seed yield ranged front 1.23 t ha-' (for the linr 1/24) to 0.88 t ha-' (for the line 1/4).
Control cv Nyota (Spancross) yielded 0.95 t ha-' and control cv Natal Common yielded 0.94 t ha-'. 
Genotypes 2/91, 1/24, 1/69, 2/114, Baka, and AH 139 outyielded the tvo controls. 

-2Nodule dry mnass plant-', root dry mass plant', nodules plant-', pod mass w , shelling percent
age, and 100-seed mass correlated with most of the yield differences between genotypes. Nodule dry 
mass plant-', nodules plant-', root dry mass plant-', and seed yield were all positively correlated. 

Sumdrio 

Avaliaqfo de Gen6tipos Avan~ados de Amendoim em Morogoro, Tanzania. Quinze linhas de 
tnelhoranentoavanqadas e variedades de amendoim (Arachis hypogaea Ljforam avaliadas num 
ensaio avan -ado de rendimnentos avanfado, durante a esta-do de cultivo de 1989, na Universidade 
de Agricultura de Sokoine, Morogoro, Tanzania. 0 rendimento de grco variou de 1,23 t ha-' (da
linha 1/24) a 0,88 t ha-' (da linha 1/4). 0 cv. de controlo Nyota (Spancross) teve urn rendimento de 
0.95 t ha-' e o cv. de controlo Natal Comnum teve urn rendimento de 0,94 t ha-'. Os gen6tipos 2/91,
1/24, 1/69, 2/114, Baka eAH 139 tiveram urn rendimento maior que os dois controlos. 

A massa de n6dulos secos planta-', a massa de rak.es secas planta-', o ntimnero de n6dulos
planta-', a massa de vagens " -2, a percentagem de descasque e a massa de 100 sementes estio 
correlacionadas corn a mnaior parte das diferen-as de rendimento entre os gen6tipos. A massa de 
n6dulos secos planta-', o ntntero de n6dulos planta-', a massa de rafzes secas planta-' e o 
rendinento de grdo sdo caracteres associados positivamente. 

Introduction for yield, resistance to diseases and insect pests, and 
nodulation (Reuben et al. 1985; Doto and Reuben 

The main objectives of groundnut (Arachis hypogaea 1986; Sibuga et al. 1989).
L.) research at the Sokoine University of Agriculture Little work had been done on groundnut improve
(SUA), Morogoro, are to develop improved genotypes ment before the project was initiated in December 

1. Lecturer in Plant Breeding, Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005, Morogoro, 
Tanzania. 

2. B.Sc. (Agriculture) Crop Science Option student. 1989 batch, at the above address. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, AlP. 502 324, India: ICRISAT. 
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Table 1. Performance of 15 groundnut genotypes at Sokoine University of Agriculture, Morogoro. Tanzania, 1989. 

Genotype 

2/91 
1124 
1/80 
1/4 
1/69 

2/114 
Spanhoma 
Tamnut 74 
Baka 
Jonca 

AH 139 

Bebiano
Encarnado 

P1 315608 

Controls 

Nodules 
plant-' 

107.15 a-d' 
106.60 a-d 
100.60 b-d 
101.45 a-d 
109.00 a-c 

112.25 a 
102.30 a-d 
101.10 a-d 
109.85 ab 
99.65 b-d 

105.65 a-d 

107.15 a-d 
105.80 a-d 

Nodules 
dry mass 

plant-! 
(g) 

0.36 a-e 
0.44 a 
020 h 
0.25 f-h 
0.38 a-d 

0.38 a-d 
0.28 e-h 
0.26 f-h 
0.36 a-e 
0.30 c-g 

0.26 f-h 

0.43 ab 
0.39 a-c 

Root dry 
mass 

plant-' 
(g) 

1.18 a-g 
1.21 a-f 
0.74 I 
0.78 j-1 
1.07 a-h 

1.29 a 
1.06 a-i 
0.88 h-I 
1.27 a-c 

0.97 g-k 

1.04 c-j 

1.28 ab 
1.23 a-d 

Time to 
95% 

maturity 
(days) 

91.50 cd 
89.75 f-i 
91.00 c-e 
91.00 c-c 
93.25 ab 

90.00 e-h 
92.00 bc 
91.00 c-e 
90.50 d-g 
91.00 c-e 

93.75 a 

88.75 i 
89.75 f-i 

Plants 
m2 

15.40 cd 
15.50 cd 
16.25 a-d 
15.10 cd 
18.40 a 

15.45 cd 
18.00 ab 
17.25 a-c 
14.62 d 
15.00 cd 

16.23 a-d 

15.27 cd 
15.55 cd 

Pegs 
plant-' 

35.85 g-I 
40.15 a-i 
38.50 b-k 
35.70 g-I 
32.40 1 

44.55 a 
42.12 a-e 
40.35 a-h 
42.05 a-f 
43.67 ab 

39.20 a-j 

42.80 a-d 
38.50 b-k 

Pods 
plant-' 

24.86 b 
20.97 b 
23.70 b 
20.87 b 
22.37 b 

29.11 a 
22.30 b 
22.15 b 
20.87 b 
22.0 b 

25A8 ab 

19.65 b 
23.73 b 

Pod 
mass 

M- 2 (g) 

156.94 cd 
171.20 a 
143.74 f-i 
136.59 i 
169.25 ab 

153.78 de 
136.37 i 
137.39 i 
164.76 a-d 
136.73 i 

147.94 d-h 

146.38 e-i 
151.96 d-f 

Shelling 
(%) 

60.65 ab 
55.60 cd 
54.80 cd 
53.60 d 
57.63 b-d 

57.02 b-d 
58.21 bc 
57.33 b-d 
56.10 cd 
57.20 b-d 

62.37 a 

54.73 cd 
55.73 cd 

100
seed 
mass 
(g) 

33.47 a-d 
33.63 ab 
31.92 b-i 
31.15 b-j 
33.61 a-c 

33.08 a-f 
29.41 h-j 
28.48 j 
33.35 a-e 
32.06 b-h 

30.47 c-j 

28.63 j 
35.20 a 

Seed 
yield 

(t ha-') 

1.193 a-c 
1.231 a 
0.960 g-k 
0.879 k 
1.204 ab 

1.082 d-f 
0.982 gh 
0.972 g-j 
1.114 b-e 
0.961 g-k 

1.158 a-d 

0.975 g-i 
1.036 f-g 

Nyota
(Spancross) 

Natal 
Common 

SE 

97.60 

103.27 

± 3.33 

d 

a-d 

0.23 

0.32 

±0.03 

f-h 

c-f 

0.87 

1.22 

±0.07 

h-I 

a-e 

90.75 

89.00 

±0.37 

d-f 

hi 

16.50 

16.20 

±0.72 

a-d 

a-c 

40.65 

43.10 

±1.60 

a-g 

a-c 

20.75 

23.65 

±1.65 

b 

b 

141.60 

147.96 

- 3.10 

g-i 

d-g 

55.10 

53.10 

±1.33 

cd 

cd 

32.77 

30.04 

±0.94 

a-g 

f-j 

0.951 

0.945 

±2.63 

g-k 

h-k 

Mean 104.63 0.32 1.07 90.87 16.05 39.97 22.81 149.51 56.66 31.82 1.045 
CV (%) 6.4 21.0 13.4 1.3 8.9 8.0 14.4 4.2 4.7 5.9 5.0 

1. Values followed by the same letter within the same column do not differ significantly (P < 0.05). according to Duncan's Multiple Range Test. 



Table 2. Phenotypic correlation coefficients between variables studied in 15 groundnut genotypes, Morugoro. Tanzania, 1989. 

Variable 

Nodul--! pin.nt-' 
Nodule dry mass plant-' 
Root dry mass plant-' 
Time to 95% maturity (days) 
Plant rn 2 at harvest 
Pegs plant-' 
Pods plant-' 
Pod mass rn 2 

Shelling (%) 
100-seed mass 

Seed yield 

Nodule-s 
plant-' 

0.76 
0.79 

-0.05 
-0.18 
-0.04 
0.41 
0.75 
0.25 
0.35 
0.70 

Nodule 
dry 

mass 
plant-' 

-

0.87 
-0.40 
-0.26 
0.07 
0.00 
0.i18 

-0.03 
0.34 
0.57 

Roct 
dry 

mass 
plant-' 

-

-0.40 
-0.28 
0.34 
0.22 
0.59 
0.12 
0.24 
0.52 

Time 
to 95% 
maturity 
(days) 

-

0.53 
-0.55 
0.17 
0.00 
0.72 
0.02 
0.34 

Plant 
rn 2 at 

harvest 

-

-0. 33 
0.01 

-0.07 
0.23 

-0.27 
0.03 

Pegs 
plant-' 

-

0.10 
-0.29 
-0.18 
-0.33 
-0.31 

Pods 
plant-'I 

-

0.08 
0.44 
0.23 
0.24 

Pod 
mass 
or 

2 

-

0.11 
062 
0.87 

Shell-
ing 
(%) 

-

0.01 
0.57 

100
seed 
mass 

-

0.52 

Sced 
yield 
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plant-' but no relation between these characteristics 
and yields could be established. These results support
those of Reddi et al. (1986), Doto and Reuben (1987), 
and Sibuga et al. (1989), who also observed positive
correlations between 100-seed mass and yield and be-
tween shelling percentage and y ield. 


It was interesting to note that nodules 
 plant-',
nodule dry mass, and root dry mass were also signii-
cantly and positively associated with yield. Consid-
eration should be given to the use of such variables as 
selection indices in our groundnt improvement 

Conclusion 
Lines 2/91, 1/24, 1/69, 2/114, Baka, and AH 139 could 
be further tested in on-farn and national trials before 
being recommended for release. 
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Discussion 

Shongwe: Please comment on the apparent assump
tion you made that the groundnut breeding lines you
evaluated have similar nutritional requirements and 

thu st h e m ar mad eition g re r n t 
thus the comparisons made among them. 
Reuben: I did not definitcly say that the lines have 
similar nutritional requirements, only that it is agen
era] recommendation. It is important that in the fu
ture, we identify those few elite lines and establish 
specific recommendations for specific gnotypes. 
This practice is,however, rare.' 
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On-farm Verification of Three New Groundnut Varieties
 
in Zambia 

K. Kanengal 

Abstract 

Yields of three new groundnut (Arachis hypogaea L.) varieties-MGS 2, MGS 3, and MGS 4 
(ICGV-SM 83708 or ICGMS 42)--4vere evaluated in on-farm trials in the Eastern Province, 
Zambia, during the 1987/88 and 1988/89 cropping seasons. In the first season, MGS 2 gave higher
yields than the control cv Chalimbana in all locations and MGS 4 (ICGV-SM 83708) gave yields on 
par when compared with the control Maktdu Red. In the seca,,tdseason, MGS 3 was found superior
in yield to MGS 2. In this season, MGS 4 (ICG V-SM 83708) gave higher yields when compared to 
Makulu Red. Partial btugeting and marginalanalysis showed that the adoption of variety MGS 2 
was econonically beneficial compared with cv Chalimbana. 

Sumdrio 

Verificaqfio de Trks Novas Variedades de Amendoim em Pleno Campo na Zambia. Os rendi
nentos de trs novas variedades de amendoim (Arachis hypogaea L.) - MGS 2, MGS 3 e MGS 4 

(ICGV-SM 83708 ou ICGMS 42) -foram avaliados em ensaios de campo na Provincia Oriental,
Zambia, durante as estaj-5es tie cultivo de 1987/88 e 1988/89. Na prineira esta-co, MGS 2produziu 
maiores rendinentos que o cv' Chalimbana em todos os locais e MGS 4 (ICGV-SM 83708) teve 
rendinentos semelhantes que o controlo, Makulu Red. Na segunda esta 'o, MGS 3 mostrou-se 
superior, em rendimento, a MGS 2. Nesta esta~edo, MGS I (ICGV-SM 83708) produiu inaiores 
rendimentos que Makulu Red. 0 or 'amentoparcial ea andlise marginalmostrarain que a adop'io
da variedade MGS 2 foi econ61nicamente preferencial se comparada ao cv. Chalimbana. 

Introduction 
recommendatiois appropriate to small-scale farmers 

Lancon ct al. (1989) have documented the importance (CIMMYT 1988).
of on-farm research in the verification of the value of In Zambia, groundnut (Arachis hypogaea L.) is 
any new variety or technology. Evaluations, taking largely grown by small-scale farmers. The groundnut
into account the farmers' growing seasons, attitudes, improvement program has identified in research sta
constraints, and related socioeconomic factors, sup- tion trials promising new varieties of good yield po
ported by agronomic interpretation along with eco- tential. In this paper, the results of on-farm testing and 
nomic analysis, help in formulating technology verification of three of these varieties are discussed. 

1. Food Legume Agronomist, Msekcra Regional Research Station, P.O. Box 510089, Chipata, Zambia. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa. 19-23 Mar 1990. Arusla, Tanzania. Patancheru. A.P. 502 324, India: ICRISAT. 
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Materials and Methods 

In the 1987/SS cropping season, 15 representati.e 
small-scale farmers ,ere chosen in live districts of 
the Eastern Province. In the following season, 12 
farmers %,ereselected in f, districts. In each dis-
trict, three e\periniental si \.ere chosen. In the first 
season, four groundn-.-t varieties s\ere compared. 
These ,ere t\o new vLrtcties MGS 2 and MGS 4 
(ICGV-SM 83708 or ICGMS 42) and the tsko previ-
ously released varieties. Chalimbana and Makulu 
Red. In the second season, Chalimbana was replaced 
bv MIGS 3. 

The design used was complete randotnized-block 
design w itlh ho repltca'ions. Sowvinge was done bet-

eentid-November and early Deceti')er on ridges at 
75 cmn x 10 cm spacing. No fertilizer %as applied as 

groundnut usually follo safertilized maize crop in 
the recommendation domain (group of farmers).

Each plot consisted of live tows, 10 mnlong. The 
gross plot area amtounted to 37.5 m:. All cultural 
operations %%ere carried out by field workers from the 
research station. Border effects were eliminated by 
excluding from yield determinations tvo border rows 
plo:- Is ssell is tsko plants on either side of each row. 
Data collected includ,, numbers of plants at harvest 
and of pods plant-', pod and seed yields, and 100-seed 
mass. Hlosseser. only seed yields are presented in this 
paper. Indi .idual site and combined analysis across 
locations %%ereconducted. Partial budeting and mar
ginal analysis %kereused to detcrnine the economics 
of adoption of the variely MGS 2 in conparison with 
Chalitnbana. 

Table 1. Performance oflgroundnut entries in (n-farm variety ,erification trials at fie locations in the Eastern Province, 
Zambia, 19X7/88 and 1988,89. 

Variety 

1987,88
 
MGS 2 

Control 

Challlmbana 

Increase u.er control 


NIGS 4
 
(tICG,-as, 83703 


Control 
Makulu Red 

Increase over control (%t 

SE 

CV %t 

1988/89
 
MGS 3 


Control 
MGS 2 

Increase over control (% 

MGS 4 
(ICGV-SM 83708) 

Control 
%lakulu Red 

Increase over control (%) 

SE 

CV (%j 

38 

Chipata south 

Location and seed yield (kg hat1) 

Chipata north Katete Chadiza Lundazi 
Mean 

(kg ha-t) 

567 752 637 667 t04 646 

507 
112 

467 
61 

405 
57 

475 
40 

354 
71 

441 
48 

976 993 688 746 668 807 

993 
-2 

1020 
-3 

691 
0 

728 
2 

688 
-3 

824 
-I 

±50 

27 

1055 899 626 522 776 

965 
9.3 

538 
67 

509 
23 

426 
23 

609 
31 

947 757 592 439 684 

580 
63 

712 
6 

598 
-I 

377 
16 

567 
21 

+-75 

30 



Results 	 References
 

In the 1987/88 cropping season, seed yield of MIGS 2 
(Table 1) was higher than that of the control cv 
Chalimbana across all locations. MGS 4 (ICGV-SM 
8308) and Makulu Red had comparable yields. In 
fhe 1988/89 croppirng season MGS 3 gave superior 
yields than MGS 2. On the other hand, MGS 4 
(ICGV-SM ,370S) was sur'crior to Makulu Red at 
Chipata South only. A combined analysis across loca-
tions did [lot show aty sigti;ficant interaction between 
genotypes and experinentlf sites. 

Partial budeeting (Table 2) indicated that for each 
Zambian Kwacha (ZK, U.S.$1=15 ZK) invested in the 
Auoptiot of the new variety MGS 2 over Chalimbata, 
a farmer would have gained 5.5 ZK. The net benelit 
would thus have amIotMcd to 4.50 ZK. 

Discussion and Conclusions 

According to the results, variety MGS 2 is superior to 
cv Chalitobana and should be recommended to 
farmers. 

Olt the other hand, the erratic performance of 
MGS 4 across live locations may indicate that this 
variety is suitable for certain locations only. The in
formation gained from this experiment will assist in 
further improvements in the planning and conduct of 
such verification trials. 

CIMMYT (Centro Internacional de Mejorainiento de Maiz 
y Trigo). 1988. From agronomic data to farner recommen
datios: An economics training manual. Completely revised 
edition. 06600 Mexico. D.F.: CIMMYT. 84 pp. 

Lancon, J., Chanselme, J.L., and Klassou, C. 1989. Rep
resentativeness of varietal trials carried out under con
trolled, seni-real and real conditions in the North Cameroon 
Cotton Zone. Coton ei Fibres Tropicales 44:118-125. 

Discussion 

Chigwe: Would you really evaluate marginal return 
without considering variable costs apart from cost of 
seed'? 

Kanenga: No, other costs need to be cunsidered, but 
in my study I was only cotnsidering the comparative 
advantage of growing the new variety and the old one. 

Table 2. Partial budget: net benefits and marginal rate of return by the adoption of anew technology for two groundnut 
varieties, Zambia'. 

Yield cost, benelits Chalimbana 	 MGS 2 

Average yield (kg ha"1) 4-11 646 
Adjusted yield (kg ha '1(10% less) 397 581 
Gross field benetits2 (ZK hat 3970 5810 
Cost of seed' (ZK I;1i) 2100 1575 
Net benefit (ZK ha-1) 1870 4235 

Marginal analysis (ZK) 2365 	 (difference between
 
the two net benefits)
 

525 	 (difference in 
variable costs)

2365 x 100%
 
Marginal rate of return 525 =450%
 

1. As suggested by CINIMYT t988). 
2. Income atfarm price of 10 ZK kg'. 
3. Seed coL, at 21ZK kg I for Chalinibana (100 kg ha ) and MGS 2 (75 kg ha') 
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Groundnut Breeding Program in Malawi 

H.K. Mande l 

Abstract 

The importance of groundnut (Arachis hypogaea L.) to Malawi, the research achievements of the 
Malawi national breeding program, and the progress made in breeding confectionery groundnut
lines by the nationalprogran during the 1988/89 cropping season are outlined. The problems
associated with developing confectionery varieties and the future strategies of nationalresearch 
programsare also discussed. 

Sumdrio 

0 Programa de Melhoramento de Amendoim do MalAwi. Neste artigo i delineadaa iniportdn
cia do amendoim (Arachis hypogaea L.) parao Maldwi, os avan 'os conseguidos na investigado 
do programanacionalde melhoranientodo Maldwi e o progressofeitono melhoramento de linhas 
de aniendoim paraconfeitaria,pelo programanacional,durantea esta 'do de cultivo de 1988189. 
Os prohlemas associadoscorn o desenvolviimento de variedadesde confeitaria e o fitut o cresci
meno dos programasnacionaisde investiga 'do sdo tambemn discutidos. 

Introduction 

Groundnut (Arachis hypogaea L.) is an important 
crop as it isa major source of fat and protein. Ground-
nuts are also a source of edible vegetable oil, and 
groundnut haulms are utilized as livestock feed. 

In tile smallholder sector, groundnut is the second 
most important crop after maize, and provides asup-
pt ementary source of income for most smallholders. 
Groundnuts improve soil fertility and increase yield 
of othcr following crops, such as maize. Groundnut 
also contributes significantly to export earnings in 
Malawi, and ranks fourth after :obacco, tea, and 
sugar. 

The main objective of the groundnut improvement 
program in Malawi is to increase the yield and quality 

of groundnut. The development of stable high-yield
ing varieties for both confectionery and oil-extraction 
purposes is a priority objective. This objective is 
achieved through a multidisciplinary team compris
ing a breeder, a pathologist. :nd an agronomist. 

Past achievcments by the national breeding pro
gram include development of rosette resistant and 
confectionery varieties. RG 1,arosette-resistant culti
var, was selected from a cross between Makulu Red 
(female parent) and 48-14 (source of rosette 
resistance). 

Chitembana, a large-seeded, alternately branched 
runner, originated from a cross between RJ 15 end 
Chalimbana, a large-seeded variety on which Mal
awi's confectionery market is based. One defect of 
Chalimbana is that its seeds are not symmetrical, be

t. Groundnut Breeder, Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990, Arusha, Tanzania. Patancheru. A.P. 502 324, India: ICRISAT. 
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cause the pods are relatively unconstricted, resultingin fat ace atone Table 1.Performance or 36 confectionery type groundnutnd herfor, Chlemanawasin flat faces at one end Therefore, Chitembana was 

developed to improve on this defect of Chalimbana. 

Breeding for Confectionery 
Quality 

Confectionery varieties from various breeding pro-
grams were evaluated for confectionery purposes in 
trials in 1987/88 and 1988/89 cropping seasons. 

Thirty-four entries were compared with Chalim-
bana and Chitembana in a 6 x 6 balanced lattice de-
sign. Results of the 1988/89 trial are presented in 
Table 1. 

The overall performance of these lines was en
couraging (Table I). In particular, ICGMS 42, B80/, 
D58/, B910/1/2, D27/3, and B80/3/2 had high yields 
and good shelling percentages. 

Problems Associated with 

Development of Confectionery 

Varieties 


Many problems have been encountered in the devel-
opment of confectionery varieties. One of these is 
market fluctuations. Malawi's groundnut export mar-
ket has been based on the Chalimbana and Chitem-
bana groundnut varieties. However, because of 
inconsistent supply from Malawi, there has been a 
significant swing to the American runner varieties 
with seed count per ounce (I g = 0.03527 ounces) of 
40-50 seed ounce-'. Most processors in Europe are 
now geared to process these small-seeded American 
runner varieties and there is a reduced demand for 
large-seeded Chalimbana and Chitembana 
groundnuts. 

Another problem is that of oil stability in some 
varieties. The oleic/linoleic acid ratio is an indicator 
of oil stability (shelf life) in groundnuts. The mini-
mum ratio requirement sought by KP Foods Limited, 
Chesterton Road, Eastwood Trading Estate, Ro
therham, UK (the major buyer of Malawi confection-
cry groundnuts), is 1.6:1. Most of the Malawi 
confectionery varieties, such as Malimba and JL 24, 
possess an O/L ratio below the minimum ratio re
quired by the trade but in some varieties, such as 
Chalimbana and Chitembana, the O/L ratio is 
acceptable. 

genotypes, Chiledze, Malawi, 1988/89. 

Pod Seed Shell
yield yield ing 

Entry (t han) (tha1) (%) 
ICGM 42 1.913 1.447 76 
E267/3 1.858 1.261 68 

B80/1 1.825 1.297 71 
B910/1/2 1.788 1.221 68 
B80/3/2 1.781 1.208 68 

E685/I/2 1.738 1.195 69 
C100/3/2 1.717 1.127 65 
C100/3/1/l 1.698 1.073 63 
B434/1 1.686 1.147 68 

D27/3 1.592 1.141 72 
B201/3 1.542 1.077 70 
E267/1 1 1.526 0.992 65 
B487/3/2 1.524 1.039 68 
E685/3/1 1.520 1.024 67 

E685/1 1.488 1.053 71 
D636/3 1.486 1.017 68 
B80/2 1.459 1.007 69 
D196/1/I/2 1.446 0.991 69 
B80/3 1.428 0.981 69 
B80/3 1.428 0.987 69D196/3/1 1.423 0.987 69 
E685/2 1.395 0.947 68 
C763 1.378 0.865 63 
C2/2P2 1.355 0.940 69 

D3411 1.317 0.907 69 
C763/l/I 1.311 0.764 58 
E267/2 1.294 0.880 68 
D261/2 1.285 0.876 68 

D657/2/2 1.203 0.769 64 
D636/2 1.062 0.703 66 
B624/1 0.870 0.570 66 
Controls 

Chalimbana 0.947 0.626 66 
Chitembana 0.941 0.622 66 

Trial mean 
(36 entries) 1.462 0.990 66 
CV (%) 12.0 11.9 4.8 
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asso-Aflatoxin contamination is another problem 

ciated with confectionery variety development work. 

This problem is well appreciated worldwide but con-

trol measures are lagging behind. 
High leveis of aflatoxin in groundnut have high 

health implications for both humans and livestock. 

Dieiary intake of aflatoxin through groundnuts has 

been implicated in the development of liver cancer in 

various parts of Africa and childhood cirrhosis in 

India. 

Future Research 

Since the objective of the groundnut improvement 

program in Malawi is to improve the quantity and 

quality of groundnut we intend to pursue three re-

search programs, which have been submitted to the 
for funding support. TheseRockefeller Foundation 

are as follo\,s: 

Diversification of Malawi's export 
confectionery nuts research program 

The signilicant swings in market trends suggest that 

the research program should diversify to the Ameri-

can runner type varieties with smaller seed. This di-
that Malawi maintains itsversilication will ensure 

production of the large-seeded groundnut varieties 

while increasing its production of small-seeded run-

ners and other varieties. 
In addition to enhancing the production of Ameri-

can runner varieties, the program will work towards 

enhancing research and development of in-shell nuts 

and red skin nuts, which are also in great demand in 
The red-skinthe confectionery export nut market. 

varieties favored :,re ACG I from the Malawi Na-

tional Groundnut Improvement Program atid ICGV-

SM 83708 (ICGMS 42) from the SADCC/ICRISAT 

Groundnut Project. 

Research program on aflatoxin 
contamination of groundnut 

In Malawi, monitoring of aflatoxin contamination is 

done for export groundnut at the groundnut factory in 

Liwonde run by the Agricultural Development and 

Marketing Corporation (ADMARC) and only those 

consignments that pass the minimum acceptable stan-

dard are exported. It is widely known that large quan

tities of groundnuts are consumed in various forms 

within the country but there are no efforts to mini

mize the health implications arising from consump

lion of allatoxin-contarninated groundnuts. 

Factors that predispose groundnut to aflatoxin 
wellcontamination in the field and after harvest are 

known and it i:, the aim of this research to identify 

cultural practices that can ensure the prevention of 

allatoxin contaminalion of groundnut. In addition, ge

notypes have been identilied at ICRISAT Center (In

dia), with stable resistance to aflatoxin contamination. 

Therelbre, this program will also aim at transferring 

this resistance into new groundnut cultivars. 

Program to improve the oleic/linoleic
 
acid ratio in the JL 24 groundnut
 

variety 

The final quality of edible groundnut is assessed prin

cipally by the quality of the processed seed and by the 
carchemical composition of the oil, protein, and 

bohydrate fractions of the seed. 

The oleic/linoleic (O/L) acid ratio is an indicator 

of oil stability (shelf life) in groundnuts. The mini-

O/L acid ratio requirements sought by KP 

Foods Limited, UK, which is the major buyer of Mal

awi confectionery nuts is 1.6:1. 

Jl. 24 is an Indian cultivar introduced in Malawi it, 

1982 by the SADCC/ICRISAT Groundnut Prejct. It 

is a high-yielding, early-maturing variety suitable for 

the Lowcr Shire Valley of Malawi. In several repli

cated experiments conducted in the Lower Shirc Val-

Icy during live seasons (1983/84 through 1988/89), cv 
cv Malimba, 

mum 

JL 24 averaged 47% higher yield than 

the recommended variety for the area. Like Malimba, 

JL 24 has an O/L ratio below the minimum ratio 

required by the trade. 
This program will aim to incorporate improved 

shelf life in JL 24 while maintaining its high yield 

potential. 

I would like to extend my sincere thanks to Dr P.K. 

Sibale for his valuable contributions and advice on 

this paper. 
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Discussion 

Ismael: You said that you will be breeding for higher
O/L ratio. How heritable is the O/L ratio? 

Hildebrand: We do not have sufficient data available 
but it is fairly heritable. 

Syamasonta: The yields of Chafhmband and Chitem
bana don't seem to differ significantly. Are you inter
ested only in seed uniformity in Chitembana? 

Mande: At this particular site and season, the vari
eties seem to be the same, but overall results have
shown that Chitembana yields better than Chalinbana 
and has added advantage of seed uniformity. 

Chigwe: From your work, have you found any close
relationship between seed size, shelling percentage, 
and yield among the genotypes tested'? 

Mande: The closest relationship is between shelling 
percentage and seed yield. The higher the shelling
percentage, the higher the yield of seed. Seed yield,
however, depends ol the number of pods plant-', pod
filling, and may also be affected by seed size, if pod 
filling is poor. 

Ndunguru: In West Africa ,here has been a decline 
in exports of even small-seeded cultivars. In your
diversification strategy, would it not have been useful 
in diversifying uses of the varieties produced rather
than completely rely on an external market that ex
porters cannot control?
 

Mande: This diversification has been taken in an or
derly step-by-step fashion. It will ensure that Malawi
maintains its production in the large-seeded ground
nut varieties, while at the same time increasing its
production in small-seeded runners and other vari
eties. Therefore, in away, we are satisfying the exter
nal market while at the same time we are satisfying
the local uses of the varieties produced. 
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A Path Coefficient Analysis of Phenotypic Correlations 
of Yield Components in Advanced Groundnut 

Breeding Lines in Tanzania 

S.O.W.M. Reuben' and T.S.K. Mrema 2 

A bstract 

A path coefficient analysis revealed that time to 95% maturity, pod mass mr- 2 , and nodule dry mass 
had large dire-t effects on groundnut (Arachis hypogaea L.) seed yield directly, in that order. 
However, shelling percentage and 100-seed mass had large negative direct effects on yield. These 
results show the importance of compensator), iffects and the overall relationships between the 
variables measured and yield. 

The indirect effect of shelling percentage on 'iell through tine to naturity modified the negative 
independcnt effect of shelling percentage on yield to a significant positive relationship, while the 
indirect iffects of 100-seed nass on yield through pod mass nz- and nodde dry mass plant-' 
compensated for the negative direct effect of 100-seed mass resulting in a significant positive
relationship. On the other hand, the large direct tffict oftime to maturit.'voz yield was modified to a 
nonsignificantrelationship by the indirect effects through shelling percewtage and nodule dry mass 
plant-'. 

It is suggested that provision for adequate moisture during nodule development could inprove 
the relationship between time to maturity antd seed yield. 

Sumdrio 

Uma Anilise de Coeficientes "Path" das Correlai6es Fenotipicas dos Componentes do Rendi
mento em Linhas de Melhoramento de Amendoim Avangadas na Tanzania. Unza andise de 
coeficientes "path'"revelou que o tempo para 95% de matura-o,massa de vagens m'- e massa dos 
n6dulos secos influenciaram o rendiento de grdo do amendoini (Arachis hypogaea L.) directa
mente, nessa ordeni. Contudo, a percentageni de descasque e a niassa de 100 sementes tiverani altos 
efeitos independemites negativos so/re o rendimento. Os resultados mostran a importancia dos 
efeitos compensat6rios e d s rela '6es globais das varidveis con o rendimento. 

0 efeito indirecto do pern-tagem de descasque no rendiniento, atrayS: do temnpo para a 
niatura 'do, compensou o efeito independeite negativo da percentagenz de descasque sobre a 
rendimento para urnarelax'oo positiva significativa, enquantoque os efeitos indirectos da massade 
100 sementes sobre o rendinzerito, atrav;: do massa de vagens-2 e da massa de 6dulos secos 
planta-', conzpensaront o efeito directo negativo da massa de 100 sementes para urza rela'do 
positiva significativa. Por outro lado, o alto tfeito directo do tenipo para a niatuira 'do no rendi

1. Lecturer in Plant Breeding, Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005, Morugoro. 
Tanzania. 

2. B.Sc. (Agriculture) Crop Science Option student. 1989 batch, at the above address. 

ICRISAT (International Crops Research Institute for the Seni-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa. 19-23 Mar 1990, Arusha. Tanania. Patancheru. A.P. 502 324. India: ICRISAT. 

45 



niento foi compensado para unsa rela-(o tlo significativa. pelos efeitos indirectos atrav: da 
/peuc'ntag'nm (t, de's('qit' (/he massf (It' 1t6duuos secos plat'a.wq 

Foi sutgerido qite a pitovisUo dnti huiidatc adeqtiti rtltrate dlese'iiolvitlettodos divdiilos. 
pote nelhor,-l a relti-to ente o tempo paraa niatufra',lo e o rendinento de graos. 

Introduction 

The task of developing higher-yielding grounidnut 
(Arac/iis /vwgaea L.) genotyp,.,s by the judicious 
combination of lines selected for their independent 
yield component iupcriorities is made considerably 
less rewarding by the almost universal occurrence of 
yield component compensation (Adams 1967). Yield 
is the result ol coinshi ned ee1cCt ol several quantitative 
characters. In a sytcii of variable interrelations, the 
indirect associations and hence ciun)en sation e l1cC ts 
become more complex and important. It is important 
to investigate the cause of these colpcnsatol y inech-
aniisin s to wintrulatc breedi ng stratcgies to eliminate 
adverse relationships. The indepencntI(direct) con-
tributions of' the con ponents upon yield can then be 
used to greater henelit. It is. therefore, desirable t) 
have numerical esti.ma tes of the independent contri-
biltion of e ,c coinmponen t to yield and to understand 
how the comnponents interact in compensatory pat-
terns during development. 

Although the study of the associations betv,eei 
pairs of dillerent characters and yield provides abasis 
for lurthier breeding plans, the correlation study does 
not reveal the direct and indirect contributions of in
dividual characters to yield. Thus, to have a clearer 
picture of the yield conponents tfr an eflectivye selec
tion program. it is desirable to consider the relative 
importance of the various characters through direct 
and indirect effats contributing to the observed cor-
relation. Palh coeflicient analysis (Wright 1921) has 
been ound useful in establishing direct and indirect 
causes of associations and allows adetailed examina-
tion of the specilic forces acting to produce a given 
correlation and a measure of the relative importance 
of each causal factor. It also provides inf'ormation 
about the dependence of yield on correlated charac-
ters and helps in the lormulation of selection indices. 

Materials and Methods 

The data were collected from an advanced yield trial 
conducted at Sokoine University of Agriculture, Mo-

rogort, Tanzania, during the 1989 cropping season 
(Reuben and Mrema 1990). 

Statistical analyses were based on plot means of 
the variables shown in Table I. The importance of 
each cau::al lactor was determined by path analysis of 
phenotypic correlations, each involving nine variable 
models for seed yield, according to Wright (1921) and 
as revised by Dewey and Lu (1959). The matrix pro
cedure of the statistical analysis system (Barr et al. 
1976) was used to solve the simultaneous equations 
(Appendix t) involved in the calculation of path coef
ficients. A generalized path diagram for the seed yield 
model is given in Figure 1. The dependent variable is 
designated as trait number 9. Traits I through 8 for 
each model are identilied in Figure 1. 

In the path diagram, the rij's are the correlation 
coeflicients between ith and jth trait and the Pi,'s are 
the direct effects of the ith trait on trait number 9 as 
shown. The indirect effect of one variable upon an
other was measured by the appropriate riJ Pi, compo
nent. The X variable represents all residual factors 
alfecting trait number 9 which are not accoutted for 
by the variables used in the model. 

Results and Discussion 

Results (Fig. I and Table 1) indicate that nodule dry 
mass plant-', time to 95% maturity (days), and pod 
mass m-2 had large positive direct effects on seed 
yield. On the other hand, shelling percentage and 100
seed mass had large negative independent influences 
on yield. 

2Pod mass -i- was highly and significantly (P < 
0.01) correlated (r = 0.87) with seed yield. This was 
due predominantly to its high positive direct effect 
(1.22) oti seed yield. 

The moderate but positive and significant (P < 
0.05) correlation (r = 0.57) between nodule dry mass 
plant-' and yield was due mainly to its large positive 
direct influence (1.075) on yield. However, this effect 
was reduced to amoderate correlation by the negative 
indirect effects of time to 95% maturity (-0.636) and 
100-seed mass (-0.228). The former was because of 
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the negative association (-0.40) bc'ween nodule dry 
mass and time to 95% maturity (days) and a large 
direct effect (1.590) of time to 95% maturity on yield. 

Time to 95% maturity (days) was not significantly 
related (r = 0.34) with yield. However, its direct con
tribution to yield (1.590) was large and positive. This 
relationship was influenced by the cumulative nega
tive indirect effects oa yield of time to 90% maturity 
through nodule dry mass plant-' (-0.430) and through 

percentage (-0.464). The relationship bet
ween maturity and yield was influenced by the nega

relationship (-0.40) between nodule dry mass 
plant-' 	 and time to 95% maturity, and the positive 
direct 	effect (1.075) of nodule dry mass plant-' on 
yield. Similarly, the negative indirect effect through 
shelling percentage was attributed to the highly significant (P < 0.01) positive relationship (r = 0.72) 
belween days to 95% maturity and shelling percent
agL and a relatively high negative direct contribution 

(-0.644) of shelling percentage on yield. 
Shelling percentage was moderately but signifi

cantly (P < 0.05) correlated (r = 0.57) with yield. This 
was because of its large indirect effect (1.145) 'on 
yield through time to 95% maturity and relativcly
large negaive direct effect (-0.644) of shelling per

on yield. The large indirect effect was attrib

uted to the highly positive direct effect (1.590) of time 
to 95% maturity on yield while the correlation (r = 

between shelling percentage and time to 95% 
maturity was positive and highly significant (P < 
0.01). 

The relationship (r = 0.52) between 100-seed mass 

and yield was positive and moderately significant (P
< 0.05). However, its direct effect (-0.672) on yield 
was relatively large and negative. The combined posi
tive indirect contributions to yield through pod mass 
m- 2 (-0.756) and through nodule dry mass plant-' 
(0.365) greatly compensated the negatike direct effect 
resulting in the moderately positive correlation bet
ween 100-seed mass and yield. The large positive 
indirect effect through pod mass m-2 was attributed to 
the .,'re and positive direct contribution (1.220) of 
pod mass on yield while asignificant (P < 0.05) posi
tive ,orrelation (r = 0.62) existed between 100-seed 
mass and pod mass m-2. 

Summary and Conclusions 
Path analysis suggests the importance of time to 95% 
maturity, pod mass r- 2, and nodule dry mass, in that 

order, in influencing seed yield directly. 
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Figure 1. A path diagram and coefficients of factor%, Pij"influencing seed Nield in the groundnut lines,. 
between variables, rij and x (residual). 
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The importance of compensation mechanisms in a positive value. This could be achieved by providing
the final relationship of the components with yield adequate soil moisture during nodule development as 
was revealed. Certain compensatory effects through this was certainly adversely affected by the low
indirect effects improved the relationships between (378.5 rm) and poorly distributed rainfall during the 
some variables and seed yield. For instance: cropping season. 

A. The indirect effect of shclling percentage on yield 
through time to 95% maturity compensated for
 
the negative independent effect of shelling per- References
 
centage on yield to a significant positive

relationship. Adams, M.W. 1967. Basis of yield component compensa-B. The indirect effects of 100-seed mass on yield tion incrop plants with special reference to the field bean,

-through pod weight n 2 and nodule dry mass Phaseohis vulgaris (L.). Crop Science 7:505-510. 
plant- 2 compensated for the negative direct effectof l (J0-seed mass to a significatnt positive Barr, A.J., Goodnight, J.H., Sail, J.P., and ltelwig, J.T.reltion"sh. m1976. 
relationship. 

A user's guide to SAS. 76, Raleigh. NC, USA: SAS 
Institute Incorporated.


On the other hand, some of the compensating

mcchanisms jeopardized the relationships between Dewey, D.R., and Lu, K.H. 
 1959. A correlation and path
the components and yield. For example, althougl, the coefficient analysis of components of crested wheat grass
inItepcndent effect of time to 95% maturity on yield seed production. Agronomy Journal 51:515-518.
 
was relatively large, the negative indirect effects Reuben, S.O.W.MI., and Mrema, 
 T.S.K. t990. Evaluation
through shelling percentage and nodule dry mass of advanced breeding lines at Morogoro, Tanzania. (See in
plant- I reduced this effect to a nonsignificant relation- this volume.) 
ship. The negative indirect effect of nodule dry mass 
plant-' could be offset by improving the relationship Wright, S.1921. Correlation and causation. Journal of Agri
between nodule dry mass and ttle to 95% maturity to cultural Research 20:557-587. 

Appendix 1. Simultaneous equations which express the basic relationship between correlation and path
coefficients in the groundnut lines as suggested by Dewey and Lu (1959). 

I. rig = P1g+r, P,+rl3 P39+rl 4 P4g+r 5 P5 9 +r 6 P69+r1 7 P79+rl 8 P89 
2. r, 9 = P2 9+r12 P,,+r23 P4 9+r, P59+r26

P3 9+r2 4 P6 9 +r, 7 P79 +r2 8  P89 
3. r39 = P39+r 1 3 P,+r,3 P, 9 +r3 4  P4 9 +r35  P.59 +r36 P6 9 +r37 P79 +r3 P8 9 
4. r4 9 = P49 +r1 4 Pi 9 +r, 4 P29 +r34 P3 9 +r45 P5 9 +r4 6  P6 9+r4 7  P89P7 9 +r48 
5. r59 = P.9g-ri PI,9+r,., P, 9 +r35  P39+r45 P49 +r 56 P69 +r5 7 P79+r5 8 P89 
6. = P P,,+r, 6r69 6 9 +r 6 P39 +r4 6P, 9 +r 36 P4 9 +r56 P6 9 +r67  P7 9+r6 8 P8 9 
7. r79 P79 +r1 7 P1 9 +r2 7 P,9 +r3 7 P39 +r. 7 P4 9 +r5.,7 P5 9+r6 7 P6 9 +r78 P8 9 
8. r89 = P89 +r, 8 Pi,+r, 8 P29 +r38  P3 9 +r48  P4 9 +r58 p.,+r, P6 9 +r78 P7 9
 

1= P 2 . 9+p 2
19 +p2,9+p2 3 9+P2 4 9 +P2 59+P269+P27 9+P28 9 +2Pi 9 r,2 P29+
 

+ 2Pigrt 3P39+2Pivrl4 P4)+2Pigr 5 P59+2Pgr i6P69+2Pi 9rl7P 79 +2P 9 r 8 P89 + 
+ 2 P29r,3+P 3 +2 P29 r,4 P4 9,5p59+2P 9r,6P69+2P 9r27p79+2P29r28Pp+ 

r37P59+2P 39r36p69+2P39r37P79+23+ 2 P39r34 49+2 P3 9 9 r38P 9+2p49r,pP59+ 
+ 2P9r 6P 9+2 P49r47P79+2Pgr48P89+2P5 9r56p69+2P 9rs7P79+2P59r Pp9+

2+ P69 r6 7P7 9 +2P 9 r6,8 P 9 +2P 79 r78P 89. 
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Discussion 

Stibrahmanyamn: What is the range of genotypes 
employed in your path coefficient analysis? Does this 
range cover all botanical types'? Does it cover a wide 
spectrum of maturity groups'? Is it not important to 
include a wide diversity of genotypes in a study like 
thi,? 

Reuben: Yes, i agree. We need to include a wide 
range of genotypes in a study like this. 

Sibuga: Somewhere in your conclusions you suggest 
that to offset the negative indirect effect of nodule dry 
mass plant', one would have to ensure adequate soil 
moisture during the period of nodule development. 
Ilow call you ensure the supply of adequate moisture 
when you are depending on rainfall, tileintensity and 
distribution of which are not easy to predict'? 

Reuben: I agree entirely that our economic and cli-
matic conditions will not easily allow availability of 
moisture during that critical period of development. 
But, at least, we have identified a problem through 
path analysis. How we can solve it, is another matter. 
Could we apply deliberate irrigation using tilemost 
economical way, i.e., just what the plant needs at that 
time? Another way is to sow earlier so that the critical 
stage of growtl" (i.e, nodule development) could coin
cide with the period of high rainfall. But this needs to 
be (lone only after making sowing-date experiments 
at that location. 

Schmidt: I was impressed by the indication of a di
rect effect of root nodule mass (difficult to assess) on 
grain yield (easy to measure). Do you not think this is 
more an indirect effect: improvement of N-availabil
ity leading to increased vegetative growth and leaf 
area thereby influencing grain yields? 

Reuben: Root nodule mass had a direct effect on 
grain yield but may have had other effects as well. We 
could include only eight variables but we would have 
liked to include more. 

Mayeux: Your work must have required much time 
to compute the data, but because we know groundnut 
must be harvested at the right time, do you think it 
will be also interesting to know the relationship bet
ween yield and other components such as evapo
transpiration, root system development, leaf area, and 
other vegetative developments, etc.? Can this be con

sidered to help scientists select varieties for specific 
environmental conditions? 

Reuben: Yes, I agree. In future we are going to in
clude all vegetative components. 

Doto: In the past, path analysis has been avoided 
because of the complex statistical operations in
volved. Do you now have a computer program that 
makes the operation simple? If so, what is the name 
of that program'? 

Reuben: Without a computer facility, we could not 
have easily undertaken this type of analysis. The 
methodology employed was that of Barr et al. (1976). 
A well-tailored program wvs not available. 

Isnael: You mentioned the use of path analysis to 
help breeders iii their selection. You did not analyse 
the correlation of canopy development with yield. Do 
you intend to include this in future analysis? 

Reuben: In future we will try to include other factors 
affecting yield. 
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Performance of Recently Released Commercial Groundnut
 
Cultivars in Tanzania 

F.F. Mwendal and M.G. Mpiri 2 

Abstract 

Groutindnuts (Arachis hypogaea L.) are grown in most parts of Tanzania by small-scale farmers. 
Local groundnut cultivars, together with the cultivars Red Mwitnnde and Natal Comnton, have been 
released to farmers from the late 1940s up to the present phase of groundnut improvement in the 
country. Recently two varieties were released to farmers: Nvota (Spancross), a short-season, 
spanish type; and Johari (Robut 33-1), a niediutn-ntturity, virginia type. A combined analysis over 
five locations, representing the major groundnut-growing agroecological zones and a range of 
different management regines, indicates that Nyota is still superior in yield while both Nyota and 
Johari are relatively more stable titan most other varieties tested. However, they are very susceptible 
to major diseases, especially leafspots. 

Sumdrio 

Comportamento de Cultivares Comerciais de Amendoim Recentemente Libertados na Tan
zania. 0 anendoin (Arachis h pogaca L.) e cultivodo na maior parte da Tanzania pot ag,-i
cultores de pequena escala. Cultivares de amendoin locais, em conjunto corn os cultivares Red 
Mwintutnde e Natal Comum,forain libertados para os agricultores, desde ofim dos anos 1940 ate d 
presentefase do nielhoramento do anendoim no pais. Recentemente, duas variedades torain liber
tadas para os agricultores: Nvota (Spancross). do tipo "spanish", de curta dral'do, e Johari 
(Robut 33-1), do tipo virginia, de ntatura 'do mdia. Urea andlise combinada sobre cinco locais, 
representando as principais zonas agroecol6gicas para a produt'dode anendoim, e umea gamna de 
diferentes regionus de maneio, indicou que Nyota j; superior no rendimento, enquanto que anibas, 
Nvota e ohari,sdo relativamnente mais estiveis que a ,naioria das variedades testadas. Contudo, 
elas sdo mnuito susceptieis os principais doen'as, especiahnente ianchas dasfilhas. 

Introduction cropping systems. In most parts of the country, local 
cultivars belonging to all three botanical groups are 

Groundnut (Arachis hypogea L.) is one of the major commonly grown (Mwenda 1987). Two additional 
grain legume crops in Tanzania. It is grown by small- cultivars released in the late 1940s are also grown by
scale farmers in most parts of the country where it is farmers in some parts of the country. Red Mwitunde, 
an important component crop in traditional mixed a long-season type of the virginia group, is widely 

I. Senior Breeder. Research and Training Institute. Naliendete. P.O. Box 509. Mtwara, Tanzania. 
2. Breeder at the above address. 

ICRIsAT IInternational Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Goundnut Workshop for 
Southern Africa. 19-23 Mar 1990. Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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grown in southeastern Tanzania while Natal Coin-
mon, a short-season type of the spanish group, is 
grown mainly in the central and western Tanzania. 
Breeding vork, which started in 1978, has resulted in 
ie identification and reconlmendation to farmers of 

two new varieties: Nyota (Spancross) released in 
1983, and Johari (Robut 33-1) relcased in 1985. 

Nyota is a,short-season spanish variety (90-100 
days) and Johari is a tnedium-duratiott variety (100-
12(1 days). This paper reports the performance of 
these two cultivars in trials contducted at various loca-
lions and in many seasons since their release. 

Yield Performance 

In advanced varietal trials, 12 elite varieties including 
the 2 recommended varieties %ere tested at ,iore than 
20 locations in the major groundiut-growing areas of 
the country. Local cullivars specific to each location 
were used as local controls, while the recommended 
varieties were used as high-yieldiing controls. In the 
1988/89 cropping season, a combined analysis was 
conducted on live of the test locations. These loca-

lions had been carefully selected to represent differ
ent agroecological zones and management regimes. 
For example, Tumbi, in the west, represents azone of 
inadequate and poorly distributed rain, characteristic 
of central and western Tanzania. It is far away from 
the breeding center and supervision is therefore difli
cult. Suluti, in southern Tanzania, represents a zone 
receiving long periods of adequate and well-distrib
uted rains. Naliendele, in tie southeast, is fairly rep
resentative of the light sandy soils of the coastal belt. 
It is the center of groundnut-breeding activities and 
has the advantage of good supervision and manage
mIent. Nachingwea and Mtopwa, also in the southeast, 
arc substations of this Institute and share the advan 
tages of Naliendele. These three locations are charac
terized by long periods of rain altrnating with 
frequent dry spells. 

These data were also subjected to a simplified 
pattern analysis technique (Singh and Chaudhary 
1977, pp. 253-280) to evaluate the stability of the two 
recommended cultivars. Results of these analyses are 
presented in Table I and Figure 1. The local control 
entries have becn otiitted frot the analyses as these 
were not common to all locations. 

Table 1. Mean seed yields or it selected groundnut genotypes at five locations in Tanzania, 1988/89. 

Entry 

ICGV-SM 83021 (ICGNS 21) 
69.62.2.5 
Red Mwiiunde 
1529 
ICGV-SM 83712 (ICGNIS 46) 

2-5 x Johari (Robut 33-1) 
Bebiano Encarnado 
Njoiobe 3 
ICGV-SM 83702 (ICGMS 36) 
Controls 

Nyota (Spancross) 
Johari (Robut 33-1) 

SE I. Varieties 
2. Locations 
3. Varieties x locations 

Location mean 

CV (%) 

Location and mean seed yield (I ha-1) 

NAL' NACI MTO' SUL' TUMi Mean 

1.691(1)2 
1.4X)(3) 
1.418(2) 
1.120(7) 
1.230(5) 

1.250(1) 
1.172(5) 
I.t088(6) 
1.243(2) 
1.006)7) 

1.338(1) 
1.204(3) 
0.927(9) 
0.938(8) 
1.059(7) 

0.866(7) 
0.965(2) 
1.049(1) 
0.881(6) 
0.664(11) 

0.592(16) 
0.860(2) 
0.568(11) 
0.630(9) 
0.688(5) 

1.157 
1.120 
1.010 
0.962 
0.929 

1.153(6) 
0.768(9) 
0.498(10) 
0.456(11) 

0.863(9) 
0.930(8) 
0.726(11) 
0.754(10) 

1.234(2) 
0.915(10) 
1.173(4) 
1.120(5) 

0.699(10) 
0.8,15(8) 
0.943(3) 
0.892(5) 

0.648(8) 
0.672(6) 
0.776(4) 
0.832(3) 

0.919 
0.826 
0.824 
0.811 

1.277(4) 
0.819(8) 

1.225(3) 
1.176(4) 

1.098(6) 
0.764(11) 

0.896(4) 
0.748(9) 

0.880(1) 
0.672(6) 

1.075 
0.836 

±24.43 
±16.47 
±54.63 

1.067 1.039 1.070 0.857 0.7 10 

5.1 

I. NAt. = Naliendele; MTO = Mtopwa; TUM = Tumbi; NAC = Nachingwea; SUL = Suluti. 
2. Numbers in parenthecs are rankings. 
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Figure 1. Genotype environment interaction of 
four selected groundnut genotypes at five locations, 
Tanzania, 1988/89. 

The yields of Nyota (Spancross) were comparable 
to the highest-yielding variety ICGV-SM 83021 
(ICGNIS 21). Significant yield differences between 
these varieties existed only at Naliendele. ICGV-SM 
83021 is a very recent introdu'hion and v.as included 
in the ad'.anced yield trials for the first time thi:; 
season following its good performance in previous
preliminary yield tests. ICGV-SM 83021 is currently 
the most serious competitor to Nyota, still considered 

highest-yiclding variet)tile Syears after its release. 
The variety 69.62.2.5, which did not differ apprecia
bly from Nyota at several sites, is a selection from 
Natal Common and one of the oldest varieties in our 
program. However, its performance is inconsistent 
and, therefore, does not 'nose any' threat to Nyota. 

Johari (Robut 33-1) %3s significantly less produc-
live than most other van 'ties under test. At several
sites, the yield of Johari was lower than those of 
ICGV-SM 83712 (ICGMS 46) and Red Mwitunde, 
all three of which belong to the same botanical group. 

Stability and Other Parameters 
For acrop grown in such awide range of agroclimatic 
environments, stability becomes one of the most de-

sirable properties of a genotype released for wide 
cultivation. Further it is a strong indicator of 
adaptability of a genotype. Resistance to the major
stresses-both biotic ones, such as diseases, and aboones, such as iroughts-are other desirable 

There ',ere highly significant genotype x environ
mnent inte:actions. However, Nyota and Johari inter
acted less strongzlv v,ith environment than most of theother varieties, e.g.. ICGV-SM 83021 (ICGMS 2i) 

Red Mwitunde (Fig.1).
Diseases. particularly early leaf spot, late leaf 

and rust, are amon- the major ceostraints togroundnut production in Tanzania. Reactions of se
lected genotypes to late leaf spot [ Phaeoisariopsis 
)er.onata (Berk. & Curt.) v. Arx] severity (Table 2)
indicate that the tvo commercial varieties are very
-usceptiblc to this disease, Nyota being the more 
susceptible. 

Table 2. Severity of late tear spot on selected groundnut 
genotypes, Naliendele, Tanzania, 1988. 

Mean laie
leaf spot

Entry 
 score'
 
Red Mvwitunde 
 5.0
 
ICGV-SM1 83702 OICGMS 36) 
 5.3
 
Johari (Robut 33-1) 
 6.7 
2-5 x Johari (Robut 33-1) 6.7
 
Nyota Spancrcss) 
 8.0 
1.Scored on a1-9 scale. ,'hcre I= No disease, and 9 = 50-100% 

folijge destroNsd. 
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Discussion 

Sibuga: In a paper presented at this workshop, Johari 
(Robut 33-1) was rated as susceptible to rust, late leal 
spot. and early leaf spot. What were the qualitie 
considered in releasing this variety? 

Mwenda: Despite the susceptibility to rust, late leal 
spot, and early leaf spot, it was giving higher yields 
than the local varieties. Therefore, it was released 
purely because of its yield potential. 

Subrahmanyam: Both Spancross and Johari (Robut 
33-1) are susceptible to late leaf spot and rust. 
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Groundnut Improvement Program in Uganda 

C.M. Busolo-Bulafu l 

Abstract 

Groundnut (Arachis hypogaea L.) is the second most widely grown grain legume in Uganda, the 
first being commnon bean (Phascolus vulgaris L.). Groundnut is very well establishedin the country 
and is well acceptedfor cultivation and consumption. Recent research efforts to improve groundnut 
yield and quality in Uganda are discussed. Performance of breeding lines grown during thefirst 
rainy season in 1989 is reported. 

Sumdrio 

0 Programa de Meihoramento de Amendoim do Uganda. 0 anendoim (Arachis hypogaea L.) 
j a segunda legumninosa de grdo mais larganientecultivada no Uganda, sendo a prineira ofeijdo 
conlun (Phascolus vulgaris L.). 0 ainendoim estd bent estabelecido no pals e 6 ben aceite para. 
cultivo e constnto.Neste artigosdo discutidosos recentes esfor'osda investigaqdoparanielhoraro 
rendimento e a qualidade do aniendoim no i, ida. 0 comportamento das linhas de melhora
inento, cudtivadasdurantea prineiraesta -dochuvosa de 1989, 9 relatado. 

Introduction was confined mainly to agronomic studies, and selec

tion and testing of promising varieties in the collec-
Groundnut (Arachishypogaea L.) has been grown in tion at Screre Researcl'. Station. This report highlights 
Uganda since 1862. It is now grown widely in the the various aspects of the groundnut research being 
country and mostly consumed locally. The use of undertaken in Ugail'.a to improve the crop. 
groundnut as a food and cash crop has increased sub
stantially because of an increased awareness of pro
tein shortages in Uganda. Groundnut is rich in Uses of Groundnut in Uganda 
proteins (25-35%) and fats (44-56%). Total produc
tion in the country is estimated at 140 000 t grown on Groundnut is a multipurpose crop. The seeds are con
175 000 ha. It was in 1962-63 that the first hybridiza- sm'med as roasted nuts. Groundnut flour is used in 
tion work was conducted on the crop in Uganda. The many of the dishes. Groundnut oil makes anlexcellent 
aim was to incorporate resistance to rosett, /irus dis- cooking medium. Groundnut cake, the by-product of 
ease in the potentially high-yielding cultivars by uti- oil extraction, is a ricl livestock feed because of its 
lizing resistant but poor yielders, and susceptible but high protein content. Ilowever, care must be taken to 
high-yielding ones. Until ! ien, groundnut research use clean, properly cured seed to avoid contamination 

1. Gruundnut Breeder, Namulonge Research Station, P.O. Box 7084, Kam-npala, Uganda. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990. Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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by aflatoxin, a metabolite of the fungus Aspergillus 
flavus. 

Groundnut is a good rotation crop as it improves 
soil fertility by fixing nitrogen through its symbiotic 
association with Ilhizobiwnt. 

Problems of Groundnut 
Production in Uganda 

in Uganda almost all the groundnut is grown by 
small scale farmers of limited means. The average 
dried pod yield of 0.8 t han compares unfavorably 
with 3 t ha- (ICRISAT 1987) obtained in countries 
with developed agriculture. However, yields of over 
2.5 t hat I have been achieved in experimental plots in 
some parts of the country, indicating agood potential 
to improve farmers' yields. Constraints to groundnut 
production in Uganda include disease and pest inci-
dence. The main diseases are rosette virus disease 
and early leaf spot (Cercospora arachidicola Hori) 
but others which deserve mention are bacterial wilt 
disease (Pseudomonas solanaccarwn), rust, and stein 
rot caused by Sclerotiin roljsii. The insect pests in-
elude aphids which are vectors of the rosette virus, 
thrips, and white grubs (Scarabaeidae). Termites also 
cause damage in some areas. Other constraints in
clude unreliable rainfall in some areas, with recurring 
drought, lack of high-yielding cultivars, poor 
agronomic practices, and little or no use of fertilizers. 
Storage diseases and pests are also a serious problem. 
These include Aspergilhusflavi's, moths, flour beetles 
(Tribolium spp), grain beetles (Orvzaephilus spp), 
etc., and occur especially when the pods are not prop-
erly dried or are stored in damp places. 

Current Status of Groundnut 
Improvement in Uganda 

To attain improved yields and good quality, selection 
and breeding efforts were initially directed at deve-
loping genotypes with resistance to the major dis-
eases and pests (rosette virus disease, early leaf spot, 
bacterial wilt), early maturity, resistance to drought 
and to field sprouting, good storage quality, and high 
protein or oil content. In future, full use will be made 
of the germplasm developed by ICRISAT on acollab-
orative basis. New varieties can be developed fairly 
rapidly (2-3 years) from the ICRISAT germplasm, 

but they have to be carefully screened and tested for 
adaptability in the different agroecological zones. 

Groundnut Research Projects 
Breeding for resistance to rosette
 
virus disease
 
The objective of this project isto develop cultivars 
resistant to rosette with acceptable agronomic and 
commercial qualities. 

Rosette is one of the mnior diseases of groundnut 
in Uganda. It is a virus disease transmitted by aphids 
(Aphis 'racc'ivora).Heavy infestation may result in 
complete crop failure. Effective chemical control of 
the vector is possible, but it is too costly for tie peas
ant farmer. The use of resistant varieties would be a 
much cheaper alternativ-. 

We have evaluated seven lines derived from three 
crosses, together with the source of' resistance, and 
one commercial variety, i.e., Roxo, in different 
agroecological zones. Four of these lines, i.e., Y6, 
X3, Al' 5 (138/2/3/3), and AT 5 (139/6/4/1) gave sig
niticantly higher yields than the resistant parent in a 
preliminary yield trial (Table 1). It is hoped to ielease 
at least one of these in the near future. 

Table 1. Yields of breeding groundnut lines and control
 
..arieties for first rains, N-mulonge Research Station,
 
Uganda, 1989.
 
Breeding tin/ Yield (in shell) of
 

genotype dry pods (t ha-') 

Y6 1.687 a'
X3 1.562 ab 

ATI 261/5/2/8 1.243 be 
AT4 107/2/4/3 1.1133 c
AT5 138/2/3/3 1.543 ab
AT5 138//3 1.543 a 
AT4 73///1 1.1882c
AT4 74/3/5/3 1.1177 c 
295 (Resistant parent) 1.1072 c 
Control 

Roxo 1.597 ab 

CV (%) 23.5 

I. Column means followed by the same telter(s) do not differ signifi
cantly at the 5%level of probability (P<0.05), according to Dun
can's Multiple Range'rest. 
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Mutation breeding b. early leaf spot and late leaf spot [Pha
eoisariopsispersonata (Berk. & Curt.) v. 

The obj.ctive of this project is to utilize induced mu- Arx.1. 
tatior. as a method of breeding groundnut to improve * To shorten the maturity period of high-yielding
gr';in yield, quality, disease resistance, earliness, and varieties so that they can adapt better to the rain
,daptability. fall pattern of the main growing areas. 

Until 1976. the only method to create genetic vari- 9 To improve seed uniformity, size, and quality
'tion in Uganda was controlled cross pollination. For mainly of Red Beauty variety.
this technique to give the best results, emasculation 9 To reduce plant height (in variety Roxo) by short
has to be conducted at night (about 2100) and pollina- ening the intcrnodes so that more flowers are pro
tion in the morning (between 050W atid 0700). This is duced near the ground. 
inconvenient and time-consuming. The technique also 
does not produce many F, seed in groundnut. In this program, preliminary yield data have 

Induced mutations have been used as an alterna- shown considerable increase in yield of one mutant 
tive, complementary, or unique solution in crop ir- (13/17/31/2/21) as compared with the control variety
provement (MacKey 1981), in addition to Roxo (Table 2). There are indications that mutation 
conventional methods. The advantages of induced breeding can be apotentially valuable tool when yield
mutations are that mutants can often be produced at is considered. It is hoped that one of these mutant 
high frequency, in a short time, and in selected ge- lines will be released to the farmer; after other pa
netic background (MacKey 1981). Several mutant rameters have been considered. 
groundnut varieties have been produced in various 
countries, especially in India and the USA (Gregory
1966). Breeding short- and medium-

In 1976, we initaed a mutation breeding program duration varieties resistant to leaf 
to broaden the genetic base in groundnut and to 
achieve some of the following breeding objectives: spots 
* To improve resistance to Early and late leaf spots are the most important foliar 

a. rosette virus disease transmitted by aphids, and fungal diseases of groundnut in Uganda. The loss 

Table 2. Yields of mutant groundnut lines and control varieties at three locations for the first rains, Namulonge
Research Station, Uganda, 1989. 

Mutant line/ 
genotype Namulonge 

Yield of dry pods (t ha- I )
Iki lki Kisindi t 

Mean yield
(t ha-1) 

32/25/11/6/1 
32/25/I 1/1!32 
321254/1,9/18 
32/25i 11/6/1) 
32/25/44/9 

1.15 a2 

1.26 a 
1.13 a 
1.32 a 
1.24 a 

1.08 b2 

1.38 a 
1.06 b 
1.03 b 
1.07 b 

2.52 ab2 

2.40 bc 
1.74 e 
2.44 be 
1.98 d 

1.58 
1.68 
1.31 
1.59 
1.43 

32/25/8/2 
13/17/31/,2l 
13/17/31/21/25 

1.13 a 
1.12 a 
1.12 a 

1.03 b 
1.23 a 
1.16 b 

2.57 a 
2.72 a 
2.03 d 

1.58 
1.69 
1.44 

Controls 
BI (parent) 
Roxo 

1.16 a 
1.17 a 

1.03 b 
1.64 a 

1.75 e 
2.35 c 

1.31 
1,72 

CV (%) 10.5 19.9 18.5 
I. IN' trial at Kisindi Farm was given on ridges.
2. Column means followed by the same letter(s) do not differ significantly at the 5%level of probability (P< 0.05), according to Duncan's 

Multiple Range Test. 
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varies in magnitude and can be up to 80% in very 
severe infections, depending on the stage at which the 

crop is attacked. Considering the high cost of chemi-
cal control of the diseases, the most practical alterna

tive is to develop and use resistant varieties. 

Several sources of resistance are available, e.g., 
Kanyoma, Makulu Red, Mani Pintar, 292, RMP 12, 

and 295 but most of them are late maturing (4-5 

months). Such varieties are only suitable for areas 
with unimodal rainfall patterns. Most of the ground-

nut-growing areas have bimodal rainfall patterns of 
about 90-110 days duration. Our aim is, therefore, to 
breed short-duration varieties that are adapted to the 
short rainfall season. 

We are evaluating and selecting within half diallel 

crosses involving 10 parents. The materials are now at 

the F , generation and preliminary yield trials of 

promising lines will begin during the second rainy 

season in 1990. 

Breeding for resistance to bacterial 
wilt disease 

Bactcrial wilt of groundnut has been observed in 

some areas of central and northwestern Uganda. 
Losses because of this disease can be severe if the soil 
is heavily infested. Tile disease is soilborne and, 
therefore, difficult to control chemically. The most 
effective means of control is the use of resistant 
varieties. 

We have started screening germplasm accessions 
including those reported to be resistant. These in

clude Kanyoma, ICG 5313, ICG 7393, ICG 6417, and 
ICG 7968. Congo Red, Red Beauty, and Roxo are 

being used as controls. Hybridization work might be 
considered if resistant genotypes cannot be directly 
used as cultivars. 

Germplasm collection, maintenance, 
and utilization 

The objectives are to build a gene bank through col-
lection and conservation of local and exotic varieties 
as well as landraces. 

Our collection at Serere Research Station had 

about 650 accessions in 1986. But because of inse-
curity in the area, some were lost and we now have 
about 350 accessions. We are planning to request 

more from ICRISAT. Tile accessions are maintained 
by active regeneration, because of lack of cold 
storage. 

Maintenance breeding 

The objective of maintenance breeding is to maintain 

and evaluate cultivars released by the Uganda Seed 
Project (USP) for stability. 

Int conjunction with the USP, we are currently 
maintaining Red Beauty and Roxo varieties. The 

work is being carried out on the Seed Farm of USP at 
Kisindi in Masindi district. 
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Discussion 

Ismael: From your presentation, I gather that you 
have a very extensive research program. Do you have 
sufficient resources to carry out successfully all these 
programs? 

Busolo-Bulafu: Each project is limited and we deal 
with few lines. 

Ismael: Don't you think it would be better to select a 
few projects and allocate some resources to each so 
that you can achieve your aim much more efficiently 
and quickly? 

Busolo-Bulafu: We have certain priorities and in 
practice we terminate the project when a new one is 

begun. 
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Haciwa: What progress has been achieved in muta
tion breeding as regards the objectives listed in the 
paper? 

Busolo-Bulafu: Different varieties have shown de
sirable qualities in some aspects but no mutant has 
combined all the qualities that were sought for in the 
objectives. 

Hildebrand: What is the background of your rosette 
resistant parent (295)? 

Busolo-Bulafu: It is from Senegal. 

Hildebrand: Is it hypogaea orjastigiata? 

Busolo-Bulafu: I think it is virginia. 

Musanya: Yields at Kisindi appear to be much 
higher than those from the other two sites and accord
ing to the footnote, the varieties were sown on ridges. 
Is it common to grow groundnuts on the flat and not 
on ridges? 

Busolo-Bulafu: In Uganda, groundnut is grown on 
the flat. At Kisindi, it was grown on ridges by the 
management; it is not acommon practice. 
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Achievements of the Zambia Groundnut Improvement 

Program 

M.B. Syamasonta' 

Abstract 

The results of the groundnut (Arachis hypogaca L.) improvement program of Zambia during the
1987188 and 1988/89 cropping seasons are disctssed. One long-durationcultivar M 13, which had
consistently yielded better than the control cv Chalimbana, was releasedin 1988 as MGS ,. Two 
other long-duration varieties ICGV-SM 83708 (ICGMS 42) atd4a18/2, which have yielded better
than control cv Makulu Red, have been prereleased. Three short-duration spanish varieties, ICGV-
SM 83002 (ICGMS 2), ICGIV-SM 83005 (ICGMS 5), and ICGV-SM 83011 (ICGMS 11) have shown 
promise and been found suitable for low-rainfall areas. 

Sumdrio 

Resultados Conseguidos pelo Programa de Melhoramento de Amendoim da Zambia. Sdo
discutidos os resultados do progranade melhoramnento de antendoini (Arachis hypogaea L.) da
Zambia, durante as esta'Oes agricolas de 1987/88 e 1988/89. Um cultivar de longa durafdo. M 13, 
que teve ton rendinento consistentemente melhor que o do controlo, cv. Chalimtbana, foi libertado 
em 1982 como MSG 2. Duas outras variedades de longa dura 'do, ICGV-SM 83708 (ICGMS 42) e
4a/8/2, que tiveram rendinentos mnelhores que o controlo, cv. Makuht Red, foram pri-libertadas.
Trs variedades "spanish" de ciclo curto. ICGV-SM 83002 (ICGMS 2), ICGV-SM 83005 (ICGMS
5) e ICGV-SM 83011 (ICGMS 11) mostrarain-se pronissoras e adequadas para dreas de baixa 
precc/flta1o. 

Introduction groundnut production to extension personnel, seed 
services, and groundnut growers.

Prior to 1979, the groundnut (Arachis hypogaea L.) 
research program involved mostly varietal testing and
agronomic studies. These studies resulted in the re- Ealuation of Long-duration
lease of cv Makulu Red in 1964. Research conducted 
thereafter was intensified to cover an enlarged germ- Varieties 
plasm collection, the evaluation of long-duration ge
notypes, development of a hybridization program to Two advanced groundnut varietal trials, consisting of 
cater to local needs, and the bulking of breeder and 10 promising lines and local cultivars as control were
prebasic seed under rigid control. Extension activities conducted at four locations representing different 
were directed at dissemination of technology for agroccological zones during the 1987/88 and 1988/89 

I. Groundnut Breeder and Coordinator, Msekera Regional Research .tation, P.O. Box 510089, Chipata, Zambia. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop forSouthern Africa, 19-23 Mar 1990, Arusha. Tanzania. Patancheru. A.P. 502 324. India: ICRISAT. 
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col 
S Table 1. Performance of selected oil type virginia entries in advanced groundnut variety trials at four locations, Zambia, 1987/88 and 1988/89. 

Seed yield (t ha-1) 
Percentage over 

Msekeral Masumba Chisamba Kabwe Entry Mean control 
Entry 1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 

Flamingo 1.09 0.47 0.33 0.94 2.47 0.32 1.67 1.89 1.20 0.91 100 98 
Gambia Bunch D 1.24 0.61 0.51 1.05 2.62 0.28 1.67 1.60 1.36 0.91 113 98 
ICGV-SM 83702 
(ICGMS 36) 0.95 0.58 0.39 0.92 2.81 0.27 1.59 1.59 1.25 0.84 104 90 

MGS 3 1.35 .2 0.46 - 2.55 - 1.71 - 1.31 - 109 
MGS 4 1.34 0.96 0.75 1.47 2.91 0.20 1.67 1.85 1.46 . 12 122 120 

MGS 5 
MGS 6 

1.26 
1.09 

0.73 
0.60 

0.45 
0.41 

0.99 
0.94 

2.46 
2.66 

0.27 
0.20 

1.90 
1.29 

1.24 
1.5C 

1.18 
1.18 

0.81 
0.92 

98 
98 

87 
99 

P 12/5/I 0.99 0.95 0.36 1.02 2.22 0.21 1.18 1.61 1.20 0.95 100 102 
SAC 58 1.19 - 0.27 - 2.27 - 1.61 - 1.15 - 96 
Control 

Makulu Red 1.14 0.53 0.46 1.06 2.48 0.27 1.42 1.78 1.20 0.93 

SE ±0.039 40.011 -0.033 ±0.(76 ±0.137 ±0.036 ±0.147 ±0.' 6 

Trial mean (14 entries) 1.16 0.65 0.44 1.10 2.56 0.28 1.55 1.69 

CV 4%) 7 23 17 14 12 25 21 20 

I. Regional Remarch Station. 
2. Not included in 198819W. 



cropping seasons. One trial compared oil-type entries 
with cv Makulu Red, and the other compared confec-
tioncry-type entries with cv Chalimbana. The design 
was a randomnized block with four replications, and 
plots consisted of four rows, 6 m long, spaced 0.75 in 
apart. Seed was sown on i idges at aspacing of 10 cm. 

Significant differences were observed in yields of 
oil-type entries at all the locations in both the seasons 
(Table I). Four entries, i.e., ICGV-SM 83702 
(ICGMS 36), MGS 3,Gambia Bunch D. and MGS 4 
(ICGV-SM 83708 or ICGMS 42), significantly out
yielded the conrol Makulu Red in the 1987/88 season. 
In the 1988/89 season only MGS 4 (ICGV-SM 
83708) significantly outyielded Makulu Red. 

Both Flamingo and MGS 4 recorded higher shell
ing percentage (77%) compared to Makulu Red 
(72%). Four other entries recorded significantly
higher 100-seed mass than that of Makulu Red (53 g). 
These fou," entries are MGS 3 (66 g), MGS 4 ,62 g), 
Flamingo (59 g), and P12/5/1 (59 g). All entries ma-
tured 2-12 days later than Makulu Red (134 days). 

In the 1988/89 season, shelling percentages Wefe 
nonsignilicantly different at Msekera and Masumba, 
but at Chisaniba and Kabwe significant differences 
were observed among the test entries. Entry 6/6/5 
recorded the highest shelling percentage (70%) and 
was significantly superior to Makulu Red (58%). En-
tries also differed significantly in 100-seed mass at all 
tie locations. The mean 100-seed mass was highest at 
Kabwe, with 8/8/I and HYQ(CG)S/10 (83 g) record-
ing signifi,-antly larger seed masses than Makulu Red 
(73 g). 

High overall leaf spot severity was observed at 
Msekera, possibly because of the high rainfall re
ceived in February and March 1989. With the excep
tion of Gambia Bunch D and MGS 5 (rating 6) the 
remaining entries recorded a rating between 7 and 9 
on a 1-9 scale (1-2 = no disease, 3-6 = medium, and 
7-9 = severe). 

Among the confectionery-type entries, significant 
differences in seed yield were recorded in 1987/88 
(Table 2). All the entries recorded higher mean seed 
yields than the control Chalimbana. MGS 2 yielded 
the highest, and had superior shelling percentage 
(68%) compared to Chalimbana (64%). Mean leaf 
spot sevei ity ranged from 5.6 at Kabwe to 9 at 
Msekera. 

In the 1988/89 season, seed yields were low but 
differed significantly among entries (Table 2). How-
ever, all entries except Ch. 88,74 performed better 
than Chalimbana by margins of 7% to 34%. Entries 
16/10/16, 16/10/11, and MGS 2 were among the best 

yielders. Significant differences in shelling percent
age were recorded only at Masumba. Entries 16/10/16 
(69%) and MGS 2 (68%) showed a higher shelling 
percentage than the control Chalimbana (64%). Leaf 
spot severity, 100-seed mass, and defoliation percent
age were significantly different among entries at 
Msekera and Masumba. The highest 100-seed mass of 
83 g was recorded at Masumba by MGS 7 while 
Chalimbana recorded 77 g. 

SADCC Regional Groundnut 

Yield Trials
 

Virginia 

Twenty-five entries were sown in a 5 x 5 lattice de
sign at Msekera and Chisamba in the 1988/89 season. 
The trial at Chisamba was destroyed by heavy rains. 

Eight entries outyielded the control variety 
Makulu Red (Table 3) by margins of 8% to 57% 
(ICGV-SM 86751). !CGV-SMs 86725 and 86720 had 
greater shelling percentages than Makulu Red, while 
only one entry, ICGV-SM 87707, recorded signifi
cantly (P < 0.05) higher 100-seed mass. 

Moderate mean leaf spot severity (rating 6.9) was 
observed in the trial. Entry ICGV-SM 86751 re
corded the lowest leaf spot severity (rating 4.8) com
pared with Makulu Red (rating 7.0) and MGS 2 
(rating 6.5). Sucking pest damage rating ranged from 
1.9 to 5.1. Entry ICGV-SM 86703 showed tolerance 
to sucking pests. 

Spanish 

Twenty-five entries were sown in a 5 x 5 lattice de
sign at Masumba and Mochipapa. 

On an average, across the two locations, nine en
tries significantly outyielded the control variety 
Comet (0.68 t ha-:). Three entries, ICGV-SMs 85038, 
87003, 3nd 83005, gave impressive seed yields. Shel
ling percentage ranged from 57% to 77% and is con
sidered extremely good for spanish types. Mean leaf 
spot ratings, 100-seed mass, and defoliating and suck
ing pest ratings were significantly different at both 
locations. At Masumba, leaf spot severity rating 
ranged from 4.4 to 8.3, while at Mochipapa it ranged 
from 2.1 to 5.0. 

At Masumba, ICGV-SMs 85001 (rating 3.3) and 
83005 (rating 3.9), showed good toierance of sucking 
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Table 2. Performance of selected confectionery-type virginia entries in advanced groundnut variety trials at four locations, Zambia, 1987/88 and 1988/89. 

Seed yield (t ha-1) 

Msekcral Masumba Chisamba Kabwe 2 Entry mean Percentage over control 
Entry 1987/88 1988/89 1987/88 1988/89 1987/88 1988/89 1987/88 1987/88 1988/89 1987/88 1988/89 
8/8/19 
16/10/11 
16/10/16 
Ch. 147/80 
MGS 7 

1.01 
1.11 
1.02 
0.64 
0.71 

0.45 
0.38 
0.47 

-2 

0.33 

0.54 
0.44 
0.42 
0.27 
0.42 

0.74 
1.06 
1.25 

-

0.85 

2.65 
2.67 
2.58 
2.34 
2.56 

1.11 
1.17 
1.14 

-

1.01 

1.55 
1.49 
1.33 
1.33 
1.21 

1.26 
1.22 
1.19 
1.15 
1.12 

0.76 
0.87 
0.95 

-

0.73 

138 
134 
131 
126 
123 

107 
123 
134 

-

103 
Ch.83[74 
Ch.83Pl86 
E879/6/4 
MGS 2 

0.70 
0.64 
0.77 
1.30 

0.34 
-

-

0.63 

0.32 
0.36 
0.28 
0.51) 

0.57 
-

-

1.19 

2.15 
2.57 
2.51 
2.98 

1.09 
-

-

0.93 

1.15 
1.30 
1.12 
1.39 

0.95 
1.21 
1.17 
1.32 

0.67 
-

-

0.92 

104 
133 
128 
145 

94 
-

-

130 
Control 
Chaliinbana 0.56 0.32 0.29 0.75 2.14 1.06 1.11 0.91 0.71 100 100 
SE3 

±0.030 ±0.007 ±0.039 -0.053 ±0.150 ±0.073 -0.063 

Mean 0.85 0.50 0.39 0.99 2.51 1.03 1.30 

CV (%) 7.8 21.8 22.3 21.8 13.3 18.5 13.7 

I. Regional Research Station. 
2.Not iacludcd in 1988X/9. 

3. Statistic for 16entries. 



Table 3. Performance of 25 virginia entries in SADCC Regional Groundnut Variety Trial, Msekera, Zambia, 1988/89. 

Plant Seed Time to ELS 

Entry 
density 

(%) 
yield 

(t ha-') 
Shelling 

(%) 
maturity 
(days) 

score] 
(1-9) 

100-seed 
mass (g) 

ICGV 336 
ICGV 749 
ICGV-SM 83708 
ICGV-SM 85718 
ICGV-SM 85726 

71 
75 
82 
63 
87 

0.58 
0.89 
0.57 
0.56 
0.46 

70.8 
69.0 
60.5 
68.8 
62.3 

130 
146 
130 
!27 
129 

7.8 
6.5 
7.3 
7.0 
7.3 

43 
47 
46 
43 
33 

ICGV-SM 85727 
ICGV-SM 86751 
ICGV-SM 85752 
ICGV-SM 86753 
ICGV-SM 85764 

75 
69 
75 
70 
72 

0.62 
1.05 
0.80 
0.91 
0.47 

67.1 
58.4 
54.5 
56.9 
65.2 

146 
146 
146 
146 
127 

6.8 
4.8 
5.5 
6.3 
6.8 

40 
41 
35 
33 
46 

ICGV-SM 86715 
ICGV-SM 86719 
ICGV-SM 86720 
ICGV-SM 86722 
ICGV-SM 86725 

64 
68 
81 
75 
81 

0.73 
0.53 
0.53 
0.99 
0.65 

67.3 
63.9 
72.1 
56.9 
71.9 

146 
134 
127 
146 
127 

6.5 
7.0 
7.8 
6.0 
9.0 

50 
43 
44 
34 
45 

ICGV-SM 86703 
ICGV-SM 86704 
ICGV-SM 86708 

69 
65 
55 

0.54 
0.34 
0.36 

03.5 
70.6 
69.1 

134 
126 
127 

7.5 
9.0 
8.8 

43 
34 
5I 

ICGV-SM 86734 
ICGV-SM 86737 

65 
75 

0.90 
0.66 

7i.8 
64.4 

146 
146 

6.8 
6.8 

47 
47 

ICGV-SM 86760 
ICGV-SM 86761 
ICGV-SM 87707 

63 
57 
56 

0.73 
0.64 
0.65 

70.3 
62.9 
65.3 

146 
146 
146 

6.5 
6.8 
6.0 

49 
48 
51 

Controls 
MGS 2 
Makulu Red 

73 
71 

0.48 
0.67 

67.6 
70.0 

134 
146 

6.5 
7.0 

45 
47 

SE ±6.6 ±0.089 ±3.1 ±0.06 ±0.21 ±1.5 
Trial mean 70 0.65 65.6 138 7.0 43 
CV (%) 19 27 10 - 7 7 

I. Scored on a1-9 scale, where I = No disease, and 9= 50-100% of foliage destroyed. 

pest damage. At Mochipapa, sucking pesi: damage 5 years of on-station testing was 2.5 t ha-1. 
ranged from 3.8 to 6.8. Pod damage and pod scar- In the same year ICGV-SM 83708 (ICGMS 42),
ification by soil ps.:ss were of no economic impor- from the SADCC/ICRISAT Groundnut Project, Mal
tance in this trial. awi, was accepted for prerelease as MGS 4. Genotype 

4a/9/2 from Zimbabwe was accepted for prerelease as 
MGS 3 in 1989. These varieties have superior seedAchievements characteristics and yield than Makulu Red. 

A virginia runner, M 13, developed at the Punjab 
Agricultural University, India, was released as MGS 
2 in 1988. MGS 2 was found to be superior (25%) to Discussion 
Chalimbana in seed yield, tolerant to early leaf spot or 
Cercospora arachidico!a (5%), and superior in shell- Chinganga: How many accessions of groundnuts do 
ing percentage (5%) but is 17 g inferior to Chalim- you have in your germplasm collection? Do you have 
bana in 100-seed mass. Mean seed yield of MOS 2 in a collection of wild relatives of groundnuts? 
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Syarnasonta: Tie Zambian Groundnut Improvement 
Programme has got more than 1000 accessions of 
groundnuts. Unfortunately, it does not include wild 
relatives of groundnuts. However, when a need for 
these arises, they will be collected for use in the 
crossing programs. Also, tht. SADCC/ICRISAT 
Groundnut Project has got a good collection of wild 
relatives of groundnuts and when the Zambian pro
gram needs these they could make a request to the 
SADCC/ICRISAT Groundnut Project. 

Wanchinga: It is important for national programs to 
indicate clearly in their presentations what contribu
tions the regional program is making to the develop
ment of the necessary germplasn at the national level. 
This quantification is of interest to SACCAR as well 
as the donors who support the program. 
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General Discussion on Breeding 

Syamasonta: Is there any program in the region 
which is trying to use groundnut plant residues as 
livestock feed? 

Ndunguru: In West Atrica this is very important but 
in the SADCC region it seems no program is using 
it, but it is worthy of investigation. 
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Production Constraints
 
and Stress Resistance
 



Drought Effects on Growth and Aspergillus Infestation 
of Groundnut Cultivars in West Africa1 

D.C. Greenberg2, J.H. Williams 3, F. Waliyar4 , and B.J. Ndungurus 

Abstract 

Groundnut (Arachis hypogaea L.) genotypesfrom SADCG/ICRISAT Groundnut Project(Malawi), 
ICRISAT Center(India), and West Africa were evaluated for growth rates, partitioning to reproduc
tive components, anid susceptibility to Aspergillus spp in five stress environments. Poor partitioning 
observed in genotypesfrom the SADCC region may be indicative of greater susceptibility to stress 
during the reproductive stage than lines with proven drought resistance. Most SADCC lines were 
also found to be nore susceptible to seed infection by Aspergillus flavus and A. niger than the 
established West African cultivars. 

Sumdrio 

Efeito da Seca no Crescimento e na Infec3iio corn Aspergillus de Cultivares de Arnendoim na 
Africa Ocidental. Gen6tipos de anendoim (Arachis hypogaea L.) do Projectode Amendoim da 
SADCC/ICRISAT (Maldwi), ICRISAT-Centro (India) e da Africa Ocidental, foram avaliados em 
cinco ambientes de stress no respeitante cis suas taxas de rescitnento, parti fio para os compo
nentes reprodutivos e pela susceptibilidade ao Aspergillus sp. A pobre partido dos gen6tipos 
provenientes da regido di SADCC, pode ser indicador duma maior susceptibilidade ao stress, 
durante o estddio reprodutivo, em relax'do a linhas de comprovada resistncia o seca. Foi ainda 
determinado que a iatoriadas linhas da SADCC sdo mais susceptiveis d infec do da semente com 
Aspergillus navus e A. niger, do que os cultivares da Africa Ocidentalij estabeleci.los. 

Introduction combinations of drought stress, heat stress, and nutri
ent stress and may become more susceptible to dam-

Drought is a common problem facing dryland age by diseases or pests. Drougt is commonly 
farmers of the semi-arid tropics. Droughts are com- associated with low atmospheric humidity, which can 
plex situatior.. and crops may experience various in its own right reduce the proportion of flowers that 

I. Paper was presented by Dr B.J. Ndunguru. 
2. Principal Groundnut Breeder, ICRISAT Sahelian Center, B.P. 12404, Niamey, Niger (via Paris). 
3. Principal Physiologist at the above address. 
4. Principal Ground'u, ':'hologist atthe above address. 
5.Principal Groundi.ut Agronomist and Team Leader at the above address. 

ICRISAT Conierence Paper no. CP 469. 

ICRISAT (International Crop- Research Institute E.the S&ni-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar ,91.'.Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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form pods in groundnuts (Arachis hypogaea L.) (Lee 
et al. 1972, The development of genotypes that arc. 
more productive under drought-stress conditions isan 
important objective of the ICRISAT groundnut im-
provement programs. 

Research on the effects of drought may be facili-
tated by the use of many useful statistical and process-
based models to analyze yields achieved by crops. 
Firstly, breeders commonly use the stability analysis 
methods proposed by Finlay and Wilkinson (1963) 
and modified by Eberhart and Russell (1966) to assist 
in selection of genotypes with stability of yield over a 
range of environments. These methods have gained 
widespread acceptance and are used in this paper 
without detailed discussion of the methedology. 

Secondly, for indeterminate crops, Duncan et al. 
(1978) proposed that yield differences could be an
alyzed against tl:e model: 

Y = C x d x p 

where Y is the yield, C is the mean crop growth rate, 
d is the duration of reproductive growth, and p is the 
mean fraction of crop growth partitioned towards the 
reproductive sink. This approach has the advantage of 
separating the determination of yeld into distinct in-
dependent prccesses and allowing an understanding 
of the various attributes of genotypes. To date, there 
have been many analyses of the yields of various 
crops exploiting the Duncan et al. 1978 model. These 
analyses have been restricted to few treatments be-
cause of the perceived need to undertv.e growth anal-
ysis to determine the C and p components of the 
model and have not been applicable for the selection 
of genotypes. However, J.H. Williams and V.M. 
Ramraj (ICkISAT Center, india, personal communi-
cation, 1989) have shown that final vegetative amid 
reproductive yield data combined with limited phe-
nological observations (times from sowing ,o flower-
ing and harvest) can provide good estimates of the C 
and p determinants of yield without the need for de-
structive growth analysis. This approach, when ap-
plied to a large numbers of chickloa (Cicer arietinum 
L.) lines, has been effective in determining the scope 
for genetic improvement (J.H. Williams and N.P. Sax-
ena, ICRISAT Center, India, personal communica-
lion, 1989). 

The most commonly perceived effect of droughts 
is loss of yield. But, in the case of groundnuts, 
duti;ght over the period that the crop is approaching 
maturity (end-season drought) results in increased in-
fection of the pods by Aspergillus spp with attendant 

deterioration in quality (Zambettakis et al. 1981; 
Mehan et al. 1988). 

Tile SADCC/ICRISAT Groundnut Project in Mal
awi has not so far been able to screen groundnut 
material for drought responses in a systematic way, 
but this has been done for some SADCC lines pro
vided to the West African Groundnut Improvement 
Program and which have performed well in western 
Africa. This paper compares the drought responses of 
these lines to those of the western Africa released 
cultivars, for the stability of their C, p, and yields in 
live quantified water-supp!y environments. I also re
ports on the relative susceptibility of these lines to 
Aspergillus spp in a situation where a terminal 
drought stress was imposed at about 50% pod-fill 

Materials and Methods 

The results presented in this paper come from two 
trials grown at the ICRISAT Sahelian Center, 
Niamey, Niger, in 1989. These trials used 36 ground
nut lines of which 4 were from the SADCC/ICRISAT 
Groundnut Project, 5 from the Niger national pro
gram, 2 from national programs in India, and 25 from 
ICRISAT Center. The first trial was sown on 2 Febru
ary in the dry season. This trial was asplit-plot design 
with three irrigation treatments replicated three times 
as the main plots. The quantity of irrigation given was 
calculated by estimating the potential evapotranspira
tion (PET) according to the Penman (1948) equation, 
and multiplying this ligure by five. In the three irriga
tion treatments, the calculated quantity was applied 
once every 5, 10, or 15 days, giving these treatments 
100%, 50%, and 33% of the PET. All treatments were 
given sufficient irrigation to establish the crop and the 
different treatments were imposed 3 weeks after sow
ing. Each main plot was surrounded by 1.5 m of bor
der on all sides and contained two replicates of 
subplots of 36 groundnut lines arranged in a 6 x 6 
simple lattice design. The subplots comprised three 
rows, each 1.5 in long, with 0.5 m between rows. For 
each groundnut genotype, all the three irrigation 
treatments were harvested when the control treatment 
was mature to avoid the stress treatments receiving 
more water than expected by remaining in the field 
longer. 

The second trial was sown or 31 Jul 1989, about a 
month after the rains had set in, and used 35 of the 
same 36 groundnut lines as the first trial. This trial 
was divided in two halves with one half being irri
gated through to maturity after the rains ceased (5 Oct 
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1989) and tile other half being subjected to end-sea-
son drought. Each half of the trial contained the 36 
groundnut genotypes, arranged as a 6 x 6 lattice with 
four replicates with live-row plots 3-m long with rows 
0.5 in apart (7.5 1112plot area). The trial was har-
vested between 25 October and II November. 

Both trials were regularly observed to determine 
the date at which 50% of the plants in each plot had 
commenced flowering. At harvest, the dry mass of 
haulns, pods, and seeds were measured. The times 
between sowing, flowering, and maturity were con-
verted to thermal time (C day) using daily tempera
lure data (recorded at the ICR!SAT Sahelian Center 
meteorological station) in the equation below (Mo-
hamed et al. 1988), which assumes a base temperature 
for development of 10"C. 

TI' CC day) = [(Max + Miii)/2] -10 

The thermal times for the crops to mature in the two 
experiments were very similar for most genotypes 
(the largest difference for any genotype was 15%) but 
the means of the two experiments differed by only 
9%, with the second trial maturing earlier. 

Crop growth rate (C) and pod growth rate (PGR) 
were calculated as the linear rate of increase in t ha-' 

-CC day) ' over the relevant crop growth periods for 
each genotype. To detemine C, tile growth period 
was measured from sowing to harvest, and to deter-
mine the PGR the growth was measured from 50% 
flow-ring to harvest. The partition coefficient (p) was 
calculated as PGR/C. according to the method of 
Duncan et al. (1978). 

For the second experiment, tile seeds were exam-
ined for infection by Aspergillus spp. This was done 
by plating on filter paper 75 surface-sterilized seeds 
of each genotype in two replicates of the trial. High 
humidity was maintained by adding distilled water to 
the plates to keep the filter paper moist. After 6 days 
of incubal, i, the number of seeds colonized by A. 
flavus and A. niger were recorded. 

Results 

The yields and estimated values of C and p for the 
genotypes in each of the environments showed that in 
ali the five water-supply environments there was con
siderable diversity, and the environments highlighted 
different attributes of the genotypes. Because of the 
differences that existed in time-to-maturity between 
genotypes, we have grouped the genotypes as early 
maturing and mecium/late maturing for comparison, 

Yields 

Yields of pod, seed, and haulm in all these environ
ments are shown in Table 1. Significant differences in 
yield were found between genotypes. Pod yields were 
the highest in the rainy season control treatment, 
whereas haulm yields were the highest in the the dry
season control treatment. 

Crop growth rate 

Growth rates varied threefold between the best and 
the poorest environment, and among genotypes, but 
the variation among genotypes within the environ
inents was generally smaller. However, the perfor
mances of individual genotypes across environments 

2were usually consistent (as indicated by the high r
values in the Finlay and Wilkinson stability analysis) 
(Table 2). 

Early lines. The C of ICGV-SM 83033 (ICGMS 33) 
was above average (Fig. 1) in all the live environ
ments, while that of ICGV-SM 85045 (ICGMS 68) 
was below average in all environments, particularly 
so in the control environment of Experiment I. The 
western African released (and drought tolerant) cv 
55-437 was average for C in the best environment but 
tended to be better than average in the treatments tlat 
resulted in low C. However, 796, another western
 
African released line, was below average for growth
 
rate. ICGV 86047, which was bred in India, was con
sistncnly better than average acrosb each Lnvironment.
 

Medium and late lines. ICGV-SM 83708 (ICGMS 
42) and the western Africa cv 28-206 had similar C 
across the environments (Fig. 2), which was almost 
double the average of the contiol treatment but only 
slightly better than the average of the driest treatment. 
The other lines, i.e., ICGV-SM 83005 (ICGMS 5),
ICGV-SM 85038 (ICGMS 63), and ICGV 87123 
were very close to average across the environments, 
but it should be noted that there was considerable 
instability reflected in the lower r2 of their regressions 
on the mean yields under different environments (Ta
ble 2). 

Partitioning 

In the second experiment, partitioning coefficients 
were, generally speaking, high (around 0.90) for both 
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Table 1. Performance of selected genotypes in drought simulation trials, ICRISAT Sahelian Center, Sador6, Niger, 19891. 

Irrigation treatment 2 

2 3 4 5 1 2 3 4 5 Mean 
Genotype Haulm yield (t ha- t) 

ICGV 86047 3.11 1.99 1.56 0.92
796 2.18 1.36 1.24 0.84
55-437 2.00 1.77 1.50 0.73
ICGV-SM 83033 (ICGMS 33) 4.19 2.94 1.91 1.26 
ICGV-SM 85045 (ICOMS 68) 3.13 2.52 1.98 1.10 
ICGV 87123 2.61 2.16 1.93 1.18 
ICGV-SM 83005 (ICGMS 5) 3.69 2.72 2.16 1.29
ICGV-SM 85038 (ICGMS 63) 3.95 2.85 2.66 0.47 
28-206 6.20 4.06 3.12 1.22 
ICGV-SM 83708 (ICGMS 42) 5.57 3.60 2.90 0.78 

SE ±0.26 ±0.26 ±0.26 ±0.12 

Mean (35 cvs) 3.58 2.42 1.79 1.06 

CV (%) 18 18 18 21 

I. 6 x 6 lattice with 4-6 replicates, plot size 2.25 m 2 (prerainy season) and 7.5 m2 (rainy season).
2. Treatment I = Irrigated every 5 days: prerainy season. 

Treatment 2 = Irrigated every 10 days: prerainy season. 
Treatment 3 = Irrigated every 15 days: prerainy season. 
Treatment 4= Irrigated through to maturity; rainy season.
Treatment 5 = No irrigation at the end of the season; rainy season. 

3. Numbers inparentheses are Arcsin transformed values. 

0.80 
0.57 
0.60 
0.95 
0.81 

0.69 
0.64 
0.55 
1.24 
1.08 

±0.11 

0.85 

26 

1.41 
1.72 
1.44 

0.78 
1.46 

1.80 
1.21 
1.19 
1.23 
1.42 

±0.10 

1.24 

28 

0.58 
0.61 
0.61 
0.33 
0.51 

0.58 
0.49 
0.26 
0.39 
0.34 

±0.10 

0.52 

28 

Pod yield (t ha-') 

0.35 
0.38 
0.26 
0.18 
0.32 

0.29 
0.13 
0.09 
0.16 
0.17 

±:0.10 

0.23 

28 

1.22 
1.15 

0.99 
1.30 
1.25 

1.34 
0.86 
0.67 
1.15 
0.87 

±0.11 

1.10 

19 

1.07 
0.84 
0.86 
0.99 
0.86 

0.82 
0.57 
0.47 
0.66 
0.88 

±0.10 

0.84 

23 

days to
harvest 

100 
101 
101 
103 
103 

108 
108 
110 
118 
119 

± 0.4 

108 

1 

Continued. 



Table 1. Performance or selected genotypes in drought simulation trials, ICRISAT Sahelian Center, SadorE, Niger, 1989'. Continued. 

Irrigation treatment 2 

2 3 4 5 
4 5 4 5 

Genotype 

ICGV 86047 
796 
55-437 
ICGV-SM 83033 (ICGMS 33) 
ICGV-SM 85045 (ICGMS 68) 

ICGV 87123 
ICGV-SM 83005 (ICGMS 5) 
ICGV-SM 85038 (ICGMS 63) 
28-206 
ICGV-SM 83708 (ICGMS 42) 

0.62 
0.58 
0.77 
0.19 
0.50 

0.86 
0.30 
0.45 
0.32 
0.53 

0.21 
0.26 
0.26 
0.09 
0.15 

0.21 
0.10 
0.01 
0.09 
0.08 

Seed yield (t ha-') 

0.10 
0.16 
0.08 
0.04 
0.08 

0.13 
0.02 
0.00 
0.00 
0.03 

0.78 
0.72 
0.69 
0.84 
0.84 

0.85 
0.54 
0.41 
0.73 
0.55 

0.78 
0.62 
0.58 
0.54 
0.57 

0.53 
0.37 
0.27 
0.43 
0.54 

A. flav'u 
infestation (%) 

8(16)3 4(12) 
4(12) 1( 5) 
2( 8) 1( 5) 

21(27) 2( 6) 
41(40) 9(17) 

11(20) 3( 9) 
19(26) 3( 7) 
5(12) 32(34) 

12(20) 3(10) 
57(49) 83(69) 

A. niger
infestation (%) 

33(35) 26(31) 
28(30) 10(18) 
41(40) 10(18) 
37(36) 23(28) 
66(56) 31(33) 

65(54) 17(25) 
63(53) 25(30) 
92(74) 48(44) 
45(42) 34(35) 
83(66) 81(67) 

SE ±0.05 ±0.05 ±0.05 10.08 ±0.07 (±5) (±5) ±1 1(±7) ±11(±7) 
Mean (35 cvs) 

CV (%) 

0.40 

40 

0.15 

40 

0.06 

40 

0.66 

24 

0.51 

28 

14(19) 

(40) 

9(14) 

(40) 

51(46) 

(36) 

46(33) 

(36) 
1. 6 x 6 lattice with 4-6 replicates, plot size 2.25 m 2 

(prerainy season) and 7.5 m 2 (rainy season).
2. Treatment I = Irrigated every 5 days. prerainy season. 

Treatment 2 = Irrigated every 10days: prerainy season. 
Treatment 3 = Irrigated every 15 days; prerainy season. 
Treatment 4 = Irrigated through to maturity; rainy season. 
Treatment 5 = No irrigation at the end of the season: rainy season. 

3. Numbers in parentheses are Arcsin transformed values. 



Table 2. Regression parameters for the relationship of genotype crop growth rate (C) and partition on mean crop
growth rate and partitioning, ICRISAT Sahelian Center, Sador6, Niger, 1989. 

Cregression parameters Partition regression parameters 

Genotype a bi 

ICGV-SM 85045 OICGMS 68) 
55-437 

0.165 
0.246 

0.798 
0.921 

ICGV %"6047 
796 

0.(Y)5 
0.011 

1.011 
0.913 

ICGV-SM 83033 (ICGMS33) 0.237 0.954 

ICGV-SM 83005 tICGMS 5) -0.115 1.055 
ICGV-SM 83708 (ICGMS 42) -0.395 1.418 
ICGV-SM 85038 (ICGMS 63) -0.314 1.119 
ICGV 87123 0.095 1.011 
28-206 -0.353 1.490 

the water treatments; however, in the first experiment, 
the mean partitioning showed that there was asteady 
decline as the treatments became less favorable (Figs.
3 and 4). Partitioning of genotypes across these treat-
ments demonstrated considerable variation, and the 
responses differed from those observed for C in that 
some very strongly curvilinear patterns were ob-
served, while the C were usually linearly related to 
the treatment means. The partition coefficients above 
1.0 (Fig. 3) indicate that either the assimilate already 
lbrmed in the leaves is being translocated to the pods, 
or that the leaves arc being shed before maturity. 

Early genotypes. The partitioning response of 
ICGV-SM 85045 (ICGMS 68) was average and that 
of ICGV-SM 83033 (ICGMS 33) well below average 
(Fig. 3), except in the rainy-season experiments when 
the variability among genotypes was much smaller. In 
contrast to this, the Sahelian lines (55-437 and 796) 
were substantially better than average over all the, 
three environments of Experiment I. ICGV 86047 
from ICRISAT Center was consistently better than 
average over all the environments, 

Medium and late genotypes. In all the environ-
nents, the ICGMS selections were below average in 

their partitioning (Fig. 4). The same applies to the 
western African line 28-206. However, ICGV 87123 
from ICRISAT Center was found to be consistently 
above average across all the environments, 

r 2 a bI b2 r 2 

99 0.035 1.018 97 
98 -0.462 3.831 -2.375 99 
94 0.171 0.950 99 
94 0.03) 0.263 -1.329 99 
94 0.237 0.599 1.499 99 

89 -0.103 1.059 98 
80 -0.225 1.248 99 
66 -0.256 1.269 97 
94 0.087 1.021 98 
88 -0.242 1.208 96 

Infection by Aspergillusflavus and 
Aspergillus niger 

Seed colonization was high in all the genotypes in 
both irrigated and end-season droughted treatments 
(Table I). ICGV-SM 83708 (ICGMS 42) was the 
most infected by A.flavus (49% in the irrigated treat
ment and 69% in the other treatment). The least infec
ted line was the western African cv 55-437, which is 
known for its resistance to A. flavus (Zambettakis et 
al. 1981). All the lines tested were susceptible to A. 
niger but the lines from SADCC were infected ap
proximately twice as severely as the western African 
lines were. 

Discussion 

Before we consider the C and p of varieties, we 
should consider the factors that influence these pa
rameters in the test environments created by different 
irrigation treatments. Where water is in short supply, 
crop growth rate is the outcome of (a) the crops' 
ability to take up water and (b) the ratio of water used 
to carbon assimilated (Passioura 1977). The differ
ences between genotypes and environments reflect the 
ability of genotypes to initiate enough fruit to utilize 
the carbon assimilates available. Duncan et al. (1978) 
showed that groundnut yields in Florida, USA, were 
associated with changes in p. In our experiments, we 
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Figure 1. Crop growth rate (CGR) of selected groundnut genotypes over five drought environments, 
ICRISAT Sahelian Center, Sadori, Niger, 1989. 

exposed the crops to high temperature, low humidity, opment (Fortanier 1957; de Beer 1963). The tolerance 
and inadequate water supply, either throughout the of reproductive processes to high temperatures is cer
crops' life or only towards the end. Even in the fully tainly a desirable attribute in drought-prone areas, 
irrigated summer crop, the plants were subjected to considering the association of drought with higher
low humidity and high temperatures. Despite the high plant and atmospheric temperatures. The high parti
crop-growth rates in this environment, the failure in tioning observed inboth the end-season drought and 
producing enough pods to utilize the available water the control of Experiment 2 is to be expected because 
resulted in lower yields than in the rainy season when of the priority that established pods have for assimi
the C was lower but p was higher. Temperatures lates in the event of assimilate shortage (Williams et 
above 33"C have been shown to reduce flower devel- al. 1976). In the rainy season control treatment, the 
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Figure 2. Crop growth rate (CGR) of selected groundnut genotypes over five drought environments,
ICRISAT Sahelian Center, Sadori, Niger, 1989. 

high partitioning of the genotypes discussed isconsis- in all the environments. Also, they were substantially
tent with their ability to yield well in nonstressed better inpartitioning in Experiment 1,where tempera
environments (Duncan et al. 1978). ture and drought stress occurred during the reproduc-

The varieties compared inthis paper provide some tive initiation stage. In contrast, cv 28-206, which
interesting insights into the processes that lead to high was released for the more humid zones of western
yields and adaptation to the areas where they origi- Africa, was lower than average in partitioning and 
nate. Generally, all those genotypes with known had above-average growth rate. This, we believe, is
drought tolerance (55-437, ICGV 8712, and 796) because the longer vegetative phase and the lower
had C that was close to or slightly above the average partitioning allowed more root growth, which led to 
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Figure 3. Partitioning of selected groundnut genotypes over five drought environments, ICRISAT 
Sahelian Center, Sadori, Niger, 1989. 

increased water uptake, w,sulting in tie higher growth southern Africa. However, droughts are a serious 
rate. problem in many areas in the SADCC region. Since,

The generally poor partitioning of the S kDCC/ from the evidence of western Africa genotypes, it is
ICRISAT Groundnut Project (Malavi) liues in the possible to have these stress-resistant attributes in 
early droughts must be a cause for concern since it lines with good partitioning in nonstressed condi
indicates that this material is much more vulnerable tions, we feel that a deliberate effort to introduce sta
to these stresses. Oae could argue that since the bility for partitioning under stress conditions into the 
SADCC/ICRISAT Groundnut Project lines are pro- breeding and evaluation program would be beneficial. 
ving to be successful in the region, the stresses en- The method that we have employed here is relatively
countered in western Africa are not common in simple and does not require sophisticated equipment. 
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Figure 4. Partitioning of selected groundnut genotypes over five drought environments, ICRISAT 
Sahelian Center, Sadori, Niger, 1989. 

We feel that analyses, such as we have undertaken, onstrated by the western African lines are gen,-rally 
could be a valuable addition to the SADCC/ICR1SAT higher than those in the SADCC/ICRISAT Ground-
Groundinut Project (Malawi) crop improvement nut Project lines, it is possible that these lines are 
process. more resistant to the local strains of fungi. Therefore, 

Tile observed levels of resistance to A.flavus show these results should be confirmed in the region before 
that within the ICGMS lines there is considerable further action is taken. The same consideration would 
variability in this resistance. Clearly, with increased seem to apply to A. niger, which affects seed quality 
emphasis o..i screening, resistant materials could be of groundnut, reduces germination, and causes crown 
developed ",ithin the SADCC/ICRISAT Groundinut rot or seedling disease. 
Project. However, while the levels of resistance dem
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Discussion 

Freire: Do you think that drought screening during 
the dry/cool season can be used with a good degree of 
reliability? 

Ndunguru: We attempted *o screen for drought atICRISAT Sahelian Center during the cold season 
wit muh ess. ene, alliourtscreeningefor 

without much success. Hence, all our screening for 
drought is carried out either -.'uring the hot season or 
during the rainy season by sowing date. 

Hildebrand: Why did cold-season screening fordrought resistance in Niger fail? 

Ndunguru: Temperatures were decreasing and these 

low temperatures may have resulted in evap
otranspiration rates that were too low to allow imposi
tion of sufficiently severe drought treatments. 

Schmidt: I am impressed by the varietal differences 
in droughi tolerance. The question is, whether there is 
a complication by differences in vegetative growth or 

leaf area leading to differences in moisture consump
tion. This may result in differences between varieties 
with regard to optimal spacing. Would the differences 
ir drought resistance still exist with each variety 
s,.wn at its optimal spacing? 

Ndunguru: The experiments have been conducted 
during one season only and the question of optimal 

spacing has not yet been included. 

Mande: How did you determine the quantity of wa
ter to be applied in the irrigated treatments and when 
did you start irrigating? 

Ndunguru: The quantity of irrigation given was cal

culated by estimating tie potential evapotranspiration 
(PET) according to the Penman equation and multi
plying this figure by 5. In all the treatments, irrigation 
started 3 weeks after emergence. 
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Resistance to Rust and Late Leaf Spot of Groundnut 
at ICRISAT Center: Problems and Progress 

P. Subrahmanyam', D. McDonald 2, L.J. Reddy3 , S.N. Nigam 4, 
J.P. Moss 5 , A.K. Singh 6 , and V. Ramanatha Rao 6 

Abstract 

Rust (Puccinia arachidis Speg and late leafspot (Phaeoisariopsis personata) are the most important 
fwngal diseases of groundnut (Arachis hypogaea L.) worldwide. Simple and effective screening 
nethods for resistance to these diseases have been developed at the International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) Centel, India. Over 12000 germplasm lines from all 
over the world have been successfidly screened for these two diseases from 1977 to 1990 and several 
sources oj resistance to these diseases have been identified. Components of resistance to the two 
diseases were investigated and the stability of resistance to the diseases established through imdti
locational trials. Most of the germ plasm lines resistat to these diseases are not agronomically 
acceptable. Hence, a large-scale hybridization programn was initiated and several high-yielding, 
agronomicallv superior lines with resistance to the two discases were bred. Several accessions of 
wild Arach is sp 'cieswere found to be imnune or highly resistant to the two diseases. Cytogenetic 
research intcorporati.ng these resistances into cultivated groundnut has been ver*y successful in 
developing high-yielding, disease-resistant lines. The progress made on these aspects at ICRISAT 
Center is briefly discussed and fiture research needs are presented. 

Sumdrio 

Resistincia do Amendoim AFerrugem e Mancha Tardia das Folhas no ICRISAT-Centro: 
Problemas e Progresso. A ferrugem (Puccinia arachidis Speg) e a mancha tardia das folhas 
(Phaeoisariopsis personata) sco as mais importantes doenas do antendoim (Arachis hypogaea L.), 
causadas porfungos, em todo o mundo. Mitodos simples eefectivos de avalia do da resistincia a 
estas doenrqas, foran desenvolvidos no Instituto Internacionalde InvestigaC'hode Culturas para as 
Tr6picos Semi-Aridos (ICRISAT) Centro, India. Mais de 12000 linhas de germoplasma, vindas de 
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5. Principal Cell Biologist (Legumes Program) at the above address. 
6. 	Botanist (Genetic Resources Unit) at the above address. Present address of Dr Ran: Genetic Diversity Officer, IBPGR, 142, via delle Sette 

Chiese, Rome 00145. Italy. 

ICRISAT Conference Paper no. CP 623. 

ICRISAT (Intenational Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut We-,- for 
Southern Africa. 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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todo o mundo. lrinl avaliadas con sucesso para estas duas doenias, desde 1977 a 1990. Vdrias 
fontes cei resistincia a estas doen 'asforain identificadas. Atrav'z de ensaios inulti-locais, os 
contponentes da resist icia a estas duas doetq'asfoJran investiados ea estabilidade da resistlcia 
a estas doenqas estabelecida. A maiorparte das Ih/has de ge'rnoplasnaresistentes a estas dloe',a.
Ido sio ag-onornicanente 1ceitiveis. Assin, urn pogrania de hihridaqdo de larga escala foi
iniciado e vi4rias linhas de alto rendiiento,agronlicancente superiores, resistentes a estas duas
doen as foiran cruzadas. Determinou-s cue wi'cias aquisiqoes ce espyties selvagens de Arachis 
5c10 innttes on altaniente resistentes a estas duas doeni'as. ln'estia-docitogenelica, incorporando
estas resistcncias no anc'ndoin cultivado, tent sido bern sucedida no desenvoh'inento de linhas de
alto-rendimnento, resistentes a doeni'as. 0 progresso feito nestes aspectos, no ICRISAT-C'entro, j
brevemente discutido e as necessidadesde investiga 'dofutura sdo apresentadas. 

Introduction 

Rust (Puccinia arachidis Speg.) and late leaf spot 
[Phaeoisariopsispersonota (Berk. & Curt.) v. Arx] 
are the most serious fungal diseases of groundnut 
(Arachis hypogaea L.) on a worldwide scale (Sub-
rahmanyam et al. 1985b; McDonald et al. 1985). Both 
diseases are commonly present wherever groundnut 
is grown, but their incidence and severity vary among 
localities and seasons. Yield losses are generally sub-
stantial when the crop is attacked by both rust and late 
leaf spot. At ICRISAT Center, India, both diseases 
normally occur together causing severe damage to 
foliage and occasioning yield losses a:; high as 70% 
(Subrahmanyan et al. 1984). Although rust and late 
leaf spot can be controlled effectively by certain fun-
gicides (Smith and Littrell 1980), it is not economi-
cally feasible for the vast majority of small-scale 
farmers in the semi-arid tropics (SAT). Hence, deve-
loping high-yielding, disease-resistant cultivars and 
making them available to farmers is one of the best 
means of reducing the yield losses from these dis-
eases (Gibbons 1980). Recognition of this has stimu-
lated research in many countries to exploit host-plant 
resistance to rust and late leaf spot. 

Inthis paper, the progress made on breeding for 
resistance to rust and late leaf spot diseases by a 
multidisciplinary research team at ICRISAT Center is 
briefly reviewed, and future research strategies are 
discussed. 


Screening Methods 

Effective screening methods have been developed for 

use in areas where natural disease pressure is high or 
where such pressure can be artificially created. Ge
notypes to be screened are sown in replicated plots 
with infector rows of highly susceptible cultivars on 
eithcr side. To enhance discase development, plants in 
infector rows are inoculated with spore suspensions. 
This is most successful :fdone in the evening, follow
ing irrigation. Additional late leaf spot inoculum is 
provided by scattering leaf debris collected from the 
previous season's diseased crops along the infector 
rows. Polled spreader plants heavily infested with rust 
or late leaf spot are also placed systematically 
throughout the field to provide further sources of in
oculum. When necessary, to obtain one disease with
out the other, infector rows are sprayed with 
carbendazim to, control leaf spot or with tridemorph 
to control rust. Depending on the climatic conditions, 
fields may be irrigated using overhead sprinklers until 
harvest. Some 10 days before harvest each genotype
is scored for the development of rust and late leaf spot 
using a 9-point scale (Subrahmanyam et al. 1982a, 
1982b). 

Screening of germplasm for resistance to rust and 
late leaf spot can also be done on a limited scah; in the 
greenhouse using potted plants, or in the laboratory 
using detached leaves, by measuring one or more 
components of disease resistance such as incubation 
period, infection frequency, lesion diameter, pc:cent
age leaf area damage, defoliation, and sporulation 
(Subrahmanyam et al. and 1983b).1982b, 1983a, A 
greenhouse or laboratory screening method could be 
useful in areas where rust and late leaf spot epidemics 
do not occur regularly or where other foliar diseases
interfere with field screening. However, these tech
niques are of limited use in identifying moderate 
levels of resistance. 
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Sources of Resistance germplasm lines jointly released by the United States 
Department of Agriculture and ICRISAT (Sub-

At ICRISAT Center, a world collection of over 12 000 rahmanyam and McDonald 1983). It is interesting 
germplasm lines has been screened in the field against that most of the rust and/or late leaf spot resistant 
rust and late leaf spot during the period 1977-89, and genotypes have originated in Peru (Subrahmanyam et 
124 rust-resistant, 54 late leaf spot resistant, and 29 al. 1989), which is believed to be one of the secondary 
rust and late leaf spot resistant 1ermplasm lines were gene centers of cultivated groundnut (var. ipogaea 
identified (Table I). These include 14 rust-resistant and var.fastigiata) (Gregory et al. 1980).At ICRISAT 

Table 1.Sources of resistance to both rust and late leaf spot In groundnut available at ICRISAT Center (in 1989). 

Arachis Disease score2 

ICG No.' Identity type/variety Seed color Origin Rust Late leaf spot 

1703 NC Ac 17127 fastigiata Variegated Pert6 4.7 5.0
 
1707 NC Ac 17132 faistigiata Purple Peru 4.0 4.0
 
1710 NC Ac 17135 fastigiata Dark purple Peru 4.0 4.0
 
2716 EC 76446 (292) fastigiata Dark purple Uganda 3.3 4.7
 
3527 USA 63 fastigiata Purple USA 4.7 4.7
 

4747 P1259747 fastigiata Purple Peru 3.7 4.0
 
4995 NC Ac 17506 fastigiata Purple Peru 4.3 4.3
 
6022 NC Ac 927 fastigiata Purple Sudan 4.0 4.0
 
6330 P1270806 hypogaea Tan Zimbabwe 2.1 3.3
 
6340 P1350630 fastigiata Dark purple Honduras 3.0 4.0
 

7013 NC Ac 17133-RF fastigiata Dark purple India 3.3 4.0
 
7881 PI 215696 fastigiata Dark purple Peru 4.3 3.7
 
7884 PI 341879 fastigiata Purple Israel 3.0 3.7
 
7885 PI 381622 fastigiata Purple Honduras 3.0 4.3
 
7886 P1 390593 fastigiata Tan Peru 4.7 3.3
 

7894 PI 393641 fastigiata Variegated Peru 4.0 4.7 
7897 PI 405132 fastigiata Purple Peru 2.7 4.0 

10010 PI 4-/6143 fastigiata Variegated Peru 4.0 5.0 
10023 PI, 76152 fastigiata Tan Peru 4.3 4.7 
10028 PI 476163 fastigiata Purple Peru 4.7 5.0 

10029 PI 476164 fastigiata Tan Peru 4.3 5.0 
10035 PI 476172 fastigiata Purple Peru 4.0 3.7 
10889 PI 47016 fastigiata Red Peru 3.3 4.3 
10915 PI 476148 fastigiata Variegated Peru 2.3 5.0 
10936 PI A76168 fastigiata Dark purple Peru 4.3 4.0 

10940 PI 476173 fastigiata Variegated Peru 2.3 5.0 
10941 PI 176174 fastigiata Light purple Peru 4.7 4.7 
11182 PI 476015 fastigiata Tan Peru 2.7 5.0 
11485 fastigiata Light purple Peru 5.0 3.7 

Susceptible control cultivars 
221 TMV 2 vulgaris Tan India 8.3 8.0 
799 Robut 33-1 hypogaea Tan Irdia 7.7 7.3 

I. ICRISAT groundnut accession number. 
2. Scored on a nodified 9-point disease scale, where I = 0%, 2 = Ito 5%,3 = 6to 10%, 4= II to 20%, 5 = 21to 30%, 6= 31to 40%, 7 41 to 

60%, 8 = 61to 80%. and 9 = 81to 100% foliage destroyed; ICRISAT Center, rainy season 1989. 
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Center, several accessions of wild Arachis spp were 
also systematically evaluated for their reactions to 
rust and late leaf spot in the field and in the labora-
tory. Many of the species w:re luuih !to be immune/ 
highly resistant to rust aad/or late leaf spot (Sub-
rahmanyam et al. 1983c and 1985a). 

Co'nponentk of Resistance 

Urediniiospr?,es germinate and germ tubes enter 
through ston. ":irrespective of whether agenotype is 
immune, resistant, or susceptible to rust. Rust resis
tance is not correlated with either the frequency or the 
size of storata. Differences in resistance are associ-
ated with differences in rate and extent of mycelial 
development within the substomatal cavity and within 
leaf tissues. In immune Arachis spp the fungus dies 
shortly after entering t', cavity. The rust resistance 
available at present in the cultivated groundnut is of 
the "slow-rusting" type, i.e., resistant genotypes have 
decreased infection frequency, increased incubation 
periods, and reduced pustule size, spore production, 
and spore germinabiliy (Subrahmanyam etal. 1983a 
and 1983b). The extent of rust damage to foliage is 
dependent on the physiological age of the plant. 
Voung plants are most susceptible to rust attack and 
the susceptibility declines with age (Subrahmanyam 
et al. 1982a). 

Late leaf spot resistance is also ,-c: :,"related with 
either the frequency or the size of stomata. Resistance 
to the late leaf spot pathogen also operates through 
prolonging in(.ubation and latent periods, and reduc-
ing infectio frequency, lesion size, sporulation, and 
defoliation (Subrahiranyani et al. 1982b). 

The effects of these components of resistance to 
rust and late leaf spot are cumulative over the course 
of a disease epidemic. In general, on resistant ge-
notypes, the disease appears late, builds up only 
slowly, and does little apparent damage to the foliage, 
as evidenc,.l by the lower rates of disease develop-
ment (r) and area under the disease progress curve 
(AUDPC). 

Stability of Resistance 

Stability of host resistance over space and time is an 
important breeding objective. Some of the rust and/or 
late leaf spo: resistant genotypes identified at ICRI-
SAT Center are being tested in different locations of 
the SAT in the International Groundnut Foliar Dis-

cases Nursery. The results obtained indicate that rust 
and late leaf spot resistances of most genotypes are 
stable r,ver a wide range of geographic locations but 
tilegenotype NC Ac 17090 is highly resistant to rust 
at jCRISAT, only moderatelv .,:sistant in the People's 
Republic of China, and susceptible in Taiwan. In con
trast, the genotype PI 298115 isonly moderately resi
stant at ICRISAT, and highl) resistant in the People's 
Republic of China and Taiwan. Although this indi
cates the possibility of variation in the pathogen, there 
is no authenticated report of the occurrence of 
pathotypes. 

Utilization of Resistance 

Most rust and late leaf spot resistant germplasm lines 
have undesirable pod and seed characters such as 
dark testa and heavily reticulated pods. At ICRISAT 
Center, more than 1000 single, two-way, and threc
way crosses were made between lines with good 
agronomic characters and lines resistant to ru-i and/or 
late leaf spot. Large F, populations, and subsequent 
generations, were grown in the field during the rainy 
seison and screened for resistance using the infector 
rr,v method. Several high-yielding agronomically su
perior lines with high levels of resistance to rust and 
moderate levels of resistance to late leaf spot were 
bred by pedigree and mass pedigree methods (Reddy 
et al. 1984). Backcrossing was also used in a few 
instances to improve pod, seed, and plant characters. 
Several of these resistant lines outyielded released 
susceptible cultivars when tested in multilocational 
trials (Table 2), and sonic are in advanced stages of 
testing in several countries. For example, the high
yielding varieties ICG (FDRS) 4 and ICG (FDRS) 10 
resistant to rust and moderately resistant to late leaf 
spot will soon be released for cultivation in the penin
sular zone of India. 

Early generation breeding materials have been 
freely distributed to s'ientists in national and interna
tional programs to enable them to carry out further 
selection in situ under local agroclimatic conditions. 
This has resulted in a successful development and 
release of some rust and late leaf spot resistant 
groundnut varieties such as Girnar 1,DOR 18-10, and 
ALR I in India. 

Cytogenetic research incorporating resistances 
from wild Arachis spp into the cultivated groundnut 
has also resulted in many resistant lines. The wild 
Arachis spp resistant to rust and/or late leaf spot are 
diploid, and groundnut cultivars are tetraploid. Tetra
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ploid segregating populations were produced by in-
corporating genes from wild Arachis spp and by 
screening for resistance. By backcrossing with the 
cultivated groundnut, and by screening for resistance, 

Table 2. Performance of some best groundnut entries In 
the International Follar Diseases Resistance Groundnut 
Varietal Trials conducted in seven countries, 1985-89. 

Pod yield 
Country Variety (t ha-') 

Bangladesh ICGV 87183 3.62 
Control 

SE :±.26 
CV (%) 24 

Myanmar ICGV 87179 1.73 
Control 

Jap! nKalay 0.14 
SE ±t0.12 
CV (%) 	 23 

India ICGV 86687 2.30 
Control 

ICGS I1 0.88 

SE ±0.16 
CV (%) 20 

The Philippines ICGV 87184 3.06Control 

BPI PN-9 1.45 

SE 	 ±0.40 
CV (%) 	 32 

Sudan ICGV 87152 4.84 
Control 
Kiriz 4.39 

SE 	 ±:0.37 
CV (%) 	 18 

Swaziland 	 ICGV 87157 2.37 
Control 
Natal Common 1.63 

SE 
CV (%) 

±0.22 
21 

Thailand ICGV 87358 3.92 
Control 
Tainan 9 2.16 

±0.31 
CV ) 20 

several high-yielding lines with resistance to rust and/ 
or late leaf spot were developed (Moss 1985; Singh et 
al. 1987). 

The level of resistance to late leaf spot in wild 
species, and in derivatives of crosses between culti
vated and wild species, was higher than in A. hypo
gaea. Crosses with A. cardenasii have produced many 
superior derivatives. Line 259-2 was rated 2 on a 1-9 
scale for late leaf spot, and withstood a severe infec
tion when most other resistani material were heavily 

damaged. It also showed some tolerance of early leaf 
spot (Cercospora arachidicola Hori) in apreliminary 
trial at Pantnagar in northern India.In addition to resistance to foliar diseases, the de

rivatives had good pod yields. Many lines yieldedover 3 t ha-', compared with 1.7 t ha-I for Robut 33-I. 
Yields of over 8 t ha-I of dried haulm have also been 
produced. Forty-four consignments of derivatives 

have been sent to 21 countries for screening and for 
use in crossing programs. ICRISAT breeders have 
used 53 derivatives in 249 cross combinations in 
groundnut improvement. 

In addition to resistance to late leaf spot and to 
rust, some s,'ecies in scctions Rhizornatosae and 
Erectoides are resistant to early leaf spot. Intersec
ticnal hybrids between these species and species of 
section Arachis have been established using embryo

rescue techniques. These interspecific hybrids will be 
particularly useful for early leaf spot rebistance 
breeding programs because of lack of adeqtate levelsof resistance to this disease in the cultivated 

groundnut. 

Genetics of Resistance 

Genetic studies of rust resistance were carried out at 
ICRISAT Center. The F2 plants segregated in the ratio 
of 15:1, suggesting that resistance to groundnut rust is 
governed by duplicate recessive genes. However,
quantitative genetic analysis of parents, F,, F2, BCt,
and BC2 generations of rust-resistant x susceptible 
crosses of the cultivated groundnut using generation 
mean analysis (links and Jones 1958) indicated that 
rust resistance is predominantly con:rolled by addi
tive, additive x additive, and additive x dominance 

gene effects. Duplicate epistasis was observed both 
for rust disease scores and for leaf area damage 
(Reddy et al. 1987). Further studies are required to 
show conclusively if rust resistance is governed by
two or three major genes or by many genes. Wild 
Arachis spp may have mechanisms of rust and/or late 
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leaf spot resistance that differ from those in the culti-
vated groundnut. In some diploid wild Arachis spp, 
rust resistance appears to be partially dominant(Singh et al. 1984), unlike in the cultivated groundnut
(Nigam et al. 1980), indicating that different genes 

ay betinvlvd.980) inicationgo tht erestances 
may be involved. Combination of these resistances 
may result in more stable resistance in the cultivat .d 
groundnut. 

Resistance to late leaf spot is recessive and quan-
titatively inherited, and is determined by alleles at 
five loci. 

Future Research Needs 

Although many sources of resistance to rust and late 
le af spo t h ave be e n ide ntifie d fro m the av ailab le 

germplasm collections, these represent only a narrow 
genetic base. Thre is a need to collect more germ-
plasm from the primary and secondary gene centers 
and to identify genotypes with disease resistance and 
good agronomic traits for utilization in breeding pro-
grams. Utilization of tetraploid or near-tetraploids de-
rived from interspecific crosses should be intensified 

toaccumulate more genetic diversity. The levels of 

resistance to late leaf spot and the quality of pod and 
seed characters need to be improved. Existing field 

screening techniques should be modified to suit var

ious geographic locations. Further research on host 
genotype, pathogen, and environment interactions is 
required to determine the stability of resistance to 
rust and late leaf spot. Identification of pathotypes and 
their geographical distribution is also necessary for a 
successful breeding program. 
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Discussion 

Chigwe: Most of the accessions identified as resistant 
to rust or late leaf spot are of thefastigiata; very few 
or none from /hvpogaea, vulgaris, and hirsuta. How 
extensive has the germplasm collection been in order 
to identif', genotypes from the other varieties/types 
which are resistant to the diseases? Does ICRISAT 

have a record of the botanical types of all its 
collections? 

Subralimanyam: Most (90%) of the rust and/or late 
leaf spot resistant genotypes available from ICRISAT 
Center are from South America. We have the records 
of the botanical types for all germplasm lines but I 
can't say what the percentages are right now. 

Doto: In your slide presentation, differences between 

susceptible, resistant, and immune genotypes to rust 
have been attributed to differences in mycelial devel
opmer.i. What is the factor responsible for such dif
ferences in development (mycelial) in the three 
different genotypes? 

Subrahmnan:' .m: Suberization in immune genotypes
takes place imediately when mycelia get in contact 

ths cells.eFiae phenc co aa 

with host cells. Five phenolic compounds have also 

been identified as factors responsible for resistance. 

Ndunguru: Do you see any potential for the FDRS 
lines to be released as pasture material since they 
produce high yields of haulms? 

Subrahmanyam: Some interspecific hybrid deriva

tives developed at ICRISAT Center may have good 
potential as pasture material. 
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Prevalence of Groundnut Diseases and Extent of Yield
 
Losses Due to Leaf Spot Diseases in Zambia
 

H.C. Haciwa' and J. Kannaiyan' 

Abstract 

During 1987188 and 1988189 cropping seasons, roving surveys were conducted to determine preva
lence and importance ofgroundnut (Arachis hypogaea L.) diseases in the major groundnut-growing 
areas ofZambia. Surveys of 13 districts in five provinces revealed that earl*v leaf spot (Cercospora
arachidicola), late leaf spot (Phacoisariopsis personata), rust (Puccinia arachidis), groundnut ro
sette, and groundnut streak necrosis were important diseases. Of these, b.5th early leafspot and late 
leaf spot were the inns, tamaging to groundnut crops than other diseases. Avoidable seed yield 
losses because of these two dt.easev ;;orlybecause of earl' leaf spot) in five seasons (1984-89) 
ranged from 32% to 68%. However, the extent of such losses wasfound to vary among cultivars and 
seasons. 

Sumdrio 

Preponderfincla das Doenas do Amendoim e Dimensdo das Perdas Devido AMancha Tardia 
na Zambia. Durante a estafdo de cultivo de 1987/88 e 1988/89,foram realizados levantamnentos 
n16veis para determinar a preponderdncia e imporincia das doen'as do amendoin: (Arachis 
hypogaea L.) ias principais dreas de produ'do de amendoim na Zambia. Levantamentos em 13 
distritos, em cinco provincias, revelaram que a mancha tempord (Cercospora arachidicola), a 
mancha tardia (Phaeoisariopsis personata), a ferrugem (Puccinia arachidis), a roseta ea necrose 
listrada sdo doent'as importantes. Destas, a mancha tempord e a mancha tardiasdo as que mais 
danos causam na cultura do antendoin, em conmpara io con as outras doenas. Emn cinco esta 6es 
(1984-89), as perdas evitdveis de seinentes, causadas por estas duas doenq-as (principalmente 
devido d nancha tenipori), i ariaram de 32% a 68%. Contudo, a diniensdo das perdas variou con 
os cultivares eas csta Oes. 

Introduction 	 (Cercospora arachidicola Hori.) and late leaf spot 
[Fhaeoisariopsispersonata (Berk. & Curt.) v. Arx.]

Diseases are amajor constraint to groundnut (Arachis on the crop. Later, Racmakcrs and Preston (1977)
hypogaea L.) production inZambia. Angus (1962-66) reported the outbreak of rust (Puccinia arachidis 
reported several diseases including early leaf spot Speg.) in the 1974/75 cropping season inall ground

1.Legume pathologist. tood Legumes Research Team. Msekera Regional Research Station. P.O. Box 510089, Chipata, Zambia. 

ICRISAflIIernational Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Gmundaut Workshop for 
Southern Africa. 19-23 Mar 1990. Arusha, Tanzania. Patanchcru, A.P. 502 324. India: ICRISAT. 
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vut-growing areas.of the country. Occurrence of web 
blotch (Did'm'ella arachidicola (Chock) Taber, Pcttit 
& Philley), leaf scorch [Leptosphaeru/inacrassiasca 
(Sechct) Jackson & Bell], leaf blight (Phonopsis sp), 
mottle (peanut mottle virus), streak necrosis (sun-
liower yellow blotch virus), and mild mottle (cowpea 
mild mottle virus) diseases were recorded on the crop 
in recent years. Of these, early leaf spot (ELS) and 
late leaf spot (LLS) are the most important diseases 
(Kannaiyan et al. 1989). However, information was 
lacking on the relative prevalence of various diseases 
in different groundnut-growing areas of the country 
and on the extent of seed yield losses caused by leaf 
spots. This paper summarizes results of a recent sur-
vey on these aspects in Zambia. 

Methods 

Disease surveys 

Roving surveys were conducted in each season bet-
ween late March and early April when the crop was in 
active pod-filling stage. In 1988, 31 farmers' fields 
were inspected in seven districts of the Eastern Pro-
vince (the main groundnut-growing area of Zambia), 
i.e., Chadiza, Chipata North, Chipata South, Katete, 
Lundazi, Mambwe, and Petaukc. The 1989 survey 
was conducted in 27 farmers' fields spread over three 
districts of Northern Province (Kasama, Luwingu, 
Mbala), and one district each from Luapula (Mansa), 
Southern (Choma), and Western (Kaoma) Provinces. 
Observation!; were recorded in groundnut fields lo-
cated at 20-30 kin intervals. The data for each field 
were recorded using a proforma. Severity of fungal or 
viral diseases was scored visdally on a 1-9 scale (I = 
No disease, and 9 = 50-100% foliage damaged). The 
mean score for each district was calculated and classi-
flied as low when the mean severity score was 1-3, 
moderate when 4-5, and severe when 6-9. 

Avoidable yield losses because of leaf 
spots 

To estimate avoidable seed losses by leaf spots 
(mostly by ELS), comparisons were made between 
'protected' and 'nonprotected' treatments in repli-
cated field plots. These trials contained one or three 
cultivars: Chalimbana (the most popular), MGS 2 (a 
recently released high-yielding cultivar), and MG3 3 

(a prerelease high-yielding cultivar) at Msekera Re
gional Research Station in the Eastern Province dur
ing live cropping seasons from 1984/85 to 1988/89. In 
all trials, the 'protected' treatment received three 
sprays of benomyl (I kg a.i. ha-'), thiophanatemethyl 
20% + maneb 50% k1kg a.i. ha-1), or benomyl (250 g 
a.i. ha-) + mancozeb (1.2 kg a.i. ha-1) about 50, 70, 
and 90 days after sowing. The 'nonprotected' treat
nient received only water sprays. The extent of oss 
was estimated from the difference in seed yield bet
ween 'nonprotected' and 'protected' treatments. 

Results and Discussion 

Disease surveys 

Data on the prevalence of important groundnut dis
eases in various district are summarized in Table 1. 
The results show that both ELS and LLS were ob
served in all the fields examined in the 1987/88 and 
1988/89 cropping seasons. Combined infection in 
most fields resulted in severe premature defoliation 
leading ultimately to substantial seed yield losses as 
observed in the research station trials (Kannaiyan et 
al. 1989). 

The 1988 survey of the Eastern Province showed 
ELS scores ranging from 3 to 8 and amoderate sever
ity (4-5) across the seven districts. LLS was moderate 
in three and severe in the remaining four districts 
(Chadiza, Katete, Mambwe, and Petauke). The rela
lively greater severity of LLS compared to ELS ob
served in farmers' fields in the Eastern Province was 
in contrast to observations on trials at Msekera Re
gional Research Station (located in Chipata South dis
trict). The agronomic practices at the research station, 
especially early sowing, may favor the early build-up 
of ELS to compete more strongly than LLS which 
usually appears in the later stages of the crop 
development. 

In 1989, ELS severity ranged from 3 to 8 and the 
district mean severities varied from moderate to se
vere. LLS scores ranged from 2 to 8 and the district 
mean severities were low to moderate. The higher 
ELS severity recorded in the high-rainfall region
(Luapula and Northern Provinces) agreed with sever
ily recorded on research station trials. The low rain
1",,!land warm condiions in the Southern and Western 
Provinces appeared to inhibit ELS and LLS severity, 
even though the short-season (spanish type) cultivars 
that are grown in that region are generally susceptible 
to both leaf spots. 
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Table 1.Relative severity of some groundnut diseases In five provinces of Zambia, 1987-89. 

Mean disease severity' and range2 

Number of Early Late Groundnut Peanut 
Province/ fields leaf leaf Web Rosette streak mottle 
district observcd spot spot Rust blotch virus necrosis virus 

Eastern 
Chadiza 5 M(3-6) S(4-7) L(I-3) Nil L(1-3) Nil Nil 
Chipata N 2 M(4-6) M(3-5) Nil Nil L(1-3) M(4) Nil 
Chipata S 9 M(3-8) M(2-8) Nil Nil L(I-5) L(I-3) Nil 
Katete 2 M(4) S(7) Nil Nil L(I-2) L(I-2) Nil 
Lundazi 7 M(3-7) M(2-8) L(I-3) Nil L(I-3) L(2-4) L(I-2) 

Mambwe 
Petauke 

4 
2 

M(3--5) 
M(3-5) 

S(3-8) 
S(8) 

Nil 
Nil 

Nil 
Nil 

L(I-3) 
L(I-3) 

L(I-2) 
M(3-6) 

Nil 
Nil 

Luapula 
Mansa 6 S(5-7) M(3-6) L(2-6) L(I-5) L(I-2) Nil L(I-3) 

Northern 
Kasama I M(4) M(4) M(5) M(4) Nil Nil L(3) 
Luwingu 2 S(4-7; M(3-6) Nil M(4-6) Nil Nil M(4) 
Mbala 2 S(4-8) L(2) Nil L(I-3) L(i-2) Nil M(I-6) 

Southern 
Chora 6 M(3-5) M(2-8) Nil Nil L(I-3) Nil Nil 

Western 
Kaoma 8 M(3-5) L(2-3) L(I-3) Nil Nil Nil Nil 

I. Scored on a1-9 scale, where I= No disease, and 9 = 50-100% ,offoliage destroyed. 
2. S= Severe (6-9). M= Muderate (4-5), L = Low (1-3). 

Groundnut rust was only observed in 5 of the 13 (GRV) was recorded in al districts surveyed except 
districts surveyed ond was rated low in Chadiza, Lun- in Kasama and Luwingu k, orthern Province), and 
dazi (Eastern Province), Mansa (Luapula Province), Kaoma (Western Province). However, its severity was 
and Kaotna (Western Province) districts. Moderate low. There was a serious incidence of GRV in the 
rust was observed in the Kasama district of Northern 1982/83 cropping season at Msekera Regional Re-
Province. Low severity and sporadic occurrence of search Station (Sandhu et al. 1985). Other viral dis
rust confirms the observations of Cole (1987) that eases recorded during these surveys were groundnut 
many groundnut-growing regions of southern Africa streak necrosis, peanut mottle, and mild mottle. All 
are not optimal for widespread rust epidemics. How- these three virus diseases have only recently been 
ever, Kannaiyan et al. (1987) reported severe levels of observed in Zambia. Peanut mottle virus disease was 
rust disease in the 1983/84 cropping season in re- present in the Eastern, Luapula, and Northern Pro
search trials and in farmers' fields in the Eastern vinces, whereas groundnut streak necrosis disease 
Province. (GSND) and mild mottle virus disease were restricted 

Fusarium wilt (Fusarium oxysporumn Schlecht to the Eastern Province. GSND severity wps mode
emend Synd. & Hans.) and leaf scorch were observed rate in two districts (Chipala North and Petauke) and 
at low levels in most districts of Eastern Province low in four districts (Chipata South, Katete, Lundazi, 
only. On the other hand, low to moderate severity of and Mambwe).
 
web blotch was recorded only in the high-rainfall These surveys showed that ELS, LLS, rust, GRV,
 
region (Luapula and Northern Provinces). and GSND were the most important diseases in these
 

Among the viral diseases, groundnut rosette virus areas. Of these, ELS and LLS were the most wide
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to tlie
spread and caused severe damage crop. This 
confirms our earlier assessment of the overall impor-
tance of leaf spot diseases in the country. Rust, GRV, 
and groundnut streak necrosis are potentially inpor-
tant diseases. Rust and rosette diseases are known to 
cause occasional epidemics under favorable condi-
tions in Zambia. Other diseases were of minor 
importance. 

As a result of these surveys, the groundnut itn-
provenient program has given additional priority to 
research on the leaf spot diseases. Investigations are 
presently aimed at developing leaf spot tolerant high-
yielding cultivars and also to develop integrated 
methods of leaf spot control including the use of tol
erant cultivars, cost-effective application of fungicide, 
and beneficial cultural practices. 

Avoidable yield loss because of leaf 
spots 

The avoidable seed yield loss because of leaf spots 
across live seasons and three cultivars varied from 
32% to 68% (458-1302 kg ha-1) at Msekera Regional 
Research Station (Table 2). Across seasons, the extent 
of loss because of leaf spots tended to be higher 
(54%) in the popularsuscptileandultiar,;.e,relatively more leaf spotsChlimanaIhanin he ra-

susceptible cultivar, .e., Chalimbana than in the itfl 
proved high-yielding and less leaf spots susceptible 
cultivars, MGS 2 and MGS 3 (41%). 

The overall avoidable seed yield loss was lower in 
1986/87 (36%) and 1988/89 (32%) than the other 

three seasons (51-58%). This could have been be
cause of the relatively less favorable environmental 
conditions (especially rainfall) for leaf spot develop
ment. These results confirm the observations of 
McDonald et al. (1985) that leaf spots cause yield 
losses up to 50',. 

These results show clearly that considerable vari
ability does occur in extent of avoidable yield losses 
antong seasons and cultivars. Similar trials need to be 
conducted to ascertain the relative economic irnpor
lance of leaf spots in other agroecological regions of 
Zambia. 
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Discussion 

Subrahmanyam: I must congratulate the Zambian 
group for the excellent information they have been 
generating on crop losses and determining the relative 
importance of various diseases in Zambia. Similar 
information is also available from sonic other coun
tries in the region (e.g., Malawi, Zimbabwe, and 
Swaziland). I wish we generate such information 
from other SADCC countries in the immediate future. 
Such data arc required to prepare disease distribution 
maps on a regional basih and fix the regional 
priorities. 

Hildebrand: How inporiant would you rate GSND
 
in Eastern Province of Zambia?
 

Haciwa: It is seen occasionally in the Eastern Pro
vince but not considered important.
 

Hildebrand: Is it important anywhere else in 
Zambia? 

Haciwa: It is not known to be important anywhere 
else in Zambia. 

Laxman Singh: What are the reasons for the pro
gressive decline in performance of cv Chalimbana? 

Haciwa: Perhaps the rainfall pattern is the reason. 
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Weather Requirements for Infection by Late Leaf Spot
 
in Groundnut 

D.R. Butler 2 

Abstract 

The literature on effect of weather on infection ofgrouni(1it (Arachis hypogaea L.) by late leaf spot 
(Phaeoisariopsis personata) is examined. In addition, results fonz experimnents at the hiternational 
Crops Research Institutefor the Semi-Arid Tropics (ICRISAT) Center are used as a basis to propose 
a simple model to describ. t.'e effects of temperature and leaf wetness on infection. 

Sumdrio 

Necessidades Climiticas para a Infecqiao corn Mancha Tardia no Arnendoim. 0 efeito do 
clima na infecqdo do anendoim (Arachis hypogaea L.) pela maneha tardia (Phaeoisariopsis 
personata), descrito ma literatura, c (eaminado.Adicionalmente, resultados de experimentosfeitos 
no Instituto Internacional de Investiac'o de Culturas para os Trjpicos Semni-Aridos (ICRISAT) 
Centro sao usados como base para propoir tint modelo simples, para descrever os efeitos da 
temperatlira e da humiidade dasfo)lhas na infq'c'o. 

Introduction pears only in certain years. Possibly wetter seasons 
are more favorable to its development than drier 

In 1933 Woodroof published a detailed description, seasons." 
dislingu~shing two pathogens of groundnut (Arachis More than 50 years later there was little improve
/rvpogaea L.) that cause early ,:af spot (Cercospora nent in our ability to distinguish between the weather 
arachidicola Hori) and late leaf spot [(Pha- requirements of these two pathogens. Hemingway 
eoisariopsis personata (Berk. & Curt.) v. Arx)j. She (1955) observed large differences in the rates of dis
noted differences in the seasonal patterns between the ease increase in eastern Africa, which he attributed to 
two diseases in Georgia, USA, and concluded ten- greater spore production of P. personata. A similar 
tatively "that C. arachidicola occurs rather consis- situation was observed in southern India where the 
tently year after year, evr'i when the weather is quite numbers of airborne spores of the two species were 
dry." She also stated that "the conditions conducive compared (Sreeramulu 1970). Effects of temperature 
to the development of P. personata are not well and hunidity on conidial germination of C. ar
enough understood to attempt to explain why it ap- achidicola were reported by Oso in 1972, but equiva-

I. Presented by Dr P. Subrahman)anl on behalf of the author. 
2. Principal Microclitmatologi t. Resource Management Program. ICRISAT Cecter, Patancheru, A.P. 502324, India. 

ICRISXI" Conference IPapcr no. CP 576. 

ICRISAT W."ternaional Crops Research Institute for the Semi-Arid Trzpics). 1990. Proceedings of thc Fourth Regional Groundnul Workshop for 
Southern At.ica, 19-23 Mar 1990, Arusha. Tanzania. Paiancheru, A.P. 502 324. tndia: !CRISAT 
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lent infbrmation on P. personna was not available 
until recently (Soinmartya and Beute 1986). Shew et 
al. (1988) pointed out that long p-eriods of leaf wetness 
are necessary for lateleaf spot lesions to develop on 
inoculated plants, and demonstrated that infection oc-
curs with intermittent wetness. 

The situation at ICRISAT Center. India, is differ-
ent from that described by Woodroof (1933) for Geor-
gia and it is probable hat this is partly caused by
differences in climate. At ICRISAT Center. both earl), 
and late lealspot normally infect groundnut in the 
rainy season, bit late leaf spot is usually the dominant 
disease. Infrequently (less than I year in 5), early leaf 
spot is the more serious disease (P. Subrahmanyam,
ICRISAT Center. personal coin mLiilication). It is still 
not clear why this happens and, as part of a program 
to improve our understanding of how weather affects 
these diseases, we exanine in this paper evidence 
pertaining to infction by P.personata. 

Weather Variables Affecting 

Infection 

Current knowledge 


Jenset and Boyle (1965), Sommartya and Beute 
(1986). and Shew et al. (1988) made signilicant con-
tributions to our understanding of how weather af
fects late leaf spot infection. Finditgs from these 
three paper; are summarized in this paper with some 
furtlher analysis of their data. 

lii 1905, Jetiseti anid Boyle published thie results of 
2 years' field observations and proposed ascheme fordisease prediction (Jensen and Boyle 1966). Advice to 
growers for fungicide applications iii the USA is still 
based on this schetie, although no distintiinl was 
made between early' antidlate leaf spot. The scheme 
could be used for either disease and since it is so 
widely used and therefore requires examination in 
detail. 


Jensen and Boyle (1966) recognized the impoi-

tance of leaf wetmess to infection and used a thermio-

hygrograph placed in ascreen oni
the ground between 
the rows of grounidnut intheir field experiments. In
interpreting their results they made three important
assumptions: 

1.Adequate inocului is always present. 
2.Free water is necessary for spore germination, and 

the speed of germination depends on temperature. 
3. Periods of relative humidity (RH) greater than 

95% indicate periods of leaf wetness (this includes 
wetness from rain). 

On days when RH > 95% occurred in more than 
one continuous period, they selected the longest con
tinuous period. 

Their prediction scheme (Fig. la) uses periods of 
weness and temperature to compute an infection in
dex from 0 to 3, which indicates the extent to which 
environmental conditions are favorable for spore ger
initiation and penetration. This index can be thought
of as a measure of tlie number of lesions 'unit area)-] 
that will subsequently develop. When the infection 
index is plotted against wetness periods (Fig. Ib) it
becomes clear that Jensen and Boyle thought that the 
period required for maximum infection decreased 
with increasing temperature between 18*C and 27*C. 
This implies that the rate of infection increases with 
temperature, but suggests that, with adequate wetnes, 
periods, the linallevel of infection would not be a.
fecled by temperature between 20*C and 27C.

They observed tiat favorable conditions must per
sist for 2-3 days to detect the increase in disease
easily; I favoral ileday had little effect on the disease. 
Although they could no. distinguit between tile ef
fects of high levels of humidny and rain from their
 
ield results, they believed that RH was the best indi

cator of leaf wetness either from rain or dew.
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Figure Ia. Graph to predict leaf spot infection in 
groundnut. The infection indices (0to 3)are shown 
between the curves. [Redrawn from Jensen and 
Boyl, "966).] 
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Figure lb. The implied requirements of leaf wet-
ness (RH>_95%) and temperature for leaf spot 
infection in Figure Ia. 

Sommartya and Beute (1986) studied the gerrnina
tion of different isolates of P. personata in vitro and 
found that the percentage germination of conidia after 
48 h decreased with increasing temperatures between 
16"C and 32'C (Fig. 2). The steepest reduction was at 
temperatures greater than 28"C. They also corn-
rented on the effect of temperature on the germina-
tion rate. Incontrast to Jensen and Boyle (1966), 
Sorntnartya and Beute (1986) stated that the germina-
tion rate was maximum at 20'C, and at this tempera-
lure, more than 50% of the conidia had germinated 
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Figure 2. Tb' effect of temperature on the per-
centage of co idial germination after 48 h in vitro, 
The two sets of data are for different isolates of P. 
personata. [Redrawn from Sommartya and Beute 
(1916).] 

after 12 Ii. They give no details of germination rates atother temperatures. 

Show et al.(1988) examined the effect of periods
of leaf wetness on infcction at different temperatures. 
They (lid this by transferring plants between high and 
low humidity chambers, so that the period of surface 

on leaves varied between 3 and 24 h day-'. 
The humidity treatments were continued for 6 days attemperatures between 20"C and 32'C. For the major
ityof groundnut genotypes, the maximum number of 
lesions were obtained at 20'C, but differences bet
ween 20'C and 24'C were not large. I have fittedlogistic (Gompertz) curves to their data, which relate 

lesion numbers to wetness periods. For this, the data 
for 20'C and 24"C were combined and a separate 
curve was fitted to the data lbr 28"C. There were no 
statistical differences between parameters that define 
the delay and slope of the curves (Fig. 3); they are 
distir,-uished only by their asymptotes. 

200 o 201C 
* 240 C 
[] 280C 

15t 
.* 0 0 

E
C100 
a 
' 

-J 50 

0 
0 5 10 15 20 25

Periods with RH >93% (h) 

Figure 3. Tie effect of leaf wetness duration (RH
>93%) on lesion number at different temperatures. 
Wetness periods were repeated for 6 days. TheGompert7 curves, fitted to the data from Shew et 
al. t1988), have the same parameters for slope and 
delpy (cnry the asymptotes are different). 

Implicati s 

Several interesting points arise from the work cited 
above. The relation between percent spore! germina
lion and temperature (Sommartya and Beute 1986) is 
important, since germination is a prerequisite to 
infection. 
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It is necessary to reconcile tile bet-differences 
ween the conclusions from the field experiments of 
Jensen and Boyle, and the findings of Shew et a]. 
(1988) and Sommartya and Beute (1986). Jensen and 
Boyle concluded that the infection rate increased with 
temperature up to 27'C; therefore, much lonrer pe-
riods of leaf wetness would be required at ov er ten-
peratures to achieve agiven infection level. Hvever, 
Sommartya and Beute (1986) found that the geri:,i-

was naxinum at 20'C and that the percent-

age germination decceased with increai.g 
temperature above 20'C. The latter result agrees with 
the finding of Shew et al. (1988) that the number of 

tion rate 

lesions decreases with increasing temperature bet
ween 20*C and 28'C for all the periods of leaf wet
ness. Although Jensen and Boyle interpreted their re-
suits in terms of infcction, they were asse,;sing dis
ease development in the field, which is the result of 
the whole disca,.o cycle. It is poisible that disease 
progress at low temperatures was limited by inoculum 
since, lor early leaf spot, sporu;ation is reduced mark-
edly at temperatures below 20'C (Alderman et al. 
1987). 

Further progress 

We carried out a series of experiments at ICRISAT 
Center in which poted plants were inoculated with 
conidia of P. personata.After inoculation, plants were 
kept in a greenhouse where the leaves remained dry. 
At night, selected plants were placed in adew-cham-
ber for different numbers of nights (each night pro- 
viding about 16 h of leaf wetness). The air ten

perature in the dew-chamber was co'rolled to +0.5 
'C and experiments were carried at various tempcra
tures between I3C and 28"C. The number of lesions 
that appeared on inocL ated leaves was recorded daily 
until there was no further increase, 

With only I night of leaf wetness, lesions never 
developed and with 2 nights, there were usually none 
or very few lesonls. After an initial delay, the number 
of lesions increased linearly with the number of 
nights in the dew-chamber until a plateau was 
reached. Both the initial delay and the time taken to 
reach the plateau varied with temperature. Infection 
was most rapid at 23"C when the plateau was reached 
after 5 nights (Fig. 4a). In contrast, at 13"C infection 
began after 4 nights and continued to increase in se-
verity even after II nights (Fig. 4b). 

Our results confirm the finding of Shew et al. 
(1988) that infection occurs witl intermittent periods 
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Figure 4. Lesion numbers on inoculated ground
nut plants in relation to numbers of nights in adew-chamber (each night providing 16 h of leaf 
w ew-chamber tepr esi (a 2 C; 
(b) 13 . p 

of surface moisture. It appears that the dominant vari 
able affecting infection at a particular temperature i! 
the total number of hours of leaf wetness. When oui 
results at 23'C and those of Shew et al.(1988) ai 
20"C and 24"C are shown with that time scale, the 
agreement is remarkable (Fig. 5). 

Compared with these results, the findings of Som
martya and Beute (1986) are surprising in that such 
long periods of leaf wetness are necessary for infec
tion when more than 50% of conidia germinate in 
12 h. Initial observations of conidia on leaf surfaces 
indicate that germ-tube growth is slow and Icaf pene
tration is rare within the first 32 h of wetness. 

We now have sufficient evidence to propose a sim
ple model to describe late leaf spot infection in terms 
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Wetness period (h) Figure 6. Temperature sensitive parameters for a 
Figure 5. Lesion numbers in relation to the total model of late leaf spot infection. D is the initial 
number of hours of leaf wetness ,n inoculated delay; A is the period beyond which there is no 
groundnut plants. further increase in disease; S is the maximum dis

easc severity. 

of leaf wetness periods and temperature. Tempera.ure ICRISAT Center aim to obtain relationships between
affects the process in two ways: (a) it determines the tinperature and the parameters D, A, and S. 
percntage germination of conidia and (b) it dete- To use the model, it is necessary to have a meamines the rate of infection (this includes germination, sure of leaf wetness as well as temperature.

gernl-tube growth, and leaf penetration). It seems rea-

This
 
could be either measured directly with an electronic
sonable to assume that infccuon does not proceed if sensor or estimated from humidity aod rainfall re

the leaves are dry, but 
 fat the process starts again cords. We are exploring methods to oLtain estimates

where it left off, when Icaves are re-wetted. With 'his 
 of leaf wetness from weather records. We believe that
assumption, the total period of leaf -',,etness after such an approach will be a valuable aid to disease spore deposition and the mean temperature during prediction, which is an important compon 'nt of effi
that period are required to calculate the amount of cient disease control. It will also help ;aerpret results
infection. If the rate of infection is rapid, the time of screening trials where weather conditions may not 
required to reach maximum infection would be short, be ideal for infection. 
and a shorter period of accumulated leaf wetness 
would be required but if the rate of infection is slow, a 
longer period of accumulated leaf wetness would be 
required. The maximum level of infection with non
limiting wetness periods, will vary with temperature References 
since it depends to a laige extent on the proportion of 
spores that germinate. Alderman, S.C., Matyac, C.A., Bailey, J.E., and Beute,

The model has three parameters (Fig. 6): an initial M.K. 1987. Aeromycology of Cercospora arachidicola ondelay (D) when no infection occlrs, the period (A) peanut. Transactions of the British Mycological Society
beyond which there is no further increase in disease, 89:97-103. 
and a severity (S)whi h determines the maximumlevel of infection in relation to temperature. S ac-	 Garca-liudobro, J,,Monteith, J.L., and Stquire, G.R.1982. Time, temperature and germination of pearl milletcounts for the effect of temperature on percentage (Pniseitan typinoides S. & H.). I. Constant temperature.
germination of conidia. If the parameters D and A are Journal of Experimental Botany 33:288-296. 
expressed as rates (lI/D and I/A) it is likely that the 
temperature response will be linear, as has been found Hemingway, J.S. 1955. The prevalence of two species of
in an analogous situation of s-uds germination (Gar- Cercospora on groundnuts. Transactiois of the British My
cia-Huidobro et al. 1982). Current experiments at cological Society 38:243-246. 
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Discussion 

Doto: What isthe practical utility of infornation de
picted by the last figure you prese:-'ed? 

Subrahmanyam: It is useful in disedse prediction 
and providing advice on effective disease control. 

Ismael: How much does the growth stage affect the 
requirement of temperatu;e and relative humidity for 
disease development? 

Subrahmanyam: We don't have adequate in
formation. 

Ismael: Is the plant more susceptible at a particular 
growth stage when the required temperature and rela
tive humidity is piesent? 

Subrohmanyam: Plants are susceptible at all stages 
of development. 
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Resistance to Botrytis Gray Mold in Some Groundnut
 
Genotypes in Zimbabwe'
 

Z.A. Chiteka2 

Abstract 

Forty long-season groundnut (Arachis hypogaea L.) genotypes belonging to the subspecies hypo
gaea were evaltatedfor resistance to botrytis gray mold (Botrytis cincrea) at the Harare Research 
Station and the Gwebi Varier Testing Center. Disease infection was rated in nvo ways, either using 
a 0 to 6 scale to assess plant or crown infection (0 = No disease, and 6 = More than 70% of the 
crown affected) or by determining an infection index based on the number of affected stems. 
Comparedwith the susceptible control variety Flainingo, the most resistant genotypes gave higher 
seed yields at both Harare and Gwebi. The botrytis rating using the 0-6 scale was negatively 
correlated (P<0.00/) wvith pod and seed yield at both sites (r = -0-518 to -0.457). Fhis method seas 
quicker aild ttore practical than the use of the botrytis index. Several genotypes combined high 
yield with good resistance to botrYtis. 

Sumdrio 

Resistencia ao Bolor Cinzento Botrytis em Alguns Gen6tipos de Amendoim no Zim
babwe. Quarenta gen6tipos de amendoim de ciclo Iongo, pertencendo ti subespicie hypogaea 
foram asaliadospara a resist~ica ao bolor cinzento botrytis (Botrytis cinerea) na Estado de 
lnvestiga 'ao de Harare e no Centro de Testagem de Variedades de Gwebi. 0 grau de infecqo da 
doeniqa foi determinado de duas maneiras,usando dois mctodos:a escala de 0 a 6 (0 = sent doen'a 
e 6 = mais de 70% da coroa afectada) e o indice de infec('do, baseado no ntimero de caules 
afectados. Comparada com o controlo suscepth'el,a variedade Flamingo, os gen6tipos mais resi
stentes produ:irain naiores rendi::2ntos de grdo emnHarare (50% a 135%) eem Gwsebi (20 a 65%). 
A avalia 'do do botrytis usando a escala de 0 a 6 estava nenatil'amente correlacionada cont o 
rendimento de vagens e grao em amnbos os lugares (r = -0.518 a -0.457). Este ndtodo foi mais 
rdpido e mnais prcitico que o uso do indice de botrytis. Vdrios gen6tipos conbinaram altos rendi
inentos con boa resistcncia aobotrvtis. 0 gendtipo mais resistente. 92/7/103, produziu urn rendi

-mento media de grdo de 4.09 t ha t, em Harare, e de 4.87 t ha-1, em Gvebi. 

Introduction 	 munal-area farmers in Zimbabwe. Diseases and pests 
are major constraints to groundnut yield (Hildebrand 

Groundnut (Artchis hypogaea L.) is widely grown by 	 1980; Cole 1981; Chiteka 1985). 
large-scale and small-scale commercial and by corn- Both long-season varieties belonging to the sub-

I. This paper could not be presented as it was received laic due to unforeseen circumstances. 
2. Groundnut Breeder, Crop Breeding Institute, P.O. Box 8100, Causeway, Harare, Zimbabwe. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnui Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patanci,eru, A.P. 502 324. India: ICRISAT 

105 



species hlvvoea. and short-season varieties belong-
ing to the subspeciesfi.stigiaa arc grown. The former 
are mostly cultivated by commercial farmers with 
supplementary irrigation, sown early (late September
to late October), and harvested from February to 
March. The short-season varieties are sown wih the 
rains in early November to mid-December and har-
vested from late February to March. The major diseases affcting groundt yields ia Zimbabwe are 
early leaf spot (Ceroswra arachidiolaHori.), late 
leaf spot [Phaeoisr1u11psisilwrsonata (Berk & Curt.)
v. Arx.J, web blotch (Phoma arachidcola),and gray
mold (Botrytis cio'rea Pers. cx Fries). Early leaf spot
is the most prevalent on both long- and short-season 
crops. Late leaf spot constitutes asmall proportion of 
leaf spo, lesions on highveld crops but up to 100% ofleaf spol lesions on groundnut crops at an altitude of 
450 in. Web blotch and gray mold are more prevalent
and much more severe on long-season crops; short-
season crops are rarely affected seriously. However,
where short-season crops are grown near long-season 
genotypes, gray mold and web blotch may also attack 
commercial short-season genotypes in high altitude 
areas and in ,cry wet seasons, 

During the past three seasons, there was a high
incidence of gray mold in groundnut trials grown
without the use of fungicides. It has also been noted 
that gray mold caused considerable yield losses in 
long-season genotypes even when fungicides had 
been applied. Although gray mold, early leaf spot,
web blotch, and late leaf spot can be controlled by
fungicides (Cole 1981) production costs are increased 
and gross margins reduced. Besides, foreign currency
is required to import fungicides and their use poses
health hazards and increases environmental pollution.
Cultivation of resistant varieties would be the most 
economical long-term measure. 

Gray mold is asoilborne fungus disease affecting
both the crown and the subterranean parts of the plant

(Smith 1984). Infection starts on the above-ground 

parts of the plants. At first, brown necrotic lesions 

appear, which increase in size. Then 
 the infection 

proceeds downwards to the underground parts of the
plant. Affccted parts turn brown and eentually black. 

Depending on the severity of the disease, the stage at 

which the plant is affected, and the degree of resis-

tance of the genotype, the whole plant may be killed.
Temperatures below 20'C with excessive rain over 
long periods are conducive to the development of 
gray mold. Excessively wet periods are common on
the highveld of Zimbabwe especially during Decem-
ber, January, and February. Night temperatures below 

20'C arc common in high-altitude areas. Jackson 
and Bell (1969) and Smith (1984) stated that gra
mold had not been reported to cause serious damagi 
to commercial groundnut crops. On the other hand
this paper reports high yield losses attributable t 
gray mold in the case of susceptible genotypes. Th< 
objective:, of the tests were: 

A. 	 to evaluate the productivity of some seletec 
long-season groundnut varieties under high gray. 
mold disease pressure, 

B. 	 to scicen lor resistance to gray mold, and 
C. 	 to evaluate the eflicacy of two methods of gray

mold damage rating on many genotypes. 

Materials and Methods 

Forty long-season groundnut varieties belonging to
the subspecies hypogaea were sown in a preliminary
yield trial at Harare Research Station (HRS) (altitude
1506 m) and at Gwebi Variety Testing Centre (GVTC)
(altitude 1448 in). Flamingo, the most widely growi
long-season variety, was included as a control along
with Makulu Red and Egret. Standard cultural prac
tices for long-season groundnuts (Hutchinson 1982)
 
were followed except that fungicides were not ap
plied. The plots comprised of 9 rows, 0.45 m apart,

and were 3-n long. A net plot area of'7 rows x 2.4 in
 
served for yield determination (discarding the 
 two 
border rows and 0.3 in from both the ends of the 
rows). The design used was a randomized-complete
 
block with three replicates. The trial at HRS 
 was 
sown on 7 Oct 1988 and harvested on 17 Mar 1989 
while the trial at GVTC was sown on 6 Oct 1988 and 
harvested on 15 Mar 1989. At 115 days ifter sowing,
gray-mold infection was rated in both trials in two 
ways: 
A. 	 A gray-mold score using a0-6 scale as described 

in Table I where 0 = No disease, and 6 = All 
stems affected (on more than half of the length
wiih more than 75% of plant tissue heavily 
diseased).

B. Using a damage index determined as follows: in 
each plot two plants were selected at random. The 
following records were taken: total stem (branch) 
counts (TSCI and TSC2) and the numbers of 
stems infected with gray mold (BSCI and BSC2).
Then the gray-mold index was calculated. 

Gray-mold index 

[(TSCI/BSCI + TSC2/BSC2+0.2]/2×I.
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Table 1. Rating scale 0 to 6 for Botrytis cinerea in 
groundnut. 

0 = No disease visible, 
I = One to iew necrotic lesions plant-'. 
3 = One to two stems extensively damaged over 

more than half of the steinlength. 
= Up to 25% of the crown severely damaged, 

heavy sporulation evident. 
5 All stens affected and up to 50% of stems and 

foliage heavily diseased, 
6 = 	 All stems severely affected over more than half 

of the length and 75-100% of the crown 
heavily dit:eascd. heavy sporulation. 

The constant 0.2 was added to avoid zero readings 
when computing correlations between plot observa-
lions. Plant den.sity, shelling percentage, and seed size 
,ocre also recorded. 

Analyses of variance were catried out on pod 
yield, seed yicld, antd gray-mold scones. Relationships 
between the gray-tiold score or the gray-nold dam
age index on the one hand and yield or yield compo-
nrnts on the olhi were determined using tie simple 
Pearson 	 correlation procedure (Steel and Torrie 

Results and Discussion 

At ItRS, 28 genotypes, and at GVTC, 15 genotypes 
outyicldcd cv Flamingo (Table 2). 

There were significant differences among ge-
itolypes for gray-tuold score (P<0.001) at both sites 
(Table 2.) The mean gray-mold rating at GVTC was 
lower thain that at IIRS indicating a lower gray-mold 
incidence. Generally the ranking of genotypes for the 
gray-mold incidence did not differ to any appreciable 
extent between the two locations. This indicates some 
degree of environment consistency. Genotypes that 
oulyiclded Flamingo also had lower gray-mold 
scores. 

Analyses of variance of gray-mold damage in
dices are not presented because the nonadditivity test 
showed an abnormal distribution of data. No transfor
mations were carried out. Means for the gray-mold 
index are shown in Table 2. Several high-yielding 
genotypes with low gray-mold score at both sites had 

higher gray-mold damage indices than the susceptible 
control variety Flamingo. This indicates that the gray
mold index was less reliable in ranki- 6 genotypes for 
gray-mold resistance. This was probably because 
damaged stern countings do not reflect the degree of 
damage. 

Yield and yield components, except te number of 
seeds ounce-'(where I g p0.03527 weree ounces) 

negatively correlated (P<0.01) with either of the two 
gray-mold ratings. Increasing gray-mold damage was 
thus accompanied by increasing yield reduction. Bot
rytis damage affected all yield components although 
the correlation was not significant (P > 0.05) for seed 
size. Probably the pods that are already formed be
come fully filled in spite of disease or debilitating 
factors but in thi; case no other pods are developed. 

Yield or yield components were generally less cor
related with gray-mold index than with gray-mold 
score. In both cases, however, there was acloser rela
tionship between yields and botrytis rating than bet
wcen yield components (shelling percentages and 
numtber of pods plant-') and botrytis rating. 

Conclusion 

During the 1988/89 cropping season, there was a 
higher incidenc.: of gray mold at HRS than at GVTC. 
At both sites, genotypes with high yield and resis
tance to local strains of gray mold were identified. 
Classification of gray-mold resistance of genotypes
using a0-6 gray-tnold rating scale led to more con
sistent results than using the gray-mold index. The 
gray-mold score was moderately correlated with seed 
and pod yields. 

Table 3 shows the relatiotnship between gray-mold 
score, or the gray-nold index on the one hand, and 
yield and yield components on the other. At both sites, 
pod and seed yields were moderately correlated 
(P<0.001) with the gray-mold score (r = 0.44 to 
0.523). This indicates that the gray-mold score is a 
reliable measure of resistance to gray mold. 
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Table 2. Seed yields, gray mold scores (BCS), and gray mold indices (BCI) for 40 long-season genotypes at Harare 
Research Station and Gwebl Variety Testing Center, Zimbabwe, 1988/89. 

Harare Research Station Gwebi Variety Testing Centre 

Genotype Yield (t ha-1) BCS BCI Yield (t ha-1) BCS BCI 

9217/103 4.09 1.0 0.8 4.87 1.0 3.6 
92f7/176 4.66 2.8 3.7 3.79 1.0 5.4 
9217r20 2.95 1.3 1.5 3.00 1.0 5.8 
9217/36 4.23 1.3 1.6 3.71 1.0 4.9 
92/7/87 3.86 2.7 1.4 3.95 1.0 3.9 

92f7/6 3.90 2.7 1.7 3.87 1.0 4.3 
9217/301 3.87 1.7 1.4 3.81 1.0 4.6 
92f7/178 3.80 2.0 2.1 3.81 1.0 5.5 
92/7P- 3.77 2.8 1.4 3.76 0.7 4.3 
9217/144 3.69 1.0 1.7 3.84 1.0 3.4 

92/7/11l 3.69 1.7 3.0 3.64 1.0 4.5 
9217/56 3.45 1.3 2.0 4.04 1.0 5.1 
9217/5 3.44 2.7 5.0 3.87 2.7 7.2 
9217/149 3.29 2.2 2.4 3.97 1.0 3.5 
9217/25 3.35 2.0 1.9 3.76 1.0 4.5 

9217/47 3.58 1.7 2.2 3.17 1.0 4.8 
9217/59 3.36 2.0 1.2 3.32 1.0 5.6 
9217/105 3.80 2.3 1.7 2.87 1.0 3.7 
92/7/179 3.54 1.7 1.9 4.03 1.3 2.9 
9217P260 3.19 2.7 2.0 3.31 1.7 3.8 

9217/94 2.93 1.7 3.2 3.38 1.7 5.2 
9217/96 2.71 2.7 2.0 3.19 1.0 3.6 
9217/5 3.01 1.7 1.4 2.85 1.0 4.6 
9217/40 2.73 3.0 4.0 2.98 1.7 5.6 
9217/143 2.98 4.0 4.0 2.57 2.3 6.8 

9217/191 2.75 2.0 1.9 2.63 1.0 4.2 
9217172 1.37 4.0 5.5 3.92 3.3 5.9 
92171247 3.86 1.7 1.0 1.35 3.7 5.9 
Egret 2.15 2.3 2.9 3.00 1.7 3.9 
92[7/45 2.20 3.3 5.4 2.90 2.3 5.0 

9217/182 2.37 1.7 0.8 2.57 1.7 4.1 
9217/44 2.59 1.7 4.5 2.31 1.0 7.3 
92171732 2.50 1.7 2.1 2.28 1.0 3.8 
9217/147 2.10 4.0 3.2 2.66 2.0 5.5 
Flamingo 1.74 3.3 52 2.94 2.7 4.1 

P161I7P2 1.93 3.0 4.6 2.66 2.0 5.3 
Makulu Red 1.70 3.0 3.3 2.62 1.0 4.7 
927/138 1.93 2.3 2.9 1.83 3.0 4.8 
9217307 1.78 4.0 5.9 1.84 4.3 7.4 
92/7172 0.59 2.7 1.4 0.72 0.7 4.3 

SE ±0.29 ±0.46 - ±0.25 ±0.46 -

Mean 2.99 2.4 2.7 3.14 1.5 4.8 

CV (%) 17 33 - 14 53 
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Table 3. Correlations between botrytis ratings, yield, and 
yield components for 40 long-season groundnut pe-
notypes grown at two sites, Zimbabwe, 19P;8/89. 

Bolrytis .core Botr is index 

Gwebi Gwebi 
Variety Harare Variety Harare 
Testing Research Testing Research 

Component Centre Station Centre Station 

Pod yield -0.523"'" -0.444"'" -0.342"'" -0.451 .
 
Seed yield -0.518- -0.457"'" -0.372"'" -0.431."
 
Shelling (%) -0.273"" -0.362- -0.288"" -0.272""
 
Seeds -0.138n, -0.028 n, -0.288 n, -0.136 n,
 

Pods plant-' -0.375"' -0.444"' -0.276.. -0.439"'" 
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Damage and Yield Loss Caused by Insect Pests 
on Groundnut in Zambia 

P.H. Sohati' and S. Sithanantham' 

Abstract 

Surveys offarmers' groundnut (Arachis hypogaea L.) crops in different provinces ofZanbia during 
the 1987188 and 1988/89 cropping seasons indicated that sucking pests (mainly leaflioppers) caused 
more severe danage than defoliators or soi! pests. Avoidable losses because offoliage (sucking and 
defoliating) pests during the 1988189 cropping season was estimated at 5-31% compared to 2-19% 
for soil pests. The extent ofyield loss caused by pests was found to differ depending on seasons and 
cidtivars. Yield losses caused by pests tended to be more important in the valley than in the plateau. 
The need for mnore detailed studies to ascertain the economic importance of the pest groups is 
emphasized. 

Sumdrio 

Danos e Perdas de Rendimento Causadas por Pragas de Insectos do Amendoim na Zambia. 
Levantanentos de culturas de antendohn (Arachis hypogaea L.) dos agricultores, feitos em di
ferentes provfncias da Zambia. durante as estafdes de cultivo de 1987/88 e1988/89, indicaram que 
as pragas sitgadoras (principalmente salta-folhas) causarani danos niais severos que os de
foliadores ou as pragas do solo. As perdas evitdveis causadas por pragas das folhas (sugadores e 
defoliadores), durantea estafdo de cultivo de i9881R9,?foram estimadas en 5-31%, em comparajo 
com os 2-19% para as pragas do solo. A dinensdo dos perdas de rendimento causaaias por pragas, 
tenderani a ser mais intportantes no vale que no planalto. A necessidade de estudos mais de
talhados, para ,'onfirinara importancia econonicadestes grupos de pragas e enfatikada. 

Introduction mites and white grubs, to be more important, causing 
between 5-20% reduction in crop yield. More re-

Several insect pests are known to attack groundnut cently, studies have been taken up on the incidence of 
(Arachis hypogaea L.) in Zambia. These can be soil pests (including millipedes) and the extent of 
grouped into sucking pests, defoliators, and soil pests plant mortality or pod damage they cause (Sitha
(Sithanantham et al. 1')89). Amin (1984) considered nantham 1988; Wightman 1989). Howeer, informa
sucking pests (leafhoppers, aphids, thrips) to be eco- tion on damages and yield losses caused by the three 
nomically important and estimated yield losses of 10- groups of pests in various parts of Zambia is still 
30% because of lealonpcrs alone. On the other hand, incomplete. The present paper summarizes recent re-
Wightman (1986) regarded soil pests, especially ter- suits on these aspects in Zambia. 

t. Legumes Entomologist. Food Legumes Research Team, Msekera Regional Research Team, P.O. Box 510089. Chipata. Zarbia. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. t,-eedings of the Fourth Regional Groundnut Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, AP. 502 324, India: ICRISAT. 
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Insect Damage Surveys 
During the 1987/88 and 1988/89 cropping scasons, 
roving surveys wvere to assessmade the severity of 
damage caused by the major pest groups. The survey
included the Eastern Province, which is the principal
groundnut-growing region, and also limited sampling
in Luapula, and in the Northern, Southern, .1 West-
ern Provinces. Each year the survey was taken up
betweon late %larch and early April. when the crops 
were mostly at iid-podding stage. Farmers' lields at 
distances of about 20-3) km were chosen at random 
along iiotorable routes. In each lield,four plots (I in x 
I in) were sampled. In each plot, !he damage by three 
pest groups was visually rated on a 1-9 scale, as 
described below: 

= No apparent damage 
"3= Light damage (below 10%) 
5 = Moderate damage (11-25%) 
7 = Severe damage (26-50%) 
9 = Very severe damage (above 50%) 

When assessing the damage caused by sucking 

pests, leaf tip yellowing (caused ny teafhoppers) as 
well as crinkling and cupping (caused by aphids,thrips, white flies) was taken into account in rating.
Extent of foliar damage (by grasshoppers, beetles, or 
caterpillars) was the criterion for defoliator damage
rating while the severity of root/pod damage in five 
random plants plot- was the basis for soil pest rating
(termites, white grubs, wireworms, Dorylus ants, 
milliprdes). 

The results (Table 1)show that damage by sucking 
pests tended to be genera!ly more severe than that by
the other two pest groups. Moderate to severe damage
by sucking pests w,ts observed in all districts of the 
Eastern Province except Chadiza. Among the other 
districts, Chona (Southern Province) and Kaoma 
(Western Province) seemed to have suffered substan

tial damage by sucking pests. Defoliator damage was 
mostly mild to moderate, and seemed to be of some 
importance in the districts of Chora (Southern Pro
vince), Chipata North, and Chipata South (Eastern
Province). Severity of soil pest damage was generally 
found to be similar to that caused by defolialors. Thedist-icts which appeared to suffer appreciable damage 

Table 1.Relative severity ofldamage to groundnut crop by major pest g'aoups in different Provinces of Zambia surveyed
during 1987/88 and 1988/89. 

Severity rating (1-9 scale)' 

Number Maximum Mean 
of farms Sucking

Province District surveyed 
Defol- Soil Sucking Defol- Soitpests iators pests pests iators pests

Eastern2 Chadita 5 4 2 13 2 3 
Chipata north 2 5 3 I 5 3 1Chipata south 10 7 3 4 5 3 2Katete 2 6 2 3 6 2 3Lundazi 7 7 3 2 5 2 1Mambwe 4 6 2 2 5 2 2Petauke 5 2 4- 4 2 3Luapula ' Mansa 6 4 2 1 3 2 INorlhern3 Kasama I I I I I I ILuwingu 2 4 2 I 4 2 iMbala 2 1 I I I I ISouthern-' Chora 9 8 6 4 5 4 2Western' Kaoma 8 7 4 3 6 3 I
 

Overall maximum 60 8 6 4 6 4 3
 
Mean 5.3 2.6 2.2 4.1 2.2 

t. Scored on a 1-9 scale:where I = No damage, and 9 = 50-100% foliage destroyed.
2. Survec)ed in he 1987/88h season.
 
3. Surveyed in the918/89 season. 

1.5 
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were Chipata South, Katcte, and Petauke (all Eastern 
Province). Chom: (Southern Province), and Kaoma 
(Western Province). 

These results conlirm the opinion of Amin (1984) 
that sucking pests (especially leafhoppers) are of eco-
nomic importance in Zambia. Although Wightman 
(1989) t-stimated soil pests also to be destructive in 
various parts of the country, tilepresent survey did 
not re,,cv!any appreciable damage. Possibly, this sin-
gle-stage sampling survey tended to underestimate 
soil-pest damage, sine,:.crop mor'-tlity and fresh pod/ 
root damage at late-maturity stages were not covered. 

Avoidable Yield Losses because 
of Pests 

To estimate avoidable loss because of the major pest 
groups, comparisons of seed yields were made bet-
ween 'nonprotected' and 'protected' plots in repli-
cated trials. These trials comprising different 

cultivars were conducted during the 1987/88 and 
1988/89 cropping seasons at two research stations of 
tie Eastern Province, one on the plateau (Msekera) 
and tileother in tilevalley (Masumba). During 
1988/89, an on-farm trial was also conducted. 

In most of tiletrials the loss because of soil pests 
was assessed by comparing 'protected' plots receiv
ing soil application of carbofuran or chlorpyrifos 
(I kg a.i. ha-') or dieldrin (2 kg a.i. ha-') at sowing 
with nonprotecled plots. For assessing the loss be
cause of foliage pests (sucking and defoliating), pro
tected plots were sprayed with dimcthoate plus 
endosulfan (each at 0.07%) while 'nonprotected' 
plots received water spray. Avoidable loss was esti
mated as the reduction inseed yield in nonprotected 
plots compared with that inprotected plots. 

The range of avoidable loss because of soil pests 
across research sites and cultivars for the 1987/88 
season was estimated as 11-30% (101-200 kg ha-i) 
compared to 2-19% (13-109 kg ha-') for the 1988/89 
season (Table 2). For tilesecond season (1988/89), the 

Table 2.Estimates of avoidable loss because of soil and foliage pests of groundnut in Eastern Province, Zambia, 1987/88 
and 1988/89. 

Soil pests Foliage pests 
Location Cultivar (%) (kg ha-') (%) (kg ha-i) 

1987/8$ (On-station)
Masumba' Makulu Red 30 200 

MGS 2 16 137 
t lest 

Msekeral Clalimbana 14 
4.46** 

117 
MGS 2 II 101 -

iTlest 4.16** 

1988/89 (On-station)
Masumba' Chalimbana 19 109 31 148 

Makulu Red 2 13 5 35 

'T'test 
MSG 2 2 14 

2.25* 
b 
0.71 

36 
NS2 

Msekeral Chialimbana 16 76 23 144 
Makulu Red 10 147 

't, test 

MGS 2 
MSG 3 - -

21 
16 

226 
223 

6.69** 

1988/89 (On-farm)
Kalichero l MGS 2 21 78 -

MGS 4 II 29 
I. Msekera. Kalichero = plateau; Masumba = valley. 
2. NS = Not significant. 
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+COniparatise ratgc iii hiss bcaiuse ot foltage pests 
%ka, 5-31"; 135-14S kg lia 1). 'n both seasons, the 
extent of loss because ol pests lended to be greater at 
the valley site tOlasnillba) thall at the plateau site 
GMseker;i. Durinig the 1'988/81) season, the loss be-
cause ofl soil pets a, vsell a;s loliaec pests was greater 

ill Cllilhaira1MI (laIrgc-sCCdcd, popIlar CUltivrl) than 
cw,in lakulti Red II nlil ee si Popular cultivar) 

and l(;S 2 (iniplrod, Irieh-viefdiii_ cUltivar). The 
olill-l'alll trial also slloMed substantial loss (11-
21 (' ) becaljise if ,oll Pes ts. 

These ntla ,clrfv inllictC ;I considerable vari
abilitv in %ield lhs, bIClxccii sc;solls, sites, and culti-
var.. ealctcr loss because of both pest groups 

"1ho 

p)0\t iircitlclice ald/or greatl r Stress stIHcrCd by plants 
unideri a ii cIlriii iN, lie rCdtlCCd level of losses 
frC.LAl Of Moil pet ait ,lastila duritg tie second 
seaoni l flosiiblx be Ift'IUSe 01'ohigh rainfall, re
dlitigl- oifpesi eicliivy. The iinproved hiih-yielding 
clilli ar NIGS 2 appcalCd to suffer less than Chalim
lrill troUti pcst', o bof1i 2roLpS. Apparently, this 

,ould heL.a hollus ritile lairnters. as the pest-caused 
los, call be iiiiiiiei.l \ ust opling for tile new 

h it iilip i rtulil it 1icliiOil I at SOIlltlilns insec
ticidafl pl ieciriI, csptceCirllv those against soil pests, 
h1,1d [i0 efc lnl rlilds or ecei iesullted in reduced 
sed yield. licc'ticides as IraVe interacted in differ
ent 5 ai s i soil t\p ,at lcctiin plant growth. They 
ilso Illac Ila. had ai illtiiiclee otn natural etnemies of 
e is ic,.., itsll) or oi liei lit's abilily to cotupel-

Sae hI d]liiae. 
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Screening for Resistance to Sucking Insects among
 
Groundnut Genotypes in Zambia1
 

S. Sithanantham 2, P.H. Sohati 2, M.B. Syamasonta3 , 
and J. Kannaiyan 4 

Abstract 

Sucking insects, mainly leafloppers, contribute to yield losses on groundmt (Arachis hypogaea L.) 
in Zambia. Many genotypes were screened in replicated plots at two locations-Msekera and Mas
itmba-during the 1987188 and 198d/89 'ropping seasons. ICG 485, ICG 2271, ICG 5044, and ICG 

St 15 were distinctly less damaged by sucking insect pests than many other genotypes. ICG 2271 is 
resistant to several pests, and as it has a good yield potential it mnay be a useful parent in 
hybridi:ation. The gerinplasm screening at Msekera during the two seasons indicated three alter
nate branching lines (NC Ac 15740, NC Ac 10223, NC Ac 2230) and four sequential branching lines 
{EC 36892, PI 315680, ICGV 86309 (ICGS 87), and HYQ(CG)S 101 to be promising for low 
damage by sucking insects. Genotypes EC 36892 and NC Ac 10223 were least damaged by early 
and late leaf spot diseases. 

Sumdrio 

Procura de Baixa Susceptibilidade a Pragas de Insectos Sugadores Entre Gen6tipos de 
Amendoim na Zambia. Pragas de insectos sugadores, pri,:ipahnente salta-folhas, sdo una 
importante causa para o abaixamento do rendimento do amendoin (Arachis hypogaca L.) na 
Zambia. Mtitos gen6tipos forant avaliados em talhJes repetidos em dois locals - Msekera e 
Mastunba -durante as estai'i0es de cultivo de 1987/88 e 1988/89. Determinou-se que ICG 485, ICG 
2271. ICG 5044 e ICG 5045 foram claramente menos danificadas, por pragas de insectos sug
adores, que nuitos dos outros gen6tipos. ICG 2271 tent a vantagem adicional de ser resistente a 
vdrias pragas e, como ten tint bon rendimento potencial, pode ser tail como progenitor na 
hibrida '(o.A classifica 'do do gerunoplasma, cultivado em Msekera, durante duas esta 'evs, indicou 
trs linhas de rantifica o alterna (NC Ac 15740. NC Ac 10223 eNC Ac 2230) e quatro linhas de 
ranifica-dosequencial (EC 36892, PI 315680, ICGV 86309 = ICGS 87 e HYQ(CG)S 10) como 
promissoras pelos baixos danos causados pelas pragas de insectos sugadores. Os gen6tipos EC 
36892 e NC Ac 10223 foram tambem pouco danificadas por doen'as de manchas das folhas, 
tenhpord e tardia. 

1. The paper was presented by P.H. Sohati. 
2. Legumes Entomologist, Food Legumes Research Team, Msekcra Regional Research Team, P.O. Box 510089, Chipata, Zambia. 
3. Groundnut Breeder and Coordinator at the .,,,ove address. 
4. Legume Pathologist at the above address. 

ICRISAT (international Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha. Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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Introduction 

Insect pests are serious constraints to groundnut (Ar-
achis ivpogaea L.) production in Zambia (Sandhu et 
al. 1985). Among the several insects infesting the 
crop, sucking pests, mainly leafhoppers (Empoasca
spp), appear to cause appreciable yield losses (Amin
1984; Sithanantham et al. 1989). Since groundnut is 
grown mostly by small-scale farmers in the Southern 
African Development Coordination Conference
(SADCC) region, cultivars resistant to insect pests 
are appropriate for minimizing the losses by insects(Sithanantham 1989). The results of a search for 
sources of resistance to sucking pests in Zambia are 
summarized in this report. 

Materials and Methods 
During two cropping seasons (1987/88 and 1988/89), 
many groundnut genotypes, including pest-resistant 
selections from ICRISAT Center (India) and high-
yielding selections of the Zambian national program,
Were grown in pest-screening trials at two sites-

Msekcra (plateau) and Masumba 
 (valley)-in the 
Eastern Province, Zambia. fhe genotypes were 
grown with local cultivars as controls, in randomized 
blocks with three replications. Each genotype was 
grown in a 4-n long row (; plot) with 75 cm between 

rows and 20 cm 
between plants. Two infestor rows 
were sown about 2 weeks earlier on both sides of the

trvil. The fertilizer applied 
was 'D' compound

(1ON:20P:lOK:IOS) at 150 kg ha' 1 
at sowing.The ex-
tent of damage by sucking pests was visually scored 
on a 1-9 scale at least once before the crop matured. 
The most important symptom was leaf-tip yellowing
caused by lealhoppers. Minor damage by leaf thrips,
white flies (Bemisia tahaci), and aphids (Aphis crac-
civora), leading to crinkling or cupping, was also in-
cluded in the severity rating described below: 

Rating Leaflets damagtd 

I No apparent damage 
2 Up to 5% 
3 6-10% 
4 11-15% 
5 16-20% 

6 21-30% 

7 31-40% 

8 41-50% 

9 Above 50% 


In addition to the above score, severity rating for 
leaf spot diseases [Cercospora arachidicola Hori andPhaeoisariopsis personata (Berk. & Curt.) v. Arx.]
(Kannaiyan et al. 1989) before maturity, and seed 
yield at harvest were recorded 

Similar observations were also recorded for the 
germplasm accessions grown in nonreplicated one
row plots at Msekera during both seasons. 

Results and Discussion 

The results of the pest-screening nursery (Table 1)
showed that four genotypes-ICG 485, ICG 2271,
ICG 5044, and ICG 50 4 5--earned distinctly low rat
ings. Most of the damage in the nurseries was caused 
by leafhoppers, while thrips caused occasional dam
age. Resistance to leafhoppers and thrips has earlier 
been reported for three of these genotypes, i.e., ICG2271 ICG 5044, and JCG 5045 (Amini 1987). ICG 
2271 is known to be resistant also to soil pests (ter
mites and pod borers), leaf miner, and bud necrosis
disease (caused by tomato spotted wilt virus and 
transmitted by thrips). In the present study, this ge
notype showed good yield potential -s well, tending to 
be better than the local control Chalimbana. However,
the yield estimates had ahigh coefficient of variation, 
so their dependability needs verification. ICG 5044 
and ICG 5045 are also known to be resistant to ter
mites (Amin 1987), which are important pests on this 
crop in Zambia. 

The preliminary indications of rating among ger
mplasm accessions (Table 2) suggest three among the 
alternately branching types (NC Ac 15740, NC Ac 
10223, and NC Ac 2230) and four sequential bran
ching entries [EC 36892, PI 315608, ICGS 87, and
 
HYQ(CQ)S 10] to be potential sources with resistance
 
to sucking pest damage. EC 36892 (ICGS 5240) also 
had a less severe rating for leaf spots. This genotype is
 
resistant to aphids. Another genotype, NC Ac 2230
 
(ICG 504), has been already identified as resistant to

leafhoppers and thrips (Amin 1987). The other prom
ising genotypes identified at present apparently have 
not so far been reported as resistant to any suicking 
pest. 

These studies have shown that several of the ge
notypes tested have resistance to sucking pests under 
Zambian conditions. Several of them possess addi
tional advantages such as resistance to other inzect 
pests and leaf spot diseases. We expect to look for 
such low susceptibity to sucking insect pests com
bined with acceptable levels resistance to leaf spot 
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Table 1. Sucking pest damage and seed yield of some promising groundnut genotypes Identified in pest screening nurseries at two locations in Zambia, 1987/88 and 1988/89. 

Mean sucking pest rating (1-9 scale)' Mean seed yield 
1987/88 1988/89 1987/88 (g plot-') 1988/89 (kg ha-1) 

Genotype MSE2 MAS2 MSE MAS MSE MAS MSE MAS 
ICG 485 (Gujarat Narrow Leaf) 3.5 1.0 1.0 3.5 3.7 3.9 31 243 

NT 2ICG 2271 (NC Ac 343) 4.0 2.5 5.5 18.8 NT 518 752
ICG 5044 (NC Ac 2243) 3.0 3.0 3.0 5.0 3.5 3.6 21 209
ICG 5045(NC Ac 2243) 4.0 2.5 2.5 5.0 4.1 0.4 61 257 
Controls 
Chalimbana 6.5 6.0 4.5 7.0 17.2 7.4 209 489
Makulu Red 6.0 4.5 6.0 6.5 19.9 7.3 729 833 

SE ±0.49 ±0.90 ±0.15 ±0.30 ±2.5 ±4.9 ±37.0 ±31.8 
Trial mean 4.5 2.4 4.0 6.1 12.3 6.4 282 577

(no. of entries) (30) (22) (64) (58) - - -

CV(%) 15 54 17 8 29 109 130 
1. Scored on the 1-9 scale, where I = No damage, and 9 = 50-100% foliage destroyed. 
2. MSE = MseLkra. M,,S = Masumba. and NT = Not tested. 



Table 2. Selections from groundnui germplasm collections at Msekera, Zambia, found to show low damage by sucking 

pests, 1987/88 and 1988/89. 

Sucking pest rating (1-9)1 Leaf spots (1-9)1 Seed yield (i ha-) Seed 
Genotype 


Alternate branching
 
NC Ac 15740 

NC Ac 10223 (ICG 5728) 

NC Ac 2230 (ICG 5041) 


Controls 
Makulu Red 
Chalimbana 

Maximum for trial 

Trial mean 


Sequential branching 
EC 36892 (ICG 5240) 
PI 315680 (ICG 7883) 
ICGS 87 
HYQ(CG)S 10 

Controls 
Natal Comnmon 
Comet 

Maximum for trial 

Trial mean 


1987/88 1988/89 198'7188 

3 3 5 
3 3 6 
3 3 8 

NT 2 5 8 
6 6 7 

8 7 9 
5 5 8 

3 3 4 
3 3 6 
3 3 7 
3 3 7 

4 7 7 
5 7 8 

8 7 9 
5 5 5 

1988/89 1987/88 1988/89 type2 

8 
6 
8 

NR 2 

0.520 
0.433 

0.171 
0.108 
0.054 

L,Br 
L,P 
M, P 

6 
7 

1.173 
0.533 

0.583 
0.404 

M,R 
L,P 

9 
7 

1.427 
0.208 

1.425 
0.405 

6 
7 
8 
6 

0.072 
0.107 
0.178 
0.079 

0.042 
0.158 
0.117 
0.163 

MS,P 
MW 
M 
L,RBr 

8 
8 

0.079 
0.050 

0.296 
0.292 

S,Br 
S.Br 

8 
7 

0.518 
0.112 

0.533 
0.143 

1.Scored on a 1-9 scale, where I = No damage/disease, and 9= 50-100% foliage destroyed.
2. NR = Not recorded; NT = Not tested: L = Large, M = Medium. S = 

diseases, so that breeders can use such broadbased 
sources of resistance with advantage. Confirmatory 
experiments are being planned to ascertain the stabil
ity of resistance among the promising genotypes iden-

tified so far. 
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General Discussion on Entomology
 

Ndunguru: How were the yield losses because of 
pests separated from those because of diseases in that 
trial? 

Sohati: By monitoring the incidence of pests on one 
side and diseases on the other by spraying with selec-
tive pesticides so that the crop loss could be clearly
differentiated and attributed. 

Mpiri: Did you control other problems such as dis-
eases so that you could say with conviction that the 
losses experienced were because of insect pests only 
and not something else? 

Sohati: What is normally done is to record the infes-
tation of the insects before the diseases occur. In case 
of severe infection by diseases, particularly leaf spot, 
fungicides are applied. 

Otnanga: In other grain legumes (cowpea, green 
grain, and pigconpea), thrips cause a lot of damage to 
flowers. They cat floral parts resulting in flower drop. 
Have you observed any damage caused by thrips to 
groundnut flowers? 

Sohati: This research is in its initial stages. Work 
was begun on foliar insect pests. However, many 
Ilowcrs have been collected for thrips count. 

Busolo-Bulafu: During the crossing exercise, I used 
to find Ihrips in the emasculated flowers the following 
day when I wanted to pollinate. Quite often, the style/
sligma was damaged and I attributed this to thrips. I 
do not know if I was right. 

Sohati: Yes, it is quite possible. 

Rao: Arc there different species of thrips involved in 
groundinu, insect-pest attack? If so, how do you dif
ferentiate their damage on the plant? 

Sohati: So far the thrips species identified on 
groundnuts in Zambia are those belonging to the ge
nus Frankliniella. Thrips cause the crinkling and cup
ping of leaves on groundnut. 

Reuben: Would you go for a variety which is so 
susceptible to insect pests but still yields substantially 

higher? Can you distinguish between resistance and 
tolerance? 

Sohati: A genotype that yields better, even though 
more susceptible than others, must be considered 
tolerant. 

Hildebrand: I agree with this interpretation. At the 
end of the day, it is the yield that is important. Our
philosophy at SADCC/ICRISAT Groundnut Project 
on breeding for ELS resistance is to select for yield 
under higher disease pressure. 

Busolo-Bulafu: Can you comment on the reason for 
purple staining? 

Hildebrand: This condition found to occur onwas 
Makulu Red in Zimbabwe, more frequently in the dry 
than in the wet season, and it was not noticed in other 
varieties. No cause of this condition is known but it is 
thought to be physiological. 
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Recent Groundnut Research in Lesotho and Prospects 
for Future Development 

S.S. Moima' 

Abstract 

The results qf ,roundnut (Arachis hypogaea L.) germplasm evaluation trialsconducted during the 
1987/88 and 1988/89 cropping seasons are reported.Pod andseed yields were higher in 1987/88
than in 1988/89because ofgreaterseveri, ofdiseasesandweed (Cyperus rotundus L.) competition
in 1988/89. Excessively wet conditions and low temperaturesdelayed the harvestandresultedin low 
yield in some lines. Genotypes ICGM 189 and ICGV-SM 83031 performed well in both seasons. 
Promising genotypes have been incorporatedinto the Lesotho national groundnut program for 
firtherevaluation. 

Sumdrio 

Recente lnvestigamiio sobre Amendoim no Lesoto e Prospectos para o Futuro Des, 'wolvi
mento. Os resudtados dos ensaiosde avalia 'do de germoplasma de amendoim (Arachis hypogaea 
L.), conduzidos durante as estafoes de cultivo de 1987/88 e 1988/89, sdo reportados. Os rendi
mentos de vagens e grio foramntmais altos em 1987/88 que emn 1988/89, devido ao mais intenso 
ataque de doenas ej maior competi'cdo de infestantes (Cyperus rotundus L.) em 1988189. Con
diqcjes excessivainentehumidas ebaixas temperaturasatra:arama colheita e resultaram em baixo 
rendintento de algumas linhas. 

Os gen6tiposICGM 189 e ICGV-SM 83031 comportaram-sebent em ambasas estac6es.Alguns
dos gen6tipospromissoresforam incorporadosno programanationalde amendoim do Lesoto para 
posterioravaliado. 

Introduction Lesotho has atemperate climate with well-marked 
seasons. Warm summers are experienced with ashortGroundnut (Arachis hypogaea L.) is an important growing season while winters are cold with frost and 

crop in the semi-arid tropics (SAT) where its produc- long periods of drought. Most of the rain (85%) falls 
tion exceeds that of any other legume and comprises between October and April with severe hail storms 
70% of world production. The crop isof great impor- and heavy thundershowers of high intensity. 
tance to smallholder farmers and makes a significant 
contribution towards dietary requirements in southern 
Africa. The seeds contain 25% protein and 50% edi- Groundnut Research 
ble oil and the haulnis are a valuable and nutritious 
animal feed. The crop provides signiticant income to The groundnut improvement program in Lesotho con
the rural farming community. tinues to depend on plant introduction from interna-

I. Groundnut Program Leader and Agronomist, Agricultural Research Divisioa, P.O. Box 829, Maseru, Lesotho. 

ICRISAT (Intemati'..,al Crops Research Institute forthe Semi-Arid Tropics). 1990. Proceedings of theFourth Regional Groundnut Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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tional research centers and neighboring countries as a 
major source of gcrmplasm. There has been no corn-
prehensive groundnut improvement program in the 
country. 

The objectives of the program are to evaluate the 
performance of newly introduced spanish and valen-
cia groundnut cultivars under Lesotho's environmen-
tal conditions and to identify and select high-yielding 
and adapted genotypes for further testing. Perfor-
mances of selected drought-tolerant, early-maturing 
germplasm accessions have also been evaluated 
recently. 

SADCC Regional Groundnut 

Variety Trials 


The Agronomy Section of the Research Division be-
came a cooperator in the SADCC/ICRSAT Ground
nut Project's regional network during the 1986/87
cropping season although evaluation of regional trials 
only commenced in 1987/88. Results of the 1987/88
and 1988/89 trials are discussed in this paper. 

SADCC Regional Groundnut Variety 

Trials 1987/88 


Sixteen valencia and 36 spanish type entries were 

grown in separate trials at the Maseru Research 

Farm. 


The valencia trial was sown on 6 Nov 1987 and 

the spanish trial was sown on 4 Dec 1987. The design 

used was a4 x 4 lattice design with four replicates for 

the valencia trial and a 6 x 6 lattice with four repli-

cates for the spanish trial, 


Signilicant pod and seed yield differences 
were
 
recorded among genotypes in both trials (Table 1).

However, both trials were adversely affected by unfa-

vorable weather. Excessively wet conditions and low 
night temperatures resulted in delays in harvest,
which reduced yields and shelling percentages of 
most entries. 

The valencia types-CGM 189, ICGM 177, and 
ICGM 550-(Table 1)and the spanish types--ICGV-
SM 86051, ICGV-SM 85027, ICGV-SM 86066, and 
ICGV-SM 8 3031-performed well with pod and seed 
yields 60% higher than those of local controls (MS 8, 
MS 7, Malimba, and Spancross). 

SADCC Regional Groundnut Variey
Trials 1988/89 

Sixteen valencia and 14 spanish type entries were 
grown at the Maseru Research Farm. 

The valencia trial was were sown on 16 Nov 1988 
and the spanish trial was sown on 18 Nov 1988. Sig
nificant pod and seed yield differences were recorded 
among genotypes in both trials. However, the trials 
were adversely affected by high infestation of nut
sedge (Cyperus rolundts L.), early (ELS) and late 
(LLS) leaf spot diseases, and excessively wet condi
tions during harvest. Low plant densities, poor yields,
and low shelling percentages were recorded on most 
entries. 

The valencia types-CGM 189, ICGM 286, and 
ICGM 525-(Table 2)and the spanish types-ICGV-
SM 83031, ICGV-SM 86051, and ICGV-SM8 5027-performed well with yield gains of over 
100% over local controls. 

International Early Groundnut 

Variety Trial 1988/89 

Twenty-five early-maturing genotypes were sown in a 
trial at Maseru Research Farm on 17 Nov 1988. Thedesign used was a5x 5lattice with four replicates. 

Significant pod and seed yield differences were 
recorded among entries. The trial was adversely af
fected by a severe infestation of nutsedge, and high
incidence of diseases (ELS and LLS), rodents, and 
excessively wet conditions during harvest resulting in 
lower plant stands at emergence and harvest. Reduced 
plant densities resulted in low yields in some entries. 
ICGV 86092 and ICGV 86094 performed well.
 
Yields were over 65% 
 more than those of the local
 
controls.
 

Preliminary Drought Tolerance 
Observation Nursery, 1988/89 

Thirteen entries were sown in a nonreplicated obser
vation nursery at the Maseru Research Farm on 17 
Nov 1988. 

Again the trial was affected by high infestation of 
nutsedge and high incidence of diseases (ELS and 
LLS), rodents, and excessively wet conditions during 
harvest. Low yields, poor shelling percentages, and 
smaller seeds were recorded on some entries. 
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Table 1.Performance of selected entries in the SADCC Regional Groundnut Variety Trial (valencia), Maseru, Lesotho, 
1987/88. 

Pod Seed 100-seed Time to Plant 
yield yield Shelling mass maturity stand Seed

Entry (tha-') (t ha-1) (%) (g) (days) (%) color 

ICGV 189 3.32 1.74 51 33 150 74 Red
ICGV-SM 83031 3.40 1.63 49 42 147 75 Red 
ICGM 177 2.71 1.12 42 33 149 78 Red
ICGM 550 2.68 1.08 41 39 151 73 Purple
ICGM 285 2.01 1.06 46 33 149 80 Red 

ICOM 286 1.73 0.95 50 36 72149 Red
ICGM 525 3.00 0.91 32 34 151 72 Purple
ICGM 281 2.27 0.84 36 41 147 77 Purple 
Controls 
MS 8 1.28 0.74 59 33 146 63 Tan 
MS7 1.65 0.88 51 35 148 72 Red 

SE ±0.393 ±0.232 

Trial mean 2.41 1.10 46 36 149 74 

CV (%) 38.2 42.2 

Table 2. Performance of entries in the SADCC Regional Groundnut Variety Trial (valencia), Maseru, Lesotho, 1988/89. 

Pod Seed 100-seed Plant Time to Mean diseases score' 

Entry 
yield 

(t ha-') 
yield 

(t ha-) 
Shelling 

(%) 
mass 
(g) 

stand 
(%) 

maturity 
(days) ELS2 LLS2 

ICGM 189 
ICGM 286 
ICGM 525 
ICGM 197 
ICGM 550 

3.132 
2.198 
2.066 
2.000 
1.957 

1.659 
0.997 
1.154 
0.821 
0.901 

52.3 
45.4 
54.6 
40.8 
46.3 

74 
53 
65 
60 
68 

49.4 
57.0 
51.5 
58.2 
52.7 

150 
145 
145 
145 
145 

9 
9 
9 
9 
9 

1 
1 
1 

I 
I 

ICGM 285 
TCGM 281 
ICGM 559 

1.951 
1.898 
1.746 

1.047 
0.949 
0.734 

53.2 
51.8 
43.2 

63 
61 
79 

47.9 
42.2 
47.1 

145 
145 
145 

9 
9 
9 

1 
1 
I 

ICGM 554 1.720 0.781 45.4 77 43.3 145 9 1 
ICGM 284 1.575 0.879 54.2 60 47.9 150 9 1 
ICGM-SM 83030 
ICGM-SM 83031 
ICGM 561 
ICGM 177 

1.321 
1.208 
1.175 
0.740 

0.671 
0.595 
0.459 
0.360 

50.1 
50.4 
42.4 
49.3 

66 
78 
56 
62 

41.5 
38.7 
33.4 
32.9 

145 
145 
145 
145 

9 
9 
9 
9 

1 
1 
1 
1 

Controls 
MS 8 
MS 7 

0.122 
0.576 

0.058 
0.252 

47.2 
43.1 

45 
52 

12.3 
31.9 

145 
145 

9 
9 

1 
I 

SE ±0.2130 ±0.1554 6.7 - ±4.9 - -

Trial mean 1.5866 0.7697 48.1 63.69 43.0 145.6 9 

CV (%) 26.9 40.4 27.7 - 22.8 -

I. Scored on a 1-9 scale, %;,ere I = no disease, and 9= 50-100% of foliage destroyed.
2. ELS = Early leaf spot (Cercospora arachsidicola). LLS = Late leaf spot (Phacoisariopsispersonata). 
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ICGV-SM 86595, ICGV-SM 86061, and ICGV-
SM 86973 recorded seed yields of I t ha-1. 

Future Research and
 
Development
 

The groundnut improvement program will continue to 
evaluate germplasm from international research cen
ters and neighboring countries to select adapted and 
high-yielding varieties preferably with tolerance of 
diseases and insects. More emphasis will be placed 
on genotypes that will be more readily acceptable to 
the Basotho people. The SADCC/ICRISAT Ground
nut Project material shows promise for use in Les
otho. There is a need to conduct further agronomic 
studies on date of sowing, plant density, nutrition, and 
weed control. There is a need for multilocational tri
als to evaluate yield stability, and for on-farm trials to 
assess performance of selected materials under 
farmers' conditions, before recommendations can be 
made. 

Discussion 

Chigwe: Referring to Table 2 of your paper, how do 
you explain the differences in the incidence of early 
lcaf spot (ELS) and late leaf spot (LLS) among the 
genotypes tested? 

Moima: This is how the genotypes responded to the 
two diseases under the particular environment. 

Mande: It is necessary to consider the problem of 
'pops' as one of the priorities in future research pro
grams because from the results, the varieties have 
high pod mass and low seed mass resulting in low 
shelling percentages, showing that there was poor pod 
filling. This poor pod filling might be attributed to the 
'pops' problem. 

Doto: Do you have some explanations for the unusu
ally high CV values? Could the high CVs be partly 
attributed to the problems of plant stand? 

Moima: Yes. 

Syamasonta: Low temperaares soera to increase the 

maturity period. Are you working with Dr 
Hildebrand, who is working on this problem? 

Moima: No. 
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Groundnut Seed Production Project for Small-scale 
Farmers in Zambia1 

J.M. Mulila-Mitti 2, M.B. Syamasonta3 , and J.K.R.S. Zimba 4 

Abstract 

A small-scale, seed-gruwers project has been initiated in the Eastern Province, Zambia, to recruit 

and trainsmall-scale farmers in the production ofgood quality groundnut (Arachis hypogaea L.) 

seed, thereby improving its availability to Zambian farmers. The implementation of the project is 

described and present limitations are briefly discussed. 

Sumdrio 

Projecto de Produqfo de Semente de Amendoim para Agricultores de Pequena Escala na 
Zambia. Uni projecto de produtores de sementes, de pequena escala, foi iniciado na Provincia 
Oriental, Zambia, para recrutar e treinar agricultores de pequena escala na produqdo de semente 
de amnendoi, (Arachis hypogaea L.) de boa qualidade e, consequentemente, melhorar a dis

ponibilidade de semente para os agricultores zantbianos.A intplenentaqdo do projecto descrita e 
as lintitantes actuais brevemente discutidas. 

Introduction Table 1.Groundnut production and marketing InZam
bia, 1980-861. 

The national marketed groundnut (Arachis hypogaea Groundnut Marketed 
L.) production in Zambia stood at 24 000 t in 1967 production groundnut 
and only 765 t in 1982. Although there has been a Year (t) (t) 

slight but consistent increase in the total groundnut 
production since 1982 (Table 1). marketed surplus has 1980 116558 4960 

been small and erratic. The increase in groundnut 1981 55640 1455 
1982 9372production in Zambia has not kept pace with the in- 765 
1993 10980 1042 

crease in the population, creating a shortfall in the 1984 13273 115614517 2419 
supply of groundnut and therefore increasing prices 1985 

to maximum levels the urban consumer can afford. 1986 18184 6280 
The shortage in groundnut production is reflected not 

I. Source: Zambia: Ministry of Agriculture and Water Development
only in the high consumer prices, but also in the 

(1983).
difficulty the processors face to obtain raw material. 

t. The paper was presented by J.C. Musanya. 
2. Food Legume Coordinator, Msekera Regional Research Team, P.O. Box 510089, Chipata, Zambia. 
3. Groundnut Bretder and Coordinator at the above address. 
4. Zamsced Project Manager, Zamseed Co. Ltd., P.O. Box 510695, Chipata, Zambia. 

ICRISAT (International Crops Research institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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While there continues to be great potential 1o exportgroundnuts, the 	 tentiil exists for small-scale farmers toprocessors cannot 	 produce thesatisfy [he local seed. Cotlon secd-growingdemand for groundnut products (Zambia: Ministry of 	
schemes by small-scale 

Agriculture and Water Development 1983). 
farmers, which were introduced in 1975, have proved 

The inadequate supply of good quality, seed 
to be quite successful. Past experiences by Zamseedto have shown that while small-scale seed productiongrowers has been one of the major factors responsible schemes arefor reduced groundnut production in the country. The 

difficult to implement, tile small-scale
fIrmers have contributed significantly towards alle-Zambia Seed Company (Zamseed), which is the soleproducer of certified seed in tile country, has 	
viating seed shortages.

never A small-scale seed growers' projectbeen able to satisfy the demand of growers for seed. 	 is therefore 
Large-scale growers normally contracted by Zamseed 	

being implemented in the Eastern Province with major emphasis onl groundnut seed production.for seed production are reluctant to grow groundnut

because of the crop's high labor demand. 
 The seedcompany is concerned that small-scale farmers will 	 Objectives and Targetsbe unable to pay Ile high price for certified seed.There are five released groundnut cultivars avail- The overall objectives of this project are to:able lor coiniercia, production in Zambia. The large
seeded Chalimbanma anid the high-oil-yieldinig Makulu * scdd Ch l 	 improve knowledge and developn b na a d t leh g 	 skills among
Red are 	

- il y e d ng M k l sma ll-sc ale fa rm ers in see d p rod uc tio n of gro und
both long-season cultivars, and are
mended for recointie major groundnut-producir, areas of nus and bears,
eastern and central plateau where rainfall is moderate.
The shorl-season Comet and Natal Common develop a system forare rec-	 input supply on credit, anddelivery of tre seed appropriate to te needs of theonimended for the light-textured soils of tile Southernand Western Provinces where rainfall is low to mode. 

small-scale growers, and 
rate. Im 1988, odevlop tne orgtnifation and management of seedMGS 2 was released by tie Researclh control and crtification13raichIto supplement Chali nbamia. Although MGS 2 	

of crops produced by
snall-scale growers.has smaller sccds they are more unitbrm. Also, it The project aims toyields more 	 recruit and train a minimumthan Chalinibana. MGS 4 (ICGV-SM

83708 or ICGMS 42) was 	
of 90 small-scale grounldnut-seed growers in tieapproved for prerelease

testing nationwide in 1987 and MGS 3 in 1989. These 	
1989/90 cropping season. In the 1990/91 season aminimum of 180, and in tie 1991/92varieties have superior yield and seed qualilie, and 	 season a minimum of 270 grovers should be producing groundnuthave been found to possess better early leaf spot (Cer-
co.'/ora ( ,u Idi(ohl I ori) tolerance than 

as vcll as bean seed.
Makulu Tile project aso plansRed. to establish a revolving
fund system whereby smrall-scale growersiTheexpected impact 	 will befioma release of improved able to finance necessary inputs.cultivars 'ill not be achieved unless tile groundnut

seed-supply problem to the small-scale farmers issolved. MethodTo alleviate the problem of seed supply totarlers. a sulall-.-cale sced growers' project has been
iiiitiatecl The project is implemented jointly by Zamseed, Exby the government, wiii funding from the
Swedish Ilternational Development Agency (SIDA) 
tension Branch, Research Branch, and the Seed Conirol and Certification Institute (SCCI).
Traiiming Program, in the Ministry of Agriculture. The A Project

Manager, employed by Zamseed and based in Chipproject is expected to conitiinue for 3 years, cornmenc-


ing the 1989/90 season. 
ala, is responsible for planning and coordinatinig activities among all tie parties involved. The following
 
activities are undertaken.Project Background and


Justification 
 1.Project planning 
Groundnuts, beans, rice, and soybean are crops thatexperience shortage of certified seed and agood po-	

A detailed workplan covering the agricultural seasonhas to be prepared annually, This plan should indicate 
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activities to be undertaken by the dilfcrent parties 
involved and the time schedule. A procurement plan, 
training plan, and budget should accompany the 
workplan. The Project Manager is responsible lor the 
preparation of this plan. 

2. Recruitment of growers 

Growers arc recruited by the Project Manager in co-
operation with the research and extension branches 
and SCCI in zones that are suitable lor the production 
of the crop and are accessible. Seed farmers should 
be concentrated within zones to minimize costs in-
volved in supervision and control of production and 
for delivery of inputs and the collection of seed pro-
duced. To be eligible for the scheme, growers should 
sow a minimum of 0.5 ha and amaximum of I ha. 

Each selected grower enters into aproduction con-
tract with the seed company and registers his crop 
with the SCCI. 

3. Training 

Training of growers is the responsibility of the Pro-
ject Manager, who also consults research and exten-
sion, and SCCI oficers for advice on crop husbandry 
practices and seed regulations. A plan to train and 
visit is drawn up by the Project Manager, in coopera- 
tion with the District Agricultural Officers concerned, 
at the beginning of the season to ensure that all 
growers are visited often enough. 

The Project Manager is expected to hold presow-
ing tueetitgs in collaboration with the Extension 
Branch and the SCCI staff and with growers in each 
zone in November to early December. These meet-
int.s should locus upon the characteristics of varieties 
t,; be grown, choice of field, crop husbandry prac
tices, and postharvest handling of the crop. Contrac-
tual obligations on the part of the grower, as well as 
on the part of Zamseed, should be highlighted at these 
meetings. Tle purpose and actual implementation of 
SCCI field inspections should also be clearly 
described. 

The Project Manager and Extension Officers are 
expected to visit growers regularly to give advice, 
while breeders should visit growers during flowering 
and harvesting to check crop development and advise 
as necessary. 

The Project Manager is also required to organize 
postharvest meetings to be attended by the extension 

branch and tile SCCI ollicers enabling all growers to 
discuss their experiences of seed production and any 
problems encountered. 

4. Input supply and financial 

arrangements 

Zamseed supplies inputs for seed production to the 
growers. These include parent seed, fertilizer, 
pesticides, and bags. Inputs are delivered by Zamseed 
to growers at zonal points at a specified time as 
agreed between the Project Manager and growers. 

The Project Manager keeps a record of the quan
tities of inputs delivered and the costs, including 
transport cost for each grower. Upon delivery of the 
seed, this amount is deducted from the seed crop 
payment. 

During the 2nd year of seed crop cultivation the 
grower will, if feasible, be required to dcposit part of 
the cost of inputs before delivery of the items. 

5. Production and quality control 

Seed production by growers has to comply with the 
contractual arrangements with Zamseed and should 
be in accordance with the Seeds Act. 

The Project Manager, SCCI, Extension Officers, 
and breeders have a major responsibility in ensuring 
seed quality by advising growers throughout the sea
son, so that good crop husbandry is practised, rogue
ing is carried out, and harvesting and postharvest 
operations methods are correctly implemented. 

Seed inspectors are required to carry out timely 
and frequent inspections and advise growers on ira
proved seed production. 

6. Seed delivery and payments 

Delivery of seed will take place as soon as sampling 
by the SCCI seed inspectors iscarried out. Groundnut 
will be purchased unshelled. The bags will be 
weighed and provisonally sealed by the inspector 
and transported to Zanseed depot in Chipata. When 
the seed has been processed and test results are com
plete, labels will be provided by SCCI and the bags 
will be finally sealed. 

Growers will be paid in cash according to estab
lished prices, and based upon the quality of seed after 
deducting the costs of the inputs and transport. Seed 

131 



failing to reach required quality standards will be 
rejected. 

7. Organization, monitoring, and
 
evaluation 


A project committee, consisting of the Zamsecd Pro-
duction Manager and representatives from the Exten-
sion Branch of SCCI and the Seed Training Program, 
is responsible for monitoring the project at the head-
quarters. The committee is responsible for approving 
the proposed work plan and budget submitted by the 
Project Manager fOr the forthcoming season. 

The committee is also responsible for discussing 
and analyzing the quarterly reports on progress of 
project activities including problems encountered in 
Project Manager any necessary measures to be taken 
when required. 

Discussion on Present 

Limitations 


Although it is too early to evaluate the performance 
of the scheme, many limitations and difficulties can 
be foreseen. 

1. Liaison and coordination 

Liaison between Zamseed and the Research Branch 
in the monitoring of training activities has been inad-
equate. Plant pathologists have not been involved in 
any of tle training sessions held to date. Training
sessions have so far not been well coordinated. Train-
ing is recognized as the most important element in the 
success of this scheme. It is therefore important that 
there is a close liaison between parties involved in 
planning for training, 

2. Price of certified seed 

Since Zamseed is to market certified seed produced 
by the growers, the price is expected to be quite high 
and may not be easily affordable for most of the 
small-scale farmers, 

There is a need to intensify extension services to 
demonstrate the advantages of using certified seed in 

addition to using correct agronomic practices. Unless 
farmers accept the benetits of using improved seed, 
they will not be willing to pay a high price. 

3. Funding 

The fate of this scheme after the 1991/92 season is not 
predictable. Three years of production in asmall area 
vill not make much impact on groundnut production 

nationwide. The government shoud plan on a longterm project covering all major gr'aundnutt-producing
tem poe coveriu 

Conclusion 

The small-scale seed growers project initiated in the 
Eastern Province is a step in the right direction to
wards alleviating the problem of supply of improvedgroundnut seed to farmers. 

If there is a closer liaison between parties in
volved and if training activities are well coordinated 
in the remaining 2years of the project, the scheme 
should prove successful in promoting production of 
improved seed by small-scale farmers. 

Reference 

7-ibia: Ministry of Agriculture and Water Develop.

ment. 1983. Groundnut production and marketing in Eastern
 
Province: A market analysis. Planning Division Special
 
Study no. I. Lusaka, Zambia: Ministry of Agriculture and
 
Water Development. 88 pp.
 

Discussion 

Subrahmanyam: Do you take into consideration 
eliminating some of the seedborne diseases, e.g., pea
nut mottle virus, in your seed-production plots in 
Zambia? 

Musanva: Yes, we have afull-time pathologist look
ing into this aspect. 

Doto: How do you account for the low volume of 
marketed production when the groundnut production 
was high in 1980 and 1981, and the increase in mar
keted production in 1986 when the production was not 
so high? 
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Mtsanya: Low volumes for the marketed production 
in 1980 and 1981, when production was high, were 
related to the price offered. That period coincided 
with the particularly low price offered for groundnut 
and most of the produce went to informal channels 
where the price offered was higher than the official 
one. In 1986, the marketed volume was higher than 
1980 and 1981, even when production was not very 
high because by then steps had been taken by the 
government to offer a higher price for groundnuts 
which was attractive enough to farmers. 

Ndunguru: We seem to be reporting production and 
marketed figures in the region using conventional 
sources while we know very well that these do not 
actually reflect the realities. 
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Importance of Rotation with Groundnut for Cereal
 
Productivity
 

G. Schmidt' and E. Frey2 

Abstract 

In a rotationexperimentconductedfrom 1981 to 1986, preceding groundnut crops led consistently to 
high maize yields. On the other hand, a maizeigroundnut intercropand maize and sorghum sole 
crops proved to be poor precedingcropsfor cereals. 

Maie test-crops grown without N o,it all plots of the rotation experiment during 1987 and 1988 
revealedstrongfavrableresidualeffects ofpreceding groundnut.However, an appreciableresidual 
effect of maize/groundnutintercroppingwas noticed in 1987 only. Previous maize crops led to poor 
test crop yields. Sorghum cultivation before o, during 1986 was detrimentalto maize productivityin 
1987 and 1988. 

Sumdrio 

Importancia da Rotaqio com Amendoim para a Produtividade do Cereal. Num experimento 
sobre rota 'Oes,conduzido de 1982 a 1986, o antendoim, como cultura precedente, levou o mi/ho a 
produ:irrendinentos consistentemente maiores. Por outro lado, a consociacdomilho/amendoim e 
as culturaspuras de milho e mapira, provarainserpobrsculturasprecedentespara os cereais. 

Culturas-teste de milho, cidtivadas sent N em todos os talh6es do experimento de rota '6es, 
durant, 1987 e 1988, revelaram haverfrtes efeitos residuaisfavorrtveisdo antendoim precedente. 
Contudo, utm mcito re.idtual aprecitivel da consocia 'ao milho/ame.idoin, apenasfoi notado em 
1987. 0 milho, coimo cultiu'a precedente levou a pobres rendimentos da cultura teste. 0 cultivo de 
'napira,anies ou durante 1986, fii prejudicialparaa produtividadedo milho em 1987 e 988. 

Introduction thus led to extended cereal monoculture. Small-scale 
farmers usually cannot afford to counteract the nega-

As cereals are the staple diet of subsistence farmers, tive effects of crop succession by adequate fertilizer 
they feel obliged to concentrate on cereal production application. 
when land availability and soil fertility are decreas- Replacement of the old fallow system with pre
ing. In many countries, south of the Sahara and else- dominant cereal production including rotations with 
where, increasing population pressure on the land has legumes and other noncereals in central Europe as 

I. Team Leader and Principal Groundnut Agronomist, SADCC/ICRISAT Groundnut Project, Chitedzr Agricultural Research Station, P.O. Box 
1096, Lilongwe. Malawi. 

2. Agronomist, N)ankpala Agricultural Experiment Station, P.O. Box 483, Tamale, Ghana. 

ICRISAT Conference Paper no. CP 624. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990, Arusha, Tanzania. Pitancheru, AP. 502 324, Indiit: ICRISAT. 
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from the middle of the previous century has been experiment lasting from 1981 to 1988 will beconsidered one of the most important factors respons- discussed.
 
ible for the tremendous increase in cereal produc
tivity in that area. Materials and Methods 

During recent years, cropping-systems researchhas been carried out in various African countries in- The experiment was conducted at Nyankpala in thecluding northern Nigeria (Lombin 1981) and Ghana. 
In the northern and upper regions of Ghana, (rop-

Guinea Savanna zone (9'25'N and I'W,200 m above 
sea level). There is one rainy season from April torotation, intercropping, and alley-cropping experi- October with a peak from July to September and thements have been conducted since 1981 to identify annual rainfall is 1069 mm. The soil is sandy loamcropping systems that will ensure the maintenance of (chromic Luvisol) over a skeletal phase developedhigh producti,,ity of permanently cultivated soils. In over sandstone. Carbon (0.5%) and nitrogen (0.04%)this paper, beneficial residual effects of groundnut contents are low and the pH is 6.3.(Arachishypogaea L.) cultivation on the productivity In 1981, maize, groundnut, maize/groundnut interof the subsequent crop of maize (Zea mays L.) in an cropping, yam (Dioscorea rotu:data L.), and sor-

Table 1.Influence of preceding crops on the grain yield of maize at Nyankpala, Tamale, Ghana, In five seasons, 1982-86. 

Preceding crop in 
rotation with maize 

Nitrogen applied 
to maize 
(kg ha-') 1982 

Maize grain yield (tha-') 

1983 1984 1985 1986 
Maize 0 1.04 0.38 1.19 1.72 2.35 

60 
Mean 

2.80 
1.92 

1.58 
0.98 

4.72 
2.96 

4.47 
3.10 

3.74 
3.04 

Groundnut 0 2.83 1.66 3.02 3.62 3.35 
60 

Mean 
4.12 
3.48 

3.20 
2.43 

6.36 
4.69 

5.55 
4.58 

4.06 

3.70 
Maize/groundnut iniercropping 0 0.94 0.86 1.45 2.64 2.98 

60 
Mean 

2.69 
1.82 

2.08 
1.47 

4.27 
2.86 

4.53 
3.58 

3.83 
3.40 

Yam 0 2.30 0.84 1.66 2.04 2.70 
60 

Mean 
4.18 
3.24 

2.78 
1.81 

5.73 
3.69 

5.62 
3.83 

3.86 
3.28 

Sorghum 0 0.75 0.26 0.58 1.40 2.07 
60 

Mean 
2.03 
1.39 

1.21 
0.74 

3.45 
2.01 

3.80 
2.60 

3.12 
2.59 

SE a' ±0.208 ±0.146 ±0.233 ±0.145 ±0.086 
b± 

b/at 
±0.079 
±0.177 

±0.052 
±0.117 

±0.112 
±0.251 

±0.054 
±0.121 

±0.076 
±0.170 

ab' ±0.243 ±0.168 ±0.293 ±0.168 ±0.148 
Mean 0 1.57 0.80 1.58 2.28 2.69 

60 

Mean 
3.16 
2.37 

2.17 
1.49 

4.91 
3.24 

4.79 
3.54 

3.72 
3.20 

CV(%) at 25 28 20 12 8 
b 15 16 15 7 il

I. a=Preceding crops (main plots); b= Napplication (subplots) levels: b/a = bwithin each a (or N levels within preceding crop treatments); ab
Interaction. 
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ghum [Sorghum bicolor (L.) Moench] were sown in uations of alternating horizontal and vertical crop se
adjotning strips. Spacings were 80 cm x 25 cm for quences and N fertilizer effects. 
maize, 60 cm x 15 cm for groundnut, 120 cm x 120 During the 1987 and 1988 cropping seasons, 
cm for ym, and 80 cm x 30 cm for sorghum (tall maize without N fertilizer application was sown as a 
local). lntercropped maize and groundnut were sown test crop on all the plots. For evaluations, the 1986 
in alternating rows 60 cm apart and at the sole-crop crops were the main plots in asplit-split plot, the 1985 
intrarow spacings. In 1982, the same crops were crops (grown in rotation with 1986 crops since 1981) 
grown in strips at right angles, across those of 1981, were the subplots, and previous N treatments were 
so that all possible crop successions were realized, the sub-subplots. Border effects were eliminated. 
The direction of plant rows was not altered. Plots Prior to each season, 26 kg P.0 5 ha-' was applied
reserved for crop successions were divided into sub- as superphosphate and from 1984, 50 kg K ha-' as 
plots, with and without N application. Thirty kg N KCI. Cereal residues were removed, but those of 
ha-' was applied to groundnut and 60 kg N ha-' to all groundnut and yam were left in the experimental
other crops. There were four replications. Annual fields. Grain yields were calculated on a 12% mois
repetition of these treatments until 1986 allowed eval- lure 5asis. 

Table 2. Influence of various crop successions and nitrogen fertilizer application during 19814-.6 on the grain yield of a 
maize test crop at Nyankpala, Tamale, Ghana, 1987. 

1985 crop in rotation with 1986 crop since 1981 

Grain yields of maize (t ha-') 

2. a 1986 crops (main plots); t 

1986 
crop 

N application' 
1981-86 Maize 

Maize/ 
groundnut Groundnut Yam Sorghum Mean 

Maize Not applied 0.81 0.93 1.18 0.92 0.43 0.86 
Applied 1.43 1.40 1.52 1.21 0.9 -1 1.31 
Mean 1.12 1.17 1.35 1.07 0.70 1.08 

Maize/groundnut Not applied 1.72 1.80 1.83 1.71 1.15 1.64 
Applied 2.12 2.16 2.13 1.90 1.78 2.02 
Mean 1.92 1.98 1.98 1.81 1.47 1.83 

Groundnut Not applied 2.62 2.69 3.10 2.64 1.10 2.43 
Applied 
Mean 

3.00 
2.81 

2.97 
2.83 

3.39 
3.24 

3.03 
2.84 

2.12 
1.61 

2.90 
2.66 

Yam Not applied 0.91 1.32 1.89 0.88 0.28 1.05 
Applied 1.94 2.11 2.18 1.88 1.22 1.86 
Mean 1.42 1.71 2.03 1.38 0.75 1.46 

Sorghum Not applied 0.51 0.80 1.11 0.68 0.38 0.70 
Applied 1.07 1.23 1.66 1.20 0.85 1.20 
Mean 0.79 1.02 1.39 0.94 0.62 0.95 

Mean Not applied 1.32 1.51 1.82 1.37 0.67 1.34 
Applied 1.91 1.97 2.18 1.84 1.39 1.86 
Mean 1.61 1.74 2.00 1.60 1.03 1.60 

SE ' ±0.073 b/a2 ±0.120 ab2 ±0.130 
b! 
C2 

±0.054 
±0.021 

c/a 2 

c/a 2 
±0.047 
±0.047 

.r 2 

b±2 
±0.080 

±0.063 
abc ±0.150 

I. 30 kg N ha-' to groundnut: 60 kg N ha-' to all other crops, 1987 no N application. 
= = 1985 crops (subplots): c = N application (sub-subplots). 
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Results and Discussion 

Grain yields of maize obtained after various preced-
ing crops between 1982 and 1986 are presented in 
Table I. 

In all the test seasons, maize yielded most when it 
followed groundnut and less when it lollowed maize 
or sorghum. The differences in yield were greatest
when no nitrogen was added. The actual magnitude of 
the differences (average of five test seasons) was as 
tollows: compared to maize following maize, yields 
of maize following groundnut were 2.2 times greater
without nitrogen and 1.3 times greater with nitrogen. 
Similarly, compared to maize following sorghum, 

yields of maize following groundnut were 2.9 times 
greater without nitrogen and 1.7 times greatei with 
nitrogen. 

Maize/groundnut intercropping as preceding 
crops For maize was at first hardly superior to sole 
maize but improved subsequent!y and linally ranked 
between cereals and groundnut. 

In 1987, the first test season for residual effects, 
maize yields were highest on the plots that had 
groundnut ionoculture. The yields from plots that 
had groundut in rotation with other crops, including 
maize, were only slightly lower than the highest (Ta
ble 2). However, yields were lower in plots that had 
sorghum in rotation with groundnut. 

Table 3. Intluence of %ariouscrop successions and nitrogen fertilizer application during 1981-86 on the productivity of a
second maize test crop at Nyankpala, Tamale, Ghana, 1988. 

1986 
crop 

Maize 

Maize/groundoI 

Grountnu 

Yam 

Sorghum 


Mean 

SE 

1985 crop in rotation with 1986 crop since 1981 

Grain yields ot maize It ha -I) 

N applicatiol 
1981-86 Maize 

Maize 
groundnut Groundnut Yam Sorghum Mean 

Not applied 
Applied 
Mean 

1.00t 

1.16 
1.03 

0.92 
0.97 
0.95 

1.00 
1._4 
I. 12 

0.98 

1.1I 
1.04 

0.41 
0.82 
0.61 

0.86 
1.04 
0.95 

Not applied 
Applied 

t1.04 
1.07 

1.02 
1.13 

0.74 
1.26 

1.00 
1.16 

0.55 
1.04 

0.87 
1.13 

Me.r 1.0. 1.08 1.00 1.08 0.79 1.00 
Not applied 
Applied 
Mean 

1.28 
1.32 
1.30 

1.46 
1.82 
1.64 

2.73 
2.92 
2.82 

1.88 
2.14 
2.01 

0.93 
1.22 
1.08 

.65 
1.88 
1.77 

Not applied 
Applied 
Meall 

0.68 
1.18 
0.93 

1.02 
1.30 
1.16 

1.41 
2.05 
1.73 

0.76 
0.98 
0.87 

0.22 
0.39 
0.30 

0.82 
1.18 
1.00 

Not applied 
Applied 
Mean 

0 68 
1.16 
0.92 

0.83 
0.84 
0.84 

0.94 
1.13 
1.04 

0.48 
0.43 
0.45 

0.33 
0.66 
0.50 

0.65 
0.85 
0.75 

Not applied 
Applied 
Mean 

0.93 
1.16 
1.04 

1.05 
1.22 
1.13 

1.36 
1.72 
1.54 

1.02 
1.17 
1.09 

0.49 
0.83 
0.66 

0.97 
1.22 
1.09 

a 2 

b2 

C2 

+0.121 

±0.091 
±0.025 

b/a2 

c/a2 

c/b 2 

+0.203 
±0.057 
±0.057 

ab 
ac 2 

bc2 

±0.218 
±0.127 
±0.099 

abc2 ±0.236 
-
I. 30 kg N ha-' to groundnut: 60 kg N ha'
to all other crops, 1987 and 1988 no N application.

2. a = 1986 crops (main plots); b = 1985 crops (subplots): c = N application (sub-subplots). 
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Yields were generally low where Inaizc follo%%ed 
nlaize or sorghutm directly. For these preceding 
crops, previous rotation with grounldnut was lavor. 
able, but nonocullure of sorghum or maize-sorghun 
rotation was tnfavorable. Preceding maize/groundnut 
intercropping led to test crop yields that were between 
sole groundnul and sole ittaize. 

Itthe second test season (1988), groundnut mono-
culture until 1986 was again the most favorable treat
intent Table 3,. The second best was yai-groundnut 
rotation aid third, a rotation of tnaize/groundnut inter-
croipping and groundnul. Rotation of groundnut and 
sorghui belore 1986 tended to lead to low maize 
yields it 1988. These results show that groundtiut 
cultivaiotn. particularly repeated groundnut cultiva
tion or yan-Lrouoditut rotation, ntav increase tile 
maize yield Up to 2 or 3 years later. In tie cases of 
groundt rotatiotn wIh itaize or naize/groundnut in-
tercropping, the fav(rable effect decreases when 
itnaize
follows on the samle land for a second time. 

Negative effects of cereal successions are ex-
plained by very low nitrogen contents in cereal rest-

dues leading to pronounced nitrogen deficiency 

during decomposition (Schmidt and Frey 1988). 

tlowever, a lasting negative effect of tall local sor-

gltum ott maize, even when other crops, including
 
grounditut, follow the sorghum, is remarkable. 

Burgos-Lcon ctal.(1980) explained negalive effects 

of sorgitunt onmsubsequent crut,,
by allelopathy. 


Accoiding to experience in various experiments, 

crop-roiation effects are strongest ott light soils, in 

particular ott soils with a poor nitrogen status. 

Groundtnut (toes not need nitrogen fertilizer. If phos
phorus fertilizer is not applied directly, this crop 

should at least b able to take advantage of residual 

phosphorus applied to preceding cereals. Replacing 

nionoculture of maize by a maize-groundnut rotation 

may lead to such an increase in maize productivity 

that the same quantity of maize Pay be produced on
 
the reduced area. 
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Discussion 

Rweyemamu: You mentioned that groundnut does 
not need any nitrogen fertilizer according to the expe
rience in various experiments. Is this because the 
crop fixes enough N? If so, how much N is fixed by 
the crop in that area? 

Schmidt: Studies have shown that in good years/sea
sons the groundnut crop does fix up to 70 kg N ha-I 
a-. However, in bad years the crop can fix as low as 

l
0-12 kg N ha I-. 

Maveux: At which period was N applied'? According 
to your results, do you think atnapplication of po
tassiutn to sorghum can be recommended to expect a 
reasonable yield? Do you leave stover in the field 
after harvest? 

Schmidt: N was applied at sowing as side-dressing. 
No experiment has been done in the way you sug
gested but it is certainly true that potassium can help 
sorghum production. Stover is removed from the field 
because of tihe difficulty to protect the field experi
ment front being burnt. 

Ismael: You mentioned that groundnut preceded by 
groundnut and tileapplication of fertilizer resulted in 
lower yield. Do you attribute this to weed infection? 
Did you notice any difference in canopy development 
compared to higher-yielding treatmnents? 

Schmidt: We noticed luxuriant growth of weeds and 
attributed the lower yield to competition. 

Subrahmanyam: Did you analyze partitioningtIle 


coefficients in groundnut after groundnut and N-fertil
ized groundnut crops treatments? 

Schmidt: Apparently there were no differences in 
vegetativc growth and yield in these treatments. 
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Improving the Maize/Cowpea/Groundnut Intercropping
 
System in Maputo Province, Mozambique 

A.L. Doto', C. Honwana 2, and M. Spittel3 

Abstract 

Since 1988, naike/cowpea/groundnt intercropping has emerged as the predominant agricultural
production sYstem in Benfica and Machava districts ofsouthern Mozamnbique. Previous knowledge
relating to groundntt (Arachis hypogaea L.) production constraints was confirmed by two surveys 
conducted in 1988 and 1989. 

Changes in cropping patterns were observed and suggestions made to reduce production con
straints. Research Prioritieswere fornmulated, based on the information gathered, and research 
initiated to address these priorities. These research activities and the need for more quantitative 
dalta to be collected are discussed. 

Sumdrio 

Melhorando o Sistema de Consociaqio Milho/Feijfio Nhemba/Amendoim na Provincia de 
Maputo, Moqam bique. Desde 1988 que a consocia'eo tnilho/feijdo nhemba/amendoin emergiu
cotno o sistenta de produtio agricola predominante nos distritos de Benfica eMachava, no Sil de 
Mo-'anibique. 0 conheciniento anttrior, relacionado con as limnitantes para a produdo de 
anendoini (Arachis hypogaea L.), foi amplhiado atravitz de dois itiqueritos conduzidos emn1988 e 
1989. 

Cori base na inforntagaorecolhida, as prioridades da ini'estqa(-Io foirantifoirntladaseiniciada 
a e.'perinelta'a(opara Se atingirem essas prioridades. Estas actividades da investigajilo e a 
necessiidade recolhade dat/os mais quantitativossio disctutidas. 

Introduction ungiicuhata (L.) Walp.], groundnut (Arachis hVo
gaea L.), and sweet potato [Iponioea batatas (L.)

The area aroUnd Maputo, especially Benlica and Ma- Lain.] have been considered as the principal food
chava districts, is considered a low-potential area in etcrops in the area (van Leeuwen 1987; Heemskerk 
terms of crop production. However, the pressure to al. 1987).
produce more agricultural output from the same piece With the exception of sweet potato, the crops men
of land has been mounting-fueled by rapid popula- tioned above are generally grown in mixtures, where
tion increase. Tradilionally, cassava (Manihot es- the Four crops are grown together in one field under 
cuhnta Crant). tnaize (Zea mays L.), cowpea [Viguia rainfcd conditions. Returns from the land have in gen-

I. Tropical Crop Specialist, Faculty of Agronomy and Forestry Engineering, C.P. 257, Maputo, Mozambique. 
2. Assistant Lecturer at the above address. 
3. Farming Systems Specialist at the above address. 

tCRISA'i International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa. 1-23 Mar 1990, Aruha. Tanzania. Patancheru, A.P, 502 324. India: ICRISAT. 
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eral been below expectations and the need to increase 
and stabilize agricultural production has, in recent 
years, received attention at various levels, 

A Farming Systems Research (FSR) project based 
at the Faculty of Agronomy and Forest Engineering in 
Maputo became operational in 1987. The project aims 
to identify key factors that limit agricultural produc-
tion in the target area and develop ways to overcome 
these limitations. 

Within the framework of the FSR project, asocio-
economic survey (Lundin 1988) was conducted dur
ing January 1988 to provide detailed baseline 
inlornmtion about the target area (green belts of Ben-
fica and Machava districts). This was followed up 
later wilh observations and discussions with farmers 
from January to June 1989. 

In this paper, an attempt is made to inte,.rnte i.cr-
nation accumulated from the 1988 survey and from 

the 1989 observations to: 

a) describe in brief the predominant cropping sys-
tern in the target area, pointing out the changes 
th.: have taken place over ashort period: and 

b) draw attention to factors considered as important 
in limiting crop production, in particular ground-
nut, and to generate discussion about possible al-
ternatives open to researchers in addressing the 
situation described in this paper. 

Description of the Study Area 
The study area covers areas near Maputo City, locally 
designated as districts 6 (Benfica) and 7 (Machava). 
Mean annual rainfall ranges from 800 mm to 1000 
mm, and is poorly distributed from September to 
March (Table I). 

Soils in the area are classified into two major 
types: the sandy soils on the ridges, and the light 
sandy oams to heavy clay soils at the foot of the 
valley. The sandy soils, dominant in the study area, 
are extremely unproductive with little organic matter 
(90% sand, 0.6-1.1% organic matter, 0.04-0.7% N, 
and 10 ppm P) (Spittel et al. 1988). 

Cropping Systems 

The survey by Lundin (1988) indicated that five crops 
can be considered as the major crops of the study 
area. The four which are generally grown in mixtures 
are cassava, maize, groundnut, and cowpea. Two 
cropping patterns emerged from the study (Fig. 1). 

Cassa'.'a is normally planted in July and August, 
followed by groundnuts and maize with the onset of 
the first rains. Cowpea is added to the mixture during 
weeding. Maize is harvested from January, followed 
by groundnut in February, thus making available 
more space for cowpea. Beginning February, cowpea 
(generally aphotosensitive prostrate type), rapidly ex
pands to cover the space vacated by maize and 
groundnut. Mature cowpea pods are harvested in 
April and May. 

Sweet potatoes are planted (by about 56% of the 
households) on a limited scale near homesteads, ei
ther as border crops or under cashew or mafurra (Tri
chilia emetica) trees. The sweet potato is planted 
from August or September and the crop isready for 
harvest from December to February. 

The 1988 survey indicated that farmers consider 
maize as the basic food crop (grown by 100% of 
households) and cassava as a security crop. On the 
other hand, groundnut (grown by 93% of households) 
is considered an essential ingredient in daily diets 

Table t. Climatic parameters for Maputo, Mozambique, 19871. (Period of crop growth Oct-Apr.) 

Month 

Parinieter Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Temperature (C) 19 20 22 23 24 25 26 26 25 24 21 19 
Precipitation (mm) 18 18 36 57 78 87 140 137 87 68 28 27 
Potential 
evaporation (mm) 63 86 110 132 141 159 157 134 126 97 74 57 

t. Source: van Leuwen (1987). 
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-S Cassava J 

Pattern I 

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

Month 

Figure 1. Predominant cropping patterns in Benfica and Machava districts, Mozambique, 1989. 
(Source: Lundin 1988.) 

providing fats and protein. Cowpea (grown by 90% of 
households) leaves are highly valued as a source of 
protein and vitamins. In addition, cowpea is grown 
for its protein-rich pods and grain, 

From 1989, we observed asignificant reduction in 
cassava fields from 94% of the households indicated 
by the 1988 survey. The reduction in cassava is attrib-
uted to the threat posed by the cassava mealybug 
(Phenococcusmanihoti) present around Maputo from 
1987/88 (Spittel et al. 1988). If efforts to contain the 
mealybug problem do not produce positive results in 
the near future, there could be a complete disap-
pearance of cassava from the cropping system. At the 
same time, the dominant maize/cowpea/groundnut in-
tercropping pattern further threatens the survival of 
cassava. 


This change could have far-reaching implications 
not only for the food security in the area, but also for 
the general cultural practices within the now three-
component cropping pattern. One such immediate re-
action, at least on part of planners, is to encourage the 
production of more sweet potato in the area. 

Factors Limiting Production 

As mentioned earlier, the agroclimatic conditions in 
the area pose limitations to increased crop produc
tion. Each of ihe components in the maize/cowpea/ 
groundnut intercrop mixture invariably suffers from 
stress imposed by insufficient and erratic rainfall and 
nutrient deficiencies (van Leeuwen 1987; Spittel et al. 
1988; Ramanaiah et al. 1989). 

So far as groundnut is concerned, other factors 
alsu appear to play a significant role in limiting pro
duction. Among these, diseases and pests rank highly 
(Ramanaiah and Chilengue 1986; Ramanaiah et al. 
1989). We confirmed, during our visits to the study 
area in 1989, that this situation had not changed. 

We also confirmed that the majority of farmers 
sow groundnut during August and September, 
whereas studies on time of sowing suggest November 
to be the optimum. This aspect needs to be examined 
in relation to the overall cropping pattern. The farmer 
considers maize as the most important crop in the 
mixture. To avoid !he losses because of stalk borer 

145 



(Chilo pariellus) in November and December, the 
farmer prefers to sow maize before October. Ground-
nut, too, is sown at the same time. Much needs to be 
done at the system level to encourage changes in the 
time of sowing of groundnut/naize from August/Sep-
tember to around November. 

The lack of seed reported in the Lundin (1988) 
survey, was clearly seen during the 1989 observa-
tions. Low groundnut plant densities in many fields 
were attributed to small seed stocks at the time of 
sowing. Many farmers also attributed the absence of 
groundnut in many maize/cowpea fields to the shor.-
age of seed. 

Research Priorities and 

Ongoing Research 

Guided by the surveys, we have focused our research 
priorities on the following broad areas: 

A. 	 Research into ways of improving the soil in terms 
of water retention capacity and nutrient 
availability, 

B. 	 fh formulation of appropriate practices to mini-
mize losses because of diseases and insect pests. 

C. Identification of suitable varieties and agronomic 
practices related to crop combinations in the 
three-crop system. 

The work covers both on-station and on-farn re-
search. Within the framework of these priorities, re-search activities in phases focus on the maize/sopearoudactiviti inl pssocus o ute aiz/cowpea/groudnull intercrop sstem as a unit and i 

elude thle followitng:
 

A. 	 Evaluation of different sources of organic matter
 
for use in farmers' fields. Already there are indi-

cations as to which materials deserve further test
ing. first on-station, and finally on-farm. 

B. Investigating the response of maize and ground-

nut to soil application of different levels of ma-

furra cakL is under investigation. Mafurra cake 

has the effect of improving the soil organic matter 

content and increasing the yield of naize, but not 

that of groundnut. The lack of response of 

groundnut was attributed to increased shading ef-

fects of maize. Both maize and groundnut showed 
increased vegetative growth, which could have 
resulted in greater shading of groundnut by 
maize. Further trials are planned to evaluate 

wider spacing for maize and the effect of mafurra 
cake on sole grounIdnut. 

C. 	 Studies on relay-cropping systems involving Let
caena and pigeonpea as green rranure crops with 
maize and groundnut as test crops. Problems re
!ated to establishment of Letccena plants have 
been encountered. 

D. 	 Evaluation of the response of groundnut to P ap
plication in farmers' fields continue.i Substantial 
yield increases have been achieved with P appli
cation, although the yield levels still remain low. 

E. 	 The strong association between maize and 
groundnut implies that changes in sowing time 
for maize would be necessary for the sowing of 
groundnut at the recommended time (November).
Appropriate methods of naize stalk borer control 
would have to be found to make it attractive to 
sow maize in November. An on-farm trial to ver
ify the efficacy of cypcrncthrin (mixed with 
sand) in controlling stalk borer is in progress. 

Work is also in progress at the Faculty of Agron
omy and Forest Engineering, Universidade Eduardo 
Mondlane, Maputo, study in detail,to each of the 
component crops in the naize/cowpea/groundlut in
tercropping system under the conditions prevailing in 
Maputo Province. 

Conclusion 
More quantitative data needs to be accumulated over 
oeqatttv aanest eacmltdoe 

many seasons before meaningful inferences can bedrawn regarding each item of the research program. 
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Discussion 

Otnanga: I would like to know the crop arrangement
 
you use in your three crop (maize/groundnutA;owpea)
 

intercropping system.
 

Doto: This is a complex issue. In Maputo, we are 
handling two crops at a time, i.e., groundnut/maize 
and cowpea/groutndnut. 

Chigwe: In your observations on the stalk borer on 
maize, which species is more important? In Malawi, 
we have found that Busseola fitsca is more important 
in the upland areas while Chilo porte/hts is more 
important at lower altitudes. 

Doto: The most irporlant species of stalk borer in 
the Maputo Province of Mozambique is Chilo 
pariel/us. 

Mamba: The effective cropping season begins in 
October and ends in April. However, cropping pat
tern-I shows that sowing of groundnut and maize be

gins in August to September. Is this not contrary to 
tile effective cropping season? 

Doto: Sowing depends on the onset of rains since 
rains could start in July or August or as late as No
vcmber. Farmers, therefore, sow at any time if they 

consider that there is enough soil moisture. 

Sibale: Please define what the source of mafurra 
cake is and the characteristics of the cake. 

Doto: Mafurra is a tree. It produces a fruit that con
tains oil. Once the oil has been extracted, the cake is 
used to improve soil organic matter. The botanical 

name of tc tree is Tn c/i/ia emetica. 
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Groundnut/Maize Intercrop: Effect of Spatial
 
Arrangement on Yield and Its Components
 

W.P. Rwamugira' and R.D. Massawe2 

Abstract 

The Pulses and Groundnut Project at the Sokoine University ofAgriculture, Tanzania, has identified 
some high-yielaling groundnut (Arachis hypogaea L.) lines in comparison to the locally released 
varieties. These V gh-yielding lines responded better to being grown in intercrop than the currently 
recommended varieties. Paired groundnut rows i the intercrop gave a higher yield advantage
(because ofgreater light interception) than alternate single rows. The needfor economic analysis of 
these spatial arrangements is highlighted, 

Sumdrio 

Consocia~iio Arnendoim/Milho: Eieito dos Arranjos Espaciais no Rendimento e seus Compo
nentes. 0 Projecto de Amendoin e Leguminosas na Universidade de Agricultura de Sokolne, 
Tanzania, identl'icou algtumas linhas de amendoin (Arachis hypogaea L.) de alto rendimento,
quando cornparadas co'n as variedades libertadas localmente. Estas linhas de alto rendimento 
responderam melhor, ao s_'rern cultivadas em consocia'do, do que as variedades actualmente 
recomendadas. Na consocia cio, linhas oareadasde amendoirn produziram maiores rendimentos 
(devido a urea maior intercepfdo de luz) do que linhas simples alternas. A necessidade de uma 

rntdlise econmica destes arranjos espaciais e realqada. 

Introduction Willey 1979, and Gomez and Gomez 1983. The 
choice of types of crops to be grown as intercrops is

lntercropping is dfined as growing two or more dependent on physical factors (soil, temperature, and 
crops simulta4neously on the same piece of land (An- water regime), social factors (personal tastes and tra
drews and Kassam 1976). It is a common feature of ditions), and economic factors (market prices and 
traditionO! agriculture in Tanzania. transport). 

Groundnut (Arachis hypogaea L.) is generally in- The Pulses and Groundnut Project at Sokoine Uni
tetcropp,.d with cereals like sorghum [Sorghum bi- versity of Agriculture (SUA) has identified several 
color (L.) Moench], maize (Zea mays L.), and high-yielding lines of groundnut but their agronomic
bulrush millet (Pennisetwn typhoides) but groundnut behavior has to be further evaluated. Therefore, an 
is of secondary importance in such a mixture experiment was conducted with the following
(Mwenda et al. 1985). The major goals and advan- objectives: 
tages of such a cropping system have been well docu- A. Tb evaluate the performance of promising lines in 
mented by several authors including Francis 1978, intercropping systems. 

t. Agronomist, Pulses and Groundnut Project. Department of Crop Science and Production. Sokoine University of Agriculture, P.O. Box 3005, 
Chuo Kikij, Morogoru, Tazania. 

2. Agrootrist, Cooperative and Rural Deve!opmcnt Bank, Dodoma, Tanzania. 

ICRISAT (Itcrntional Crops Research Inuzitute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Souhern Africa, 19-23 Mar 1990, Arustia. 'rnzania. Patanchcru, A.P. 502 324, India: ICRISAT. 
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B. 	To determine the yield components that could be 
affected by such a cropping system. 

C. 	 To establish tile best spatial arrangement. 

Materials and Methods 

A lield experiment was conducted at Sokoine Univer-

Treat.ent 

Groundnut 

Maize (sta/a) 

Groutidnut/maize 

ittercrop 

Groundnut/maize 

itttercrop 

Cropping pattern 

Sole 

Sole 

Single alternale rows of each 

crop (1:1) 

Single rows of maize alternating 
with paired groundnut rovws (1:2) 

6 

4 

2 

Sole maize 	 1(1:1) 

sity Fatin (525 ill above sea level) during tile 1989 
long rainy season (Mar-Jtd). A splil-plot design with 
three replications was used. Four groundnut ge
notypes, i.e., MGC 163 (1/24), MGC 191 (2/91), MGC 
92 (1/80), and Natal Cotumon (the local control -,ari
ety), were the main plot treatments while different 
cropping patterns were assigned to the subplots as 
sltowni below: 

Plant population 
Spacing (cm) (plants la1) 

Groundnut Maize Groundnut Maize 

50 x 10 200 100 -

60 x 25 - 66000 

50 x 10 50 x 50 200 000 40 000 

50 x 10 100 x 25 200 000 40 000 

W Maize Groundnut 

1 (1:2) Sole groundnut 
Cropping system 

Figure 1. Mean groundnut and maize yields in sole and intercropping systems, Sokoine University 
Farm, Tanzania, 1989. 

0 
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Results and Discussion 

Generally, yields of component crops were reduced in 
the intercropping system. For maize, the mean sole 
crop yield was 6.28 t ha- compared with 4.225 t ha-' 
in the intercropping system (Fig. 1). Yield reduction 
could be attributed to the reduced plant population in 
the intercropped plots (40 000 plants ha-'). Yield 
components of maize such as cobs plant-' and 100-
seed mass were not alicted by the cropping system. 
These results suggest that maize was either not 
stressed by the presence of a companion crop or that 
it was able to recover after the crop was harvested, 

In the case of groundnut there were no significant 
yield differences (P < 0.05) among varieties (I/2.4, 
2/91, 1/80, and Natal Common). However, yields of 
Natal Common were reduced by intercropping with 
maize. The yield reduction amounted to 59% in sin-
gle alternate rows and 43% in paired alternate rows as 
compared to the sole crop. Intercropped groundnut 
grew taller than sole crop plants. The lower yields 

obtained in the single alternate rows may be ex
plained by increased competition for both light and 
soil resources compared to the paired alternate rows. 

The number of pegs plant-' and pods plant-' in 
intercropped plots was adversely affected by inter
cropping (Table 1). This could be because of the shad
ing effect on groundnut during th, latter part of the 
pegging and podding periods. Pegs formed earlier 
might have gained priority for pod formation and dis
tribution of photosynthates. 

When maize was intercropped, the highest yield 
advantage of 49% was achieved with line 1/24 and the 
least (32%) with Natal Common (Table 1). These re
sults suggest that the identified promising lines could 
perform better in this cropping system than the local 
,ontrol variety. Between the two spatial arrangments 
used, a yield advantage of 29% was achieved by 
paired alternate groundnut rows compared to 5% in 
single alternate rows. It can be assumed that in the 
paired row arrangement, more light was available to 
groundnut, thus favoring photosynthesis. These re-

Table 1.Agronomic characteristics of four groundnut genotypes Intercropped with maize under two spatial arrange
ments, Sokolne University Farm, Tanzania, 1989. 

Treatment/genotypes 
2/91/Maize 
1/24/Maize 
1/80/Maize 
Natal Common/Maize 

SE 

Mean 

CV (%) 

Cropping pattern

Single alternate rows (1:1) 

Paired groundnut:
single maize row (2:1) 

Groundnut (sole crop) 

SE 

Mean 

CV (%) 

Pegs 
plant-' 

Pods 
plant-' 

Seeds 
pod-' 

100-seed 
mass (g) 

Seed 
yield 

(gm 2) 

Seed 
yield 

(kg ha-') 
Shelling 

(%) 

Land 
equivalent 

ratio 

22.77a' 16.1 Ia 2.00a 33.35a 68.37a 683.70a 59.34ab 1.48 
19.55a 15.33a 1.97a 33.16a 68.33a 683.30a 60.25a 1.49 
21.55a 15.77a 1.93a 26.29b 66.78a 667.80a 54.52c 1.47 
25.22a 12.88a 1.97a 24.83b 50.41 b 504.I Oa 56.13ab 1.32 

±2.22 ±1.26 ±0.03 ±0.52 ±4.57 ±45.71 ±1.05 

22.27 15.02 1.96 29.40 63.47 634.70 57.56 

21.20 17.81 4.20 3.76 15.28 15.27 3.88 

20.08b 11.25b 1.95a 28.74a 29.21a 392.1Oc 57.33a 1.046 

19.16b 15.25ab 2.00a 28.70a 54.85b 548.50b 57.76a 1.289 
27.58a, 18.58a 1.96a 30.78a 96.33a 963.30a 57.37a 

±1.32 ±1.40 ±0.03 :0.93 ±4.66 ±46.65 ±0.66 

22.27 15.02 1.30 29.40 63.47 634.70 57.56 

28.41 22.86 3.70 7.82 5.81 18.00 2.83 
I. Means within columns followed by the same letter do not differ significantly at 5%level at probability (P <0.05), as determined by Duncan's 
Multiple Range Test. 
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suits are similar to those reported by Natarajan (in 
press) that cereal yields could be maintained over a 
wide range of spatial arratigments notwithstanding an 
appreciable increase in legune yield. 

In all the interLropping combinations, the land-
equivalent ratios (LE3R) we', greater tihan one indicat

ing that it was more a' e~iltageous to grow the two 
crops as intercrops tim,a g"owing them as sole crops. 
However, before art' recommendation is made, we 
intend to conduct an economic analysis to lind out the 
most economical cropp;ig pattern. 

Conclusions 

In intercropping systems, the grcindnut genotypes 
identified by the project could perform better than the 
control variety. Paired rows of groundnut alternating 
with a single row of maize led to a higher intercrop-
ping advantage or LER than single rows of ground-
nut. However, these results should be verified on 
farmers' fields and economic analysis should be 
done. 
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Discussion 

Sibale: Would you please consider studying other 
spatial arrangements which may not result in the re
duction of the major crop because maize/groundnut 
intercrop yields are lower than in pure stands? 

Rwamugira: This will be considered in future 
experiments. 

Busolo-Bulafu: i your conclusion, you suggest that 
the identified groundnut lines could perform better in 
the intercropping system than the controls. Have you 
compared the control variety with the identified lines 
to see whether the control does better in pure stand so 
that we can attribute the better performance of the 
new lines to intercropping? 

Rwamugira: Other colleagues have talked on differ
ent agronomic aspects and I was talking about inter
cropping, so that basically we come up with an 
agronomic package. But itistrue that Natal Common
 

the lowest yield though not statistically
significant. 

Omanga: Call you elaborate on the spacing used for 
the maize and groundnut rows? 

Rwamugira: Row spacing between maize and 
groundnut is 25 cm and between two groundnut rows 
is 50 cm. 

Freire: Which is the main crop? From your treat
ments it appears to be groundnut and not maize. 

Rwamugira: For farmers, maize is reported to be 
the main crop. In our experiment, we took groundnut 
as the main crop. 

Freire: Is there any market-oriented behavior on part 
of the farmers? If so, an economic evaluation is im
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portant, specially if the prices benefit one particular 
crop. 

Rwamugira: Yes, there is such a behavior (ground
nut fetching higher price than maize) and that is why 
we need to do an economic analysis to find out which 
crop should be produced in larger quantities. 

Freiie: Groundnut yields in intercropping amount to 
41% (1:1) and 57% (1:2) of sole crop yield. Don't you 
think it would be better to reduce the groundnut 
population'? 

Rwamugira: That is an important suggestion and the 
point has been noted; but yield could still be improved 
by changing the spatial arrangement. 

Mayeux: What 'ere the fertilizer doses? 

Rwamugira: 20 kg N ha-'; 50 kg P,0 5 ha-' as triple 
superphosphate. 
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Evaluation of the Effect of Minjingu Rock Phosphate 
(MRP) on Groundnut Yield and Quality 

C.L. Rweyemamu' and M.K. Nyanda2 

Abstract 

Afield experiment was conducted at the Sokoine University ofAgriculture, Tanzania, to evaluate the 
effect of Minjingu Rock Phosphate (MRP) on yield and quality ofgroundnut (Arachis hypogaea L.)
during the 1989 cropping season. The results indicate that the application of MRP at 75 kg P205 
ha' had similar effects on yields and oil contents of three groundnut genotypes studied at the 
application of50 kg P05 ra-1 in the form oftriple superplosphate (TSP). The results indicate that 
the effect of 75 kg P,0 5 ,applied as TSP, on yields and oil contents of the three groundnut genotypes 
studied did not differ appreciably. 

Sumdrio 

Avaliaqiio do Efeito do Fosfato de Rocha de Minjingu (MRP) no Rendimento e Qualidade do
Amendoim. Umnensaio de campo foi conduzido na Universidade de Agricultura de Sokotne,
Tanzania, para avaliar o efeito dofosfato de rocha de Minjingu (MRP) no rendimento e qualidade
do amendoim (Arachis hypogaea L.), durante a esta'do de cultivo de 1989. Os resultados indicam 
que, no respeitante ao rendimento e contefido de 6leo dos trs gen6tipor de ainendoim estudados, a 
aplica'do de MRP, perfazendo 75 kg ha-' P20., teve efeitos similares d) aplicagdo de 50 kg ha-'
P20 5 , sob a forma de Superfosfato Triplo (TSP). Os resultados indicam que o efeito da aplica'do

-de 75 kg ha de P2 0,, aplicado como TSP, no rendimento e contetido de 6leo dos tres gen~tipos
estudados, ndo diferiu aprecidveimente. 

Introduction 1985), although groundnut is known to require rela
tively large amounts of essential minerals (Chapman

In Tanzania, groundnut (Arachis hypogaea L.) is and Carter 1976). Phosphorus deficiency symptoms
grown mainly by small-scale farmers (Mwenda et al. have been observed in many groundnut-growing
1985; Doto and Mwenda 1987). Constraints to in- areas. At present triple superphosphate (TSP) is the
creased production include: shortage of improved main source of phosphorus to crops in Tanzania.
seed, handhoe cultivation, and poor agronomic prac- However, the fertilizer isexpensive because its manu
tices (Doto and Mwenda 1987). The crop is generally facture requires imported ingredients. It tends to be 
grown in Tanzania without fertilizer (Mwenda et al. out of the reach of most small-scale farmers who 

I. Lecturer (Agronomy), Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005, Chuo Kikuu, 
Mrogoro. Tanzania. 

2. B.Sc. (Agriculture) Crop Science Option student. 1989 batch, at the above address. 

ICRISAT (International Crops Research Institute for die Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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constitute most of the farming population (Mkcni et 
al. 1986). Also, when soluble P is applied to the soil it 
is often "fixed" or rendered unavailable under field 
conditions (Tisdale and Werner 1975). 

Rock phosphates have in recent years received 
renewed attention as a source of P for plants espe-
cially in developing countries. In Tanzania, rock 
phosphates are known to exist a. Minjingu near Lake 
Manyara (Mkeni et al. 1986). Other deposits have 
been identified at Songwe, Chamoto, Sliengeri, and 
Panda hills, all located in the Mbeya region. Despite 
the existence of these deposits, rock phosphates are 
not currently used for direct application in Tanzania 
except by few farmers in West Kilimanjaro and Kar-
atu (j.M.R. Semoka, Department of Soil Science, 
Sokoinc University of Agriculture, 1990, personal 
communication). At present tile Tanzanian govern-
inent is encouraging the use of rock phosphates to 
reduce costs and increase P fertilizer availability to 
small farmers (Mkeni et al. 1986). 

The objective of this study was to evaluate the 
effect of Minjinpi Rock Phosphate (MRP) on 
groundnut seed yield, oil content, and oil production 
under Morogoro conditions, 

Materials and Methods 
The experiment was conducted at Sokoine University 
of Agriculture in Morogoro, Tanzania, during the 
1989 cropping season (Feb-Jul). The altitude of the 

area is about 525 m, the latitude is 6"5'S, and the 
longitudes extends from 37" to 39' E. The soil type 
was Oxisol with a sandy clay-loan texture. The soil 
characteristics are shown in Table I. 

A completely randomized-block design with four 
replications was used. There were three groundnut 
lines and four P treatments. The groundnut lines en
tered were Bebiano Encarnado (MGC 242), Span
homa (MGC 180/213), and 1/69 (MGC 105), and 
phosphorus treatments were no phosphorus, 50 kg 
P,0 5 ha-' as TSP, 50kg P,OQ Ila-' as MRP, and 75 kg 
PO. ha-' as MRP. The MRP had 30.1% P,O. ac
cording to Mkeni et al. (1986). Both TSP and MRP 
were applied just before sowing, in rows, 5 cm away 
fron the seed. The fertilizer was covered with soil to 
prevent it from being blown away by wind because of 
the fineness of MRP. Seed was sown 10-cm apart in 
50-cin rows in plots of 4 m x 3 in. No Rhizobihnt 
inoculant was applied to the seed. The experiment 
was sown on 30 Mar 1989. The crop was grown under 
rainfed conditions. All plots received 20 kg N ha-' as 
ammonium sulfate. 

The experiment was kept weedfree throughout the 
growing season. No najor insect and disease control 
measures were bird scaringapplied. However, was 
necessary, especially at emergence and from pod for-Mlation to maturity. 

The oil content was determined according to tile 
Pomeranz and Meloan (1971, p. 316) Soxhlet extrac
tion method and oil production (kg ha-') was calcu
lated. Means were compared using Duncan's Multi
pIe Range Test (Gomez and Gomez 1984). 

Table 1. Some soil characteristics at the experimental site at sowing, Sokolne University or Agriculture, Morogoro,
Tanzania, 1989t. 

Characteristic Method of determination 

Soil pH pl- meter 
Soil texture Hydrometer
Sand (%) 

Silt (%) 

Clay (%) 

Organic carbon (%) Walkey-Black 
Total nitrogen (%) Micro-Kjeldahl 
Available phosphorus (ppm) Bray and Kurtz No.1 
Exchangeable calcium [meq (100 g).l] Ammonium acetate saturation 
Exchangeable potassium [meq (100 g).t] Ammonium acetate saturation 

I. Soils sampled at 0-15 cm depth. 
2. According to MARt 1989. 

Result Remarks2 

5.8 Moderately acidic 

49 Sandy clay loam 
16 
35 

1.73 Medium 
0.17 Medium 
6.2 Low 

1.3 Low 
0.54 Medium 
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Results and Discussion 

Soil analyses indicated medium organic C and total N 
contents (Table I). Avalable P was low and ex-
changeable K was medium while exchangeable Ca 
was also low according to classification of MARl 
(1989). The soil was moderately acidic with sandy 
clay-loam texture. The highest temperatures were ex-
perienced in March, while the highest rainfall was in 
April. 

Common diseases were early leaf spot (Cr-
cospora arachidic'olu Hori) and late leaf spot [Pha-
eoisariopysis peisontata (Berk. & Curt.) v. Arx.]. A 
ftw plants in all groundnut lines were infected by 
groundnut rosette virus while web blotch (Phoma ar-
achidicola), which appeared only late during the sea-
son, was restricted to Spanhoma only. Termites 
(Microermes spp) were serious pests. Common 
weeds were nutgrass (CiPerits spp), black jack (Bi-
de,; pilosa), and wandering jew (Commelina be-
11gah'nsisi. Frequent handhoeing and hand pulling of 
,ceds proved effective. 

Statistical analysis revealed no significant interac-
tion between lines and amounts and sources of P. 

There were highly significant plant height differences 
among the three groundnut lines: Bebiano Encarnado 
was the tallest, followed by 1/69 and Spanhona. Plant 
densities at harvest ranged from 53.5 to 65.5 plants

2rn- . The expected plant density (20 plants M- 2) de
creased by 25-30% mainly owing to termite damage. 
Spanhoma (MGC 180/213) with applied phosphorus 
had the lowest average number of nodules plant-' 
(92.9) while 1/69 (MGC 105) at 75 kg P,O5 ha-' as 
MRP had the highest (132.5). The number of nodules 
appeared to increase by the application of phosphorus 
as MRP or TSP. However, it is known that many 
rhizobia belonging to the cowpca miscellany sym
biose with groundnut but the nitrogen (N2) lixation is 
then often inadequte. 

There was no consistency in groundnut line effect 
on either the number of pegs plant-' or pods plant-'. 
-Iowcver,both variables were increased significantly 

by the application of P either as MRP or as TSP 
(Table 2). Line effects were highly significant on 100
seed mass (g). Line 1/69 (MGC 105) had the largest 
seeds 	with an average 100-seed mass of 31.3 g. 

Application of phosphorus had a significant effect 
on yield as shown in Table 3. Seed yield was in-

Tatble 2. Effect of phosphorus sources and levels on sleld components of groundnut, Sokolne University of Agriculture, 
Morogoro, l nzania, 1989. 

Pthosphtorus 

Genotvpe 
level and source 

kg P,O5 ia') 

Bebiano Encanmado 
(MGC 242) 

0 
5) 
50 
75 

TSiP 
MRP 
MRP 

Spaliomma 	 0 
(MGC 180/213) 	 50 TSP 

50 MRP 
75 MRP 

1/69 	 0 
(MGC 105) 	 50 TSP 

50 MRP 
75 MRP 

SE 

Mean 

CV (%) 

No. of No. of No. of 
pegs pods seeds 100-seed 

plant-' planr' pod-' mass (g) 

33.( d' 22.8 c 1.7 a 23.8 b 
41.5 abc 27.0 ab 1.6 a 25.7 b 
41.3 abc 25.4 ab 1.7 a 25.7 b 
41.7 abe 27.1 ab 1.8 a 23.4 b 

35.6 cd 24.4 bc 1.7 	 a 26.6 b 
42.4 ab 28.5 a 1.7 	 a 25.8 b 
38.2 abc 26.3 abc 1.8 a 25.2 b 
38.6 abc 27.1 ab 1.8 a 26.9 b 

35.6 cd 25.3 abc 1.9 a 31.4 a 
40.5 abc 28.1 a 1.8 a 32.4 a 
36.4 bed 25.0 abc 1.7 a 30.4 a 
43.9 a 27.1 ab 1.8 a 31.1 a 

±1.8 ±1.1 ±0.1 ±1.1 

39.1 26.2 1.7 27.4 

9.4 8.3 9.2 8.3 
I. Neans in the same column folo-ed by the same letter do not differ signiticantly at5%. according to Duncan's Multiple Range Test. 
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Table 3. Effect of phosphorus levelslsources on groundnut seed yield, shelling percentage, oil content, and oil produc
tion, Sokoine University of Agriculture, Morogoro, Tanzania, 1989. 

Phosphorus Seed Oil Oil 

Genotype 
level/source 

(kg P,05 ha " 1) 
yield 

(t ha-') 
Shelling 

(%) 
content 

(%) 
production 
(kg ha-') 

Bebiano Encarnado 0 0.638 cl 70.0 a 42.2 b 269.3 d-f 
(MGC 242, 50 (TSP) 0.743 bc 59.5 d 44.7 a 332.2 dc 

50 (NIRP) 0.758 be 66.7 ab 44.4 a 336.6 de 
75 (MRP) (.786 bc 66.0 ab 43.4 ab 340.9 d 

Spanhoma 	 0 0.749 bc 67.1 ab 40.5 c 303.5 d 
(MGC 180/2 13) 	 50 (TSP) 1.068 a 63.0 bc 43.9 ab 468.8 a 

50 (MRP) 0.873 b 69.1 a 43.1 ab 376.4 cd 
75 (MRP) 0.912 ab 61.1 c 44.0 a 401.5 abe 

1/69 	 0 0.960 ab 70.4 a 40.3 c 386.0 c 
(MGC 105) 	 50 (TSP) 1.139 a 66.9 ab 42.0 b 478.5 a 

50 (MRP) 0.948 ab 65.5 b 43.5 ab 412.2 ab 
75 (MRP) 1.099 a 69.9 a 41.9 be 460.6 a 

SE 	 ±0.153 ±3.38 ±1.3 ±65.9 

Mean 	 0.890 66.3 42.8 380.6 

CV (%) 	 17.2 5.1 3.2 17.3 

1. Mleans in the same column followed by the same letter are not signiticantly different at 5%according to Duncan's Multiple Range Test. 

creased by the application of P either as MRP or as 
TSP. In the case of line 1/69 (MGC 105). application 
of 50 kg P,0 5 ha-t (TSP) led to highest seed yield 
followed by 75 kg P,01 ha-t as MRP. Genotype 
Spanhoma (MGC 180/123) gave a high yield of 

1.0678 1ha'' when P was applied at 50 kg P2 0 5 ha " ' 
as TSP. These results show that the application of 
phosphorus at the rate of 50 kg P20. ha -t (TSP) did 
not always result in significantly increased seed 

yields, oil contents, and oil production compared to 
the MRP rates applied in the experiment. These re
sults are in accordance with those reported by 
Rweyemamu (in press) working with common beans 
(Phaseolus vulgaris L.) and of 1. Abdulwakil 
(Sokoine University of Agriculture, Tanzania, 1989, 
personal communication), who worked with cowpeas 

(Vigna unguicudata L.) at Morogoro, Tanzania. 

Conclusions 

Phosphorus ,pplication increased seed yield, oil con-
tent, and oil production. Both TSP and MRP were 

effective. The application of 50 kg P,O 5 ha-' as TSP 
gave similar results as the application of 75 kg P,0 5 

ha-' as MRP. These results indicate that a replace
ment of TSP by MRP is justified in areas with acidic 
soils, low available P, and low exchangeable calcium 

as at Morogoro. There is a need to test the efficiency 
of MRP in various locations of Tanzania where 
groundnut is grown. Acid soils are found in several 
areas of the country (Urio and Kasseba 1973). 
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Discussion 

Shongwe: In view of the differences in the chemical 
composition of the phosphorus sources, can the dif
ferences in the treatments be attributed solely to P? 

Rweyemamu: I recognize that there were other ele
ments added to the soil where MRP was added, but I 
believe that the differences in the parameters mea
sured are indeed due solely to P levels. 

Syamasonta: Can the Minjingu Rock Phosphate be 
made available to farmers easily? 

Rweyemamu: It can be made available to farmers 
very easily, but the type of phosphate depends on 
where the farmer is located, i.e., south, north, etc. 

Subrahmanyam: What are the economic returns of 
rock phosphate application? 

Rweyemamu: Economic analysis was not carried 
Out. 
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Response of Four Groundnut Genotypes to Three Seedbed
 

Types at Morogoro, Tanzania 

C.L. Rweyemamu I and F.B. Boma 2 

Abstract 

During the 1988 cropping season four groundmt (Arachis hypogaea L.) genovpes--Ex.Njonibe 
(MGC 74). 1/69 (MGC 105), Bebiano Encarnado (MGC 242), and Spanhoma (MGC 180)-wvere
cultivated on three seedbed types: flat, ridges, and firows. In an identical experiment during the 
1989 cropping season, h'ne 1/69 (MGC 105) isas replaced by genotype New Mexico Valencia A 
(MGC 25). 

During the 1988 cropping season, with periods of moisture stress, firrows appeared to be 
advantageous as compared to ridges. Flat seedbed resulted in intermediate seed yields, not signifi
cantly different from those obtained with either 0t'the other seedbed types. Oil production was 
highest with furrow ciltivation.Spanhoma was the variety with the highest seed yield,followed by 
Bebiano Encarnado. 

In tle 1989 cropp)ing season, ivith higher rainfall than 1988, flat seedbed resulted in significantly
higher seed yields than ridges and ridges in higher yields thanfurrows. Spanhoma proved again to 
be 'he most productiv'e variety, f/llowed by Bcbiato Encarnado and Ex-Njombe. 

Sumdrio 

Resposta de Quatro Gen6tipos de Amendoim a Tr~s Tipos de Camas de Sementeira em 
Morogoro, Tanzania. Durante a esta -4o de cultivo de 1988, quatro gendtipos de anendoim 
(Arachis hypogaca L.) - Ex-Njombe (MGC 74), 1/69 (MGC 105), Bebiano Encarnado (MGC 242) e 
Spanhonia (MGC 180) - foran cu/tivados em trli tipos de c'amas de sementeira: plana, no cam
alho e no salco. Nuni ensaio identico, durante a estaqdo de cultivo de 1989, a linha 1/69 (MGC 
105) foi substituida pelo gen6tipo Nova Mcxico Valincia A (MGC 25). 

Durante a esta -dode cultivo de 1988. coni periodos de "stress" hidrico,a sementeira nos sulcos 
iunostrot-se vantaiosa, qiando comparada coin os cainalhiies.A sementeira em cama plana resultott 
em rendiientosdc grdo interinedios, ii-o significativamente diferentes de qualquerdos outros tipos
de camas de seienteira. A prodiqo de 6leo foi oimiiia na cultura em sulcos. Spanhioma foi a 
variedade con o rendimento de grdo naisalto, seguida pelo Bebiano Encarnado. 

Na esta(4Co de cultivo de 1989, corn iaior precipitafao que em 1988, a sementeira em cama 
p/ana produ:iu niaiores rendinientos de grdo que em c'amalhi3es e estes niais que em sulcos. 
Spanhona provou novamente ser a variedade mais prodaiva, seguida por Bebiano Encarnado e 
Ev-Njoinbe. 

I. Lecturer (Agronomy). Department of Crop Science and Production. Sokoine University of Agriculture, P.O. Box 3005, Chuo Kikuu. 
Moroguro, Tanzania. 

2. B.Sc. (Agriculture) Crop Science Option student, 1988 batch, at the above address. 

ICRISAT (inermational Crop%Research Institute for the Semi-Arid -- pics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990. Arusha, Tanzania. Patancheru. t. 502 324, India: ICRISAT. 
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2 Introduction were 3.6 m x 2.0 in from which anl area of 3.6 m was 

Several local groundnut (Arachis h"pogaeii L.) culti-
vars are grown in Tanzania. These may have become 
contaminated since they were lirsi identilied as culti-
vars. The crop is grown under rainfed conditions and 
sown on the lait secdbeds or on ridges (Mwcnda et al. 
1985). Sometintes groundnut is also grown in furrows 
especially whlc: it is intercropped with maize, sor-
ghum. nillets. etc. Seedbed types nay inlluence soil 
moisture conservat io'i, root and peg penetration and 
hc,cc,also pod formation. This study was initiated to 
evaluate the performance, under Morogoro condi-
tions, of groundnut lines when grown on different 
seedbed types. 

Materials and Methods 

The experiment was conducted during the 1988 and 
1989 (Feb-Jul) cropping seasons on dryland at the 
Sokoine University of Agriculture (SUA). SUA is 
located at Morogoro (6"S, 37'E, altitude 525 m) 
leeward in the foothills of Uluguru mountains. The 
SUA farm is in a typical rainshadow area. The aver-
age rainfall is about S() nln and the soil an Oxisol, 
which is a kaolnizic sandy clay loam with a pH of 
6.0. The predominant cation is K; Ca and Pcontents 
are low. At the time of measurement, the available 
moisture was 15% while the bulk density of the top 15 
cm was 1.2 g cat- 3. The design used was a split-plot 
with four replications. Seedbed types occupied main 
plots and groundnut lines occupied subplots. Subplots 

harvested. Se'odbed types were flat, ridge, and furrow. 
hi 1988. the groundnut genotypes were Ex-Njornbe 
(MGC 74), 1/69 (MGC 105), Bebiano Encarnado 
(MGC 242). and Spanhoma (MGC 180). The same 
eroundnut genotypes were also used during the 1989 
cropping seasjn, except that 1/69 (MGC 105) was 
replaced by fJew Mexico Valencia A (MGC 25). All 
were bunch types. The experiments were sown on 22 
Mar 1988 and on 29 Mar 1989. Seeds were sown by 
hand 10-co, apart. On flat seedbeds, seed was sown 
10-cm apart in 60-cm rows. Triple superphosphate 
(TSP) (21 kg P ha-') was applied at sowing and am
monium sulfate (20 kg N hal)was applied 2 weeks 
after sowing. Weeding belwcen rows was done using 
handhoes, and weeds near the plants were pulled out. 
Apart from bird scaring at sowing, emergence, and 
during the pod-filling periods, no crop protection 
measures were undertaken in either season. After har
vest, yied and yield conponcnls were measured on 
all plots. Oil contents were determined by Soxhlet 
extraction method as described by Pomeranz and 
Meloan (1971, p. 316). The data collected was statis
tically analyzed and means were conpared using 
Duncan's Multiple Range Test as described by Steel 
and Torrie (1980). 

Results and Discussion 

Rainfall was about 20% higher and was better distrib
uted in the 1989 cropping season than in 1988. A dry 
spell occurred during podding and seed-filling stages 
in 1988 (Table 1). 

Table 1.Selected climatic data fior Niorogoro, Tanzania, 1988 and 19891. 

Mean air temperature CC) Mean Total 
radiation rainfall 

Maximum Mininun Mean RH (%) (MJm-2) (mm)
 
MonthV Date 1988 
 1989 1988 1989 ;988 1989 1988 1989 1988 1989 
March 1-14 32.5 32.0- 22.0 21.0 63.3 54.0 18.9 17.8 21.8 77.7 
March 15-31 31.8 30.9 21.2 21.1 56.2 64.0 18.9 17.2 43.9 68.7
April 1-14 31.7 39.0 21.3 20.6 62.7 72.7 17.2 14.3 76.3 168.9 
April 15-30 29.4 29.2 20.7 20.6 68.6 65.8 14.3 13.7 28.4 81.5 
May 1-1l' 28.7 28.3 19.9 20.2 70.5 71.1 14.0 12.2 104.3 33.2 
May 15-31 28.7 28.3 18.7 18.8 67.7 65.0 14.6 12.8 28.4 79.5 
June 1-14 18.4 26.8 14.3 16.6 52.5 65.0 15.2 12.5 0.0 8.5 
June 15-30 28.4 27.8 14.0 16.3 50.0 56.0 14.8 15.4 3.3 2.4 
Total rainfall 307.1 378.7 
t. Data provided by Sokoine University of Agriculture Meteorogical Station. 
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Yield and yield components 

Seedb,,t types influenced the yield components in 
both years (Table 2). However, seed yield plant-' 
showed differences during the 1988 cropping season 
only. In 1989, the seedbed type had an effect on all 
components tested except on the number of seeds 
pod'. In 1988, the seed yield plant-' was the highest 
in furrows: in 1989 the highest was on flat seedbeds. 
Groundnut genotypes differed significantly (P<0.05) 
in all the yield components studied. Groundnut ge-
notype Spanhonia had the highest number of pegs and 

-pods plant I in both seasons.The low number of pods 
recorded for ridges during the adverse 1988 season 

could have been because of drought stress and failure 
of most pegs to reach the ground, penetrate it, and 
form pods as observed by Laurence (1974). Ridges 
led also to the lowest seed yield (g plant-') in both 
seasons. These results are in agreement with those 
reported by Tully et al. (1986) who observed that 
ridges favor soil dessication and lead to rapid tem
perature increase. IITA (1974) observed similar 
effects. 

The highest seed yield ha-' was in furrows (1151.5 
kg ha-') during the adverse 1988 season and could 
have been because of rain-water accumulation in the 
furrows resulting in conserved moisture during the 
dry periods as reported by Weiss (1983). However, 

Fable 2. Main effects of groundnut lines and seedbed type on yield components at Sokoine University of Agriculture, 
Morogoro, Tanzania, 1988 and 1989. 

Numtber Number Number Seed yield 
Seedbed of pegs of pods I00-seed of seeds plant-' 
type/ine plant -' plan t-' mass (g) pod-' (g) 

1988
 

Flat 46.5 a' 28.0 a 23.9 a 2.0 a 7.7 a 
Ridge 4(.6 a 24.7 a 23.4 a 2.0 a 6.8 b 
Furrow 44.7 a 26.4 a 25.2 a 1.9 ab 7.8 a 

Mean 43. 26.4 24.2 1.9 7.4 

CV t( 23.4 25.3 14.5 4.8 56.3 

Ex-Njombe 40.6 b 26.3 a 25.4 a 2.0 a 7.2 b 
1/69 39.4 b 23.3 b 21.9 b 2.0 a 5.6 c 
Bebiano Encarnado 45.6 ab 26.9 a 22.7 b 2.0 a 7.3 b 
Spanhoma 50.1 a 28.8 a 26.6 a 2.0 a 9.5 a 

Mean 43.9 26.4 24.2 2.0 a 7.4 

CV (%)(b) 19.3 20.9 11.0 0.3 20.4 

1989
 

Flat 45.0 a 31.4 b 32.4 a 1.9 a 9.5 a 
Ridge 39.8 ab 32.3 b 31.2 ab 1.8 a 8.2 ab 
Furrow 36.8 b 38.1 a 30.5 b 2.1 a 9.2 a 

Mean 40.5 33.9 31.3 1.9 8.9 

CV (%)(b) 10.4 11.7 8.6 16.4 14.2 

Ex-Njornbe 40.4 ab 34.6 ab 30.5 c 2.1 a 9.6 a 
New Mexico Valencia A 39.9 ab 32.7 b 31.2 b 2.0 a 8.7 b 
Bebiano Encarnado 38.7 b 32.7 b 32.7 a 2.0 a 8.2 b 
Spanhoma 43.0 a 35.6 a 31.5 ab 2.0 a 8.8 b 

Mean 40.5 33.9 31.4 2.0 8.9 

CV (%)(b) 4.5 4.3 5.2 12.1 6.5 

I. Means in the same column followed by the same letter do not differ significantly at 5%, according to Duncan's Multiple Range Test. 
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during the more favorable 1989 cropping season the 
furrows recorded the lowest seed yield (911.6 kg
ha-'). This might be because of low plant density 
caused by heavy rains during the 1st week of April 
(Table 1). 

Oil content and oil production 

The seedbed types (lid not significantly affect the oil 
content, indicating stability of this character under 
varying agricultural practices. Differences inoil pro-
duction were mainly because of differences in yield 
(Table 3). These results agree with those of Mwenda 
(1985). 

Conclusions 

Groundnut genotypes Bebiano Encarnado and Span
hona, grown on flat beds or in furrows (during the 
dry season), may contribute to increased groundnut 
production in Morogoro. Since furrow construction 
naturally results in a ridge-and-furrow system, this 
practice could be an important factor in developing 
intercropping systems, already both popular and eco
notnically important in Tanzania. However, there is a 
need for socio-economic studies on the use of flat 
beds or furrows in groundnlut production before such 
recommendations are applied to the small-scale 
farmers' growing conditions in Morogoro district. 

Table 3.Groundnut lines and seedbed type effects on yield, shelling percentage, and oil content, Sokoine University of
Agriculture, Tanzania, 1988 and 1989. 
Seedbed type/ Seed yield Shelling Oil Oil productiongroundntt genotype tI ha-') (%) content (%) (kg ha-) 

1988Flat 1.073 ab 64.2 a 41.9 a 449.6 bRidge 0.943 b (4.4 a 39.8 ab 375.4 beFurrow 1.152 a 66.5 a 42.3 a 487.1 a 
Mean 1.056 65.0 41.3 437.4
 
CV (%)(a) 0.050 16.6 
 40.3 14.7
 

Ex-Njombe 0.896 c 
 63.3 b 42.7 a 387.5 b1/69 0.710 d 62.0 c 40.1 a 288.7 cBebiano Encarnado t. 119 b 66.2 ab 42.9 a 479.9 abSpanthoma 1.499 a 68.7 a 39.6 a 593.6 a
 
Mean 
 1.056 65.0 41.2 437.4
 
CV (%)(b) 0.035 7.3 
 12.9 19.7 

1989tFlat 1.171 a 59.8 ab 44.4 a 520.1 aRidge 1.030 b 61.5 a 43.7 a 449.9 abFurrow 0.912 c 62.5 a 41.8 ab 388.1 b
 
Mean 1.038 61.4 
 43.6 452.3
 
CV (%)(a) 0.025 
 20.6 21.7 15.3 

Ex-Njombe 1.035 be 63.2 a 43.1 a 447.7 bNew Mexico Valencia A 0.827 c 60.4 be 42.8 ab 356.0 cBebiano Encarnado 1.051 b 58.9 c 44.6 a 469.8 abSpanhoma 1.237 a 63.1 a 43.9 a 539.0 a
 
Mean 1.038 61.4 
 43.6 553.2
 
CV (%)(b) 0.013 
 13.4 17.7 

same coluniI. Means in ithe followed by thesame leterdo not differ significantly at 5%. according toDuncan's Multiple Range Test. 

8.3 
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DiscussionI 

Chigwe: From papers presented at this workshop 
including this one, it appears that there is great varia-
tion in the coefficients of variation in experiments, 
especially for seed yield. What is the optimum CV 
that can be accepted for reliable data? 

Mayeux: For pod yield/seed yield a good CV is 
between 8%and 12%. If the CV is much higher, the 
scientist must think of reducing the plot size to reduce 
soil effect. 

Mpiri: The CV value depends on the nature of the 
experiment. For example, in protection experiments,
there isa lot of difference in CV values, depending on 
whether or not the treatment is controlled. 

Reuben: I suggest that we do research to determine 
the appropriate sampling areas to minimize CVs andestimate proper yields ort a per hectare basis. 

Rweyernamu: I do agree with the suggestion. How
ever, high CV values in the field trials are not tieces
sarily because of the plot size alone. The high CV 
values in the field trials could be because of the vari
ables being considered and the performance of the 
crop during the season. 

Doto: What is the experience at SADCC/ICRISATGroundnut Project regarding variation of CV with 
plot sizes? 

tuldebrand: Ours are mostly varietal trials. We do 
not use very small plots (generally 7-20 i 2). We do 
not find much variability in CV but often, yields vary 
will plot size. 

Chambi: Why did you apply nitrogen fertilizer in 
your experiment? 

Rweyemamu: We applied nitrogen because the soil 
analysis 3 weeks before sowing showed that the soil 

nitrogen was low for optimal groundnut production in 
the Morogoro region. 

Chambi: Have you noted a problem of nodulation 
of groundnut genotypes at Morogoro? 
Rweyemamu: The experiments conducted at Mo
rogoro have shown that there is no problem with 
groundnut nodulation. Sometimes the average number
of nodules plant-t goes as high as 300. Since we do 
not apply any effective RhLizobium sp at sowing, we 
think the formed nodules could not be effective for 
nitrogen fixation in groundnuts. 
Mamba: Wh did you get a constant higher peg 

y 
numbers plant-t on fiat seedbed as compared to the 
other seedbed type? 

Rweyemamu: Soil moisture might be the cause. 
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Effect of Plant Density on Groundnut Yield in Botswana
 

A. Mayeux l 

Abstract 

A spanish tpe groundnut (Arachis hypogaea L.) variety was sown under rainfed conditions at plant 
-densities of37000 plants ha-' to 166000 plants ha to evaluate plant density effects on reproductive

and yield components and on water-use efficiency. Varying plant densities affected number of 
flowers produced but not flowering efficiency. Plant development and the number of different 
reproductive organs were disproportionate to plant densities. However, in terins ofpod yield, lower 
plant densities could not achieve the potential of higher densities even under good-rainfall condi
tions. Competition for available moisture induces root growth, and plants grown in higher densities 
are better able to exploit available moisture by increased rooting depth. An optimal plant density 
between 75000 plants ha-' to 100000 plants ha- was found to guarantee a good yield in terms of 
production and seed quality. 

Sumdrio 

Efeito da Densidacle de Plantas no Rendimento do Amendoim no Botswana. Urea variedade 
de amnendoimn (Arachis hypogaea L.) do tipo "Spanish",foi semeada em condi6es de sequeiro em 
densidades de plantas de 37000 plantas ha-' a 166000 plantas ha-', para se avaliaremn os seus 
efeitos nos componentes reprodutivos e de rendimento ena eficincia do uso de dgua. A variafdona 
densidade de plantas afectou o mufmero de flores produzidas imas ndo a eficiencia da flora'do. 0 
desenvolvimnento dasplantas e o ntinero dos diferentes orgdos reprodutivos ndofoi proporcional Ls 
densidades de plantas. Contudo, em tertnos de rendiniento de vagens, as densidades de plantas mais 
baixas ndo puderam atingir o potencial das densidades inais altas, inesino em condi(-esde boa 
precipita 'oo.A competi~do pela humidade disponfvel induz o crescimento radicular e as plantas
cultivadas em densidades mais altas tent meilhor habilidade de explorar a humidade disponfvel, 
devido ao atntento da profundidade das raizes. Deterininou-se que a densidade de plantas 6ptima, 
estd compreendida entre 75000 plantas ha-' e 10000plantas ha-', garantindo urn bon rendimento 
em termos de prodlq-do ede qualidade de semente. 

Introduction agement technique that plays arole in water use.ln a 
3-year experiment that compared plant densities bet-

In Botswana, rainfall is the main limiting factor to ween 37 000 and 166 000 plants ha- t , the best pod
obtain satisfactory groundnut (Arachis hypogaea L.) yields ha-' were always obtained with the highest
yields. Genetic improvement of varieties and regula- density, i.e., 166 000 plants ha-1. However, the 3years
tion of water use are the two essential methods to under study were marked by significant water deficits,
stabilize production. Plant density is one crop-man- which meant that the lower densities were unable to 

1. Groundnut Agronomist, Sebele Research Station, Department of Agricultural Research, Post Bag 0033. Gaborone, Botswana. 

ICRISAT (international Crops Research Institute for the Semi-Arid Tropics). 1990, Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990. Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT. 
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adequately compensate production with higher yields 
from each plant. Nevertheless, in terms of the produc-
tion and quality, the best results were obtained with 
densities between 60 000 and 75 000 plants hIa - ', 
spaced, on an average, 20 cm apart. 

Materials and Methods 

In the 1988/89 cropping season, an experiment was 
conducted to investigate iore closely three plant den
sities and two control densities as follows: 

Al : 60 cm x 10 cm = 166 600 plants ha-' (control) 
A2 : 50 cm x 20 cm = 100 000 plants ha-! 
A3 : 60 cin x 20 cm = 83 00() plants ha-' 
A4 : 75 cm x 20 cm = 66 000 plants ha-' 
A5 : 90 cm x 30 cm = 37 000 plants ha-' (control) 

The trial was conducted at the Sebele Research 

station on shallow sandy soil marked by a compact 

ferrueinous zone, varying in thickness, about ameter 
below the surface. The trial was sown using a ran
domized complete block design with three replica-

tions, with plots of five 10-in long rows. Seed of 
cultivar Sellic (spanish group) ,vas sown manually 10 
cm apart on I Dec 1988. The plots were thinned to the 
required spacing 20 days after sowing. Seeds were 
protected by a fungicide/insecticide mixture (captan 
and malathion). Fertilizer in the formi of 100 kg ha-' 
of single superphosphate (10.5% P)and 100 kg ha- of 
limestone aminonium nitrate (LAN) (28% N) were 
applied. Weeds were controlled regularly by manual 
hoeing. Tile water potential of tie soil was monitored 
using a neutron probe calibrated at 10. 25, 40, 55, 70, 
85, 100, and 115 cm with aluminium access tubes (45 
mm in diameter) placed in the middle of each plot. 

Four plants were dug up each week from tile area 
outside a3-in radius access tube to monitor develop
ment of various growth and reproductive organs. 
Flovcring was monitored each day on two tagged 
plants plot'. 

Results and Discussion 

Climatic conditions 

The maximum temperature was relatively constant 
from sowing to harvestiig, at around 30C. The mini
mnu tempcraturc was also constant throughout the 
season, at between l18C and 20T. Daily pan evap
oration was between 4 mm and 8 imn. Total rainfall 
was lower than the mean for the past 12 years, but 

distribution was good and compensated for this 
deficit. 

Effect on vegetative growth and 
flowering 

Flowering began 28 days after sowing in all the treat
ients. Peak flowering was reached on day 50, fol

lowed by a gradual reduction in flowering until (lay 
75, in all the treatments, except A5, which maintained 
the same rate of Ilowering for an additional 20 days 
(Fig. I). Population density had a significant effect 
(P < 0.01) on the mlumber of flowers plant-'. This 
ranged from 311 flowers plant- I in adensity of 39 500 
plants la-' to 108 flowers in a density of 1,10 200 
plants ha-'. Mean flowering activity plant-' was 2.7 
flowers day-' for Al and 7.8 Ilowers day-' for A5. 

Table I. Hlarvest quality of groundnut cv Selle, Sebele Research Station, Botswana, 1988/89. 

Plant Shelling 100-pod 00-seed Shelling of 
density (%) imass (g) imass (g) good seeds (%) 

A1 74.0 74.5 30.8 70.7 
A2 71.9 78.1 31.1 64.8 
A3 72.7 69.4 29.0 65.8 
A4 70.4 71.7 30.1 60.8 
A5 69.0 71.3 29.2 59.5 

Mean 71.6 73.0 30.0 64.3 

CV (%)2 7 6 6 
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Prolonged flowering (A5) because of density (more ber of leaves produced was also inversely propor

vigcrous plants and good rainfall at this time of year) 
led to extended fruiting, and thus to greater uneven-
ness in maturity of pods at hrvest. Hence, harvest 
quality (shelling percentage and seed yield) was better 
for the shorter flowering periods (Table I).The num-
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tional to the density. However, treatment A3 resulted 
in more rapid and greater soil cover. The leaf area 
index (LAI) decreased, because of senescence and 
plant defoliation, from day 90 onwards in all the treat

ments (Fig. I). 
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Figure 1. Effects of groundnut plant density on flowering, number of leaves, and leaf area index (estimated 
using a Delta-T Leaf Area Meter), Sebele Research Station, Botswana, 1988/89. 
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- -----

Effect on development of pegs, pods, 

and seeds 


Figure 2 shows the changes in number of these organs 
according to density. Varying plant densities did not 

60 cm x 10 em (166 600 plants ha -') 


200 - -- Pegs 

Pods
 
150 - Seeds 


Io0 
z 

50 


0 L.It I 

27 41 55 
 69 83 97 111 


Days after sowing 

200 60 cm x 20 cm (83 000 plants ha -') 


150 


E 00 z 

50 


0 

27 
 41 55 69 83 97 111 


Days after sowing 

200 90 cm x 30 cm (37 000 plants ha-')
 

150 -


E 100 
z 

50 

0.
 
27 41 55 69 83 97 111
 

Day+after sowing 

affect the time taken by the various organs to appear. 
Flowering efficiency (number of flowers produced 
per pod harvested) was more or less the same at all 
the densities (with a ratio about 2.8). The number of 
pods produced was proportional to the number of 
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Figure 2. Effects of groundnut plant density on changes with time in the number ofpegs, pods, and seeds, 
Sebele Research Station, Botswana, 1988/89. 
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flowers (42 pods for 108 flowers in treatment Al, and 
134 pods for 311 flowers in treatment A5). 

Effect on changes with time in stem, 
leaf, and pod mass 

By day 50, accumulated dry matter was distributed 
almost equally between the leaves and the stems, with 
the exception of A2 (Table 2). Thereafter, dry matter 
accumulated in the pods, which accounted for 60% of 
plant total dry mass by day 110 in all the treatments, 
Figure 3 shows the effect of the different plant densi-
ties on various parts of the plant during tile growth 
cycle, 

Effect on yield 

The haulm and pod yield response (Table 2) to plant 
density confirmed the results from previous seasjns 
that the highest pod yield per hectare is obtained with 
the highest density, Al. Good rainfall enabled high 
compensation plant-', ranging from 22.2 g in Al to 
63.8 g in A5. The physiological characteristics of 
spanish varieties do, however, limit this compe:1- 
tion. With excellent rainfall, as was the case in the 

1988/89 season, compensation enblcs the lowest den
sities to produce yields equivalent to those of the 
highest density. With good rainfall, the longer flower
ing period because of lower densities led to more 
uneven maturity and hence to significantly lower shel

ling percentages (Table 3). 

Effect on water consumption 

Good rainfall enabled normal development in all the 
treatments, and the high compensation (plant matter 
and production) in the lower densities can be traced 
back to water consumption, which was similar for all 
live treatments. Figure 4, however, shows a variation 
in water use from different soil depths. This leads to 
the following conclusions: 

e 	At 55 cm, the profiles are almost identical for all 
the live densities. This shows that the lower densi
ties make extensive use of this zone through more 
extensive root development. The root volume is 
similar for all treatments from day 40. 

e 	At 85 cm, the profiles are different. Competition for 
available water stimulates root development, and 
plants in the higher densities develop adeeper root 
system. 

Table 2. Effects of groundnut plant density on the changes with time In stem, leaf, and pod mass, Sebele Research 
Station, Botswana, 1988/89. 

Days 
after 
sowing 

Plant 
density 

Total 
dry 

mass (g) Stems 

Distribution of dry mass (%) 

Leaves Pods 

55 Al 17.2 38.5 42.2 8.6 
A2 15.2 29.8 47.6 12.3 
A3 32.1 35.0 45.9 9.7 
A4 29.8 41.2 39.4 10.1 
A5 46.7 40.5 43.9 7.5 

83 Al 30.7 23.8 31.7 33.2 
A2 38.0 23.7 33.5 34.2 
A3 62.4 25.6 33.3 36.7 
A4 72.3 26.1 30.4 36.3 
A5 108.4 25.1 32.3 36.3 

110 Al 49.2 15.6 21.4 60.0 
A2 53.5 15.7 19.6 62.1 
A3 70.3 14.8 20.3 61.9 
A4 78.0 16.9 18.6 60.7 
A5 151.3 19.9 19.3 57.2 
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Figure 3. Effects of groundnut plant density on the changes with time in the stem, leaf, peg, pod, and

seed mass, Sebele Research Station, Botswana, 1988/89.
 

Variations over in stored watertime during the Conclusions 
growth cycle for the various densities confirmed that
the levels of water consumed are almost identical. If Plant density does not affect groundnut flowering effiwater efficiency is defined in terms of yield obtained ciency. However, flowering increases as density dein kg ha-' per unit of water consumed in mm (evap- creases. This increase is nevertheless limited by theotranspiration) in the profile considered (0-115 cm, physiological characteristics of cv Sellie and compenno infiltration to the lower layer), it is possible to sation is not sufficient for the lowest density (39 500arrive at consumption rates indicated in Table 4. plants ha-') to match the highest density (140 200 
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Tavle 3. Yields of groundnut cv Sellie at Sebele Research Station, Botswana, 1988/89. 

Plant Final 

density stand 

Al 137 300 
A2 11I 800 

A3 87 400 

A4 63 400 

A5 38200 

Mean 87 600 

CV (%) 13 

Treatment 

0.2 
.2-

-

Al 
A2 

- A3 

- A4
~A5
 

.20.1 
0 

> 

0 

1Dec 1988 

0 

I Dec 1988 

Forage 

yield 

(t ha-i) 

3.95 
3.40 
3.96 
3.81 
4.10 

3.84 

12 

-

Plant-growth period 

Pa t Soil depth 85.0cm 

Pod density 
2)(pods rn 

700 
620 
508 
460 
516 

560 

20 

31 Mar 1989 

31 Mar 1989 

(t ha-') 

2.99 
2.86 
2.83 
2.83 
2.45 


2.79 

13 

I 


Pod yield 

(g plant-i) 

22.2 
25.7 
32.4 
44.8 
63.8 

37.8 

19 

Soil depth =55.0 cm 

Plant-growth period 
Figure 4. Effect groundnut plant density on changes with time of soil volumetric water, Sebele Research 

Station, Botswana, 19S8/S9. 
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Table 4.Total water used and water-use efficiency on a groundnut (cv Sellie) crop with a rainfall of 280 mm, SebelResearch Station, Botswana, 1988/89. 
Soil 

moisture Water
Plant variation' consumption
density (m1) (rm) 
A 1 -41.9 239.0
A2 -45.9 235.0
A3 -41.4 239.5
A4 -39.6 241.3 
A5 
 -34.4 246.5 

I. From sowi:, lo harvcsi by cvap Irrnspiration 

plants ha-') in terms of pod yield ha-'. The prolonged
flowering period, associated with low densities, leads 
to pods of uneven maturity at harvest and hence to
lower shelling percentages. In the case of normalrainfall, any savings in water by reducing density are
minimal. Groundnut is very flexible as regards adap-
tation to soil moisture conditions, drawing water from 
a large area around the plant and developing adeeper 
root system if competition for surface area becomessevere. After 4 years of study (three subnormal and 
one normal rainfall season), it is recommended that 
groundnut be sown at densities between 70 000 and -100 000 plats lia '. 

Discussion 

Freire: I agree that with higher plan: densities, 
higher yields are obtained. But, when dealing with 
small farmers, other factors might be taken into account: whether (a) labor belongs to the family and is 
not scarce, (b) land is not scarce, and (c) seeds are 
scarce (main constraint). In such cases, it might be
better to sow larger areas at a lower population to
obtain higher production at a lower seed rate. 

Mayeux: In our experiment, we tried to optimize
the use of resources and get an optimized economical 
result. 

Rweyemamu: Your data show that the expected
(maximum) plant population in A2 is 100 000, A3 is
83 000, and A5 is 37 000 plants ha- t . Yet your results 
reveal that the final plant population ha- t was higher 

Pod Forage Waer-use efficiency 
yield yield on ponds on forage

(I ha') ha-')(it (kg mm') (kg mm
2.99 3.95 9.3 12.2

2.86 3.40 8.8 10.4
2.83 3.96 8.8 12.3
2.83 3.81 8.8 11.9
2.45 4.10 7.8 13.0 

than expected. Were more seeds sown than expected'
Or did one seed produce more than one plant in some 
occasions? 

Mayeux: In practice, it is always difficult to reach
the tiworetical plant density but I think these popula
tions have been close enough to manage this trial 
correctly. 

Laxman Singh: Do farmers in Botswana plant
groundnut as a sole crop with mean plant population
of 25 000 plants ha-'? Ifso, according to your conclu
sions, they can substantially increase groundnut yield
by raising the plant density to 70 000 plants ha-I at 75
 
cm x 20 cm (which is similar to 100 000 plant ha- I 

60 cm x 10 cm). In aspacing of 75 cm x 20 cm,

at
 

would you suggest or recommend an intercrop,
whereby a farmer can get an optimum yield of
 
groundnut and an additional intercrop?
 

Mayeux: The only crop that can be intercropped

later in the season 
is cowpea but usuafly farmers 
broadcast cowpea seeds early in the season, mixed

with sorghum. We tried also to get farmers 
 to sow
groundnut and even with large spacing between rows
 
(for sowing another crop later). The strong root system of groundnut will prevent a good crop establish
mient by competing for water (under 
 Botswana 
conditions). 

Schmidt: Was the season begun with moisture 
available to the plants to adepth exceeding I m? Had 
a fallow period preceeded the trial to accumulate 
moisture? 
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Mayeux: Groundnut is generally sown a month af
ter the beginning of the rainy season to avoid it matu
ring during the moist period towards the end of the 
season. During this month, moisture accumulates in 
the soil. 
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Some Factors Influencing Plant Density and Yield 
of Groundnut 

M.J. Freire' and K.V. Ramanaiah2 

Abstract 

Studies on sowing depths, compaction, and seed dressing were conducted to solve the problem of 
low plant density, one of the contributors :o groundnitt (Arachis hypogaea L.) production in 
southern Mo:anbique. On heavy soils, the depth of .,wing had no effect on either plant densit, or 
yield. However. the conpaction level aplpeared to be very inportant. Plant density a'id yield were 
iniprovedwhen soil was compacted b.; iuiifaneet or with a car tyre. On the other hand, the needfor 
soil compaction appearedto decrease with increased sowing depth. On sandy soils, the reverse was 
trie. Sowing depth had a ver"N strong effect on plantdensity and shoot vie/l plant-', while the effect 
of coni/laction was nil or very weak. However, depth of sowing or comnpaction had no effect on pod 
yield. The highest plant densities and vie/ls were recorded vwhet groundit was sown at a depth of 
5-11 (ti with compaction.Seed dressing showed very little or 11o effect .9n yield auid its components, 
inichdingp/otn de'sitY. 

Sumdrio 

Alguns Factores que Influenciam a Densidade de Plantas e o Rendimento do 
Amendoim. Estudos sobre prfutndidaehs tie sementeira, compactaCo e trataniento quinnico das 
senientes foran condz:idos para resolver o prohlena da bai.a densidade tie plantas, uni dos 
factores qe contrihueni para o baixo rendiniento tit aniendoih (Arachis hypogaca L.) no Sil de 
Mo cmibiqtw. 

En: solos pesados. a pr iocilade c/e senienteirc ntio teve efeitos nen na densidade c/e plantas 
nen no reudiiento. Conltldo. o nivel c/e cotnpacta -Joaparecei cono into iniportaite. A densi
dadet i plantas e o rendinento firani nelhoradosqattndo o solo foi conipactado pelo pi hiunano 
on)por Iti pnel tit' cairo. Por ottro lach), a necessidade c/e cotnpacta 'dodecresce coin o aiwiento 
da proftadhidlde i',se'ienteir,. 

Eta solos aretosos, o coltrtrio.Oiverdcdhc,. A profundidade cie senienteirateve titn efeito inuito 
forte na densidade '/c plantas C it) rendimento c/c' forragen plantiar, enquanto que o efeito da 
conipacta (ofoi 1n/1o oil nnito fiaco. Contalo. a /p)roitcdildc dee seienteirae i cotpacta'Clo tido 
tiverant q/altner efeito no rendintc cc' 'agens. e rendi(it As mais altas densidades de plantas 
nientosfirani ohscrvaclas quando o anm',icni foi seneaco ctaitniaprofivididade de 5-11 cm coin 
cOllli)acta 'Jo. 

0 Iralamieto c/a seune/nte niostrOii atui cfeito ntito fraco off inexistente no rendiniento e sels 
componenites, inchnindo a chensidade d/e plantas. 

I. Groundnut Agrtonnimt and IHead. l)cpartment of Crop Produciion and Protection. Faculty of Agronomy and Forestry Engineering. Eduardo 
Niondlane Universict. C.P. 257. Maputo. Mtoianbique. 

2. Groundnut Agronomnimt and 'roject Leader. IDRC (roU.'Jnui I)roject ai the above address. 

ICRISAT (International Crop%Rcearch institute for iheScim-Arid rropics). 199. Proceedings of the Fourth Regional Groundnut Workshop for 
Southert Africa. 19-23 Mar 199M.Arusha. Tanzania. I',tancheru. A.P, 512 324. India: ICRISAT. 
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Introduction 

O. e of the problems occurring both in farmers' lields 
and oilresearch stations is low plant density at emer-
gcnce and even lower at harvest, resulting in low 
yields.Small-scale farmers, using hocs to sow groundnut

Small-scaleileusing hoe to sow groudnu 
(Arachis h)vPogaea L.), tend to place the seed at vary-
ing depths, from very shallow to very deep, often 20 
cm or more, specially oi sandy soils. Deep-placed 
seed may have insufticient vigor to germinate and 
emerge resulting in low plant densities. 

Another possible reason for low plant densities is 
the mortality of seedlings, mainly because of soil
borne diseases. Seed dressing is not commonly prac
tised in Mozambique. 

Large differences in plant density .ere observed 
between farmers' fields and research trials in Maputo 
Province in 1984. The same seed lot was used to sow 
farmers' fields and research Flots and sowing date did 
riot differ by more than 2 ays. Emergence on re
search [lots was almost complete, while only 60-70% 
of seed germinated on falmers' lilds. 

During :l'e same year. a preliminary e'aluation 
was made by sowing groundnut at various d:pths 
varying from 2 v,18 cm: differences of up to 30% 
were observed. 

To solve these problems, two experimens were 
carried out to study the influence of sowing depths, 
different levels of compaction, and seed dressing with 
fungicides on seedling establishment, plant growth, 
and yield. The main objective was to generate recom
mendations for farmers, which would enable in
creases in plant density and, therefore, yields. 

Materials and Methods 
Two experiments were carried out in southern 
Mozambique (Maputo Province) during the 1988/89 
cropping reason to study the following: 

A. 	Effect of sowing depth and 
compaction 

In this experiment a split-plot design with four repli-
cations was used. Sowing depths of 2, 5, 8, 11,and 15 
cm were imposed as main treatments, and three levels 
of compaction were imposed as subtreatments. These 
were control, compaction with feet (farmers' prac-
tice), and uniform compaction using a car tyre. To 

ensure uniform sowing depth, a10-cm-wide furrow 
was opened and, after placing the seed, soil was re
placed and the surface lcvcled. The experiment was 
repe;ied at two sties under different conditions: 

A. 	 Al Uinbeluzi on aclay-loam soil under irrigation.
This trial was sown on 20 Sep 1988 and harvested129ns 

alter 129 days on 26 Jan 1989. 

13.At Marracuene on a sandy soil with a sowing 
irrigation. Subsequently, the rainfall was uni
formly distributed. This trial wa,; sown on 15 Sep 
1988 :nd harvested after 138 days on 31 Jan 1989. 

In both cases the variety used was Bebiano Branco. 

B. 	Effect of seed dressing 

The design used was a randomized-block with four 
replications. '[le seed-dressing treatments were as 
follows: 

) conrol. 
2) 	 [hiramM(2.5 g kg-' of seeds). 
3 	 Mancozeb (Dithane M 45® (2.5 g kg-' ofseeds) 

plus thiram (2.5 g kg-'). 
4) 	 Mancozcb (Dithane M 45®)(2.5 g kg-'). 
The trial was sown at Unbeluzi on 6 Jan 1989 and 
harve.sted aftcr III days on 26 Apr 1989. The variety 
used was the brec.ing line Chico x NC Ac 17200. For 
both experiments plant density and yield and its com
ponents were recorded regularly at harvest. 

Results and Discussion 

Consideration of soil type is of crucial importance 
when evaluating the effects of sowing depth and soil 
compaction (Tables I and 2). Varying sowing depth 
from 2 to 15 cm had no significant effect on plant 
density or yield on heavy soils (Table 1).However, 
soil compactioni markedly increased plant density and 
yield. The effect of compaction onl plant density did 
however become less apparent with time after emer
gence, indicating aslower rate of establishment and 
dev-'opment vhere seed was not compacted. One 
possible explanation for this result is that, on heavy 
soils, soil moisture is better distributed and is main
taincd longer, even at greater depths.In addition, soil 
compaction improves soil-seed contact allowing im
proved imbibition and seed germination. This is re
flected in improved plant density when seeds are 
placed 5-11 cm deep and are compacted. 
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Table 1.Effect of sowing depth and compaction on plant density and pod dry mass of groundnut (cv IBebiano Branco) 

grown with irrigation on aclay-loam soil at Umbeluzi, Mozambique, 1988/89. 

Treatment 

Sowing depth (cm) 
2 
5 

8 

11 

15 

SE 

Mean 

CV (%) 

Compaction 
Control (nil) 
Foot 
Tyre 

SE 

Mean 

CV (%) 

t. DAS = Days after sowing. 

Plant density (plants 

13 DAS' 42 DAS 

12.2 16.4 
14.1 17.0 
14.2 18.6 
16.5 19.1 
13.2 17.4 

±3.06 ±1.60 

14.0 17.7 

30.8 12.8 

11.9 16.3 
14.9 18.5 
15.3 18.3 

±0.76 ±0.62 

14.0 17.7 

17.1 11.1 

Iprovements in plant density and rate of develop-

ment were reflected in increased yield although con-

paction appeared not to have any significant effect on 

number of pods plant'. 
On sandy soils (Table 2) the results were very 

different. Soil compaction and interaction between 

soil compaction and sowing depth had no significant 

effect on plant density, pod, 	or shoot yield. Large 
were recorded amongdifferences in plant density 

sowing depths. Sowing at 2-cm depth produced sig-

nilicantly lower plant densities throughout. All other 

treatments produced higher densities. Only the 15-cm 

sowing depth gave results similar to that of 2-cm 

depth when recorded 12 days after sowing (DAS). 

It can be argued that when groundnut is sown at 

2-cm depth, there is a greater probability of seedling 

death because of more rapid soil drying. The rate of 

soil drying is proportional to the sowing depth. The 

longer period taken by seedilmgs sown at 15 cm to 
a result of greaterattain satisfactory densities is 

depth, while seedling vigor may be responsible for 

the slightly lower, but not significant, reductions in 

"	 Pod dry massi2) 


133 DAS (gplant') (t ha') 

1.9918.4 12.8 
1.9817.7 11.8 

19.9 11.2 2.22 
2.3019.7 12.2 

17.9 10.8 1.95 

±0.171±2.14 ±1.41 

18.7 11.8 2.09 

16.8 17.0 11.6 

17.7 11.9 1.99 
2.1719.7 14.9 
2.1118.7 15.3 

±0.76 ±0.097±1.59 

18.7 14.0 2.08 

26.8 17.1 14.6 

density when compared to the 5-11 cm sowing 

depths. The shoot yield plant-' at 2-cm depth is sig
cm. Thisnificantly higher than at depths of 5 to 15 

may be a resull of quicker seedling emergence. 
and yield ha-' did not differAlthough yield plant-' 

significantly, reduced yields were recorded on shal

low-sown treatments and are likely to have resulted 

from reduced plant density. Harvest index, shelling 

percentage, 100-seed mass, and number of pod 

plant-' were not affected. 
No significant differences were recorded among 

seed-dressing treatments (Table 3). However, a ten

dency towards reduced density and yield without sed 

dressing suggests that seed dressing could be a feas

ible proposition. 

Discussion 

Rwamugira: It is interesting to note that compac

lion had no effect on light soils. 1would imagine that 

when heavy soils are compacted, plant emergence 
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Table 2. Effect of sowing depth and compaction on plant density, pod dry yield, and shoot dry mass, of groundnut (cvBeblano Branco) grown with irrigation for germination, on a sandy soil at Marracuene, Mozambique, 1988/89. 
Plant density (plants m-2) Pod dry mass Shoot

Treatment 12 DAS' 15 DAS 141 DAS (g plant-') dry mass(t ha-') (g plant-') 
Sowing depth (cm)2 10.8 11.8 11.55 5.6 0.7117.5 23.018.4 18.4 5.88 0.9617.4 14.219.4 19.4II 5.7 0.9916.1 13.619.5 19.5 6.015 1.0012.0 14.317.7 17.8 6.1 0.90 15.6 

SE ±1.30 +1.35 ±1.74 ±-0.67 ±0.171 ±5.23Mean 14.8 17.4 17.3 0.91CV (%) 
5.8 16.1

12.5 11.0 14.2 16.4 26.5 13.7 
Compaction 13.8 16.2Control (nil)0.515 16.3 5.9 0.85 17.5 

Foot 15.1 17.9 17.9Tyre 5.7 0.9415.4 16.718.0 17.7 5.9 0.95 14.1 
SE ±1.29 ±0.76 ±0.74 ±0.55 ±0.065 ±2.34Mean 14.8 17.4 17.3 5.8 0.91 16.1CV (%) 27.6 13.8 13.4 29.6 22.6 45.9 

t. DAS = Days after sowing. 

Table 3. Effect of seed dressing on pod dry moss, number of pod plant-Z, and plant density of groundnut (variety Chicox NC Ac 17200) grown with Irrigation on a clay.fam soil at Umbeluzl, Mozambique, 1988/89. 

Pod dry mass Number Plant density (plants M-2)
 
Trcatmcnt of pods
(g plant-') 0i ha-') plant-' I I JDAS'Thiram (2.5 g kg-') 6.2 

27 DAS 110 DAS
1.13 16.4 19.1 9.7 18.9
Thiram(2.5+2.5+ mancozeb g kg-') 
 7.1 1.19Mancozeb (2.5 g kg-') 8.0 

19.8 18.1 18.6 16.9
13.5Control (nil) 

1.12 19.7 19.96.0 13.80.77 12.4 17.4 17.4 12.9
 
SE 
 ±1.80 ±0.23 ±1.80 ±1.83 ±1.83 ±2.49Mean 6.8 1.05 15.5 18.6 18.9 15.6CV (%) 37.4 31.4 16.4 13.9 13.7 22.5 

I.DAS = Days after %owing. 
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becomes dif'licu!t. What do you iiiink arc lie factor(s) 
that contribute to high plant density when the soil is 
compact? What niethod(s) of soil compaction do you 
use? 

Freire: On sandy soils compaction of soil surface 
occurs naturally after the rains. Specially on heavy 
soiis, uncompacted soils do not provide a close soil
seed contact, resulting in poor seed germination and 
hence low plant density. Methods used include soil 
compaction by using a car tyre or persons stepping on 
the sown ditches. 

Mpiri: How do you ensure uniformity when corn
pacting with feet. while it is easier io ensure that by 
using a car tyre? 

Freire: This is done using the same person all the 
time. lie also wears gum bools to ensure sufficient 
coumpaction. 

Shongwe: l)o you have an idea of the bulk density 
of tlie soil after compactiou? 

Freire: No. W,, did not measure the bulk density of 
the soil after compaction. 

Subrahmanyarn: Deeper sowing may increase the 
incidence of seedling diseases as the etiolated plants 
are more susceptible to seedling diseases. Did you 
study the interaction of sowing depth and seedling 
diseases incidence and plant density and severity of 
foliar diseases in your experimenis? 

Freire: No, we did not look into these aspects. 

Rao: Did you make any observation on the effect of 
seed rate in relation to sowing depths, Why did you 
use inaucozeb (Dithane M45®),a fungicide which is 
usually applied as a spray, for seed tatment? 

Freire: No observations on these factors were 
tnade. Reports elsewhere have shown the possibility 
of usiog nancozeb (Dithane M45®) as seed-ireat
tnent chemical. Also, it is an easily available 
fungicide. 

Ndunguru: In the Gambia, the problem of stand 
declining with ttle is very serious. Partly it is related 
to seedling diseas;es and crop growth variability but 
seed viability is also suspect. How is seed stored in 
Mozambique? 

Freire: Most of tile seed used by tie Mozambique 
Groundnut Project is stored in a room at ambient 
temperature, unshelled, and in bags. Tile seed is shel
led and selected immediately before sowing to ensure 
good quality seed. Farmers tend to store seeds in tins,
bags, and bottles, normally unshelled. Nearer to ur
ban :,enters, traditional storage is no longer used. 
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Influence of Sowing Dates on Growth and Yield 
of Groundnuts in Tanzania 

K.P. Sibuga l , S.S. Songambele 2, and T.P.N. Kakema 2 

Abstract 

Field experiments were conducted at Sokoine University of Agriculture, Morogoro, Tanzania, to 
assess the influence of the sowting date on the growth and yield of prouising groundnt (Arachis
hypogaea L.) genotypes. Four sowing dates at 7-day intervals constituted the vertical factor, and 
seven groundnut genotypes the horizontal factor in a strip-plot design with four replications. In a 
dr season (1988), delaved sowing (21 days after the onset of rains) reduced average seed yields by
52%. In a wet season (1989) the average yield loss resulting front the sane delay in sowing 
amounted to 75%. 

Sumdrio 

Influ~ncia das Dalas de Sementeira no Crescimento e Rendimento do Amendoim na Tan
zania. Ensaios de campoforam conduztdos na Universidade de Agricultura de Soko(te, Morogoro,
Tanzania, para determinar a inflincia da data de sementeira no cresciniento e rendiniento de 
genotipos promissores de amendoini (Arachis hypogaea L.). Quatro datas de sementeira, a inter
valos de 7 dias, constituiran o factor vertical, e sete gen6tipos de amnendoin o factor horizontal, 
hnu delineamentode talh/es eifaixas. cort quatrorerati'ces. Na estai,:j seca (1988), o atrazo da 
senienteira(21 dias depois do iniclo das chuvas) reduziu o rendiniento mdio de grdo em 52%. Na 
esta('o humida (1989), a pcrda,, idia de rendiniento, como resltado do mesnio atrazo, atingiu os 
75%. 

Introduction average of 990 kg ha-' (Nigam 1984). This has been 

The 
partly ascribed to the use of cultivars of low-yieldingyield of groundnut (Arachis hypogaea L.) de- potential and to adverse weather conditions (Nigam

pends on the genetic potential of the cultivar. How- 1984; Preston et al. 1985). Drought stress has been 
ever, the extent to which this potential can be realized reported to restrict peg penetration and calcium defi
depends largely on the environment inwhich the crop ciency during the pod-filling phase resulting in un
grows. In Tanzania, the bulk of thiti crop is produced filled pods (Nageswara Rao et al. 1985; Williams et 
by small-scale farmers who often sow groundnuts al. 1986).
only after the main cereal crops. The crop is entirely rainfed. The major implement

The current average yield of 600 kg dry pods ha-t of cultivation is the handhoe. Rainfall intensity and 
for Tanzania is considerably lower than the world distribution are important factors determining the 

1. Senior Lecturer and Agronomist, Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005, Chuo 
Kikuu, Morogoro, Tanzania. 

2. B.Sc. (Agriculture) Crop Science Option student at the above address. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). !990. Proc,:edings of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990, Arusha. Tanzania. Pata-chtcru, A.P. 502 324, India: ICRISAT. 
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yield of groundnut. Weather conditions also inlluence 
sowing dates and any delay in sowing from the opti-
mal date may lead to reduced yield. This study was 
therefore carried out with the lollowing objectives: 

A. 	 to assess the growth, development and yield of 
several promising lines of groundnuts, and 

B. to evaluate the perfornance of these lines at dif
ferenit sowing dates. 

Materials and Methods 

The experiment was carried out at the Sokoine Uni
versity of Agriculture (SUA) farm (6'S, 37E, alti
tude 525 i) during the 1988 and 1989 cropping--
seasons (Mar-Jul). The physical and chemical char-
acteristics of the soil at the experimental site are 
given in Table I. The design used was astrip plot with 
four replications. The plot size was 3 in x 3 in. In the 
1988 trial the horizontal factor (A) was made up by 
seven groundnut breeding lines (erect bunch) and the 
vertical factor (B) by four sowing dates at 7-day inter-
vals (Table Ib). The four top-yielding lines of this 
trial were retained for further testing and three other 
varieties added in the 1989 trial. Before sowing, about 
2-cm deep furrows spaced at 50 cm were made and 
phosphorus was applied at the rate of 50 kg P,05 ha-
as triple super phosphate (TSP). The fertilizer was 
covered with a thin layer of soil and I seed hill- I was 
sown at 10-cm distance, to give a plant density of 20 
plants jn 2 (200 000 plants ha-I). Gap tilling was done 
6 days after each sowing date. Weeds were controlled 
by three hand weedings at 3-week intervals. Various 

growth variables as well as seed yields were 
recorded. 

Results and Discussion 

The Leaf Area Index (LAI) was between 3.1 and 3.5 
for the lirst three sowing dates and then declined 
drastically to about 0.5 for the crop sown 3 weeks 
after the onset of rain (Fig. 1), which received roughly 
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Shoot dry mass (g plant-') 
Root dry mass (g plant-i) 

_ 
CIS-----------------------. 3 
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Sowing date 
Figure 1. Leafarea index, root,and shoot dry mas 
of groundnut grown at Sokoine University of 
Agriculture Farm, Tanzania, 1989. 

Table 1.Physical and chemical characteristics of the soil at the experimental site, sowing dates, and amounts of rainfall
received during the seasons, Sokoine University of Agriculture, Morogoro, Tanzania, 1988 and 1989. 

a)Physical and chemnical characteristics at trial site
pH = 6.0 
Soil texture = sandy clay loam 
Organic carbon = 1.6% 
Total N =0.11% 
Available P (ppm) = 6.2 

b) Sowing dates (rainfall received, nmn 
1988 


March 17 (333.2) 
March 24 (256.0) 
March 31 (144.6) 
April 7 (126.6) 

Exchangeable Ca [rneq (100 g)-I] = 1.25
 
Exchangeable K [meq (100 g)-] = 0.45
 

1989
 
March 25 (402.9) 
April I (370.5) 
April 8 (308.3) 
April 15 (205.9) 

184 



half of the rainfall received by the crop sown first. A senescence leading to reduced LAI and low dry-mat
high LAI and shoot mass associated with early sow- ter production. Across sowing dates, significant vari
ing was probably because of both increased leaf num- etal differences were observed among genotypes with 
ber and leaf size. These results are in agreement with line 1/24 recording the highest LAI and Natal Com
those of Preston et al. (1985) who similarly associated mon the lowest. However, the absence of significant
drought during the growing season to increased leaf differences in shoot dry mass and the higher yield 

Table 2.Yield and yield components of 10 groundnut genotypes sown on four dates at Sokoine University of Agriculture, 
Morogoro, Tanzania, 1988 and 1989. 

Number of filled 

Genotype/ 
sowing date 

Number of 
nodules 
plant-i 

pods plant-' 
(as %of 

number of pegs) 
Shelling 

(%) 
100-seed 
mass (g) 

1988 
1/94 
1/90 
1/80 
Baka (Ex-Kyela) 
1/24 
Ex-Njombe 
2/91 

15 (41.7) 
12 (40.9) 
15 (39.1) 
14 (37.6) 
12(36.8) 
13 (38.8) 
17 (41.5) 

64.0 bt 

64.4 b 
67.1 a 
63.4 b 
65.4 ab 
63.8 b 
67.0 a 

26.6 
27.6 b 
24.9 c 
30.6 a 
30.1 a 
24.3 c 
28.8 ab 

Si 
Mean 

±1.2 
14 

10.7 
65.0 

±0.8 
27.6 

CV (%) 12.8 4.5 11.0 

March 17 
March 24 
March 3, 
April 7 

SE 
CV (%) 

20 ai (40.0) 
15 b (42.7) 
14 be (35.4) 
7 c (42.2) 
±1.6 
30.2 

65.7 
65.7 
64.0 
64.5 
±1.6 

6.3 

30.1 a 
26.4 b 
26.9 b 
26.9 b 
±1.2 
11.2 

1989 
i/80 84 15 (56.2) 61.9 25.3 cd 
Baka (EN-Kyela) 84 14(48.3) 63.0 31.3 a 
1/24 78 13 (54.0) 66.7 29.8 ab 
Tamnut 74 85 15 (52.7) 65.6 24.2 d 
2/91 80 14(49.1) 66.7 29.2 b 
Spanhorna 73 14 (54.0) 68.1 26.2 b 
Natal Common 76 17 (56.4) 67.0 26.4 c

SE ±4.6 ±1.3 ±2.3 ±2.6 
Mean 80 15 65.6 27.6 
CV (%) 28 23 II 9 

March 25 94 18(57.7) 64.7 30.4 at
 

April I 71 15 (55.1) 66.4 28.1 b
 
April 8 63 13 (50.8) 64.9 26.4 be
 
April 15 63 12 (46.7) 66.3 25.3 e
 

SE ±14.7 ±2.6 ±0.9 ±2.2
 
CV (%) 29 13 9 

I. Ineach year values for gcoiypes or so%;,;g dates, followed by the same letter do not differ significantly (P5 0.05), according to Duncan's 
Multiple Range Test. 
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level of Natal Common suggest that large leaf areas 
were not necessarily an advantage. Mutual shading of 
leaves may be the reason. In 1989, differences in 
nodule counts among genotypes were not significant 
though Tamnut 74, 1/80, and Baka appeared to be 
very profusely nodulated (Tabl, 2). 

Yield and yield components 

More pegs were formed during the 1988 cropping 
season than during 1989, but pod filling was more 
efficient during the latter when five genotypes re-
corded more than 50% podlill (Table 2). 

These differences were attributed to variations in 
rainfall distribution. For all sowing dates in both 
years, except the last date in 1988, tie crops received 
more than o0% of the total rainfall within the first 5 
weeks (i.e.. up to early pod-formation stage). How-
ever, during the next 4 weeks (including pod-filling 
stage), the 1988 crop at the first sowing date received 

1.9 	 
17 March
 

]24 March 

S31 Mirch 

1.4-	 7 April 

-77
 

0.9 , 

0[L4'
1/94 1/90 1/80 

only 6%of the total rainfall and at the second sowing 
only 5%of the total rainfall. In 1989, the first sowing 
received 26% and the second soving 28% of the total 
rainfall. According to Boote et al. (1982) pod filling is 
favored by such factors as soil moisture as well as 
calcium and phosphorus availability. Thus, in 1988, 
both reduced soil moisture and suboptimal leve's of 
calcium and phosphorus in the soil (Table i) re
stricted pod filling. However, pod filling in 1989 was 
not appreciably better than in 1988. Shelling percent
age's were comparable in both trials (Table 2). In both 
years, the seed size was reduced by delay in sowing 
(Table 2). Baka recorded the highest 100-seed mass in 
both 1988 (30.6 g) and 1989 (31.3 g). 

Groundnut sown within the first 7 days after the 
onset of rains gave high seed yields in 1988 and 1989. 
A delay in sowing by 21 days from the onset of rains 
reduced seed yields across the four sowing dates by 
52% in 1988 and 75% in 1989. Such reductions in 
yield have been reported also by Patel and Golayinka 
(1988), who found that a reduced total rainfall led to 

Baka 1/24 Ex-Njombe 2/91 
Groundnut genotype 

Figure 2. Seee. yield of sever' groundinut genotypes at different sowing dates, Sokolne University of 
Agriculture F -rr-, Tan-ania, 1988. 
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0-,1/24 2/91 1/80 Spanhoma Baka Tamnut 74 Natal 
Common 

Groundnut genotype 

Figure 3. Seed yield of seven groundnut genotypes grown at different sowing dates at Sokoine University 
of Agficulturc. Tanzania, 1989. 

decreased dry-matter produ, tion and consequently 
adversely affected pod formation and pod fill. Yields 
were generally higher in 1988 (Fig. 2) as compared to 
1989 (Fig. 3). It was noted that the crop received 
between 97% and 99% of the total rainfall during the 
lirst 9 weeks of growth in 1989 as ccmpared to bet-
ween 74% and 84% inl 1988. How,"vci, during the last 
4 weeks of growth, only 0.8-3.0% of the rainfall was 
received in 1989 as compared to 14-18% in 1988. 
Such dry conditions probably adversely affected seed 
filling in the 1989 crop. The drier soil at harvest most 
likely also caused yield losses because of incoriplele 
retrieval of pods from the ground. The better perfor-
mance of genotypes 1/24, 1/80, 2/91, ane Baka during 
the drier year (1988), especially when sown within 
the first 2 weeks after the onset of rains, suggests that 
these genotypes are more tolerant to late-season 
drought stress. However, ihc~r adop:ion at specific 
locations would need to be ascertained. High seed 
yields were associated with high numbers of filled 
pods, high pod ma:s, high shelling percentage, and 
large seed size (significant positive correlations). 
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Discussion 

Subrahmanyam: In most of the agronomy experi
ments presented at this workshop, the situation of 
diseases and insect pests in various treatments was 
not given. It is an important interaction and the data 
on diseases and pest should be collected. These will 
facilitate a better interpretation of the results. 

Musanya: Were the determination of leaf area in
dex and root and shoot dry mass for 1989 made only 
on groundnuts sown on those specific dates? 

Sibuga: The determinations of the parameters were 
made on all plants at 50% flowering across the sow
ing dates. 

Syamasonta: Is there any relationship between the 
number of filled pods plant-' and shelling percentage? 

Sibuga: The relationship seems to exist, but the in
consistencies observed in Table 2 for 1988 and 1989 
need further investigations. 

Reuben: In our trials of varietal evaluation and 
measurements of yield components, we found a posi
tive relation, though not significant. 
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Groundnut Agronomy in Tanzania: the Importance 
of Timely Harvesting of Groundnut 

E.M. Kafiriti' 

Abstract 

Groundnuts (Arachis hypogaca L.) is an important oilseed crop in Tan:ania, grown in areas with 
altitudes varying front sea level up to 1500 m altitude. Yields have remained low (average 600 kg 
haw' of dry pods) mainly because of lack ,f improved seed. Past experiments have denonstrated 
yield superiority of early-maturing spanish types over late-maturing virginia types. However, span
ish types require timely harvesting because they lack seed dormancy amid sprouting frequently 
occurs if harvesting is delay'ed. Results presented indicate that delayed harvesting ofboth spanish 
and virginia t'pes result in losses because of factors other than sprouting. Timely harvesting is 
therefore important for both types. 

Sumdrio 

A Agronomia do Amendoim na Tanzania: A Impor~fincia do Arranque Atempado do 
Amendoim. 0 antendoin (Arachis hypogaca L.) e uana inaportante cultura oleaginosa na Tan
:ania,cultivada em dreas corn altitudes varianuo desde o nivel do inar,at 1500 in acima do navel 
do niar. Os rendinientos ItM-se niantido baixos (inadia de 600 kg haat de vagens secas), principal
mente devido falta de semnente nelhorada. Ensaios do passado denionstraran a superioridade do 
rendiniento das variedades "spanish", de tniatra'joprecoce, sohre as variedades "virginia", de 
niatura ',o tardia. Contudo, as variedades do tipo "spanish" necessitamn dnti arranque en tenapo, 
devido dfidlta de dornticia das sentntes e d suafrequente gertnainaao no canmpo se o arranque e 
jttrazado.Os resultados apresentados indicant que o atra:o do arranque, tanto nas variedades tipo
".vpanish" conic (1 tipo "virginia", resultou eni perdas de rendiniento, devido a outrosfactores que 
tioi,a suta gernaina-do. Deste niodo, o arranque atenapado j importante para ambos os tipos. 

Introduction 	 mated average yields are 600 kg ha-' of dry pods. 
Lack of improved seed, poor agronomic practices, 

Groundnut (A/achis hypogaea L.) is an important oil-	 and pests and diseases are among the factors causing 
seed crop grown in almost every region of Tanzania 	 low yields. Farmers retain their own seed fo'r sowing. 
from sea level up to I 500 n above sea level. It is 	 The seed quality is usually low, resulting, in poor 
predomin:nitly grown by resource-poor farmers and 	 yields plant-' and insufficient plant densitie,. 
in a,,sociation with cereals or cassava (Manihot es- Past research in Tinzania has denmonstrated the 
cidtinta Crantz). In mixtures, groundnut is considered 	 superiority of early-maturing spanish over late-matu
secondary to the cereal. Yield levels are low; esti-	 ring virginia types. This resulted in the release of a 

t. Researchl Agronomi . Oilseeds Research Frogramme. Research and Training Institute, Naliendele, P.O. Box 509. Mtwara, Tanzania. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceediigs of the Fourth Regional Groundnut Workshop for 
Southern Africa. 19-23 Mar 1990. Arusha, Tanzania. Patancheru. A.P. 502 324, India: ICRISAT. 
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high-yielding spanish cv'Nyota (Spancross) for adop-
lion. The two botanical groups (spanish and virginia)
differ not only in growth habit and development but
also in adaptability and management requirements.
Spanish cultivars require better management, includ-
ing timely sowing, correct spacing, good weed con-
trol, and above all, prompt harvesting at maturity than 
other types. Spanish types lack seed dormancy andoften sprout in the field, if wet weather prevails at 
maturity (Martin et al. 1970).Results of earlier work suggested that timely sow-
ing is very important for maximizing yields. For ex-
ample, in southeast Tanzania it is recommended that
sowing should commence with the onset of rains in 
late December or in early January. Early-maturing
cultivars sown during this period are ready for har-
vest inlate March Gr early April. However, in this 
region the rainy season extends until late May and 
sometimes light showers can be expected even in 
early June. Therefore, htrvesting takes place in con-
ditions that may be conducive to sprouting. Consider-

ing that groundnut harvesting is labor intensive and 
most farmers cannot afford hired labor, timely har
vesting is difficult to achieve. 

In the 1984/85 and 1985/86 cropping seasons, a
trial was conducted to assess yield losses resulting
from delayed harvesting of groundnut. 

Materials and Methods 
The trial was carried out during the 1984/85 and 
1985/86 seasons at Naliendele (10" 20'S, 40" WE,
altitude 120 in, annual rainfall 1150 mm) and
Nachingwea (10" 20'S, 38" 45'E, altitude 450 m, an
nual rainfall 1100 min). According to the FAO classi
fication, the soils are Ferralic Arenosols at Naliendele 
and Ferric Acrisols at Nachingwea (Bennet et al. 
1979). Two cultivars, Nyota and Red Mwitunde, were 
used at both sites. Nyota is an early-maturing spanish
cultivar lacking seed dormancy whereas Red Mwi
tunde :;late maturing with a strong seed dormancy. 

Table 1.Effect of delayed harvesting on seed yield of two groundnut cultlvars at Nallendele and Nachingwea, Tanzania,
1984/85. 

Variety 

Nyota (Spancross) 

Red Mwitinde 

SE variety mean 
SE harvest time mean 
Mean 

CV (%) 

Nyota (Spancross) 
Red Mwitunde 

SE variety mean 

SE harvest time mean 
Mean 

CV (%) 

Seed yield (Iha-i) 
Optimal Delay in harvesting 
iime ofharvesting 7days 14 days 21 days 28 days Mean 

At Naliendele 
2.037 1.971 1.671 1.576 1.548 1.761 
1.070 1.068 0.942 1.098 0.941 1.024 

±0.0409 
±0.0647 

1.554 1.520 1.306 1.337 1.245 

13.1 

0.995 
0.469 

0.697 
0.517 

At Nachlngwea 
0.651 0.847 
0.336 0.349 

0.766 
0.323 

0.791 
0.399 

±0.0271 

±0.0437 

0.732 0.607 0.494 0.598 0.545 

20.5 
for
t.Optimal lime to maturity, i.e..Nyota 90 days after emergence, and for Red Mwitunde 120 days afier emergence. 
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The design used was a factoria! in randomized 
blocks with four replicates. Optimal time for harvest-
ing based on plysiological maturity is 90 days after 
emergence for Nyota and 120 days after emergence 
for Red Mwitunde. Subsequent harvests were at 
weekly intervals with the last harvest 28 days after the 
optimal date of harvest for each cultivar. Both culti-
vars were sown in rows 50 cm apart and seeds were 
spaced 10-cn apart within rows. The trial was sown 
on 3 Jan 1985 and 6 Jan 1986 at Naliendele, and oil 4 
Feb 1985 and I Feb 1986 at Nachingwea. Triple su-
perphosphale was applied to the seedbed before sow-
ing at a rate of 40 kg P-,O ha-'. 

Results and Discussion 

Seed yields are presented in Tables I and 2. In the 
1984/85 season, rainfall was very erratic at both loca-
tions and at Nachingwea the trial was sown late. An 
abrupt end of the rains in mid-April affected yields, 

particularly in the case of Red Mwitunde. However, 
this weather favored Nyota. Varietal differences were 
observed with Nyota outyielding Red Mwitunde at all 
harvest dates. Delayed harvesting decreased yields of 
both cultivars at both locations. However, the magni
tude of yield loss differed between the cultivars (Fig. 
I). At Naliendale, Nyota suffered losses as follows: a 
delay of I week resulted in a65 kg ha- loss; 2weeks, 
360 kg ha-': and 4 weeks, about 500 kg ha-'. A delay 
of I week had no effect on Red Mwitunde. Delays of 
2-4 weeks caused losses of about 130 kg ha-'. 

Similar results were obtained at Nachingwea. A 
delay of I week resulted in seed loss of 300 kg ha-' in 
Nyota. Losses in subsequent harvests were not consis
tent. Wet soils at optimal maturity induced sprouting 
and yield losses in subsequent harvests were inconsi
stent. For Red Mwitunde, a delay of I week had no 
effect on yield but a delay of 4 weeks caused a yield 
loss of 175 kg ha-'. 

In the 1985/86 cropping season, varietal differ
ences were signilicant (P < 0.001) at both sites with 

Table 2. Effect of delayed harvesting on seed yield of two groundnut cultlvars at Nallendele and Nachingwea, Tanzania, 
1985/86. 

Variety 

Optimal 
time of 

harvesting 7days 

Nyota (Spancross) 
Red Mwitunde 

0.773 
0.388 

0.668 
0.432 

5F-variety mean 
SE !larvest time mean 

Meafi 

CV ( 4) 

±0.0703 
NS2 

0.580 0.550 

Nyota (ISam:noss) 
Red Mitundc 

1.115 
0.819 

1.335 
0.790 

aa- variety mean 
SE harvest time mean 

Mean 

CV (%) 

±0.0515 
NS2 

0.967 1.062 

Seed yield it ha-') 

Delay inharvesting 

14 days 21 days 

At Naliendele 

0.662 0.457 
0.261 0.291 

28 days 

0.577 
0.088 

Mean 

0.627 
0.292 

0.461 

43.0 

0.374 0.333 

At Nachingwea 

1.127 1.041 
0.705 0.838 

1.031 
0.827 

1.130 
0.796 

0.916 

15 

0.939 0.929 

I. Optimal time to maturity. i.e.. for Nyota 90 days after emergence. and for Red Mwitunde 120 da)s after emergence. 
2. Not signiticant. 
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Cultivar/l.ocation 

------- Nyota Naliendele 

-Nyota Nachingwea 

Red Mv,itunde Naliendele 
500 - -

--- -Red NachingweaMitunde 
- - ... 

400 

6 

300? 
,/ 

200 

100 / ..-

0 1 1 
0 7 14 21 28 

Delay in time of harvesting (days) 

Figure 1. Effect ofdelayed harvesting on seed,yieldof two groune1Et eultivars at Naliendele and 
of tiw T 1984/8.o cianiendea,
Nachingweat, Tanzania, 1984/85.lihgCo 

Nyota outyielding Red Mwitunde again. Yield losses 

because of delayed harvesting were not significant but 
at Naliendele, yields of both cultivars declined stead
ily with delays in harvest. This was more noticeable 
in Red Mwitunde than in Nyota. Delayed harvesting 
at Nachingwea did not produce consistent effects. 
These results indicate that substantial yield loss can 
be expected if harvesting is delayed, especially when 
the weather is conducive to sprouting. Sprouting of 
Nyota increased with delayed harvest and this was 
very pronounced during the 1984/85 season when 
harvesting was done under conditions favoring 
sprouting. Red Mwitunde, which exhibits strong seed 
dormancy, showed yield losses with delayed harvest-
ing caused by insect pests, such as termites and 
verminr. 

Although not studied here, delayed harvesting, 
particularly under toist conditions, is likely to lead to 
increased incidence of Aspergillus flcvus infection 
and subsequent production of aflatoxin (Mixon 1980). 
Harvesting at optimal maturity is one of the manage-
ment practices aimed at reducing the degree of fungal 
invasion and aflatoxin contamination, 

Conclusion 
Th1e importance of timely harvesting of groundnut 
cannot be over-emphasized. Any yield loss resulting 
from delayed harvesting will have a profound effect 
on farmers' income. Apart from sprouting, other ad
verse factors including pod rots, insect pests and ver
min attacks are also accentuated by delayed 
harvesting. Therefore, timely harvesting is not only 
important when growing nondormant cultivars (e.g., 
Nyota) but is equally important in dormant cultivars 
(e.g., Red Mwitunde). 
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Discussion 

Ndunguru: How does the harvesting of groundnut 
conflict with the harvesting of other crops in areas 
near to your place of work? 

Kafiriti: During harvesting of groundnuts there is 
competition for labor to sow crops such as ctlwpea, 
and to weed crops such as maize, sorghum, etv. 

Rao: What is your definition of optimal tine for 
harvesting groundnut in layman's terms? 

Kafiriti: When pods are well filled and the inside o 
the pod is dark. 

Hildebrand: Method of maturity determination 
used in Zimbabwe has been written up and published 
in the local agricultural press. I will send copies to all 
the national programs. 
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Busolo-Bulafu: I note from your paper that Nyota 
lacks seed dormancy while Red Mwitunde has seed 
dormancy. I would therefore expect Nyota to sprout 
more than Red Mwitunde and thus lose more seed. 
And yet your figures show Nyota to have nigher 
yields even after 28 days. How do you explain this? 

Katiriti: The high yields in Nyota are inherent. On 
the other hand, Red Mwitunde is attacked by birds, 
vermin, etc., as it stays longer in the field after the 
others have been harvested. 

Moima: Which is the best method of harvesting 
groundnut, digging or hand pulling? 

Kaliriti: It is better to use a small hoe for the 
purpose. 

Ismael: Apart from the sprouting problem when 
you delay harvesting, did you have any practical 
problem with the harvesting of the nuts because of 
depletion and hauim rotting? 

Kaliriti: It depends on soil types. These are prob
lems with sandy soil. In heavy soil, nuts can be left in 
the groui.i but it is acceptable for farmers to dig these 
out. 

Subrahmanyam: Delayed harvesting of groundnut 
may predispose the pods to aflatoxin contamination. 
Work done in Nigeria, USA, India, etc., strongly sup
ports this. Did you measure the levels of aflatoxin 
content in your samples? 

Kafiriti: No. 
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Recommendations of the Meeting
 

Chairpersons 

Dr P.K. Sibale 

Dr K.P. Sibuga 


RapporteursDr B.J. Ndunguru 
Dr P. Subrahmanyan 

In 	 the plenary session, the representativeCAR, Dr D.M. Wanchinga, outlined the of SAC-reporting 

structure of the SADCC, which calls for the forma-
tion of a Steering Committee for each Program/Pro-
ject in the region. He further outlined the constitution 
and terms of reference of the Steering Committee. 
Therefore, the recommendations of this plenary ses-
sion will be submitted to the Steering Committee, 
when properly constituted, for due consideration. It is 
hoped that this Committee, so constituted, holds its 
first meeting in August 1990 in Malawi. 

I. 	During the plenary session, the 1988 Regional 
Workshop recommended the setting up of facili-
ties at the Regional Project for oil-quality anal-
ysis. The meeting noted that these facilities have 
not been established. SACCAR had indicated that 
it would atempt to locate funding for this equip-
ment. SACCAR was urged to continue to pursue 
this issue. 

2. 	With regard to financial assistance to national 
programs, the meeting noted that although finan-
cial assistance had been provided to certain pro-
grams, an urgent need for assistance to conduct 
research programs still exists. The meeting rec-
ommended an increase in the amount of assis-
tance to be made available, 

3. 	With regard to the recommendation on training 
made in 1988, the suggestion that the ICRISAT 
Center in-service training be made more crop-
based was resubmitted by the meeting at the 
plenary session for consideration. Notwithstand-
ing the SADCC/GTZ scholarships made avail-
able by SACCAR, the need for postgraduate 
training still remains. During the plenary session, 
the -aeeting urged ICRISAT and SACCAR to 
pursue the search for additional sources of funds 
for postgraduate training.The meeting also noted 
that th need for a guide on breeding of ground-
nut remains and requested ICRISAT again to 
consider producing such aguide. 

4. 	On the need for increased availability of early
maturing and drought-resistant groundnut germ
plasm, the meeting noted the recent emphasis on 
the evaluation and distribution of such material.
The meeting also noted with satisfaction the re
cent devolution of the responsibility for 'pops'
screening to Zambia, and late leaf spot and rust 

resistance screening to Swaziland.The meetingurged the Regional Project to place emphasis on 

the incorporation of seed dormancy in early-ma
turing varieties.The meeting urged an early ap
pointment to fill the vacant position of plant 
pathologist. 

5. The meeting agreed that the venues for Work
shops would be decided by the Steering Commit
tee and that, when the Workshop was held away 
from the Regional Project base, the contact point 
would be the Director of Agricultural Research 
of the host country.

The meeting suggested that every other Work
shop be held at the Regional Project base and that 
the 1992 Workshop be held at Lilongwe. 

6. The meeting noted that !he need for short-term 
consultancies provided by ICRISAT Center, as 
requested in 1988, still exists. In addition there is 
an urgent need for assistance to Lesotho with 
regard to problems experienced in growing 
groundnuts. 

7. The meeting noted that as a result of budgetary 
constraints it has not been possible to fund addi
tional research posts at present. The meeting rec
ommended that the Steering Committee follows 
up the 1988 recommendations and that SACCAR 
looks for additional funding. 

8. The meeting noted that no further progress had 
been made in the establishment of aflatoxin-test
ing facilities at the Regional Project and this 
recommendation is resubmitted for urgent con
sideration. 

9. The meeting noted that accommodation at the 
Regional Project for visiting scientists was still an 
important requirement. The meeting felt that the 
Steering Committee should consider ways to 
solve this problem. 

10. 	 The meeting recommended that when constraints 
prevent the adoption of technology, funds should 
be made available by the Regional Project to ass
ist national programs in technology transfer. 
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11. 	 To ensure continuity of regional groundnut re
search, the meeing recommended the appoint
ment to the Regional Project of additional 
scientific staff, from within the region, to posi
tions intermediate between that of principal sci
entists and technical officers. 

12. 	 The meeting recommended that fellowships be 
provided to allow national program scientists to 
spend I - to 2-year periods in the Region. Project 
to gain experience and to assist principal scien
tists in their programs. In addition, it sugwas 
gested that interprogram exchange of national 
scientists be facilitated. 

13. 	 The meeting urged the Regional Project to ex
plore, with SACCAR, the posibility of conduct
ing computer training courses for groundnut 
scientists and technicians of the region. 
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