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Welcome Address 

L K Mughoghol 

Mr Chairman. ladies, and gentlemen: on behalf of ICRiSAT and on my own behalf, it is my pleasure to welcome 
you to this Workshop on Sustainable Groundnut Production in Southen and Eastern Africa, hosted by theMinistry of Agriculture and Cooperatives of the Royal Kingdom of Swaziland. I am sure you will agree that the
warmth of their hospitality has Made us forget the unusually cold weather this week. 

Regional groundnut workshops have been conducted-very successfully-since 1984, in Malawi and inother countries in southern Africa. We now have formal representation from eastern Africa as well; and this canonly strengthen our research efforts to improve groundnut farming in the southern and eastern Africa region. The
emphasis at these mectings has been on interaction, both at the formal level, through presentations, and informally, with participants exchanging information, ideas, and material, and developinig a spirit of catI.;aderie. It is
this spirit, I believe, that has allowed us to work together so successfully for the benefit of Africa's smallholder 
farmers. 

This Workshop is special in several ways. This is the first time that, in the true spirit of collaboration with
NARS, the national program in Swaziland has played the major role in hosting and organizing this workshop. h isalso the first time that the Republic of South Africa (which will formnally be joining SAtK in August) is being
officially represented at these groundnut workshops. I would like to extend them a special welcome, and trust
that this will be the beginning of a long and fruitful association. 

Progress in smallholder agriculture can only be built upon a bedrock of strong linkages between all thoseinvolved in the generation, transfer, and adoption of technology-researchers, extension specialists, farmers, theprivate sector, ant nongovernmental (rgani/ations. It is heartening that the invitees to this workshop included 
people from all five groups.

tCRIAT. w,hich manages the SADC. tCRISAT Groundnut Project and is sponsoring this Workshop, has representatives from its three regional programs: western and central Africa (our Sahelian Center), southern and
eastern Africa, and Asia. And in all, the national programs of II countries are represented here today.

Ladies and gentlemen, welcomne once again to the- Workshop, and to what I am sure will be three very
stimulating days. 

I. Exccuti'e Director. ICRISAT Southern and Eastern Africa Region, P 0 Box 776, Bu!awayo, Zimbabwe. 
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Introduction 

C T Nkwanyana l 

Mr Chairman, Mr Principal Secretary, representatives of ICRISAT, colleagues, ladies and gentlemen: on behalf of 
the Southern African Centre for Cooperation in Agriculture and Natural Resources Research and Training 

(SACCAR) of the Southern African Development Community (SAIX)), I wish to welcome you all to this Work
shop on sustainable groundnut production in southern and eastern Africa. 

The research and training sector is a component of the food, agriculture, and natural resources (FANR) sector 
of SADC. The overall objective of the FANR sector is to increase agricultural productivity and er.sure food 

security at the regional, national, and household levels, while ensuring the sustainable use, effective manage

ment, and conservation of natural resources-soil, water, fish, forests, and wildlife. SACCAR's regional strategy 
on research and training is to strengthen the national agricultural research systems (NARS) of member states, to 

improve their capacity to plan, manage, monitor, and evaluate specific research projects that can generate 
technologies to improve agricultural productivity. This is achieved through a two-pronged approach, involving 
both *core' activities and regional, collaborative, research initiatives (including the SAt)C.ICRISAT Groundnut 
Project). 

,ACCAR activities 

SACCAR's core activities relate to information exchange. We run workshops and conduct studies on subjects of 

regional importance, and provide research grants to young scientists from the SAI)C region under regional, 

collaborative research programs. NARS are strengthened through technology develkpment and transfer, germ
plasm development, information exchange, and training. 

The projects are meant to complement-and not compete with-national activities. From our experience, 
countries that benefit most from regional collaboration are those with clearly laid out research masterplans and 

clearly identified national priorities. These masterplans .an also help member states to coordinate donor support. 

Donors can then direct funds at priority areas identified in the research rnastcrplans, rather than funding their 
'pet' projer:ts. Masterplans can also help to ensure wider participation (e.g., by universities and the private 
sector) in research activities, by identifying priority areas and specilic research needs. 

The other issue I wish to touch upon is impact assessnent. Because research is a long-term endeavor and 

usually does not yield immediate benelits, budget allocations are often insufficient. NARS are sometimes to blame 
for this, because we have not been able to convincingly demonstrate the benefits of rescarch to those who allocate 

financial resources. At the regional level we also need to account for the funds that donors and member states 
provide. Therefore, with USAIt) funding, a post of impact assessment advisor has been created at SACCAR. The 

objectives are to: 

* Develop capacity at SACCAR to undertake impact assessment and establish a database for monitoring and 
evaluation; 

" Develop capacity at NARS level for these activities: 
" Collaborate with executing agencies and donors on impact assessment of the regional project; 

" Develop a framework (indicators, what data should be collected, etc.) for impact assessment. 

for funding 
this project, and the Government of Swaziland for hosting the Workshop. 

Thank you. 

In conclu.ion, I wish to thank the Deutsche Gesellschaft fUr Technische Zusammenarbeit (T;TZ) 

1. Southern African Centre for Cooperation inAgriculture and Natural Re%ource,Research and Training (SACCAR) iOfSADC. Private Bag 00108, 

Gaborone. loiwana. 
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Opening Address 

N M Nkambunet 

Introduction 

Mr Chairman, distinguished guests, ladies and gentlemen: on behalf of the Government of the Kingdom of 
Swaziland and on my own behalf, I wclcome you all to this Workshop on Sustainable Groundnut Production in 
Southern and Eastern Africa. I feel honored to have been invited to the official opening ceremony. 

Groundruts are grown extensively in most countries in the region, and are of major importance to small
holder farmers. being their principal source of cash income. The current shortages of vegetable oils and foreign
exchange bear witness to the importance of this crop in our rural economies. Production in the region, however, 
has declined in recent years. The major constraints are diseases (in all countries except Botswana and Namibia, 
where rainfall is the major limiting factor) and the lack of suitable varieties. Yields are low, ranging from 400 to 
700 kg ha 1,in marked contrast to yields of 4 t ha' obtained on research stations and large-scale farms. There is 
thus considerable potential for increasing smallholder groundnut yields in the region, and thereby improving
tood security. I am told that these issues ar2 being addressed by the SADCAICRISAT Groundnut Project and the 
national agricultural research systems (NARS) in both southern and eastern Africa. This iscommendable, and it is 
rmy hope that these cons:raints will one day be minimized, and yields increased as a result. 

Agriculture and the environment 

Disease control and the use of high-yielding varieties cannot on their own ensure sustainable production-soil
conservation also has a vital role. Soil erosion is a major problem in the region; vast quantities of topsoil are 
washed away into th. sea each year due to improper land management. This not only reduces yield but destroys
the very land base from which production must lake place. I therefore urge you to include soil conservation 
measures as an integral part oif your research programs. 

In many countries today, there isa growing awareness of environmental degradation. Some donor agencies
have e en changed their focus from developmental projects towards those that emphasize protection of the 
environment. I would therefore urge scientists in our region to identify environmentally friendly chemicals for 
controlling pests, and to give greater attention to biological control methods and improvement of cultural 
practices. I believe that this combination of approaches is the best option. 

Research strategies and project planning 

Nevertheless, let us not deceive ourselves that a breakthrough can come about without meaningful investment in 
technology. We in the developing countries cannot afford to downplay the role of technological interventions in 
our quest for a *green revolution'. If we examine closely the reasons behind the remarkable successes in 
agriculture in the industrialized countries, we find that it is intensive research that has made a difference. It is 
high time that governments in our region accept this reality, and demonstrate their commitment by allocating 
resources for research. 

Research must not be carried out routinely, without clearly defining what we want to do. Our agricultural
research strategies must be clearly defined and well targeted, in response to pressing socioeconomic needs. One 
aspect is to direct research specifically towards meeting the needs and aspirations of farmers with limited 
resources. Historically, smallholder farmers in this region have not adequately benefitted from agricultural 

I, Principal Secretary. Minitry of Agriculture, Fod and Coxpcrati',s, Royal Kingdom of Swaziland. 
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research, because the research was not specilic to their needs. It is therefore gratifying to note that the 
SADC/ICRISAT Groundnut Project focuses on these resource-poor smallholder farmers who. unfortunately, form 
the majority in all SADC member states. It is also my hope that the presentations and discussions at this 
Workshop will place more emphasis on the research needs of these farmers. 

Allow me to turn to another issue that is also related to the Groundnut Project. I understand that annual 
Review and Planning Meetings involving the SADCitCRISAT Groundnut Project team and lhe NARS were 
instituted in 1993. These fora offer excellent opportunities for the two groups to meet and plan their research 
activities on acollaborative basis. Both the NARS and the Project benefit, in that work is conducted on activities 
of common interest throughout the region. It also shows that the project, although donor-funded, is not donor
driver.. Furthermore, I believe that the active involvement of NARS in the planning process gives them the 
courage and enthusiasm to implement their projects effectively. 

It has been observed that excluding the implementers from the planning process results in very poor 
implementation of projects. This is usually because the implementers lack the confidence to carry out projects 
designed by planning departments. As a result most blueprints from planning departments end up gathering dust 
on shelves. This s¢hould not be allowed to happen in the region. I wish all the research projects 'n the region 
would follow your example. 

Conclusion 

We are told that the population of the SADC region is increasing at an alarming rate, that it will rise to 100 million 
by the year 2000. Meanwhile, off-farm employment opportunities are decreasing and farmers' cash incomes are 
dwindling. It is therefore your duty as scientists to tackle all the problems that constrain productivity and reduce 
income levels in the smallholder farming sector. There must be aconcerted effort to augment income levels from 
the land. Attention should be given to such other alternatives as high-value cash crops, irrigated pastures, animal
based production systems, etc. 

In conclusion I would like to express my great appreciation to the organizers of this Workshop for choosing
Swaziland as the ventqe. I hope you will enjoy your stay, and that you will also have the chance to see our humble 
surroundings. I would also like to direct my gratitude to the sponsors, whose support has enabled this Workshop 
to take place. With these remarks, Mr. Chairman, it is now my pleasure to declare this Workshop officially open. 
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Genetic Enhancement of Groundnut: Its Role in 
Sustainable Agriculture 

G L Hildebrand and P Subrahmanyam' 

Abstract 

It is imperative that food production is increased in developing countries-without a loss in 
sustainability-to improve the nutritional status and general well-being of low-income people. One 
way of increasing productivity and improving sustainability is through the rise of improved culti
vars, and in this paper we discuss the role that genetic enhancement of groundnut may play in 
improving the sustainability of agriculture in southern Africa. 

In collaboration with NARS scientists, the SADC/ICRISAT Groundnut Projer" has endeavored to 
improve the adaptability of grountdnut cultivars, and to incorporate, where possible, resistance to 
biotic and abiotic factors that reduce Yields. This will improve groundnut yield stability across 
environments. Progress has been made in the iniprovenent of yield and quality of virginia cultivars 
suitablefor confectionery use. ICGMS 42, which has high yield potential and acceptable ,onfec
tionery quality, has been released in Malaiviand Zambia. Rosette resistance has been transferred to 
high-vie/ding, agronoinically acceptable, virginia breeding lines which may also be suitable for 
those areas where ICGMS 42 is grown. 

A numnber of spanish breeding lines have performed well in areas where the rainfall .ason is 
too short for virginia cultivars, and short-duration genotypes, adapted to drier conditions in such 
countriesas Botswanaand Namnibia, have been identified. JL 24 has shown renarkable adaptability
to large areas of the region, while ICGV 86061, ICGV-SM 87064, and ICGV-SM 87079 have 
performned well in Nanibia, and have been selected for on-farm evaluation prior to possible release. 
Progress is now also being made in transferring rosette resistance to short-duration genotypes that 
are better adapted to drier environments, and recently identified sources of resistance to early leaf 
spot are being used in the hybridizationprogram. 

We believe that genetic enhancement of groundnut can play a major role in improving the 
stability and sustainability ofgroundnut production in southern Africa. 

Sumario 

Melhoramento genitico do amendoim: seu papel na agricultura sustentavel. t imperativo que a 
produai3 dos alitnentos seja aunentada nos paises em desenvolviimento para melhorar o 'status' 
nutricional e o ben estar geral da populoidio da baixa renda. Umea maneira dos aumentar a 
produtividade e mnelhorar a sustentabilidade da agricultura, e atravs do uso de cultivares 
melhorados e,neste artigo, discutimnos opapel que o melhoramento genitico do anendoim pode ter 
no melhoramento da sustentabilidade da agricultura na Africa Austral. 

I. SADCIICRISAT Groundnut Project, P0 B , 1096, Lilongwe, Malawi. 
ICRISAT Conference Paper no. CP 956. 
Hildebrand, G.L., and Subrahmanyam, P. 1994. Genetic enhancement of groudnut: its role in sustainable agriculture. Pages9-13 inSustainable groundnut production insouthern and eastern Africa: proceedings of aWorkshop, 5-7 Jul 1994, Mbabane. Swaziland (Ndunguru,BJ.. Hildebrand. G.L., and Subrahmanyam, P..eds.I. Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the 
Semi-Arid Tropics. 
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Em colaborafii corn os cientistas dos Sistemas de Investigafdo Agricola Nacionais (NARS), o 

Projecto do Amendoini do SADC/ICRISAT tOn Irabalhado para nielhorar a adaptabilidade dos 
cultivares do arnendoin e, onde possAvel, incorporar resistencia afaciores bi6ticos eabi6ticos,que 
reduzern o rendimento nos carnpos dos agriculiores.Dcste modo, a estabilidade do rendimento do 
arnendoint,nos vdrios ambientes, sera melhorada. Progressos ro~msido feitos no melhoramnento no 
rendimento e na qualidadc dos cultivares Virginia, que sdid adequados para uso no dogaria. 
ICGMS 42. que ten alio rendimentopotenciale qualidadeaceitvel pora a dogaria, .oi libertado 
no Malawi e na Zambia. Resistiiciae)roseta foi Iransferida para linhas de nelhoramento, lipo 
Virginia, cor alto reidirnenro, agronotricarnente aceiidvei,, as quais podem tamb~oi ser ade
quadasnas Jreasonde o ICGAMS 42 cultivado. 

Aigurnas linhas do rnelhoramnento do tipo Spanish inosiraran born comportamnento em dreas 
onde a esta -iO dos chuvas j denasiado curta para cidtivares Virginia, e os gen6tipos da curta 
duraid, adaptados a condiioes secas em paises conio o Botswana e Narnibia, foram jd identi
ficados. JL 24 ,nostrou particularadaptabilidade para vdrias dreas da regidii, enquanto que o 
ICGV 86061, ICGV-SM 87064, e ICGV-SM 87C79 tent tido born comportainento na Namibia, e 
foram seleccionadospra avaliatioo nos campos dos agricultores, ates da sua possivel libertafdo. 

Progresso 'stagora a ser fito na transf'renciada resistncia 4 roseta para gen6.ipos de curta 
durafdii, adaptados para arnbientes mais secos, efonies recententente identificadas de resistncia 6 
mnancha precoce da folha estio sendo usadas no programna da hibrida(Wo. 

N6s acreditainosque o meilhoranento genetico do arnendoint pode jogar tun papel importante 
no rnelhoramnento da estabilidadeesusieniabilidade da produ-dd do ornendoirn eda agriculiura na 
Africa Austral. 

Introduction 

Can agricuiural systems in the semi-arid tropics sat-
isfy increasing demands for Food. fuel, and fiber at 
sustaioable production levels and at acceptable eco-
nomic and environmental costs'? 

In sub-Saharan Africa, rainfall has decreased sub. 
stantially, with a more irregular distribution. The sus- 
tainability of agriculture in the semi-arid tropics, a 
marginal ecoregion, is threatened by global environ- 
mental changes, including increases in population, ex-
pected to exceed 6 billion by the year 2(XX) (ICRISAT 
1992). It is imperative that food production is increased 
indeveloping countries to improve the nutritional status 
and general well-being of low-income people. 

Soil degradation is seen as the most significant 
threat to sustainable agriculture, and clearly, improved 
soil and water management at all levels, farm, regional, 
and global, will be the key to sustainable agriculture. 

In this paper we share our views on the role that 
genetic enhancement of groundnut can play in ir-
proving agricultural sustainability in southern Africa. 

Groundnut is of major importance to smallholder 
farmers in southern Africa. It is an important source 
of protein and high-grade fat, a food source that does 
not even need processing. Groundnut contributes sig-
nilicantly to household food security, and since many 
smallholder farmers in the region are women, it has 
an important bearing on the gender issue, 

Yields on smallholder farms are low, varying bet
ween 400 and 700 kg ha-', in marked contrast to 
yields of over 4 t ha-' obtained on research stations 
and by large-scale commercial enterprises in the re
gion. There is considerable potential, therefore, for 
increasing smallholder yield. in the region. 
Agroccological conditions vary widely in southern 
Africa: correspondingly, there are a number of pro
duction constraints. However, two affect all countries: 
diseases, and the lack of suitable cultivars adapted 
to specific environments, particularly to areas where 
rainfall is unreliable. 

Diseases
 

A large number of diseases have been reported, but 
only a few are economically important (Sub
rahmanyam 1991). 

Early leaf spot is widely distributed and occurs 
annually, in epidemic proportions, in most groundnut
producing countries. Yield losses are substantial. 
Rosette is the most important virus disease of 
groundnut in Africa, and although rosette epidemics 
are sporadic, yield losses approach 100% whenever 
they do occur (Bock 1987). Rust and late leaf spot 
are economically important only in some countries in 
the region, and normally occur together, mainly in 
low-altitude areas. 
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Adaptation 

There is an urgent need for adapted cultivars that are 
acceptable for various preferences and end uses. 

General adaptation. Considerable progress has 
been made in the improvement of* ciltivar 
adaptability, and a number of adapted cultivars that 
have been introduced or developed locally, have been 
released for cultivation in some southern African 
countries. 

Yield and quality. There is considerable potential 
f'or exporting confectionery grade groundnut, and in-
creased production will result in greater foreign cur-
rcncy earnings. Virginia-type cultivars, which are the 
most suitable for confectionery use, can be grown 
under rainfed conditions in the plateau areas of cen-
tral Malawi, the Eastern Province of Zambia, and in 
parts of Mozambique, and are therefore suited to 
smallholder production. However, in other countries, 
the growing-season length of virginia cultivars often 
exceeds rainfall-season length. and these cultivars 
may require irrigation. 

In order to take advantage of the present high 
world prices, exporting countries have to ensure a 
consistent supply of large, high-quality groundnuts, 
free from risk of aflatoxin and pesticide residue con-
tamination. The shelf' life of processed groundnut 
products is an increasingly important floctor in ex-C 
ports, and is determined by stability of the oil, whichin trnn sauraionlevlepeds an faty cid 
in 	 turn depends on saturation level and atty acid 

Adaptation to areas of low and unreliable rain-
fall. Low rainlall and short growing seasons are a 
major constraint to groundnut production. The 10 
SADC (Southern African Development Community) 
countries represent about 26% of the area of sub-
Saharan Africa, and support more than 79 million 
people (16% o!" the sub-Saharan African population). 
Agroecological conditions var. widely across the re-
gion, but all SADC countries have areas situated bet-
ween the 350 and 450 mm isohycts. For example, 
70% of' Botswana, most of Namibia, 25% of Zim-
babwe, and 15% of Mozambique fall in these areas, 

Although it is well known that delayed sowing 
results in reduced groundnut yield, smallholder 
farmers in the region are often unable to sow early 
because of crop priorities and sequences, and the lack 
of labor and other resources. 

There are two aspects to improving adaptation to 
areas of low and unreliable rainfall: 

.	 Drought avoidanace through breeding for short du
ration-short-duration cultivars should be more 
productive in areas where the rainfall season is 
short, e.g., Botswana and Namibia, where the 
rainy season often lasts for less than 100 days. 
Such cultivars would benefit Lcsotho also, where, 
because of latitude and altitude effects, spanish 
cultivars may take up to 190 days to reach 
maturity. 

* 	 Breeding for drought tolerance-with more fre
quent droughts, the need for drought-tolerant culti
vars has become greater. Drought tolerance and 
improved water-use efficiency would increase 
productivity in areas where rainfall is unreliable, 
or where the rainy season may end prematurely. 
The availability of cultivars adapted to the drier 

parts of the region should ensure higher and more 
stable yields, and could lead to expansion of produc
tion into areas previously unsuitable because of low 
rainfall. These areas oten have shallow, light, sandy 
soils, which are generally fragile. The introduction of 

ail it by imprving sleferili
 
tainability by improving soil fertility.
 

How can enhanced groundnut
 
germplasrn contribute to sustainable
 
agriculture in southern Africa?
 

The broad objective of most crop improvement pro-
Trad obeveof most crpimproegrams 	 e ois to develop enhanced germplasm capable of 
producing higher and more stable yields across envi
ronments. Increasing groundnut yields would im
prove the profitability of the crop, resulting in 
increased area grown, improved food supply, more 
cash earnings, and a higher proportion of legume in 
the cropping system. Earnings from groundnut could 
contribute to increased fertilizer use on other crops in 
the farming system. The improvement of stress toler
ance would stabilize yields across environments and 
seasons, preventing drastic or complete yield loss in 
environments in which these stresses occur. 

Sonic examples of how germplasm enhancement 
research by the SADC/ICRISAT Groundnut Project, in 
collaboration with NARS, may contribute to sus
tainability, are discussed below. 

Tolerance to biotic stresses-diseases 

Although fungal diseases (notably leaf spots and rust) 
occur regularly, they assume varying degrees of se
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verity depending on environmental conditions. Ge-
netic resistance to diseases will not only stabilize 
yields across environments, but also reduce overall 
losses. Similarly, genetic resistance to rosette disease 
will prevent drastic yield reductions in years when 
epidemics occur, 

Integrated disease manage; lent is now accepted as 
the most effective-and sustainable-means of con-
trolling diseases, especially in low-input smallholder 
agriculture. For example, recent studies in the region 
have shown that strategically timed single applica-
tions of chlorothalonil, especially when used in con-
junction with such cultural practices as early sowing 
and crop rotation, can effectively control early leaf 
spot and thereby reduce yield losses (Subrahinanyam 
ct al. 1993). Genetico enhancement is the most importantcomonetinegrteddisasemangemnt.Its 
tant component of integrated disease management. Its 
use in combination with appropriate cultural methods 
would contribute to reduced chemical use and im-
proved sustainability ol groundnut production. 

In Malawi, several new sources of early leaf spot 
resistance have been identified in South Americangermplasm. Five of' these are being used in the breed-
ing program. Twelve high-yielding breeding lines re-

sistant to rust and/or late leaf spot, developed at 
CRISAT Asa Center, have been selected, and are 

available for evaluation in southern Africa. 
Until 1987. only long-duration sources of rosette 

resistance were available for use as parents in the 
SAt)C/tCRISAT hybridization program. Several high
yielding, agronomically acccptable, virginia bunch 
genotypes have been developed using these sources 
(Chiteka et al. 1992), bdt these are not adapted to 
areas of low rainfll. A total of 54 advanced virginia 
breeding lines have been confirmed as being resistant 
to rosette, and are available to NARS for evaluation. 
Some of these have been evaluated in regional trials 

conducted in anumber of SADC countries, and in on-
farm trials in Malawi. 

Progress has been slow in transferring rosette resistance to short-duration breeding lines (Hildebrand
and Subrahmanyai 1994), but 17 breeding lines are 

undergoing final evaluation and a number of these 
will be available for evaluation in the near future. We 
have recently identified new sources of' resistance, 
including 12 short-duration spanish types that will 
help to hasten the transfer of resistance to short-dura-
tion c u lt iv ar s . 

Tolerance to abiotic stresses 

Adaptation to areas of low and unreliable rain-
fall. Considerable emphasis has been placed by the 

ICRISAT Asia Center breeding program on developing 
short-duration, drought-tolerant genotypes, and nu
merous breeding lines have been introduced into 
southern Africa for evaluation. Screening and selec
tion of this material has been undertaken in collabora
tion with NARS in countries where low rainfall is a 
major constraint, particularly Botswana and Namibia. 
A number of genotypes have performed well under 
these conditions. Three advanced breeding lines 
(ICGV 86061. ICGV-SM 87064, and ICGV-SM 
87079) were selected for possible release and were 
entered in on-farm trials for final pre-release evalua
tion in Namibia in 1993/94. 

Adaptation 
ICGMS 42, which was developed by the Project, has 
the potential for producing high yields and has exhib
ited remarkable yield stability throughout southern 
Africa. It was released in Malawi in 1990, and in 
Zambia in 1991. ICGMS 42 has been confirmed by 
international buyers as being very acceptable for ex

port for confectionery use. The adoption of ICGMS 
42 is reported elsewhere in these Proceedings.JL 24, apopular Indian cultivar introduced by theSADC/1CRlAr Groundnut Project, was first evaluated 
in regional trials in 1983/84. It proved particularly 
well adapted to conditions in the Lower Shire Valley 
in Malawi, and was proposed for release in Malawi in 
1988. L 24 showed a471yield advantage over Mal

imba in 13 trials over a 4-year period. trials inICGMS 5, first evaluated in regional 
1983/84, was approved for pre-release multiplication 
in Zambia in 1992. In 10 trials in Zambia from 
1983/84 to 1987/88, ICGMS 5, now named Chipego, 
showed a 12% id 5, o w C om et. 
showe a vantager ce 

Tret~STvlni emls cesosICGMs 189, 285, and 550. have been identified foron-farm evaluationin Lesotho. One or more may be 
y

released. ICGM 550 has the added advantage of be
ing resistant to rust. 
for Eight advanced breeding lines have been selectedfor on-farm evaluation in Swaziland-ICGMS 42;ICGV-SMs 85045, 86045, 86715 (recently released 
in Mauritius as Veronica), 86720, and 87004, intro
duced through SADC regional trials; one tCRISAT 
germplasm accession, ICG 221; and ICGV 87157 
(ICG (FDRS) 4). One or more of these may be 
rele a s e d.

released. 

Outlook 

These achievements indicate considerable potential 
for improving the stability of groundnut production, 
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and we believe that the answer to our opening question 
must be Yes. We believe that enhancement of ground-
nut germplasm can, and will, contribute to improving 
the sustainability of agriculture in southern Africa. 
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Discussion 

Zengeni. Is ICRISAT germplasm used in Zimbabwe? 

Hildebrand. Yes, but locally-bred varieties fre
quently perform well, sometimes better than some 
tCRISAT groundnut geriplasmr. 

Sohati. You have not listed insect pests among the
 
major constraints to groundnut production. Are they
 
not a problem in the SADC region'?
 

lildebrand. Insect pests are aconstraint, but are not 
as important as some of the other constraints (e.g., 
diseases). Pest problems are not widespread in the 
SADC region. 

Alibaba. Groundnut varieties have been and con
tinue to be released after research. How available to 
farmers are these improved varieties? 

Hildebrand. Availability is a major constraint and 
will have to be addressed. Hopefully, this aspect will 
be covered during the Technology Transfer session of 
this workshop. 

13 



The Role of Genetic Enhancement in Sustainable
 
Groundnut Production in Western Africa
 

B R Ntare and F Waliyarl 

Abstract 

The progress made towards sustainable groundnut production in western Africa is reviewed. Other 
issues discussed include the contribution of genetically enhanced groundnut to sustainable produc
tion systems and strategies to realize this contribution. These include, strengthening the capacity of 
national research systems to ipnrove groundnut productivity, reduce losses from pests and diseases, 
and improve water- and nutrient-use efficiency. 

Sumario 

0 papel do melhoramento genetico na sustentabilidade da produtividade do amendoin na Africa 
Ocidental. 0 progresso ('ito em direyi( i sustentabilidade da prodUJ'6d do atnendoini na Africa 
Ocidental 15apresentado. Oatros aspectos discutidos incl't a contribui(d (to amnendoini gentt. 
icamnente ,neihorad()nos sistenias da prodtear sustentaveis e as estrati'giaspara alcanfar esta 

contribii-d(3. Estas incluet o rejor 'o da capacidade dos Sistemas de lnvcstiga ,do Nacionais 
(NAWIRS) epara inelhorar a prodtividade do amendoini, reduzir perdas provocadas por pragas 
doenq'as, ,oelhorar a eficiMncia do uso da digua e nutrientes. 

Introduction Genetic enhancement, which involves crossing to 
create scgreating material fiorn which desirable ge-

In western Africa, the sustainability of groundnut pro- notypes can be ,c!-cted, can contribute to sustainable 
duction has been challenged by disease problems and farming pr'-.ctice. BIrcedi.;g for sustainability is 
frequent drought, which cause large-scale damage largely . process of fitting cultivars to an environ

and yield losses. The ability to control groundnut dis- ment, instead of altering the environment by adding 

eases and minimize the effects of drought would have such inputs as fertilizers and pesticides. Thus, most of 
significant economic impact. the genetic enhancement objectives pertaining to sus-

Groundnut diseases reduce yield and quality, and tainable agriculture emphasize tolerance to biotic 
increase the cost of production wherever the crop is stresses (diseases, insects, weeds, other species),
 
grown (Wynne et al. 1991). Because of the economic abiotic stresses (drought, heat), and chernicals (ad
impact of diseases, considerable effort has gone into verse soils).
 
developing chcmical and non-chemical strategies. In T-he demand for varietal technology is increasing
 
most of w.,estern Africa, chemicals are neither readily in low-input systems in sub-Saharan Africa because
 
available nor affordable. Chemical control also in- many farmers cannot alford the financial risks associ
creases production costs, and is becoming controver- ated with purchased inputs. Groundht.: production
 
sial because of environmental and food safety that can be sustained with locally available resources,
 
concerns, rather than with inputs from outside, will require
 

I. (RISA'r Western and Central Africa Regional Program. Saheli:. Center, BlP12404. Nianie,. Niger. 

IRISAT Conference paper no. CP 957. 

Nare, II.R., and Waliyar, F. 1994. The role of genetic enhancement in sustainable groundnut production in vsestern Africa. Pages !4-19 in 

Sustainable groundnut prtoduction in southern and eastern Africa: proceedings of a Workshop. 5 -7Jul 1994. Mbabane. S',aziland (Ndlinnuru, 

HT,J..Hildebrand, GL., and Subrahmanyam. P..eds.). Patancheru 502 324. Andhra Pradesh, India: tnternational Crops Research Institute for the 

Semi-Arid Tropics. 
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genetic pest/dseas resistance. Groundnut genotypes 
that possess these attributes should contribute to the 
de,elopment of an agricultural system that is self-
sustaining, envirotimenially benign, and yet suffi-
ciently productive to meet the increasing demand for 
groundnut. 

This paper reviews the progress made in western 
Africa towards sustainable groundnut production 
through genetic enhancement, discusses the expected 
contribution to sustainable production, and proposes 
strategies to realize this contribution. 

Progress 

Since the establishment of ICRISAT's groundnut pro-
gram in 1976, breeding for disease resistance has re
ceived high priority. The just. 'ication for this decision 
was based on the worldwide importance .4 diseases. 
The emphasis has been on the major diseases, though 
breeding for locally important diseases (e.g., rosette 
virus in Africa) has also received considerable atten-
iion. Host-plant resistance is seen as the most practi-
cal way to stabilize yields. Varieties with multiple 
disease resistance would reduce production costs and 
risks, and thereby make groundnut more profiLble to 
farmers and less expensive for consumers. 

Foliar diseases 

Considerable effort has gon. into identifying sources 
of resistance to rust (Puccinia arachidis) and early 
(Cercospora arachidicla) and late (Phaeoisariopsis 

r~sotaa) leaf spots. Nuciois sources of resistance 
have been identified and conirmcd for the major fo-
liar diseases. Breeding for disease resistance using 
some of these sources has ben reviewed (Wynne et 
al. 1991). The resistances exploited by the breedirg 
program at ICRISAT Asia Center, India, were effective 
in western Africa and could result in considerable 
improvements in pod and fodder yields (Table 1). 

Early leaf spot. The incidence of early leaf spot is 
increasing in wcstern Africa. Therefore, a major 
breeding objective is to incorporate resistance to the 
disease into commercially acceptable varieties. Of the 
germplasm lines evaluated under heavy infection of 
early leaf spot, several have been identiied as resis-
tant and are maintaining their resistan.e in the region 
(Wa'iyar et al. 1993). The yield potential of these lines 
is reasonable (Table 2). 

Table . Pod yield (I ha-) of groundnut varieties 

treacd threunlci osin t o c l fo90a 
disases, three locations in western Africa, 1990. 

Bengou Ina Foulaya 
Genotype (Niger) (Benin) (Guinee) 

28-206 4.78 (61) 3.47 (77) 2.28 (41) 
55-437 4.28 (49) 2.14 (84) 1.80 (37)47-16 3.94 (48) 2.89 (78) 2.14(101)
4CO1 4 (39) 3.83 (56) 2.05 (21) 
ICGS 11 4.75 (39) 3.53 (56) 2.05 (21)
 
ICG (FDRS) 4 3.00 (39) 2.66 (5) 2.50 (32) 
ICG (FDRS) 10 4.13 (28) 3.74 (66) 2.66 (47) 

I. 	Numbers inparentheses show percentage yield increase over un
treated control. 

Source: ICRISAT West African Programs Annual Report 1991 

Late leaf spot. Identified sources of resistance to late 
leaf spot (eg. ICGs 2716. 6330, 6340, 7013, 10889, 
and 10976) have maintained their resistance under 
field conditions, at several locations in western Africa. 
Some of the lines have good agronomic characteris
tics. Two high-yielding, disease-resistant cultivars, 
ICGV 87160 (Reddy et al. 1992) and ICGV 86590 
(Reddy et al. 1993), bred at ICRISAT, have been re
leased in India. The former ,tltivar has also been 
released in Myanmar as Yezin 5. We have advanced 
ICGV 87160 (ICG (FDRS) 10) and another promising 
elite gcrmplasm, ICG (FDRS) 4,to on-farm testing in 
southern Niger. 

Table 2. Pod yield of lines resistant to early leaf 
spot, two lcations in western Africa, rainy season
 
1991.
 

Niangoloko
 
Bengou (Niger) (Burkina Faso) 

Disease Yield Disease Yield 
scoeI (t ha-I) score (t ha-1) 

ICG 6284 3.0 1.56 2.0 1.43 
ICG 7878 3.6 1.89 2.0 1.36 
ICG 8298 2.9 3.12 3.0 1.38 
ICG 8339 3.2 1.26 2.7 1.15 
ICG 10900 4.0 2.43 3.0 1.52 
55-437 8.5 2.95 7.7 1.09 
. Disas score on a 1-9 scale. where I - no symptoms. 9-highly 

susceptible. 

Source: ICRISAT Wes African Programs Annual Report 1991 
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Rust. Data from hot spots in western Africa show 
that more than 50 germplasm lines are highly resis
tant to rust, but only a few of them have acceptable 
pod characteristics (Waliyar et al, 1993). Only one 
line (ICG 7878) gives reasonable pod yields. These 
broadly resistant lines are being used in hybridization 

programs to develop agronomically acceptable 

cultivars. 

Viruses 

The yield stability of groundnut in Africa, partic-
ularly in western Africa, is imperiled by rosette virus. 
To provide farmers with effective, inexpensive means 
of protecting the crop from this threat, ICRISAT has 
given high priority to the development of resistant 
germplasm. This is a joint activity with the Institute 
of Agricultural Research (tAR) in Nigeria and the 
SADC/ICRISA'T Groundnut Project in Malawi. Promis-
ing short-duration progenies with rosette resistance 
are being evaluated this year by IAR. 

Aflatoxin 

Aflatoxin contamination of groundnut, which is 
caused by the Aspergills group of fungi, is a serious 
quality and human health problem. The problem is 
particularly severe in drought-prone zones of the 
Sahel. However, the existing varicties (e.g., 55-437 
and 73-30) have good levels of resistance. Many 
sources of resistance have been reported (Mehan 
1989). These include PI 337409, PI 337394 F, UF 

71513, J I1, Ah 7223, and U-4-47-7. Some of these 
have been used in the development of many breeding 
lines that combine resistance traits (equal to those of 
the resistant parents) with high yield. Resistance in 
the breeding lines has remained stable over the years 
at several locations in western Africa, with slight in
ter-year variations (e.g., 1991; Table 3) (Waliyar et al. 
1993). The resistant cultivars will contribute to prod- 
uct quality and health, thus lowering hazards. This 
should also result in better nutrition and higher 
incomes. 

Durability of genetic resistance 

The use of genetic resistance has not always resulted 
in long-term control of diseases. The development of 
long-term, sustainable solutions to recurring dis-

Table 3. Percentage of groundnut seed infected 

by Aspergilusfivus in Niger, 1989-92. 
Genotype 1989 1990 1991 1992 

Resistance sources 
55-437 2 

11 5 
4-F-71513-1 I1 
A-47223 7 

U-4-47-7 8 

3 
4 

10 
8 
7 

18 
17 
16 
8 

40 

8 
6 

19 
15 
1 

Breeding lines 
ICGV 87084 
ICGV 87094 

10 
7 

16 
17 

26 
40 

17 
19 

ICGV 87107 
ICGV 87109 

6 
11 

17 
20 

30 
34 

12 
17 

ICGV 87110 7 6 42 13 

Susceptible controls 
28-206 53 31 48 * 
Var 27 64 54 57 47 
*nxt tested 

ease and pest problems will therefore lie not only in 
the development of genetically resistant varieties, but 
also in the careful use and managiment of such vari
eties. Resistance is often short-lived; in some of the 
worst cases resistance has broken down within a few 
seasons. Clearly, we would like to know how to de
velop crops or cropping systems that have durable 
resistance, because crop breeding is an expensive and 
time-cot.suming process. While it is beyond the scope 
of this paper to discuss durable resistance, we need to 
ask one question: Is there durable resistance in 
groundnut? Hard data is not yet available. Nonethe
less, the available data indicate that there is a possi
bility of achieving durable resistance to rust and late 
leaf spot, 

Drought 

Unpredictable and unreliable rainfall distribution, 
and the recent change in weather conditions, have 
shortened the growing season in western Africa, ren
dering the existing long-duration cultivars unsuitable. 
To counteract these effects short-duration cultivars 
(80-100 days to maturity) have been introduced and 
are showing promise in short-season, drought-prone 
environments. Genetic enhancement efforts provide 
new short-duration genotypes that match the short 
growing season characteristic of semi-arid environ
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ments, thus reducing the risk factor, increasing yield
potentials, and providing the basis for sustainable 
production. 

Yield potential 

Yield increases due to genetic enhancement have 
been calculated in USA, where annual yield increases 
of 14.7 kg ha-' were attributed to genetic improve-
ment in the large-seeded virginia types (Mozingo et
al. 1987). A similar exercise with recently released 
ICRISAT cultivars in India indicated agenetic gain of 
1.3-3.2 % per year (Nigam ct al. 1991). In western 
A frica, introduced cultivars have been released in 
Ghana (e.g., ICGS 114 was released as Sikarezie in 
1989) and in Guinee (e.g.. ICGV 86105 was released 

as VP 20 in 1992). Other promising lines are under-
going on-farm testing inSierra Leone and Gambia. 

Expected contribution of genetic 

enhancement to sustainable 

production systems 


" Improved groundnut cultivars that will not require
the use of pesticides will contribute to the quality 
of the environment and the harvested crop; 

" Improved cultivars that are more efficient in scav-
enging nutrients from the soil and can utilize nu-
trients more efficiently, will reduce fertilizer costs 
and improve groundwater quality; 

" Cultivars with greater water-use efficiency, and 
tolerant to periodic drought stress, will reduce ir
rigation costs and stabilize yields; 

" Groundnut improves soil fertility through nitrogen 
fixation, and reduces soil erosion from raindrop 

action because of its closed canopy; 


" Development of a wide range of cultivars with 

different maturity durations will allow the exploi-
tation of rotation niches and the development of 
alternative cropping systems:

" 	 Sustainable groundnut production will help meet 
the world's demand for vegetable oil; 

" Improved dual-purpose (hay and pods) cultivars 
will promote nutrient recycling through the use ofresidues as livestock feed. 

Research strategies 

To fully realize the potential contributions of genetic 
enhancement to sustainable groundnut production, the 
following need to be reinforced: 

Strengthening national programs. National pro
grams in western Africa have different priorities and 
different levels of expertise. Many countries have 
limited resources, and the interaction between re
search, extension, and farmers isoften weak. To deal 
with these problems, the objective will be to continue 
to strengthen national program capacity to improve
groundnut productivity in diverse cropping systems. 
The strategies to accomplish these objectives are to: 

Deliver to NARS genetic material (parents, seg
regating populations, or finished lines, accordingto their needs); 

Lins o c osely n e ch ange 
solve problems of common concern and exchange 
research results c 
tenge aaity tino rmeri 

technology evaluation and setting of researchpriorities; 
* 	 Stimulate NARS to develop sustainable and pro

ductive crop management systems. 

Pests and diseases. Although considerable progress 
has been made on reducing pest- and disease-related 

losses, further effort is needed to: 

e Broaden the genetic base of resistance; 
* 	 Identify sources of resistance (where lacking) and 

incorporate the genes conditioning resistance into 
acceptable cultivars; 

* 	 Develop integrated control strategies to comple
ment genetic resistance while reducing pesticide 
application. 

Nutrient- and water-use efficiency. To relieve nu
trient and drought constraints and improve nutrient
and water-use efficiency, three strategies are needed.
 
* 	 Breed genotypes with improved ability to fix
 

nitrogen;
 
* 	 Identify mechanisms and develop screening 

methods for tolerance to low calcium/phosphorus 
and acid soils; 

* 	 Generate groundnut genotypes with improved ad
aptation to water stress. 

Yield potential. With the increasing availability ofgroundnut varieties with multiple disease and insect 
resistance, there is a growing demand by NARS to 
increase the yield potential of groundnut. Little pro
gress, however, has been made in this area, especially 
on short-duration varieties with multiple disease re
sistance, suitable for drought-prone areas. Efforts to 
solve this problem have begun, and include: 
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" 	 Greater emphasis on selection for yield in breed-
ing nurseries; 

* 	 Exploring the genetic variation across gene pools 
as a means to optimize the utilization of genes 
controlling yield; 

" Attempting growth habit modifications to produce 
more productive plant types; 

" 	 Studying yield-maximizing physiological traits 
(e.g., partitioning, crop growth rate, maturity, cal-
cium nutrition) to determine which factors can be 
optimized for higher yield potential. 

Conclusions 

Increased productivity potential in groundnut ge-
notypes for low-input cropping systems is critical to 
the development of an agricultural system that is self-
sustaining, environmentally benign, and yet suffi-
ciently productive to meet the increasing demand for 
groundnut. The key to increased production under 
these conditions will be the evaluation, identilication, 
and use of selection and testing environments, a more 
quantitative understanding of stability, and a better 
understanding of the components of tolerance to bio
tic and abiotic stress. 

With the new potential of microbial genetics and 
biotechnology, additional methods will be available 
to plant breeders to more quickly manipulate germ-

plasm and assemble new genetic combinations. This 

will enhance the genetic potential to respond to differ-
ent cropping systems with new hybrids. 

Many of the traits that improve adaptation and 
yield potential in conventional systems are useful in 
enhancing the sustainability of those systems as well. 
Such characteristics as insect and disease resistance, 
ability to withstand adverse temperature and moisture 
stress, and other survival traits will confcr stability to 

yield expression and allow crop cultivars to contrib
ute to sustainability. 

Genetic enhancement will continue to be an excit-
ing and important dimension of the improvement of 
cropping systems, and will certainly contribute to the 
sustainability of crop production in the future. 
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Discussion 

Subrahmanyam. The negative correlation between 
yield and resistance to foliar diseases is true in the 
case of the germplasm lines from Peru, but not for the 
foliar diseases resistance breeding lines. The linkages 
between yield and resistance are now being overcome 
in the breeding program. 



Ntare. Yes, I agree. 

Chiyembekeza. One of the strategies you mentioned 
was to select for yield in the breeding nurseries. How 
do you plan to achieve that, since yield per se has low 
heritability? 

Ntare. Selection for yield is done at a later stage in 
most breeding programs, mainly because seed be-
comes a limiting factor. In situations where adequate 
seed is available in the early generations, it would be 
possible to select for yield. 

Maphanyane. Could you clarify what 'high parti
tioning before onset of drought' refers to, i.e., flower
ing-to-maturity period, or rate of dry weight 

-umulation during pod development and seed 
filling. 

Ntare. Measurement of partitioning gives some in
dication of the efficiency with which the plant pro
duces pods. The important period for high partition
ing is from pod initiation to maturity. It is important 
to note that partitioning can be measured non
destructively. 
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ICGMS 42: A Contribution to Sustainable Agriculture 

in Southern Africa 

G L HildebrandI, A J Chiyembekeza 2, and M B Syamasonta 3 

Abstract 

Groundnut is an important crop in southern Africa, but yields are low and producing tie crop has 
long been considered unceonomic. An important objective of groundnut improvement programs in 
the region is to improve productivity, while ensuring that this is not done at the expense of 
sustainable agriculture. Cultivar improvement is possibly the cheapest, most reliable, and environ
mentally safest method of increasing productivitY. 

ICGAIS 42, an advanced grotunut breeding line developed by ICRISAT, has performed well in 
trials conducted since 1983/84 in southern Africa, and has been released for cultivation in Malawi 
and Zambia. It has also been selectedfor on-form evaluation in Swaziland. In 70 trials conducted in 
5 "ADC countries, ICGMS 42 has shown a vield advantage of 23.7 over the environmenal mean 
yield, and the y;eld advantage is relatively consistent across en vironinents. In Malawi and Zambia, 
ICGMS 42 has shown a similar yield advantage over the environmnental miean Yield. Itcould thus 
contribute significantly to food production and household food security in these countries, and we 
believe that it serves as a good ex.anple of how genetic enhancement can contribute to Yield 
stabiliAv, sustainabilityv of'groundnut production, and to agriculture as a whole. 

Suntario 

ICGMS 42: uma contribuifdo a sustentabilidade da agricultura. 0 anendoim 5tnia cultura 
iniportanteina Africa Austral, mas os rendintentos sao bai.xos e a sua produido temnsido, desde hd 
mnuito, considerata nao econoimica. Umi importanteobjectivo dos itrogramiasdo nelhoramnentodo 
amnendoint na regido i de mnelhorar a produtividade do amnendoin, mas garantindo qlue isto nao 
fiito a e.xpensas da sustentabilidade ila agricultura.0 inelhoratlenltodos cultivares e, possivel
flnente. emelhoranento da proditividade ,nais barato, mais confiavel, e mnais seguro0 ,mt(tod(do 

para o antbienite.
 

ICGMS 42, tuna linha avanada do ntelhorantentodo amnendoin., desenvolvida pelo IRISAT, 
teve itnbomt cOnOlortaim(nte n ensaios cond;4zidos na Africa Austral desde 1983184, e foi liber
tada para cultiv(; no Malawi e na Zambia. ICGMS 42 foi tampbtm seleccionadapara avaliafad em 
pleno campo na Stiazilandia.Emit70 ensaios conduzidos em.5 pases do ICGMS 42 mostroutADC, 
vantagens no retdinento na orde'm dos 23( acima di rendimnento inedio do ambiente, e a van
tagentno rendimento e;relativomineite consistent' anibientes. Enl oitos voirios Malani e Zambia, 
ICGMS 42 moir'ou tunta emvamttoqvin do rendinen/o sobre a mintia a nbientaIl sentelhante. Assint, 
mnia, nesses paises, o ICGMS 42 pode contribuir .%ignificativanentepara a prodiq'd( dos ali
mentos e para a segtorantla alimentarda fomilia, eacreditamos que o ICGMS 42 serve como ion 
bont e.emiplo (it como o neltoramento 'entetico pode contribuir para a estabilidade do rendinento, 
sustentabilidadedo produ('dndo aniendoimn, eIara a agricaltura itoset todo. 

I. SADC IcRiSkr Groundnut Projc. ' PO IBox1096. L.ilonge.M.la.i. 
2.Chitedic Agricultural Re'arch Slafiotn. P ( Ito, M,alai.158. I.ilongwe. 

3.MNckcra Rcgi al P O Bo% 5I8I9O. Chipata.Research Station. Zambia.
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Introduction 

Groundnut is of major importance to smallholder 
farmers in southern Africa and is the main legume 
grown in large areas of Angola, Malawi, Mozambi-
que, Tanzania, Zambia, and Zimbabwe. It is not only 
the principal source of protein and oil but also a major 
source of smallholder cash income. Producing 
groundnut in southern Africa has long been consid-
ered uneconomic, due to low prices and high produc
tion costs. Increased productivity would improve the 
profitability of groundnut, resulting in increased area 
grown, improved food supply and cash earnings, and 
ahigher proportion of legume in the cropping system. 

It is therefore important to improve productivity of 
groundnut. However, it is not suflicient merely to in-
crease productivity and yields; it must be ensured that 
in doing so, degradation of natural resources is ar-
rested, and that soil and water resources are conserved 
and improved. Boscmark (1993) suggested that better 
adapted crop varieties are the cheapest, most reliable, 
and environmentally safest way to increase produc-
tivity and secure the worlds' food supply. 

In this paper we discuss how genetic enhancement 
and the development of improved cultivars can con-
tribute to the stability and sustainability of groundnut 
production. We report on the performance of' one cul-
tivar, ICGMS 42, that has shown wide adaptability in 
the southern Africa region. 

Adaptation 

The lack of suitable varieties, adapted to the many 
and varied agroccological conditions, with accep
lability for various preferences and end uses, has long 
been considered a major constraint in southern Af
rica. Considerable research effort has been directed at 
cultivar improvement. National groundnut breeding 
programs in some southern African countries have 
made considerable progress in catering to this need. 
A number of cultivars have been introduced or devel-
oped locally, and have been released for cultivation, 

Some countries in the region have the potential for 
exporting confectionery-grade groundnut. Recently, 
however, exports have declined drastically due to a 
decline in production and difficulties in maintaining 
continuity of supply. At the same time, standards re-
quired by importing countries with respect to oil 
quality and aflatoxin contamination have become 
more stringent. 

In most countries, virginia-type cultivars cannot 
be grown without irrigation, but in the plateau areas 

of central Malawi and in the Eastern Province of 
Zambia the rainy season is usually long enough to 
grow such cultivars without irrigation. Virginia culti
vars are the most suitable for confectionery use. and 
are suited to smallholder production in these 
countries. 

Origin of ICGMS 42 

ICGMS 42, also known as ICGV-SM 83708, was 
selected from a cross between USA 20 and TMV 10. 
The cross was made at ICRISAT Asia Center, Pa
tancheru, India, and introduced by the SADC/ICRISAT 
Groundnut Project as an advanced breeding line in 
1982. The breeding line was numbered ICGMS 42 
and was entered in six regional trials in Malawi, 
Mozambique, Zambia, and Zimbabwe in 1983/84. It 
performed well in these trials and was selected for 
further evaluation in four regional trials in Malawi, 
Zambia, and Zimbabwe in 1984/85. 

The potential of ICGMS 42 was soon recognized 
in a number of countries, and it was entered in na
tional trials for further evaluation. In Malawi, during 
the 7-year period 1983/84 to 1989/90, ICGMS 42 
outyielded all the Malawi standard varieties except in 
trials at Makoka (1987/88) and Chitala (1988/89) Re
search Stations. ICGMS 42 yielded 12%. higher than 
the local control, and 2917 higher than the trial mean 
in 25 trials at the Chitedze, Chitala, Makoka, and 
Meru Research Stations. In five of these trials, 
ICGMS 42 had a yield advantage of 13% over 
Chalimbana. 

Release in Malawi and Zambia 

On the basis of its performance in regional and na
tional trials in Malawi, an application was made to the 
Variety Release Committee in 1990 for approval for 
the pre-release of ICGMS 42 in Malawi. Pre-release 
was approved inJul 1990, and substantive release was 
approved in Sep 1990. The cultivar was subsequently 
named CG 7. 

In Zambia, ICGMS 42 had a 13% yield advantage 
over Makulu Red in 19 trials at five locations over a 
period of 5 years (Syamasonta 1992). Consequently, 
an application was made to the Variety Release Com
mittee in 1989 for approval for pre-release seed multi
plication. Substantive release was approved in 1991 
and the cultivar was named MGV 4. 

Processors in Europe have confirmed that, al
though it has smaller seeds than Chalimbana, ICGMS 
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42 is acceptable for confectionery use. In the absence 
of exportable surpluses of Chalimbana, processors 
have imported Florunner from the USA. ICGMS 42 is 
similar in seed size to Florunner, and has the potential 
to replace Florunner in this market. Of particular 
value are the uniformity of seed size and shape, and 
acceptable oil quality. The oleic/linoleic (O/L) fatty 
acid ratio of ICGMS 42 (1.8:1) is higher than that of 
any other cultivar released in Malawi. 

Yield stability 

ICGMS 42 has continued to perform well in anumber 
of countries and has shown remarkable stability across 
environments. It has been evaluated in a total of 70 
trials in five SAI)C countries since 1983/84. When 
compared to the trial mean, which is often used as an 
indication of the yield potential of a cultivar in apar
ticular environment, ICGMS 42 has shown a yield 
advantage of 23Y over the environmental mean (Fig. 
I). In 45 trials conducted in Malawi since 1983/84, 
including one trial at Chitedze Agricultural Research 
Station during the drought in 1993/94, ICGMS 42 has 
shown a yield advantage of 23c over the environmen
tal mean (Fig. 2). In trials conducted at Chitedze since 
1983/84, it has shown greater stability across seasons 
than some of the local control cultivars (Fig. 3). 

During the same period, ICGMS 42 was included 
in 16 trials in Zambia, where overall, it had a yield 
advantage of' 237; over the environmental mean (Fig. 
4). In 30 trials, for which only local control yield data 

were available, ICGMS 42 yielded 13% higher than 
the local control (Fig. 5). ICGMS 42 has also per
formed well in Swaziland, where it has been selected 
for on-farm evaluation. 

Conclusions 

In most of the cases cited, ICGMS 42 has yielded 
higher than the environmental mean or the local con
trol. It would therefore contribute significantly to 
food production and household food security. We be
lieve that this is an outstanding example of how ge
netic enhancement can contribute to yield stability
and sustainability of groundnut production, and to ag
riculture as awhole. 
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The Role of Genetic Enhancement in the Sustainability 
of Groundnut Production 

C M Busolo-Bulafu i 

Abstract 

Groundnut (Arachis hypogaea) is the most widespread and has the potential of being the most 
importantfood legune in the world. It is the second most widelv grown legume in Uganda, after 
beans. Demand has increased substantially because ofall increased awareness ofproteinshortages 
in many developing countries. It is therefore desirable to develop improved varieties that can 
provide high yields on a sustainable basis. This paper briefly discusses the role that genetic 
enhancement can play in ensuring the sustainabilitv of ,roundnut production. 

Sutnario 

0 papeldo melhoratnento genetico na sustentabilidade da produf'do do amendoim. 0 amendoim 
(Arachis hypogaea) Sa leguninosa mais disseminada e tent opotencialpara ser a mais importante 
leguminosa alinentar do mundo. E a segunda leguminosa itais cultivada no Uganda, logo depois 
do feijdio. 0 uso do amendoim como cultura alitnentar ede rendinento aunentou consideravel
tuente, devido ao aumtento da sensibilidade para a carcia das proteinas em mttitos paises em 
desenvolvinento. Assint, t desejavel desen olver variedades inelhoradas do alto rendinento, qte 
possain assegurar sustentabilidade do renditnento. De nodo a conseguir altos renditnentos e 

qualidade, constrangimentos que lititnam a produiq do aunendoitu devem ser enfretados. Este 
artigo discute brevemente o palel que o melhoramento gentrico pode ter na sustentabilidade da 
produC'i() do amendoiht. 

Introduction In many countries including Uganda, most of the 
varieties traditionally grown by farmers are landraces 

Groundnut (Arachis hvpogaea) has been described as adapted more for survival than for high productivity. 
the most widespread and potentially the most impor- Yields from such varieties average 800 kg ha-l com
tant food legume in the world (Norden et al. 1982). In pared to 2.5 t ha I obtained in countries with devel-
Uganda. it is the most widely grown grain legume cped agriculture (Gibbons 1987). Genetic enhance
after the common bean (Phaseolus vulgaris). How- ment plays a crucial role in improving yields and 
ever, several constraints lower or limit groundnut pro- ensuring the sustainability of production. 
ductivity and quality. These include: diseases (e.g., Groundnut breeders around the world are continu
rosette virus, leaf spots, bacterial wilt, rust, and stem ously trying to develop improved varieties with 
rot), pests (aphids, thrips, and termites), drought higher yields, pest and disease resistance, and toler
stress, long maturity periods. low soil fertility, and a ance to environmental stresses. To achieve these 
lack of high-yielding varieties, goals, the genetic base of the crop has to be widened 
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using various methods. Genetic enhancement thus in-
volves either adding new genes (froni outside) to an 
existing genepool (which may be narrow), or creating 
variability using the existing genetic base through 
various methods. 

Genetic variability 

There are three basic sources of genetic variability 
that plant breeders can exploit: the hereditary difter
ences that exist among cultivated cultivars, differ-
ences that may be created artificially through the use 
ot|nultagCn ic agents, and differences aniong the wild 
relatives of cultivated species. Material from these 
sources can be further manipulated to enhance the 
eenetic base, 

Gerrnplasm collections and plant
 
introduction 


A geriplasn collection is usually the starting point 
for any genetic enhancement program. It may be built 
up through collection expeditions or by obtaining ma-
terial from other programs, networks, international 
in'stiIttes. etc. To alliw its effective use, tilecollection 
must he suflicientlyldi,.erse and aleuately cataloged: 
The germpl'as o inust be stored and mainta ined either 
in low-temnpcrattLre storage in genebanks or regener-
atcd Mctivelyat suitable intervals. 

.Materials from such collections can be either re
leaseLI directly for cultivation, after evaluatior and 
testin,. or useid in breeding programs to develop new, 
improvcd varieties. Several wild species have poten-
tially promising roles in tilegenetic improvement of' 
the groundIlut cultigen, especially as sources of dis
ease resistance. 

Hybridization 

Although groundnut is essentially self-pollinating, 
somie out-crossing usually occurs, resulting in natural 
hybrids. This provides genetic variability, although it 

may affect genetic purity. Natural hybrids, when 
identified and evaluated, can be important in varietal 
improvement. However, most of the groundnut vari
eties grown commercially in many countries were 
developed through artificial hybridization. Variability 
created in this way is expected to be [he main means 
of groundnut improvement in the future. 

Mutagenesis 

Genetic variability in groundnut resulting from the 
use of induced mutations has been reported. The ad
vantages of' induced inutations are that mutants can 
often be produced at high frequency, relatively 
quickly, and in selected genetic backgrounds. Several 
mutant groundnut varieties have been produced in 
various countries, especially in India and the USA 
(Gregory 1966). 
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)iscussion 

Subrahmanyam. How have ICRISAT-bred rosette
resistant lines performned in Uganda'? 

Busolo-Ilulafu. We have tested them for two sea
sons. Several lines are performing very satisfactorily 
in terms of both yield and rosette resistance. 
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Selecting Groundnut Varieties for Southern Mozambique 

M J Freire vnd M Botfo' 

Abstract 

More than 120 varieties, both local and introduced, were tested in 65 varietal trials conducted 
during 1980/81 to 1991/92 in southern Mozambique, mainly in the provinces ofMaputo and Inhain
bane. Ti. data were analyzed using linear regression. Varieties were grouped based on biplot, 
using the intercept a as a niasureofglobal performance and the slope bas a measure ofstability. 
On the basis of this analysis, 10 varieties are recomnended for the 'smallholderfatmilysector' and 
7 varieties fir the 'modern sector'. Some varieties have been identified for use in the breeding 
program because the' offer a low risk of total failure under poor environments, and have a high 
capacity to respond to additional inputs. 

Sumario 

A selecfid das variedades do atnendoin para o sul do Aofambique. Dados do periodo de 
1980/81 a 1991192, provenientes de mais de 120 variedades locais forant introduzidas, testadas en: 
65 ensaios realizados no sal de Mozambique, principalinete nas Provincias de Maputo e Inhani
bane,foram analisados coin o usa do metodo de regressao5 linear. A comparafaio das variedadesfoi 
baseada na andlise dian diagrama d disp)ersdo, onde se usou a intersec)ao canto nedida do 
Perfomance Global e o declive coio nedida de Estabilidade. A partir dos resultados, 10 var
iedades foran recoiendadas para o sector familiar e 7 variedades 1)ara o sector itoderno. AI
gunias variedadesforam identificadas parausa)no prograna do nelhoramnentogenctico, devido ao 
seu baio risco da l)erda tot,.' em aibientes pobres e pela sua alta capacidade de resposta a 
insutos adicionais. 

Introduction 

From 1980/81 to 1991/92, 65 varietal trials were con- 
ducted in southern Mozambique, mainly in the pro-
vinces of Maputo (56 trials) and Inhambane (8 trials), 
More than 120 varieties, both local and introduced, 
were tested; each trial included between 4 and 36 
entries. The experiments were conducted using ran-
domized block and lattice designs, depending on the 
number of varieties, in conditions varying from rain
fed to irrigated. A few trials were fertilized with su-
perphosphate and some sprayed against pests and 
diseases. The soils varied from sandy to sandy-loams. 

Apart from the variation already mentioned, the 
same set of varieties was not repeated more than 

twice. It was therefore not possible to analyze varia
tion between years and locations using pooled AN-
OVA. The data from the environments (location x 
year) was analyzed using linear regression, with the 
objective of identifying and recommending suitable 
varieties adapted to the 'smallholder family sector' 
and the 'modern sector'. Two different methods were 
evaluated for their potential future use. 

A Materials and methods 

In order to compare all the varieties tested in the 
various trials, the variety means were regressed 
against an 'environment indicator'. The trial general 
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mean, and the mean of the cultivar Bebiano Branco 
(wherever it was tested) were used as envirc .ment 
indicators. Bebiano Branco was selected as an indica
tor because it is presently the only recommended va
riety for southern Mozambique, is well adapted to 
local conditions, was selected from a landrace, and is 
agood yielder. 

To compare different varieties both the intercept a 
(global performance) and the slope b (stability) were 
used. tFor b acritical value of b - I was established. If 
b >1 the variety is unstable and responds well to 
improvements in the environment. Varieties with b <1 
are more stable, and changes in the environment tend 
to cause little change in crop yield. It was also as-
sumed that a good variety should have a high b (>1), 
especially if it is to be recommended for the 'titodern 
sector'. 

The critical value for global performance is a = 0; 
a can be considered an indicator of' risk of total crop 
failure. a >0 indicates that in poor environments the 
variety still has the capacity to produce sonic yield. 
Varieties with a <0 face a higher risk of total failure 
in poor environments. As a basis for selection, it was 
assumed that the higher the (positive) value of a the 
better is the variety for the 'family sector'. 

The next step was to plot all the computed values 
on ascatter diagram with a - 0 and b - I as axes. Four 
quadrants were defined as follows: 
* 	 Quadrant I (a>0, h >1) - varieties suitable fof all 

,sectors'; 
" Quadrant II (a>0, h <) - varieties suitable for the 

'family sector', 
" Quadrant Ill (a <0, b <1) - varieties to be 

discarded; 

Table 1. Details of the regression equations Variety 
freedom. 

* 	 Quadrant IV (a <0, b >1) - varieties suitable for 
the 'modern sector'. 

Results and discussion 

Tables I and 2 present the details of regression equa
tions for selected varieties computed with both 
methods (Variety vs Bebiano Branco and Variety vs 
General Trial Mean) with at least 6 degrees of frec
dom. As the tables show, the independent variable 
used explains 70-95% of the observed variation in 
yield. The scatter diagrams (Figs. I and 2) show a 
tendency for the varieties to appear spread over an 
oblique strip, with ahigher frequency in Quadrants II 
and IV, implying that there are not many varieties 
that can satisfy the needs of both the 'family' and the 
modern' sectors. Therefore, it can be inferred that, 
in general, varieties that can withstand poor environ
ments and face lower risk of total failure do not re
spond well to improvements in the environment (e.g., 
fertilizer, sprays). 

Because Bebiano Branco was not always included 
in the trials, the number of points from the General 
Mean method islarger, and thus more varieties can be 
evaluated. 

In the scatter diagrams (Figs. I and 2) the points 
obtained from the Variety vs Bebiano Branco regres
sions are located at a slightly lower level than those 
obtained from Variety vs General Mean regression, 
implying that the first method is more selective. In 
reality, in the first method the axes ara displaced to a 
higher point, leaving more material inQuadrant III to 
be rejected and more in Quadrant IV (Table 3). 

vs Bebiano Branco wiih six or more error degrees of 

Variety df R2adj Sign Const (a) bcalc Quadrant 
Te 3 6 0.885 190.01 0.56 II
55 - 437 7 0.843 80.93 0.67 II
Valencia 10 0.853 	 126.14 0.81 II
Starr 10 0.872 30.04 
Chinginguiri A 7 0.882 ** -70.26 
South East 6 0.702 ** -31.88 
Ah 139 8 0.926 -107.00 
B. Encarnado 15 0.914 -98.92 
Natal Cot1ium 16 0.875 -110.41 
•* significant at 1I1 level. significant at 0.1% level. df - error degrees (if freedom, adj -
Const - constant, computed irtercept, Calc - calculated. 

0.90 II 
0.97 IV, (Ill) 
1.01 IV 
1.05 IV 
1.06 IV 
1.12 IV 

adjusted. Sign - level of significance of R2adj. 
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Figure 1. Grouping of groundnut varieties on the basis of calculateda and b values, with 6 or more error 

degrees offreedom. 

It is noteworthy that, in Table 2, Bebiano Branco method are fewer than six, or when the point is lo

appears in Quadrant 1,contirming its adaptation and cated near the axis (Tables 1-3). 
the validity of its release for all farming sectors, 
and particularly the 'family sector'. The fact that Conclusions and recommendations 
Natal Coimurn appears in Quadrant IV with both 

melhods conlirms previous evidence showing that On the basis of the results the following conclusions 

this variety is particularly suited to the 'modern sec- and recommendations can be made. 
tor', where high inputs are used. * Both methods are useful, but Variety vs Bebiano 

In some cases a variety obtained different scores Branco seems to be better for breeding purposes 

(i.e., vas located in differcnt quadrants) under the two because it offers higher selectivity. Therefore, it is 

methods. These cases occur either when the error recommended that Bebiano Branco be included in 

degrees of freedom in the Variety vs Bebiano Biranco all future varietal trials; 
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Figure2. Grouping ofgroundnut varietieson the basis of calculateda and b values, with 2-5 errordegrees of 

freedom. 
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Table 2. Details of the regression equations Variety vs Trial Mean with six or more error degrees of 
freedom. 

Variety df R2adj Sign Const (a) b calc Quadrant 
B. Branco 42 0.893 103.96 1.02 1 
ICGMS 9 8 0.947 43.66 1.02 
ICGM 285 10 0. 140 * 68.76 1.06 
B. Encarnado 17 0.925 0.01 1.11 
Guipombo 6 0.942 21.20 1.14 1 
Te 3 
ICGM 189 
Valencia 

6 
8 

15 

0.828 
0.461 
0.845 

* 
242.45 
243.63 
215.17 

0.60 
0.74 
0.75 

I 
I1 
II 

Kh 149 A 13 0.787 142.58 0.78 11 
ICGMS 22 8 0.607 ** 428.08 0.79 I 
Starr 
55 - 437 

14 
7 

0.852 
0.870 

151.39 
73.27 

0.81 
0.82 

II 
II 

ICGM 286 9 0.377 * 350.97 0.82 11 
Mafassane Br. 
Morrtmbence Br. 

7 
8 

0.901 
0.874 * 

41.82 
11.74 

0.89 
0.90 

11 
I 

ICGMS 2 
ICGM 284 
Malimba 
ICGMS 21 
ICGM 522 

8 
9 

10 
7 
6 

0.786 
0.646 
0.745 
0.800 
0.841 

** 

*** 

187.48 
118.75 
145.78 
214.20 

44.91 

0.96 
0.97 
0.99 
0.99 
1.00 

11 
1(11) 
1(11) 
1(11) 

II 
ICGM 554 
ICGM 177 
Chinginguiri A 

7 
9 
9 

0.860 
0.909 
0.943 

-238.47 
-71.79 
-74.92 

0.98 
1.04 
1.04 

IV (111) 
IV 
IV 

Ah 139 10 0.915 -89.34 1.07 IV 
ICGM 561 9 0.718 -254.07 1.11 IV 
ICGMS 5 8 0.870 -12.73 1.12 IV 
ICGM 525 8 0.695 ** -136.79 1.13 IV 
ICGM 550 
Natal Comum 

10 
16 

0.680 
0.930 *** 

-193.38 
-64.40 

1.14 
1.15 

IV 
IV 

ICGM 281 
ICGMS 31 

7 
17 

0.971 
0.'44 *** 

-177.26 
-148.90 

1.18 
1.23 

IV 
IV 

ICGMS 68 
South East 

6 
6 

0.967 
0.735 ** 

-108.32 
-44.75 

1.23 
1.26 

IV 
IV 

ICGMS 12 6 0.905 *** -214.22 1.40 IV 
ICGMS I1 8 0.909 *** -160.40 1.46 IV 

significant at t% level. significant at 0.1% level. df - error degrees of freedom, adj - adjusted. Sign - level of s 2ignificance of R adj,
Const - constant. computed intercept. Calc - calculated. 

e Varieties with less than 6 error degrees of free- 9 In general, local varieties and those provenient
dom, especially those falling in Quadrant I, re- from ICRISAT (Southern and Eastern Africa Re
quire further testing before they can be analyzed gion) are the ones best adapted to conditions in 
as described above; southern Mozambique.
Varieties Guipombo, Bcbiano Encarnado, Mal- * Varieties Kh 149A, ICGM 286, ICGM 189,
imba, ICGMs 284, 285 and 522, and ICGMSs 2, 9 ICGMS 22, Starr, Morrumbene Branco, 55-437,
and 21, tend to be well adapted to southern Mafassane Branco, Valencia, and Te 3 are recom-
Mozambique and have high yield potentials, at mended for the 'family sector' because of the low 
least similar to that of Bebiano Branco; risk of total failure; 
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Table 3. Comparison of the quadrant distribution of varieties with the two methods used (df = error 

degrees of freedom). 

Yield 

Variety (kg ha") df 

55-437 676 7 
Te 3 704 6 
Valencia 900 1O 
Starr 900 10 
Mafassane Branco 1046 2 
Morrumbene Branco 1075 4 
Chinginguiri A 1031 7 
ICGMS 9 1012 3 
B.Encarnado 1046 15 
Guipombo 1488 4 
ICGM 522 997 2 
ICGMS 2 1097 3 
ICGMS 21 1179 3 
South East 792 6 
Natal Cornum 842 16 
Ah 139 1003 8 
ICGMS 5 1049 2 
ICGMS 68 1067 2 
ICGMS 31 1095 4 
ICGMS II 1113 2 
ICGMS 12 1156 2 
B. Branco 934 
ICGM 285 1133 
Kh 149 A 938 
ICGM 284 1039 
ICGM 189 1058 
Malimba 1061 
ICGM 286 1244 
ICGMS 22 1257 
1CGM 554 844 
ICGM 561 870 
ICGM 550 1043 
ICGM 177 1052 
ICGM 525 1091 
ICGM 281 1122 

* ICGMSs 11, 12. 31. and 68, South East, ICGM 
281, and Natal Comum are recommended for the 
'modern sector' because of their high b values, 

ICGMs 177, 525, 550, 554. and 561. ICGMS 5, 
Ah 139, Chinginguiri A, and Bebiano Encarnado 
can also be included in this group although they 
have b values slightly lower than the previous 
varieties: 

* In order to have another base for comparison and 

Ba-

Bebiano Branco 

Quadrant 

11 
11 
11 
11 
11 
11 

IV (III) 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

for regression 

df 

7 
6 

15 
14 
7 
8 
9 
8 

17 
6 
6 
8 
7 
6 

16 
10 

8 
6 

17 
8 
6 

42 
10 

13 
9 
8 
10 

9 
8 
7 
9 

10 

9 

8 
7 

Trial average 

Quadrant 

11 
II 
II 
I! 
II 
If 
IV 
I 
1 
I
 
II
 
I
 

i(II)
 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
1
 
I
 
il 
1 (11)
 

II 
1(11)
 

II
 
II
 

IV (1II)
 
IV
 
IV 
IV
 
IV 
IV 

because of its general performance, Natal Cornum 
isrecomniended for inclusion in all future varietal 
trials together with Bebiano Branco; 
Starr. 55-437, Valencia, and Te 3 are recoin
mended for use in breeding programs as sources 
of low risk of total failure. Bcbiano Encarnado, 
Natal Comum, and South East are recommended 
for use as sources of high capacity to respond to 
inputs. 
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Discussion 

Subrhninya. men ofWht d yo bylowris 
total failure? Is it only against drought or other stress 
factors also? 

Freire. It refers to low risk under low-input condi-
tions. the stresses may include drought and other 
yield-reducing factors (e.g., diseases). 

Hildebrand. Did disease resistance (of some ICGM 
lines) contribute to the adaptation of these lines in 
your trials? 

Freire. It is hard to say, since the trials were con
ducted under widely differing levels of disease, 
drought, inputs, etc. However, the resistance is likely 
to have contributed to stability. 

Swanevelder. I am not clear whether the variety you 
used is Natal Common, or a more recent selection, or 
even Sellie. Natal Common was replaced by Sellie 
around 1977. Subsequently, mixtures were available 
until we introduced ascheme for certified seed. Seedobtained from South Africa after about 1983 will be 
oetiedalth ouhit a ae b st i cn 
Sellie, although it may have been despatched in con
tainers marked Natal Common. 

Freire. I am not sure. The cultivar we used has been 
grown in Mozambique for some time, perhaps before 
Sellie was released; I do not know the exact dates. 

31 



Selecting Groundnuts for Adaptation to Drought under
 
Rainfed Conditions in Botswana
 

G S Maphanyane 

Abstract 

Groundnut breeding lines selected for adaptation to drought stress under rainfed conditions were 
included in multilocationaltrials in Botswana for several years to compare their performance with 
that of locally-grown cultivars. The largest variation across locations and years was environnental, 
with ninimnal variation due !ogenotype and G x E interaction. All genotpes responded to changes 
in environmental conditions, with an indication that seasonal rainfall patterns were important in 
determining genotypic performance under rainfed conditions. Selection fir drought adapta:ion 
under rainfed conditions, though commonly praciced,could be misleading,since it may not reflect 
the ability of the geniotipe if the stress occurs during the critical stages ofplant development. More 
efficient selection would require simulated drought conditions, and the use of other indirect selec
tion methods that give a good indication of drought adaptation. 

Sumario 

Selecfdo do amendoim para a adaptaf'do 6 seca et conlifUes de sequeiro no Botswana. Linhas 
melhoradas do anwdoim, seleccionadas l)ela sua adaptafdo ao stress hidrico em condiCYes de 
sequeiro, foran incuidas em ensaios multilocais durante varios anos, para a comparaido do seu 
comiortanientocont o edos cuitivares localente cultivados. Os resultados indicant que a mnaior 

parte da variadii entre locais e anos i;causada pelo ambiente, con tona variaj-io mininma causada 
pelos gen6tipos e pela interac(Wt' G x E. Todos os gen6tipos responderan a mnudani'ds nas 
condil;aes anbientais, indicando que os padries sasonais das cliuvas so importantes na deter
mina(io do twefomance genitipico en, condiiijes de sequeiro. A selecqii6 para a adal)tadoo a seca 
etn condities de sequeiro, enbora seja normnlnente realizada, ndo e apropriada, umna ez que 
pode nao reflectir a hahilidade dos gen6tipos, se o stress ocorre nos periodos criticos do desen
volviiento da planta. Umea selec'cfi mais (ficaz requera sirnulaldo das condif6es de seca e o uso 
de niLtodos indirectos da select'do, os qais ddo una boa indicalaoii da adapta'ioaseca. 

Introduction 	 yielding varieties to enhance the value of groundnut 
as a cash crop and increase uniformity in pod type 

Traditional groundnut production in Botswana was and seed size, and thereby promote mechanized 
characterized by highly diverse populations and groundnut processing. As a result, the heterogeneity 
mixed cropping, both of which reduced the effects of that was characteristic of traditional landraces has 

biotic and abiotic stresses. These systems have been lost, thus reducing the diversity that may have 

changed drastically due to the introduction of high- contributed to the sustainability of traditional systems. 

Bag 0033, Gaborone, Botwana.. epartment (f Agricultural Research. Private 

nlin tBohwafa. Pages 32-36 in Sustainable 
groundnui production in %outhernand eastern Africa: proceedings of a Workshop, 5-7 Jul1994, Mbabane. Swaziland (Ndunguru, tt.J,, 
Hildebrand. G.L.. and Subrahmanarn, P., eSemi

MIaphan~ane, G.S. 1994.Selecting groundnul%for adaplation todrought under rainfed conditi 

ed%.Patancheru 502 324, Andhra Pradesh. India: International Crops Research Institute for 
Arid Tropic%. 
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In many parts of Botswana, the major constraint to 
groundnut production is limited moisture due to inter-
mittent drought that sometimes occurs at the critical 
stages of plant development. Other problems associ
ated with drought are sprouting due to lack of dor
mancy (which is accelerated by premature drying due 
to drought), termite damage, and late maturity if the 
growing season is reduced by poor rainfall distribu-
tion or late onset of rains. Often, the result is severe 
yield reduction or even complete crop loss. 

Presently, direct methods of improving the envi-
ronment for better production under drought condi- 
tions are limited to the provision of irrigation, but the 
long-term sustainability of this method is question-
able, especially where underground water is used for 
irrigation. Groundnut yields as high as 3-4 t ha I have 
been reported under irrigated conditions in Botswana 
(MAt)AR 1991, 1992, 1993). Hlowever, for small 
farmers who are the major groundnut producers, irri
gation is limited by lack of resources. 

An alternative approach to ensuring the sus-
tainability of groundnut production in low-rainfall 
areas is to breed varieties specifically for acceptable 
yield under low-moisture conditions. There is also a 
need to incorporate traits that will alleviate the associ-
atcd problems that presently cause crop losses ,nd 
reductions in yield. 

Since 1986. breeding efforts inBotswana have 
been directed at combining drought tolerance, seed 
dormancy, and earliness. The objectives were to 
breed for: 
" Physiological and morphological adaptation to 

drought, using awide genetic background of par-
ents with traits that confer drought tolerance (e.g., 
diverse root systems, maintenance ofmembrane 
integrity under heat stress, and ability to withstand 
moisture stress under field conditions); 

" Earliness as adrought-escape mechanism, using the 
popular short-duration cultivar Chico (115 days to 
maturity in this environment) as one of the parents. 
In addition, seed dormancy was to be incorporated 

into short-duration varieties, to prevent premature 
sprouting with end-of-season rains. 

Population development 

Several varieties selected for drought adaptation and 
good yield were crossed with each other to create a 
population with a diverse genetic background 
(MAt)AR 1988). Sonic of the characters considered 
were: earliness, extensive root system, ability to 
maintain kernel quality (without reference to yield) 

under drought conditions, and yield superiority over 
locally grown varieties. This was followed by field 
selection for several generations. 

Selection approach 

Selection was done under field conditions, which rep
resented a drought-stressed environment due to fre
quent intermittent drought in Botswana. Because of a 
lack of manpower and equipment to measure physi
ological and morphological characteristics indicative 
of drought tolerance, selection was based on grain 
yield under rainfed conditions. Although the crop was 
exposed to acombination of stresses, it was assumed 
that water stress was the main reason for low yield. 
The resulting breeding lines were subsequently eval
uated in multilocational trials for several years. 

Results of selection 

Analysis of variance was performed on the trial data. 
The results indicated that the largest variation across 
years was cnvironmenta, (87%), with the genotypes 
contributing only 1%,and Genotype x Environment 
(G x E) interactions 4%. Vowever, the differences 
among the genotypes and G x E interaction were not 
significant. The breeding lines performed at the same 
level or slightly better than the locally grown varieties 
(Sellie and 55-437), and responded to seasonal 
changes in the same way (Table 1). 

Sowing date in relation to the seasonal rainfall 
pattern seems to be important indetermining varietal 
performance (Fig. I). Deviations from the normal 
seasonal pattern that caused drought stress to coincide 
with the critical stages of plant development, resulted 
in poor performance by all genotypes. The problem 
with using the natural environment for selection is 
illustrated by the failure of all varieties in 1991/92 and 
1992/93, irrespective of whether or not they were se
lected for drought tolerance. In essence, selection un
der rainfed conditions can give misleading results, 
because in years when rainfall is favorable, both 
*drought-tolerant' and 'susceptible' varieties could 
perform similarly; while inunfavorable years, all va
rieties may tend to fail. 

Similar responses were observed in a multiloca
tional trial during the 1993/94 season (Table 2). Envi
ronmental variation was large (95%), with genotype 
contributing 4%and Gx E interactions 9%. The per
formance of advanced breeding lines varied across 
locations in accordance with rainfall pattern-there 
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Table 1. Pod yield of genotypes selected for good performance at Sebele, Botswana, 1989-94. 

Pod yield (kg ha-1 ) Mean 

Genotype 1989/90 1990/91 1991/92 1992/93 1993/94 (kg ha') 

Flower-1I 1277 2412 287 385 1882 1248 
Sellie 1059 1868 97 387 1858 53 
55-437 1123 2227 155 541 18741 1184 
GC 8-13 1351 1866 197 627 1901 1188 
GC 8-35 1318 1998 114 433 1926 1157 
S 45 1740 1804 102 694 1816 1231 
S46 1532 1640 155 772 1880 1196 
ICGS-31 1337 1663 - 479 1932 1056 

Mean 1342 1935 142 540 1860 1164 
Rainfali (nn) 233 497 138 215 344 285 

Source: Nlinicry ofAgricutiuire. Deparment of Agricultural Research 
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Sowing date 29 Nov 5Dec 12 Dec 12 Dec 26 Nov 
Figure 1. Seasonal rainfall distribution at Sebele, Botswana, 1989-94. 

were no indications that genotypes selected for cially during the critical growth stages) on the ge
drought tolerance were superior inyears of favorable notypes under trial, rather than relying merely on 
rainfiall (Table 2, Fig. 2). natural rainfcd conditions. 

The results also seem to indicate that during selec- Fussell et al. (1991) suggested that selection for 
tion, the rainfall pattern in relation to sowing date was drought tolerance should be targeted at the critical 
favorable, with no drought during the critical periods stages of cr'p development, since production under 
of plant growth, resulting in good performance. For natural stress environment is not a good indicator of 
better or more efficient selection, therefore, it is nec- stress tolerance. This is in agreement wit, our 
essary to impose simulated drought conditions (espe- results. 
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Table 2. Pod yield of genotypes selected for good performance under drought conditions across four 
locations, llotswana, 1993/94. 

Pod yield (kg hat ) Man 

Genotype Goodhope Sebele Mahalapyc Pandarnatenga (kg ha-') 

Flower- 1 2300 1876 1015 719 1235 
Scllic 2676 2064 812 359 1760
55-437 2465 1959 926 561 1406 
GC 8-13 2308 1880 101 712 1361
 
GC 8-35 2063 1757 
 1144 948 1513
 
S 45 2669 2061 
 816 365 1551 
S46 2464 1958 927 562 1559 
ICGS 31 2141 1796 ii01 872 
 1436
 

Mean 2386 1919 
 969 637 1478 
(CV = 17', SIt) = ±375) 
Rainfall (mm) 454 384 205 544 397 
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Figure 2. Rainfall distribution at four locations in Botswana, 1993/94 season. 

Chapman et a!f. ( 1993a.b~c) observedL that the ge- To improve production under water stress, it might 
notypes most responsive to changes in the environ- be necessary to select for early flowering while hold
mnent are not necessarily productive under stress ing maturity duration constant. 
conditions. They suggested thlat high harvest index, Among the genotypes included in tile trial, there 
early and rapid pod growth, and thle pattern of' sink was a 5-day reduction in maturity period with GC 
establishment and continued peg elongation after 8-13 and GC 8-35, which may be reflected in their 
stress is relieVed. are sonie of the important indicators performiance across locations. Sonic of' the genotypes
of yield under water deficiency, have the potential for release for cultivation, and 
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could provide farmers achoice of varieties that perform 
as well as or slightly better than locally grown ones. 

Future strategy 

Although there have been increased breeding efforts 
to address the problem of drought, selection for 

drought tolerance remains a problem because there 
are no simple traits that can be used for field screen-
ing and selection. Maintaining a wide genetic back-

ground will continue to be our strategy in population 
development. However, the selection approach has to 
change to incorporate simulated drought environment 

and other possible indirect selection methods, as sug
gested elsewhere (Fussell et al. 1991, Chapman ctal. 
1993a.b,c). 
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Discussion 

Ndunguru. One of the reasons for the high 
adaptability of 55-437 is its tolerance to heat stress, 
and not necessarily to drought. This has recently been 

in Niger.established at ICRISAT Sahelian Center (ISC) 

Chiyembekeza. I would like to hear from our col
leagues in the Sahel how they have tackled the prob
1em of drought. 

Ntare. Drought is a serious problem in the Sahel. 
The end of the rainy season is fairly predictable in 
western Africa, but not the beginning. We are there
fore trying to look at rainfall probabilities in order todetermine when to sow. We look for genotypes that 

are eflicient in water 
for drought tolerance per se. 
dermnwhntso.Wlokorgoypshamore use, rather than selecting 

Ndunguru. The use of sonic of the simple tech
niques developed at ISC could also help drought tolerance work in southern Africa. 

Freire. Can we conclude that by conducting a sufli
ciently large number of trials/tests we will eventually
obtain a suitable drought-resistant variety? 

Maphanyane. No. Increasing the number of trials 
would not address the basic problem; we would sim
ply be continuing to select for normal conditions. We 
must find a way to impose drought stress during the 
critical stages. 

Ntare. With such low rainfall (250-500 mm) in the 
groundnut areas in Botswana, do you think groundnut 
production will be sustainable'? In sonic countries 
such as Senegal, farmers in low-rainfall areas have 
been advised to grow other crops, e.g., cowpea. 

Maphanyane. Farmers grow groundnuts in such 
areas and will continue to do so even if advised other
wise, since groundnut is a major source of income. 
We will therefore continue to try and develop vari
eties adapted to these low-rainfall areas. 
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The Performance of ICRISAT Groundnut Germplasm 
at Sigaro, Zimbabwe 

S Zengeni I 

Abstract 

A trial was conducted in the 1993/94 season to evaluate the performance of10 groundmnut varieties 
from SADC/ICRISAT under Zimbabwean conditions. The varieties were: ICGV-SMs 89001, 90006, 
90007, and 90009, and ICG Vs 86929, 86934, 87387, 87403, 87480, and 88332. Two other varieties 
(Natal Conmnon and Makulu Red), seh,cted for their good local performances, were included as 
controls. Six characters were studied: pod and seed yields, seed mass, seed color, days to maturity, 
and reaction to early leafspot infection. Qualitvwas also assessed, in terms ofpercentages of sound 
and mature, moldy, sprouted, shrivelled, and discolored seed. The main emphasis was on yield and 
its dependence on the other characters. ICGV-SM 89001 was the highest yielder, followed by 
Makulu Red. In general the ICRI.S4T varieties gave high yields, with higher seed mass than the 
controls. However, they c'hotted higher percentages of mnold and shrivelled seeds. Cercospora 
infection was generally low in all genotypes except Natal Common, which was severely infected. 

Sumario 

0 Comportamento da germoplasma do amendoim do ICRISAT em Sigaro, Zimbabwe. Um ensaio 
foi conduzido em 1993/94, para avaliar o comportamento das 10 variedades do amendoim, vindas 
do SADC/ICRISAT, em condifiies zimbahweanas. As variedades incluenm ICGV-SMs 89001, 90006. 
90007 e 90009, c ICGVs 86929, 86934, 87387, 87403, 87480 e 88332. Duas variedades 'locais' 
(Natal Common e Makulu Red) seleccionadas pelo sea born comportamento no local, foramn in. 
cluidas coro controlo. Seis caracteristlcas foran estudadas;rendinento da vagem eda semente, 
ntassa de 100 semnentes, cor da semnente, dias para a ntatura'o ereac(aO infecfiio pela mancha 
precoce da folha. A qualidadefoi fatnbMt determinada em lerntos do percenagemn de sementes 
cheias, maduras, bolorentas, g'erminladas,enrugcdos edescoloridas. Enftisefoi colocado no rendi
tnento e na su depend/ncia nas outras caracteristicas. ICGV-SM 89001 produziu os maiores 
rendimentos, seguido pelo Makidu Red. Emt geral as variedades do ICRISAT tiveram altos rendi
ttneos, cont inaiormassa dos semenles que as variedades locais. Contudo, elas mnostraram maior 
percentagem de sementes bolorentas e enrugadas. Na ttaioria dos genrti/pos a infecfa6 de cer
cospora foi bai.to, exceptuando-se oNatal Contim, que foi severamenle infectado. 

Introduction 	 efforts, and especially in view of the financial and 
manpower constraints faced by the CBI, there is a 

The Zimbabwe Government Crop Breeding Institute 	 need for tangible support from both private seed com
(ClII) conducts research on groundnut breeding and 	 panies and international organizations like ICRISAT. 
germplasm development. In order to supplement their 	 The demand (domestic and regional) for high-quality 

I. National Tested Seeds, P 0 Box 2705. Harare. Zimbabwe. 
Zengenl, S.1994. The performance of ICRISAT groundnut germplasm atSigaro, Zimbabwe. Pages 37-40 in Sustainable groundnut production in 
southern and eas-ern Africa: proceedings of a Workshop. 5-7 Jul 1994, Mbabane. Swaziland (Ndunguru, B.J., Hildebrand, G.L., and Sub
rahmanyam, P..eds.). Patancheru 502 324. Andhra Pradesh, India: International Crops Rescaech Institute for theSemi-Arid Tropics. 
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groundnut seed generally exceeds supply. National agronomic inputs and the availability of adequate 
Tested Seeds sells groundnut seed to a variety of' moisture during the critical growth phases. ICGV
buyers in Mozambique and Angola. Our clients are SM 89001 gave the highest yield, followed by Makulu 
interested in high-yielding varieties that are resistant Red. Natal Common gave arelatively low yield, rank
to or tolerant of the biotic and abiotic stresses prevail- ing eighth. The yields recorded at Sigaro compare 
ing in these countries. It is in this context that ground- favoiably with yield data of other ICRISAT genotypes 
nut varieties were sourced from the SAI)CICRISAT that were evaluated in 1991/92 at the Agricultural Re-
Groundnut Project in Malawi and tested at our facility search Trust Farm, Zimbabwe (ICRISAT 1992), an
at Sigaro farm. other area with high agricultural potential. 

The objective of the trial was to evaluate the per- The varieties were assessed for quality in terms of 
formance of these varieties and compare them with percentages of sound and mature, moldy, sprouted, 
two local controls, initially at Sigaro and later at other shrivelled, and discolored seed. There were relatively 
sites in Zimbabwe. The ultimate goal was to produce high levels of moldy and shrivelled seed, particularly 
them commercially for areas where they would be in the ICRISAT genotypes. The high percentages of 
suitable. moldy seed may have resulted from high soil mois

ture regimes during the grain-filling stage. 
Disease reaction to early leaf spot was estimated 

Materials and methods 65 and 110 days after sowing. Makulu Red showed 
the highest tolerance to early leaf spot while Natal 

Ten groundnut cultivars were obtained from the Common was the most susceptible entry. 
SADC/ICRISAT Groundnut Project: ICGV-SMs 89001, These results are preliminary; further evaluation 
90006. 90007, and 9009; and ICGVs 86929, 86934, is required. The ICRISAT varieties have been retained 
87387, 87403, 87480, and 88332. These were planted for this purpose, and will be evaluated at two sites in 
on 29 Oct 1993 at Sigaro farm, located 35 kin from the 1994/95 season. In future trials, it may be appro-
Harare. Two oflur best-selling local varieties. Natal priate to include more controls. 
Common a'td Makulu Red, were included as controls 
in the trial. 

The experiment was sown in a fairly uniform field Acknowledgments 
at Sigaro farm, on red clay loamy soil. The environ
tment was kept fairly uniform so that the variations The author thanks Godfree Chigeza for technical as
observed would be largely d,'e to genotypic sistance; special acknowledgement to Willie Ranby 
differences. for permission to conduct the trials, and for his con-

The entries were sown in a randomized complete stant encouragement. 
block design with three replications. Plot size was 7.2 
m12; spacings were 45 cm interrow and 15 cm within
row. There were four rows per plot, with a perfect Reference 

-stand of about 29 plants row 1and 116 plants plot'.
 
The estimated plant density was 163 0(X) ha- . International Crops Research Institute for the
 

General agronomic practices included the applica- Semi-Arid Tropics (ICRISAT). 1992. Report of re
tion of compound D (8 N: 14 P,05 : 7 K20) at a rate suits of SADC/ICRISAT Groundnut Variety Trials 
of 300 kg ha-1 . The fertilizer was broadcast and dis- 1991/92. Lilongwe, Malawi: SADC/ICRISAT Ground
ced in deeply before plowing. Gypsum @ 200 kg ha-' nut Project. (Limited distribution.) 
was applied along the tops of the rows at early flower
ing. Two guard rows surrounded the trial to reduce 
edge effects. The trial was hoe-weeded thrice during 
the growing period to keep it weed-free. Discussion 

Hildebrand. How many days after sowing was the 
Results and discussion ICGV-SM 89001 crop lifted? The low shelling per

centage and poor grounding indicate that the cultivar 
The performance of the 12 varieties is summarized in may have been lifted too late. 
Table 1. Both pod and seed yields were generally 
high. This could be attributed partly to favorable Zengeni. I do not have the data available here. 
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Table 1. Performance of 12 groundnut varieties in a trial at Sigare, Zimbabwe, main season 1993./94. 

Variety 
Pod yield 
(tha-') 

Seed 
yield 

(t ha-') 

100-seed 
massI 

(g) 

Days to 
matu-
rity 

Mean ELS score:! 

65 DAS 3 110 DAS 

Sound 
mature 

seed (%) 
Moldy 

seed (%) 
Sprouted 
seed (%) 

Shri-
veiled 

seed (%) 

Dis
colored 
seed (,%) 

Seed 
color 

ICGV-SM 90006 4. 7 2.32 64 124 2.0 3.0 51 22 0 17 10 Red 

ICGV-SM 90007 3.01 1.48 61 128 2.0 3.3 41 36 1 13 9 Tan 

ICGV-SM 90009 3.82 2.22 62 124 1.7 3.3 51 28 0 16 5 Tan 

ICGV 86929 4.91 2.89 64 124 2.7 4.0 44 13 I 31 I1 Tan 

ICGV 86934 4.72 2.78 61 126 1.3 3.3 47 26 0 15 12 Tan 

ICGV 87387 3.24 1.62 45 125 2.0 3.3 34 29 1 28 6 Tan 

ICGV 87403 4.01 2.55 44 124 1.3 2.7 48 22 0 19 II Red 

ICGV 87480 4.86 3.13 45 124 2.3 4.3 49 18 0 24 9 Red 

ICGV 88332 4.05 2.55 68 133 2.3 3.3 47 28 0 15 10 Tan 

ICGV-SM 89001 6.02 3.96 66 133 1.7 3.3 41 20 2 32 5 Tan 

Natal Common 4.63 2.53 41 124 3.7 5.0 66 10 11 8 5 Tan 

Makulu Red 5.44 3.13 59 166 1.0 1.3 82 6 0 1I 1 Red 

SE (mean) ±0.176 ±0.130 ±1.7 ±1.9 

Trial mean 4.41 2.59 56.8 129 

Cv (%) 4.5 9 5.2 7 

I. 100-seed mass measured from a random sample of sound, mature seeds. 
2. ELS - Earlyleaf spot. scored on a 1-5 scale,",here I - no disease. 5 - 90-100' foliage damage. 
3. DAS - days after sowing. 



Chiyembekeza. Considering that irrigation was 
used, and that you applied compound D fertilizer and 
gypsum at tlowcrin., can you explain why the shel-
ling percenitage or ICGV-SM 89(X)l was so low even 
though it gave the highest yield in the trial? 

Zengeni. I am not very sure why, because this was 
the first season we co~nducted the trial. 

Hildebrand. I suspect the genotype was harvested 
late, hence my question on lifting dates. Delayed 

harvest may ha%,, led to loss/deterioration due to 
the sprouting of mature pods, and immature pods 
would have contributed to the low shelling 
percentage. 

Suhrahmanyarn. You have recorded ahigh percent
age ol* moldy seed in some of the ICRISAT genotypes.
Is this due to over-maturity? 

Ze-geni. Yes, it seems to be due to late lifting. 
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Groundnut Evaluation in Mozambique: Preliminary Results
 
for the 1993/94 Season in Maputo Province 

F J Arias and M Libombo' 

Abstract 

Groundntut is the most important ofthe grain legumes grown in Mozambique. In 199.3, it was defined 
as a priority crop, and research efforts, which began in 1991, were intensified. This report swnma

rizes the field e.i7erimental work on groundnut carried out at the Ricatla Esperimnental Station in 
southern Mozamnbique during the 1993/94 season. The objective was to improve productivit' ' 

individual selection fion the local cultivar Bebiano Branco, together with the screening offour 
nurseries fiom ICRISAT and one from South Africa. The trials were carried out under low-rainfall 
conditions on sandy loat soils. 

Sutnario 

Avaliafdes do atnendoin en lozambique: resultados prelitinarios, para a estafgo de 1993194 
na provincia do Maputo. Amnendoim o mais importante legumninoso cultivado em Mozambique. 
l'n 199.?, o ametdoin fri definido como a cultura principal, e os esfor-os da investigaf'o que 
counecarant em /991 foram intensificados. Esse relat6rio C un suondrio dos ensaios do campo sobre 
anendoin realizados na Estalcdo de lnvestiga('do et Ricatla, Sul de Mozanibique durante a 
estaya(o de 1993/94, Os objetivos erdo o inelhoramentodo produtividade atrav(;z da selef'do individ
ual do cultivar local tebiano Branco ent conjunto comt a avaliaf-do de quatro sentenleiras do 
ICRISAT e tna de Africa Austral. Os ensaiosfotrat contduzidos ntas condi'o-es do precipita-obaixa 
nos solos areuosos (oit mni'aa. 

Introduction research objectives are primarily to develop suitable 
varieties and economical cultural practices for small-

In Mozambique, groundnut occupies the largest area holder farmers. This report summarizes the field ex
among the grain legumes. Itis grown for food in perimental work on groundnut carried out at the 
southern Mozambique; in the northern parts of the Ricatla Experimental Station in southern Mozambi
country it is both a food and a cash crop. The crop is que during the 1993/94 season. This work was con
grown and managed almost exclusively (>98%) by ducted jointly by INIA. the Food and Agricultural 
the family sector, under rainfed conditions and with Organization of the United Nations (FAO), and the 
minimal inputs. Lack of seed is amajor constraint. SADC/ICRISAT Groundnut Project, Malawi. 

In 1991, the Instituto Nacional de Investigaqfo The Ricatla Experimental Station, located 28 km 
Agronomica (INIA), Mozambique, initiated research north of Maputo, covers groundnuit research for 
on groundnut selection/breeding. In 1993, INIA de- southern Mozambique. The soils at the station are 
lined groundnut as a priority crop. with a corres- very sandy loam soils, representative of the main 
pondingly greater research emphasis. INIA's groundnut areas in the region. 

I. Legumes Programme. tnstituto Nacional de Investiga 'i'o Agr6nomica (INIA),C P 3658, Maputo. Mozambique. 

Arius, FJ., and I.tbombo, N. 1994. Groundnut tvatidation in Mozambique: preliminary results for the 1993/94 season in Maputo Province. Pages 
41-42 inSustainable groundnut production in southern and eastern Africa: proceedings of a Workshop, 5-7 Jul1994. Mbabane, Swaziland 
(Ndunguru. I1.. Hildebrand. G.t., and Subrahmanyam, P., eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research 
Institute for the Semi-Arid Tropics. 
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Research results for 1993/94 

Although grain yields obtained on the experimental 
plots were low, as is expected for the soil type and the 
seni-arid environment, the results indicate clearly 
that the local variety tebiano Branco might be agood 
genetic source to look at in the preliminary stages of 
the research program. 

The results (of experiments and screening) pre-
sented here are preliminary. Although no definite 
conclusions can be drawn, we hope that this work will 
form a base for further research, and perhaps stiliu-
late additional technical and logistic support from dif-
ferent organizations. 

Field experiments 
All field experiments were conducted under rainfed 
conditions. Trial no. I ,individual plant selection, see 
below) had total of 126 mm rainfall during the grow-
ing cycle, while all other trials had only 102 mm. No 
fertilizers were applied. One preventive general spray 
of cypermethrin was applied at the ripening stage. 

Individual plant selection. Eighty single plant pro-
genies selected from Bebiano Branco, 7 from Chi-
banzo, and 13 from Inhambane Vermelho. were 
evaluatwd for grain and pod yields. The trial was sown 
in rows 3 m in length, with a spacing of 50 x 20 cii 
and two pods per site. The trial mean for grain yield 
(all progenies) was 91 g rowI equivalent to 606 kg 
ha'1. Average yield for live control rows of the origi-
nal Bebiano Branco population was 90 g row', 

Nearly one-fourth of the progenies either did not ger-
minate or showed poor germination. In the remaining 
lines, yields ranged from 20 to 238 g row -', and shelling 
percentage from 23 (in the line that gave the lowest yield) 
to 77%. Twenty iines that yielded 25% more than the 
average for -.ontrol lines, will be tested in a replicated 
yield trial for furdier selection. The average shelling per-
centage was 561, which is considered acceptable for 
these conditions. We conclude that from this genetic
.nucleus', further selections can be made that have the 
potential for cultivation under these poor conditions. 

Grain yield evaluation of selected materials. 
Seventeen previously selectcd (first advance) lines of 
B. Branco and three new lines of red groundnut col-
lected in Inhambane Province, were tested for grain 
yield. The trial had three replications. Plot size was 
four rows, 4 in in length, spacing 50 x 20 cm, with 
two pods per site. Inhambane Zinmenutne (the red 
groundnut) was a runner type variety that flowered 
very late and produced no grain at all. In the remain-

ing 19 lines yields ranged from 69 to 314 kg ha", and 
shelling percentage from 34 to 63%. Yields were 
lower than in the previous trial, probably because of 
lower rainfall. Eight lines yielded above 200 kg ha1, 
and deserve further testing. 
Screening of drought-tolerant genotypes. Twenty 
drought-tolerant genotypes were tested for grain yield 
on 8 m2 plots. Spacing was 50 x 20 cm. Average seed 
yield was 227 kg ha-', which is not too bad for t! , 
environmental conditions of the trial. However, at, 
varieties except B. Branco had small seeds and suf
fered from poor pod-filling, possibly as a result of 
water stress, calcium deficiency in the soil, or acon
bination of the two factors. This result raises doubts 
about the adaptability of these genotypes to the poor 
local environment. It was noteworthy that B.Branco 
was not affected as badly in these plots. 

Screening of short-duration genotypes. Twenty
five short-duration genotypes were screened, using 
the same methodology as described above, but with 
plot sizes of 4 rn2, These genotypes performed sim
ilarly to the drought-tolerant genotypes. Grain yields 
in this trial ranged from 24 to 33) g plot-', and pod 
yields from 53 to 501 g plot-'. 
South African varieties. A yield trial was conducted 
on six South African varieties (Jasper, Harts, Sellie. 
Agaat, Kwarts. and Robbie) contributed by the South
ern African Regionl Council for Conservation and 
Utilization of Soil (SARCCUS). There were four repli
cations, and plot sizes were 8 1n 

2. All six varieties 
gave very poor quality grain, with yields of 64-98 kg 
ha-'; these varieties are obviously not adapted to the 
fragile environment in which they were tested. 

Discussion 

Swanevelder. Were the harvesting dates different in
 
the different trials'?
 

Libombo. Since the varieties had different maturity
 
durations, the harvesting dates were different.
 
Busolo-Bulafu. Groundnut yields in Africa are often
 
low; many people have obtained only 700-800 kg ha-'
 
on research stations. But your yields appear lower still.
 

What were the growing conditions and soil types?
 

Libomho. The soil ,.as poor and sandy, and the rain
fall was low (163 mam). That was the mi;n reason for
 
the low yields.
 
Freire. Ricatla Research Station has probably the
 
poorest soil of ary research station in Mozambique.
 
The soil is white sand dunes with very low organic
 
matter content. The water table is about 5 m deep,
 
leaving no possibility for plant roots to reach it.
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Integrated Disease Management: An Important Component 
in Sustaining Groundnut Production in the SADC Region 

P Subrahmanyam and G L Hildebrand I 

Abstract 

A number of groundnut diseases have been reported front the Southern African Development 
Conmunity (SA DC) region, of which the most important are early and late leaf spots, rust, web 
blotch, and rosette. Integrated disease management, involving the combined use of several compo
nents-resistant genotypes, cultural practices, and the judicious use of chemicals-can effectively 
reduce disease severity and contribute to increased productivity and sustainability. fi this paper we 
discuss the various options available for effective management of groundnut diseases, and the 
necessity to integrate these inanagementoptions to achieve sustainable production in the region. 

Control mneasures (including improved management practices) are available for many of these 
diseases, but arc often not implemented due to sowing sequences, differential crop priorities, and 
limited land holdings. The most effective solution would be to develop genotypes with resistance to 
major diseases, and make these genotYpes available to farmers. Groundnut genotYpes with resis
tance to earl' and late leaf spots, rust, rosette (both long- and short-duration genotypes), and 
aflatoxin contamination are available at the SADCICRISAT Groundnut Project for regional 
evaluation. 

Sumdrio 

Un maneio integrado das doencas: um componente importante para suster produfdo do 
amendoim na regido de SADC. Certas doenfas do amendoimforam reportadas da regido de SADC, 
das quais as mais intportantes sdo mancha tempord, nancha tardia,ferrugen, e roseta. Um maneio 
integrado das doenas envo!vndo un uso combinado dos vdrios componentes-gen6tipos resi
stente:., praticas culturais e tom tusojudiciosodos quinicos-pode efetivamente reduzir a severidade 
das docntz'as e contribuir umn aunento da produtividadee sustentabilidade. Nesse artigo n6s 
diseutinios as varias opfdes disponiveis para tan maneio efetivo das doen-as do amendoin e a 
necessidade de integrar essas opi'des para realizar uma produ(ao sustentavel nessa regielo, 

Para muitas dessas docn-as n todos do controlo (incluindoas praticas inelhoradasdo mancio) 
estao a dispor, poren nao sdo intplementados devido as seqifncias de semean-a e predios 
lititados. 

A tnais efetiva solq-do seria o desenvolvinento dos gen6ti)os corn resistincia a mnancha tempord 
inancha tardia, ferrugem, roseta (gen6tipos de longa e curta dura-do) e contamina'do de aflatox
ina estdo disponiveis no SADC/ICRISAT Projeto do amendoin para avalia-do regional. 

I. SADC/tCRISAT Groundnut Project, P 0 Box 1096. Lilongwe, Malawi. 

ICRISAT Conference Paper no. C1'959. 

Subrahmanyam, P.,and illdebrand, G.L. 1994. Integrated disease management: an important component in sustaining groundnut production 
in the SADC region. Pages 45-50 in Sustainable groundnut production in southern and eastern Africa: proceedings of a Workshop, 5-7 Jul 1994, 
Mbabane. Swaziland (Ndunguru. 1.J., Hildebrand, G.L.. and Subrahmanyam. P.. eds.). Patancheru 502 324. Andhra Pradesh. India: International 
Crops Research Institute for theSemi-Arid Tropics. 
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Introduction 

Sustainable agriculture is the successful management 
of resources for agriculture to satisfy increasing food 
needs, while maintaining or enhancing the quality of 
the environment and conserving natural resources 
('[AC 1989). The traditional form of subsistence agri-
culture remained sustainable for generations in many 
parts of the world. However, because of rapid popula-
tion growth and greater food demands, this system is 
no longer viable. More land was required for agricul-
ture to meet the food requirements of the growing 
population. This has led to massive defbrestation, 
degradation of arable lard, and extensive loss of bio-
diversity. Intensive cl Itivation, faulty irrigation 
methods, unstable farming systems, indiscriminate 
use of chemicals (fertilizers and pesticides), all have 
adversely affected the productivity and stability of 
crop production. Although remarkable technological 
achievements have been made since the 1950s in in- 
creasing agricultural production, some of these tech-
nologies are not environment-friendly. Among other 
factors, the indiscriminate use of chemicals to control 
pests is a serious threat to the environment, 

In recent years, there has been considerable em-
phasis, in both developed and developing countries, 
on the use of integrated pest management (IPM) strate-
gics for sustaining agricultural production. These 
strategies involve host-plant resistance, cultural prac-
tices, the judicious use of chemicals, especially botan-
ical pesticides, and biological control agents. In this 
paper we discuss the various options available for 
effective management of groundnut diseases, and the 
necessity to integrate these management options for 
achieving sustainable production in the Southern Af-
rican Development Community (SADC) region. 

Groundnut diseases in the SADC region 

Diseases are regarded as major constraints to the pro- 
duction of groundnut (Arachis hypogaea) in the SADC 
region. A large number of groundnut diseases have 
been reported front the region. Most of these diseases 
are widespread, but only a few are economically in-
portant on a regional basis (Subrahmanyam 1991). 

Early leaf spot. Early leaf spot (Cercospora ar-
achidicola lori.) (tI.S) is the most serious and de-
structive groundnut disease in the region. It is widely 
distributed and occurs in epidemic proportions in 
most groundnut-producing countries. Yield losses are 
generally substantial (Subrahmanyam et al. in press). 

For instance, in Malawi, mean annual production 
losses due to ELS alone are estimated at about US$ 5 
million (Babu, Subrahmanyam, and N'gongola, 
unpublished). 

All the groundnut cultivars grown in the region 
are susceptible to ELS. Considerable effort has been 
directed at fungicidal control of the disease (Chiteka 
et al. 1992), while progress in breeding for resistance 
has been slow due to a lack of adequate resistance 
levels in the available germplasm. The SADC/ICRISAT 
Groundnut Project in Malawi has recently identified 
some high-yielding genotypes with resistance to FLS; 
these genotypes are available for evaluation in the 
region. Fungicidal control, using either one or two 
sprays of chlorothalonil, was found to be economical 
and very effective. Crop rotation and early sowing are 
effective in delaying disease onset and reducing dis
case severity (Subrahnianyam et al. in press). 

Late leaf spot. Late leaf spot (Phaeoisariopsis per
sonata (Berk. and Curt.) v. Arx) occurs mainly in low
altitude areas, and is economically important in the 
Lake Shore and Shire Valley areas of Malawi, in 
coastal southern Tanzania, southern Mozambique, 
Swaziland, and Zambia (Subrahmanyam 1991). Sev
eral high-yielding, resistant breeding lines have re
cently been identified by the SAI)C/CRSy'l" 
Groundnut Project, and are available for evaluation. 
Chemicals that are effective against tFLS are also el
fective in controlling late leaf spot. As with FI.S, crop 
rotation and early sowing arc effective in delaying 
disease onset and reducing disease severity 
(McDonald et al. 1985). 

Rust. Rust, caused by Puccinia arachidis Speg., oc
curs sporadically in several countries in the region. 
along with late leaf spot, nmainly in low-altitude areas 
(Cole 1987). Fungicides such as chlorothalonil are 
very effective in controlling rust and other foliar dis
eases. Several high-yielding, rust-resistant breeding 
lines have recently been identified at the SADC/tCRI-
SAT Groundnut Project, and are available for evalua
tion in the region. Groundnut rust is short-lived in 
infected crop debris; it is therefore desirable to have a 
clear break in time between successive groundnut 
crops, to reduce or eliminate viable inoculum. Volun
teer groundnut plants and ground-keepers should be 
eradicated to eliminate the primary sources of inoc
uluni (Subrahmanyam and McDonald 1983). 

Web blotch. Web blotch (Phoma arachidicola Mar
asas, Pauer and I3oerenla) has been reported in Angola, 
Lesotho, Malawi, Swaziland, Zambia, and Zim
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babwe. It is one of the most important foliar diseases 
of groundnut in Zimbabwe, where it occurs mainly on 
long-duration crops. Yield losses of about 40% due to 
combined attacks of web blotch and leaf spots (espe
cially EI.S) have been reported in Zimbabwe. 

Web blotch can be controlled by using certain 
fungicides (e.g., procyrnidone and tebuconazole), but 
a large number of sprays is required for effective 
control. Several sources of resistance have been iden-
tified, and high-yiclding breeding lines (e.g., C 
346/5/8, C 347/5/6, and P 105. 3/7) incorporating this 
resistance have been developed in Zimbabwe. Crop 
rotation and the eradication of infected crop debris 
and volunteer groundnut plants may be useful in clim-
inating the primary sources of inoculum (Sub-
rahmanyam ct al. 1994). 

Seedling diseases. Seedling diseases caused by ava-
riety of seedborne and soilborne fungi-Aspergillus 
niger van tieghcrn A. flar'os. Rhizoctonia solani Kohn, 
Macropromina phaseolina ('li,,i.) Chid, and species 
of Rhizopus. P'ythitn, and flisariwm-are wide-
spread and important in almost all countries in the 
region. 

Seedling diseases can be effectively and economi-
cally controlled by seed dressing with fungicides. Ad-
equate information is available oin the use of 
fungicides (e.g.. thiram, captan, mancozeb, and ben-
late) in the region. Only high-quality seed should be 
used. Deep sowing should be avoided, as ctiolated 
seedlings are more susceptible to infection. Deep 
plowing and crop rotation are useful in reducing dis-
case incidence. 

(;roundnult rosette. Rosette is widely recognized as 
a major constraint to groundnut production in the re-
gion. Disease epidemics are sporadic, but can cause 
yield losses approaching l00"( when they do occur 
(Bock 1987). Sowing as early as possible after the 
onset of the rains, and at optimum population densi-
ties. can effectively control groundnut rosette. The 
eradication of ground-keepers and of volunteer 
groundnut plants can hlp to prevent the perpetuation 
of virus inoculunl during the off-season. Intercrop-
ping groundnut with other crops decreases rosette in-
cidence. lxcellent progress has been tirade in 
developing high-yielding, rosette-resistant, long-dura-
tiotn genotypes (Chiteka ct al. 1992). Recently, sevcral 
resistant short-duration genotypes have been devel-
oped at the SAIDC1CRIST Groundnut Project, and iire 
avail ible for evaluation (tHildebrand et al. in press). 

The options available for the management of var
ious groundnut diseases are listed in Table 1. 

Integrated Disease Management 

The effective management of diseases is important if 
stability and sustainability of groundnut production is 
to be achieved in the SADC region. Integrated disease 
management (tI)M) is believed to be the most produc
tive, equitable, stable, sustainable, and environment
friendly means to that end. It involves several compo
nents-resistant genotypes, cultural practices, and 2he 
judicious use of chemi,:als-which, when used in 
combination, should prove highly effective in reduc
ing disease severity and contribute to increased 
productivity. 

The relative emphasis on the use of various IDM 
components varies with the disease. For instance. 
seedling diseases can easily be controlled by using 
good-quality seed treated with a suitable chemical 
before sowing; host-plant resistance is less of aprior
ity. Rosette can be controlled using host-plant resis
tance: resistant genotypes sown early at optimum 
population densities will show reduced disease inci
dence and provide higher yields. 

Considerable research effort has already been di
reeed at chemical control of foliar diseases, espe
cially in Malawi, Swaziland, Tanzania, Zambia, and 
Zimbabwe. Chemical control is economical and very 
effective in optimum-rainfall situations or under irri
gated conditions. However, a large number of sprays 
is needed to achieve satisfactory disease control. Fun
gicide control will not be economically feasible for 
resource-poor sniallholder farmers in rainfed systems 
unless the number of applications isconsiderably re
duced. Chemical control using a large number of 
sprays may also lead to negative returns in drought 
ycars (Subrahmanyam and Hildebrand, unpublished), 
with serious economic and sociological conse
quences. The cost and availability of chemicals and 
sprayers, and the risk of yield reduction associated 
with moisture stress in rainfed systems, have discour
aged farmers from investing in chemical control. The 
indiscriminate use of chemicals leads to serious 
health and environmental hazards; repeated applica
tions of certain chemicals may result in the evolution 
offungicide-tolerant pathogen strains. In recent years, 
however, research conducted by the SADC/ICRISA' 
Groundnut Project and by the NARS in Zambia has 
shown that damage by groundnut foliar diseases can 
be considerably reduced by a single application of a 
suitable chemical. 
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Table I. Options available for the management of various groundnut diseases in the SADC region. 
Management option 

Presowing
1. Crop rotation 

2. 	Break between 


successive crops
 

3. Removal of volunteer 
groundnut plants 

4. 	Removal of infected 
crop residues 

5. 	Deep plowing to bury 
infected crop residues 

6. 	Good drainage 

At sowing
I. 	Selection of good 


quality seed 


2. Seed dressing 

3. Optimum depth 

4. 	Early sowing 

5. 	Intercropping 

6. 	Varietal mixture 

Post-sowing 
1. Optimum plant stand 

2. One spray of fungicide 

3. Resistant genot)pes 

4. 	 Harvest at optimum 
maturity 

5. Rapid drying 

6. Proper storage 

t 	 EI.S/LLS - early/late lea %pol,We-

Major disease(s) controlled' 

EI.S, LLS, WI3, pod rots, seedling 
diseases, bacterial wilt, 
nemarode diseases 

Rust 

FLS, Lt.S, Wt3, rosette 


tELS, tLS, WB 


ELS, LLS, WB, stem and pod rots, 
charcoal rot 

Root and pod rots, bacterial wilt 

Seedling diseases 

Seedling diseases 

Seedling diseases 

El.S, LLS, rust, rosette 

H.S, LLS, rust 

ILS. possibly other foliar 
diseases 

Rosette 

FI.S, LLS 

ELS, LLS, rust, rosette, W13, AFI. 

Pod rots, AFL 

AFI. 

Concealed damage, seed molds, 
AFL 

web blotch. AFL - aflatoxin contamination 

Remarks 

Highly effective against various
 
diseases. Improves soil fertility.
 

Eliminates or reduces viable inoculum. 

May not be important it,some
 
countries because of grazing.
 

Cumbersome practice; may not not be 
very effective. 

Suitable for mechanized farming, 

Waterlogging intensifies disease 
incidence. 

Handpicking of undamaged, mature,
 
non-moldy seed.
 

Treatment with suitable fungicides. 

Etiolated seedlings are vulnerable to
 
infection.
 

Highly effective in reducing disease
 
incidence/severity.
 

May not be suitable when produce is
 
sold in commercial markets.
 

Can be achieved by selecting good
quality seed, seed dressing, and sowing 
at optimum depth. 

Effective and economical; but 
chemicals and sprayers may not be 
available. 

High-yielding, resistant genotypes 
available. 

Reduces incidence of pod rots and 
aflatoxin contamination. 

Sun drying. 

Storage und'- damp-proof, insect-free 
conditions. 
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Cultural practices such as crop rotation and early 
sowing can greatly reduce the severity of foliar dis-
eases. However, these simple cultural practices re-
main largely non-implemented in the region due to 
sowing sequences, differential crop priorities, and 
limited land holdings. Groundnut is accorded rela-
tively low priority in the sowing sequence in many 
countries in the region. 

The most effective solution would be to develop 
genotypes with resistance to major diseases, and 
make these genotypes available to farmers. Ground
nut genotypes with resistance to early and late leaf 
spots, rust, rosette (both long- and short-duration ge-
notypes), and allatoxin contamination are available at 
the SADC/ICRISAT Groundnut Project for regional 
evaluation. 
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Discussion 

Maliro. I.Can spraying be dispensed with altogether 
in some years'? This would require the development 
of disease models, which would help make decisions 
on spraying. 2.Was there any pattern in seed yields as 
related to spraying'? 
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Cole, Subrahmanyarn. The available disease 
models are not sufficiently accurate to be used as a 
basis for making decisions on spraying. Although 
spraying should undoubtedly improve yields, analysis 
of our data showed no clear patterns. For example, in 
1993/94 sprayed plots in both Malawi (Sub-

rahmanyarm and Zimbabwe (Cole) yielded less than 
unsprayed plots, 

Zengeni. You mentioned the import..nce of plant 
density in disease management. What densities are 
recommended, and how will this reduce disease 
severity? 

Subrahmanyam. Rosette disease incidence has been 
shown to be more severe where plant densities are 
below those recommended. Recommended plant den
sities depend on the cultivar grown, but spacings are 
generally 50 x 10 cm for short-duration, and 50 x 20 
cm for long-duration genotypes. Seed quality and 
seed treatment are also important, 

Ntare. Plant population is advocated as a means of 
reducing rosette incidence. What is the mechanism'? 
Does plant density modify the microclimate, and 
therefore its suitability to the aphid'? 

Subrahmanyam. Reports in the literature confirm 
this. More widely spaced plants tend to support a 
higher concentration of aphids. Colonies are reduced 
in closely spaced plants. 

Chavula. To what extent do farmers use seed dress
ing to improve germination and plant density'? 

Chiyembekeza. Farmers are reluctant to spend 
more money on seed dressing, or on any input that 
will increase the cost of growing groundnut. 
Freire. In seed production, should rosetted plants be 

rogued to reduce further spread? 
Subrahmanyam. In nornal conditions rogueing is 
not advisable as the plants are often shaken; this may 
cause aphids to spread faster. 
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An Integrated Approach to the Management 
of Groundnut Diseases 

M G MpiriI 

Abstract 

Diseasescontribute significantly to Yield losses in groundnut: losses of up to 70% resulting from a 
combination of leafspots (Cercospora arachidicola and Phaeoisariopsis personata) and rust (Puc
cinia arachidis) have been documented. Several control measures (e.g., host-plant resistance, chetni
cal control) have been developed against various diseases. This paper argues for efforts that involve 
the use of several such methods id combination, after a careful ecological analysis of the disease 
problem and the field situain. This ap)roach is more likely to be stable than efforts relying on a
single technique. Apractitionermust have at his dispo.sIl a range ofal))ropriate technologies and 
adjust the mix according to his )eriception of the problen. 

Sumario 

AMftodo integrado para no maneio das doenfas do amendoim. As doen~as contribuent significativa. 
nente para a rcdutyao o rendinento do amendoint. Perdas de ate 70% resultando de umta combina'do 
das manchas dasf!lhas (Cercospora arachidicola ePhaeoisariopsis personata) eaferrugem (Puccinia
arachidis) forant documentadas. Medidas do controlo sdo necessarias para minintizar essas perdase 
inuitas tem sido desenvolvidos. Este artigo discute a necessidade de e.for(os que envolvam vdrias 
t('nicas, Este metodo tern majorpossibilidadede ser estdvel, que esforfos dependendo de una ibnica 
t;cnica, caso os patgenos siqereit ion particularnmetodo de controlo (ex. resistincia da planta
hospedeira, contralo quinico). Embora unia cuida~hosa amialise ecologicadun an problema, tal coino 
ele ocorre, seja necess6ria, tambem enecessaria aconipreen(ode toda a contplexidade da situafdo 
de camlpo. 0 agricutor deve ter (i sua disposi 'o una variedade de tcnicasapropriadas eajustar o
mi.V' cultural de acordo corn ij sua percep'ao do problenta. 

Introduction arachidicola), also occur. These assume economic 
importance in years when incidence is severe. 

Diseases are among the major limitaijlns worldwide There has been considerable research on manage
to the production of groundnut (Arachis hvpogaea). ment strategies to reduce crop losses. Successful dis-
The two most widespread and serious diseases in ease management may involve one or several 
southern Africa are early leaf spot (Cercospora ar- techniques. A combination of several techniques is 
achidico,.) and late leaf spot (Phavoisariopsis per- more likely to succeed than any single technique, for 
sonata). Individually or together they cause losses in several reasons. Combinations are usually more sta
pod yield of over 5(i;O,and where rust (Puccinia ble; they retard the evolution of pathogen strains that 
arachidis) assumes epidemic proportions, losses may are more virulent or more resistant to chemicals. Cul
reach or exceed 7(c'. Several other diseases, e.g., tural manipulation, which is an important part of such 
rosette, bud necrosis, and web blotch (Phonia combinatorial techniques, can help to reduce initial 

I. Oil,,eedN R zoearchProgramnine. Agricultural Rearch and Training In',itule. Naliendele, P0 o 509, Mliwara. Tanzania. 
Mplrl, M.G. 1994. An integrated approach to the management of groundnut disease,. Page, 51-53 inSustainable groundnut pr'oduclion in
southe-rn and eastern Africa: priceeding, (if a Workshop, 5-7 Jul 1994. Mbabane. Swaziland (Ndunguru, tt.J.. Hildebrand. G.L., and Sub.
rahntan)aam. P. eds.t. Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Serni-Arid Tropics. 
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pathogen population and inhibit pathogen growth. 
This paper describes some control measures which, 
when used in combination, can provide stable and 
effective disease control in groundnut. 

Components of Integrated Disease 
Management 

Integrated disease management is a broad, ecological 
approach involving several mutually compatible con-
trol technologies. Several factors have made such an 
approach necessary-the development of pathogen 
resistance to chemicals, and new economic, environ-
mental, and legal constraints. Broadly, integrated 
management involves four components: 
* Ilost-plant resistance 
• Biological control 
* Cultural control 
* Chemical control 

Host-plant resistance. Resistance is that character 
of' a plant which suppresses pathogen and disease 
development. Pla.t resistance can be expressed to 
varying degrees, but even resistance that does not 
completely prevent pathogenesis can suppress dis-
eases adequately in plants. Low-level resistance usu-
ally needs to be supported with additional techniques 
to suppress disease to tolerable levels, 

The use of resistant genotypes is a highly effective 
approach. It requires no further action by the farmer 
during the growing period, is not disruptive to the 
environment, and is generally compatible with other 
disease management techniques. Resistance alone is 
sometimes sufficient to suppress disease to to!erable 
levels. 

Genotypes resistant to some important groundnut 
diseases (e.g., late leaf spot and rust) are available; 
some have multiple resistance. In resistant genotypes, 
disease appears late, builds up slowly, and results in 
little damage to the foliage, 

Biological control. In this method pathogen activity 
is reduced through the use of other living organisms 
(e.g., hyper-parasites), resulting in a reduction of dis-
ease incidence and severity. The beneficial species is 
cultured, and later released or sprayed over the target 
area. This is a more or less permanent measure (since 
these agents are natural enemies of the pathogen and 
are therefore self-perpetuating), usually causes no ad-
verse effects, and has few of the disadvantages of 
chemical control. 

Several examples of successful bio-control are 
available in the literature. McDonald et al. (1985) 
reported that the mycoparasites Dicyma pulvinata and 
Veriicillium lecani parasitized the leaf spot pathogens; 
Subrahmanyam and McDonald (1987) have reported 
the pathogenicity of V.lecani, Penicillium islandicum, 
Eudarluca caricis, and Acremoniun persicinum on 
Puccinia arachidis, showing aconsiderable reduction 
in rust development. 

Cultural control. This involves deliberate manipula
tion of the crop environment to make it less favorable 
to harmful organisms-for example, by disrupting 
their reproductive cycles, eliminating their food 
sources, or encouraging their natural enemies. In
cluded in this method are such practices as intercrop
ping, crop rotation, field sanitation, manipulation of 
sowing date, etc. Some of these techniques provide 
only small benelits when used individually, but when 
integrated with other techniques, they significantly 
improve disease management. 

Chemical control. Chemical application is a highly 
effective technique, and can produce very visible re
suits. Untreated plants may be severely diseased, and 
those treated with chemicals nearly symptomless. 
Chemicals inhibit pathogenesis by suppressing patho
gen growth before or after infection. Although some 
individuals within the pathogen population are likely 
to be highly resistant to the chemical, adequate dis
ease suppression is usually possible. However, there 
is a possibility of undesirable side effects, e.g., envi
ronmental contamination, or the development of fun
gicide-resistant pathogen populations. Chemicals 
should therefore be used only after the need is clearly 
demonstrated. 

Discussion 

One of the limitations of the earlier approach to dis
ease management was that it relied on methods in 
isolation. For effective management, however, the 
various control measures outlined above must be used 
in appropriate combinations. For example, leaf spots 
can be suppressed by adjusting irrigation practices to 
avoid long periods of leaf wetness, and by using a 
resistant cultivar sown at moderate plant density. If 
the disease remains severe, chemical control may be 
considered. 

Misari et al. (1988) have successfully developed 
an integrated disease management strategy against 
groundnut rosette in Nigeria, combining cultural 

52 



practices (close spacing and early sowing) with the 
use of systemic insecticides to control the aphid vec-
tor, Aphis craccivora. It is far more difficult to Iormu
late a simiar strategy for groundnut in southern and 
eastern Africa, where the crop is grown under ex-
tremely varied climatic and agronomic conditions. 

The best approach would be a careful ecological 
analysis of aproblem as it occurs. Appropriate strate-
gies could then bc planned, depending on the corn-
plexity of the field situation. Carefully planned 
integrated control programs will ensure not only in-
creased groundnut production but also its sus-
tainability over the long term. 
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Implementation of a Cultivar Resistance Coding System 

for Minimizing Yield and Quality Losses in Groundnut 

P S van Wyk' 

Abstract 

Five pathogens-Sclerotinia minor, Sclerotium rolfsii, Chalara elcgans, Ditylenchus destructor, and 
Botrytis cinerea-are known to contribute to losses in qualitv following minor infestations of 
groundnut fields. The identification of the causal organisn responsible for certain lesion types is 
facilitated by an identification chart. The resistance of 30 groundmt cultivars to infection by each of 
these pathogens has been determined, and the results simplified to a 0-3 rating scale. This rating 
score appears after each cultivar name in a specific order, denoting resistance to each individual 
pathogen. The cultivar resistance coding system issupplemented by a manual that describes 
additional control measures in cases where resistance is insufficient. This coding system is believed 
to contribute to the control of qualiti losses resuting from minor infestations. 

Sutndrio 

Implementafdodutn sistema de codificafiio da resistincia dos cultivares para minitnizar a perda 
no rendimento e qualidade no atnendoin. Sabe-se que cinco pat6genos-Sclerotinia minor, Scle
rotiun rolfsii. Chalara elegans, Ditylenchus destructor, e Botrytis cincrea-contribuem para as 
perdas tiequalidade ap6s infec('oes menores nos campos do amendooin. A identificafio do organ
isino causador responsavel por certos tipos de lesiles i facilitadapor tna carta de identtica(W5. A 
resistincia de 30 cultivares de amendoihn d infcC-io por cada ur desses pat6genos foi determin
dada eos resultados simplificadosnuma escalade 0 a 3. Esta avalia-iio aparece depois do nomne 
do cado cultivar nuna ordem especlica, indicando a resistencia a cada ton dos patogenos. 0 
sistema de codifica(a(oda resistncia dos cultivares t;sumlplern(ntado por una lista de ,ncdidas de 
controlo adicional, nos casos onde a rcsistt'ncia i insuficiente. Cr-se que este sitenta de cod
ificaiio contribui no controlo das perdas da qualidade resultantes das infestai~jes menores. 

Introduction The grading system currently in use in South Af
rica For groundnut evaluates the level of unsound, 

Losses in yield and quality resulting from major out- blemished, and soiled (UIS) kernels in the sample. 
breaks of diseases and pests are usually recognized Samples with aUBS level of <10% qualify for Choice 
by farmers. Researchers and extension workers are Edible grade, 10-201, for S,.indard Edible grade, and 
alerted, and remedial measures can be promptly initi- those with UliS >20% for Ci ushing grade. It is likely 
ated. In contrast, minor infestations usually cause only that a loss in quality of less than 10% will pass un
minor losses in quality, and during the growing sea- noticed, especially since the price will not be affected. 
son these infestations pass unnoticed. Only when However, such losses can amount to over R 20 million 
losses in quality result in downgrading of the crop (= USS 5.6 million) per year in direct losses as these 
does a producer become aware of the problem. kernels are discarded before sale. The additional cost 

I. Oiland Protein SeedCentre. Grain Crops Institute. Private Bag X1251, Ptchefstrmn. 2520, Republic of South Africa. 
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of hand- or machine-sorting may drastically increase 
this figure. 

This paper describes a system devised and now 
widely used in South Africa, to minimize losses re-
suiting from minor infestations. The system involves 
various components, but centers largely on specific 
cducational measures that allow farmers and exten
sion agents (using identification charts and disease 
control manuals) to identify/diagnose problems and 
take effective remedial measures. 

Identification of the causes for 

The UI3S component of the graded sample consists of 

kernels with a diversity of lesions and injuries. These 

injuries are a 'fingerprint' of the diseases and pests 

ihat were present during the growing season. The 

sample must thercfore be analyzed, for which pur-

pose the kernels are separated into groups with simi-

lar lesions or abnormalities. The causes for each type 

of lesion have been identified, and apictorial diagnos-
tic chart, 'Factors influencing the grading of ground
nuts', has recently been compiled for use by grading 
officers. 

Seven major factors contribute to downgrading: 
diseases during the growing season, handling, sprout-
ing, aflatoxins, late lifting, cultivation/fertilization, 
and stacking man agement. Two of these aspects are 
di:scussed in this paper: diseases during the season, 
and the manner in which cultivar resistance coding 
can minimize losses. 

The coding system 

Five pathogens have been identified that infect 
groundnut and contribute to downgrading: Sclerotinia 
mior, Sclerotium rolfsii, Chalara elegans, Di-

iylenchus destructor, and Botrytis cinerea. Thirty 
groundnut cultivars and lines were evaluated under 
field conditions for resistance to these five pathogens. 
The data from these experiments (usually published 
in tabular form, showing percentage mortality, e.g., 
Table I) never seems to 'reach' the farmer. The rea-
son is most probably that the presentation, although 
suitable for researchers, is inappropriate for farmers, 
because it does not provide the information (solu-
tions) they require. 

The data from resistance trials were therefore 
simplified to a rating system of 0-3 where 0 = resis-
tant, 3 - highly susceptible. The rating system corres-

Table 1. Percentage of plants of different cultivars 
killed by Sclerotinia minor (average of two 
replications). 
_replications__ 

Plants Plants 
Cultivar killed (%) Cultivar killed (%) 

N. Common 44.4 PC 180K4 15.8 
F-AN 9212 30.6 US 40. ! 15.8 
Noiden 27.8 PC 177K1 14.8 
PC l83K2 25.0 PI 295233 13.9 
PCI 13K19 23.2 PC 176KI 13.9 

Selcksie 5 23.2 PC 175K I 13.0 
Atilla 20.4 Agaat 13.0 
PC 188K3 20.4 PC 186K2 11.1 

Setelm 20.4 Harts 11.1 

B 178K7 19.4 lli 3 10.2 

PC 172K1 17.6 Jasper 9.3 

Anet 17.5 Kwart, 9.3 

C181K2 l6.7 Akwa 3.7 

PC 18K2 16.8 Robi 3.9 

i) (5%1)16. LSD (1%1 21.7 

ponds to the grading system: 0 = UBS 0, I - UBS 
<10%, 2 - UBS 10-20%, 3 - UBS >20%. 

Each cultivar was rated for resistance to each of 
the five pathogens. The notation used in the coding 
system has the pathogens in the following fixed order: 
S.,inior, S.rolfvii, C. elc'ans, D. desiructor, B. cine
rea. Thus each cultivar was 'coded', with a number to 
accompany the name. For example, cv Harts 22031 
(i.e., resistance rating 2against S.minor, 2 against S. 
rolfsii, 0 against C. elegans, 3against D. destructor, I 
against B. cinerea). 

Disease control manual 

The coding system is supplemented with a control 
manual that can be used by the farmer. It explains the 
codes for each cultivar, and lists the recommended 
control measures against each of the five pathogens. 
Scleroinia stem rot (the first numeral in the code) 
serves as an example. 

Cultivar code 03333-this cultivar is resistant to 
S. minor. Normal practices including seed treatment 
are recommended. 

Cultivar code 13333-this cultivar is highly toler
ant of disease development. If the disease level in 
previous years has not exceeded 10%, deep plowing, 
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avoiding susceptible rotation crops, and at least 2 
years of rotation with non-susceptible hosts, will 
check increase of disease incidence. If the disease 
level in previous years exceeded 10% an additional 
chemical treatment is suggested as soon as infection 
isdetected. 

Cultivar code 233 ;3-this cultivar is moderately 
tolerant. If disease levels in previous years have not 
exceeded 10%, deep plowing, a 3-year crop rotation 
with non-hosts, and a chemical treatment are sug-
gcstcd. If levels of more than 10% have been recorded 
in previous years a longer period of rotation, or alter
natively an inoculun reduction treatment, is recoi
mended. (The inoculum reduction treatment involves 
a combination of mechanical, chemical, and biolog
ical treatments currently in the process of devel-
oprnent.) 

Cultivar code 33333-this cultivar is highly sus-
ceptible. If no alternative cultivar is available, ex-
tended periods of rotation and chemical treatment are 
suggested on lields with low inoculum levels. In lields 
with higher levels of inoculurn a reduction treatment 
and chemical treatment are suggested, in addition to 
extended periods of rotation with non-host crops. 

Conclusion 

We believe that the coding system supplemented with 
the diagnostic chart (for identifying the pathogen re
sponsible for each type of lesion or injury to the 
kernels) and the manual describing the measures to 
be taken at farn level, can assist in disease monitor
ing. It can help control disease increase in certain 
lields and, in the long term, can reduce losses that 
would otherwise pass unnoticed. 

Discussion 

Subrahmanyam. The cultivar coding system is very 
impressive, and should work very well in a system 
where low grading is associated with asingle disease. 
How about situations where you have more than one 
disease? 

van Wyk. We focus on whichever disease causes the 
largest problems. For minor diseases, we suggest 
other management practices to contain the problem. 
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The Effect of Reducing the Number of Fungicide Sprays 
on Foiiar Disease Control and Yield of Groundnut 

Desiree L Cole' 

Abstract 

It is desirable to minimize the use ofpesticides in agriculture, since they contribute to environmen
tal pollution and leave undesirable residues on produce. Pesticides are also extremely costly in 
Zimbabwe. Up to 1986, six fungicide sprays were recommended forfoliar disease control on long
duration groundnuts, which are grown mainly b* large-scale frimers. This spray regine maxinized 
yields. ttowever, halving i/e number of sprays had a relatively stnall implct, because the 'ield 
reduction was largely compensated bY reduced input costs. Two spra's had little effect on disease 
control antd made no significant contribution to yield increase. This was true fur both long- and 
short-duration grotdnuts. The recommended spray program is now 3-4 sprays applied at fort. 
nightly intervals, starting wahetIhe first cercospora lesions are evident. 

IAperintents art'in progress to optimizefungicidal disease control by manipulating the tining of 
sprays and decreasing their number without compromising yield and quality. Yields of short
duration groundnut, grown by small-scalefarmers, can be significantly increased by spraying four 
times at firtnightly intervals, starting 8 weeks after sowing. ftowever, snall-scale farmers rarely 
spray their grouidnuts because of the costs involved. The possibility of reducing the number of 
sorays to two was investigated, but two sprays increased shtrt-duration Plover yield by only 600 kg 
ha "1 as against a very cost-tffective 2200 kg hat increase with four sprays. 

Insect control is very important, but the emphasis has always been on scouting and applying 
insecticides(is necessary. 

Sumdrio 

0 efeito da restrifdi no ntitero das pulverizaViies con fungicidas no controlo das doenfas das 
folhas e o rendinento do arnendoint. E destjav~l inimuizar o uso de iesticidas na agricultura, 
utna vez que e'les contribucin na polui .(3 do incio anbiente e deixamii residuos indesejiveis nos 
produtos. Os pesticidos sde extreiamt'ntecaros et Zimbabwe. At 1986, seis pulveriza~iies coin 
fingicidas cram reconientadaspara o controlo das doent'as foliares do ainendoini de longa 
durapao;este regimne de Iulveri.as('ot's inaxintizava rendinmuntos. Pordmn reduzindo o inmero de 
mlveriraj'sa mnetade Itve tan imnpacto relativainteu' pequetno, poriue a redtu' d dos rendimentos, 

foi largantnte comlpssada pela rt'dui 1odos custos dos insumos. Duass I)ulverira-ies tiverai 
pouc) olnttetihum tfiito no controlo das doc'as e nio contribuirain significativainente para o 
auincnto dos rendimneitos. Isto foi verdadeiro tanto para anendoii da Ionga coio dao curta 
durao'iio.Agora, o programna das i)lveriza(Ves recomnendado de 3 a 4 pulverizaijes coin inter
valos dt 15 dias, comne -andoqtandoos priineirossintoinas de cercospora sdil evidentes. 

visttnn progresso c.\perimieitos paraoptintizar o cottrolodas doen'as causadas porfingos, 
atrav(s do nanipula'iioda data das ul'eriza(,'ts e reduzindo oseu ntiiero,s'nt coiproniler os 

1. Crop Science Dcpartrent. Unisersity of Zimbab;,e. 1 0 lis Ml' 167,Mount Pleasant. Harare. Zimbabwe. 
Cole, D.I. 199.1. The effect of reducing the nurnikr of fungicide sprays on foliar disea.e control and yield of groundnut. Pages 57-61 in
Sustainable groundhmprductin in%outhernandeastern Africa: proceedings of aWorkshop. 5-7 Jul 1994. Mbabane. Swaziland (Ndunguru,
11.. Hildebrand. G.I ., and Subrahmansam. v. eds..P'atancheru 502 324. Andhra Pradesh, India: International Crops Research Inslilute for 1he 
Semi-Arid Tropics. 
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rendimnentos ca qualidade. 0 amendojin da curia duragao (145-150dias)c cultivado porpequenos 
agricultores. Os rendimnentos poden ser sgnificativamente autentj.Jos pulverizando 4 vezes corn 
intervalos de 15 dias, comeando 8 sernanas depois da planta"-,5 portn, por causa dos cuslos 
envoh'idos, os pequenos agricultorces raraente pulverizarn o :,eu arnendoint.A possibilidade tie 
reduzir as pulverizagoes p-a duasfoi investigada;mas, duas p)dverizaijesapenas aurnentaran o 
rendimento de Plover em 600 kg contra atuwnto dt,2200 kg ha t obtido coin quatropulveriza(6cs, 
qcue e altamente custo-cfeclivo, 0 controlo dos inse'tos Ciluito imp/oriante inas a enfase tern sido 
sentpre colocada na insl)ecgao e nudverizagido coin insecticidas apenas quando necessdrio. 

Introduction In E~pcriment I, Flamingo was sprayed either 
twice (11and 17 weeks after sowing), thrice (12, 14, 

The trend nowadays is towards reduced application of and 18 weeks), or six times (10, 12, 14, 16, 18, and 20 
pesticides. Not only do they contribute to environ- weeks after sowing). The fungicides applied were 
mental pollution and leave undesirable residues on von'jozeb + thiophanate (Dithane M45® 43% fw 
produce, but in Zimbabwe they are also extremely 2.5 L + Topsin 500 50% wp, 0.25 kg), bitertanol + 
costly. Up to 1986, six sprays of fungicide to control Agridex (Baycor 30% cc, 0.6 L + Agridex, 0.6 L) and 
foliar diseases weic recommended for long-duration tebuconazole (Folicur 25% cc, 1.5 L). All fungicides 
(175-180 davs to maturity) groundnuts, grown mainly wecre applied @ 250 L water ha- using a knapsack 

°by large-scale commercial farmers (Cole 1986). The sprayer fitted with three Delavan H13 10 70 nozzles 
recommended spray program is now 3-4 sprays ap- on aboom. 
plied at fortnightly intervals, starting when the lirst In Experiment 2, P 84/5/244, a line with resis
cercospora lesions are evident (Cole 1988). This rcc- tance to web blotch, was sprayed with procymidone 
ommendation was based on a series of experiments (Sumislex 50% df, 1.5 kg) either three times or six 
designed to manipulate the timing of sprays and de- times, at the same intervals as Flamingo. The trials 
crease their number without compromising yield and were harvested 25 weeks after sowing. 
quality, These cxperimcnts are still ongoing. In Experiment 3. Plover received either 2 sprays 

Short-duration groundnuts (145-150 days) are (9 and 14 weeks after sowing) or 4 sprays (7, 9, II, 
grown by small-scale farmers. Cole (unpublished) and 13 weeks). Harvest was 19.5 weeks after sowing. 
round that four fungicide strays at 2-week intervals, In the 1989/90 season each experiment was done 
starting 8 weeks after sowing, increased yields signif- at two sites: UZ farm (8 km cast of Harare, altitude 
icantly. However, small-scale farmers rarely spray 1480 in, latitude 31*S. longitude i7'45' E) and UZ 
their groundnuts because of the costs involved. The campus plots in Harare. IBoth sites have heavy red 
possibility of reducing the number of sprays to two clay soils. Flamingo groundnuts (Experiments 4 and 
was investigated. 5) received either two sprays (12 and 18 weeks after 

Insect control is vcry important, but the emphasis sowing) three sprays (11, 15, and 19 weeks) or six 
has always been on scouting and applying insec- sprays (11,13, 15, 17, 19, and 21 weeks after sowing). 
ticides only when necessary (Cole 1988). This paper The three fungicides applied were bitertanol 
therefbre focuses on what has been done to reduce (Baycor, 30% cc 0.6 L) + 0.6 L Agridex, teb
fungicide application in the control of groundnut lo- uconazole (Folicur. 25% cc 0.6 L) and procymidone 
liar diseases. (Sumislex, 50% df, 1.5 kg). 

Experiments 6 and 7 were sown to Swallow. Teb
uconazole was sprayed at the same intervals as for 

Materials and methods Flamingo in Experiments 4 and 5. 

A total of seven trials were conducted. Four trials 
included long-duration groundnuts Flamingo and Results 
P 84/5/244; two included the medium-duration vari
ety Swallow, and one a short-duration groundnut, In Experiment I, three sprays of the fungicides were 
Plover. In 1988/89, all experiments were done on Uni- as effective as six (Table I). All the sprayed plots 
versity of Zimbabwe (UZ) campus (altitude 1480 m, yielded better than the unsprayed, but not always sig
latitude 31' S, iongitude 17045' E) on heavy red clay. nificantly so. Tebuconazole increased yield by 1000 
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Table 1. Pod yield of three groundnut cultivars under different spray regimes, University of Zimbabwe 
campus, Zimbabwe, 1988/89. 

Cultivar Fungicide 

Flamingo None' 
All 3 fungicides (mean) 

Vondozeb + thiophanate (mean) 

Bitertanol (mean) 

Tebuconazole (mean) 


SE 


P 845/244 	 None 
Procymidone 
Procymidone 
SE 
Procymidone (mean) 

Plover 	 None 
Tebuconazole 
Tebuconazolc 

SH 
Tebuconazole (mean) 

I. The ctlrol. as anal. ied selaraiel ; S of ± 219.3 isfor the other six values. 

Number of sprays 
Pod yield 
(kg hal ) 

0 
2 
3 
6 

2,3,6 
2,3,6 
2,3,6 

3043 
3628 
3988 
3811 
3659 
3693 
4074 

±218.3 

0 
3 
6 

3,6 

5212 
6050 
5779 
±185.4 
5915 

0 
2 
4 

2894 
3460 
5029 

2,4 
±229.2 
4245 

kg ha', a significant imptovement over unsprayed 
plots. 

Two or three sprays reduced disease significantly, 
but there was least disease in the plots that received 
six sprays. Tebuconazole, followed by bitcrtanol, 
were the most effective in controlling cercospora leaf 
spot. Vondozeb + thiophanate spray resulted inhigher 
yields than in the unsprayed p!cts, but did not provide 
much control of cercospora leaf spot. Web blotch was 
controlled by tebuconazole and bitertanol, but not by 
,.ondozeb + thiophanate. Six sprays kept disease 
levels around l0%-, but even two sprays nearly halved 
the disease level, 

Plants that were sprayed six times with teb-
uconazole or bitertanol were least defoliated, and still 
had 63 and 75% respectively of their leaf at harvest, 
Those that received three sprays were only mar-
ginally more defoliated, whereas unsprayed plants 
lost more than 95% of their leaf. 

Overall, disease and defoliation levels on P 
845/244 were low, and three sprays were as effective 
as six. Three sprays of procynidone increased the 

ayield by 700 kg ha- over the unsprayed plots. Rot
rytis was also controlled, with only the occasional 
stem infected on plots sprayed three times, and none 
on those sprayed six times. 

In Experiment 3, plots that received two sprays of 
tebuconazole showed ayield increase of 600 kg ha-'; 
those that received four sprays yielded 2200 kg ha-' 
more than the unsprayed plots. Two sprays gave fair 
control of cercospora leaf spot, but not web blotch, 
while plots sprayed four times had significantly less 
cercospora leaf spot and web blotch than the un
sprayed plots. Overall, sprayed plots retained more 
than 78% of their leaf, while unsprayed plots lost 
more than 80%. 

Unsprayed Flamingo in Experiment 4 was heavily 
defoliated (89%), but defoliation was reduced to 57% 
with tebuconazole and bitertanol, and to 68% with 
procynidone. Procymidone did not control cer
cospora leaf spot, but very successfully contained 
web blotch. Two sprays had no beneficial effect on 
yield, but yields were greater in plots that received 
three and six sprays (Table 2). 
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All unsprayed plots of Flamingo (Experiment 5) 
on the farm were heavily defoliated (77.5%), but 
those sprayed with procymidone lost only 39% of 
their leaf. Def'oliation was negatively correlated with 
the number of sprays, but plots that received three 
sprays were still significantly less defoliated than the 
unsprayed ones. The yield from plots sprayed three 
times was not significantly less than from those that 
received six sprays. 

Plots of Swallow (Experiment 6) that received six 
sprays of tebuconazole had significantly less cercospora 
leaf spot than any other treatment, but at 0.6 L ha' 
tebuconazole was not very effective in controlling web 
blotch. Plots that had received six sprays were least 
detbliated (59.5 ; of' leaf lost) but even those that re-
ceived three sprays were significantly less defoliated 
(687) than the unsprayed plots (84r7( of leaf lost). 

In Swallow plots on the UZ farm (Experiment 7) 
there was little diftcrence in the incidence of cci-
cospora leaf spot between plots that received six 
sprays and those that received three. Delliation was 
heavy on all plots, aid unsprayed plots were nearly 
completely defoliated (93 , ) at harvest. Although 
plots sprayed six times had the highest yield, the dif-
fcrence in yield between plots sprayed three times 
and those sprayed six times was not significant, 

Discussion 

The maximum yields were obtained when six sprays 
of fungicide were used on long- and medium-duration 
groundnut and four sprays on short-duration ground
nut. However, halving the number of sprays on long
duration groundnuts had a relatively small impact on 
yield reduction (about 300 kg ha-', worth US$ 858) 
when considered in the light of reduced input costs 
(three sprays of tebuconazole cost s 7,' ha-1) and 

-
decreased fungicide use (1.8 L ha saved), but two 
sprays had little effect on disease control and made no 
significant contribution to yield increase. However, 
Kannaiyan etal. (1989) found that one spray of 
thiophanate-methyl + maneb increased the yield by 
24% on long-duration groundnuts in Zambia. 

Plover yield increased by 2200 kg ha-' with flour 
sprays of tebuconazole, which makes it economical to 
spray if all other inputs are in place. However, in the 
communal areas there are vcry low inputs into the 
crop and yields arc correspondingly poor. Inthe comn
mercial farming ;ector, because the seeding rate 
needs to be doubled to attain ayield similiar to long
duration yields, short-duration groundnuts are seldom 
grown; but the potential exists for increasing yield 
through disease control. 

Table 2. Pod yield of two groundnut cultivars under different spray regimes at two locations, Zimbabwe, 
1989/90. 

Number of Pod yield (kg ha") 

Cultivar Fungicide sprays UZ Campus' UZ Farm 

Flamingo None2 0 4403 5371 
All 3 fungicides (mean) 2 4434 5663 

3 5268 6275 
6 4858 6542 

Bitertanol + agridex (mean) 2,3,6 4995 5966 
Tebuconazole (mean) 2,3,f 4938 6058 
Procymidone (mean) 2,3,6 4628 6457 
SE ±905.8 ±526.7 

Swallow None 0 3420 3731 
-.buconazole 2 4085 3993 

3 4287 4531 
6 4361 4646 

SE ±483.5 ±186.5 
Tebuconazole (mean) 2,3,6 4244 4390 

1. L!Z- University of Zimbabwe. 
2.The conlrol was analyzed 'eparately; SEs other %iXof ± 905.8 and 526.7 arefor the values. 
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In these experiments, the application of fungicide 
was spread out over the season. If the sprays are 
applied early in the season the initial infection, which 
ismainly cercospora leaf spot, would be reduced, but 
this leaves the plant very vulnerable to increased web 
blotch infection. 

In the disease control practices recommended to 
farmers in the Oilseeds Handbook (Cole 1988), the 
emphasis is on integrated disease management. The 
Handbook mentions the importance of a good stand 
in the prevention of rosette virus disease, and the 
importance of scouing in the early control of stem 
diseases like botrytis gray mold, Sclerotinia scle
rotiorwn, and Sclerotiuni rolfvii. When these diseases 
occur, infected plants can be spot-sprayed and further 
spread arrested. All the technology for integrated dis
case control of groundnuts exists, and is applied by 
large-scale commercial farmers. What we need to do 
is to find ways for small-scale farmers to implement 
thesc technologies. Ultimately, the aim must be to 
develop cultivars resistant to the diseases, and then 
persuade farmers to adopt such cultivars. As ground-
nut as a profitable crop slowly regains favor, more 

research will be done on integrated pest management. 
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Discussion 

Mamba. Are small-scale farmers using fungicide, 
and will fungicide use be sufficiently economical to 
sustain future groundnut production? 

Cole. Small-scale farmers in Zimbabwe do not use 
fungicide as it is not economicak. However. the sug
gested rates of application are very low, and therefore 
relatively inexpensive and environment-friendly, and 
could contribute to sustainability. 

Subrahmanyam. The results from Zimbabwe, Zam
bia, and Malawi on the use of fewer fungicide appli
cations for control of foliar diseases are very similar. 
This technology should be further evaluated in on
farm trials, which could possibly be organized on a 
regional basis. 

Chiyenhekeza. What criteria did you use to decide 
when to apply the first fungicide spray'? 

Cole. The first spray was applied when the first le
sions were observed. 

Chavula. You suggest that spraying should com
mence only after the first lesions are seen. However, 
in Malawi, the first spray is recommended even be
fore this stage, as it is feared that damage will have 

already been done. Dr Subrahinanyam may wish to 

comment on the Malawi recommendation. 

Subrahmanyam. InMalawi, we give the first spray
when the crop shows about 20% leaf area damage. 

The extent of damage is established by using simple 
schematic diagrams, which are available for use by 
national programs. 

Chiyenbekeza. It is not economical to begin 
spraying before the disease is evident. The Malawi 
recommendation was made because it was feared 
farmers would not recognize the disease until it was 
too late. As farmers become more knowledgeable, 
they will more easily recognize the diseases, and 
management of spraying schedules will improve. 

van Wyk. In South Africa, spraying practices de

pend on the area involved. In areas where there is a 
high risk of leaf spot incidence, a fixed program of 3sprays is reconmended. In low-risk areas, farmers 

are advised to spray on inspection. 

Zengeni. Dr Cole mentioned the incidence of anum
ber of diseases and pests at the two locations. What 
were these diseases and pests? 

Cole. Botrytis, cercospora leaf spot, and white grubs 
were relatively widespread. 
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Soil Insect Pests of Groundnut in South Africa, 
and their Effect on Yield and Quality 

C F van Eeden' 

Abstract 

The groundnut insect fauna of South Africa is poorly known. In a field study conducted during 
1986-90, 23 pest species and 19 potentially beneficial insect species were identified. Five categories 
of subterranean insect damage to groununut were identified. Pod scarification was the most coin
mon type ofdamage, and contributed significantly to the occurrence of defective kernels. The most 
prominent of these defects were UBS (unsound, blemished, and soiled) kernels, usually resulting 
front soil water penetrating the shells at the site of injury. Colonization by certain fimgi was also 
enhanced bys, insect damage to pod shells. The effi'ct ofinsecticide application on yield and grading 
quality was slight, but a favorable cost/benefit ratio ivas obtained with all treatments. 

Sumario 

Pragas de insectos do solo e a seu efeito no rendimento ena qualidade do amendoim na Africa 
do Sul. A fauna dos insectos do amendoinm na Africa do Sul e pouco conhecida. Nun estudo do 
canpo conduzido durante 1986-90. foram identificadas23 e.sp cies de pragas e19 espicies poten
cialnente benificas. Cinco categorias do danos causados por insectos do solo foranm identificadas. 
A escarifica'dzo da vagem fiaiotipo de dono mais conuin, tendo contribuido significativantente para 
a ocorrncia de grios difeituosos. Grios UBS (real fjormados, nmatchados e sujos) resultantes da 
penetrajaoda dgua do solo na vagemn, atrav;sdo local do dano ( o defeito itais proemninente. A 
colonizacdo dos grdios por certos fiagos, fji agidizadaplos donos cousados por iIsectos has 
vagens. 0 efi'ito da aplica'ai3dos insecticidas, qter no rendimento quer na qualidade do grdo, foi 
ligeiro, inas tana razO(o custoibeneficiofatvordvelfaiobtida con todos os tratanientos. 

Introduction * Establish the type and extent of insect damage; 
@ Identify which insects were responsible; 

Groundnut entomology has long been neglected in * Estimate the effect of the damage on yield and 
South Africa. Most previous reports on groundnut grading quality; 
insects were incidental in nature (U-Roi:x 1965, Sell- ? Formulate viable control wheremeasures 
schop 1965. Dirkse Van Schalkwyk :)68), the excep- necessary. 
tion being a study of the grouridnut aphid Aphis The highlights of this program are presented in 
craccivora by Myburgh (1971). Since producers, this paper. 
breeders, and agronomists all roticed insect damage 
to groundnut, especially to tie pods, and realized the Materials and methods 
need for entomology research in this field, a research 
program was initiated in 1986. The aims of this pro- The nature and abundance of the groundnut insect 
grain were to: fauna were assessed by weekly sampling over 5 years 

I. Higheld Agricul:ural Development tnstitute. Private ttag X804. Ptchefstroom. Republic of South Africa. 
van Eeden, C.F. 1994. Soil insect pests of groundnut inSouth Africa. and their effecton yield and quality. Pages 62-65 inSustainable groundnut
production insouthern and eastern Africa: proceedings of aWorkhop. 5-7 Jul1994. Mhabane. Sv.atiland (Ndunguru. B.J.. Hildebrand. G.L.. 
and Stibrahmanyamn. P.. eds.). Palancheru 502 324. Andhra Pradesh. India: the Semi-Arid Tropics.International Crops Research institute fir 
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in four commercial groundnut fields, using four sam-
pling techniques: soil sampling, pitfall trapping, 
sweeping, and malaise traps. Simultaneously, plant 
samples were taken and the pods examined for insect 
damage. The critical time of damage was established 
and the most important insect group at the critical 
time determined. The visible elfect of shell damage 
on the kernels was described, and invisible fungus 
infection investigated. The effect of several chemicals 
(and the economic viability of their use) on the yield 
and grading quality of' kernel, was investigated. 

Results and discussion 

Twenty-three pest species (mainly Coleoptera) and 19 
potentially benelicial insect species were identilied 
(van Ecden et al. 1991). The Curculionidae (mo;tly 
IlrotostrOl/ss aumlicollis) %'.ere the most prominent 
group of epigeal pests, with a prominence value (PV) 
of 963.8; the Scarabacidac were the most prominent 
subterranean group (PV = 103.9). The most promi-
nent epigeal predators were the l.abiduridie (PV = 
6786.8). and the Carabidae the most prominent sub-
terranea;n predators (PV = 52.1). 

The prominence value is an index indicating the 
abundance and timespan ol'occurrcnce ol'a particular 
taxon. It was calculated as PV = D x VF-- 10, where 
D = population density and F = frequency of occur-
rence. The total number of individuals belonging to a 
specilic taxonomic group found in all samples over 
the season was indicative of population density. Fre-
quency of occurrence was indicated by how often a 
specilic taxon was encountered in the total number of 
samples per season. Prominence values allowed us to 
rank dilerent taxons in the complex of insects ac-
cording to their prominence, thus giving an index of 
abundance and timespan of occurrence of each tax-
onomic group within the complex. 

Five categories of subterranean damage to 
groundnut were identilied: damage to newly sown 
seed, peg damage, damage to young devdoping pods, 
pod shell damage, and kernel damage. Pod scarifica-
tion was the most common type of' damage in this 
study, accounting for 12%' of all pods. Ilowever. ter-
mites were conspicuously absent; according to 
McDonald and Harkness (1963), termites cause pod 
scarification in Nigeria. False wireworms caused 
mostly pod scarification in the study area, conlirming 
the findings of Feakin (1973). 

Although scarified pods yielded sound kernels in 
some cases, pod scarification contributed significantly to 
such kernel defects as ablactated (prematurely weaned), 

prematurely germinated, fungus-infected, and U13S (un
sound, blemished, and soiled) kernels. UBS kernels 
were blemished mostly by water stains, owing to soil 
water penetration of pods at the site of injury. 

In a laboratory study, no significant differences in 
fungal colonization of shells were found between 
damaged and sound pods. However, fungal coloniza
tion of kernels was signilicantly higher in uaniaged 
pods (1991: 28.6 and 6.5 colonies per I00 plates, 
P<0.001; 1992: 63.7 and 7.4 colonies per 100 plates, 
P = 0.001). Sch'rotium rolfvii, Aspcrgillus spp, Fu
sarium spp, and Penicilliumspp appeared to benefit 
most (in ternm' of increased colonization) from insect 
damage to the pod shells. It became evident that, in 
South Africa. insect damage affects grading quality 
more than it alfects yield. 

In chemical trials over 3 years, yield increases 
resulting Irom insecticide application were disap
pointing in general. In spite of a general increase in 
yield for all treatments the results were not significant 
(P - 0.05) in 1991/92, when the greatest yields were 
obtained. Significant yield increases were obtained 
with benfuracarb LS in 1990/91, and bcnfuracarb EC, 
oxamyl, fenamiphos, and terbufos treatments in 
1992/93. Although the last three compounds also re
duced Scarabaeidae larval numbers during 1991/92 
and 1992,93. signilicant yield increases were ob
tained with them only in 1992/93, which was the 
poorer season, indicating that damage by Scar
abaeidae might be more detrimental to yield in less 
favorable seasons. Since these three compounds are 
nemnaticides, the increase in yield possibly resulted 
from nematode control in 1992/93. 

No significant differences (P - 0.05) in grading 
quality' were observed between the control and the 
treatments in either 1990'91 or 1991/92. The best re
suit obtained in 199091 was with furathiocarb (156 g 
edible kernels 2(X) g I vs 144 g in the untreated con
trol). In 1991,'92 the best result was obtained with 
furathiocarb + benfuracarb EC (165 g vs 161 g in the 
untreated control). In 1992/93 both benfuracarb LS 
and terbufos treatments yielded significantly less (P 
0.05) edible kernels (143 and 146 g 200 g"1) than the 
control (156 g). A possible explanation for the poor 
results obtained on grading quality might be that some 
severely damaged pods in the untreated control deterio
rated and were not recovered at harvest. Since grading 
quality was assessed on subsamples of pods at harvest, 
the detrimental effect of pod damage on grading qual
ity could be more obvious in treated plots. 

Although insecticide application resulted in no 
consistent increases in either yield or grading quality, 
a consistent increase in net profit was obtained wit; 
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Table 1.Fconomic benefit from the use of insecticides, measured in terms of extra profits over untreated 
control, South Africa, 1990-93. 

Treatment 1990/91 

Furathiocarb FS 1025.22 
Thiodicarb FS 361.02 
Benfuracarb LS 844.43 
Furathiocarb FS + benfuracarb EC 124.60 
Benfuracarb EC 251.15 
Lambda-cyhalothrin EC 169.88 
Oxamyl SL * 
Fenamiphos EC * 
Imidachloprid WS * 
Terbufos GR * 
Gamma-BHC DS 195.43 

Mean 424.53 

Chemical compound no uWed. 

all the chemicals used (Table I). These increases were 
probably due to the additive effect of slight improve-
ments in both yield and grading quality. General rec-
onmmendations on the use of insecticides on 
groundnut would, however, be risky at this stage. 

Conclusions 

Under normal conditions insect pest populations arc 
too low to warrant the use of chemical control to 
improve yield and/or quality. However, further re-
search into the timing of insecticide application (e.g., 
at pegging or 90 days after sowing) and type oftchen-
icalis needed. An effective scouting procedure for 
soil insects needs to be developed in order to calculate 
threshold values, and to facilitate proper decision 
making, 
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Discussion 

Zengeni. Could you comment on the economic im
portance of the CMR beetle, which is widespread 
where I work, at Sigaro in Zimbabwe. 

van Eeden. The pest is not of economic significance 
in our area. 

Cole. You mentioned white grubs as being an impor
tant pest. Did you find root damage associated with 
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white grub infestation? In Zimbabwe, the first sign of 
white grub infestation is small, stunted plants as a 
result of damage. Pod damage appears to be 

secondary. 

van Eeden. We have not seen any root damage. 

Subrahmanyam. Did you estimate the levels of af-
latoxin contamination in damaged and undamaged 
pods? Pre-harvest pod damage is known to predis- 
pose groundnut pods to A.spergillus flavus invasion 
and allatoxin contamination. 

van Eeden. We did not assess aflatoxin levels, but we 

did look at predisposition of damaged pods to 

A. flavus invasion. Although A. flavus (and A. para
siticus) infestation levels were increased significantly 
by insect damage, pod damage resulted in much 
greater A. niger infestation; but this species does not 
produce aflatoxin. 

Ntare. In West Africa, termites and millipedes are 

the principal soil pests of groundnut. The damage 
they cause to pods (scarification) predisposes pods to 
A. flavus invasion and subsequent aflatoxin contain
ination. It is interesting to note that you do not have 
similar problems in South Africa. 

van Eeden. I work mainly in the cooler regions of 

South Africa, where we do not see termites. However, in 

the warmer areas they are reported to be aproblem. 
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Strategies for Control of the Peanut Pod Nematode 
on Groundnut in South Africa 

C Venter' 

Abstract 

The peanut pod nemnatode (Ditylenchus destructor Thorne) causes severe quality,losses in groundnt
in South Africa, with correspondingly significant economic losses. The nematode has a specialized
disease cycle on the groundnutplant, which must be understood when iplanningcontrol strategies.

Prior to sowing, nentatode build up in the soil can be prevented using general weed and fingal


t
control. The soil (i(taho) be treated with regi.stered nematicides. Nematophagou figi are curs
rently being studied for use as biocontrol agents. Resistant cultivars should be used. Low-toxicity

products are also bring screened for use in seed treatonents. The nematicides registered for use at

peggin, should be effective in controlling the nenatode until t' 
e pods have lignified. Timely

harvesting should yieh hul stubble and seedfree of survival stages of the nentatode. 
The selection
of disease-free sied fir sowing is another ke"% control strategy. Although sonte of these control 
strategies are already available, tie tuniatode is not vet tunder control at a national level. Those

strategiesnot yet available must be developed and used in a broadprogram of integrated control.
 

Sutndrio 

Esat'tgiaspara o controlo do nemdtodo da vaget do amendoia na Africa do Sul. 0 nematododa vagent (o anendoimt(Ditylenchus destructor Thorne) causa severas perdas de qualidade no

atnendoint .n consetilenteite significativas perdas economnicas.l ste neniatodo
Alfiica (/o Sul e 
tin taonciclo eslecializadto na planta do animendoin, o qual i/eve ser conhecido aquando da 
planificaj'do c/asestraft;ias (It,controlo. Antes (la planta-do, un increincnto na po/iila-o de
nniaotodos no solo pode ser rievenie/n
e.nando nlitod/ns de controlo gerais para as infi'stantes on
fungos. 0 solo tanbint iope ser tratado con tiemalicidas registradas. Fongos nentatofigos estio 
actualnentie a ser estldados araluao oino a01
,entis bio-controladores.Ctdtivares resistentes deveni 
ser usados. Produtlos de bai.xa taxicidodle pan serei isaos no trataiento di' senieites, tanibei
estio a ser testadns. Os nenotalicidas registados parn uso no periodo de'forniaiw' doas hastes, deveni 

que' asser efectivos tiocontrolo de nentotado( ate; vagens linhifiquen. Colheita atentpoda d/'ve 
produzir materialfivre de estcigios de sobrevivi'ia do i'nitodo. A se,'do de materiallivre dedoei'aspara a ilantaliio,(;a estrati;giacuv' nocontrolo(eI'doc'i-asde transnissdo par seeti(Oti.
Enbora, a/guinas destas eslrati gias d control' est(jain disponiveis o neinatodo ainda ni/o esti,
sob controlo a nfi'el nacional. As estra(;gias, ainda ni/o disponiveis deven ser desenvolvidas e 
u1sadas owni anplo /)rograona de controlo integrado. 

I. Oil and Protein Seed. Centre. Grain Crop, Intiiutc. Private lBagX1251. Potchefstroom. 2520. South Africa. 
V'enter, C. 1994. Strategic% for controlofthe peanut pod nernatode in South Africa. Page% 66- 68tin groundnut inSulainable groundnutproduction insouthern and c.ietern Africa: proceedingp ofaWorkhop. 5-7Jul 1994. Mbabane.Swaziland (Ndunguru, .. Hildebrand, G.L.,and Subrahmanyam. R. ed%..Palanchcru 502 324. Andhra Pradesh, India: International Crop, Research Intitutefor theSemi-Arid Tropics. 
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Introduction 

Economic impact. The peanut pod nematode (Di-
t'lencus destructor Thorne) is currently the most im-
portant nematode pest on groundnut in South Africa. 
It has been found in all the major groundnut produc-
tion areas, and causes more than R 15 million (- USS 
4.2 million) worth of damage every year. Although 
the nematode may be found in the soil and in ground-
nut roots, 90% of the population is found within the 
pods at harvest. It causes a bruise-like discoloration 
of the hull, the kernel testa becomes discolored 
(blemished), and the kernels may sprout within the 
closed pod (unsound). The percentage of blemished 
and unsound kernels in a consignment delivered by a 
farmer is a major factor in determining the grade of 
groundnut in South Africa. Choice Edible grade is 
worth approximately R 1500 t -1, Standard Edible 
grade approximately R 1200 t- (a price decrease of 

-
15%), and Crushing grade about R 500 t1(a 65% 
price decrease). This downgrading of produce is the 
major economic impact of the nematode. 

i)isease cycle. The peanut pod nematode may sur-
vive the winter in hull stubble in the soil. Clean 
groundnut seed sown in this infested soil may there-
fore become affected. The nematode is also seed-
borne, surviving in large numbers as eggs in the seed 
testa. Sowing infested seed, even in clean soil, will 
also result indamage. 

The nematodes survive in the soil until the 
groundnut pegs enter the soil and enlarge into pods. 
The nematodes then penetrate the developing pod at 
the peg connection and migrate through the soft tis-
sues of the hull, and eventually into the developing 
seed. Once the nematodes are in the pod they are out 
of reach of nematicides or natural enemies restricted 
to the soil. 

During maturation of the pods, part of the tneso-
carp of the hull becomes lignified. This occurs around 
91 days after sowing in the cultivar Sellic. After this 
stage the nematode appears to be unable to penetrate 
into the inner tissues of the pod, and the kernels are 
protected. 

As the disease cycle ends the nematode lays eggs 
in increasing numbers in the hulls and seeds, and 
enters anhydrobiosis (an over-wintering survival 
mechanism). Pod stubble left in the field becomes a 
primary source of re-infestation the next season. Sim-
ilarly. the survival of the nematode in groundnut seed 
is also a primary factor in its spread from field to 
field. 

Presowing control strategies 

Nematicides (available). Three nematicides are cur
rently registered inSouth Africa for use on groundnut 
at sowing: Counters (turbofos), Nemacur® (phe
namiphos), and Temik ', (aldicarb). These nernaticides 
can be rather expensive, and may be inconsistent in 
the control they provide, particularly under dryland 
groundnut production. 

Sanitation methods (available). Hosts for the nema
tode include weeds, fungi, and volunteer plants (of 
groundnut and other crops). Weeds include white 
goosefoot (Chenopodium albiun), goose grass (Ete. 
usine indica), purple nutsedge (Cyperus rotundus), 
jimson weed (Datura stramonium), feathertop chloris 
(Chloris virgata), cocklebur (Xanihiumn strumarium), 
and khaki weed (Tagetes rninuta). Volunteer plants 
include those of wheat, sunflower, lupin, drybean, 
cowpea, soybean, alfalfa, cotton, tobacco, pea, and 
particularly maize and grain sorghum. The nematode 
can also feed on a wide range of genera (and 64 
species) of both pathogenic and non-pathogenic fungi, 
including Chalara, Penicillium, Phytophthora, Asper
gil/us, and Fuvariumn. General control of weeds, vol
unteer plants, and fungi is important in controlling the 
presowing build up of the nematode. Greenhouse tri
als have shown that a population of only 50 nema
todes plant j (inoculated 3 weeks after sowing) can 
give adowngraded yield. 

Biological control (under development). Farmers in 
the northern Cape region of South Africa, who have 
grown groundnut in monoculture for up to 30 years, 
claim that the peanut pod nematode has sponta
neously disappeared and is no longer a problem in 
these fields. With the hope that these soils had be
come suppressive as a result of the build up of nema
tophagous fungi, tests were carried out to isolate these 
fungi from these and other soils. 

Sixteen fungi were identified. Of the four species 
that can be cultured, Monacrosporium cystosporuni 
(Drecher) Subroni. appears to be the most aggressive 
against the peanut pod nematode, trapping the nema
todes in a three-dimensional trap network. This fungus 
has also been isolated front nematodes extracted from 
groundnut hulls, indicating that it is capable of spread
ing into the groundnut pod. This is a promising obser
vation, since the nematode is able to escape the other 
natural enemies confined to the soil simply by pene
trating the pod, where it can multiply freely. Mon
acrosporiunm cystosporun should therefore receive 
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attention in future research on developing a commer-
cial biocontrol product, 

Control strategies at sowing 

Resistant cultivars (available). The cv Sellie, and 
other cultivars that were available when the peanut 
pod nematode was discovered, are very susceptible to 
the nematode. Recently. however, a fairly nematode-
tolerant cultivar, Kwarts, has been released for comi-
mercial use. Seed is now being multiplied to meet 
farmers' needs. Other groundnut lines that show 
promise of resistance include: PI 295233, US 40-I, 
PC 205 D13, and SW I. 

Seed treatment (under development). Currently, 
several low-toxicity products are being tested for their 
efficiency as seed treatments in controlling the peanut 
pod nematode. Promising products will be tested for 
the most efficient application rate, and eventually be 
developed for integration into acontrol program. 

Control strategies at pegging 

Nematicides (available). Two nematicides are cur-
rently registered in South Africa for use on groundnut 
ator around the pegging stage: Temik 5 ' (aldicarb) at 
35 days after sowing, and Vydate (oxamyl) at peg-
ging. These products are active for about 42 days 
after application, and should therefore protect the 
pods and kernels until the pods have lignificd. By 84 
days after application the residue disappears and the 
groundnuts can safely be caI.1. 

Control strategies during maturation 

Enhanced pod lignification (under development). 
The mesocarp of the hull gradually lignifies with ma-
turity, until it is fully lignified around 91 days after 
sowing. The lignified layer in the hull then forms a 
barrier through which late nematode infestations can-

ripening of the pods. Increased numbers of eggs arc 
found with delayed harvest. Timely harvesting will 
allow the hulls and kernels to dry before eggs are 
laid; such hull stubble and seed (for sowing) will 
therefore be largely free of survival stages of the 
nematode. 

Avoiding harvest waste (available). Many farmers 
delay harvesting to allow maximum kernel fill, par
ticularly when symptoms of nematode infestation are 
not prominent. The danger then exists that the hull 
stubble will be asource of re-infestation. All posthar
vest waste and shell debris left on the field during 
harvest should be removed from the field, wherever 
possible. 

Control strategies during seed selection 

One of the key strategies in the control of any seedborne 
disease must be the production of disease-free seed. 

Staining of symptomless seed (under develop
ment). Many kernels are lightly infested and do not 
yet show symptoms. Greenhouse trials have shown 
that an infestation of only 20 nematodes seed-' can 
downgrade yields. Even lightly infested kernels must 
therefore be discarded. A nmet'hod is currently being 
developed to stain the chemical products of nematode 
damage, in the kernel testa. This stain will be used to 
identify seed that is infested but shows no symptoms 
of infestation. 

Conclusions 

Although a range of effective control strategies is 
available, the peanut pod nematode is not under con
trol at a national level in South Afiica. It is evident 
that a wider range of strategies in a broad program of 
integrated control must be developed. These should 
include cultivars with greater resistance, biological 
control methods, production of disease-free seed, and 

not penetrate. Many factors may enhance pod lig- the development of effective seed treatments. 
nification, including additional calcium and other 
fertilizer supplements, and some hormone treatments. 
Currently, trials are being carried out to test the effi-
ciency of these supplements in reducing late nema
tode infestations. 

Control strategies at harvest 

Timely harvest (available). The survival mecha-
nisms of the peanut pod nematode are initiated with 

Discussion 

Luhana. You mentioned the use of biological nema
tode control, for example using a fungus. Will the 
fungus not reduce pod and seed quality if it penetrates 
the pod? 

Venter. Biocontrol is a fairly new field. We still need 
to establish the effects of the use of such measures. 
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Natural Plant Products for Control of Groundnut Pests 

in Zambia 

P H Sohati t and S Sithanantham2 

Abstract 

Field experiments were carried out during 1990-94 at Msekera Research Station, Zambia, to 
compare the recommended chemical insecticides with two botanicals, against the soil pests of 
groundmt (Arachis hypogaea). Furadan 10 Ga and Dursban® were applied to the soil as granules 
either as single (loses (/ kg a.i. ha-') at sowing or two split doses (0.5 kg a.i. ha-' each) at sowing 
and 8 weeks later as a side-firrow application. Dursbans was also tested as pre-sowing s,-ed 
treatment (6 mL a.i. kg "1 seed). The botanicals tested were Toona ciliata as leafpowder (60 kg ha-1) 
and as leafextract (/00 ntL of 100(7c. leaf extract kg"1 seed), and Tephrosia vogelii leaf powder (60 
kg a.i. ha-'). All the chemical insecticides were effective against termites and pod borers except in 
the 1992/93 season. Among the botanicals, T. ciliata leaf extract as seed treatment showed the 
potential to substitute for chemical insecticides for the control ofsoil pe'ts ofgroundnut. 

Sumdrio 

Produtos naturais das plantas para o controlo das pestes do amendoim na Zambia. Ensaios do 
campo foram realizados durante o periodo 1994 na Estaf'do de Investigafdio Msekera na Zambia, 
para conparar os insecticidasquitnicos recomendados coin dois botdnicos, contra as pestes do solo 
que atacam o anendoin (Arachis hypogaca). Furadan lOGP e Dursban-'foram aplicados no solo 
como granulas, como aplica '6es finicas (1kg m.a. ha-1) durante asementeira ou conto duias doses 
(0.5 kg m.a. ha- cada) durante a sententcira eoito senanas mnais tarde como una apliCacdo nos 
fidcos aolado. Dursban fiti tanbenm testado cotno tum tratanento para a semente anites da semen
teira(6 mL mn.a. kg'1 senente). Os boidnicos testadosforamn Toona ciliata como folhas em p6 (60 kg 
m.a. ha-' ). Todos os insecticidas qunicosforaniefetivos contra termitase b ocadoras das vageus. 
Con exe5'do da estafdo (t, 1992/9.3. Entre os botdnicos extratos das folhas de T. ciliata como uns 
tratanentos da senente apresentaram potencialidade de substituir os insecticidas quhnicos para o 
controlo das pesres do solo que atacant amnendoin. 

Introduction While resistant varieties are the most durable and 
economical means of minimizing pest-related losses 

Most of the groundnut (Arachis hypogaea) produced on groundnut, short-term strategies can be a useful 
in Zambia is grown by resource-poor smallholder supplement. Among a large number of such plants 
farmers. It is therefore important that pest control recently studied is Tephrosia vogelii tli.,k f. (Family: 
measures are relatively simple, cheap, effective, and Leguminosac), a known source of rotenoids (Gaskins 
available to these farmers. Most of the synthetic in- et al. 1972, Kaposhi 1992). Both T vogelii and Toona 
secticides used to control groundnut pests are expen- ciliata M.J. Roern. (Family: Meliaceae) were evaluated 
sive and incompatible with integrated pest against the major groundnut pests in Zambia, and the 
management programs. results are discussed in this paper. 

1. Msckera Research Station. P 0 tlBo 510089, Chipata. Zambia. 
2. Iniernational Centre tof Insect Physiology and FEcology (1011F). Kwale-Kilifi Project. 1 0 Bto%83254. Mombasa. Kenya. 

Sohutl, P.II., and Stthunantham, S. 1994. Natural plant pnrducis for control of groundnut pests in Zambia. Pages 69-72 in Sustainable 
groundnut production in southern and eastern Africa: proceedings of a Workshop. 5-7 Jul 1994. Mbabane, Swaziland (Ndunguru. B.1.. 
Hildebrand. G,... and Subrahm. "yam. P.,eds.). Patancheru 502 324. Andhra Pradesh. India: International Crops Research Institute fir the Semi. 
Arid Tropics. 
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Materials and methods 

The trials were conducted at Msekera Research Sta-
tion in Eastern Province, Zambia, located at latitude 
13'39' S, longitude 32'34' E, 1025 m above sea level; 
annual rainfall is 1050 mm. A randomized complete 
block design with four replications was used. Plot 
size was two rows of 4 m, with a spacing of 75 x 10 
cm. 

The chemical insecticides (Furadan 10 G' and 
Dursban®) recommended for the control of soil insect 
pests were compared under different methods of ap-
plication, along with leaf'extracts and dry leaf powder 
of T.ciliata and T vogelii. Furadan and Dursban were 
applied to the soil as granules either as single doses (I 
kg a.i. ha-') at sowing or two split doses (0.5 kg a.i. 
ha-1 each) at sowing and 8 weeks later as side-furrow 
application. Dursban was also tested as a pre-sowing 
seed treatment (6 niL a.i. kg-' seed). 

Dry leaf powder formulation 

Mature leaves of T. vogelii were selected for the study
because earlier observations by Gaskins et al. (1972)indcasedeaie observains by90T .( 2akins 

inaeswereolleted t in evenin
80-90% roteno.Th 
leaves were collected i'i the evening from 24-month 

oldalowelans adtodry n te sade.Thedry
old plants and allowed to dry in the shade. The dry 
lieave ed trlea morr adusingalocalsinve. ahe a 
sieved using a local sieve. The dry leaf powder ob-
taimed after sieving was applied in the furrow at sow-
ing @ 60 kg ha-1 

Fresh leaf extract formulation 

Fresh leaves were collected as above and 10 kg 
weighed out. The samples were pounded in a tradi-
tional mortar and soaked overnight in an equal weight 
of water. The mixture was filtered through a 'mutton' 
cloth, and the filtrate used to treat groundnut seed at 
100 mL kg-'. The treated seeds were sown 
immediately. 

Observations on pod scarification by termites and 
pod damage by borers (fale ,,,ireworms, wireworms, 
white grubs, and millipedes) were recorded at harvest 
on a vi.'-.al rating scale of 1-9, where I - 0% pod 
damage, 2 - 1-5%, 3 - 6-10%, 4 - 11-20%, 5 - 21-
30%, 6 - 31-40%, 7 - 41-60%, 8- 61-80%, and 9 
>80% pod damage. Kernel yields were also recorded, 
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Results and disussion 

The results are summarized in Table I. In Makulu 
Red, pod scarification by termites was controlled 
most effectively by Dursban seed treatment, followed 
by Dursban single dose and T. ciliata leaf extract seed 
treatment. All treatments resulted in improvements, to 
varying degrees, over the untreated plots. Wightman 
(1989) reported that termites were responsible for 5
9% pod damage in Eastern Province. 

In the 1990/91 season, T ciliata leaf extract seed 
treatment provided the best protection against pod 
damage by borers in Makulu Red, followed closely 
by Dursban applied as asingle or split dose to soil or 
as seed treatment. Other treatments were less effec
tive, but still resulted in less pod damage than in 
unprotected plots. All t:,e treatments resulted in sig
nificant increases in kernel yield over the control (931 
kg ha-'). The increases ranged from 16 to 26% (182
322 kg ha-'). Dursban seed treatment was superior to 
the other treatments. 

All treatments were relatively less effective 
against pod borers during the 1992/93 season. This 
may be due to excessive rainfall that season (Table 2), 

and consequent leaching of insecticides. 
In 1993/94, an improved groundnut variety, MGS3, was used instead of Makulu Red. The single dose 

of Dursban applied at sowing gave the best protection
aantplbrrdmg.floe ytesltds
against pod borer damiag, followed by the split dose 
of Dursban. Kernel yields were generally low, with 
the Furadan single dose treatment giving the highest 
yields (497 kg ha-'), followed by T.vogeii leaf pow
de(44kha'.Telwylswrepobydu
det (404 kg ha-). The low yields were probably due 
to a dry spell during the podding and seed-filling 

stages (Table 2). Under normal rainfall, MGS 3 
kernel yields are 1.5-2.5 t ha-'. 

These results show the potential of T ciliata leaf 
extract as seed treatment to protect groundnut pods 
from damage by termites and p,' borers (false wire
worms, wireworms, white grubs, and millipedes). 
This form of seed treatment is normally inexpensive 
and would be suitable for small-scale farmers, who 
require cheap and simple means of pest management. 
Toona ciliata is widely grown in Zambia as an orna
mental, and can easily be used in integrated pest man
agement programs. Damage to pods, especially 
scarification by termites, affects seed quality, causing 
increased contamination by Aspergillusflavus and re
duced germinability (Kannaiyan et al. 1989). Appro
priate treatment, when used in conjunction with 
recommended cultural practices, can yield excellent 
results. For example, when harvest was correctly 
timed in Makulu Red, pod damage by soil pests was 

http:vi.'-.al
http:roteno.Th


Table 1. Efficacy of chemical and botanical insecticides against soil pests of groundnut, tested on two 
cultivars, Msekera Research Station, Zambia 1990-941. 

Pest damage score (1-9 scale) 2 

Pod 
scarification Pod damage by borers Kernel yield (kg ha-') 
by termites Makulu Red Makulu Red 
Makulu Red MSG 3 MSG 3 

Treatment 1990/91 1990/91 1992/93 1993/94 1990/91 1992/93 1993/94 

Furadan (single dose) 2.8 3.8 5.0 3.5 1220 1445 496.6 

Furadan (split dose) 3.0 3.5 - - 1129 - -

Dursban (split dose) 2.8 2.8 4.5 2.5 1444 1447 364.4 

Dursbaa (seed treatment) 1.8 2.5 4.5 4.0 1253 1248 369.2 

Toona ciliata leaf extract
 
(seed treatment) 2.3 2.3 4.0 3.5 1203 1476 390.9
 

Toona ciliata leaf power
 
(single dose) 2.3 4.0 5.5 3.5 1113 1274 357.0
 

T'phrosia vogeii leaf
 
powder (soil treatment) - - 5.0 4.0 - 1422 403.8
 

Untreated control 4.5 5.3 4.5 4.0 931 1495 375.0 

st.' ±0.3 ±0.2 ±0.7 ±0.6 ±46.1 ±82.2 ±39.0 
Mean 2.8 3.3 4.9 3.5 1151 1406 386.9 
CV (%) 25.0 14.2 28.8 31.5 8.0 11.8 20.2 

Sowing dates: 199091 -- IIDec. 1992/93 - 14Dec. 1993/94 - 23 Dec. 

I. Dala shiwn for 3 ,ca.on,; droughl in 1991,92 caued total crop failure. 
2. I - 0% pot damage. 2 - 1-5%. 3 - 6-10%. 4 - 11-20%, 5 - 21-30%. 6 - 31-40%. 7 - 41-60%. 8 - 61-80%, 9- >80%;pod damage. 

Station, only 9%, while a delay in harvest by 3 weeks led to 

Table 2. Rainfall at 1sekera Research 16-22% pod damage.
 
Chipata, Zambia, 1990-94. Future research will focus on the evaluation of
 

Total rainfall (mm) other botanicals-for example, Swarizia mad

t 9agascarensls (Family: Papilionoideac), which hasMonth 1990/91 1991/92 1992/93 1993/94 been reported to be effective against termites. It will 
Sep 0.6 - - - also look into the shelf life of promising botanicals, 
Oct 4.6 29.2 - - since sonic of them are unstable in the presence of 
Nov 41.3 121.1 73.0 50.2 sunlight, air, and moisture. 
Dec 167.8 301.3 336.1 137.9 
Jan 267.8 105.4 260.0 235.5 
Feb 163.8 39.7 306.9 111.6 References 
Mar 113.2 224.2 243.5 11.2 
Apr 19.2 2.8 117.4 13.1 Gaskins, M.H., White, G.A., Martin, F.W., Delfel, 
May - 2.1 - - N.E., Ruppel, E.G., and Barnes, D.K. 1972. Tep-
Total 778.3 825.8 1336.9 559.5 hro-.a vogelii: a source of rotenoids for insecticidal 

u rand piscicidal use. USDA Agricultural Research Service Technical Bulletin no. 1445. 
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Discussion 

Zengeni. Is Toona ciliata indigenous to Zambia, and 
is the species easy to grow? 

Sohati. The species is exotic and is widely grown in 
Zambia a- an ornamental. It can be easily propagated 
vegetatively. 

Venter. Is Tephrosia vogelii a weed, or can the pods 
be eaten? 

Sohati. It is not considered a weed, but neither is it 
eaten. It is used primarily as a toxin; in addition, 
being a legume, it will enhance soil fertilization. 

Ntare. How did you ensure uniformity of insect in-
festation in your fields? 

Sohati. It is difficult to ensure uniformity of soil 
pests, but we applied cowdung to attract termites and 
white grubs. 

Ntare. To what extent does cowdung attract 
termites? 

Sohati. Cowdung increases termite activity in the 
field, and thus improves the uniformity of infestation. 
We have not quantified the increase in infestation. 

van Wyk. Has the active ingredient in Toona ciliata 
been identified? 

Sohati. The compon..it from Tephrosia vogelii has 
been identified, but not the one from Toone ciliata. 

van Wyk. I would suggest collaboration with groups 
(e.g., in South Africa) with access to the proper tech
nology for identification of active ingredients of bio
control agents. 

van Eeden. It would be worthwhile to test these nat
ural products under controlled conditions in the labo
ratory. I appreciate the difficulty involved in working 
on soil pests, which, being underground, cannot be 
seen. 

Sohati. The point about laboratory studies is valid, 
but the necessary facilities are not available at our 
research station. 

Subrahmanyam. Did you examine the effects of 
spraying Tephrosia and/or Toona leaf extract on con
trol of foliage-sucking pests? 

Sohati. Yes; both leaf extracts are very effective 
against aphids, jassids, and thrips. 

Mpanza. How is the 60 kg ha-' of leaf extract pre
pared-is it mixed with water? 

Sohati. With Tephrosia vogelii the leaf is picked 
early in the morning or late in the afternoon, and 
dried. It is then finely ground using traditional means 
and applied into the soil. 

72 



Evaluation of Foliar Disease Resistant ICRISAT Groundnut 
Varieties in KaNgwane, South Africa 

C Mathews and B D A Beck' 

Abstract 

Groundnut (Arachis hypogaea) is the most important legume crop grown by resource-poor small
holder farmers in theformer KaNgwane Lowveld region of the Eastern Transvaal Province ofSouth 
Africa. Replicates of the fourth International Foliar Disease Resistance Groundnut Variety trial 
1989 (IV.IFDRGVT-89) using the local standard cultivar Sellie as a control, were tested during 1991
93 at two locations in KaNgwane. Nine ICRISAT varieties were selected and compared with Sellie in 
a further four trials (1992-94). A joint analysis of the seven trials conducted during 1991-94 
showed significant pod yield superiority (P <0.05) of35% in ICGV 86590 an 131% in ICGV 86594, 
over Sellie (1.93 t ha'1). Superiority in seed yields was not significant, as a result ofpoor pod filling 
in almost all ICRISAT varieties (except ICGV 87123 and ICGV 87240). All ICRISAT varieties had 
significantly lower (P <0.001) disease scores than Sellie. Sellie and ICGV 87123 matured in 132 
days, while the other varieties took up to 15 days longer. Significant differences (P < 0.05) in yield 
andfoliar disease scores were also recorded between seasons. 

Sumario 

Avaliarii de variedades do ICRISAT corn resistincia a doenfas das folhas do amendoim em 
KaNgwane, Africa do Sul. 0 amendoim (Arachis hypogaea) e a mais importante leguminosa 
plantada pelos pequenos agricultores em Kangivane, na regid do Lowveld, a leste da Provincia do 
Transvaal, na Africa do Sul. Repetifies do Quarto Ensaio Internacional de Variedades de 
Amendoim coin Resistincia a Doen'as das Folhas - 1989 (tV.IFDRGVT-89), usando, como controlo 
local, o cultivar Sellie, foi conduzido durante os anos de 1991/93, em dois locais no Kangwane. 
Nove variedades do ICRISAT foram seleccionadas con base na cor da semente, rendimento de 
vagem e rcsistincia (I mancha precoce da folha e 6 ferrugen, tendo sido, mais tarde, comparadas 
coin Sellic em quatro ensaios em 1992-94. Urea an6lise conjunta dos sete ensaios condizidos 
durante 1991-94, mostraram aumento significativo no rendimento de vagem (P < 0,05) de 35%, com 
ICGV 86590, e31%, coin ICGV 86594, acimna do rendiniento de Sellie (1,93 t ha-'). Contudo, os 
aumentos no rendimento de grdo niid foi significativo, devido a pobre enchimento da vagem e 
'pops' nas variedades do ICR1SAT. A percentagem de descasque foi significativamente mais baixa 
(P< 0,1) em todas a variedades do ICRISAT, com excepfdi no caso de ICGV 87240 (65%) e ICGV 
87123 (60%), quando comparadas coin Sellie (66%). Sellie e ICGV 87123 atingiram a maturidade 
cm 132 dias, quando as outras variedades atingiram maturidade pelo menos 15 dias mais tarde. 
Registarai-se tatnbei: diferenfas significativas (P < 0,05) no rendimento, nos valores de doenfas 
das folhas entre as campanhas. 

I. Department of Agriculture, iatern Tran,,vaal. Private Bag X 1005. Louws Creek, 1302, Republic of South Africa. 
Mathews, C., and Beck, B.D.A. 1994. Evaluation of foliar diseae resistant ICRISAT groundnut varieties inKaNgwane. South Africa. Pages 73
78 in Sustainable groundnut production in ,outnern and eastern Africa: proceedings of a Workhop. 5-7 Jul 1994, Mbabane. Swaziland 
(Ndunguru. B.J.. Hildebrand. G.L.. and Subrahmanyam. P..ed,.). Patancheru 502 324. Andhra Pradesh. India: International Crops Research 
Institute for the Semi-Arid Tropics. 
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Introduction 

KaNgwanc is a former homeland which now is in-
cluded in the Eastern Transvaal Region of South Af-
rica. Eastern Transvaal accounts for less than 5% of 
the total area under groundnut (Arachis hypogaea) in 
South Africa (1)[ISA 1994). However, groundnut is the 
most important legume crop grown by small-scale 
farmers in KaNgwane. There are over 12 000 small-
holder farmers in KaNgwane, with holdings ranging 
from 0.25 to 7 ha (Dt[SA 1989). Almost all the 
groundnut produced is used locally for home con-
sumption (roasted, boiled, etc.). Local sales are made 
at substantially higher prices than the price fixed by 
the National Oilseeds Board, and account for a signif-
icant part of farmers' incomes. 

The average yield is low due to lack of good qual-
ity seed, drought periods at pod filling, foliar dis-
eases, and poor agronomic practices. The majority of 
farmers use the cultivars Natal Common and Sellie, 
which are highly susceptible to the leaf disease cort-
plex of early leaf spot (Cercospora arachidicola), late 
leaf spot (Phaeoisariopsis personata), and rust (Puc-
cinia arachidis). Groundnut is frequently inter-
cropped with maize. 

Research background 

Farming communities have requested the Ministry of 
Agriculture of KaNgwane to assist in the develop-
ment of sustainable farming systems for continuous 
cropping to replace their traditional shifting cultiv;-
tion arable systems. They have particularly requested 
improved, locally adapted cultivars of maize, ground-
nut, banbara nut, and cowpea. Groundnut research in 
KaNgwane was initiated in the late 1980s with a view 
to improving the groundnut component of the farming 
systems used by resource-poor farmers in the region. 
The main objectives of the program were to identify 
suitable cultivars for rainfed cultivation with yield 
stability, resistance/tolerance to foliar diseases and to 
the hemi-parasitic weed Alectra vogelii, and also to 
recommend better management practices. 

The first phase of this program is being carried out 
in formal trials at 2-3 locations in KaNgwane. Since 
1986, we have collaborated with the Oil and Protein 
Seed Centre of the Agricultural Research Council at 
Potchefstroom, South Africa, in evaluating their 
groundnut selections. The variety Misga was identi-
fled as the highest-yielding variety in studies carried 
out (luring 1986-90. Cuitivai differences for Alectia 
tolerance were also observed. Infected plants of the 

variety Natal Common showed a mean yield loss per 
plant of 38.4%, whereas only 7.8% loss was recorded 
in the variety 79 HI (Beck et al. 1991). In formal yield 
trials during 1990-93, the new variety Anel was 
the most stable yielder across two locations in 
KaNgwane. 

In the second stage, outstavtding varieties identi
tied from the formal trials are further tested by 
farmers themselves on their own farms, in a Farming 
Systems Research and Extension (FSR/E) Programm,;, 
thereby allowing farmers to select varieties of their 
choice. Anel and Misga were selected by 20 partici
pating farmers across three regions in KaNgwane 
during 1992/93 (Beck and Mathews 1993). In the 
1993/94 season 16 farmers are evaluating four ICRI-

SAT varieties. 
With the lifting of sanctions on scientilic iiforma

tion/technology exchange, we have established close-. 
links with ICRISAT Asia Center, India. We received 
one replicate of the fourth International Foliar Dis
ease Resistant Groundnut Variety Trial - 1989 (IV-
IFDRGVT-89) in !991. This paper presents results 
from seven trials conducted at KaNgwane: three trials 
of the IV-IFDRGVT-89 material during 1991-93, and 
four trials of 9 selected ICRISAT varieties during 
1992-94. 

Materials and methods 

In the IV-IFDRGVT-89 trial, 24 ICRISAT groundnut 
varieties were compared with ihe local standard culti
var Sellie in a 5 x 5 triple lattice design with three 
replications, at the Mzinti Demonstration Farm 
(25-42- S, 3143' E, 290 m above sea level) in 
Nkomazi district of KaNgwane during 1991/92. Plot 
size was four rows of 5m length spaced 50 cm apart. 
Seeds were sown 10 cm apart in rows. Soil pH was 
6.20 in KCI. Becore land preparation, single super
phosphate was applied @ 500 kg ha-' and plowed in. 
Two rounds of manual weeding were done, 25 and 65 
days after sowing. Gypsum @ 250 kg ha-' was ap
plied as a top dressing at flowering. 

The trial was repeated at Mzinti during the 
1992/93 cropping season with another replication at 
Malekutu (25°12 ' S,31'12 ' E, 350 m above sea level) 
in Nsikazi district under rainfed conditions. The soil 
in Nsikazi is predominantly acidic (pH 5.2 in KCI). 
Both Mzinti and Malekutu are lowland semi-arid 
areas with a tropical summer and cool winter, and 
average crop season temperatures of 17.8 0C (mini
mum) and 28.2*C (maximum). The soils in these 
areas are predominantly sandy loams. Lime was 
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applied @ I t ha-' and single superphosphate @ 500 
kg ha-' during land preparation, at Malekutu. Gyp-
sum was also applied at flowering @250 kg ha- 1 . Plot 
size and design were the same as for the trials at 
Mzinti. 

Only tan or red seeds are acceptable to the local 
farmers. After the 1991/92 season, nine of these ac-
cessions were selected for extended trials, based on 
the yield of air-dried pods, foliar disease scores, and 
testa color. They were compared with Sellie in a ran-
domized block design with three replications in a 
further four trials, at both locations in the 1992/93 and 
1993/94 seasons. Plot sizes and management practices 
were similar to those inearlier trials. No major insect 
pest damage was observed. No fungicides were ap-
plied to control foliar diseases in any of these trials. 
Disease scoring was done on a 1-9 scale (I - no 
disease, 9 - 50-100% defoliation). Analyses of vari-
ance were carried out for percentage full stand at 
harvest, pod yield, seed yield, shelling percentage, 
100-seed mass, and disease scores on early leaf spot, 
late leaf spot, and rust. 

Results and discussions 

The results from three replicates of the IV-
IFIDRGVT-89 trials conducted at Mzinti and Malekutu 
between 1991 and 1993 are shown in Table I.Thirtten 
of the 24 [CRISAT varieties gave higher pod yields 
than Sellic, although the increase was not laige 
enough to be significant. The highest yield supci i3rity 
over Sellie was 29% in ICGV 86594. However, most 
of the ICRISAT varieties recorded low shelling per-
centages, and only four varieties gave higher seed 

yields than Sellie. The highest seed yield (26% high-er 
than Sellie) was obtained from 1CGV 87123. In gen
eral, the spanish bunch typer performed better than 
the virginia types. 

Disease scores for early and late leaf spots and 
rust recorded 15 weeks after sowing were very signif
icantly higher for Sellie than for the ICRISAT varieties 
(P<0.001). Significant differences (P<0.05) in yield 
characters were also recorded between seasons. Pod 
yield, 100-seed mass, and disease scores were signifi
candy higher in 1992/93 than in 1991/92. This was the 
result of higher, well distributed rainfall during the 
1992/93 season (Fig. I). 

Results from all seven trials carried out during 
1991-94 are presented in Table 2. Varieties ICGV 
86590 and ICGV 86594 gave significantly greater 
(P<0.05) pod yields than Sellie (1.93 t ha-1). The 
superiority was 35% in ICGV 86590 and 31% in 
ICGV 86594. Once again, the significantly lower 
(P<0.01) shelling percentages in the ICRISAT vari
eties reduced the differences in seed yield. Sellie had 
the highest shelling percentage (66%), followed by 
ICGV 87240 (65%) and ICGV 87123 (60%). Only 
two varieties gave higher seed yields than Sellie, and 
this superiority (4% in ICGV 86594 and 2%in ICGV 
87240) was not significant. As in the IV-IFI)RG;vr-89 
trials, foliar disease scores were very significantly 
higher (P<0.001) for Sellie than for the ICRISAT vari
eties, confirming the disease resistance of these vari
eties. Among the ICRISAT varieties, ICGV 87123 had 
significantly highest (P<0.05) disease scores. Again, 
there were significant differences (P<0.05) between 
seasons in pod yield and foliar disease scores. The 
scores for late and early leaf spots were lower during 
the 1991/92 and 1993/94 seasons, perhaps because of 

Table 1. Performance of 24 ICRISAT foliar disease resistant groundnut varieties and one local variety, 
mean of 3 trials in KaNgwane, South Africa, 1991-93. 

3Disease score
Pod yield Seed yield Seed 

Variety (t ha-1 SlIP I (t ha-') FS% 2 ELS LLS RS color 

ICGV 87123 2.64 66.9 1.79 81.0 3.5 3.4 2.3 Tan 
ICGV 87240 2.46 64.4 1.56 82.3 2.5 2.6 1.6 Tan 
ICGV 86594 2.76 56.1 1.50 82.8 2.4 1.9 1.5 Tan 
ICGV 86659 2.27 60.3 1.48 80.7 3.3 3.1 2.1 Tan 
Sellie 2.14 65.8 1.42 72.6 5.8 6.3 6.4 Tan 
ICGV 86606 2.50 56.6 1.41 86.0 2.0 2.6 1.9 Tan 
ICGV 87280 2.43 56.7 1.40 84.2 2.3 2.9 1.8 Tan 

Continued 
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Table 1. Continued 
3-Discase score 

Pod yield Seed yield Seed 
Variety (t ha-) SlIP I (t ha-') FS% 2 ELS LLS RS color 

ICGV 87281 2.13 64.9 1.37 86.5 2.5 2.4 1.7 Tan 
ICGV 87160 2.52 49.7 1.31 85.4 2.4 2.2 1.5 Tan 
ICGV 86023 2.07 62.0 1.30 68.3 2.7 2.1 1.6 Red 
ICGV 87350 2.27 56.4 1.27 66.3 2.1 2.6 1.3 Variegated 
ICGV 87237 2.39 50.5 1.20 90.3 2.0 2.3 1.2 Tan 
ICGV 86600 2.14 56.0 1.19 65.6 2.5 3.3 1.6 Tan 
ICGV 87254 2.30 50.3 1.17 64.8 2.0 2.1 1.4 Purple 
ICGV 86590 2.43 48.1 1.16 81.7 2.3 2.2 1.6 Tan 
ICGV 86020 2.16 51.8 1.14 74.9 2.2 2.6 1.3 Tan 
ICGV 86707 2.09 54.0 1.13 77.7 2.2 2.1 1.3 Tan
 
ICGV 86675 1.86 47.6 0.90 68.2 2.0 1.9 1.5 
 Tan
 
ICGV 86680 2.04 46.4 0.86 70.5 1.8 2.3 1.3 Tan
 
ICGV 87264 2.01 42.5 0.84 73.7 1.8 2.4 1.3 Tan
 
ICGV 86652 1.61 51.3 0.84 83.0 2.5 2.7 1.9 Tan
 
ICGV 86699 1.54 50.7 0.76 53.9 2.0 2.1 1.2 Red
 
ICGV 86691 1.44 39.3 0.57 54.4 2.2 2.1 1.3 Tan
 
ICGV 86687 1.16 47.8 0.56 43.7 2.0 1.7 1.2 
 Red
 
ICGV 86694 0.95 35.1 0.33 50.5 2.2 1.9 1.1 
 Tan 

Mean 2.09 53.2 1.14 73.2 2.4 2.6 1.7
 
SE ±0.281 ±2.507 ±0.183 ±6.17 ±0.27 ±0.323 ±0.247
 

I. Shelling percentage. 
2. Percentage %tand at harvest. 
3. Dkcse score uina 1-9 scale where I - noudisease, 9 - 50-100% defoliation. EL.S/I.LS - early'late leaf spot. RS- rust. 

Table 2. Performance of nine selected ICRISAT groundnut varieties and one local variety, mean of 7 trials, 
KaNgwane, South Africa, 1991-94. 

3Disease scorPod yield Seed yield 
Variety (t ha-It SlIP, (t ha " 1) FS% 2 ELS LLS RS 

ICGV 86594 2.52 54.6 1.34 73.2 2.3 1.7 1.4 
ICGV 87240 2.06 64.7 1.31 77.5 2.7 2.5 1.6 
Sellie 1.93 65.6 1.29 72.1 5.1 5.0 5.5 
ICGV 86590 2.62 47.8 1.27 83.8 2.3 2.0 1.5 
ICGV 87123 2.10 60.4 1.26 72.3 3.3 3.3 3.3 
ICGV 86606 2.37 54.2 1.24 76.0 2.1 2.0 1.6 
ICGV 87237 2.20 51.5 1.15 83.9 2.0 2.1 1.3 
ICGV 87350 2.08 50.3 1.02 70.6 2.2 2.2 1.5 
ICGV 86600 1.81 52.1 0.95 65.1 3.1 2.9 2.0 
ICGV 86699 1.75 47.8 0.83 55.3 2.3 1.8 1.2 

Mean 2.14 54.9 1.17 73.0 2.7 2.5 2.1
 
SE ±0.173 ±2.314 ±0.118 ±4.18 ±0.169 ±0.23 ±0.235
 

I. Shelling percentage. 
2. Percentage %tandat harvest. 
3. Disease score on a 1-9 scale where I - no disease, 9 - 50-100% defoliation. ELSILLS - early/late leaf spot, RS- rust. 
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Figure 1. Weekly cumulative rainfall at Aizinti and Malekutu for 3 crop seasons, commencing first week Oct 1991. 

the drier weather. Sellic and ICGV 87123 were the 
carliest-maturing varieties (132 days). The other vari
cties took 6-15 days longer to mature. 

Conclusions and future programs 

Based on the studies carried out during 1991-94, 
ICGVs 86590. 86594. 87123, and 87240 were found 
to be the most promising in terms of pod yield and 
resis:ance to foliar diseases. Final conclusions will be 
drawn after studying the results of the FSR-E ground-
nut program for 1993 94. However, it is essential to 
address the problem of poor pod lilling ('pops'). All 
the ICRISAT varieties, except ICGV 87123. were 
found to be resistant (scores <3.0) to early and late 
leaf spots and rust compared to the highly susceptible 
Sellie (scores >5.0). ICG%' 87123 w.,astolerant 
(scores >3.0) and had a maturity period similar to 
that of Sellie (132 days). The virginia types with 
longer maturity periods are probably not suited for 
rainfcd production in this area. 

Evaluation of groundnut varieties from national and 
international institutes is in progress and will continue 
in formal trials and FSR-I- programs aimed at identify-
ing varieties with resistance'tolerance to drought and 
foliar diseases. There is also a need to identify short-
duration varieties suitable for intercropping with 
maize. Emphasis ",ill also be placed on agronomy 
studies to develop better management practices. 
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Discussion 

Luhana. I. You talked of farmer evaluation; what 
other factors did farmers use in evaluating the vari-
eties? 2. How did you prioritize the evaluation crite-
ria. since sonic can be more important than others? 

Mathews. Farmers evaluate varieties in terms of es-
tablishment, resistancetolcrance to diseases, yield, 
shelling percentage, pod size, seed size, seed taste, 
seed color, and general acceptability. General accep-

tability to the farmer is considered to be the most 
important actor as small-scale farmers grow ground
nut mainly for local consumption. 

Subrahmanyam. I am very pleased to see the good 
performance of several F:)RVT lines in South Africa. 
The disease scores are very much in agreement with 
our results earlier in India and currently in Malawi. 
What isthe next step in advancing these materials? 

Mathews. The major problem with the FDRVT lines 
is low shelling percentages. Recently we obtained a 
few more lines from ICRISAT Asia Center, and these 
are being evaluated for their suitability. 

Freire. We had similar results on seed color from 
farmer evaluations in Mozambique. Varieties with 
other than tan colored seeds are usually rejected; pur
pIe seeds are definitely unacceptable. 
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Groundnut Insect Pests in Swaziland 

L M Nsibandel 

Abstract 

Aphids, cutworms, leaflioppers,defo~liating caterpillars, grasshoppers, flower thrips, flower beetles, 
red bugs, leaf- and bud-sucking bugs, red spider mites, termites, and postharvest insect pests are 
common in the groundnut-producing areas of Swaziland. Two surveys, conducted in 1985/86 and 
1992193 in several parts of the country, showed that the crop wras attacked by a number of insect 
pest comlple.tes. On-station and on-frrm trials have also been conducted in the past to identify the 
major and minor pests ofgroundnut in Swaziland. 

Sumario 

Insetos epestes que atacam o amendoim em Stiazilandia. Afideos, lagartas, saltadores dasfolhas, 
lagartas &foliadoras, gafanhotos, tripes das flores, escaravelhos da flor, insetos verinelhos, sug
adores das folhas ebotois, aranhas vermelhas, term itas, e insetos p6s colheita sao frequetemente
encontrados e-ni 6reas de Stiazilandia onde anendoint e cultivado. Dois inquc'ritos, conduzidos em 
1985/86 e 1992/93 em varias partes do pais. esses unqueritos apresentaram que a semente foi 
atacada por varios insetos epestes. 

Ensaiosten, sic/n conduzidos nlas estaioes da investiga -do enos camnpos dos cultivadores para a 
idecntificaa(odas pestes maiores e mnenores do amendoin em Stiazilandia. 

Introduction Insect pests 

Groundnut is a valuable crop in Swaziland, lor sev- An insect pest survey was conducted th'oughout the 
eral reasons. Being rich in protein it is a useful diet country in ihe 1985/86 season. Further exploration
supplement: when grown as a cash crop. it gives fair and problem identilication was done during on-station 
returns 1rom a limited area. The crop has been grown and on-farm trials in the Middlcvcld, Highvcld, and 
widely by Swazi f*arniers lfor some time, but yields Lowveld regions in 1992/93. Experiments were initi
are generally low due to production constraints. ated to estimate insect-related losses. Leaf feeders 

The crop is grown in most parts of Swaziland, but such as the American bollworm (Helicoverpa arm
concenirated in the Middleveld. Currently about 2% igera), various species of grasshoppers, ground wee
of the total cultivable area is under groundnut produc- vils (Protostrophus spp), and semi-loopers (such as 
tion; average yields are less than 5(X kg ha1 Late Cosmophila atrogoides) were found to cause exten
sowing, low plant population, inadequate inputs, weed sive damage. The 'worst' grasshopper species in 
competition, diseases, and insect pests are among the terms of damage caused and frequency of occurrence 
main factors contributing to the low yields and the in different regions was the elegant grasshopper 
acute shortage of groundnut in the country. (Zonocerus elegans). Beetles (Mylabris spp, Corvna 

I. Agricultural Research l)ivision. 1 0 Io% 4. NMalkern,. SAma and. 

Nslbande. I.M. 1994. Groundnul insect p,,sas in Swaziland. Pages 79 81 in Sustainable groundnut production in sonuthern and eastern Africa: 
procding,.atf a Workshop. 5 7 Jul 1994. Mbabane. Sa,,iland (Ndunguru, . . Hildebrand. G.1.. and Subrahmanyam. P.. ed%.).Paiancheru 
502 324. Andhra Pradesh. India: tnternational Crop, Research institute for the Scmi-Arid "rrpics. 
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sp) also caused extensive damage to flowers. Thrips 
(Frankliniella schultzei) were the most serious insect 
pests in farmers' lields. In the Lowveld and the Lu-
bombo plateau red spider mites were a very serious 
problem, not only on groundnut, but also on cotton 
and vegetables (especially tomatoes). Nematodes (es-
pecially Meloidogyne spp) were observed in one area. 

Pest damage at different crop stages 

Insect pests in Swaziland occur at different crop 
growth stages. During the seedling stage mortality 
may be caused by black cutworms (Agrotis ipsilon). 
Aphid infestation can begin at the seedling stage, with 
possible build-up even up to late podding, depending 
on the occurrence of drought spells during the season, 

Lcalhoppers also infest the crop during the seedling 
stage and may be found till the flowering or podding 
stages. The elegant grasshoppers, American boll
worm, and semi-looper are some of the defoliators 
that occur from the vegetative stage till the reproduc
tive stage of the crop. 

Thrips can be seen active even in the late vegetative 
stage, and continue their infestation till late flowering 
and podding. Flower damage by beetles is very com
mon, extending from budding up to late flowering. The 
giant coreid bug (Anoplecnemis curuipes), spiny brown 
bugs (Acanthomia spp), and the green stink bug 
(Nezara viridula) cause extensive damage from the 
vegetative stage till flowering. At or just before matu
rity. infestations of red tea bugs and termites are seen. 
Termite damage to pods is particularly serious when 
plants are left in the field too long after lift,.ig. 

Table !.Insect pests recorded on groundnut in Swaziland. 

Common name Scientific name 

Black cutworm Agrotis ipsilon 

Groundnut aphid Aphis craccivora 

American bollworm ilelicoverpa armigera 

Semi-looper Comnophmila aurogoides 

Spiny brown bug Acanthoimnia spp 

Giant coreid bug Anoplecnemis ciuruipcs 

Red spider mite Telranychus cinnabarinus 

Elegant grasshopper Zonocerus elegans 

Plower beetles Mylabris spp 
Corvna sp 

Leafhopper Etmpoasca spp 

Red tea bug Hilda patruelis 

Green stink bug Nezara viridula 

Termites Macrotermes sp 
Microternessp 

Groundnut bruchid Carvedor, serralus 

Red flour beetle Tribolitm castaneum 

Rice moth Corcyra ceplhalonica 

Ground weevil Protostrophus spp 

Nematodes Meloidogyne spp 

Thrips Frankliniella schultzei 

Family Status 

Noctuidae Minor 

Aphididae Minor 

Noctuidae Major 

Noctuidae Major 

Coreidae Major 

Coreidae Major 

Acaridae Major 

Acrididae Major 

Meloidae Major 

Cicadellidae Major 

Cicadellidae Minor 

Pentatomidae Minor 

Termitidae Minor 

Bruchidae Minor 

Tenebrionidae Minor 

Galleriidae Minor 

Curculionidae Major 

Meloidogyniac Minor 

Thripidae Major 
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Postharvest insect pests include the groundnut 
bruchid (Caryedon serratus), red flower beetle 

(Tribolium castaneum), and the rice moth (Corcyra 
cephalonica). These insects cause extensive damage 
to stored groundnut if the produce is left unprotected. 

Table I lists the major insect pests that occur in the 
country. Several leaf beetles, grasshoppers, and cater-
pillars infest groundnut, and we need to make more 
extensive collections of these, to enable acomprehen-
sive listing of the pest species in the major groundnut 
arcas in Swaziland. 

Future research needs 

The information gathered so far on the occurrence 
and importance of different insect pests on groundnut 
in Swaziland needs to be supplemented. Once addi-
tional information becomes available, it will be possi-
ble to develop an insect pest management program .".r 

groundnut. The objectives would be to: 

* 	 Screcn the available groundnut germplasm for re-
sistance to aphids, leathoppers, and bruchids; 

* 	 Screen different insecticides (commercial and 
botanicals) for the control of insect pests; 

" 	 Develop cultural control strategies against 
It. armigera based on manipulation of plant popu-
lation and sowing date. 

Discussion 

van Eeden. You mentioned the cutworm as an im-
portant pest. Cutworms do not only cut the plants off 

at soil level, but may also partly or totally devour 
developing pods. This is particularly so in South Af
rica, where cutworms occur during most of the grow
ing season. 

Cole. Do you not think that Hilda patruelis invades 
the crop earlier than you indicated, and that you are 
noticing incidence only later, when wilting occurs? 
You also mentioned transmission of apathogen; what 
pathogen does Hilda transmit? 

Nsibandc. ft is possible that Hilda invades plants 
earlier. I am not sure of the pathogen, but have read 
about it in the literature. 

Kafiriti. We have a lot of Hilda damage on ground
nut in Tanzania. We understand that the pest exudes 
certain substances that are toxic to the plants, but 
does not transmit disease. 

Swanevelder. Hilda is a problem throughout the 

groundnut production areas in South Africa, but is 
particularly important in the northern and western 
parts. In the eastern coastal regions it occurs on dif

ferent plant species. 

Subrahmanyam. Fusariun o.xyvporurn is often asso
ciated with Hilda damage, but is only a secondary 
invader of the roots of infested plants. 

van Wyk. Fusarium species are frequently associ

ated with wilted plants after attack by Hilda patruelis. 
This may result from predisposition of the plant to 

secondary invasion, but in some cases a more active 
association of Fusarium seems possible. 
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Groundnut Production and Research in South Africa
 

C J Swanevelderl 

Abstract 

Groundnut isproduced in South Africa in a variety ofsystents, from smallholderplots to intensive 
production under irrigation. Production has fluctuated between 50 000 and 164 000 t over the last 
10 years, depending on rainfall. About 32% is taken up by the confectionery narket, 8% for seed, 
39% utilizedfor oil, and 21% exported. Groundnut research started in the early 1970s, with work on 
spanish types. Research studies over the years have largel"focused on practical problems. Several 
aspects have been covered: disease control (leaf spot), insect pests, the effect on yield of various 
nanagetentvariables (e.g., sowing depth, seed size, spacing, sowing/harvest dates), growth regu
lators, fertilization, etc. Development work on mechanization was another priorityarea. 

A .trong breeding program has provided eight new cultivar releases since its inception; these 
have led to large production increases in certain areas. Resistance to black hull (Chalara elegans) 
and the pod rot nenatode (Ditylenchus destructor) has been found. Extensive vork has been 
conducted on the latter problem. 

Sumario 

Sucessos eperspectivasftturas da produfdo e in vestigafdo do amendoim na Africa do Sul. Na 
Africa do Sul o amnendoint produzido numna grande variedade de sistemnas, desde pequenos 
agricultores at 6 produfdo intensiva em regadio. Aprodu('do ten fluctuado entre 50 000 e164 000 
t durante os t1tinos 10 anos, dependendo das chuvas. Cerca de 32% do amendoin canalizado 
para o nercado de dofarias, 8% para semnentes, 39% para 6leo e21% j exportado. lnvestiga'do do 
atnenloimn coien'ou no inicio dos anos 1970, trabalhandocoin o tipo Spanish. Estudos feitos nos 
tltimnos anos tin-se focado especiahnente em problemas prdticos. Vdrios aspectos tOm sido co
bertos: controlo das doenas (nanchas das folhas); pragas dos insectos; o efeito de vdrias vari
dveis do tnaneio na produfdo (ex., profundidade de sementeira, tamanho da semente, espa'anento, 
datas da semnenteira/colheita); reguladores do crescinento; fertilizafdo, etc. Trabalho do desen
volvimento dia inecanizai'dofoi outra rea prioritdria. 

Umn forte prograntma do nelhoranientoconseguiu, desde a sua findaf-do, libertar oito novos 
cultivares; es:es levaram a grandes atwtentos na produfdo em certas dreas. Resistencia a Cihalara 
elegans e ao nemnctodo da podriddo da vagem (Ditylenchus destructor) foi encontradta. Muito 
trabalhosobre o tiltinto problenta tent sido conduzido. 

Introduction 	 tion, mostly by commercial farmers, while extensive 
production under rainfed conditions also occurs. 

Groundnut production in South Africa can be divided 	 Communal production is mostly by smallholders for 
into three categories- intensive, extensive, and com-	 family consumption. Areas suitable for groundnut 
munal. Intensive production is practiced under irriga-	 production are limited to the Natal, Eastern Lowveld 

1. Oil and Protein Seed Centre. Grain Crops Institute. Private Bag X1251, Potchefstroom 2520. Republic of South Africa.
 
Swnevelder, C.J. 1994. Achieements and future prospects of groundnut production and research inSouth Africa. Pages 85-89 inSustainable
 
groundnut prodiuction in southern and eastern Africa: proceedings of a Workshop. 5-7 Jul 1994, Mbabane, Swaziland (Ndunguru, B.J.,

Hildebr.nd, G.L., and Subrahmanyam. P.. eds.). Patancheru 502 324. Andhra Pradesh. India: international Crops Research institute for the Semi. 
Arid Tropics. 
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of Transvaal, Western Transvaal, North Western Free 
State, and the eastern part of Northern Cape Province. 
The average production over the last 10 years is about 
80 000 t per year. Research over the years has re-
suited in improved cultivation practices, better culti-
,.r.and successful disease control, 

Production and utilization 

Since ;,"emid 1980s the area under groundnut has 
declined, and yields have fluctuated depending on 
rainfall. Data on area and production are presented in 
Table I. The crop is handled by the Oilseeds Market-

Table 1. Area and production of groundnut in 
South Africa by commercial farmers, 1982-92. 

Area 
Season ('000 ha) 

1982/83 227 
1983/84 238 
1984185 230 
1985/86 221 
1986/87 162 
1987/88 207 
1988/89 153 
1989/90 86 
1990/91 78 
1991/92 189 
1992/93 170 

ouc:Boardd' 

Production 
('000 t) 

81 
60 
50 

137 
78 
83 

164 
114 
79 
78 

90 

ing Board which, through its agents, prepares the crop 
for the market (i.e., shelling, grading, and cleaning) 
and then sells it through a single-channel pool system. 
This has recently been changed to a floor price sys
tern. An indication of how the crop is utilized isgiven 
in Table 2. 

Agronomy 

Research on groundnuts at the Oil and Protein Seed 
Centre began in 1974 with a descriptive study of the 
spanish type groundnut plant: flowering, peg, pod and 
seed set, and vegetative development. The effect of 
ridging (banking, placing soil on the base of the 

plant) was also investigated, and it was found that 
ridging, especially if it occurred in the early growth 
stages, could reduce yields by over 50% 
(Swanevelder 1980). The effect of leaf spot diseases 
caused by Cercospora arachidicola, Cercosporidu: 

personation, and t1homna arachidicola on groundnut 
yield was investigated at fIur localities over four sea
sons. Yield increases of 9-89% were recorded, de
pending on locality, season, and harvest date. Sowing 
depth and seed size trials were conducted at two lo
calities for 2 years in the early 1980s, to determine the 
effect on yield. Plant'population and yield were ic
duced by a reduction in the size of seed sown, espe
cially when sowing depth exceeded 75 mrm. 

Sowing date trials been conducted ahave over 
number of years on the released cultivars, and opti

mal sowing dates determined for these cultivars. The 
influence of temperature on yield of the short-duratijn 

Table 2. Utilization of the commercial groundnut crop in South Africa, 1985-93. 

Domestic market (t) Exports 

Marketing year Confectionery Seed Oil (t) Total (t) 

1985/86 25 462 8 269 58 315 36 314 128 360 
986/87 28 796 6 425 43 725 9 943 88 889 

1987/88 26 714 9469 37 149 5 435 78 767 
1988/89 40 467 5 690 83 222 42 880 172 259 
1989/90 27 569 4 028 40 382 26 748 98 727 
1990/91 38 957 5 959 9 808 18 617 73 411 
1991/92 33 288 10929 18 608 16 812 79637 
1992/93 31 424 8 833 12 372 7 896 60525 

Total 252 677 59 094 303 588 164 645 780 004 

Percentage 32.4 7.6 38.9 21.1 100 

Source. Oiled' Iioard 
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cultivar Harts was determined at Vaalharts under field 
conditions. Plant population trials with different inter-
and within-row spacings revealed yield increases 
with closer .,pacings (up to 600 mm interrow and 375 
mm within-row). The value of the growth retardant 
daninozide, in combination with nitrogen fertilizer, 
was invesiigated for two seasons at Vaalharts and for 
one season at Potchcfstroom. Both nitrogen and dam
inozide reduced yield (Swanevelder and Loubser 
1989). Cultivar evaluation trials were conducted over 
the years on a national scale and have been extended 
to Zimbabwe and Namibia for the 1993/94 season. 
The Southern African Regional Council for Conser-
vation anti Utilization of Soil (SARCCUS) Project ben-
efittecf all the participating countries, 

Attention was also paid to mechanization of the 
harvesting process. A digger was developed, but al-
though it pci formted very well it was difficult to adjust 
to varying plant heights. A ,cry simple hand-operated 
picker'and sheller a,,asdesigned and built at the Cen-
tre.
and made available to our communal farmers and 
participating SAtU,'Ct!S countries, 

l.ifting (i.e., harvest) and picking (i.e., removal of 
pods from harvested plants) da.tes were investigated at 
a number of locations over 3 years. Mold infections 
%%ere more frequent in early pickings, regardless of 
lifting time. During dry year,; the quality was not 
affected by lifting or picking time. 

Cultivar trials are continuing with spanish, valen
cia, and virginia types. Trials are being conducted at 
several locations to investigate a yellowing problem 
in some of our irrigated groundnut areas. Trials with 
nitrogen applications, to combat the N-negative pe-
riod where g-undnut is grown after winter wheat, 
will also be .onducted during the coining season, 

Soil amendments. Soil fertility/amendment trials 
were conducted on soils containing P >18 mg kg' 
(Bray 2), K >77 mg kg-i (soils with lower levels are 
not generally cultivated in South Africa). Fertilizer 
trials with N. P,and K indicated no increase in seed 
yield, or yield of sound mature kernels. Nitrogen ap-
plications also had no effect on ycld. Studies to deter-
mine the level at which response to applied P levels 
off, for the soil type on which most South African 
groundnut is grown, are nearly completed, 

Effect of temperature. A 3-year study to determine 
the effect of temperature on germination under field 
conditi( ns for six of our cultivars was completed this 
year. Research on the ef'fect of daily maximum and 
minimum temperatures on yield, are progressing. 
From this work the frequency of minimum and maxi-

mum terrperaturcs under which yield starts to decline 
will be determined. With these values determined, 
production areas for cultivars x sowing dates will be 
mapped. From this it can be determined which culti
var can be sown in a certain area at a specific sowing 
date. 

Breeding
 

The groundnut breeding program was started before 
World War 1I.The first recognized groundnut culti
var, Natal Common, was selected by J P F Sells,.hop. 
More cultivars were later released, but their purity 
was not maintained became of the lack of a seed 
scheme. Sellie was released in 1976, and became the 
only new release for the next 12 years till Harts and 
Norden were released. Since then Selmani, Jasper, 
Kwarts, and Rol-bie have been released. 

Resistance to black hull caused by Chalara ele
gans has been found. A breakthrough was made when 
resistance to the pod rot nematode, Dityltenchus de
structor, was found (Van der Merwe and Joubert in 
press). Future objectives will be breeding for yield 
stability, better grading quality, and higher levels of 
resistance to C. elegans, D. destructor, Sclerotinia 
ininor, Botryis cinerca, and the Aspergillus complex. 

Nematology 

The major nematode problem on groundnut is 
D. destrucior. It was discovered n 1987 and first 
reported in 1988 (Jones and De Waele 1988). Since 
then, researchers a.the Centre have published 22 sci
entific papers and 9 popular articles, and made 25 
presentations at symposia. It has been established that 
D. destructor is not a nematode on potatoes. It causes 
brown necrotic lesions at the point of connection with 
the peg, and a black discoloration appears along the 
longitudinal veins. Infected seeds were usually shrun
ken, while the testae and embryos had a yellow to 
brown or black discoloration. Entry occurs at the 
br.se of the pod near the point of connection with the 
peg. A method for the mass culture of this nematode 
on groundnut callus tissue was developed. The opti
mum temperature (28 0C) for the development of 
D. destructor was determined. There are more nema
todes present in the hulls than in the seed or roots of 
groundnut. 

Ditylenchus destructor can survive, in the field in 
the absence of host plants and in hulls left in the field 
after harvest, for at least 28-32 weeks. Zea mays, 

87 



Sorghum bicolor, and Nicotiana iabacum are the best 
hosts of D. destructor, but most other crops also act as 
hosts. A number of common weed species weje iden-
tified as hosts of D. destructor (De Waele et al. 1990). 
These are the highlights of the research on D. de. 
structor. With genetic resistance having been found 
recently, this problem might be solved in the near 
future. 


Pathology 

The leaf spot complex is a major problem in wet 
seasons, but can be kept under control by the applica
tion of chemicals. Recent woik evaluated the regis
tered chemicals for effectiveness. Black hull caused 
by C. elegans was asevere problem in irrigated fields, 
but was contro.led with the release of resistant culti-
vars. No work has recently been done on this patho-
gen. Sclerotiun rotf'ii,B. cinerea, and the Aspergillus 
complex have been major problems for many years, 
and research on these pathogens receives high prior
ity. In certain production areas S.minor has also be-
conic a problem, causing both yield and quality 
losses. Research on this pathogen is also given high 
priority. Viruses also cause problems, but this has not 
yet b ¢..addressed. 

Entomology 

In a study on pod damage, 23 species of soil insects 
have been identified to cause damage to groundnut 
pods (van Ecden et al. 1991). In soil samples Scar
abacidae larvae have the greatest prominence, but 
false wireworms (Tenebrionidae) seemed to be the 
most important pest group. The critical time of dam-
age was indicated to be 110 days after sowing. The 
Labiduridae and Carabidae were the most prominent 
predators. In view of the dominance of the local pest 
conplex by Colcopterous species, the oresence of 
Therivisac (Diptera) larvae was of special signifi-
cance, since they arc known to be predators of Col-
eoptera larvae. Predator numbers peaked slightly 
after the pest complex occurred in maximum 
numbers. 

Five categories of subterranean insect damage 
were recorded, of which pod scarification was the 
most important. The effect of scarification alone on 
quality or yield is generally insufficient to warrant 
control measures, except in cases 'f exceptionally 
high occurrence of scarification. False wireworms 
(Somaticus spp) were the most important in causing 

pod scarification, whereas termites proved to be less 
important than in other parts of Africa. Apart from 
being pod scarifiers, Somaticus larvae were also 
found to be pod borers and to cause pod furrowing, 
and damage to pegs and immature pods. The damage 
levels caused by the other members of the pest com
plex still need to be investigated. The dominant fungi 
found in relation to insect damage were Fusarium 
spp, followed by Penicillium -,pp and Aspergillus 
niger. Although insects did not act as vectors of the 
fungi, lesions and holes in the pod shells caused by 
insect feeding facilitated the invasion of kernels by 
fungi present in the soil. 
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Discussion 

Ndunguru. 1. Why are boron supplements impor
tant in South Africa? 2. Can you comment as to why 
you do not address such other diseases as early and 
late leaf spots and rosette? 

88 



Swanevelder. Boron is deficient in the highly 
leached, sandy soils found in Northern Transvaal and 
parts of Natal. 2. We did study the leaf spots. We 
identified the best chemicals to control the diseases, 
using two types of spraying programs: preventive 
spraying at regular intervals, and curative spraying 
when symptoms appear. Rosette is not a big problem 
with commercial farmers, but we will have to look at 
it again, especially where poor germination leads to 
poor stall". 

Zengeni. Are Sclerotinia-resistant groundnut lines 
available? 

Subrahmanyam. Yes, there are lines that are mod
erately resistant to the disease. 

van Wyk. We have identified resistance in some cul
tivars in South Africa, which look promising. 
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The Role of Cropping Systems in Sustainability 
of Groundnut Production 

E M Kafiriti' 

Abstract 

Groundnut in Tanzania is used both as food and for oil extraction. Most of the groundnut is 
produced by subsistence fiarmers with minimal inputs. The crop is grown in a variety of cropping 
systems, depending oa environmental conditionv and the objectives 'te farmer itants to achieve 
(e.g., primarily as a cash crop, or as a food supplement for home consumption). Intercroppingand 
crop rotation are effective in reducing the incidence of groundma pests and diseases, and most 
subsistence farmers in Tanzania use both methods. Unlike chemical control measures, these 
methods involve no cash e.cpnditure, making groundnut production under such systems economi 
cally viable, and in that sense sustainable. 

Sumdrio 

0 papel dos sistemas de caltivo na sustentabilidade da produfdj do amendoim. 0 amendoim na 
Tcnaniaj usado tanto cono alimento como para aextra'iiO do 6leo. A maiorparte do amendoim e 
produzido por agrictdtores de subsistincia con um minio de insumo, sendo cultivado numa 
grande variedade de sistentas do cultivo, dependendo das condif6es ambientais edos objectivos do 
agricultor (ex., essencialnente como cldltura de rendintento otu como suplemento alimentar para 
consuno caseiro). A consocia('Wo ea rotajiio das culturas sido efectivas na reduiido da incidincia 
da pragas edoenf as do antendoim, a maioria dos agricultores de subsistencia na Tanzania usam 
anbos os nutodos. Contrariatnente ao controlo quiico, estes metodos nid6 envolvem despesas 
mnonetdrias, tornando a prodimad do amnet? toin econonicantente vitivel e, neste sentido, 
sustentdvel. 

Introduction 	 tions under which the farmer operates, and the objec
tives (e.g., whether for food or cash sales) for which 

Groundnut (Arachis hypogaea) is used in Tanzania the crop is grown.
 
mainly as food (MALl) 1989). Oil processing is an- This paper discusses the role of cropping systems,
 
other, but less important, end ,:e-edible oil in the with specific reference to intercropping and crop rotm
country is produced mainly from cotton seed and sun- tion, in the sustainability of groundnut production.
 
flower. Most of the groundnut is produced by subsis
tence farmers with very limited inputs. Chemical
 
fertilizers and pesticides are usually not applied, al- Intercropping
 
thou-h it is reporled that small quantities of triple
 
superphosphat, are ofii fi used (MAI.D 1989). 
 Groundnut in Tanzania is usually intercropped, often 

GrouJnut is produced under various cropping with morc than two crops, particularly food crops. 
systems. The choice of cropping system is determined Groundnut usually plays asecondary role in the mix
by the environmental, social, and economic cordi- ture. For example, insoutheastern Tanzania, a recent 

I. Oilseeds Research Programme. Agriculural Research Institute. Naliendele. P( ttoi 509. Nltwara. Tanzania. 
Kafirill, E.M. 1994. The role of cropping %,',erm,in ,utainabilit of groundnut pnnduction. Page%90-92 inSustainable groundnut prowduction in 
%outhernand eastern Africa procecdings of a Workshop. 5-7 Jul 1994. Ntabbane. Swaziland (Ndunguru. Ii.. Hildebrand. G.1... and Sub. 
rahmanyarn. 1'..eds.). Patancheru 502 324. Andhra Pradesh. India: International Crops Reearch Institute fr the Semi.Arid Tropics. 
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survey indicated that groundnu, was'very commonly 
grown in mixed stands, usually with two or three 
other crops, often cassava; 79% of all groundnut 
fields in the surveyed area contained cassava. 

lntercropping iseffective in reducing damage due 
to insect pests and diseases and probably for this rea-
son, it is commonly practiced by farmers in develop-
ing countries (Steiner 1982). In many of these 
countries, most groundnut producers are subsistence 
farmers. Nearly all conventional measures to control 
insect pests and diseases involve the use of chemicals, 
which are often beyond the reach of subsistence 
farmers. Intercropping is an effective alternative, 
since it involves minimal cash expenditure. 

A number of researchers have documented the im-
portance of intercropping in reducing disease inci-
dence/severity on groundnut. Subrahmanyam (1991) 
found that the severity of early leaf spot (Cercospora 
arachidicola) and rust (Puccinia arachidis) was lower 
on intrcropped groundnut than in sole cropping. 
Similar findings were reported by Mukiibi (1982) in 
Uganda when groundnut was intercropped with 
beans. Other findings indicated amarked reduction in 
the severity of rosette on groundnut by intercropping 
with beans in Malawi (Farrell 1979) and Uganda 
(Mtokiibi 1982), and by intercropping with maize in 
the Central African Republic (Guilleman 1952). Sim
ilarly, the incidence of bud necrosis has been found to 
be reduced by intercropping, particularly with millet 
(Amin 1983). However, there have been reports of 
cases where intercropping caused no measurable in-
provement, or where disease severity was higher in an 
intercrop than in a sole crop (Lyimo and Kangalawe 
1991 in Tanzania, Kannaiyan ct al. 1989 in Zambia). 

In intercropping systems, the component crops act 
as physical barriers, limiting the spread of insect 
pests and diseases when one of the crops is attacked 
(Karel et al. 1982). In pure stands there is no such 
barrier to the spreading of a disease. Intercropping 
also ensures that the microclimate, because it is non-
uniform across the field, isless favorable for pathogen 
proliferation than in asole-cropped field. The correct 
choice of component crops, and of spacing, is there-
fore important in controlling the microclimate, and 
thus in reducing disease severity. 

Crop rotation 

Crop rotation is an effective method to reduce thL. 
severity of groundnut diseases. By avoiding the culti-
vation of groundnut in the same field in successive 
seasons, the possibility of disease carry-over from 

one season to the next isreduced. This isof particular 
importance in soilborne diseases and diseases for 
which the primary source of inoculum is crop debris 
and volunteer plants. Deep plowing augments the efli
cacy of rotation by destroying and burying crop de
bris and volunteer groundnut, and thus reducing the 
level of irloculum (Schmidt 1992). However, deep 
plowing is not feasible fbr the majority of subsistence 
farmers because the operation requires more sophisti
cated/expensive tools and more draft power than does 
conventional plowing. 

A number of studies have demonstrated that crop 
rotation can effectively reduce the severity of several 
fungal, bacterial, and nematode diseases on ground
nut. In Malawi for example, Subrahmanyam (1991) 
found that the severity of early leaf spot and pod rots 
caused by Rhizoctonia solani and Sclerotium rolfsii 
was reduced by rotating groundnut with another crop. 
He also reported that rotation could reduce the sever
ity of seedling disorders, invasion of seed by Asper
gillus flavus and aflatoxin cortamination, and web 
blotch disease. 

There have b-zcn very few studies in Tanzania on 
crop rotation in groundnut, but this aspect is an im
portant part of the future research plans of the Oil
seeds Research Programme. 
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Discussion 

Chavula. In a groundnut-cassava intercrop the cas
sava is harvested later than groundnut. Would one not 
ine-,itably damage developing cassava roots when the 
groundnut crop is lifted? 

Kafiriti. The groundnut crop normally matures be
fore cassava roots start to develop. In any case cas
sava is sparsely planted, and the possibility of 
groundnuts being close enough to the cassava plant to 
cause damage, is remote. 

Freire. In Mozambique, intercropping is more im
portant than rotation. 

Ndunguru. The relative emphasis on intercropping 
and rotation would depend on the nature of agricul
ture. Intercropping is associated with subsistence 
farming by smallholders; rotation becomes more im
portant as the scale of operations increases. 
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Groundnut in the Farming System: Some Results of 
a Survey in Northern Mozambique 

M J Freiret, L Raffi2, and P Fernandes 2 

Abstract 

A benchmark field survey was conducted firom 15 Nov to /0 Dec 1993 in three districts in northern 
Mozanbique: Monapo and Ribdu in anmpula Province, and Montepuez in Cabo Delgado Pro
vinc'. A total of534 families were selected from 21 villages in aproportional sampling. It wasfound 

that total farm size averaged 2.24 ha per fainily. Very low levels offallow and crop rotation were 
recorded, and fiurther research on this subject is recommended. In 1992/93, groundnut was sown on 
only 7-127( offarms: siilar figures are expected for 1993/94. In most cases (63-70% of the 
groundnutfarns)groundnut was intercropped, usually (,.% asecondary crop. Cassava was the most 

conmmon intercrop, both as a main crop and as asecondary crop. Soui, seed shi:rtagewas reported 
in Nampula Province. Most of the, groundnut seed available at farn level was produced by the 
farmers themselves. 

Sumario 

Amendoin no sistema de produf'do: alguns resultados dum inquirito no norte de Mofambi
que. De 15 de Novembro a /0 de Dezembro de 1993, um inquirito de base foi conduzido nos 
distritos de Monapo e Ribdul, na Provincia de Nampula. ede Montepuez, na Proviniua de Cabo 
Delgado, no norte de Mo'ambique. Un total de 534 familias foram ,eleccionadas em 21 aldeias, 
nunia anostragem prolporcional.Observorr-se que o tamanho total nindio das machamba de 2.24 
ha porfaiftlia.Um nivel inuito baixo de pousio erota 'io das culturasfoi notado efiuuros estudos 
iwsta area fi'an recomendados. Eit 1992193 apenas 7-12% das inachambasforam plantadascoin 
antendoin. Unia imnagem semelhante era esperada em 1993/94. Na inaioria dos casos (63-70% das 
machamnbas de amendoin) o ainendoim fiai consociado geralnente como cultura secundaria. A 
niandiocaera a mais contun cultura consociada, tanto cono cultura principal como secunddria. 
Urn certo nivel de falta de semnentes foi reportado na Provincia de Nanmpula. A maior parte de 
,mvnte de aniendointfoi produzida pelo prjprio agricultor. 

Intrn,',ction sorghum), occupying 7.4% of the total cropped area; 
yields were 0.38 t hat . In Cabo Delgado Province it 

Groundnut was earlier a relatively important crop in ranked sixth, following cotton, cassava, sorghum, 
the northern part of Mozambique. In Nampula Pro- beans, and maize (2.3% of total cropped area, yield 
vince it ranked fourth (following cassava, cotton, and 0.41 t ha-') (MIAM 1963a,b) 

F rery Engineering. Unr~erity Iduardo Mindhane. C ' 257. Mapul.1.Faculty oi Agron omy anrd Mozambique. 
Vialle
2. Coopiecnital. dell'Uniwersia. 21(Xi85 Rome. Italy. 

of asurvey innorthern Mozambique. Pages 93
97 in Sustainable groundnu piduction in ,outhern and eastern Africa: procecdings of a Workshop. 5-7 Jul1994. Mbabane. Swaziland 
(Ndunguru. tt.J.. Hildebrand. G.. and Subrahmanyan. I'.. eds.). t'atancheru 502 324, Andhra Pradesh. India: International Crops Research 
Institute for the Semi-Arid "rpic,. 

Frelre, M.J.. Raft. ..,and Fernands. 11.1994. Groundnut inthefarming %,siern:some result% 
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With the gradual onset of peace in Mozambique, 
after the signing of the Peace Agreement inOct 1992, 
many new agriculture-related programs are energ
ing. For these programs to be successful, they must be 
based on a knowledge of ield conditions, and indica-
tors must be developed to monitor and evaluate 
progress. 


A benchmark field survey was therefore con
ducted in the districts of Monapo and Rib:JuL in Nam-
pula Province. and Montepuez in Cabo Delgado 
Province, with two objectives: 

" To describe the farming system(s) in use; 
" To develop indicators to be used to tnonitor and 

evaluate the Rural De,'elopinent Program. 

Materials and methods 

The survey was conducted from 15Nov to 10 Dec 
1993. All three districts lie in the semi-arid to humid 
climatic zone. Table I summarizes the general charac-
teristics of these districts. A total of 534 families were 
selected through proportional sampling. The sample 
included 12 villages in Monapo district. 5 villages in 
Ribziu,. and 4 in Montepuez. In each village about 25 
families were selected for the survey (Rafli et al. 
1994). 

Results and discussion 

The survey revealed that the average family size was 
4.1 persons, ranging from 3.8 in Montepuez to 4.6 
in Ribiue. The average family owns about 3-4 

niachainbas(farms). Each farm occupied 0.67-0.85 
ha. and total cropped area per family averaged 2.24 
ha (Table 2). Survey results on fallowing and crop 
rotation are shown inTable 3.Ribiu district had the 
highest percentage (8.3) of families with at least 
one inachamba in fallow. However, 23-41(,( of the 
families left their land fallow for 2-5 years. Crop 
rotation was not commonly practiced. In 1993/94, 
most of the families (65(' in Ribiu., 871- in Mon
tepuez) planned to sow groundnut in the same farms 
used in 1992/93. Among the main crops, only cassava 
was planned to follow groundnut (Table 3). This lack 
of rotation could have caused more serious problems 
had intercropping not been commonly practiced. 

The groundnut area (sown in 1992/93, planned for 
1993/94) was compared with the area sown the pre
vious year. Inboth 1992,193 and 1993/94. fam;!ics in 
all three districts either maintained or increased their 
groundtiut area. The only exception was Ribiu . 
where 27';( of the families reported a reduction in 
1992/93 below 1991/92 levels (Table 4). 

Table 2. Number and size ofsnallholder farms in 
three district%of Mozambique, 1993. 

Number
 
of farms
 

per 
District family 

Monapo 2.9 
Ribiu 3.8 
Montepuez 2.8 
Mean 3.1 
Mean 3.1 

Unit farm Total farm size 
size (ha) per family (ha) 

0.67 ± 0.49 1.93 ± 1.36 
0.85 ± 0.58 3.19 ± 1.73 
0.71 ± 0.46 2.01 ± 1.10 
0.73 ± 0.51 2.24 ± 1.50
0.73 ± 0.51 2.24 ± 1.50 

Table I. General description of the districts of Rib.iu-, Monapo, and Montepuez. Mozanmbique. 

Characteristic 

Mean annual ranfall (mam) 
Mean annual evapotranspiration (in) 
Mean nmonthl) temperature ('C) 
Mean relative humidity t' ) 
Altitude (in) 
Mean available period ofeffective rains (weeks) 
Sowing period 
Growing period 

Sourcc% Reddy (1Q6), In',iluto ic-iNcional de Nfeleolol 

Ribiuc 


IO(X)-I 4(X) 
1395 


19.8-26.5 

53.9-74.7 
500-I (X)O 

13-18 

Dec 


Nov to Apr 


District 

Monapo Montepuez 

800-1200 800-1200 
1488 1491 

22.3-25.2 21.0-26.6 
67.7-76.9 51.8-78.0 
<200 200-500
 
8-13 8-18
 

Jan-Dec Dec 
Dec to Mar-Apr Dec to Mar-Apr 

94 

http:0.67-0.85


Table 3. Fallow and rotation in smallholder farms in three districts of Mozambique, 1993. 

Frsifallow Years of fallow (% of families) Crop following groundnut (%)
Farms in f1 


District (% of families) 0 2-5 Groundnut Cassava
 

Monapo 4.0 66.6 27.9 82.8 0.0 
Ribiu. 8.3 48.4 41.3 65.4 7.7 
Montcpuez 6.4 68.0 23.0 86.7 6.7 

Mean 5.6 62.5 30.3 

"rable 4. Trends in groundnut area in three districts of Mozambique, 1992-94. 

1992/93 compared with 1993/94 (planned) compared with 
1991192 (%'rof families) 1992/93 (% of families) 

District Increase Maintain Reduce Increase Maintain Reduce 

Monapo 46.8 48.9 4.3 43.9 47.9 8.8 

Ribiue 13.5 59.5 27.0 44.7 51.1 4.3 

Montepuez 40.6 59.4 0.0 37.8 59.5 2.7 

Table 5. Cropping patterns and extent of groundnut intereropping in three districts of Mozambique, 
1992/93 and 1993/94. 

1992/93 1993/94 (expected) 

Sole IntercropFarms with Sole Intercrop Farms with 

groundnut crop Main crop Secondary groundnut crop Main crop Secondary 
District (C ) (%) (%) crop (17C) (%) (i) (%) crop (%) 

Monapo 7 30 21 49 8 21 19 60 

Ribiue 10 38 28 35 10 39 27 34 

Montepuez 12 36 9 55 12 24 18 58 

Cropping patterns involving groundnut (i.e.. 6). Where groundnut was grown as a main crop, it 
whether solc-cropped or intercropped, main or sec- was intercropped mostly with cassava and cowpea in 
ondary) are shown in Table 5. During the 1992/93 2- or 3-crop combinations. Although groundnut is 
season, groundnut was cultivated in 7-12'7 of the usually cultivated as a food crop, some farmers do 
inachthas.Although these figures are not directly grow it as a cash crop. In Montepuez, 15.4% of the 
related to the cropped area. they can be agood indica- smallholder families grew sroundnut for sale. The 
tor. A comparison %%ith figures from 1961 and 1962 figures were somewhat lower in Nampula Province 
(MIAM 1963a,b) shows some increase in the two dis- (9.2(7 in Ribiu , 4.5'1, in Monapo). 
tricts in Nampula Province (frotm 7.4"( of the total One of the constraints identilied during the survey 
cropped area in 1961 62), and a larger increase in was non-availability of seed. Most farmers in Mon-
Cabo Delgado Province (from 2.31 of the total tepuez reported that they had seed, but availability 
cropped area in 1961 62). was far lower in Monapo (55.1 '1) and Ribu (62.5%) 

Groundnut is grown mainly as a secondary crop, (Table 7). These ligures could be misleading, because 
with cassava being the most popular main crop (Table some of the farmers do not grow groundnut because 
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Table 6. Groundnut intereropping in three districts of Mozamhique, 1993. 

Occurrence o'secondary crop 
(as ,1of total number of farm, with main crop) in 

Main crop Secondary crop Monapo Ribaiut Montepuez 

Maize Groundnut 2 3
 
Cassava Groundnut I 13 32
 
Cotton Groundnut 7 -

Groundnut Maize 8 9 -


Cassava 50 27 100 
Sorghum 8 -
Cowpea 42 18 -
Pigeonpea 17 9 -
Bambara nut 25 9 -

Table 7. Groundnut seed availability and losses at farm level, as reported by farmers in three districts of 
Mozambique, 1993. 

Seed available Origin of seed (,'( Seed lossesof growers) 

during ,torage Varieties lost
 
District (17of growers) Own Neighbor Others ((4 o1gro rers) (I4 of growers)
 

Monapo 55.1 89.5 7.9 2.6 4.6 13.3 
Rib',u 62.5 90.0 6.7 3.3 3.5 23.1
 
Montepuez 93.9 96.8 3.2 0.0 6.7 7.4
 

Table 8. General calendar followed by smallholder groundnut farmers in three districts of Mozambique, 
1993.
 

Cit;:ring Tillage and cleaning Sowing Ilarvesting 

District From To From To From To From To 

Monapo Sep Oct Oct Nov IDec 15 Jan May Jun 
Ribiu Jun - 15 Nov I Dcc - 15 Apr 30 May 
Montepuez - - - I Dec - Apr 

Sourcc: Scr ti iji,,I de I ,teno Rural 

they have no seed. Most of the seed available at farm found in the names given to the lost material by 
level was produced by the farmers themselves, indi- farmers. 
eating that the seed supply by government and non- 'Fable 8 shows the ge-cral calendar followed by 
government organiiations is probably inadequate. smallholders. showing clearly that. although bush 

A very low level of'seed losses was reported dur- clearing, tillage. and cleaning may begin at different 
ing storage-only 3.5-6.7 (4 of farmers declared times, sowing is usually done in Dec. From the har
losses (Table 7). However, up to 23" of the farmers vesting periods mentioned, it is evident that farmers 
have lost at least one variety; no consistency was grow mainly long-duration material. 
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Observations and recommendations 

Based on the results presented the followinj', observa-
tions and recommendations can be made: 
" There is little concern about fallowing and crop 

rotation. In view of their importance in the mainte-
nance and enhancement of yields, there is a need 
for follow-up research to find out why the two 
practices are not widely used. These practices 
should also be disseminated by the extension 
system; 

" There is a trend of increased groundnut area;
" Groundnut is normally intercropped (as asecond-

ary crop. cassava being the main crop). It isculti-
vatcd as a sole crop in about one-third of the 
niachanmbas; 

" 	 Farmers should be encouraged to continue to pro-
duce most of their own seed. However, high-qual-
ity seed should be made available and an 
extension network developed to maintain seed at 
district level and supply it to farmers when 
needed; 


" 	 Farmers reported the loss of a few varieties. More 
detailed studies and collection missions should be 
conducted to collect, evaluate, and maintain the 
local germplasm. 
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Discussion 

luhana. You mentioned that farmers use their own 
seed. Is this a traditional practice, or are farmers com
pelled to do so because the seed distribution system is 
inadequate? 

Freire. Farmers do keep their own seed traditionally, 
but adistribution system is lacking. 

Nxumalo. You have not mentioned fertilizer use in 
your survey results. Are researchers in Mozambique 
doing something about generating technology that 
will help farmers use fertilizer for groundnut 
production? 

Freire. Farmers do not use fertilizer because they 
have no money; most groundnut farmers in Mozambi
que operate at subsistence levels. 

Cole. Where did the groundnuts the farmers grow 
originate? Are they long-duration types? 

Freire. They are long-duration types that probably 
originated from Malawi and Zambia a long time ago. 
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Screening Groundnut for Pops Tolerance/Resistance
 
Under Field Conditions in Malawi
 

C E Maliro and N E Nyirendal 

Abstract 

Groundnut is an imfportant crop in Malawi, but area under the crop has declined drastically in 
recent years. The problem of pops mnay be a contributingfactor. Results from a pops screening 
experiment conducted at Abawa Experiment Station. Malawi, from 1987/88 to 1992/93 tre reported 
here. The objectives were to identify and evaluate pops-tolerant varieties for possible release or use 
in breeding programs. Although pops-tolerant genot'ypes (MB 662, Florunner,TG 9)may exist, no 
correlation wasfound between pops incidence and seed yield. fIoi'evcr,farners'perceptionsofthe 
pops iroblenI may be an .mportant fito irrespective 0j the magnitude ofpops-relatedlosses. The 
influence of sowing date on pops was only narginal at best, Contrarv to the commonly held view 
that large-seeded genotypes ale nore susceptible, we found seed size to be very poorly correlated 
with pops incidence. 

PhI'/ysiologicalstudies and sustained surve's shou/l be conducted in the pops probleni areas of 
Malawi, wit/h a viev to eventitually breeding for high yields in these areas. Aleant hile, agrononty 
work (e.g., on s/acing) needs to be done on pops-toh'rantgenotypes, 

Sumario 

Avaliafdo do amendoim para a lolerancia a popslresistencia nas condifies nos campos em 
Malawi. Amendoimo e tna cultura importante em Malawi, mnais recentenente a drea sob o cultivo 
do aniendoimn tent declinado drdsticanente. t. possivel que o problema do 'pops' seja un dos 
fatores que contribui a esse declinio. Os resu/tados de uran avaliai-do conduzida par a E.'ado da 
investiga-do de Afbawa cm lMalawi ie 1987/88 a 1992193 sdo relatados. Os objetivos erdo a 
idennfia-do eavaliaido das variedades resistentes a 'pops' (vagens chochas), para as libertiar,ol 
para as utilizar ios programas do mnelhoranento. Embora os genotipos on tolraIncia a 'pops' 
(AB 662, Florunner, TG 9) podemo eistir,nao se consegui una correla -do enitre a incidencia do 
.pops' e o rendimnento do seniente. Poret as percepOes dos agricultores em relafdio ao problena 
do 'pops', podei ser un fittor importante independente da magnitude dos daos causados por
'pops'. A influncia da data da sementeira sobrc o 'pops' .foi narginal. Urm ponto da vista Sque os 
genotipos com vagens grandes so mais suscetfivel ao 'pops', ias micisachamios que o tamaniho da 
sente,ite epobremente correlacionado coot a incidencia do 'pops'. 

Estudosfisioltigicos e inqu;ritosprecisain ser conduzidos emdreas de Malawi onde o 'pops' 
un problena, comi a vista de e'entualthnente conseguir nessas areas linhas do melhoranentocoin 
altos rendinentos. No entanto trabalho de agronomia (comio os cimpassos) presica serfeito sobre os 
genotipos resistentes apops. 

1. Chiledze Aericulural Rcsarch Station. P 0 Bo) 158. Iih'ng e. Malai. 

Mallro, C.E., and N lrenda. N.E. 1994. Screening groundnui fir p-p, tlcrance'reitance under field condition inNMlaki. Page%98-105 in 
Su lainable groundnut prixductiin in s.uthcrn and eatern Africa pirecdings of.i Wiokhop, 5-7 Jul 1994, Mbabane. Ss€aziland (Ndunguru.
B.I. Hildebrand, G.L. and Subrahmanyarn P..ed,). RItancheru 502 324. Andhri' Prades.h,India Internaional Crops Research Inlituie for the 
Semi-Arid Tropic%. 

98 



Introduction 

Groundnut (Arachis hyogaea) is a very important 
crop in Malawi, It provides export earnings from con-
fectionery groundnut, and helps reduce imports by 
satisfying part of the country's demand for cdible-oil 
raw materials. Groundnut is also widely traded within 
Malawi, and is thus a source of income for farmers 
and traders. Groundnut (pure or blended with other 
foods) is also very important nutritionally, as it is rich 
in protein and energy compounds. Being a legume, it 
alIo enhances soil fertility when used as a rotation 
crop, thus helping smallholder farmers save on fertil-
i/er costs. 

thowever, production problems are fairly severe, 
Groundnut arca inMalawi has declined by about 56c-
bkteern 1989 and 1993, and yields are consistently 
low: 450 kg seed ha ' \with Chalimbana and Chilem-
bana (Ministry of Agriculture 1992. 1993). Pops 

and the proportion of sound mature kernels (SMK), 
and reduce the incidence of pod rot (Gascho et al. 
1993, Sullivan etal. 1974). 

A review of groundnut research in Malawi 
(1960/61 to 1981/82) indicated that responses to lime 
or gypsum occurred in <50% of seasons; only in a 
few areas (eg., Bulala, Wenya, Chinteche, and Lu
nyangwa in northern Malawi) were responses ob
ser%ed every season. Soil analysis for the experiment 
sites revealed that, except in Chinteche and Lu
nyangwa areas, pilwas sufficiently high for ground
nut (Maliro unpublished). Also, most of the pops
prone soils apparently have adequate Ca, and a few 
soil.; have marginally low soil Ca. Within an experi
mental site there were considerable differences over 
seasons/years in soil Ca; this may partly account for 
the erratic yield responses to gypsum application. The 
erratic responses to gypsum, huge amounts of lime/ 
gypsum needed, and the low groundnut yields (84

(pods ,.,ithoul seeds or improper filling of seeds) i'S 16(X) kg seed hanr), together make lime/gypsum tech
one reason for the decline in groundnul area. partic-
ularly in areas vhere the pops problem is severe, 
Pops incidence isassociatcd with poor yield and qual-
ity, and could thus be an imporlant factor in the con-
fectionery trade. 

Pops results from lo,calcium levels in the ine-
diate vicinily of developing pods. Sandy soils consti-
ltue a substantial part of the main groundnut 
production areas of' Mala. i. In these areas, domi-
nated b, acid (pl 4.8-6.6), sandy-ferralitic soils 
(laliro unpublished). pops has been reported to be a 
problem. 

No work has been done in Malav, i to directly 
measure the ef fct of pops on groundnut yief (ia-
iro unpublished). Ilowever. data from other studies 
(on crop responses to little and gypslum application) 
indiicate that pops apptrently reduces seed yield by 
16- 55 1-(Malir n p itlished), ad Could alsO cause 
,crious quality losses. (alciumn deliciency inthe up-
per 8 c in totpsil can lead to yield anid quality 
losses; the problem iof inherentl, Ca-deficient soils is 
Often compiu tilciby leaching of ('afrom the upper 
lasers of sand\, soils (Gascho et al.1993). 

Itnsand, ,oils itl the tISA. Ca ieficiency causes 
pod rot. hih also Ctitribt tcst0 low yield and poor 
qualit, (Walker and Csinos 1980). I.arge-seedc,! vir-
ginia gcniot)lpes tetluire more Ca in the pegging ruit-
ig lone thanio ,itmaller-seedei runner types (Walker 
eti:l. 1979 Cto\ ctat. 1982,Sumner et al. 1988). In 
Georgia. lcpcnding on the genotype anifor topsoil 
Ca. gypsui is recomniended lfor groutdtiut (Plank 
1989). Both gy)psumn and litte(depending (onsoil p1l, 
Ca. and lime i-pplicati,''et nthods) increase pod yield 

nology unfeasible in Malawi. In the USA. where 
yields are higher (6(X)-4400 kg ha I), lime/gypsum 
application is \ table (Gaines et al. 1989, Gascho et al. 
1993). 

To solve the pops problem in Malawi, therefore, 
resistant tolerant genotypes may be required. The ob
jectives of this stud, \\ere to: 
* 	 Identify pops-tolerant genotypes, regardless of 

other characteristics, for use in breeding 
programs; 

e 	 Identify high-yielding, pops-tolerant genotypes for 
immediate release in pops areas in Malawi. 

Materials and methods 

The pops screening experiment was conducted at 
Mbawa Experiment Station from 1987/88 to 1992/93 
(no data was collected in 19891/90). The station is 
situated in the Mizimba plain, the major pops pru:.''-:n 
area in Malawi. Sites were located in fields where 
pops has been a consistent problem. In the 1987/88 
season, 41) genotypes from the Malawi national pro
grain and the SAtX I(RISAT breeding program were 
screened. These genotypes included two controls: one 
pops- tolerant resistant (MB662) and one susceptible 
(Chaliimbana in 1987!88 and 1988'89. IB624'1 from 
1990.91 onwards). 

In the first season, the genotypes were grown in a 
ranfotiiZed complete block desi. i without replica
lion. Since seed was limited, only one 6-m ridge was 
sown to each genttype. In later years. three replica
tions were used in a split-plot design. Treatments 
were a factorial combination of genotype (G) 
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and sowing date (T). Two or three sowing dates were 
used: the earliest with the first sowing rains, and the 
two later dates following at 3-week intervals. Good 
management practices were used. The data collected 
included pops incidence, yield, seed size, and number 
of seeds per pod. Genotypes with low pops incidence 
in the lirst season were advanced to the replicated 
experiment the following season. Depending on seed 
availability, some genotypes were included at later 
stages of the trial. Data were analyzed using the Gen-
eral Linear Models procedure in the Statistical Anal- 
ysis System (SAS) computer progran. Both treatment 
factors and the replication Ifactor were considered 
fixed. 

Results and discussion 

1987/88 season. Forty genotypes, including two con-
trols, were evaluated. The experiment was not repli-
cated, and the results are therefore only indicative, 
Pops severity appeared to depend on genotype but not 
on time of sowing. Overall, pops incidence was low 
(Table I). Except for 3 ea y-sown and 7 late-sown 
genotypes, pops incidence was <12%. Interestingly, 
the susceptible control, Chalinrbana, SLiff'ered <10", 
pops incidence. Seed yields were low: 267-1()0 kg 
haI for early' sowing, and 89-556 kg ha I for late 

A GxT interaction was observed in 1991/92 and 
1992/93: but in neither season did yield corel;'te with 
pops incidence (Tables 4and 5). 

Parameter relationships 

There appeared to be no clear relationship between 
seed yield and pops incidence. Linear regression gave 
coeflicients of regression (R-2) ranging from 0.003 to 
0.56 in various years; the best association (R- = 0.36 
to 0.56) was for the 1991/92 data. lowever, this best 
lit variaaccounted for only 36-561"( of the total )ield 
tion. Nonlinear regre:;:;ion tov did not indicate any 
clear relationship between yield and pops incidence. 

As expected, pops incidence was strongly asso
ciated (linearly) with shelling percentage (R-- 0.72) 
and number of seeds per pod (R2 - 0.90). llowver, 
contrar to the commonly held view that larger seed 
size is linked to higher pops inciderce. we Iound that 
seed siue was very poorly correlated with pops inci
dence (R2 = 0.22 in 1988/89 and 1992/93). 

Conclusions 

Pops-tolerant gcnotypes, e.g., MB 662, Florunner, 
and T; 9, may exist. IHowever, high pops tolerance 

sowing. Seed yields ssere not related to pops inci- nlay not necessarily mean high seed yields. Con
dence in the various genotypes. 

1988/89 season. Ten genotypes, including two con-
trols,
were evaluated, f.lps incidence (mean of two 
sowing dates) ranged from 2.5} (in Robut 33-1, 
lower than the tolerant control) to 571:( inthe suscept-
ible control ITable 2). Four olthe eight testgenotypes 
showed mean pops incidence < 12"t. Seed yields %%ere 
low: 209-742 k ha I fIor early sowing, 71--676 kg 
ha lor latesowing. A;i the testgenotypes gave 
high2r yields than the pops-susceptible control, but 
there wais no relationship between yield and pops 
incidence. Neither did sowing date appear to influ-
ence pops incidence. 

1990/91 to 1992/93. |:ifteen genotypes, including tso 
controls, were cvaluated over these three seasons. In 
1990 91. ,eed yiclds %sere variable and pops incidence 
relatively uniformly with severallosv, genotypes 
showing incidence sililar to that inthe pops-tolerant 

versely, high-yielding genotypes nay be susceptible. 
The 'psychological' flicor can be important in 
Iarmers' attitudes to the pops problem. At the time of 
shelling, a variety that produces a large nuimber of 
empty shells is likely to be discarded; farmers often 
will not consider the fIactthat the variety may have in 
fact given ahigher seed yield than a pops-tolcrant but 
smaller-seeded varietN. 
Ior groundnut in Nl alawi. the growth-rclated pa

ratneter most variable among seasons is rainfall; per
thaps po s incidence nay be partly influenced by 

rainfall. The influence ofsowing date on pops was 
only marginal at best. 

It is necessary to determine v.'hcthcr pops is a 
problem by itself or iereiN an impact syipton asso
ciated with the real cause(s) of low yields. This would 
involve sustained survey,, (orer a block of seasons) ir 
the pops problem areas, and also physiological 
studies. Breeding forhigh yields in these problem 
areas may have to wait for the causes to be esab

control (Table 3). Inthe 1991.92 season, pops inci- lished, using the surveys and physiology studies pro
-lence was rclativel) severe ( E ble 4). In both 199t0 91 posed above. As Ior no"w. agronomy \ork needs to be 
and 1991[92. as in previous years, there (one on tile ty,,-swas no clear gen showing pops tolerance, with 
relationship betsscen pops incidence and sosving date. the hope that some yield increases may result. Studies 
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Table 1. Growth habit, seed yield, shelling percentage, pops incidence, and seed number per pod in 40 
genotypes, Mbawa Experiment Station, northern Malawi, 1987/88. 

Growth Yield (kg ha-'' Shelling percentage Pops incidence (%) Seeds pods-' 

Genotype habit' TI T2 Mean 2 TI T2 TI T2 Mean TI T2 

MB 662 B 511 356 433.5 70 73 3 1 2.0 1.69 1.74 
Chalimbana R 622 244 433.0 67 50 0 8 4.0 1.78 1.55 
Robut 33-I SB 400 178 289.0 62 73 1 2 1.5 1.51 1.40 
85 hyq(vb)t SB 800 533 666.5 69 67 6 9 7.5 1.55 1.50 
13 910/1/2 SB 644 311 477.5 60 45 0 3 1.5 1.78 1.73 
C 851/7 SB 689 - - 59 - 7 - - 1.63 -
E 910/1/2 S13 778 378 578.0 61 41 3 6 4.5 1.79 1.64 
B 434/1 SB 556 244 400.0 54 39 6 36 24.0 1.57 0.96 
D 58/1 SB 800 379 589.0 67 61 I 7 4.0 1.78 1.64 
C 763 SB 400 222 311.0 33 42 25 24 24.5 1.12 1.25 
D 27/3 SB 1000 268 634.0 68 57 0 3 1.5 1.65 1.52 
TG 9 SB 311 222 266.5 61 63 3 0 1.5 1.82 1.60 
C 863/2 S11 600 333 466.5 60 60 9 3 6.0 1.63 1.72 
B 19/2 B 956 556 756.0 64 63 5 5 5.0 1.73 1.75 
D 196/3/I SB 667 356 511.5 62 53 5 8 6.6 1.44 1.59 
C 763/I/1 SB 467 200 333.5 44 47 25 14 19.5 1.12 1.32 
E 685/I 9B 511 289 400.0 52 54 7 6 6.6 1.46 1.4 
D 636/2 SB 667 267 467.0 65 60 0 6 3.0 1.48 1.27 
13624/I SB 311 89 200.0 44 29 21 48 34.5 1.11 0.54 
B 80/3/2 SB 711 400 555.5 63 53 0 6 3.0 1.79 1.57 
D 341/1 S11 711 222 466.5 56 56 4 I1 7.5 1.52 1.26 
F-16-3-40-a R 400 311 355.5 56 58 1 6 3.5 1.54 1.54 
C 212/2 SB 511 356 433.5 68 67 2 4 3.0 1.62 1.44 
B 80/3 S11 867 378 622.5 67 55 0 - - 1.79 -
E 685/2 SB1 800 179 489.5 64 47 3 6 4.5 1.30 1.34 
C 863/1/2 SB 556 378 467.0 60 65 5 3 4.0 1.52 1.55 
E 685/3/I SB 667 422 544.5 61 56 7 5 6.0 1.42 1.57 
C 212/1/I SB 267 156 211.5 60 50 4 7 5.5 1.46 1.58 
C 763/3 SB 533 289 411.0 48 47 3 16 9.5 1.40 1.35 
1 80/2 S13 689 333 511.0 56 46 2 10 6.0 1.81 1.50 
D 716 SB 489 - - 65 - 5 7 6.0 1.46 1.45 
D 261/2 SB 667 222 444.5 53 40 I 9 5.0 1.58 1.35 
E267,2 SB 644 289 466.5 64 59 0 I 0.5 1.20 1.30 
B 201/3 SB 711 356 533.5 55 59 I1 5 8.0 1.42 1.72 
B 80/I SB 533 489 511.0 60 49 7 16 11.5 1.40 1.60 
B 201/1 13 422 422 422.0 54 54 1 0 0.5 1.36 1.75 
C 100/1/I SB 533 400 466.5 60 51 4 7 5.5 1.53 1.44 
13434/2/1 B 578 311 444.5 58 50 7 15 11.0 1.40 1.22 
D 657/2/2 SI1 400 244 322.0 64 44 2 7 4.5 1.67 1.43 
E685/1/2 SB 511 356 433.5 50 62 4 3 3.5 1.50 1.70 

I. TI - early sowing (with first sowing rains). T2 - late sowing, TI + 3 weeks. 
2. B - bunch/erect. SBsemi-bunch. R - runner/prostrate growth habit. 
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Table 2. Seed yield, shelling percentage, pops incidence, and seed number per pod in 10 genotypes, 
Mbawa Experiment Station, northern Malawi, 19118/89. 

Yield (kg ha-4 ) Shelling percentage Pops incidence (%) Seeds pod-I 

Genotype TI T2 Mean TI T2 TI T2 Mean TI T2 

MB 662 684 524 604.Oab 66 52 4 I 3.Oe 1.61 1.69 
Chalimbana 209 71 140.0 /3 16 51 63 57.Oa 0.65 0.45 
Robut 33-I 520 218 369.Ob 62 65 2 3 2.5e 1.35 1.35 
B 910/1/2 640 413 526.5ab 42 37 22 22 22.0bc 1.29 1.42 
D 271' 742 676 709.Oa 41 48 19 5 12cde 1.05 1.42 
TG 9 440 396 418.Ob 58 62 4 3 3.5de 1.36 1.39 
C 212/2 827 316 571.5ab 50 43 9 32 20.5bcd 1.15 0.76 
E 267/2 547 356 451.5b 48 39 15 24 19.5bcde 1.22 1.19 
B 201/I 480 400 440.Ob 44 42 14 9 I 1.5cde 1.27 1.23 
E 685/1/2 733 271 50?.Oab 41 29 35 36 35.5b 0.98 0.93 

Mean 582.2 364.0 47.4 43.3 19.8 17.5 1.190 1.183 
SE ±107.45 ±4.61 ±7.40 ±0.208 
CV(%) 39 18 69 30 

TI - early sowing (with first sowing rains). T2 - late sowing. TI + 3 weeks.
 
Mieans within a column. followed by the same letter, are not different by Duncan's Test.
 

Table 3. Seed yield, shelling percentage, pops incidence, and seed number per pod in 15 genotypes, 
Mbawa Experiment Station, northern Malawi, 19909. 

Seed yield (kg hat ) Shelling percent,ge Pops incidence (%) 

Genotype TI T2 T3 TI T2 TI TI T2 T3 

MB 662 1373 982 387 75 75 73 24 3 6
 
B 624/1" 853 409 98 46 38 41 53 62 35
 
Florunner* 764 835 244 77 77 69 2 3 9
 
B 910/1/2 2027 942 529 68 58 59 6 II 8
 
D 27/3 1436 804 333 76 57 61 12 7 20
 
TG 9 947 689 378 67 72 62 3 3 5
 
E 267/3* 1356 933 320 65 56 45 5 13 13
 
E 267/2 1258 840 249 65 55 36 22 24 26
 
ACG 1* 1653 867 347 59 48 42 17 31 18
 
E 685/1/2 1636 680 484 64 53 57 10 I1 12
 
C 851/7 1609 1236 484 65 62 53 8 6 10
 
C 264/I/2* 1613 533 360 63 40 45 6 28 25
 
B 80/3 1316 764 324 58 54 43 Is 19 23
 
E 267/11* 1338 867 404 59 47 44 19 39 27
 
ICGMS 42* 1511 1049 653 76 71 70 5 10 12
 

Mean 1379.3a 828.7b 373.Ob 65.5a 57.7b 53.4b 13.8 18.0 16.6
 
SE ±152.52 ±4.54 ±8.05
 
CV (%) 31 13 86
 

TI - early sowing, T2 - TI + 3 weeks, T3 - TI + 6 weeks.
 
0 First season for the genotype.
 
Means for the same parameter, followed by the same letter, are not different by Duncan's Test.
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Table 4. Seed yield, shelling percentage, pops incidence, and seed number per pod in 15 genotypes,
Mbawa Experiment Station, northern Malawi, 1991/92. 

Yield (kg ha-') Shelling percentage Pops incidence (%) Seeds pod- I 

Genotype Ti T2 T3 Mean TI T2 T3 TI T2 T3 TI T2 T3 
MB 662 
B 624/1 
Florunner 
B 910/1/2 
D 27/3 
TG 9 
E 267/3 
E 267/2 
ACG I 
E 685/1/2 
C 851/7 
C 264/1/2 
B 80/3 
E 267/1I 
I-GMS 42 

484 
129 
453 
373 
355 
204 
151 
288 
160 
284 
311 
306 
200 
244 
551 

818 
218 
827 
391 
240 
200 
262 
151 
160 
382 
342 
288 
217 
217 
351 

258 
133 
333 
222 
351 
337 
253 
168 
102 
200 
182 
106 
III 
124 
240 

520.0 
160.0 
537.7 
328.7 
315.3 
247.0 
222.0 
202.3 
140.7 
288.9 
278.5 
250.0 
176.3 
195.6 
380.7 

54 
15 

61 
30 
30 
54 
32 
28 
18 
30 
30 
28 
25 
22 
43 

69 
28 
64 
34 
29 
44 
38 
27 
21 
36 
33 
24 
33 
25 
37 

63 
36 
53 
36 
45 
56 
48 
43 
30 
38 
36 
33 
37 
24 
41 

9 
82 
21 
25 
54 
32 
30 
58 
72 
48 
47 
54 
56 
60 
43 

13 
78 
17 
39 
33 
29 
35 
34 
63 
50 
50 
47 
50 
63 
57 

7 
60 
27 
24 
16 
27 
19 

31 
60 
44 
33 
48 
44 
40 
21 

1.28 
0.14 
1.14 
0.69 
0.93 
0.77 
0.67 
0.64 
0.34 
0.74 
0.50 
0.42 
0.38 
0.41 
0.45 

1.32 
0.31 
1.12 
0.68 
0.62 
0.72 
0.81 
0.45 
0.49 
0.58 
0.69 
0.51 
0.73 
0.51 
0.38 

1.53 
0.40 
0.92 
0.99 
1.09 
1.04 
1.06 
0.82 
0.61 
0.80 
0.77 
0.60 
0.70 
0.66 
1.03 

Mean 
SE 
CV(%) 

582.2 364.0 208.0 
±107.45 

39 

47.4 36.1 
±4.61 
18 

43.3 19.8 17.5 
±7.40 
69 

33.4 1.190 1.183 
±0.208 
30 

0.868 

Ti - early %owing,T2 - TI + 3 weeks. T3 - TI + 6 weeks. 

Table 5. Seed yield, shelling percentage, pops incidence, and seed number per pod in 15 genotypes, 
Mbawa Experiment Station, northern Malawi, 1992/93. 

Yield (kg ha-') Shelling percentage Pops incidence (%) Seeds pod-' 
Genotype TI T2 T3 TI T2 T3 TI 
 T2 T3 TI T2. T3
 
MB 662 395 231 128 71 65 68 3 
 8 12 1.77 1.5'81.45
 
B 624/I 480 
 88 48 53 45 53 16 20 22 1.27 1.34 1.30
 
Florunner 248 182 133 73 61 63 II 
 15 9 1.36 1.35 1.53
 
B 910/l/2 600 146 
 97 59 50 54 7 17 
 17 1.55 1.32 1.35

D 27/3 444 93 48 
 49 35 55 12 29 30 1.45 1.00 1.13
 
TG 9 142 111 106 
 64 68 53 10 17 16 1.53 1.32 1.27
 
E 267/3 471 164 
 88 58 53 55 5 25 22 1.59 1.18 1.16

E 267/2 342 168 115 55 
 39 42 13 13 22 1.28 1.24 1.16
 
ACGI 435 137 62 
 51 37 48 16 22 21 1.20 1.08 1.18
 
E 685/l/2 422 151 88 
 59 58 53 16 II 22 1.32 1.60 1.27
 
C 851/7 586 208 115 
 54 52 54 12 14 II 1.47 1.42 1.49
 
C 264/l/2 328 186 88 
 34 44 43 36 34 25 0.88 0.99 1.10

B 80/3 324 142 62 53 48 
 42 6 22 24 1.28 1.03 1.19
 
E 267/II 435 115 120 56 
 45 44 9 26 21 1.37 1.04 1.09
 
ICGMS 42 426 217 88 
 60 56 59 8 17 14 1.23 1.33 1.19
 

Mean 582.2 364.0 92.4 47.4 43.3 52.4 19.8 17.5 19.2 1.190 1.183 1.257
SE ±107.45 ±4.61 ±7.40 ±0.208

CV(%) 39 18 69 30 

TI - early sowing. T2 - TI + 3 weeks. T3 - TI + 6 weeks. 
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on plant population may be potentially fruitful, since 
some of the genotypes (e.g., MB 662) are non-spread-
ing, and may therefore respond better to close 
spacing. 
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Discussion 

Maphanyane. Determination of pops severity in 
terms of percentage of occurrence may be mislead
ing. Low shelling percentage is probably more impor
tant than pops, as a reason for low pod yield; data on 
percentage by weight of 'pops' may therefore be 
more meaningful. 

Maliro. I agree. We will follow this method in future. 

Swanevelder. It may be useful to study the relation
ship between pops incidence and the number of rain 
showers for, say, a 60-day period after the onset of 
flowering. I also suggest exploring the possibility of 

using ashes from the home fire (collected for use at 
sowing) and burning all available bones, feathers, 
etc., which are rich in calcium. Another approach 
could be to change the nature of the seed bed so that it 
does not dry out quickly. 

Ntare. In western Africa we have a problem of low 
Ca levels. Calcium nutrition is influenced by pod size; 
larger pods have higher Ca requirements, and large
podded varieties thereforc suffer higher pops inci
dence. Our studies suggest that runner types are more 
efficient in pod filling in low-Ca soils. It would be 
useful to classify your material into small- and large
podded types. 

Maliro. In our trial we had a wide range of pod 
sizes, but we did not get the impression that pops was 

more of a problem with large-podded varieties. 

Ntare. That may be because you were using soils 
that were not deficient in calcium. 
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Ver ,er. Are the empty pods a result of a fertiliation 
problem with the flowers, or a seed development and 
fill problem? 
Maliro. Fertilization takes place normally; the prob-

ake th 
lem lies in seed development. Ca taken up by the plant 
before seed development cannot be transported down 

to the pods (it is not transported through the phloem); 
it must be taken up by the pod directly from the soil 
to enable seed development. If the soil is poor in Ca, 

Niairo Fetilzatonplce ormlly p~b-

or very 'ry (low rainfall), Ca cannot be taken up 
directly by the pod, and pops is a result. 
Freire. During the 5th Regional Grcridnut Work
shop in 1992, Bruce Syamasonta concluded that it was 
not useful to work with pops tolerance. Could you 
comment? 

Maliro. Our conclusion is somewhat similar. How
ever, we feel that more work is required, to find the 
real cause(s) of pops. 

105 



Optimal Sowing Dates for Groundnut 
in Southern Mozambique 

M J Freire and K V Rainanaiah2 

Abstract 

Optimal sowing dates and sowing period for groundnut in southern Mozambique were calculated 
using data from four trials conducted at Marracueneand Urmbeluzi (Maputo Province)from 1981 to 
1984, and by fitting a non-linear equation. Maximum yields were obtained when the crop was sown 
between 31 Aug and 6 Sep. Rv sowing in Aug and Sep, yields can be achieved that are at least 
(approximatel') 85% of the optimum. Both early and late solving reduced groundnut yields. Due to 
the erratic rainfall pattern in Maputo Province, it is reiterated that, as earlier recommended, 
groundnut should be sown witih the first rains. 

Sumdrio 

Datas de sementeira 6ptimas para o amendoim no sul de Mozambique. Usando dados de quatro 
ensaios conduzidos na regido de Marracuenee Umnbehizi (Provincia de Maputo, sul de Mofambi
que) de 1981 a 1984 e ajustando una eqtta '3 nia-linear,datas e pocas de sementeira 6ptimas 
forain deterininadas. A mais alta Razao de Perfomance (relacionada corn o rendimento 6ptimo )foi 
obtida para o periodo de sementeira de 31 Agosto a 6 de S.tembro. Semear durante as meses de 
Agosto eSet enbro t reconiendado, assegurando pei'o meno., 85% do rendimento 6ptimo. Devido ao 
padrao erratico das chuvas na Provincia de Maputo, e recomendado semear o amcndoim corn as 
prineiras chuvas. 

Introduction 

Groundnut is widely grown and consumed in south-
ern Mozambique, mainly by smallholder farmers en-
gaged in rainfed, low-input, subsistence agriculture, 
However, yields are normally low (200-500 kg ha'). 
Delayed sowing is one important factor contributing 
to low yields. Groundnut sowing is usually delayed 
because (,ther crops (e.g.. maize) are given higher 
priority when labor is in short supply, because seed 
only becomes available late, or because the rainy sea-
son begins late. 

It is well known that delayed sowing reduces 
groundnut yield mainly because of insuflicient rain-
fall (Malithano et al. 1983, Freire 1987, Sibuga et al. 
1990), which may increase defolialion (Maieux 

1992), shorten the pod-filling period (Choudhary ct 
al. 1986), and increase the incidence of pests (leaf
eating caterpillars, aphids) and diseases (rust, rosette) 
(Malithano et al. 1982, 1983). On the other hand, very 
early sowing (which is possible when irrigation is 
available) can also reduce yield, mainly due to low 
temperatures that may delay seedling emergence and 
early-stage growth (Choudhary et al. 1986, Maieux 
1992). 

With the objective of determining optimal sowing 
dates for spanish type groundnut in Maputo Province 
(southern Mozambique), four trials were conducted 
between 1981 and 1984 in Marracuene and Umbcluzi 
(Malithano et al. 1982, 1983). However, no attempt 
was made to analyze the data together. This paper 
presents an overall analysis of results from the four 

1.Faculty of Agronomy and Fore'try Engineering. Univer.ty Eduardo Slondlane. C P 257. Maputo. Mozambique. 
2. Minkiry of Agriculture, t're-program. Maruno. Mozambique. 

Frelre, %.J. and Ramanalah, K.V. 1994. Optimal %ow,%ingdale%for groundnut in southern Mozambique. tages 106- 109 in Sustainable groundnut
production in southern and eastern Africa: pro.ceedings of a Workshop. 5-7 Jul1994, Mbabane. Swaziland (Ndunguru. 11J. Hildebrand. GA... 
and Subrahmanyam. .. ed,.).Patancheru 502 324, Andhra Pradeh. India: International Crops Research Institute for the Semi-Arid Tropic%. 
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trials, and recommendations on optimal sowing dates/ 
periods for spanish type groundnut, particularly the 
cultivar Bebiano Branco. 

Materials and methods 

From 1981 to 1984 four sowing date trials were con-
ducted, two at Marracuene (on a sandy soil, under 
rainfed conditions, using the groundnut genotypes 
Bebiano Branco and Bebiano Encarnaco) and two at 
Ulibelu/i (on a sandy-loam soil. irrig':tcd, using Vc-
bii o Branco and Sta:r) (Malithano et al. 1982, 1983). 
The sow%ing dates and yields arc presented inTable I. 

As growing conditions and sowing dates varied 
from trial to trial, ANOVA analysis 'across )ears andwas ' oun ~ ~ '-' non ho-
locatbons' was inappropriate. Inst . 
ear regression analysis was used. However, it was 
necessary to standardize the data, from the varioustricals. to,ao st aratioe thepe fromne arious-
trals. To uo so. a ratio of performance was com-
pited in two different ways: 

,, Rjti,,1 Performance (mean) - Yield at oA.'ing date 
Mean ,ield of all trials 

Yield.ai soing date 

Maximum jeld ia anN 
s. ing date 

This procedure was repeatcd both with the sowing 
date mean yield of all cultivars and the sowing date 
yield of Bebiano Branco. With the computed ratios 
and the related calendar day, anon-linear regression 
was done using the following equation: 

r 

a+hD+cD2 

where r is the Ratio of Performance, a, b,and c are 
regression constants, and D is the sowing date (quan
tilied as I - I Jan, 365 - 31 Dcc). 

From Table 1 it is evident that a delay in sowing 
reduced mean yield significantly (P <0.001) at allsites, with the highest reduction (78%) at Umbeluzi 

during the 1982/83 se'ison. In the same trial, the reduction in Bebiano Branco yield was also highest 
(821,%-). According to Malithano et al. (1982, 1983), 
these yielu reductions were caused by low rainfall 
after the (delayed) sowing, and higher levels of pests 
(leaf-eating cateipillars, aphids) and diseases (rust, 
rosette). 

Table I. Yield and ratios of performance in four groundnut trials, southern Mozambique, 1981-84. 

Basis for ratio calculation 

Mean values Bebiano Branco 

Ratio of Yield of Ratio of Ratio of 
Mean Perform- Ratio of Bebiano Perform- Perform- Level of 

Location, Sowing yield ance Perform- Branco ance ance signili
-season date (kg han) (mean) ance (max) (kg ha i) (mean) (max) cance/CV 

Umbeluzi 31 Aug 1723 1.54 1.00 1743 1.46 1.00 0.1% 
1981/82 1Oct 1287 1.15 0.75 1508 1.27 0.87 

3 Nov 348 0.31 0.20 321 0.27 0.18 18% 

Umbeluzi 24 Aug 2003 1.33 1.00 1833 1.28 1.00 0.1%
 
1982/83 22 Sep 
 1829 1.21 0.91 1734 1.21 0.95 

I Nov 704 0.47 0.35 720 0.50 0.39 21% 

Marracuene 10 Aug 926 1.1 I 0.92 1020 1.09 0.90 0.1% 
1982/83 22 Oct 1009 1.21 1.00 1135 1.22 1.00 

I Dec 569 0.68 0.56 643 0.69 0.57 6% 

Marracuene 16 Sep 775 1.10 1.00 835 1.17 1.00 5% 
1983/84 20 Oct 640 0.90 0.83 590 0.83 0.71 20% 
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Table 2. Characteristics of the multiple regression equations r=l/(a+bD+cD 2) (D = sowing date, BB
 
Bebiano Branco) obtained on analysis of data from four groundnut trials, southern Mozambique, 1981--


Critical dates 

Factors a b c 

Mean vs Ratio of 12.757 0.0975 0.000 
Performance (Mean) I 2 

Mean vs Ratio of 13.215 0.0998 0.000 
Performance (max) 0 2 

BB vs Ratio of 14.476 0.1 100 0.000 
Performance (mean) 4 2 

BB vs Ratio of 15.872 0.1200 0.000 
Performance (max) 3 2 

From the values of R2 (Table 2), it is evident that 
55-66% of the variations in yield can be accounted 
for by the effect of sowing date (Fig. 1). From the 
equations (Table 2) the optimum sowing period ap-
pears to be 31 Aug to 6 Sep. However, it must be 
pointed out that during this period the rains are just 

_ Ratio of performance* 	 Ratio of performance 
(mean) actual (mean) calculated 

O 	 Ratio of performance Ratio of performance 

(ax) actual (max) calculated 

1.6) 

1.2010 
E .o 0 

0.80 ]- O 
0 
0 

00 1 1 1it 
00 

< a a z U 
-- - 'C o 

Sowing dates 
Figure 1. Ratios of performance computed from 
sowing date mean yields of groundnut cultivarBe-
biano Branco. 

Optimum Limits for 15% yield loss 

R2 yield From To 

0.6 2-3 Sep 8 Aug 28 Sep 
6 

0.5 	 31 Aug- 3 Aug 30 Sep 
5 1 Sep 

0.6 	 4-5 Sep 12 Aug 30 Sep 
5 

0.5 	 5-6 Sep 9 Aug I Oct 
9 

beginning and groundrut sowing is often postpone 
for several reasons. These include inadequate lan 
preparation, unavailability of seed, low priority fc 
groundnut as a component in the cropping system, c 
delay in the onset of rains. 

Assuming, that the best period to sow groundnut i 
such that no more than 15% of the optimal yield i 
lost, only the period from Aug to Sep fulfills th 
requiremcnts. 

Conclusions and recommendations 
Based on the results, the following conclusions anm 

recommendations can be made: 
For maximum yield, spanish type groundnut ii 

general, and Bebiano Branco in particular, mus 
be sown between 31 Aug and 6Sep; 
Sowing spanish type groundnut (Bcbiano Branco 
in Aug or Sep is highly advisable fcr both subsis 
tence farmers and farmers with access tc 
irrigation; 

*Due to the erratic rains in southern Mozambique 
isrecommended that rainfed groundnut be sowr 

with the first rains. It is important to note that thi: 

is not different from the practice followed by suc 
cessful subsistence farmers; 

* 	 Efforts should be made to use data from source, 
other than sowing date trials, to obtain specific 
recommendations on optimal sowing dates foi 
other cultivars, using a methodology similar to the 
one described here. 
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Discussion 

Mpanza. You have suggested optimal sowing dates 
for groundnut in southern Mozambique. What clima
tic conditions are encountered in that region? 

Freire. Average rainfall is around 250 mm per year. 
Average temperature data for the rainy season is not 
available, but the maximum is around 40*C. 
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reriullrmanici ilt i wo tUroununut tunivars at 
Two Populations Intercropped with Sunflower 

K Kanengal 

Abstract 

This iaper describes agronomy work conducted over three seasons (1988/89 to 1990/91) at the 
Msekera Research Station, Zambia, on a groundnut-sunflower intercropping system. The objectives 
were to compare the piformances of two groundnut varieties, Chalimbana and the recentv re
leased MGS 2, and stud' the effect ofplant density on crop yields and cropping svstem efficienc'. 
There were no significant yield differences between the cultivars when they were intercropped with 
sunflower. An increase in groundnut densil , had an overall effect on the systen: .for Chalimbana 
there was amarginalyield increase (in all seasons) with "ncreasingplant densit*. MGS 2 showed a 
yield reduction at higher densitYfo~r two seasons out ofthree, antd amarginal (non-significant) yield 
increase ini one season. In a drY year, the yield di ference between sole cropping and intercropping 
was large. This diffirence was reduced in years ofgood rainfall. In these 'ears the land equivalent 
ratio was as high as 2, suggesting that when rainfall is sufficient, total intercropyiehls are higher 
than sole crop yields. 

Sumdrio 

Comportamento dos Jois cultivars do amendoin em duas populafies consociados com gir
assol. Esse artigo descreve o trabalhoagronomnico conduzido por trs esta('oes (1988/89 a 1990/91) 
na Esta -do de Investigaqdo em Msekara, Zambia sobre o sisteina de consociafdo amendoim/ 
girasso!. Os objetivos erdo a colmlaral;do do conportanlento das duas variedades do anendoint 
Chalinbana e a variedade recentencte libertada AIGS 2 tambm o estudo do efeito da densidade 
das pIantas sobre o rtndineto e sobre a eficii;nciado sistena do cultivo. 

Os cultivores ndo apreseniardo significativas diferenj'as no renzdimnents quando foro cotiso
ciados coin girassol.Coin autneunlo tia densidade houve in (fits total sobre o sistenia: Chalinibana 
alreselltoll ion alti tlilo niarqial11orendimetluo cont aunietis oa densidadeciii todas as estavoes. 
Para duas tdns tr~s esta's3es MGS 2 apresenton unta redudo no rendintento con atnento na 
densidade e liol nlelto tinarginalmenteinsignificante untia ds estaan'es. 

Em Wivalio (ie seca a difi'reni'ano rendiienito entre a cultura simnples e consocia(dofi)i grande. 
l ,ii amios de' boa chuva esta diferenl;a foi reduzida. Env esses anos sugeritdo que. quando a 
preciiotalYdo c suficiente o reidintento da consociafdo e oais alto que a rendiieito da cultura 
simpes. 

Introduction groundnut is extensively intercropped with other 

crops. For the farmer to fully realize the yield poten-
A considerable number of small-scale farmers in tial of intercrops, it is imperative that researchers go 
Zambia traditionally practice intercropping, arid beyond establishing crop compatibility, to studying 

I. Fo' d L.egumes Roe.carch Team. NIlekera Research Slation, 1P0 Bto%510)89, Chipala. Zambia. 
Kanenga, K. 1994. P.rfiormance of i groundnut cultivar, al i.o population%intercropped ilib sunlov,er. ige. 110 113 in Suslainable 
groundnul prxduction in %outhern and eatern Africa: proceedings of a V\'rkhop, 5 7 Jul 1994. Mbabane. S'.aziliand (Ndunguru. 3.J.. 
Hildebrand. G.,.. and Subrahmanyam. R..ed.). Paiancheru 502 324. Andlira Pradeh. India: International Crop. Reearch tn..tituie for the Seni-
Arid Tropic%. 
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agronomic and management factors that will improve 
the efticiency of these crop mixtures. Such studies 
would focus on identifying suitable crop cultivars and 
determining optimum spacing and nutrient levels, 

Early research on intercropping concentrated on 
identiying suitable intercrop combinations. Thus, the 
botanist's (rather than the agronomist's) interpreta-
tion of competition between different plant species 
has resulted. A number of published studies are avail-
able on these and related aspects of plant competition 
(e.g., Willey 1979). Several national and international 
research institutes have regular programs on inter-
cropping work. This paper describes recent agronomy 
work conducted at the Msekera Research Station, 
Zambia, on agroundnut-sunflower intercropping sys-
tern. The study was conducted with two objectives: 

* 	 To compare the performance of two groundnut 
cultivars: Chalimbana, a popular traditional vari-
ety that has been cultivated for anumber of years, 
and MGS 2, which was recently released; 

" 	 To determine whether high or low plant densities 
were appropriate for these cultivars when inter-
cropped with sunliower. 

Materials and methods 

The study was conducted over three seasons, 1988/89 
to 1990/91. The study site was located at Msekera 
Research Station, Chipata, in Zambia's Eastern Pro-
vince. The elevation at the site is 1024 m, and the 
mean annual rainfall 887-1014 mm. The soils are 

moderately deep, dark reddish brown, moderately to 
strongly leached, moderately permeable, well 
drained, and clayey, with sandy-loim top soil, low 
nutrient-holding capacity, and pH (CaCI 2) ranging 
from 4.5 to 5.6. 

Rainfall patterns during the three seasons of the 
study were not similar (Table 1). In 1988/89, there 
was very little rain at sowing and during the germina
tion phase. In 1989/90 rainfall was satisfactory during 
both the germination and flowering phases. In 
1990/91, the rainfall was barely adequate at sowing, 
but satisfactory thereafter. 

The experiment consisted of nine treatments. Two 
groundnut varieties, Chalimbana (control) and MGS 
2,were sown, each at two plant densities (low, 22 222 
plants hal' and high, 44 444 plants hat ) in a sun
flower intercrop. The other live treatments were sole 
crops for each variety and population density, and 
sole sunflower. The nine treatments are referred to 
here as: SVP, SVtP,, SV.PI, SV2P2, sole V,P, 
sole VtP 2, sole V2P,, sole V2P2, and sole S; where S 
is the sunflower variety (CH 336), V, and V2 are the 
groundnut varieties Chalimbana and MGS 2, and P, 
and P2 are low and high groundnut plant population 
densities. 

For intercrops, sunflower and groundnut were 
sown on alternate rows (on ridges) 75 cm apart. For 
groundnut at low density, within-row spacing was 30 
cm; for high-density, 15 cm. Sunflower within-row 
spacing was 30 cm. For sole crops, interrow spacing 
was 75 cm in all treatments. Sunflower within-row 
spacing was 30 cm, and groundnut within-row spac
ing was either 30 cm or 15 cm. 

Table 1.Rainfall data at Msekera Research Station, Chipata, Zambia, 1988/89 to 1990/91. 

Month 

Oct 
Nov 
Dec 
Jan 

Feb 

Mar 

Apr 

May 


Seasonal total 

Source: Msekera Agromet Station 

Normal rainfall 
(mm) 

16 
85 

213 
267 

229 

157 

47 
0 


1014 

1988/89 

46 
20 

153 
429 

286 

201 


26 
19 


1180 

Actual rainfall (mm) during 

1989/90 1990/91 

0 5 
172 41 
190 168 
233 268
 
235 164
 
151 113
 
88 20 
39 0
 

1108 779 
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Treatments were arranged in a randomized corn-
pletc block design with four replications. Each repli-
cation consisted of nine plots. The sole-crop plots of 
both crops consisted of four rows 5 m long, while the 
intercrop treatments consisted of six alternating rows 
of the same length. Plot size was therefore different 
for sole and intercrops. The gross plot area for sole 
crop treatments was 15 m2 (3 in x 5 in) and the 
corresponding net plot size 6 inm2 (1.5 in x 4 m) (the 
two middle rows, with 50 cm at each end of the row 
discarded). Gross plot area for intercrops was 22.5 m-
(4.5 in x 5 in) and net plot area 12 m2 (3 m x 4 in) 
(four middle rows, with 50 cm from each end of the 
ridge discarded). 

Land preparation was by plowing and later discing 
(20-3(0 cm deep), using a tractor. Ridging and sowing 
were done by hand. 'D' compound fertilizer (I50 kg 
ha' @ N:P:K:S 1:2:1:1) was broadcast evenly over 
each plot as basal fertilizer; 150 kg hal of urea (46% 
N) was applied to sunflower 2 weeks before flower-
ing. The fungicide Captasam NI was used as a sced 
dressing @ 125 g per 50 kg of groundnut seed. No 
seed dressing was applied to sunflower, 

Sowing depth was 3cm for both crops. Groundnut 
was sown with the lirst effective rains (mid Nov to 
early Dec), and sunflower almost a month later (end 
Dec or beginning of Jan). Hand hoe weeding was 
done twice, 2 weeks and 3weeks afer groundnut was 
sown. Data were collected on germination percent-
age, time to 50% flowering, stand count at harvest, 

disease score (leaf spot), yield, and yield components. 
The data were subjected to ANOVA analysis using 
Msta; yield data were also subjected to bivalate 
analysis. 

Results and Discussion 

1988/89 season. Yields were generally low in both 
groundnut varieties, possibly due to lack of moisture. 
There were no signilicant differences in kernel yield 
between Chalimbana and MGS 2 when intercropped. 
In sole cropping, however, MGS 2 outyielded 
Chalimbana by about 15%. The effect of component 
plant population density on yield was also studied. 
Increasing the plant population increased kernel yield 
for Chalimbana from 70% to 100% of the correspond
ing sole crop yield. In contrast, MGS 2 yields were 
reduced from 47% of sole crop yield at low popula
tion to 44% at the higher population. Mutsaers (1978), 
in mixed cropping experiments with maize and 
groundnut, found that groundnut yield decreased with 
increasing plant populations. In our study, MGS 2 
gave results similar to those of Mutsacrs (1978), but 
Chalimbana (lid not. The overall results (Table 2) 
show that Land Equivalent Ratios (LFRs) were high
est for Chalimbana at low population, followed by 
MGS 2at low population, and MGS 2at high popula
tion; Chalimbana at high population gave the lowest 
1.F;R. 

Table 2. Groundnut yields and Land Equivalent Ratios (LERs) for two groundnut varieties in a ground
nut-sunllower intercrop, Nlsekera Research Station, Chipata, Zambia, 1988/89 to 1990/91. 

1988/89 1989/90 1990/91 

Density' Chalinibana MGS 2 Chalimbana MGS 2 Chalimbana MGS 2 

Low 2302 239 472 505 607 602 
(0.70)' (0.47) (0.93) (0.89) (0.67) (0.75) 
(1.48)4 (1.25) (1.48) (1.66) (1.95) (2.18) 

High 335 231 512 575 917 788
 
(-0.01) (0.44) (0.95) (1.04) (0.85) (0.56) 
(0.76) (1.18) (1.71) (1.64) (1.98) (1.86) 

Mean 288 235 492 540 762 

CV (%) 32.00 6.30 26.00 
SE +38.00 ±16.00 ±114.00
 

t. Denity: low prpulation - 22 222. high pxupulation - 44 444 plants ha 1. 
2. Kernel yield (kg hi ). 
3. Groundnut I.ER. 
4. Total .ER. 

695 
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1989/90 season. Groundnut yields were highcr (clue In a dry year, the yield difference between sole 
to good rainfall) than in the previous season. Again, cropping and intercropping was large. This difference 
there were no significant yield differences between was reduced in years of good rainfall. In these years 
the two varieties. As in the previous season, Chalim- the IER was as high as 2, suggesting that when rain
bana yields were higher at higher plant population. At fIl is suflicient, total intercrop yields are higher than 
low density Chalimbana produced 93% of the sole sole crop yields. 

-crop yield; and at high density, 95% of sole crop 
yield. For MGS 2 at low density, yields were 89%1 of' References 
sole crop yield; at high density they were 104% of 
sole crop yield. These results differ from the density Mutsaers, II.J.W. 1978. Mixed cropping experi
vs yield relationship observed in 1988/89, but the in- nients with maize and groundnut. Nethetlands Journal 
crease in yield at higher densities (froni 891f to of Agricultural Science 26(1978):345. 
104%) in 1989'90 was not significant. Wile, R.W. 1979. Intercropping-its importance 

IlRs were used as a Measure of the overall effi- . 
ci ency of thle system. The t-t R for Chal imbana in and research needs. Part 2. Agronomy and research 

creased with an increase in density (1.48 at low approaches. Field Crop Abstracts 32(2):75. 

density, 1.71 at high density). In contrast. t.I-R for
 
MGS 2 decreased (from 1.66 to 1.64) when popula- Disctssion
 
tion densit3y increased, indicating that density may Kuliriti. Your sutlower-groundnut intercropping
 
have exceeded the optitun conpetition threshol, trials were sown in rows. Do farmers in Zambia sow
 

1990/91 season. Groundnut yields were bett.r than in both crops in rows? If they do not, recommendations
 
the two previous seasons, probably due to better rain- made on the basis of your trials may not benefit
 
fall. There ,,cre no significant yield differcnces bet- farmers.
 
ween the two varieties. The two varieties responded Kanenga. Farmers sow groundnut in rows, but not
 
differently to an increase in population. Chalimbana sunflower. lowever, I feel that recommendations re
produced 67%. of sole crop yield at low density and suiting from these trials will be useful to farmcrs even
 
857 of sole crop yield at high density. MGS 2yields if sunflower is not sown in rows.
 
were reduced from 75%, of sole crop yield at low
dee t d atLlmg5 of' opuieldat in low Freire. What populations did you use for sunflower?
destyole 
density to 56(:; at high density. Thle population vs 	 Your groundnut populations (in intercropping) were
yield relationship for both varieties was thus similar vry low. What sole crop population did YOU Use ! 
to the trend observed in 1988 89. v e ha LE c 

Tlhc overall intercropping efliciency (i.e., LtIR) 
was highest for MGS 2 at low density, followed by Kanenga. Sunflower is the main crop and was sown 

Chalimbana at high density, and Chalimbana at low at the full recotmmended population. For groundnut, 
density. MGS 2 at high density gave the lowest FR we used the standard sole crop recommendation to 

(Table 2). compute the LER. 
Zengeni. Is groundnut-sunflower intercropping cot
monly practiced in Zambia? 

Conclusions 	 Kanenga. No proper survey was carried out before 
the trial. However, there are reports of this practice in 

Yield response patterns in the two varieties to some parts of the country.
 

chan-cs in plant population were discernible across Luhana. Is there any danger of transferring foliar
 
seasons. There were no significant differences for diseases from sunflower to groundnut or vice versa,
 
yield between Chalimbana and MGS 2 when they since both crops can sometimes be heavily attacked
 
were intcrcroppcd with sunflower. Ati increase in by foliar diseases?
 
plant density had an overall effect on the whole sys- Sulrahnanyam. I don't see any major problems
 
tem: for Chalimbana there was a marginal, non-sig- with foliar diseases such as leaf spots and rust. How
nificant yield increase (in all seasons) with increase ever, in Malawi, high incidence of groundnut streak
 
in density. For MGS 2 there was ayield reduction at necrosis disease (GSND. which is caused by a sun
higher density for two seasons out of three and a flower virus) has been reported on groundnut inter
marginal (non-significant) yield increase in one cropped with, or even grown in proximity to,
 
season. sunflower.
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Partnership in Technology Transfer: A Case Study in
 
Nkhata Bay District in Malawi
 

A J Chiyembekeza', B J Ndunguru 2, E A Chisala 3, and C Mtalo3 

Abstract 

Malnutrition is endemic in Malawi, particularly among preschool children. Realizing the impor
tance of groundnut in childrens diets, the United Nations Children's Fund (UNICEF), in collabora

tion with the SADC/ICRISAT Groundnut Project and the Malawi national agricultural research 
system, introduced seed of two groundnut cultivars, CG 7 and JL 24, in the Child Survival and 
Development Project (CSDI') areas ofAaula and Sanga, in Nkhata Bay district of Malawi. The seed 
was provided on credit, at low prices, on a cost-recover' basis. By increasing production of 
groundnitand so 'bean (which was the main legume crop in these areas during the initial yeara ,'j' 
the P,.Jeet) by households wvith young children (< 5 years old), we hope to improve child nutrition 
and thereby reduce mortalit". In addition, the crop would provide sone cash for farmers. 

I 1992/93 and 1993/94, a total of 400 farmers grew CG 7 and JL 24 alongside their local 
ciltivar, Kasawaya. JL 24 and CG 7 outyielded Kasawaya in both years, and were preferred by 
farners.BY pooling resources from various sources and organizations, as has been demonstrated in 
this case, we hope to make fasterprogress in the transfer ofnew technologies developed at research 
stations. 

Sumario 

Sdcios na transferincia de tecnologia: Um caso no Distrito de Nkhata Bay no Malawi. 
A tnalnutri'di66 epidemica na Malawt, particularnente em crian'as em idade pr -escolar. To
mando em considera(iio a importncia do anendoim no dieta da crian'a, a UNICEF (Fundo das 
Na '0es Unida., para a Crian'a) em colabora ('6 com .' Projecto do Amendoim do SADC/ICRISAT e 
do NARS (Sistema de Investiga'do Agricola Nacional), ;' iu semente de dois cultivares do 
amendoin, CG 7 ( JL 24, no CSIJI' (Projecto de Dese',volvimento eSoi, .-;:"'nciada Crian(a) nas 
areas de Maula e Sanga, no Distrito de Nkhata Ba v,no Malawi. A senentefoifornecida a credito, 
mas com ran baixo juro. Diurante os prineirosanos do projecto, estas 4reas tinhom a soja coma 
principal legumninosa. Awnentando a produss6' destas leguninosas eni familia com crian(as cam 
mnieos de 5 atlos de idade, esperamospoder melhorar o 'status' nutricionaldos crian(as e, assim, 
reduzir a mnortalidade causada por untio nutri &apobre. Lin adiYii a cultura pode providenciar 
algum dinheiropara os agricultures. Durante dias canspanhas agricolas de 1992/93 e1993/94, uM 
total di 400 agricultores sensearant o CG 7 e JL 24 ao lado do sea cultivare 'Kasawaya'. Ens 
ansbos us anos, JL 24 e o CG 7produziu msais o cultivardos agricultores, Kasawaya',embora as 
rendimentos tetshan sido inferiores aos obtidos nas esta(iies de investiga(do. Os agricultores 
pr(J'eriranu amnbos os cultivares. Juntando recursos dos varias fontes e organigaf'aes,coma temos 
vindo a demonstrar nestc caso, esperantos fazer uns progresso rdpido na transferencia das novas 
tecnologias desenvolvidas nas estaf6es de pesqisisa, 

1. Chiledic Agricultural Re ,arc n Station. P .) lb 1. I.ilongwe, Malawi. 
2. SADOI'(RISAT Groundnut Project. I' () lIh 1096. L.ilongwe. Malawi. 
3. NICN FIM,ia i. PO h1)x30375, Capital City, 515hng' e. Mal awi. 

I(RISAT Conference Iaper no,.C' '60. 

Chlerntbekea, A.J., Ndunguru, 1J., Chlsalu, E.A., and Mialo, C. 1994. Partnership in technology transfer: acase study inNkhata Bay 
disirict inMalawi. Pages 117-121 inSustainable groundnut prodluction insouthern and eastern Africa: proceedingsofa Wi rkshop. 5-7 Jul 1994. 
Mbabane. Swaziland (Ndunguru. B.J.. Hildebrand. G.L., and Subrahmanyam, P..eds.). Patancheru 502 324, Andhra Pradesh, In: International 
Crops Research Institute for the Seni-Arid Tropics. 

I1.,' 



Introduction 

Agriculture plays a very important role in the econ-
omy of Malawi. Over 80% of Malawians live in rural 
areas and derive their liv.,.ihood from agriculture, 
directly or indirectly. The farming practice is mainly 
subsistence and these farmers 'ace many constraints, 
Malnutrition is endemic, particularly among pre-
school children. Recent national-level data indicate 
that 35% of all children are malnourished and 56% 
are physically stunted (Government of Malawi 1993). 
The high incidence of stunting indicates chronic mal-
nutrition, as opposed to occasional severe episodes of 
malnutrition that lead to wasting. 

It is against this background that the United Na-
tious Children's Fund (UNICEF) inplemented, on a 
pilot basis, three Child Survival and Development 
Projucts (CSD's), one of which operates in Nkhata 
Bay :istrict in northern Malawi. Many parts of the 
district receive adequate rainfall, and a number of 
crops are grown. Cassava (Manihot esculenta) is the 
main staple food in the district. Other staple foods are 
rice (Orvza sativa) and maize (Zea avs). The main 
!egumes include drybean (Phaseolus vulgaris), 
pigeonpea (Cajanus cajan), groundbean (Vigna sub-
terranea), and cowpe. (Vigna unguiculala). 

Until the inception of the CSDIP, the area under soy-
bean (Glycine max) and groundnut (Arachis hypogaea) 
was very small. These areas have now increased, partly 
because of a CSDP credit package introduced for 
farmers. By increasing production of these legumes, we 
hope to improve child nutrition and inereby reduce 
morality. In addition, the crops could be sold for cash. 

Collaboration between the SAFDC/ICRISAT Ground-
nut Project and the Malawi national agricultural re-
search system (NARS) has resulted in the release of a 
number of groundnut cultivars that could potentially 
boost production. However, these improved cultivars 
have not reached farmers for a number ol reasons 
(ICRISAT 1994), and farmers continue to grow their 
local cultivars. Insufficient participaion by farmers 
in the process of cultivar development is one reason 
for such non-adoption. The introduction of new culti-
vars with more desirable yield attributes than the cul-
tivars presently grown, wojld boost groundnut 
production in the area. 

Farmers would be asked to evaluate some of the 
recently developed (both released and pre-release) 
cultivars. Feedback from farmers would enable the 
groundnut research program to more effectively ad-
dress farmers' preferences and needs. Our aim was 
also to ensure the successful introduction of the new 
groundnut cultivars in this CSDP area. 

Methodology 

Initiation of the CSDP. The Nkhata Bay CSDP was 
initiated in 1990 in the areas of Maula and Sanga. 
These areas were chosen for the CSDP because of 
high rates of child mortality, female illiteracy, and 
malnutrition. Each CSDP effected interventions in 
several areas, including household food security. Part 
of the household food security component was the 
agricultural credit sub-project, which provides inputs 
to targeted groups, primarily women farmers. These 
inputs (typically fertilizers and hybrid maize, soy
bean, and groundnut seed) were issued to farmers on 
credit, on acost-recovery basis. In addition, 100 kg of 
maize flour was provided to ensure a staple food sup
ply for a 6-8 week period in Dec and Jan, during 
which operations such as weeding are undertaken. 

Sources of seed. The SADCJICRISAT Groundnut Pro
ject, in collaboration with the Malawi NARS and UNI-
CEF, provided seed of two groundnut cultivars, JL 24 
(short-duration spanish) and CG 7 (medium- to long
duration virginia). l. 24 was proposed for release in 
1989 on the basis of its yield potential and seed qual
ity. However, because of poor oil chemistry (oleic/ 
linoleic acid ratio, which determines the shelf life of 
the processed product) this cultivar was not officially 
appruved for release. CG 7 was approved for release 
in 1989, but had not yet reached Nkhata Bay district. 

Seed distribution and selection of farmers. 
Groundnut seed was distributed to 100 farmers during 
the 1992/93 growing season for sowing in areas of 
Maula, Sanga, Lisale, and Msane. Twenty farmers 
received CG 7 seed and 80 received JL 24 seed. The 
farmers selected in these areas were those who had 
grown soybean under the CSDP the previous year. The 
1993/94 scheme included farmers who had not partic
ipated in the soybean scheme the previous seasons. 
Three hundred farmerq were given seed in areas of 
Maula, Sanga, Msan., Lisale, Nkhwali, and Usisya; 
223 farmers received CG 7, while 77 farmers r,
ceived JL 24. 

The farmers were also requested to grow the local 
cultivars adjacent to CG 7 or JL 24, for comparison. 
Farmers were advised to plant the seed the way they 
preferred, but were also given information on man
agement of the improved cultivars. 

Demonstration plots. In addition to the farmers' 
fields, five cultivars (JL 24, CG 7, and three con
trols-Malimba, Mawanga, and Chalimbana) were 
sown on demonstration plots. All demonstration plots 
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in the various Extension Plannirg Areas (EPAs) were 
sown by extension staff. Each cultivar was sown on 
two ridges, 6 m long and 90 cm apart. One demon-
stration plot was sown at each of the following sites: 
Sanga North, Sanga South, Maula, Lisale, Msane, 
and Usisya, in the areas where the participating 
farmers lived. This was done to compare the consis-
tency in JL 24/CG 7 performance under variable 
farmer management and under the standard prar,ices 
recommended for EIA plots (Ministry of Agriculture 
1993). 

Sowing. Sowing patterns varied from field to field, 
In some fields, the seed was sown on ridges spaced 
90-120 cm apart, with 1-2 rows per ridge, depending 
on the size of the ridge. In other fields, the seed was 
sown on the flat. Sowing dates also varied from field 

season, sowing
to field. During the 1992/93 cropping , sowing 
began during the last week of Dec 1992, while the last 
crop was sown during the first .lckof Feb 1993. In 
1993/94 the onset of sowing rains was late, but all 
fields were sown by mid Jan 1994. 

Monitoring and harvesting. Fields were visited 
regularly during the growing season (Jan-Apr) and 
during harvest, to assess the performance of the culti-
vars. In general, crop establishment and development 

was good, although crop stands were poor in some 
fields, especially where CG 7 was sown late. This was 
because of adry spell experienced soon after sowing. 

Yield measurements. At the end of the seasnn, 
yields were estimated in farmers' fields from 100 m2 

plots. Data were also collected from two 6-m long rows 
on the demonstration plots. Data were sampled and 
analyzed from 12 fields and four demonstration plots in 
1993, and from one demonstration plot (not reported 

here) and 56 farmers' fields in 1994. The latter in-
eluded 12 fields each from the IPAs of Maula, Sanga 
North. and Sanga South, and 20 fields from Lisale. 

Results and discussion 

Crop management. In general, management of the 
crop was good. Most fields were kept weed-free 
throughout the growing season. In most cases, 
farmers followed the recommended cultural prac-
tices. In both 1992/93 and 1993/94, the demonstration 
plots were also well managed. 

Diseases and insect pests. Early and late leaf spots 
and rust were present in all fields. However, only late 

leaf spot and rust were predominant. Seedling dis
eases (e.g., collar rot, Aspergillus niger) were noticed 
in some fields, particularly those sown to CG 7, but 
the problem was not serious. Groundnut rosette was 
::!o noticed in some fields, this too was not serious. 
We noticed some termite damage in certain fields, but 
the occurrence was sporadic. In other fields, we saw 
wilted plants. The suspected cause of the wilt was 
Hilda patruelis, but the insect could not be found. 
Overall, insect pest damage was insignificant. 

Pod yields. Yield data for the 1992/93 cropping sea
son are presented in Table I (farmers' fields) and 
Table 2 (demonstration plots). Yield data for 1993/94 
are prescnted in Table 3. The performance of both 

Table 1. Performance of JL 24 and CG 7 in 12
farmers' fields, Nkhata Bay district, Malawi, 
1992/93 season. 

Yield (t ha") Shelling 
Field Cultivar Pod Seed percentage 

I JL 24 3.22 2.14 67 
23
3 

JL 24IL 24 
JL 24 

1.561.89
0.93 

1.24
1.510.75 

80
8080 

4 IL 24 1.33 1.07 80 

6 L 24 1.13 0.87 77 
7 JL 24 1.11 0.83 75 
8 JL 24 0.89 0.67 75 
9 JL 24 1.69 1.30 77 

10 JL 24 0.44 0.32 73 
I I CG 7 1.44 1.01 70 
12 CG 7 1.78 1.28 72 

SE ±0.201 ±0.134 ±2.5 
Overall JL 24 1.42 1.07 76 
means CG 7 1.61 1.15 71 
CV (%) 48 44 11 

Table 2. Performance of five cultivars sown in 

demonstration plots at Maula, Sanga, and Lisale 
in Nkhata Bay district, Malawi, 1992/93 season. 

Yield (t ha") Shelling 
Cultivar Pod Seed percentage 
CG 7 1.89 1.20 61 
JL 24 1.67 1.22 72 
Chalimbana 1.74 1.13 62 
Mawanga 1.33 0.97 71 
Malimba 1.07 0.66 63 

SE ±L0.28 :±0.19 ±4.4 
SE (%) 36 35 13 
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JL 24 and CG 7 was encouraging. Both cultivars out-
yielded Malimba, the local control. In the 1992/93 
season, overall mean yields from farmers' fields were 
1.42 t ha " ' for JL 24 and 1.61 t ha-' for CG 7 (Table I). 
From demonstration plots, overall mean yields were 

-1.67 t ha-1 for JL 24, 1.89 t ha 1for CG 7, and 1.07 t 
ha 1 for Malimba (Table 2). The differences in yield 
between farmers' fields and demonstration plots were 
mainly due to differences in management. 

Table 3. Performance of JL 24 and CG 7 in 56 abler3mPersfie m,N fA, 2Baydistrict, Malawi,
farmers' fields, Nkhata Bay 

Yield 0 ha-1) Shelling 
Location Cultivar Pod Seed percentage 

Lisale 	 CG 7(12)' 0.69 0.52 75 

IL 24 (8) 0.89 0.75 86


Mauta 	 CG 7 (7) 0.73 0.50 68IL 24 (5) 0.73 0.57 70 

Sanga North C27 (9) 0.47 0.33 70 


L 24 (3) 0.71 0.64 90 
Sanga South 	 CG 7 (9) 0.71 0.54 76 

JL 24 (3) 0.68 0.47 69 
SE 	 ±0.240 ±0.228 h3.6 
Overall means JL 24 (19) 0.80 0.64 79 

CG 7 (37) 0.65 0.48 71 
CV (%) 34 42 14 

I. Figures iil parentheses show number of farmers who grew the 
respective cultivar. 

Yields in 1993/94 were in general lower that those 
in 1992/93 (Table 3), largely due to poor rainfall. The 
onset of the sowing rains was late and although 
farmers sowed their crop, there was drought during 
the pod-filling phase. Overall. JL 24 significantly out-
yielded CG 7 (P<0.05) at all sites and also gave the 
highest shelling percentage across sites. 

Landholdings. The majority of farmers in all areas 
had very limited land. Consequently, they sowed 
groundnut on land that was unsuitable for the crop 
(i.e., following a cassava crop that was usually not 
fertilized), and obtained low yields. Some of the areas 
were inaccessible to vehicles, and this sometimes 
made it very difficult for extension staff to visit and 
advise farmers. 

Farmers' impressions about JL 24 and CG 7 

All the farmers we visited were very impressed with 
the performances of both JL 24 and CG 7. Although 
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JL 24 resembled their local cultivar Kasawaya, 
farmers indicated a preference for JL 24 beLause of 
its large seed and high yield. They were unfamiliar 
with CG 7, but were very impressed with its perfor
mance. This was evident in Usisya, where the cultivar 
was being introduced for the first time. 

Credit recovery 

Credit recovery was carried out by the CSDP, with
assistance from extension staff of the Mzuzu Agricultural Development Division. At the beginning of 
the 1992/93 season, a total of MK 560 (I US$ - 7.3 
MK) worth of seed was issued to the 100 farmers, 
with each farmer receiving an average of MK 5.60 
worth. By the end of Oct 1993, all farmers had repaid
their loans in full. Farmers who grew soybean were 
unable to repay their loans fully, mainly because the 
soybean crop did not do very well that season. Credit 
repayment for the 1993/94 season will be in kind, i.e., 
farmers will pay back 5 kg of unshelled seed. 

Conclusions 

It was evident from interactions with farmers that 
they were keen on groundnut production. Both CG 7 

and JL 24 performed much better than the local culti
vars, and were preferred by the farmers. On-farm 
yields were much lower than those recorded at re
search stations. There is a need to continue evaluating 
these cultivars arJ the related management aspects in 
the area to ascertain their yield potential. We envisage 
continued cooperation with all parties concerned as 
we continue to expand our activities in the district. By 
pooling resources from various sources and organiza
tions, as has been demonstrated in this case, we hope 
to make faster progress in the transfer of new technol
ogies developed at research stations. 
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Discussion 

Ntare. Were the data you presented all for on-station 
trials? 
Chiyembekeza. Data for other SADC countries were 
from on-station trials, but the Malawi data used in the 

stability analysis included some data from on-farm 
trials. 

Freire. I. Why were women farmers selected for the 
on-farm evaluation? 2. What was the level of reten

tion of technology (comparing 1993/94 with 
1992/93)? 

Ck'yembekeza. I. Women were selected because 
they form the majority of groundnut farmers; the men 
are mostly fishermen. 2. Farmers who were given 
seed in 1992/93 were not given it in 1993/94. How
ever, most of the 100 farmers who received seed the 
first season retained seed from the harvest for sowing 
in 1993/94. 
Subrahmanyam. What was the yield advantage of 

CO 7 and JL 24 over the control? 

Chiyembekeza. Both varieties were superior by 
about 50% over seasons. 
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On-farm Groundnut Varietal Evaluation in Swaziland 

Zodwa Mambal 

Abstract 

Seven improved groundnut lines and varieties (ICG 221, ICGV 86016, ICGV 867004, ICGV-SM 
86720, Sellie, Natal Common, and Selection 5) and the local variety were evaluated by 16farme
cooperators in on-farm trials conducted in two agroecological zones (Middleveldand Lowveld) in 
Swaziland during the 1993/94 season. Significant differences were observed in grain and pod yields 
and seed size. The most promising improved line was ICG 221, which was both well adapted and 
highly productive. The local variety and Natal Common (a recoinniended variety) also performed 
well. 

The genotypes differed in their performance acrossenvironments. The best performers were ICG 
221, the local variety, and Natal Comninon. Other improved varieties did not perform well under 
farmers' field conditions, although some had better on-station performances than Natal Conitnon. It 
is therefore necessary to screen improved varieties under low-managenent conditions on-station in 
the fture, to simnulate farmers' field conditions. 

Sumdrio 

Avaliafdo varietaldos ensaios dos campos do amendoim conduzidos em Siiazilandia. Sete linhas 
melhoradas e variedadesdo anendoim (ICG 221. ICGV 86016, ICGV-SM 86720, ICGV 867004, 
Natal Commnun, eSelefdo 5) e a variadade localforan avaliadas par 16 agricultores cooperadores 
er ensaios nos campos dos agricultores. os ensaiosforamnconduzdos em dutas zonas agro-ecolog
icas (Middleveld e Lowveld) en: Smizilandia durante a esta¢do de 1993/94. Foram observadas 
diferenassignficativas nos rendimnentos das vagens egrdo e tanb~n, no tamanho da semene. A 
linha melhorada inais prometedora e a ICG 221, que c;ben adaptada e altamente produtiva, A 
variedade local eNatal conun tamnim tiveram ion bon comportamento. 

Os gen6tipos tiveramn difeirenfas do rendimentts nos anbientes dif'rentes. Os nelhores rendi
mentos foran obtidos con: a variedade ICG 221, variedade local, e Natal contn. Outras var
iedades do anendoim ndo tiveran tan bon comportamnento nas condift'es nos cantpos dos 
agricultores, embora algumnas linhas melhoradas produziran melhor que o Natal contin nas 
esta-des e.%perimentais A' par isso necessdrio no fituro avaliar as variedades melhoradas emn 
condifdes do n(vel baixo emn estafdo e.perimental deforma asimular as condiC6es dos campos dos 
agricultores. 

Introduction protein) and for sale as fresh boiled pods and/or dry 
seed. The crop is grown in all four agroccological

Groundnut (Arachis hypogaea) is one of the most zones in Swaziland-Highveld, Middleveld, Low
important legumes in Swaziland, where it has been veld, and Lubombo Plateau. The major production 
grown for several decades. Groundnut is grown both area is the Middleveld (CSO 1986). Area and produc
for home consumption (it is an important source of tion figures are shown in Table I. 

1. Malkerns Rcscarch Station. P0 Box 4. Malkerns, Swaziland. 
Mlamba, Z. 1994. On-farm groundnut varietal evaluation in Swaziland. Pages 122-125 in Sustainable groundnut production in southern and 
eastern Africa: proceedings of aWorkshop. 5-7 Jul 1994, Mbabane, Swaziland (Ndunguru, 1.J.. Hildebrand. G.L..and Subrahmanyam. P..eds.).
Patncheru 502 324, Andhra Pradesh. India: International CroppsResearch Institute for the Semi-Arid Tropics. 
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Table !. Area and production of groundnut in 

Swaziland,drought-theSwaziland, ___971172_to_1989_90._ 

1971/72 1981/82 1989/90 

Area (ha) 4945 1655 3041 

Production (t) 2898 481 220 
Source: Central Slattical Office. Swatiland 

In 1991. an informal survey was conducted of 
grain legume farmers from representative areas in all 
four zones. The major production constraints identi-
flied during the survey were lack of suitable varieties, 
low plant populations, limited use of fertilizers, poor 
seed-bed preparation, diseases, and insect problems 
(Mamba and Willis 1992). Farmers nevertheless con-
tinue to grow the crop irrespective of these 
constraints. 

Groundnut is normally sown between mid Oct and 
Nov, and harvested between Feb and Mar. A large 
percentage of farmers grow it as a soe crop; a few 
intercrop groundnut with maize, especially when 
there is a shortage of labor or land. Some farmers 
intercrop groundnut to minimize crop failure due to 
drought. Research, howevcr, has not been done in 
Swaziland to determine the advantages and disadvan-
tages of intercropping groundnut. 

Farmers use their own seed from the previous 
harvest. If there is a shortage, they buy seed from 
neighbors or relatives. The commonly grown types 
are spanish (Natal Common) and valencia (unknown 
variety) (Subrahmanyam and Mamba 1993). 

The main objective of the study reported here was 
to evaluate the performance of promising groundnut 
varieties (earlier identified in on-station trials) under 
farmers' field conditions. 

Materials aid methods 

The on-farm groundnut research program began in 
1993,'94. Four target areas, two each in the ecological 
zones of Middleveld and Lowveld, were selected on 
the basis of the food grain legumes informal survey 
(Mamba and Willis 1992). Three trials were sown at 
sites located in the Rural Development Areas (RDAs) 
of Bhckinkosi/Mliba (dry Middlevcld), Sithobela 
(Lowveld), and Southern RDA (SRDA, moist 
Middle eld). Sowing at the fourth planned site (Man-

dlangempisi, in the Lowvcld), was not possible due to 

first rains came only in Jan. 
Climatic conditions differ between the two zones. 

SRDA has a more reliable rainfall distribution than 
does Sithobela. Soil texture and acidity levels also 
differ; loamy soils with low soil pH (<4.8) are com
mon in SRDA; in Sithobela there are mainly sandy
loamy soils with patches of Vertisols in some areas, 
and soil pH is generally higher than 4.8. 

Sixteen farmers sowed the trials at SRDA and Sit
hobela. The trials were arranged in a randomized 
block design with two replicates at each farm. Entries 
consisted of seven experimental varieties provided by 
the Malkcrns Research Station; farmers provided the 
local variety as the control. Each plot consisted of two 
rows 10 m long. Within-row spacing was 10 cm; spac
ing between rows was not controlled. 

The trials were researcher-implemented and 
farmer-managed, with farmers using their normal 
crop management practices. Harvesting was done 
jointly by the farmer and the research team. Each trial 
was harvested and left at the site for drying. Later the 
research team returned for pod stripping and weigh
ing. A I-kg sample of pods was taken from each plot 
to determine shelling percentage and 100-sced mass. 

The research team consisted of two people: the 
resident research assistant or extension worker for the 
area, and the research on-farm coordinator. Crop 
management practices, other field background infor
mation, and yield were recorded. Data were available 
from 15 farmers; assessments are yet to be conducted. 

The data were analyzed using two statistical tools, 
analysis of variance (ANOVA) and regression mood
ified stability analysis (MSA). The results will be used 
to formulate recomnmendations for the two dotnains. 
The eventual objective is to develop a set of recom
mendations for each zone, which can then be applied 
in the different environments (differing in land qual
ity and farmers' resources) within each zone. 

We sought to characterize the environments (each 
replication was considered as one environment) on 
the basis of the data collected. Results from trial mon
itoring reveal that farmers used similar management 
practices; differences were only observed as to when 
a particular practice or operation was carried out. 
Thus, environments were classified as good or poor, 
on the basis of the environmental index, computed 
from the average yield from all plots/cultivars (see 
Hildebrand 1993). 'Good' environments were those 
with an index higher than 4.0 for grain yield or 9.0 for 
pod yield. 
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Results 

Characterization of environments. Good environ-
ments were characterized by large field sizes, use of 
crop rotation (usually with maize and beans), use of 
tractors (>75% of total draft power used coming from 
tractors), minimal interrow cultivation, and early 
sowing. About 75% of the environments in the moist 
Middleveld were classified as good, but only 25% of 
those in the Lowveld. 

The Lowveld environments had erratic rainfall 
and sandy soils. Fields were small and rotations in-
volved maize, cowpea, or fallow. Tractors and oxen 
provided roughly equal shares of the total draft power 
for seedbed preparation; interrow cultivation was 
seen on 82% of the fields, and sowing was often late 
(Table 2). It must be noted that this does not constitute 
a proper characterization of environments, which 
would require long-term data and further analysis. 

Yield in good and poor environments. In poor en-
vironments, ICG 221 gave relatively high, stable 
yields, followed by Natal Common. The farmers' lo-
cal variety and (especially) ICGV-SM 86720 showed 
considerable variation at different locations. In good 

environments, the local variety and ICG 221 were the 
best performers. The relative performance of vari
eties was probably affected to a considerable degree 
by differences in crop management practices, which 
varied from farmer to farmer. However, ICG 221, the 
local variety, and Natal Common generally per
formed better than the others in all environments, 
suggesting that they are better adapted. 

Combined results for all sites. Performance across 
sites showed significant genotypic differences in pod 
yield (P<0.05). ICG 221, an Indian accession, per
formed very well across diverse environments; the 
local variety and Natal Common also performed well 
(Table 3). 

Shelling percentage was the lowest in the local 
variety (roughly on par with ICGV 867004) and high
est in Sellie. Grain yield differences were highly sig
nificant (P<0.01). ICG 221 gave significantly higher 
grain yield than ICGV 86016 and ICGV-SM 86720, 
but was on par with the other varieties (Table 3). 

The 100-seed mass varied between 34.4 and 48.2 g. 
ICGV-SM 86720 had the highest seed mass, but four 
other varieties had seed mass values nearly as high. 

Table 2. Environmental characterization of on-farm groundnut trials in Southern Rural Development 
Area and Sithobela, Swaziland, 1993/94. 

Management practice 

Previous crop grown 

Source of draft power for 
seedbed preparation 

Sowing date 

Field size 

Interrow cultivation 
(recorded 30 DAS I) 

First hand hoe weeding 
Second hoe weeding 

Ridging 

Basal fertilizer, 
nitrogen top dressing 

Disease/pest control 

I.DAS - Day . after %owing 

Good environment 

Beans, groundnut, maize 

Tractor 75%, oxen 25% 

25 Nov to 8 Dec 

21612-5564 m

37% 

30 DAS 
With ridging 

45 DAS 

Not applied 

Not done 

Poor environment 

Maize, cowpea, fallow 

Tractor 50%, oxen 50% 

25 Nov to 8 Dec 40%, 
9-21 Dec 60% 

2477-1500 m

85% 

30 DAS 
With ridging 

60 DAS 

Not applied 

Not done 
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Table 3. Performance of eight groundnut lines/varieties in on-iarm trials at Southern Rural Development 
Area and Sithohela, Swaziland, 1993/94 season. 

Pod yield 
Variety (kg ha-1) 

ICG 221 924.8 
Local variety 850.1 
Natal Common 835.7 
ICGV 867004 807.2 
Selection 5 798.5 
Sellie 759.2 
ICGV 86016 726.2 
ICGV 86720 715.6 

Mean 805.23 
SE ±42.03 
CV (%) 25.28 

Discussion 

In these trials crop management was a major perfor-
mance determinant. The previous crop grown in the 
field had acritical effect (Table 2), probably because of 
residual soil fertility. The normal sowing period ismid 
Oct to Nov. Due to late rains, these trials were sown 
between 25 Nov and 8 Dec in the good environments. 
and even later in the poor environments (Table 2). 
While the delay in sowing would have contributed to 
low yields, yields were still acceptable in the good 
environments. The best environments were found 
mainly in the Middleveld, where there was adequate 
soil moisture and ideal soil (textured loamy soils). 
Farmers in this region had relatively large areas (0.16-
0.56 ha) under groundnut, and grew the crop for sale. 

Farmers practiced interrow cultivation as a means 
of weed control. Most farmers (857) in the poor envi-

ronment followed this practice, as against 37% in the 

best environment. It is speculated that interrow cultiva-

tion could have reduced yields by disturbing the forma-
tion and/or development of pegs and root systems, 

Overall, the best performer in the trial was ICG 
221, which is both well adapted and highly produc
tive. The local variety and Natal Common (a recom
mended variety) were the second and third best 
yielders overall. Both are small-seeded; it is sus
pected that the local variety could be aselection from 
Natal Common, which has been grown since the 
1970s. The medium- to large-seeded lines (except 
ICG 221) gave relatively low yields, and ICGV-SM 
86720, a large-seeded, long-duration variety, gave the 
lowest yields, 

Shelling Grain yield 100-seed 
percentage (kg ha-') mass (g) 

65.20 606.6 40.70 
60.90 547.8 34.40 
65.50 549.6 37.30 
63.10 510.7 41.00 
65.20 521.4 39.90 
65.60 502.2 40.40 
65.40 479.4 43.10 
61.90 466.2 48.20 

64.38 522.88 40.78 
±1.15 ±25.31 ±1.95 

8.53 23.76 17.34 

Some of the improved varieties did not perform 
well in the trials, although they had better on-station 

performances than Natal Common, suggesting that 
they are best adapted to good management condi
tions. There is thus a need to screen improved vari
eties under low-management conditions on-station in 
the future to simulate conditions in farmers' fields. 
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Discussion 

Luhana. Production figures have dropped from 
about 2900 t in the 1970s to very low levels in 1990. It 
is important to correctly identify the causes for the 
decline. Is poor seed really the main constraint-are 
the local varieties currently used different from the 
ones used in the 1970s? 
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Seed as a Constraint to Sustainable Groundnut Production 
in Malawi 
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F Nyondo t, K M Chavula3, and V N Kamvazina 4
 

Abstract 

Production ofgroundnut in Malawi has declined in the past few years. Seed shortages in both the 
formal and informal markets have led to a reduction in groundnut area and consequently to lowered 
production. Other causes of low production are late sowing, late weeding, and low plant population. 
Early leaf spot is the major disease, while leaf eaters and termites are the major pests. One 
kilogram ofCG 7seed given to each of300 women farmers during the 1993/94 growing season was 
successful in partly addressing the problem ofseed shortages. 

Sumario 

A semente como limilante para a sustentabilidade da produflio do amendoim no Afalawi. 
Aprodu0iid do amendoim no Maldwi baixou nos 0fltimos anos. Afalta da semente tanto no mercado 
formal como no informial levou c redu'iio da crea cultivada com amendoim, o que, por seu lado, 
levou i reduiio da produ-i5i. Outras causas a baixa produt-i6 podem ser a sementeira tardia,
controlo dos infestantes tardio e baixa populafido das plantas. A mancha precoce das folhas tern 
sido a doenCa mais importante, enquanto que mastigadores das folhas e termites t0m sido as 
principais pragas. A distribuiiio de urn kilograma da semente de CG 7, a cada una das 300 
agricultoras durante 1993/94, foi bern sucedida na resolufiio parcial deste problema. 

Introduction Although groundnut isthe most important food le
gume crop, its proouction has been decreasing for the 

Malawi's economy is dependent on agriculture. For past few years. The highest groundnut production was 
extension purposes, the country is divided into eight obtained in the 1985/86 season, and the lowest in 
Agricultural Development Divisions (ADDs), which 1991/92, when the crop was devastated by drought.
form the focus of major agricultural activities. The The overall downward trend has been due to a pro
major crops grown in Lilongwe ADD are maize, to- gressive reduction in groundnut area (Table I). Nev
bacco, groundnut, and dry bean. ertheless, productivity was highest in 1992/93. A 

In Malawi, groundnut is used to extract edible oil survey was conducted in Lilongwe ADD (amajor pro
and as a snack food by smallholder farmers; ground- duction area) to gather more information about the 
nut flour and butter -ire used to season relish, causes for this decline. 

I. Chitedze Agricultural Research Station, P 0 o%158. Litongwe. Malawi, 
2. SADC/CRISAT Groundnut Project, P0 Box 1096, Lilongwe. Malawi. 
3. Department of Agricultural Fxtension and Training, P0 tBox 30145. Lilongwe, Malawi. 
4. Salima Agricultural IXvelopment Division, Private Bag 1.Salima. Malawi. 

ICRISAT Conference Paper no. CP 961. 

Luhana, S.C., Ndunguru, Ili., Nylrenda, N.E., Chlyembekeza, AJ., Nyondo, F., Chavula, K.M,,and Kamivazina, V.N. 1994. Seed as a 
constraint to sustainable groundnut production in Malawi. Pages 126-130 in Sustainable groundnut production in southern and eastern Africa: 
proceedings of a Workshop, 5-7 Jul 1994, Mbabane, Swaziland (Ndunguru. B.J., Hildebrand, G.L., and Subrahmanyam, P.,ed,.). Patancheru 
502 324. Andhra Pradesh. India: International Crops Research Institute fix the Semi-Arid Tropics. 
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Malawi, 1982-93. 

Production Area Yield 
Season (t) (ha) (kg ha-1) 

53991 146314 3691982/83 
1983/84 54 766 144 935 378 
1984/85 62 240 135 955 458 
1985/86 89 297 176293 501 
1986/87 88 073 209 938 420 
1987/88 76754 175819 437 
1988/89 34752 139 691 249 
1989/90 18574 48 185 359 
1990/91 31 051 69 978 444 
1991/92 12060 64386 187 
1992/93 31 936 61 059 523 

Source: Econormic Planning Unit. Minitry of Agriculiure 

Survey methodology 

The survey was conducted in Namitete, Kasiya, and 
Nsaru areas of Lilongwe ADD. A structured question-
naire was used, and sampling was random but tar
geted (only groundnut farmers were sampled). The 
survey team comprised an agronomist, abreeder, two 
economists, and five field assistants. The survey was 
done in two parts. Part one was done in two phases, 
when the groundnut crop was at peak vegetative 
growth (22-26 Feb and 10-12 Mar 1993). During this 
period, 94 farmers were interviewed. These included 
30 farmers who had been given seed of the cultivar 
CG 7. 

In the second part of the survey, 86 farmers (all of 
whom had been interviewed in the first phase) were 
interviewed during the harvest period, between 19 
May and 12 Jun 1993. This part of the survey aimed at 
studying the timing and method of harvesting, inca-
suring production, and identifying preservation and 
seed selection methods and end uses, 

Both qualitative and quantitative data were re-
corded on the crop being grown; groundnut seed 
sources and seed rates; the 'calendar' for each 
groundnut variety; the variety that farmers liked most 
(and the reasons why); the frequency at which 
farmers grew groundnut ;n the previous season; the 
rotational system; the sowing sequence (priority) for 
different crops (and the reasons why a particular se-
quence was used); crop management practices and the 
methods used; cropping systems; and pests, diseases, 

and control measures. Data were analyzed for 83farmers, using the Statistical Package for Social Sci
entists (SPSS). 

Results and discussion 

The results are discussed in terms of non-research
able and researchable areas. A summary is given 
oelow. 

Non-researchable areas 

Institutional constraints. Seed shortage is a major 
constraint to groundnut production in Malawi as a 
whole, and Lilongwe ADD in particular. Due to seed 
shortages most of the farmers interviewed had very 
small groundnut plots-72% had plots of less than 
0.25 ha, and only 10% had 0.50 ha and above (Table 2). 

Table 2. Groundnut holding sizes in Lilongwe 

ADD, Malawi, 1993. 

Area (ha) %of farmers interviewed 

0.25 72 
00.50 10>0.50 10 

Production of groundnut seed by commercial seed 
companies has not been successful in Malawi because 
of the high prices farmers have to pay for seed. In the 
mid- to late 1980s, the Ministry of Agriculture recog
nized the need to produce adequate high-quality seed 
at lower than commercial prices. Accordingly, small
holder seed multiplication schemes were introduced. 
However, these schemes failed because, at about the 
same time, the government decontrolled sales of farm 
produce. As a result, groundnut that was intended for 
seed was bought by private traders for other uses. 

Groundnut seed shortages are also a result of de
fective pricing policies. The Agricultural Develop
mient and Marketing Corporation (ADMARC), the 
parastatal responsible for seed distribution, operates 
under a government-controlled price structure. 
Farmers are offered very low prices for their pro
duce, and consequently most of the groundnut is sold 
through informal markets and immediately consumed 
or processed; seed shortages are a result. Major seed 
companies such as National Seed Company and Lever 
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Brothers have not been willing to take up seed pro-
duction because of the farmers' practice of seed 
recycling. 

Because of the attractive prices offered on the 
informal markets, most farmers do not sell to AD-
MARC. Of the farmers interviewed, 50.6% expressed 
their willingness to sell groundnut, but less than half 
of this number said they would sell to ADMARC. 

Sources of seed. Many of the farmers interviewed 
(48%) indicated that they retain their own seed for 
sowing the next season. Other seed sources included 
purchases from local markets (16%), ADMARC 
(13.2%), friends (9.6%),credit (2.4%), and research 
stations (22.8%). However, farmers often do not keep 
aside enough seed for sowing because of the attractive 
prices offered by local merchants and the inhibitive 
prices of cooking oil. As a result, groundnut flour and 
butter is used as asubstitute for seasoning vegetables, 

Most of the farmers (82%) grew the Chalimbana 
variety because it has been available for a much 
longer time than other varieties. The majority (79%) 
said they grcw this variety because it gave high yields 
and produced large seeds, which the local traders 
preferred. The new varieties such as CG 7 are not 
familiar to most farmers, and seed for these varieties 
is not available. Other varieties reported as being 
used, but on a much smaller scale than Chalimbana, 
were Kalisfe.lHuyaya, Mani Pintar, RG 1,and 
Chitembana. 

Uses of groundnut. The end uses of groundnut were 
the same for different varieties. Of the farmers inter
viewed. 50.6% planned to sell most of thcir produce, 
89% to keep some for seed, and all planned to con-
sume some. 

Researchable areas 

Plant density. The recommended plant density for 
groundnut in Malawi is 74 000 to II1000 plants ha" 
depending on the variety used. This density is 
achieved when plants are spaced at 15 cm between 
planting stations and 60-90 cm between ridges. Of 
the farmers interviewed, only 19% used aplant popu-
lation above 601W00plants ha'. The average spacing

latonabve 000Late was 94.23 cm between ridges, and 23.49 cm brtween 
plants. 

Numerous studies have recommended (lense spac-
ing, with optimum densities of 90 000 to 130 000 
plants ha' for virginia runner types and 130 000 to 

-
180 000 plants ha Ifor spanish bunch types. Ngwira 

(1985) and Maliro (1989) suggested 60 cm spacing 
between rows instead of the 90 cm recommended in 
Malawi. 

Time of sowing. The states that, recommendation 
groundnut should be sown with the first effective 
rains. Of the farmers interviewed, 71.2% sowed 3 
weeks after the onset of rains. Research has shown 
that late sowing (3weeks after the onset of rains) can 
reduce yield by 20-50% (Nyirenda et al. 1992). 
Farmers are aware that late sowing reduces yield, but 
because they place ahigher priority on the major food 
(maize) and cash (tobacco) crops, these are sown 
first, and groundnut sowing is delayed. All the 
farmers interviewed sowed groundnut last. Some 
farmers (38%) sowed groundnut in the first half of 
Dec, and 32c" sowed in the second half of Dec. Only 
29% sowed groundnut in Nov, and only 12% of this 
number in the first half of the month. 

Time of weeding. Research has shown that yield 
losses of up to 40% can be incurred with Chalimbana 
if weeding is done later than 35 days after crop emer
gence. Weed competition is very intense 30-50 days 
after emergence, and can affect both yield and quality 
(Chiyembekeza and Sibale 1986). 

Almost all (97'c) the farmers interviewed weeded 
their groundnut fields, although the majority weeded 
late (later than 30 days after sowing) because their 
limited labor resources were used for other crops. 
More than hall the farmers interviewed weeded only 
once. 

Pests and diseases. High incidence of diseases and 
pests can cause substantial yield losses. In Lilongwe 
ADD, early leaf spot was identified as the major dis
ease, and leaf eaters as the major pests (Table 3). 
Most farmers felt that leaf spots were asign of physi
ological maturity. Only 12% of the fields surveyed 

Table 3. Disease and pest incidence in groundnut 
fields, Lilongwe At)), Malawi, 1993. 

Disease/pest Incidence (%) 
Early leaf spot 

leaf spot 2a.4
 
leaf spot2.Rosette 10.8 

Aphids 12.0 
Leaf eaters 23.2 
Termites 10.8 

1.2 
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were attacked by aphids, I1%by termites, and 23.2% 
by leaf caters. 

The CG 7 seed multiplication approach 

Groundnut research has resulted in the release of sev-
eral varieties, one of them being CG 7. As a prelimi-
nary step to more intensified extension efforts, a 
group of women farmers from three ADDs (Lilongwe, 
Kasungu, and Salima), led by extension personnel, 
were invited for a field day at Chitedze Agricultural 
Research Station in Mar 1993. This was done to allow 
the women farmers and extension personnel to evalu-
ate the performance of this variety before further 
dissemination, 

Farmers expressed interest in CG 7. As a result, 
100 kg of seed were given to each of the three ADDs 
for distribution to women farmers. Each farmer was 
given I kg of seed to sow. All cultural practices were 
followed under the direction of rcscarchcis and cx-
tension workers. Some extension planning areas 
(LI'As) were also given seed for demonstration. De-
tails and piclinunary results of this exercise are pre
sented elsewhere in these Proceedings. 

Farmers were expected to return I kg of seed after 
harvest and retain the rest of their produce. Whatever 
seed is obtained from the farmers will be distributed 
to other farmers the following season. 

Advantages of the approach 

The approach is inexpensive because farmers are not 
required to purchase seed. This allows more farmers 
to participate in the technology evaluation process. 
Even the least endowed can afford to allocate asmall 
portion of land to a new cultivar. 

Farmers who would have either used poor quality 
seed or not sown groundnut due to lack of seed, were 
able to experiment with this variety. Researchers also 
had a chance to learn from farmers and extension 
workers their impressions about CG 7. The few kilo-
grams of seed initially distributed could have signifi-
cant multiplier effects. The initial recipients would 
harvest enough seed for subsequent sowings; other 
farmers would buy seed; and new recipients would be 
inducted into the scheme. With time, the problem of 
seed shortages may be alleviated. 

Conclusions 

The survey results indicated that the major constraints 
to groundnut production were lack of seed, low plant 

population, late sowing, late and/or insufficient weed
ing, and pests and diseases. 

To alleviate seed shortages, a sound seed multi
plication and distribution mechanism should be insti
tuted. This calls for closer liaison between the 
Department of Agriculturd Resea,;, and the Depart
mrint of Extension and Ti aining. The government of 
Malawi should encourage ADMARC to offer higher 
pri'ces for groundnut, so that more farmers will sell 
their produce to ADMARC. This will ensure the avail
ability of seed during sowing time. 

Late sowing and weeding is mainly due to labor 
shortages. Mechanization could be introduced for fas
ter sowing and weeding of maize, so that groundnut 
could be sown earlier than is presently done. Early 
leaf spot is the major disease, but the Malawi national 
program and the SADC/ICR1SAT Groundnut Project 
are breeding varieties that are tolerant of the disease. 

Groundnut requires fewer inputs than do other 
crops. Apart from seed, few other purchased inputs 
are needed. It ishoped that the efforts currently under 
way to multiply and distribute groundnut seed will 
continue. 
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Discussion 

Freire. You have suggested recommendations on 
times of sowing and weeding. Are these recommen-

dations really appropriate? Labor is diverted to 
whichever crop (e.g., tobacco) farmers find most re
munerative. It would be necessary to consider eco
nomic factors (the cost-effectiveness of labor spent on 
groundnut, as compared to other crops). 

Luhana. Research should look for ways to release 
labor from the major crops (maize and tobacco) by 
mechanizing ridging, sowing, or weeding. The 
farmer will then have sufficient labor to plant even the 
minor crops on time. 

Ndunguru. In Malawi, ear!y groundnut sowing is 
currently not practicable-maize is the staple crop, 
and is always sown first. We need to find ways to 
increase the speed of sowing operations for the main 
crops, so that minor crop sowing dates can be 
advanced. 

Cole. What aspects of maize production could you 
mechanize and how? 

Luhana. Mechanization would depend on economic 
factors. A first step would be to promote the use of 
ox-drawn equipment, rather than hard hoes, for land 
preparation. 
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The Role of Groundnut Technology Transfer to Communal
 
Farmers for Sustainable Groundnut Production
 

D J M Marais and K Morrow' 

Abstract 

Socioeconomicand otherfactors play a major role in the disseminationand adoptionofgroundnut 
technology. To obtaininformationon these aspects, nine villages in the Kavangoregion ofNamibia 
were surveyed in 1993. Farmingin these areas was largely at subsistence level; literacy levels and 
awareness of technologicalopportunities were low, and in; 'astructure(e.g., transportation)was 
lacking. Seed shortages were common. Groundmt areas were invariably too small (because of 
:-hortagesof seed. cash, and labor) to ensure householdfood security. Land preparationwas done 
manually or with oxen. No rippingor deep cultivationwas practicedto reducesoil compaction, and 
this could have severe consequences on productivity and sustainability. 

Considerablepotentialexists to improve ptoductivit' by improving agronomicpractices(sowing
in straight lines at optimal densities, using kraal manure and artificialfertilizers, timely and 
adequate weeding). 

Sumario 

A importdnciada transferenfiada tecnologiaaos agricultorespara uma sustentavelprodufdo do 
amendoim. Fatoressocio econommicos e outrosfatores representam uma parteprincipal na dis
semninado e adoppio da tecnologia do ami'rzdoim. Para obter informa'do sobre esses aspectos
inqiw;ritosforam conduzidos em move alerasna regrdode Kavango em Narmibia no ano de 1993. 
Agricultura nessas dreas e, em maior parte ao nivel de subsistncia: nAvers da alfabetiza'doe 
conhecineito das oportunidadesda tecnologid sdo baixas, e hd falta da infrastructura(como
transporte). li6 escassez tiesenente. Invdriavebnente as dreas onde amendoirn cultivado sdo 
pequenas (porque lid escassez da semnente, finanfas, e labor)para asseguraralimentapdoParaa
familia. Prepara-dodo solo j feita manumabente ou com juntas dos bois. Semear profundamente, 
que reduz a compacta(do do solo ndofoi praticado,e istopode ter severas conseqiinciassobre a 
produtividadee sustentabilidade. 

Considerdvel potencial existe para o melhoramento da produtividade can melhoramento das 
praticasagrononicas(semea'do em linhas direitase retas com adequadadensidade das plantas, 
uso dos fertilizantesartificiaise adequadacapina). 

Introduction but we estimate that 1%of the crop land in Kavango 
and 10% in Caprivi is occupied by groundnut.

The total cropped area in the communal areas of The influence of technology transfer on groundnut
Namibia is approximately 60 000 ha. Groundnut is production depends not on!y on the technology itself,
produced mainly in the Kavango and Caprivi areas, but also on socioeconomic and other factors, which 
Reliable figures on groundnut area are not available, play a major role in production and technology dis-

I. Minisry of Agriculture, Water and Rural Development. P0 Box 788, Grootfontein, Namibia. 
Marals, I)J.NI., and Morrow, K. 1994. The role of groundnut technology tranfcr to communal farmers for sustainable groundnut production.
Pages131-134 in Sustainable groundnut proluction in southern and eastern Africa: proceedings of a Workshop, 5-7 Jul 1994, Mbabane,
Swaziland (Ndunguru, B.J., and Subrahmanyam. P.,Hildebrand. G.L.. eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops
Reearch Institute for the Semi-Arid Tropics. 
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semination and adoption. 'ic u. 'a'i information on Seed supplies 
these aspects, nine villages in the Kavango region 
were surveyed in 1993. In only a minority of cases did farmers have adequate 

The majority of people in the villages surveyed seed supplies. In some communities 25% of the vil
existed at subsistence level, with periodic bouts of lagers had to buy seed from elsewhere. However, the 
hunger, usually before the new cron was ready for majority of farmers did not have enough cash to buy 

harvest. Literacy levels were low, as was the level of seed to augment their own-grown stock.s. or to trans
awareness of technological opportunities. Technical port seed from the purchasing centers to their farms, 

know-how on fertilizers was sometimes completely and suffered food shortages as a result. One commu
absent. Not surprisingly, cash availability in the vil- nity stated that they had no idea where they could 
lages was extremely limited, with corresponding re- buy seed; this indicates a serious lack of 
percussions on productivity. Lack of infrastructure is communication. 
another major problem: the transportation of agri
cultural products to the market from most of the vil
lages surveyed is virtually impossible. 

Millet is the most important food crop in the re- Cropped area 
gion. Estimate, of area under other crops in each 
village were made in comparison with millet area There was no recorded instance where a communal 

(Table 1). Groundnut is one of the four most important farmer stated that he had planted groundnut over a 
crops in Namibia's communal areas. Large nuts are sufficiently large area to ensure adequate food sup

eaten as a separate dish, while smaller nuts (usually plies. The main reasons were difficulties in land 
rejects) are used to prepare a sauce that is consumed preparation and non-availability of seed. The major
along with millet porridge. ity of farmers had to rely on manual labor for land 

The survey results indicate that three cultivars are preparation; some had to sell their oxen, for example 

grown in the region: to pay school fees. Some farmers were able to hire 

• An upright bushy type; oxen, but had to wait till the owners had completed 
* A short-statured spreading type; their own work. This caused serious delays in land 
* A type intermediate between the two. preparation. 

Table 1. Relative importance of the major food crops grown in nine villages (1-9) surveyed in the 

Kavango region, Namibia, 19931. 

Village 

Crop 1 2 3 4 5 6 7 8 9 

Millet 100 100 100 100 100 100 100 100 100 

Maize 50 30 20 50 10 10 10 25 10 

Sorghum 100 100 25 100/252 25 100 100 - -

Beans 13 1 I I 1 I I I I 

Groundnut 20 10 10 U U V U U U 

Bambaranut 20 10 10 U U V U U U 

Pumpkin V V V V V V V V V 

Sweet potato 10 5 .. . . P - -

Watermelon I - I I - - - I I 

Sweet sorghum - 1 25 - U . . . . 

1. All areas shown relative to millet area in the respective village. t1.ken as 100. 
2. Data showed two distinct clusters; both values shown. 
3. 1- intercropping. U - uncertain. v - very variable within community, P - previously grown, but has died out due to eelworm and pests. 
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Land preparation 

1and preparation was done manually or with oxen, 
with an ox plow, up to a depth of 15-20 cm. No 
ripping or deep cultivation was done to break up the 
compact layers in the soil, and this can have severe 
consequences ina high-risk, low-potential region like 
Namibia. 

A commercial farmer in the Grootfontein region 
(bordering Kavango, and with similar soils) usefl a 
penetrometer to determine the extent ofcompaction in 
his soils. The tests were conducted on fields that had 
bcn cropped for I year, 2 years, and several years. 
Cultivation had been done using a disk plow and 
moldboard plow. The results showed that compaction 
was already present after I year of cultivation, and 
increased rapidly in subsequent years to the point 
where it prevented root penetration and water uptake, 
resulting in drought stress. A cultivation method like 
ripping, ufsing suitable implements, will reduce com-
paction and thus reduce the risk involved in growing 
groundnut (or any other crop). This will help to create 
a more secure i'-od supply for comnm.unal farm 
families, 

Sowing practices 

F nwing in straight lines. The idea of sowing in 
straight lines is ,omething new to many communal 
farmers. Some farmers are aware of this pr'etice, but 
believe that it would be excessively laborious. A few 
farmers did make an attempt to sow in straight lines, 
This was done by sowing iarge grains (maize, 
groundnut, etc.) in every third furrow, sowing one 
sced at every step taken while walking along the fur-
row. However, these lines were not straight enough 
for ox-cultivation, 

Plant population. Similar spacings (approximately 
60 x 50 cm) were used for groundnut and maize. This 
gave a plant population of 30 000 plants ha"1, which is 
too high for maize and too low for groundnut. The 
recommended groundnut plant population for the Ka-
vango and Caprivi regions is 100 000-150 000 plants 
ha-'. Some farmers intercrop groundnut with millet or 
maize, using the same spacing throughout the field, 

Fertilizers 

Kraal manure. Very few farmers used kraal manure 
as a fertilizer, except on fields adjacent to the cattle 

kraal. The reasons were difficulty in the transport of 
manure, and a general reluctance (because it is not a 
traditional practice) to use kraal manure. 

Artificial fertilizers. Most of the soils in Namibia, 
and especially the sandy soils, have a very low gen
eral fertility, with deficiencies in phosphorus and 
zinc. Therefore, fertilizer use can substantially in
crease yield. However, less than 1%of farmers inter
viewed used artificial fertilizers on a regular basis. 
The sole limitation, apparently, is the availability of 
cash-knowledge of the value of fertilizers was fairly 
widespread, although there were a number of farmers 
who were unaware of the advantages to be gained. 

Weeding 

Weeding is carried out manually. Fields were se
verely under-weeded, as the farmers themselves ad
mitted. There appeared to be little prospects of 
persuading farmers to weed their fields more fre
quently. No one disputed that crop plants in poorly 
weeded fields had to compete with weeds for sunlight, 
moisture, and nutrients; but the traditional cultivars 
with their low yield potentials offer no incentive for 
providing the additional labor for weeding. 

Another problem was the timing of weeding. 
When groundnut is hand-weeded the plants are 
ridged, which means that the first internodes (where 
the first flowers and branches are formed) are buried. 
Thus, weeding at the wrong time (e.g, at the flowering 
stage) can cause yield losses of up to 20%. An addi
tional obstacle to more frequent weeding could con
ceivably be the poor nutritional level prevailing in 
many communities at this time of the year. 

As a result of these factors, weeding is usually 
neglected by farmers. It is clear that clean-weeding of 
fields, w:ih consequent benefits, can only be brought 
about by a change in technology away from manual 
labor. 

Harvesting and storage 

Only t/o crops-millet and sorghum-were usually 
stored for any length of time. All other crops were 
produced in quantities too small to require long-term 
storage. Groundnut sowing normally begins in Dec, 
and the crop is harvested 120 days later. Late-sown 
fields may be harvested as late as May. The crop is 
consumed by the farmer or sold on the market for 
0.50 N$per cup or 2-3 N$per kg (3.6 N$- I US$). 
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Improved cultivars 

There is a widespread willingness among farmers 
throughout the region to test new and improved culti
vars, but adoption is constrained by cash and/or seed 
availability. 

Conclusion 

The development of new and better-adapted technol
ogy, and successful technology transfer to communal 
farmers, will have an enormous impact on groundnut 
production (and thus on incomes and food security), 
because almost no technology currently exists. Other 
related factors like markets and transport must also be 
examined. Eventually, these changes will make farm
ing a more attractive occupation, improve community 
health and welfare, and benefit the country as a 
whole. 
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Packages for Sustainable Groundnut Production 
in Lesotho 

S S Moima t 

Abstract 

Groundnut is a newly introduced crop in Lesotho. Several approaches are used to transfer produc
lion technology to smallholder farmers in the country. These include on-station (yieldladaptability
screening and agronomy) trials, on-farmi trials planned and conducted jointly by rescrchers,
extension agents, and frormers, in-service training, field days, demonstrations, and agricult.al
shows. Infornation is also disseminated through village meetings, the media, and printed pamph
lets. Groundnut production in Lesotho suffers from several constraints, which are briefly discussed. 

Sumdrio 

Programascompactos para produfdo do amendoim em Lesoto. Amendoim foi recentemente 
introduzido em Lesoto. Vfrios mntodos forant utilizados para a transferencia da tecnologia aos
agricultores pequenos desse pais. Esses incluem ensaios nos campos da investigafdo (rendimnento
testes da adapta ao e agronomnia) ensaios nos campos dos agricultores, planeados e conduzidos
juntamente pelos investigadores, extensionistas eagricultores, treino nos campos, demonstraVf-es e
exibip6es agrononicas. Informafdo tambim disseminada atraviz de reunides aldeianas amtidia, 
epanhfletos. A produ('o do amendoim em Lesoto sofre vMrias restrif-des que sdo discutidas breve
nente nesse artigo. 

Introduction 

Lesotho has a temperate climate with well marked 
seasons-warm summers with short growing sea-
sons, and cold winters with frost and long periods of 
drought. Most of the rain (80%) falls between Oct and 
Apr. Maize, sorghum, wheat, and Phaseolus beans 
are the major field crops while peas, sunflower, and 
lentil are minor crops. Groundnut is a newly intro-
duced crop in the country, and is grown mainly in the 
lowlands and the Orange River valley, where envi-
ronmental conditions are favorable (better soil types, 
warm temperatures, and good rainfall distribution). 

Approaches to technology transfer 

The following approaches were initiated by the Agri-
cultural Research Division for groundnut technology 

transfer to communal farmers, as ameans of ensuring 
the sustainability of groundnut production. 

On-station trials. These are conducted for research 
purposes, at research farms and under good manage
ment. They are planned and conducted by re
sarchers, and involve: 

, Screening trials to evaluate newly-introduced ge
netic material for adaptability and yield; 

9 Agronomy trials to determine optimum sowing 
date, fertilizer rates, plant population and spacing, 
and cropping systems; and to ameliorate soil 
acidity. 

Field days are organized at the flowering, pod
ding, and maturity stages, to permit extension 
workers and farmers to examine and evaluate germ
plasm and breeding lines. Promising materials are 

I. Agricultural Research Division. Ministry of Agriculture and Marketing, P 0 Box 829. Maseru 100, Kingdom of Le.soho.
 
Molma, S.S. 1994. Packages for suslainable groundnut production in Lesolho. Pages 135-136 in Sustainable groundnut production in southern
and eastern Africa: proceedings of aWorkshop, 5-7 Jul 1994, Mbabane, Swaziland (Ndunguru. B.J., Hildebrand, G.L.. and Subrahmanyam, P..eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics. 
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further tested for a 3-year period for yield stability. 
Finally, selected materials are tested again under 
farmers' conditions. 

On-farm research. Researchers, extension workers, 
and farmers work together to pla-n and conduct these 
trials, on farmers' fields and under farmer manage-
ment. In this process farmers participate actively in 
research and technology development, and collabora-
tion between farmers and extension/development 
agencies is strengthened. 

Demonstrations. These usually serve as teaching 
aids to the farming community, and may be con
ducted by a researcher or an extension worker in 
conjunction with farmers. 'Method' demonstrations 
show how to perform various operations, e.g., seed-
bed establishment, calibration of planters, etc. 'Re-
suit' demonstrations are held after the on-farm veri-
fication stage of research. Here, farmers evaluate 
different varieties at both on-station and on-farm 
demonstration plots, 

Information. Recommendations on production prac-
tices are made as simple and clear as possible. Exten-
sion staff monitor the fie'd conditions during the 
season, and issue reminders for various operations at 
appropriate times. The main communication channels 
used are; village committees, general meetings, radio 
broadcasts, and printed pamphlets. 

Training. One effective method of technology trans
fer is in-service training of extension staff and 
farmers. The training is conducted by researchers, 
and covers various aspects of groundnut production 
including improved management practices, imple-
mentation of recommendations, etc. 

Agricultural shows. Agricultural shows are usually 
held each year in all districts, in order to make 
farmers aware of new groundnut production technol-
ogy. They are also useful to extension staff and the 
farming community as a whole. 

Constraints to groundnut production 

* 	 Lack of seed of improved cultivars: the seed mul-
tiplication unit of the Ministry of Agriculture is 
disorganized and (at present) inefficient because 
of inadequate staffing; 

e 	 High input costs: imported groundnut seed (seed 
is not available within Lesotho) and fertilizer are 
too expensive for resource-poor farmers; 

e Lack of farm machinery: most farmers use ox
drawn planters (brand name Safim) for sowing 
maize, sorghum, and beans. These have a special 
seed plate to provide adequate seed rates for these 
crops, but are unsuitable for groundnut because 
they cause high seed damage and deliver low seed 
rates; 

* 	 Lack of economic policies conducive to groundnut 
production. 

Possible solutions 

The government should modify agricultural policies 
to improve conditions for groundnut production, and 
ensure financial support for the national groundnut 
research program. The SADC/ICRISAT Groundnut 
Project should supply breeders' seed of promising 
materials. This seed can then be used by NARS in 
different countries for on-farm research and seed 
multiplication. The SAI)C/ICRISAT Groundnut Project 
piovides financial support to NARS for collaborative 
research activities. This support should also be ex
tenucd to conducting training courses and field days 
for both extension workers and farmers. Continued 
informal advice from the SADC/ICRISAT Project staff 
from time to time will support NARS research in dif
ferent fields. 

Discussion 

Swanevelder. I personally believe that we have to 
take our technology to the farmer the way Mr Moima 
does, with on-farm demonstrations. There is no better 
way to get farmers to accept and use research results. 

Chavula. On the question of pricing incentives, one 
of the problems we face in Malawi is that the parasta
tal responsible for providing incentives to groundnut 
producers isoverstretched, in that it deals with many 
other crops. As a result it cannot concentrate on 
groundnut. 

Moima. In Lesotho too, and in several other coun
tries in the region, there is no special agency dealing 
with groundnut, but rather a government-controlled 
board that buys produce of all crops. 
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Simultaneous Seed Multiplication and Further Evaluation of
 
CG 7 Groundnut on Farmers' Fields in Malawi 

N E Nyirenda I, C E Maliro I, and B J Ndunguru 2 

Abstract 

Groundnut (Arachis hypogaea) is grown throughout Malawi, mostly by smaliholder farmers. How
ever, production has severely declined in the past fJew years, partly due to low official producer 
prices. Male farners have abandoned groundnut for more profitable cash crops; it is now cultivated 
largely by womenfarmersforfood. The variety CG 7was released in Malawi in 1989. Although it is 
higher-yielding, stores better, and is more suitable than all other Malawi genotypes, its adoption by 
farmers has been alnost non-existent, apparently due to lack of seed and slow production technol
ogy transfer to women. 77Te objectives of this work were seed multiplication and firtherevaluation 
of CG 7, and demonstration of this variety to farmers. 

Generally, CG 7 convincinglv outvielded Chalimnbana and Chitembana in diverse environments. 
The initial phase of the seed multiplication exercise, involving mainlv women farmers, was largely 
successful. The farmers were pleased with the performance of CG 7, and most extension staff are 
now aware of this cultivar. The seed multiplication exercise vvill be extended to all major groundnut 
production areas in Malawi, and the impact/adoption of CG 7 will be monitored through surveys. 

Sumario 

Simultanea multiplicafdo da semente eavaliafdo adicional do amendoim CG 7 nos campos dos 
agricultoresem Malawi. Amendoim e semeado em todo o Malawi, par a maioria dos pequenos
agricultores. Poremn, nos anos passados a produf'do tem dechnado severamente, parcialmente 
devido aos baixos pre 'os oficiais. Os cultivadores, homens, tem abandonado o amendoim para 
umas culturas mais lucrativas, agora o anendoim e cultivado pelas mulheres para a alimentafedo. 
0 gen6tipo CG 7, que tern unt alto rendimento pode ser ben arnazenado, ee muito mais conve
niente que os outros genotipos de Malawi, poremn a adopf'ao desse genotipo pelos cultivadores tern 
sido praticarnenteinexistente, ap)arenteniente devido a falta da semente eum atraso em transflren
cia da technologia da produtdo para as nmulheres. As objectivos desse trabalho foram a nulti
plica -aoda semente CG 7 una avalia'do adicional ea demnonstra'dode CG 7aos cultivadores. 

Gerahm'nte o CG 7 teve un rendimento muitisimo mais alto que as variedades Chalimbana e 
Chitembana em ainbientes diversos. A fuse inicial, o de multiplicaqdo da senente envolvendo umea 
naioria das tulheres cultivadoras foi un grande sucesso. Os cultivadores esteac contentes com a 
comportamento do CG 7 e a maioria dos extensionistas agora tern conhicemento do CG 7. Esse 
exercisio da nrultiplicafdo da sentente pode ser extendido a todas as dreas de importantes em 
Malawi, onde anendoint j cultivado, eo impacto/adopta-do do CG 7pode ser monitorado atravis 
dos inqueritos. 

I. Chitedie Agriculural Research Station. P 0 Blox 158. Lilongwse. Malawi, 
2. SADC/ICRISAT Groundnut Project, Chitedze Agricultural Research Station, P Box 1096, Lilongwe, Malawi. 

ICRISAT Conference Paper no. CP 962. 
Nylrenda, N.E., Mallro, C.E., and Ndunguru, BJ. 1994. Simultaneous ;ecd multiplication and further evaluation of CG 7 groundnut on 
farmer%' field%inMalawi. Pages137-142 in Sustainable groundnut production insouthern and eastern Africa: proceedings of a Workshop, 5-7 
Jul 1994, Mbabane. Swaziland (Ndunguru. 3.J.,Hildebrand. G.L., and Subrahmanyam. P.,eds.). Patancheru 502 324, Andhra Pradesh, India: 
International Crops Research Institute for the Semi-Arid Tropics. 
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Introduction 

Groundnut (Arachis hypogaea) is a major source of 
vegetable protein and oil for most people in Malawi. 
Until recently, it provided more than 25% of all 
smallholder cash income and about 50% of Malawi's 
supply of edible oils. The haulms are used as live-
stock feed in sonic parts of the country. Groundnut is 
a suitable crop for rotation with maize (Zea mavs), a 
staple food for most Malawians. 

Groundnut is grown throughout Malawi, mostly 
by smallholder farmers. The main production areas 
are at medium altitudes (about 600 m above sea level) 
in the Lilongwe, Mchinji, Kasungu, Mzimba, and 
Rumphi plains. Other production areas lie in the Lake 
Shore (about 200 m above sea level), mainly in the 
Karonga and Salima flood-plains. Production has se-
vercly declined in recent years-1991/92 production 
vas only 15%- of the mid 1980s levels (Donovan 
1993). A major reason for this decline is low official 
producer prices. Agriculture Planning Division econ-
omists estimate that real producer prices of groundnut 
fell by 27'( between 1981 and 1993 (Ministry of Agri-
culture 1992). Groundnut has now become basically a 
smallholder food crop; male farmers have therefore 
abandoned it for more profitable cash crops, and in-
creasingly, women farmers are responsible for 
groundnut production. 

The genotype CG 7, a product of the ICRISAT 
groundnut breeding program, was released in Malawi 
in !989. Although it offers several advantages (in-
eluding higher yields) over other released varieties. 
the adoption of CG 7 by farmers has been almost 
non-existent. Apparently. the major reasons arc non-
availability of quality seed, and slow transfer of 
groundnut production technology to the target farmer 
(womnen)-extension workers have traditionally tar-
geted farm-production technology transfer at male 
farmers. Earlier studies (Hlirchniann and Vangham 
1984) have also found that women are often not tar-
geted in agricultural development programs. 

The main objectives of the work reported here 
were to: 
* 	 Multiply CG 7 seed with the hope of accelerating 

its adoption by women farmers; 
" Further evaluate CG 7, since it was released be-

fore detailed agronomic evaluation; 
" 	 Set up evaluation/demonstration plots to increase 

farmer awareness of the variety, 

Methodology 

The project, initiated in the 1993/94 cropping season, 
involved two sub-projects-seed multiplication (SM, 
targeted at women farmers), and on-farm evaluation/ 
demonstration (EiD). The SM component involved 300 
women farmers from Lilongwe, Kasung, and Salima 
Agricultural Development Divisions (ADDs). These 
women had previously attended a special groundnut 
field day for women, organized by SADC/ICRISAT at 
Chitedze Research Station, Malawi. Their demand for 
CG 7 at the field day prompted this seed multiplica
tion scheme. Each woman farmer was supplied with I 
kg of and ask-' t :urn I kg alter harsest; this 
seed would then be distributed to other farmers. The 
seed was to be grown in her farm alongside other 
groundnut genotypes. Farm-home Instructoresses su
pervised the SM farmers. 

The ID sub-project involved 12 farmers (both 
male and female) from four areas: Mzimba South 
West Rural Development Project (MZW), and Lil
ongwe, Kasungu, and Salima ADDs. These farmers 
evaluated CG 7 in comparison with two earlier-re
leased genotypes, Chalimbana and Chitembana. 

Statistical analysis, testing for genotype and 
farmer effects, was performed on data from both sub
projects. Results from 4 ED and 18 SNI farmers were 
analyzed for seed yield and yield-related paramete.rs. 

Results and discussion 

At first the data was pooled for analysis. However, it 
was suspected that pooling would be inappropriate 
because data from different ecological zones may 
have different variances. The SM data was therefore 
analyzed separately for each ecological zone (differ
ing in rainfall amount and distribution), while ED data 
was analyzed for each Extension Planning Area 
(EPA). 

Seed multiplication 

The pooled results (Table 1)showed that CG 7 gave 
higher kernel yield than Chalimbana; however, zone
based data (Tables 2, 3) indicated that this was not 
true for Salima ADD, where there was considerable 
variation in yield data. 
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Table 1. Groundnut yield, shelling percentage (Sit %),seed size, sound mature kernels (SMK), and harvest 
population (ll.POPN) (pooled data) of two groundnut genotypes grown by smallholder farmers, Lilongwe
West, Lilongwe East, Bwanje Valley, and Mzimba South West Rural Development Projects, Malawi, 1993/94. 

Seed yield 
(kg ha-') SIt% 100-seed mass (g) SMK (%) 

tI-POPN 
(plants M-2) 

CH' CG 7 CH CG 7 CH CG 7 CH CG 7 CH CG 7 
Mean 
SFi 
CV (%) 

456.3b 741.8a 
±46.85 
32 

56.7b 63.3a 
±0.855 

6 

46.2 47.3 
±1.07 
10 

37.Ob 68.7a 
±2.76 
22 

5.12 5.57 
±0.701 
54 

I. ('it- Chalimbana. 
Mean, for a given parameter, followed by the same letter, arc not different by LSD. 

Table 2. Groundnut yield, shelling percentage (SiI%), seed size, sound mature kernels (SMK), and harvest population (I-|POPN) in two genotypes grown in seven farmers' fields, Lilongwe West Rural Develop
ment Project, lalawi, 1993/94. 

Seed yield |I-K)PN

(kg ha-1) Sit % 100-seed mass (g) SMK (%) (plants m- 2) 

Farmer CHI CG 7 CH CG 7 CH CHCG 7 CG 7 CH CG 7 

1 317 800 56 65 39 46 16 57 6.1 5.8
2 539 750 64 69 53 54 45 76 4.4 5.9
3 317 694 61 70 50 52 7042 4.2 4.1
4 361 450 58 68 45 41 38 71 4.3 4.3
5 256 1056 54 62 37 44 26 29 4.0 5.8
6 489 661 60 74 53 53 7555 5.1 6.3
7 267 589 53 56 55 52 55 75 5.1 6.3 

Mean 363.5b 7 14.3a 58.0b 66.4a 47.6 48.6 40. 1b 64.3a 4.58 5.37
SE ±63.70 ±0.930 ±1.21 ±3.40 ±0.240
CV(%) 31 4 7 17 13 

1.CH - Chalimbana.
 
Means followed by the same letter are not differert by LSD.
 

Table 3. Groundnut yield, shelling percentage (sll%), seed size, sound mature kernels (SMK), and harvest 
population (11-PON) in two genotypes grown in six farmers' fields, Lilongwe East Rural Development
Project, Malawi, 1993/94. 

Seed yield lI-POPN 
(kg ha-') SIt % 100-seed mass (g) SMK (%) (plants M- 2) 

Farmer CHt CG 7 CH CG 7 CH CG 7 CH CG 7 CH CG 7 
8 739 1356 55 43 38 5.769 56 81 6.2 
9 711 761 55 64 44 47 38 76 5.4 5.8

10 - - 53 59 54 43 40 45 - 
11 672 950 56 64 43 48 6626 3.3 3.3
12 955 1117 63 68 45 48 62 74 3.1 4.1
13 1106 1772 64 65 65 55 59 72 2.5 3.4 

Mean 836.6b 1191.1a 57.7b 64.8a 49.1 49.3 38.4b 68.9a 4.00 4.57 
SE ±86.89 ±1.29 ±2.66 ±4.81 ±0.132 
CV(%) 19 5 13 22 7 

I. CH - Chalimbana.
 

Means followed by the same letter arc not different by Duncan's Test.
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Lilongwe North West ecological zone. Kernel yield 
and related yield parameters are presented in Table 2. 
Plant stands at harvest were similar for both ge-
notypes. Chalimbana yields were very low. CG 7 
yields were 350 kg ha "I (96%) higher, but still ranged 
only from very low to just fair. Better pod filling 
(higher shelling percentage) and a higher proportion 
of mature nuts (more sound mature kernels, SMK) 
contributed to the yield advantage of CG 7. There 
were differences between farmers inshelling percent
age, seed size, and SMK, but these did not translate 
into signilicant yield differences. Low plant popula
tion (33% less than the expected population of 7.4 
plants 111-2) was one reason for the low yields. The 
low shelling percentage and seed size, especially in 
Chalimbana (for which the normal is about 70% and 
90 g), indicate problems during pod filling. Moisture 
deficiency is the most likely cause, as the rainy season 
was much shorter than normal. 

Lilongwe East ecological zone. Kernel yield and re-
lated yield parameters are presented in Table 3. 
Yields of CG 7 were generally better than those of 
Chalimbana in most larners' fields. Thus, CG 7 ap
pears to be better adapted to the Lilongwe East envi
ronment than to Lilongwe North West. Unlike in 
Lilongwe North West, in the East zone there were 
yield differences among farmers. Shelling percentage 
and SMK were higher in CG 7, but these do not fully 
explain its yield advantage over Chalimbana (superi-
ority of 342 kg ha-1,or 45%). 

Salima ecological zone. Kernel yield and related 
yield parameters are presented in Table 4. Kernel 
yields were similar, and very low, for both genotypes. 
Shelling percentages were also very low for both ge
notypes. The seed size for Chalimbana indicates that 
most seeds were shrivelled. The low yields in Salima 
were due to severe drought stress during the 1993/94 
crop season. 

Demonstration/Evaluation 

Yield, shelling percentage, and seed size were very 
low for Chalimbana and Chitembana in all areas (Ta
ble 5). Seed size and SMK values indicate that the 
seeds were largely unfilled. Both genotypes gave sim
ilar yields at the various sites. CG 7 yields were gen
erally low, and lowest in EPA 9. However, CG 7 
outyielded the two controls by 130, 578, 444, and 317 
kg ha', in EAs 9, 10, 13, and Mbawa respectively. 
The yield advantage (in percentage terms) was most 
pronounced in the most unfavorable environment 
(EPA 9). 

Conclusions 

These are preliminary results for the 1993/94 crop
ping season, which was generally dry. Although the 
results represent only one season's data, the varieties 
were tested in adiverse range of environments, with 

Table 4. Groundnut yield, shelling percentage (St%), seed size, sound mature kernels (SMK), and harvest 
population (1I-PON) in two genotypes grown in five farmers' fields, Bwanje Valley Rural Development 
Project, Malawi, 1993/94. 

Seed yield II-POIN 
(kg ha-') SII % 100-seed mass (g) 

Farmer CHI CG 7 CH CG 7 CH CG 7 

14 143 106 56 59 37 43 
15 227 500 55 62 41 45 
16 200 728 50 59 45 44 
17 433 161 58 51 51 45 
18 28 161 50 54 30 38 

Mean 206.1 331.1 56.7b 63.3a 46.2 47.3 
SE ±95.9 ±0.855 ±1.07 
CV (%) 80 6 10 

t. CH - Chalimbana.
 

Mean' foltowed by the%arneletternotdifferent by LSD.
are 
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SMK (%) (plants m2 ) 

CH CG 7 CH CG 7 

35 83 24.9 8.8 
18 85 4.5 4.9 
38 61 2.8 2.8 
32 82 5.8 5.2 
30 62 4.7 5.0 

37.Ob 68.7a 5.12 5.57 
±2.76 ±0.701 

22 54 



Table 5. Groundnut yield, shelling percentage (SH %), seed size, sound mature kernels (SNIK), and harvest plant population (H-POPN) in three genotypes 
grown on farmers' fields in EPAs 9, 10, and 13 in Lilongwe West Rural Development Project, and at Mbawa EPA in Mzimba West Rural Development 
Project, Malawi, 1993/94. 

Seed yield (kg ha-') SH % 100-seed mass (g) SMK (%) H-PPN (plants f---) 

Farmer CH' CHT CG 7 Mean CH CHT CG 7 CH CHT CG 7 CH CHT CG 7 CH CHT CG 7 

EPA 9 
1 17 28 128 57.4 9 31 38 36 32 43 25 19 78 3.2 4.1 3.1
 
2 6 6 100 37.0 20 20 49 22 12 35 I 15 57 3.2 3.7 3.2
 
3 6 28 206 79.6 25 42 56 36 33 43 19 18 69 3.7 4.2 4.2
 
Mean 9.3b 20.4b 144.4a 17.9b 31.Ob 47.7a 31.5b 25.6b 40.0a 24.9b 17.5b 68.2a 3.35 4.00 3.50 
SE -,17.50 ±3.80 ±2.03 ±4.44 ±0.162 
CV(%) 52 20 11 21 8 

EPA 10
 
4 183 89 861 377.8 32 34 62 41 44 48 34 15 46 6.3 7.1 7.2
 
5 167 161 656 327.8 48 45 61 48 41 45 33 36 58 6.1 6.3 6.8
 
6 161 50 622 277.8 60 47 64 41 44 43 44 44 50 5.9 5.9 6.5
 
Mean 170.4b 100.Ob 713.Oa 46.7b 42.Ob 62.5a 43.3 42.8 45.5 36.8ab 31.4b 51.2a 6.09b 6.43ab 6.83a
SE ±45.74 ±3.98 ±2.03 ±4.63 ±0.112
 
CV(%) 24 14 8 
 20 3 

EPA 13 
7 129 228 794 387.0 45 40 67 50 47 55 36 25 81 6.2 6.4 6.2 
8 461 356 533 450.0 46 49 61 55 55 42 40 42 68 6.6 6.3 5.8 
9 188 200 789 392.6 50 44 63 47 51 55 35 31 50 4.6 5.8 5.1 

Mean 263.Ob 261.1b 705.6a 46.7b 44.3b 63.7a 50.9 50.8 50.3 36.6b 32.6b 66.6a 5.78 6.15 5.67 
SE ±96.23 ±2.42 ±3.80 ±6.02 ±0.259 
CV(%) 41 8 13 23 8 

Mbawa EPA 
10 78 167 561 268.5 33 37 60 37 49 49 38 30 66 6.3 5.1 6.6 
11 506 506 856 622.2 56 57 68 57 68 48 45 64 56 6.1 5.7 6.1 
12 500 533 678 570.4 45 47 62 37 60 45 21 36 56 5.2 6.1 6.0 

Mean 361.1b 401.9 698.2a 44.8b 47.Ob 63.5a 43.8 58.9 47.4 34.6 43.5 59.4 5.89 5.59 6.24
SE ±49.03 ±2.39 ±4.00 ±6.93 ±0.331
 
CV(%) 17 8 14 
 26 10 

1.CH - Chalimbana. CHT - Chitembana. 

Means followed by the same letter are notdifferent by Duncan's Test. Means along arow and for agiven parameter. followed by the same letter, are notdifferent by LSD. 



high variability of rainfall, even within an EPA. With 
a few exceptions, CG 7 convincingly outyielded 
Chalimbana and Chitembana, and produced higher 
quality seeds (higher SMK values). In all areas there 
were differences in yield among farmers, even within 
an EPA, caused by differences in management 
practices. 

The initial phase of the seed multiplication exer-
cise was highly successful, with women ifarmers suc
cessfully growing CG 7. However, it remains to be 
seen whether they will continue to grow the cultivar 
on their own initiative. In casual interviews, they indi-
cated that they liked CG 7 for its high yield (the 
groundnut had not yet been processed, and taste was 
thus not a factor). Most extension staff (Field Assis
tants) were not aware of the existence of CG 7. Thus, 
both the seed multiplication and evaluation/demon-
stration exercises created some awareness among the 
people charged with facilitation of technology 
transfer. 

This seed multiplication exercise will be extended 
to all the main groundnut production areas in Malawi. 
Frequent surveys to measure the impact/adoption of 
CG 7 will be carried out in the areas covered by this 
seed multiplication exercise. 

In zones where CG 7did not outperform the local 
variety, a larger number of genotypes may have to be 
tested, to identify and promote superior genotypes 
adapted to local conditions. 
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Discussion 

Nxumalo. CG 7 and the local variety performed 
similarly in Salima ADD, but CG 7 was clearly supe
rior elsewhere. What is the soil condition in Salima? 

Nyirenda. The main reason for the Salima results 
was not inherently poor soil, but moisture deficiency 
during the growing season, which caused both vari
eties to perform poorly. 

Hildebrand. I disagree that the data given for Salima 
shows no difference between CG 7 and Chalimbana. 
There is a 50% difference in CG 7over Chalimbana. 
Regardless of CVs and t.SDs, that difference must 
mean something. 

Ndunguru. The methods of analyzing agronomic 
data from on-farm trials need to be examined. Socio
economists and breeders probably use more sophisti
cated methodologies than do agronomists, and could 
contribute to the development of unconventional but 
more suitable methods to analyze and interpret on
farm data. 
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Groundnut Technology Transfer to Smallholder Farmers 
in Zimbabwe for Sustainable Production 

S Alibabal 

Abstract 

Groundnut(Arachis hypogaea) is widely grown by smallholderfarners in Zimbabwe: but yields on 
suchfarns areonly about 0.4 t ha-t (unshelled), as against2.5 t ha-l at researchstations. The low 

yields may be due partly to the pre-1980method of technology development and transfer,in which 

technologies developedprinarilyfor the large-scalesector were transferred,relatively unchanged, 

to smnallholder farmers. This led to t,e formulation of recommendations not fidly suited to the 

majoritY of sisallholder farmers. In the new approach firmers play a more active role, working 
together with researchers and extension agents to identify and solve specific problems of local 
importance. Considerableemphasis is placed on the diagnosis ofproblems through on-farn surveys 
using the informal surve' proceduredeveloped by the Centro Internacional Mejoramiento de Maiz y 

Trigo (CIAMYT). This has led to a better understanding of farmers' needs, development and testing 

of appropriatetechnology, and higheradoption rates. The overall aim in this new approach is to 

improve the researcher/evensionagent's understanding of lte smallholderfarner,and to improve 
relationshipsbetween researchers, extension agents, andfariners. 

On-fairm demonstration,with smnall plot sizes and a limited number of treatments,have beenfound 

to be useful in technology transfer.Demonstrationplots aremanagedb vfarmers, who can thus evaluate 

new technologies underfarm conditions before making a decision to accept or reject a technology. 

Sumario 

Transf/renciade tecnologia do amendoim para o pequeno agricultor paraa sustentabilidadeda 

produgao. 0 amendoin (Arachis hypogaca) i gerahmentecultivado por os pequenos agricultores 

em Zimnbabwe: mnas os rendimentos nesses cainpos sdo em redor de 0,4 t ha-' (ern casca) em 

comparafdo aos rendinentos da investigafdo que sdo ein redor de 2,5 t ha-1. Os baixos rendi

inentos podemi ser parcialnente causados pelo mntodo (1o desemivolvimento e transferencia da 
tecnologia pre-1980, ens que as tecnologias desenvolvida primariainentle para as cultivaf'ees em 

escalas largas, faram tran.sferidas cultores. Isto levou a recomenda('oes que nao cran completa
mente ipropriadaspara a maioria dos pequenos agricultores. Os agricultores tomao una parte 

mais ativa nes.se novo metodo, trabalhando em conjunto coin os investigadores eos ce.tensionistas 

nun trabalho conjunto en vista de identificar e resolver os problenas dln grupo especfico dos 

agricultores. A maior nfjase t4agora posta no diagn6stico do problena atraives de ingutritos do 
canpco usando os injornaisprocedimentos de inqueritos do CAtAmYI. Isto levoa a amta melhor 

coinpreensdo das necessidades dos agricultores, desenvolvimnento e investiga~do da tecnologia 

apropriadae adopido dessa tecnologia. 0 proposito dessa nova abordagemn d una compreensao 
inelhor entre todas as partes envolvidas, resultandoem tecnologias inais apropriadas efacilmnente 

adotadas pelos agricultores pequenos, e tamnbin o melhoraniento das rela 6es entre os 
agricultores. 

Foi descoberto que os ensaios isos canpos cons talhes p.'quenos silo titeis para a transf.rencia 

da tecnologia. Os talhoes sdo manciados por os cultivadores que assim poden avaliarda nova 
tecnologia antes de tomara decisao de aceitarou rejeitaressa nova tecnologia. 

I. Department of Agricultural Research and [-stension Services (AGRITEX). P0 Box 326, Gsanda. Zimbabwe. 

143-146 in Sustainable 
groundnut production in southern and eastern Africa: proceedings of a Workshop. 5-7 Jul 1994. Mbabane. Swaziland (Ndunguru, B.J., 
Hildebrand. G.L.. and Subrahmanyam, P..eds.). Patancheru 502 324, Andhra Pradesh. India: International Crops Research Institute for the Semi-
Arid Tropics. 

Allbaba, S.1994. Groundnut technology transfer to smallholder farmers inZimbabwe for sustainable production. Pages 
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Introduction 

Groundnut (Arachis hypogaea) has been widely 
grown in Zimbabwe for severa' decades. Research 
began at the Harare Research Station (formerly Sa-
lisbury Research Station) in 1912. On-station trials 
over the years have given fairly high pod yields: 1.4 t 
ha-' (average, 19 12-1950s; Mettlekemp 1987). and 2.5 
t ha I currently. In contrast, yields on smallholder 
farms have remained extremely low, and in some 
cases are below 30% of research station yields, with 
little improvement over the years. 

Annual sales to controlled markets by the large-
scale sector averaged around 19 00W t of shelled nuts 
during the period 1955-76 (Table I), but by 1992 the 
ligure had dropped to 1500 t. Under the previous 
regulations, large-scale commercial farmers had to 
sell all their produce to the Grain Marketing Board (at 
low prices), while snall-scale farmers were tree to 
dispose of their produce through any channels. Low 
yields, increase in labor costs, high cost or non-avail-
ability of machinery, and relatively poor prices, espe-
cially for large-scale farmers, have made groundnut 
production in Zimbabwe now an exclusively small-
holder enterprise, 

Table 1.Shelled groundnut deliveries to the Grain 
Marketing Board, Zimbabwe, 1971/72 to 1986/87. 

Large-scale 

commercial Small-scale Total 


Season sector (t) sector (t) It)
 

1971/72 1500 54500 56000 
1975/76 600 26 600 27 200
 
1979/80 100 4 900 5 000 

1983/84 2 600 800 
 3 400 

1986/87 14 000 3 300 17 300 

Source: Grain Marketing Board 

Technology generation-the earlier 
approach 

Groundnut research in Zimbabwe covers the follow-ing aspects: 

* 	 Breeding: development of cultivars for confec
tionery use and oil; 

* 	 Agronomy: studies to determine optinum ferti 
izer rates and timing of application, optimum po I
ulation and spacing; 

* 	 Pathology/entomology: control of diseases an 
pests;
 

e Harvest timing and postharvest te:chniques.
 

Although the research effort has been considei 
able, the gap between research results and farmer 
yields continues to widen (Table 2). This may be du 
in part to the pre-1980 method of technology develop 
ment and transfer to the small-scale farmer. Durin 
this period the research emphasis in general was o 
the large-scale commercial farmer, who has suflicien 
resources and is likely to adopt new technolog: 
(Shumba 1990). Research was mainly station-based 
and recommendations were formulated with little in 
teraction with smallholder farmers. Agricultural Re 
search and Extension Services (AGRITFX) extensior 
staff were responsible for demonstrating complet 
production packages to farmers. 

One major liaw was that no effort was made t( 
look at farmers' circumstances, understand their rea 
problems, or to include farmers in the process ol 
problem identification and solution. The only small. 
scale farmers to benelit were those with the technical 
and tinancial resources to make use of high-input 
technology. The recommendations were too risky formost small-:.cale farmers since they involsed higher 
inputs/costs (although they promised higher yields). 

This method required farmers to move too quickly 
from one level to ahigher level. 

Table 2. Groundnrt production in the small-scale 
sector in Zimbabwe, 1989-93. 

Estimated Estimated 
Estimated production pod yield

Season area' (ha) (t) (t ha-') 

1989/90 307 900 108 690 0.35 

1990/91 214 800 99688 0.46 

1991/92 167 600 31 032 0.192 

1992/93 113 000 53 350 0.47 
1. Harvested area: exclude%areas where crop failre ocurred. 
2. Low yields and production due to drought. 

Source: AGRITEX Crop Forecati-g Committee 
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The new approach to technology 

generation 


After analysis of the smallholder groundnut sector in 
the mid 1980s, and the formation of the Farming Sys-
tcm Unit within the Department of Research and Spe
cialist Services, it was decided that amore integrated 
approach was required to address specific production 
constraints. The new approach is based on the princi-
pie that the farmer is the person, in most circum-
stances, with the best knowledge about his 
environment, and with specific skills related to the 
enterprise. Therefore, any innovation introduced with 
his (or her) active involvemcnt would most likely be 
successful. 

In this approach agreat deal of emphasis is placed 
on the diagnosis of problems jointly by the farmer 
and the extension agent, using diagnostic surveys as 
described in the Centro Internacional de Mejora-
miento de Maiz y Trigo (CIMMYT) informal survey 
procedures. A systems approach is undertaken to 
identify the real issues involved and to understand the 
intcrlinf:ages between different farm activities. This 
process requires considerable involvement of cxten-
sion staff, who must be fully trained to identify prob-
lem areas and determine their effects on the system. 

Once problems have been identified, information 
on those requiring further research ispassed on to the 
relevant institution(s). Problems for which solutions 
already exist are tackled by the farmers and the cx-
tension agent, who select those technologies which 
are applicable to their situation; usually, technologies 
that combine low cost, high response, flexibility, and 
ninimizcd risk. 

The farming systems approach has been instru-
mental in highlighting the problems faced by the 
smallholder fartner. To date, numerous trials and 
demonstrations have been undertaken on farmers' 
fields (COFRf- 1990), with farmers playing a major 
role in identifying their production constraints and 
also participating in some aspects of problem solving, 

This approach has led to a better understanding 
between the researcher and the farmer, with the result 
tha: current technology recommendations are becom-
ing more relevant and hence easily adopted by the 
smallholder farmer. It has also resulted in a better 
flow of information to other parties involved in the 
groundnut industry. For example, results from asur-
vey (Shumba 1983) indicated that the availability of 
seed of new varieties was almost non-existent at farm 
level; responsibility for seed supply has recently been 
transferred frot the state-controlled Grain Marketing 
Board to a very successful seed cooperative. It is 

expected that this will improve seed supplies to small
holder farmers. 

The role of demonstrations 

In Zimbabwe it has been found that new technologies 
and concepts are best promoted through simple demon
strations on farmers' fields. Plot sizes are extremely 
small and in most cases very few tre ",ents are in
eluded. Farmers are responsible for all , ld manage
ment practices; the extension agent providles only the 
technology input (e.g., improved seed or information 
on improved management practices). The farmer isex
pected to grov the crop using his/her own inputs. 

This demonstration will continue for 2-3 seasons, 
allowing farmers to evaluate the new technology 
against their normal practice on a small scale. After 
evaluation, they will be able to decide whether or not 
to adopt the new technology. During the 1993/91. sea
son, national programs from various countries a,,J the 
SADC/ICRISAT Groundnut Project jointly undertok a 
number ofdemonstr,-.Lions to introduce new, improved 
groundnut varieties to farmers. Each demonstration 
consisted of three varieties sown on a single non
replicated plot of 0.03 ha, using traditional cultural 
practices. Farmers could thus clearly perceive that the 
yield increases were due to varietal superiority alone. 

During the three seasons from 1987/88 to 1989/90, 
CO:RI- has conducted 54 on-farm trials and 262 dem
onstrations at various sites in the major groundnut 
areas in Zimbabwe (Shumba 1990). These were de
signed to demonstrate new varieties, fertilizer re
sponses, and the effecs of sowing date and 
population on groundnut yield (COFRE 1990). 

Field days are held at each demonstration site dur
ing the growing season, with farmers continuously 
assessing the technology under study. Suggestions 
and comments are gathered from all visitors to further 
reline the demonstration for the next season. At the 
end of the season farmers harvest the different plots, 
and compare yields. If the demonstration was cor
rectly undertaken and the real problems identified at 
the early stages, the new technology should, in most 
cases, prove to be aviable option. 

The future role of technology transfer 

Surveys have shown that yield could be significantly 
improved by improving crop management practices
(Shumba 1983). These improvements require little or 
no cash investment and simply involve adjustments to 
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existing practices. For example, early sowing with 
correct plant populations would increase yield with-
out r-quiring much cash input. 

For appropriate technology to be developed and 
transferred an increased effort should be made to 
involve all the actors-researchers, extension agents, 
and farmers-in all stages of technology develop
ment and transfer. Extension staff will continue to 
require training in the diagnostic approach to problem 
identification and solution formulation, to ensure that 
the needs of the smallholder farmer are identified and 
met. 
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Plenary Session
 



Discussion and Recommendations
 

The participants fbrmed four working groups: on ge-
netic enhancement, crop protection, agronomy/crop
ping systems, and technology transfer. Each group
identified the "d,ajor problems in their research area, 
defined research priorities, reviewed research pro-
gress made in the member countries, and outlined a 
medium-term approach constraintto alleviation 
throughout the region. The groups met separately,
and subsequently presented their recommendations at 
the plenary session fr further discussion and formal 
adoption by the Workshop participants. 

The final Workshop recommendations are sum
marized below. These form a fairly comprehensive 
research and policy agenda for southern and eastern 
Africa. It is hoped that these recommendations will 
form the basis of future collaborative research pro-
grams, and contribute to the alleviation of constraints 
to groundnut production throughout the region. 

Genetic Enhancement 

Three broad areas were considered: 

* 	 Drought tolerance 
" Resistance to diseases
 
" Priority setting and selection criteria. 


Drought tolerance 

Approaches to this very complex problem could be 

improved in two ways: 


" 	 Drought nurseries should be sown every season in 

identified 'core' areas. The data could be used as 

benchmarks, also applicable to other areas in the 

region; 


" 	 Efforts should be directed at characterization of 
environments, since the number of variables (rain
fall, temperature, sowing date, etc.) is large. 

Resistance to diseases 

Access of cooperators to disease nurseries should 
be streamlined. NARS should be allowed to choose 
nurseries that relate to either specific local needs 
or regional problems, as appropriate, 

Priority setting and selection criteria 

The need was felt to review and prioritize selection 
criteria in order to narrow the yield gap between 
research stations and farmers' fields. No consensus 
emerged on the stage at which selection should ,akc 
place, for eventual use of the cultivar under low-input 
conditions. However, it was noted that: 
* 	 The overall objective would be to provide a range 

of cultivars for each environment, from which 
farmers could choose, depending on the availabil

9 Evaluation should involve farmers as much as 
possible. However, it was not practical to involve 
farmers in early-stage evaluation; 

e The logistic problems involved in multilocational 
testing should be addressed; 

* 	 Exchange of material amongst NARS is not suffi

ciently widespread; this crucial activity should beintensified; 

e 	 Standard cultivars from each country should be 
included in regional trials wherever possible, tak
ing into consideration the associated administra
tive and property-rights problems. 

Crop Protection 

Two categories of smallholders were recognized: 
9 	 Subsistence farmers who grow crops almost ex

clusively for their own consumption. This group isnot expected to consider crop protection apriority: 
* 	 Relatively commercial smallholders, who will sell 

a part of their produce and can afford limited in
puts. These farmers are more likely to accept and 
apply the recommended technologies. 
Four broad areas relating to crop protection were 

discussed: 

a 	Surveys 
e 	 Disease control strategies 
* Technology transfer
 
e Immediate research and extension goals.
 

Surveys 

Surveys should be conducted in important areas, 
where information is lacking: 
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" 	Disease incidence/severity, damage assessment, 
incidence and relative importance of insect pests 
and diseases, especially in Lcsotho, Mozambique, 
and parts of South Africa; 

" 	 Surveys throughout the region, and especially in 
Tanzania and Swaziland, on aflatoxin contamina-
tion. Such data is available for marketed groudnut, 
but not for groundnut that is consumed by the 
growers themselves. These families are suspected 
to be prone to liver cancer arising from aflatoxin 
contamination, 

Control strategies 

" 	 The use of disease-resistant cultivars should be 

given the highest priority, because it is the easiestmethdfamerfr toadop. Sch eltiarsmethod for farmers to adopt. Such cultivars 

should provide stable yields and be resistant to 
adverse conditions including awide range of ma-
jor insect pests and diseases; 

* 	 Cultural practices should be developed and dis-
seminated. These may relate to the timing of sow-
ing and/or harvest to reduce disease/pest attack, 
and sanitary measures (e.g.. removal of weeds and 
alternative hosts) to avoid the build up of pest and 
pathogen complexes. These methods are more 
likely to be adopted by the more progressive 
smallholders; 

" Efforts should be made to reduce pesticide use, by 
developing suitable cultivars and management 
practices; 

* 	 Research efforts on botanical pesticides should be 
intensified. This approach can be made more at-
tractive to the smallholder by demonstrating thecotol 
multiple uses (e.g., soil fertilization + pest control) 
of botanical pesticides. 

Technology transfer 

Research should focus on the development of flex-* 
ible integrated packages; farmers may then adopt
the entire package or sonic components. Packages 

must be developed for each community or region 

within acountry, since local needs will differ; 

" 	 The use of printed material, especially color pam-
phlets, should be explored for technology dissem
ination. It is important to budget for such 
extension matei ial at the research planning stage. 

Immediate research and extension goals 

* 	 Stronger and more extensive training programs 
are required in all aspects of crop protection: 

research, extension, diagnosis of pests and dis
eases, and crop management; 

* 	 Emphasis should be placed on allatoxin research. 
It was noted that preliminary studies in northern 
Botswana had reported that children were given a 
small, inexpensive clay pill as a traditional pro
phylactic measure against aflatoxin hazards. This 
technology should be studied further for possible 
wide dissemination throughout the region; 

.	 The control strategies discussed above should be 
developed for use by the small-scale farmer, and 
the technology effectively transferred to the farm. 

Agronomy 

The discussions focused on six broad areas: 

e 	 Agronomy extension 
* 	 Seed production 
• Technology development 
9 Technology transfer 
* Agronomy and breeding 
9 Regional coordination. 

Agronomy extension 
e The existing links between researchers and exten

sion staff are weak, and should be improved; 
There is often an overlapping of interests and 
goals, which can be exploited by closer collabo
ration; 

• 	 Researchration; findings have not so far demonstrated 
significant impact in farmers' fields; 
signirecatipatoinA amrc to res ismore participatory approach research 
called for, involving both extension staff and 
farmers; 

e 	 Agronomy recommendations should be such that 
they can be conveniently implemented, using tech

nology available at farm level; 
i The participation of nongovernmental organiza

tions, churches, and other grassroots organizations
would strengthen research and extension efforts. 

Seed production 

9 	 Seed shortages at farm level are amajor constraint 
throughout the region; 

e 	 Research stations should explore the possibilities 

of producing seed on a limited scale, e.g., for dis
tribution during on-farm trials; 

* 	 Farmer and community involvement should be 
strengthened. 
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Technology development 

* 	 Research must focus on low-input technologies; 
* 	 Labor-saving technologies are required; these 

should be effective but low-cost; 
* 	 Farmers should be closely involved in defining 

criteria for on-farm evaluation of technologies; 
* 	 Farmers' constraints must be identified and fac-

Technology Transfer 

The objective of research is to develop new technolo
gies and transfer them to the farmer. This transfer has 
been less successful than anticipated. The discussions 
covered several aspects that were felt to be crucial for 
successful technology transfer. 

tored into technology evaluation;evluaiomFarmer-researcher-extensiontore ino tchnlog linkages 
" Research should tocus on developing sustainable 

systems (e.g., in terms of soil fertility); 
" More attention must be paid to nutrition and di-

etary aspects; 
" 	 Storage methods in current use are often unsuita-

ble; this should be another priority area for 
research. 

Technology transfer 

Several factors have contributed to the lack of pro-
gress in this key area. The following aspects should 
be spccifically addressed. 

• 	 Traditional land use practices have continued, 
with respect to haphazard or sub-optimal spacing; 
the practice of sowing in rows should be 
encouraged; 

" 	 Information is lacking on certain aspects of inter-
cropping systems, e.g., suitable crop combinations 

and the relative proportions of the compone 
crops. 

Agronomy and breeding 

Breeders and agronomists play critical (and com-
plementary) roles in varietal development, 
Breeders should produce materials adapted to a 
wide range of environmental conditions. Agrono-
mists should be responsible fbr final evaluation for 
specific environments. 

Regional coordination 

* 	 The SAIDC/ICRISM' Project should strengthen links 
with research programs in the Republic of South 
Africa; 

" 	 Although research and training funds were avail-
able through SACCAR, fundiiig for regional travel 
by national scientists continu,I to be a constraint; 

" 	 SACCAR was urged to look into the problem of 
lack of communications, which is serious through-
out the region. 

e 	 The only effective approach, as has been clearly 
demonstrated, is one of participatory research, in
volving farmers, extension staff, and researchers 
working together; 

e 	 Collaborative meetings among farmers, re
searchers, and extension staff should be budgeted 

for in the research planning stage: 

e 	 Extension efforts must be made to ensure that 
farmers clearly understand how they will benefit 
from research, and specifically from on-farm 
trials. 

The role of research 

e Research should be conducted by multidisciplin
ary teams; different problems may require differ
ent emphasis on the various disciplines; 

9 Researchers should do some extension work; this 

would give them a clearer understanding of field 
situations and problems; 

* 	 Research institutions and the national programs 
should provide refresher courses at least once a 
year to continuously update the skills of staff in
volved in technology transfer; 

* 	 Research recommendations should not merely 
specify what to do. but also how to do it; 

e 	 Technology should be sufficiently flexible to allow 
farmers several options; recommendations should 
not be dogmatic; 

e 	 Proper identification (through discussions, ques
tionnaires, etc.) must be the first step in problem 
solving. Staff should be provided training on the 
identification of problems at farm level. 

Demonstrations and other extension issues 

Denoonstrations are an important component of 
technology trarsfer, and should be considered at 
the research p~anning stage. Each demonstration 
should convov a specific message, e.g., about a 
.pecific m:.rgerrent re"-mnmendation; routine or 
general dentonstrations are usually ineffective; 
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* 	 Farm-to-farm technology transfer can be very cf-
fective: the farmer can be the best extension agent 
if given the opportunity to discuss with other 
farmers his/her experiences with a technology; 

" 	 Continuity is an important factor in extension, it is 
also essential that communication is made with 
farmers by somebody the, trust. 

Socioeconomic perspectives 

* 	 Technologies should be evaluated in a socio-
economic perspective (including compatibility 

with traditional end uses of the crop), rather than 
only in terms of yield or productivity; 
Sociocconomists should be closely involved in 
demonstrations and on-farm trials, starting at the 
planning stage. 

Seed shortages 

Seed shortages could be alleviated by encouraging 
farmer-to-farmer exchange of seed, strengthening
seed distribution channels, and modifying pricing 
structures and agricultural policies. 
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Chickpea Desi Variety
 
ICCV 82108
 

* Released as 'Kalika' in 1990 in Nepal 

" iligh-yielding and widely adapted variety 

* Double-podded with medium-sized seed 

" Resistant to fusarium wilt 

" Tolerant of root rots, botrytis gray mold, and lelicoverpa pod borer 

" Medium-duration 
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ICCV 82108 is a high-yielding, and double-podded desi variety which has perfornled well 
over a wide range ol1climatic conditions in Nepal. It was released in Nepal in 1990 [or 

general cultivation. 

ICCV 821108 is resistant to race I of' Fos1riomt .sport o and is tlat ivcly less 

susceptible to Ih'licoverpa arunigera pod borer, gray mold (Botr'tis ciner'a) and root-knot 

nematode (Ah'loidogyne spp) than the control, l)hantush. It has shown good adaptation to 

irrigated and raiii eldconditions, and to late sowing. 

Origin and )evelopment 

ICCV 82108 was developed by pedigree selection from a cross made in 1976 at ICRISAT 

Asia ('Center between segregating F, plants of crosses JG 62 x WR 315 and P 1363 x PRR I. 

The IF population was screened in a multiple disease-inf'ested fiellthat had a high 

incidence o1't'usarium wilt, and Rhizoctinia batlaicola,Rhizoctonia solai, and IFSsaritoM 

solani. Single-plant selectihn was lollowed tintil F5 when it was bulked as selection no. 

ICCX -76147(0- IlP-IP-HPI - iP and supplied as an entry (ICCL 82108) in the International 

Chickpea Cooperative Trial to tileNational Grain Legume Research Program (NGILRP), 

Ncpal, in 1985,6. 

Synonym 

KaIika. 

Performance 

ICCV 82108 showed better tolerance lor soil aclity, and soil-borne and foliar diseases 

than tilelocal cultivars at the Agrictiltural Resear li Stations of Rampur and Parwanipur, 

Nepal, in 1985'86. In the national multilocational yield trials t'rom 1986/87 to 1989/90, it 
-

produced a mican sced yield of' 1.36 t ha I which was II ;", higher than that of tli control, 

Dhanuish (Table I). 

Table 1.Mean seed )ield of ICCV 82108 (Kalika) and control, at different locations in 

Nepal, 1986/87-1989/90. 

Seed yield (t ha-') Weighted 

Cultivar i986/87 1987188 1988/89 1989/90 mean 

ICCV 82108 1.64 1.62 1.38 0.83 1.36 

Dhanush (control) 1.56 1.33 1.35 0.64 1.22 

Source: NGOLRP Annual Reports. 1987 to 199(0. 



In the harmers' field trials, 1987/88-1989/90, ICCV 82108 maintained its superiority 
over the control (lable 2). The highest yield produced by ICCV 82108 under irrigation was 
3.46 t ha', while the mean chickpea yield in Nepal is 600 kg ha-'. 

Table 2. Mean seed yield of' [CCV 82108 (Kalika) and control in farm rs' field trials at 
different locations in Nepal, 1987/88-1989/90. 

Seed yield (t ha) Weighted 

Cultivar 1987/88 1988/89 1'."110 mean 

ICCV 82108 1.89 1.38 0.93 1.61 
Dhanush (control) 1.55 1.35 0.79 1.43 

Source : NGLRP Annual Reports, 1988 to 1990. 

Plant Characters 

ICCV 82108 has a semi-spreading growth habit and moderate plant height (Table 3). The 
plant is green and has slight an thocyanin pigmentation. It has two dark pink flowers per 
pod per pedicel on the lower nodes, It has compound leaves with medium-sized leaflets. 
Like Dhanush. ICCV 82108 lowers in 80-90 days alter sowing and matures in 150-160 
days depending Upon the growing conditions. 

Table 3. Phenological and agronomic characteristics of ICCV 82108 and control 
recorded in Nepal and ICRISAT Asia Center. 

Days to Plant height I X)-seed 

Cultivar 5W(Yflowering Maturity (cm) mass (g) Wilt (%) 

ICCV 82IO1 89 152 48 19 14 
l)t1anush (control) 91 150 38 II 100 

Slurce: NGt RIP Annual Report, 1990 

Seed Characters 

The Sccds are dark brown and medium in size, with amean 100-seed mass of 19 g (range 
16 21 go compared with II g fior Dhanush. The breeder seed of' ICCV 8210S (Kalika) is 
maintained by NGLRP, Rampur, Nepal. 
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Chickpea Desi Variety ICCV 10
 

* 	Released as 'Bharati' in 1992 for cultivation in 
the central and peninsular zones of India, and 
as 'Barichhola 2' in 1993 in Bangladesh 

.	 Medium-duration, high-yielding variety 

e 	Resistant to fusarium wilt 

iL.r ,. roughtolernt.* 
_. .
 

• Very wide adaptation 
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ICCV 10 is a short- to medium-duration, high-yielding chickpea variety. It is resistant to 
lusarium wilt (Fusarium oxvslormn), and tolerant of dry root rot (Rhizoctonia baiaticola). 
It is drought-tolerant and is suitable for cultivation in the southern and central zones of 
India. It was approved for release in these zones under the name 'Bharati' in 1992. It was 
also released in Bangaldcsh under the name '1ariclola 2'in 1993. 

Origin and Development 

ICCV I) was developed at ICRISAT Asia Ccnter, Patancheru. by pedigree breeding from a 
cross 1P1231 x P 1265. Both parents are germplasm accessions from India. The cross was 
made in 1975, and the F, was advanced in lieolf-season nursery at Lahaul Valley, 
I imachal Pradesh. India. Following single-plant selection in F,, the progeny wasF3 
bulked. Subsequently, single-plant selections were made in F, F5, and 1, generations. The 
F, progeny %%as bulked and tested in the International Chickpea Screening Nursery, and 
later subiit(ed lorr testing in the All India Coordinated Trials during 1986/87. The pedigree 
(1fICCV 10 is ICCX-750841-32P-IP-lI'-IP-I1-IP. 

Synonym 

Hharati, ICCL 83228. and Barichhola 2. 

Performance 

ICCV 10 was tested in the Initial Evaluation Trials of the All India Coordinated Pulses 
Improvement Project (AICPIP). 1986/87-1987/88. In 1986!F7, it gave a mean seed yield of 
2.1t hiI compared with 1.89 t hat n of the control variety. BG 244; in 1987/88, its mean
 

-
seet yield was 1.43 tha- compared with 1.25 t ha ' of the control. 
Performance of ICCV 10 in the AICPIP Varietal Trials in the central and southern 

zones are given in Tables I and 2. Inthe central zone, the mean seed yield of ICCV 10 was 
2.12 t ha I over 3 seasons (1988/89- 1990/91) compared with 1.75 t ha* of tie control 
variety, t3G 244. In the southern itone. ICCV t0 produced 1.78 t seed ha I compared with 
1.43 t ha I of the control, BDN 9-3. during 1988'89- 1990,91, over several locations. ICCV 
Ill was also tested in the national yield trials in Bangladesh as 'ICCL 83228" by the 
Iangladcl Agricultural Research Institute between 198788 and 1992193. It gave itnmeian 
seed yield of 1.58 t ha-I compared with 1.3 1 ha I of the local control variety over 5 seasons 
and 17 locations. 

Table 1. Mean seed yield of ICCV 1)in the AICPIP Varietal Trials, Central Zone, 
India, at several locations, 1988/89-1990/91. 

Seed yi,.l (t ha') Weighted 

Variety 19,8/89 1989/90 1990191 tiean 

ICCV I0 2.36 1.75 1.96 
BG 244 (control) 2.11 1.50 1.71 1.75 

2.02 



Table 2. Mean seed yield of ICCV 10 in the AICPIP Varietal Trials, Southern Zone, 
India, at several locations, 1988/89-1990/91. 

Seed yield (I hal ) Weighted 

Variety 1988/89 1989/9(0 1990/91 mean 

ICCV 10 2.0() 1.55 1.79 1.78 
BDN 9-3 (control) 1.40 1.44 1.49 1.43 

Plant Characters 

ICCV 10 has a semi-erect growth habit with long fruiting branches. Its stem is purplish 
green. Its compound leaves are dark green with medium-sized leaflets. I has pink flowers 
and light yellow pods. ICCV 10 flowers inabout 45 days and tnalures in95-1(X) days in the 
southern zone. 

Seed Characters 

Seeds are yellowish brown, and ram's head shaped. They are medium-sized and have a 
I(10-seed mass o1"16.3 g. 

Their protein content is comparable to that of the control, Annigeri, and they take less 
time to cook than t;,,of'Annigeri. Thlie breeder seed of ICCV 10 is available front the 
Andhra Pradesh Agricultural University. Bangladesh Agricultural Research Institute, and 
ICRISAT Asia Center, India. 



ICRISAT 

Plant Material Descriptions
 
from the
 

International Crops Research Institute for the Semi-Arid Tropics
 

Brief descriptions of crop genotypes id,0.t. or developed by ICRISAT, 
including: 
" germplasm access;ons with important .gronomic or resistance attributes; 
" breeding materiak, both segregating and stabilized, with unique character combinations; 
" cultivars that hive been released for cultivation. 

These descriptions announce the availability of plant material, primarily for the 
benelit of the Institute's cooperators. Their purpose is to facilitate the identification of 
cultivars and breeding lines and to promote their wide utilization. Requests for seed 
should be addressed to the Director General, ICRISAI', or to appropriate seed suppliers. 
Materials for research are sent by ICRISAtF to cooperators and other users free of charge. 

IS!3N 92-906-307-3 Order code: I'MF: 057 Printed by ICRISAT 264-94 



Pearl Millet Male-sterile Line
 
ICMA 841 and its Maintainer ICMB 841 

llighly resistant to 
, domvny mildew 

* 	 lligh Seed Nield 
(0.7-1.1 t ha-1) 

* 	 Medium height 
(0.7-1.7 m) 

MIedIium maturity 
(43-60 daNs to 
IIoier ing) 
C anti(ompact 
cylindrical panich.,s 

of aw.rage length
(14-19 cm) 
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Purpose of description 

Male-sterile line ICMA 841 and its maintainer ICMI] 841 were recommended by tie All 
India Coordinated Pearl Millet Iprovement Project (AICPMtI') ill1988 for large-scale 
distribution and utilization for producing experimental hybrids. These lines are the seed 
parents of three hybrids, lPusa 23, ICMII 423, and Pusa 322, which have been released for 
cuhivation throughout India. 

Origin and development 

ICMA 841 and ICMB 841 were developed from 5141A and 5141B, which were bred and 
released by the Indian Agricultural Research Institute (IARI), New Delhi. Although 5141A 
ani 5141B were resistant to downy mildew in India initially. the resistance was later 
overcome by the populations of the palhogen insome parts of the country. The original 
5141A (stock no. 8135) and 51411I (stock no. 8038) showed genetic variability for several 
traits, including resistance to downy milew,when sown in the downy mildew nursery at 
I(RISAT Asia Center (tAC). Vigorous downy-mildew-free 514111 plants were selfed and 
crossed wilh downy-mildew-free plants of 5141A. This process of' selection, selling, and 
backcrossing was repeated twice a year for four generations using pedigree selection in the 
downy mildew nursery. ICMA 841 and ICM13 841 were chosen froni the resulting A/t3 
pairs on the basis of phenotypic similarity, high vigor, good tillering, good seed set, and 
freedom from downy mildew. 

Performance 

Parental lines. In India, the expression of male sterility in ICMA 841 is stable in:cool 
postrainy season sowings; less than 2% of the plants shed some pollen. ICMB 841 produces 
pollen profusely. In rainy season sowings, the proportion of ICMA 841 plants that shed pollen 
can be a little higher than 2%. depending oti the growing conditions. (Availability of adequate 
moisture, highly fertile soil, and high lighi intensity at flowering favor pollen shedding.) Int 
the downy mildew nursery at tAC during the 1983 and 1984 rainy seasons, incidence of 
downy mildew was less than 3% in ICMA 841, compared to 85% in the susceptiile control 
NIIB 3. The mean downy mildew incidence inICMA 841 in disease nurseries across 7--8 
locations in India during the 1983 and 1984 rainy seasons was about 1%. 

Hybrids. In a preliminary yield trial, hybrids in which ICMA 841 or 514 IA was one of the 
parents had comparable grain yields at three locations in India (Table 1).In general. 
hybrids produced on ICMA 841 were slightly taller, matured later, produced fewer tillers, 
and had thicker sten and longer heads, than those produced on 5141 A. I lybrids produced 
on ICMA 841 tend to lodge less than those produced on 5141A. 

ICMA 841 has higher seed yield potential than other currently available male-sterile 
lines of pearl millet in Itdia. Also, stigma receptivity inICMA 841 is hoger than that in 
ICMA I (81A). Therefore, hybrid seed can be produced less expensively on ICMA 841 
than on other male-slerile lines. ICMA 841 and the hybrids derived from it stay green even 
after seed maturity. This trait is highly valuable because the stover can then be used as 
green fodder at harvest. 

// 



Table I. Grain yield' (t ha-') of pearl millet hybrids produced on ICMA 841 and 
5141A, at three locations in India, rainy season 1984. 

Grain yield (I ha ') 

Seed parent I lisar I('RISAT Asia Center Blihavanisagar 

ICMA 841 1.06 2.09 1.78 
5141A 1.09 2.08 1.54 

I. Mean ot three replications at each location. 

Plant characters 

ICMA 841 and ICMI3 841 have an erect growth habit. The stern is thick and sturdy. In the 
rainy season at IAC, the A line liowers in approximately 53 days, 2-3 days earlier than the 
Ii line. The plants are of mcidium height 110- 130 cm) and produce a nioderate number of 
tillers (2-5 basal tillers for each plant). Panicles are of niedi un length (14-19 cm), 
compact, and generally cylindrical to conical (Table 2). I lowever, these traits vary signifi
cantly, depending upon soil Icrtility. growing season, and location. Most of the panicles 
have very short bristles. Leaves and nodes are hairy. l.eaf blade hairiness is recessively 
inherited. This trait is usually detectable by the 6-leaf stage, and can be used to eliminate 
off-types. A tuft of bristles is present at the apex of the panicle in many of the plants of 
ICMA 841 and its maintainer and, being inherited as a dominant trait, it can be used to 
identify hybrids based on this niale-sterile line. 

Table 2. Morphological characlers of pearl millet male-sterile line ICMA 841, 
ICRISAT Asia Center, rainy season 1984. 

Character ICMA 841 5141A 

Time to 5)% bloom (d) 53.0 51.3 
Plant height (cii) 106 96 
Panicle length (cm) 15.0 11.5 
Effective tillers in each plant 3.1 3.3 

-Grain yield (t ia ) 1.05 9.7 
Thousand-grain mass (g) 6.8 -

Seed characters 

Seeds are hexagonal to pyramidal, light gray, with intermediate endosperni texture. Aver
age mass of 1IWO seeds is 6-8 g. 
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