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Opening Address
S.T. Mombeshora*

Mr Chairman, Distinguished Participants and Guests, Comrades, Ladies and Gentlemen.

Ieel greatly privileged to officiate at this inaugural session of the Second Regional Groundnut Workshop. 1
understand that 45 participants are expected to attend representing the national programs of Botswana,
Malawi, Mozambique, Swaziland, Tanzania, Zambia, and Zimbabwe. In additinn, we have eminent scientists
from Ethiopia and Uganda, and representatives from IDRC and ICRISAT Center.

On behalf of the Government and people of Zimbabwe 1T would like to welcome vou all to Zimbabwe,
Furthermore, T would like to extend our thanks 10 ICRISAT and TDRC for their financial support, without
which this Second Regional Groundnut Workshop could not have taken place. On a broader front, it is our
hope that such assistance will continue because through it our groundnut rescarch program, and those of our
neighbours, will be strengthened not only by the provision of training but through the dissemination of ideas
and the free exchange of germplasan, In Zimbaswe, the Government considers groundnut to be a major crop
grown both as & food crop and a cash crop. I+ is an important source of protein to a large sector ot our
population, particalarly children, who need proteins the most and find groundnuts palatable, and can take
them in both their natural and various prepared torms.

Itis an important source of cooking ol and a - a confectionery nut it can be an important earner of foreign
currency. {tis predonnnantly grown by small-scale farmers. In our country over 9507 of the crop is produced
by the communal or peasant farmers and small-scale commercial farmers. However, Lam told that groundnut
production, not only in Zimbabwe but also in the entire southern African region, is declining rapidly in favour
of other crops. Among the reasoas quoted tor this decline are low, uneconomic producer prices, shortage of
seed, high cost of seed, lick ot suitable varieties, and low vields that are turther reduced by pests and diseases.
It is the policy of my Government to encovrage the increase in groundnut production to meet both domestic
and export requirements. o this end we have markedly increased the producer price. We sponsored a seed
multiplication scheme and we will continue to support an active research program and advisory service.

To advise on how production can be increased one must have the advice to give, and this must be based on
sound agronomic practices. But where do we start” I believe that there is an urgent need for the development of
a substantial reservoir of adapted varieties for cach tarming sector that vield welt and contain resistance, or at
least tolerance. to the major diseases of the region.

The communal or peasant farmer requires varieties thatare specitically adapted to very low-input situations
whereas the small-seale commercial farmer requires varieties that respond optimally to low or moderate inputs
of fertilizer and crop protection “packages™. Finally, the large-scale commercial furmer requires varicties that
respond optimally to high inputs,

Any research program should be a sensible compromise between the requirements of these three sectors,
and this will largely be dependent on Government policy. In Zimbabwe our stated aim is to improve the living
standards of the communal-area farmers. We should, therefore, concentrate initially on selection for the very
low-input conditions and then possibly resclect lines that respond to moderate inputs.

Itis here that the ICRISAT Regional Program can play an important role. It must rapidly and effectively
broaden the gencetic resources of the region. This will involve the evaluation, throughout the southern African
region, of a very large number of groundnut lines developed by and introduced into the region from [CRISAT
Center {International Crops Research Institute for the Semi-Arid Tropics) in India that has the responsibility
for the world collection of genetie material. From this wealth of genetic material the program must identify
outstanding material, which should then be tested by the national programs, and where appropriate,
incorporated into the national programs.

A turther problem we have in the developing world is that scientists often tind themselves working in rather
isolated places with little opportunity tor discussion with other scientists in the same ficld. and with limited
library facilities. Afready the ITCRISA T Regional Program has tackled this problem by fostering the dissemi-

* Deputy Minster of Lands, Agriculture and Rural Resettlement, Harare, Zimbabwe,



nation and sharing of information bv means of workshops such as the one that starts today, by specialist group
tours, by newsletters, and perhaps most important of all, by cooperative regional experimentation.

After talking to my colleagues on these matters it is evident that the ICRISAT Regional Program is a
flourishing one. It is respected by the national programs of our region and its endeavors are pertinent to our
problems.

On this note, Mr Chairman, 1 have the great honour to declare the proceedings of the Second Regional
Groundnut Workshop open and | hope that our distinguished participants will learn much about groundnut
production that is relevant to their conditions.

Thank you.



Response to Opening Address
R.A. Kirkby*

The Honourable S. Mombeshora, Deputy Minister of Lands, Agriculture and Rural Settlement, Mr Chair-
man, Mr Gibbons, Professor Schweppenhauser, Distinguished Participants, Ladies and Gentlemen.

I feel it is entirely fitting that Zimbabwe is hosting this Second Workshop on Groundnut Improvement in
southern Africa, in view of its record of effective, applied research on this crop. On behalf of the outside
sponsars of the workshop, i.¢ . ICRISAT and IDR(C, 1 should like to take this opportunity to thank vou for
taking time from vour husy schedule to open the workshop. I feel sure that all participants appreciate the
commitment of the Government of Zimbabwe to regiopal cooperation for the improvement of groundnut
production. which vour presence confirms,

The Regional Groundnut Improvement Program for Southern Africa started in 1982, A regional program
of this kind. however, does not exist by and of itself, but rather, to work with national programs and to
contribute to the streagthening of the national programys” abilities to benefit their farmer and consumer clients.
Whether a regional program effectively complements and assists national program activities, or tends to
compete with them tor funds and to overshadow the research conducted by national program scientists,
depends both upon how the refationships among national and regional programs are defined and upon the
manner in which individual scientists put these relationships into practice. These aspects of regional program
effectiveness should be reviewed periodically, and a bicanial workshop provides a useful opportunity for
domg ~o.

While other participants are more appropriately placed than 1 to evaluate the effectiveness of regional
activities, allow me to outline a few developments that have occurred in the two years since we metat the First
Regional Groundnut Workshop in ilongwe.

You will recall that at Lilongwe in March 1984, nac.onal groundnut improvement programs drew upa list of
guidelines for resce and research support activities at the regional level. At that time [ told vou that
ICRISA T and [DRC would listen carefully to vour comments and recommendations. Later in 1984, those
discussions formed the basis of ICRISAT's proposal to IDRC tor a second phase of funding for the regional
program, seeuring its support to the end ot 1986, and this proposal was accepted by IDRC. You havealready
seen i number of results from the evolution ot the regional program that have resulted in two issues of an
annual newsletter. a monitoring tour for gronmdnut breeders, specific collaborative research, and the estab-
lishment of biennial workshops with rotational selection of venue,

Wohat of the future? So tar as financial supportis concerned, let me say only that, at the time of agreeing to
this second phise, IDRC advised TCRISAT as wellas SADCC thatit would not be able to continee its present
support bevond 1956 TDRC is a relatively small donor arganisation, whose primary mandate is to provide
direct support to nanonal rescarch programs. Regional programs are expensive, thisactivityis already large in
comparnson with most of IDRC'S activities, and we would be quite unable to cover the expansion in the
program that 1s toreseen by SADCC

We sincerely hope that these two vears of notice will prove sufficient for satisfactory alternative arrange-
ments te be made that will ensure the continuity ot the regional activities. IDRCalso hopes that these tourund
a hall vears ot support will have enables national programs and ICRISAT to develop together a useful
regronal strategy that will not only continue, but will also continue to evolve in response to the needs of

national programs.

* Senior Program Otficer, Crop and Animal Production Systems Program, International Development Research Centre
(IDRC). PO, Box 62084, Nairobi, Kenva.



Welcome from ICRISAT
R.W, Gibbons*

Participants of the Groundnut Conference, Colleagues, Ladies and Gentlemen.

Itis with great pleasure that I respond to the request of Dr K.R. Bock 1o make a few remarks on behalf of the
ICRISAT Center Groundnut Program in India at this Second Regional Groundnut Workshop for Southern
Africa,

Firstot allitis & great personal pleasure to be back in this regionwhere I worked on groundnut tor 12 years,
firstly for the Agricultural Research Council of Central Africa, and then for the Agricultural Researel Council
of Malawi. [ have very pleasant memories of this delighttularea of Africa. Itis very gratifying to note the active
collaboration that nas developed between the groundnut researchers or the SADCC countries in such a short
time, and the excellent research progress that has been made. This is the second such regional workshop, and
these has also been i breeders’ tour. All this has been achicy ed since the ICRISAT program became
operational in 1982, However none of this could have taken place without the generous tinancial backing the
program has received from IDRC, the encouragement OFSADCC governments, and the facilitics provided by
the Government of Malawi at the Chitedze Agricultural Research Station, near Lilongwe. I must also p.aze on
record the help and encouragement we have -ceeived from all the ofticiuls and scientists of the SADCC-
member States. Today our meeting takes place in Zimbabwe, and on behall of ICRISAT ) thank the
Government and the otficials who have made this possible. Holding such meetings in ditferent countries of the
repton broadens our knowledge and demonstrates the type of regional cooperation we all want,

TCRISA T is now placing much more emphasis on the semi-arid regions of Afriea with the encouragement of
the Consultative Group for Interaational Agncultural Research (CGIAR) and the approval of the ICRISAT
Govermng Board . In March the ICRISA] Governing Board will meetin Harare for the first time, and priorto
thit the Program Committee of the Board will review the groundnut work in Malawi and the sorghum and
mullet work in Zambia and Zimbabwe. In 1986 4 groundnut team will be set up in West Africa and will conduct
rescarch ona regional basis. We will ensure that this regional research in West Africa will link up effectively
with the program in southern Atnica and the ICRISAT Center program,

Phe reparts ol the fisst regional workshop were most encouraging, and we hope that the deliberaticns and
conclusions of the second meeting will fead to more cooperation and succeess, to help the groundnut farmers of
the SADCC countries.

Fhank vou all.

* Program Leader and Princinat Plant Breeder, Groundnut Improvement Program, ICRISAT, Patancheru P.O., AP, 502
324, India.



Rosette and Early Leaf Spot Diseases:
A Review of Research Progress, 1984/85

K. R. Bock*

Abstract

Observations made over 2 years on the patterns of spread of groundnue rosette virus (G RV ) within
fields suggested that primary infections originated from a migration of infective vectors that occurred
within davs of plant emergence, and that significant radial spread was front these point sources of
infection only. Swch conditions were sindated in the establishment of a G RV resistance screening
nursery mowinch a disease incidence of about 90" was induced.

Prefimmary snwdics of the inheritance of resistance to GRU confirmed that it is governed by
recessive genes. They contirmed anapproximate ratio of 1S susceptible plants to 1 resistant plant in
Progenies of rexistunt < susceptible crosses.

Grafung experiments wdreated thar the GRV-resistant cultivar RG] is immune 1o vector
inoculation: of GRY and abvo demonstrated symptomless systemic infection. This underlines the
necessity for the crivieal exanunation of the methods of resistance in those lines that are used as
resistant parents i breedmg programs.

Aphis craccivora Aoch vector of GRY was trapped in low mambers throughout the dry season,
suggesing the presence of local resident populations. Dry-scason aphid activity was greater in central
than in southern Malwvr. At one sie in October, GRY aceurred before the onset of the rains.

Inprelinnnary snhes of carly leaf spot i Cercospora arachidicola ), the number of leaflets retained
were cotnted at 7O and SN davs after sowing ona range of genotvpes. in all ICRISAT trials the
highest-vielding line of sequeidally branched tvpes retained more icafiers than conpred varietios, but
socdid a small numiber of poorer-vielding enirtes. Leaf retention among alternately branched types

Wy (l/’/hl"l'”l/l more uniform,

Sumario

Roseta e mancha foliar tempori: Uma revisio ao progresso da investigacio, 1984/85. Observagices
feitas durante dois anos, sobre os padries de dispersio do virus da roseta do amendoim (GRY ) nos
campos decultivo, sugerem que as infecgdes primarias originadus da migragio de vectores
infecciosos. que ocorren poucos diay depois da emergéncia da planta, ¢ que wma significativa
dispersdo radial Jos a unica fonte de infecgan. Estas condigaes Joram simuladas no estabelecimento de
viveiros de selecedo para a resisténcia ao G RV, nos quais foi induzida wna incidéncia da doenga de
cerca de 90Y .

Estudos preflimiares sobre heranga da resisténcia ao GRV confirmaram que ela & regulada por
genes recessivos, Eles contirmaram uma razdo aproximada de 15 (quinze ) plantas susceptiveis para |
(umaj resistente, em descendencias do cruzamento de plantas resisientes com susceptiveis.

* Team Leader and Prinaipal Plant Pathologist, ICRISAT Regionad Groundnut Improvement Program for Southern Africa, Chitedze
Rescarch Stavon, Private Bag 63, Lilongwe, Malawt,

Submitted as CP No 3% by the International Crops Rescarch Institute for the Semi-Arid Tropics (JCRISAT).

ICRISAT (International Crops Research Institute for the Semi-Arid Tropies). 1987 Proceedings of the Second Regional Groundaut
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Ensaios de enxertia indicaram que o cultivar RG 1 csistente ao GV R & inne o moculagdao do virus
porvectores ¢ tambén mostrou caréncia de sintomas de infeceao sistémica. 1o realya a necessidede
de exame critico dos méiodos de resistoncia das linhas que sdo usadas como progenitores resistentes
nos programas de melhoramento,

Aphiscraceivora Kool vector do GRI, lot capturado ent pequeno nimero durante a estagdo seca,
sugerindo a presenca de populagoes residentes no local. A actividade dos afideos durante a estagdo
seed foimaior na zona central do Malawi do que na zona sul. Num dos locais, o viras da roseta do
amendoim apareceu em Ouubro antes do inkeio das chuvay

Enmestudos prelimmares sobre a mancha foliar tempord t Cercospora arachidicola ), o niimero de
foliolos retidos pela planta foram contados aos ™0 ¢ 88 dias depois da semenseira numn grupo de
genotipos. Em todos os ensaios do I1CRIS AT, com tipoy de ramificagdo sequencial, a linfla cont maior
rendimento reteve mais Joliolos gie as varicdades de controlo. Contudo, o mesmo ocorren Com
algumas das linhas de mais baivo rendimento. 4 retengdo foltur nos tipos de ramificagdo alternada foi

aparentenienic mais uniforme.

The regional pathology program is concerned
almost exclusivelv with research on  groundnut
rosette virus (GRV) »ad early leaf spot (EL.S), Cer-
cospora arachidicola. An endorsement of this prior-

ity is contained in recommendations arising out of

the first regional workshop (1CRIS AT 1985). One of
the regional progriam’s broad objectives is todevelop
high-yielding cultivars containing resistance to these
two discases.

Sources of resistance to GRV in tie cuitivated
groundnut are well known. It has alse been estab-
lished that thiv resistance is most probably governed
by recessive genes. It has already been successfully
exploited, notably in Maluwiand in West Africa. In
spite of these advances. few commercially acceptable
varieties ¢xist, and resistance has not yet been trans-
ferred into short-maturing, spanish-type varicties,
which are of great importance over extensive areas
of southern Africa. The challenge in this regard lies
not with the generation of resistant x susceptible
crosses but in the sereening of the large number of
hybrids that this program: demands. GRV is a dis-
case which, though devastating, is sporadic in occur-
rence, often with intervals of several years between
pandemics. Reliance cannot, therefore, be placed on
natural incidence, and an alternative strategy must
be devised. The development of GR V-screening nur-
series 1s one such means, and our progress in this
direction is reported brietly here.

We remain ignorant of the seasonal origins of
GRV. the resolution of which must involve studies
on the eculogy of the vector, Aphiy cre civora. We
also report on progress in this direction.

Identification of resistance to FLS in Africa has
thus far proved clusive. The disease s very severe
every season in our experimental fields at Chitedze

Rescarch Station. Our strategy has been one of
selection for high vield under conditions of high
disease pressure, and in this we have been enunently
successful. If the ICRISAT 9-point field scale fer
assessing ELS resistance is used, ali cultivars, includ-
ing the highest vielding entries, score 7, 8. or 9, and
must thus be classified as susceptible. It seemed
possible that visual scoring systems were too coarse
to detect small but perhaps important differences in
at least one parameter, leaf retention. Wo conse-
quently adopted a more laborious assessment of leaf
retention by counting leaves lost and leaves retained.
Results of these preliminary studies are also givenin
this presentation,

Groundnut Rosette Virus

Pattern of Spread within Fields and
Disease Nurseries

We studied the occurrence and patterns of spread of
GRV in fields at Chitedze in 198384 and 1984/85.
Primary foci were marked with stakes, and subse-
quent spread from these firstinfections of the scason
was recorded ona 6 x 6 mgrid. In 1983 84, average
incidence in 6 < 6 m plots containing the primary
source was 38,367 for the 8 adjacent similar plats,
6.3, and for the 16 plots adjacent to the latter,
0.4¢. Incidence in the remainder of the field was
0.3¢. Discase gradients associated with primary
sources were thus exceptiorally steep, and secon-
dary infections, whatever their origins (from pri-
mary foci within the field or from an external
source), did not give rise to patches of high inci-



dence. Similar observations were made in 1984/85.
We deduced from these observations that primary
infections apparently originated from one period of
migration of infective vectors, which occurred
within days of cmergence, and that significant radial
spread from point sources of infection occurred only
in these circumstinees.

Weoattempted to simulate this natural sequence of
cvents in the establishment ot & GRV-screening
nursery in 1984 85, Prior to the onset of the rains,
1000 groundnut seedlings were raised in the green-
house and inoculated by means of viruliferous
aphids. We planted one infector row of the suscepti-
ble Malimba cultivar between every two contiguous
rows of test lines, Two weeks atter the emergence of
plants in the field we trunsplanted, at 2 m spacing in
cach infector row, the diseased seedlings that were,
by this time, heavily infested with vectors, We har-
vested several thousand viruliterous aphids from a
second batch of preenhouse-grown seedlings and

seeded the nuisery with them on two further occa-
sions. We induced an overall level of 89 incidence
(Table 1). Of the 5912 F, plants exposed, 5234
became infected with GRV and were eliminated in
the field. Of -the remaining 678 plants, 272 were
discarded by the breeder as being poor agronomi-
cally, thus leaving 406 plants.

Three seeds from each of these were sown in the
greenhouse and inoculated twice using viruliferous
aphids. Individual plant tests were considered valid
onlv where all three seedlings grew, were inoculated,
and survived until final unequivocal records were
taken 6 weeks later. On this basis, 379 of the 406
greenhouse tests were valid, from which 134 plants
emerged as having resistance. These will be included
in the 198586 disease nursery.

Whether such disease nuisery management is suc-
cessful every vear, and whether it will be possible to
improve upon the overall incidence of about 90%
obtained in 1685, remains to be seen.

Table 1. Field and greenhonuse screening of progenies of susceptible < resistant «rasses for resistance to groundnut rosette

virus, Chitedse, Malawi, 1985,

Field screening (F;)

No. plants

Greenhouse screening (F,)

No. plants

Cross rosetted symptomless Tested Susceptible Resistant
RO T as male parent
Robut 33-1 « RG | 220 24 24 14 10
Spancross < RG 22 2 2 2 0
SAC S8 - RG 52 10 5 2 3
Malimbz 90 6 3 | 2
[.No, 95A ~ RG 95 d 8 4 4
Chalimbana = RG | 53 10 8 0 8
RG 1 as female parent
RGP+ RRE 24 87 107 3 3 0
KG T« ah 114 57 5 4 0 4
RG T~ EPT 14 42 1 - - -
RG T =~ E879 6 4 35 5 5 4 I
RR1 24 ay male parent
F&79 6 4 x RRT 24 17 | | 0 |
Chalimbana » BRI 24 142 22 9 6 3
Robut 33-1 ~ RRT 24 610 73 73 53 20
Malimba = RRI 24 144 25 25 20 5
Spancross = RRT 24 55 10 10 10 0
JI 24 - RRI 24 11e 8 8 6 2
SAC 58 < RRT 24 193 24 13 10 0
N0 95A ~ RRE 24 127 5 R] 2 1
Shulamith < RRT 24 139 7 7 2 5
SPI« RRIT 24 247 29 15 4 I
Egret <« RR] 24 124 15 4 4 0
Makulu Red < RRI 24 20 4 4 3 |
Continued.



Table 1. continued.

Field screening (F,)

No. plants

No. plants

Greenhouse sereening (F))

Cross rosetted symptomless Tested Susceptible Resistant
RR1 24 as female parent

RRI. 24 < A 1176 73 9 3 3 0
RRE 24 %< EPT 14 30 0 - - -
ART 6 as male parent

Chalimbana x RR1 6 36 9 2 2 0
Robut 33-] ~ RR] 6 73 10 5 3 2
Ho24 - RRT 6 271 2 21 14 7
SACSY = RRI o 19 | I 0
L N0 9SA ~ RRE 6 83 5 3 1 2
SPE= RRI 6 135 1 7 | 6
Malimba = RR1 6 30 2 1 C |
Fpret ~ RRI 6 34 6 3 2 1
RMP YT s made parent

FST9 6 4 - RMP Y, 69 8 - - -
teret < RNIP 9] 216 64 37 32 5
Spaneross < RMP 9 86 9 7 6 1
JL 24« RMP 9 260 13 i3 Il 2
SAC S8~ RMP 9| 136 6 4 3 1
SPL= RMP 9} 238 45 17 7 10
Mant Pintiar ~ RMP 9) 11 6 2 0 2
Chalimbana > RMP 9} 13K 1 1 9 2
SAC S8~ RMP 93 70 7 5 0 5
Malimba = RMP 93 45 6 3 0 3
Malimba (infector rows) 1906 201

Latals tlor crosses) 5234 678 379 24L 134

Studies on Inheritance of Resistance

We set out to confirm the recessive nature of resis-
tance to rosette with preliminary studies on the pro-
portion of resistant to susceptible progeny derived
from four sets of crosses involving the resistant cul-
tivar RG [ and the susceptible enltivars J1. 24, Mani
Pintar, Chitembana, and Chalimbana. Fach set was
grown under greenhouse conditions and wis inocu-
lated twice using viruliferous aphids in batches of
cight.

Ratios of resistant to susceptible plants for the
crosses studied were 1:21, 101, 1:8, 1212, and [-15
(Table 2). The data were subjected to statistical anal-
ysis by the breeder. With one possible exception, the
ratios fall within probability limits of the predicted
ratio of 1:15 previous!y reported in the literature.
The reason why 10077 infection was not obtained in
al! susceptible control plants is not known.

Further Aspects of Resistance: Grafting
Experiments

All apparently resistant plants that remained svmp-
tomless in the inheritance study experiment,
together with 32 RG 1 piants, and S or more selected
control plants from cach set, were used as stocks into
which a healthy scion of the susceptible Spancross
was grafted.

By means of this technique we hoped to find out
whether resistance to GRV was apparently absolute
{no rosctie svmptoms developing in the susceptible
scion) or whether tolerance mechanisms were oper-
ating (rosette symptoms developing in the scion,
stock remaining symptomless). In the latter case, we
hoped. by means of vector tests, to determine
whether the svmptomless plants also contained
groundnut rosette assistor virus (GRAV),

None of the susceptible scions grafted te the inoc-



Table 2. Rosette resistance inheritance studies on groundnut, Chitedze greenhouse, Malawi, 1985,

Ratio resistant:

Set No. plants No. plants No. plants
No. Identity moculated susceptible resistint susceptible plants
| RG I 9 0 Y
J124 10 9 0
(RG 1 = JL24) F. 8 8 0
(JL 24« RG O F, 8 8 0
(JI. 24« RG 1) k. 217 207 (16 10 1:21
Spancross control 43 40
H RG 1 9 0 9
Mam Pintar 10 10 0
(Mani Pintar < RG 1) F, 5 5 0
(Mani Pintar < RG 1) 199 182(39) 17 1:11
Spancross control 53 52
(1 RG ! 10 0 10
879 6 4 10 10 0
(RG 1 < EB79 6 4) |, 273 241 (49) 32 [:8
(EB79 6 4~ RG 1) F, 308 284(10) 24 1:12
Spancross control 51 51
v RG 1 7 0 7
Chalimbana 10 10 0
(RG } * Chalimbana) F, 129 121 (0) 8 ;15
Spancross control 69 68
1. Numbers i parentheses refer to numbers of susceptible plants with suppressed or atypical symptoms.

ulated symptomless RG 1 plants developed GRY,
whereas all ot those grafted to various rosetted con-
trol plants developed tpical svmptoms of GRV in
about 17 days. trom which GRV was readily trans-
mitted to healthy seedlings by aplids. These results
show that RG Disimmune tomoculation of GRV by
the vector, We cannot comment on its resistance to
GRAN at this stage. As with RG L apparently resis-
tant hybrds of alltour sets of crosses did notcontam
GRY because suseepuble scions gratted mto them
grew vigorousiy and remained symptomless.
During 1985 we also tested the resistance ot 45
itroduced West Atrican rosetie-resistant lines, and
selected 1O apparently resistant symptomless plants
trom among them tor gratting. Eight grafied scions
remarned symptomless and we assume the plants
contarned resistance sk to that oi G 1. Inone
plant, GRV developed inonly two of the eight stems
atter 16 weeks, and subsequently the scion also devel-
oped 1t The tenth plant remained symptomless
throughout the course of the experiment but the
susceptible scion developed severe GRV, which was
readily transmitted by the vector: an indication of

symptomless systemic infection and, presumably,
tolerance. This illustrates clearly the impaortance of a
critical examination of the type of resistance con-
tained inany line or cultivar that might be used as a
resistant parent in the generation of resistant
hybrids. We are at present re-examiming RMP 91,
RMP 93, and other cultivars in this regard.

Vector Ecology

We continued with studics on the seasonal origins of
GRV by means of aphid trapping and by establish-
ing small dry-scason bait plots in the southern and
central arcas of Malawi.

We have abandoned the use of sticky traps in
favour of vellow water traps beciuse of great diffi-
culties in identification of apind species after impac-
tion on sticky traps. Table 3 summarizes the weekly
totals of numbers of . craccivora caught between
Apriland November 1985, and compares these with
data given by Adams and Farrell (1967) for 1966. A.
craceivora was trapped in low numbers consistently



Table 3. Numbers of Aphis craccivora trapped in

Moericke yellow water traps ut Chitedze, Malawi, during
the 1985 dr+ season, compared with the 1966 ecords of
Adams and Farrell (1967).

1985
Weekly Monthly

Month Week totai total 1966
Jun I 62

2 7Y

k! 249

4 207 596 22
Jul I 76

2 17

3 16

4 4 113 20
Aug I I

2 2

3 7

4 3 13 10
Sep l !

2 0

3 4

4 5 10 3
Oct ! 10

2 2

3 4

4 1 17 3
Nov i 2

2 12

k! 2

4 1 17 |

throughout the dry-season in both these years, sug-
gesting the continuous presence of a local residen.
population.

[a addition to water traps. we also used bait plants
to menitor populations of the vector., Twenty 21-day
old greenhouse-grown groundnuts (Spancross seed-
lings) were exposed in the field every 3.5 davs
between November 1984 and November 1985, and
the number of 4 craccivorg (alates, apterae, and
nymphs) were recorded at the end of each exposure
period. These bait plants indicated two periods of
intense flight and breeding activity. i.c.. the first
during January and February, and the second from
May to July. We continued to trap low numbers of
. craccivora throughout the dry-season, in A ugust,
September, and October.

In early August. when the dry-season was
advanced and when there was no chance of any
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groundnut plants remaining in farmess' fields, we
selected eight bais plot sites i the Lilongwe Plain in
the Central Region and cight sites in southern
Malawi. Ateachsitea 15~ 15 marea was cleared and
a 10 10 m plot of the Mani Pintar cultivar was
established at wide (30 cm) spacing. Our choice of
site was restricted to arcas where water supplies
could be assured, either piped or drawn from peren-
nial strrame or pools. All plots were visited on three
eecasions, cach plant being examined for the pres-
ence of A. craceivora (Table 4).,

A, craccivora was recorded in four out of seven
plots in the sonth and in all plots in the Central
Region by late September (about 6 weeks after emer-
gence). There was thus ample time between the arriv-
alof the aphdds and termination of the experiment in
carly November for GRV to manifest itself had any
migrant aphid been infective. GRV was not recorded
at any site in the souch, and on the Lilongwe Plain
only four plants were infceted at one (Chileka) of the
eight sites.

Dry-season aphid activity, as measured by the
number of sites infested, the number of plants
infested per site, and population increase within
sites, was greater on the Lilongwe Plain than in the
south, where infestation was apparently confined to
low-lving areas near rivers (Kasinthula), or lakes
(Namiasi and Domasi), orin the single “*dambo” plot
(Kasongo).

In the Central Region, dambos (shallow grassland
valleys with impeded drainage, which support green
vegetatior throughout the dry season), are both
numerou, and extensive. Whether this difference in
land form and its associated ccology is significant or
not remains to be seen, but it secems certain from
water trap. bait plant, and bait plot data that A.
craccivora is able to maintain itself locally and suc-
cessfully throughout the dry season in both central
and southern areas of Malawi,

The presence of GRV at the Chileka plot before
the onset of the rains suggests the presence of a local
source  but does not inc.cate its extent nor
significance.

Early Leaf Spot (Cercospora
arachidicola)

Screening for Resistance
There are several likely components of tolerance or

resistance to ELS which, presumably, may act inde-
pendently or in various combinatious. The more



Table 4. Incidence of Aphis craccivora end GRY on dry season groundnut plots in central and southern Malawi, Aug-Nov

1985.
Aphis No. plants infested / No. plants
Site creceivora no. exposed with GRY
Southern Region
Lower Shire (Rift)
Kasinthula + 6/591 0
Southern Highlands
Thyolo - 07227 0
PPhatombe Plain
I'huchila +1 0/250 0
Phalombe - 0/299 0
Kasongo Dambo + 6/338 0
Domasi + 46/101 0
[ake Shore
Namiasi + 23/123 0
Ceneral Region
Liongwe Plain
Chitedse + 48/343 0
Chileka + 4/31: 4
Kamunzi + 6210 0
Likuni River + 247/368 0
Mahingunde + 4:298 0
Chatumbwa + 3296 0
Nathenje + 1307304 0
Nkhoma + 8/ 285 0

I Alatae observed but no subsequent colonization.

obvieus of these may be apparent as a higher degree
of leaf retention, few lesions, small lesions, and
depressed sporulation. These components have all
been used to assess resistance in the past.

Field assessment has generally involved visual
scoring systems, such as the ICRISAT 9-point field
scale: these often scek to ussess at least two compo-
nents simultaneously, and are inherently subjective.
few studies seem to have involved the more tedious
physical measurenment of one or more components,
or to have scught a possible relationship between
any one component of resistance and vield.

In the prelimipary studies of the 198485 season,
we measured ieaf retention by counting the nuinber
of leatlets lost and retained at different sampling
dates. Wealso examined the data inrelation to vield.

In all the 1984 85 ficld irials, one stem of cach of
tour plants, taken at randem from ar inner row of
cach plotof each replicate, was samrled by counting
the number of leatlets absent andt the number of
mature leaflets present. All trials were sampled twice
and most three times: 10-11, 12-14, and 16 weeks
atter emergence. Replicated data for cach ground-

nut entry were pooled, and the average percen’age of
leaves retained for cach successive sampling date
was calculated. Subsequently entries were ranked
for vield, and leaf data were examined in relation to
ranked vield.

Tables 5, 6. and 7 summarize the results of leaf
retention data. The total number of leaves produced
per stem at any given sampling time was similar in
high- and low-yielding lines. The higher number of
leaflets retained by the former therefore did not seem
attributable to a compensatory or faster rate of pro-
duction of new feaves.

The data contained in Table § illustrate leaf reten-
tion at 88 days after emergence for varieties in the
sequentially  branched (S-type) and alternately
branched (A-type) sections, which were widely used
as controls in the various trials. F can be seen that
S-types retained on average about 25% of their
leaves, whereas A-types retained about 326, Forthe
purpose of this report these figures may be assumed
to represent normal values for the two botanical
sections for the given period of sampling and for the
particular season at Chitedze.

1



Table 5. Mean percent teaf retention following early feaf
spot infection in groandiut for control varieties 88 davs
after emergence, all trials, Chitedse, Muluwi, 1984/85.

Genotype Infection (€7) Muean

Sequentially branched section

J 1 25, 34,30, 23, 22 27
JL 24 2K, 29, 25,24, 23 26
Sellie 27, 27,26, 21 25
Spancross 29,26, 26, 24, 28,19, 22 25
Malimba 26,24, 23,21, 28, 22, 27 24
Mean 25
Alternately branched section
Mani Pintar 353803530029, 39,37, 28 24
SACT 5§ 34,32 34,35, 32 RR}
Egret 34,29, 36, 33, 2% 32
RG | 3334030030, 28, 0 k1|
Cnalimbana 32,32, 31, 2% Rl
E 879 6 4 3,28, 27,009 29
Mean 32
Robuf 33-} 23,0, 27 25

A-types have often been described as showing
some degree of field resistance to leaf spots. Under
the conditions of severe epidemics that oceur on the
Lilongwe Plamn, it is, perhaps 1o be expected chat the
difference might not be wide, but a comparison of
the overall mean is possibly suggestive and seems to
reflect this inherent difference.

The data also suggest possible variations in sus-
ceptibility within each group, Robut 33-1 being an
example of extreme susceptibility among the A-
types and Malimba perhaps the most susceptible of
the S-types tested.

Data presented in Table 6 for S-types show great
differences in leafl retention at 70 and &8 days
between lines. Some high-vielding lines not only
retained more leaves at both 70 and 88 days after
emergence, bhut Jost propo-tionately fewer leaves
during the 3-week period between samplings: attri-
tion proceeded at a lower rate. It scens possibie that
tolerance is involved. and that it will be necessary to
adopt an appropriate method in order 1o identify

Table 6. Percent leaf retention following early leaf spot infection in groundnut st 70 and 88 days after emergence invelation
to yield in cerinin sequentially branched selections and varieties, Chitedze, Malawi, 1984/85.

Pereent leaf

retenhion Percent leaf

at day Pod vield Yield retention

Tralt Entry 70 8X (kg ha1) rank at 88 days
I (35 1ICGMS 30 54 43 2354 ! 1
ICGMS 29 62 40 1733 14 2
Spancross 43 29 1957 7 9
Malimba 46 26 1660 19 12
2 (28) ICGM 285 63 45 3297 2 1
ICGM 281 59 45 3050 5 1
ICGM 18y 57 43 2776 { 2
ICGM 286 56 42 3366 ! k!
Sellie 46 26 1594 2 15
Spancross 15 28 1533 25 14
Malimba 46 28 1458 26 14
3 2 ICGM 550 43 37 2312 1 2
ICGM 473 46 39 1430 10 1
Spancross 15 24 1319 IS 11
JL 24 42 29 1270 17 6
Sellie 43 27 1097 20 8
Malimba 46 21 1048 20 14
4 (22) ICGM 525 51 47 2611 | l
Sellie 45 27 1708 8 10
Spancross 49 26 1537 14 11
JL 24 47 28 1505 17 9
Malimba 45 23 1407 22 14

. Trial | = Regional Yield Tral; 2 = El.e Germplasm Tral; 3 =
2. Figures in parentheses denote number of entries.

Advanced Ge-mplasm Trial; 4 = Preliminary Germplasm Trial.




Table 7. Percent leaf retention following early leaf spotinfection in groundnut at 70 and 88 days after emergence inreiation
to yield in certain alternately branched sections and vacieties, Chitedze, Malawi, 1984/85.

Percent Jeaf

retention Percent leaf

at day Pad vield Yield retention

Trias! Entry 70 88 (kg ha'!) rank at 88 days
I (16)? ICGMS 36 50 Ry 2116 7 1
ICGMS 48 15 2438 4 3
ICGMS 42 45 32 324 1 S
Mani Pintar 49 15 2911 2 3
2 (18) ICGMS 336 51 34 3109 1 2
Egret 48 36 3042 ? 1
3 (12 ICGM 515 45 32 2138 6 1
Mani Pintar 49 2555 3 2
SAC 58 45 32 2569 2 1
Egret 15 29 2618 | 4
4 (41) ICGM 623 47 37 3046 1 [
ICGM 484 51 15 2792 2 3
ICGM 614 46 36 2745 3 2
SAC S8 50 34 2727 4 4

Egret 45 34 2639

Muani Pintar 50 35 2421 12 3
Chalimbana 45 32 2245 8 6
5 (15 ICGM 42 49 35 2966 | 2
Mani Pintar 53 39 2861 2 1
Egret 53 KK 2783 4 3

Lo Tral 1= Regional Yield Trial; 2 = Elite Germplasm Trial; 3 = Advanced Germplzasia Trial; 4 = Preliminary Germplasm Trial; 5 = High

Yield and Quahity Tral
Frgures in parentheses denote number of entries

to

and to assess it quantitatively. At 88 days, allentries
score 7,8, or 9 onthe ICRISAT 149 scale. and wouid
therefore be rated as susceptible. In this particular
instance the 9-point field scale appears to be too
coarse a4 method to detect possible differences
between various entries.

We have had the opportunity of analysing the
data from only one experiment, that of the breeder’s
Regional Yield Triat (Spanisl. Bunch) (Table 6).
Analysis of variance of are sine transformed data
showed that there was a significant difference in leaf
retention between ICGMS 30 and ICGMS 29 onthe
one hand and Spanctoss and Malimba on the other.
The standard error was £1.4 and the coefficient of
variation 8.3¢¢. There was no significant correlation
between leaf retention and vield. At this stage it
would not be profitable to speculate further on our
observations, but they seem to provide a possible
lead worthy of further investigation for at least one
more season.,

Leaf retention in A-types (Table 7)appeared to be
more unilorni and, in contrast to S-types, no excep-
tional differences were apparent among the culti-
vars, or between the higher-yielding ICRISAT
breeding lines and the cortraols.

In the next season we hope to examine this aspect
more critically by sampling for leaf retention in a
number of seleeted trials at 10-day intervals
throughout the growing season. We also hope to
attempt to examine other components of resistance
{possible differences in lesions and sporulation) in
elation to leaf retention in a number of carefully
selected S-type lines.

Disease Monitoring at Chitedze

Late leaf spot ( Phacoisariopsis persunata) and rust
(Puccinia arachidis) appeared in trace amounts late
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in the season, an established and apparently normal
pattern for the Lilongwe Plain. Incidence of peanut
mottle virus was appreciably lower than that of the
198384 scason. Tomato spotted wilt virus (TSWV),
apparently of wide occurrence but very iow inci-
dence throughout the region, was again present in
traces. We marked with stakes all TSWV-affected
plants in the ICRISAT fields carly in the season, in
order to monitor possible spread from source plants.
We recorded 108 affected plants in our 7-ha experi-
mental area, an overll incidence of about 0.02¢;,

All infections apparently oceurred over one com-
paratively briel period, within 2 or 3 weeks of emer-
genee, presumably a result of o migration of the
veetor.

There was no evidence of subsequent plant-to-
plant spread nor for increase in incidence with time,
We harvested 21 aftected plants together with |
healthy plant on cither side of cach diseased plant
and measured seed yield in healthy and diseased
individuals. The vield of discased plants was about
3007 of the vield of the controls.
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A Review of the Present Status of the Genetic Resources of

the ICRISAT Regional Groundnut Improvement Program,

of the Southern African Cooperative Regional Yield Trials,
and of Rosette Virus Resistance Breeding

S. N. Nigam*

Abstract

The status of the groundnut genetic rexource collections of the national programs in the southern
African region and of the 1CRIS AT Regional Groundmut Improvement Program for Southern Africa
iy reviewed. The role of “introductions” in the improvement of growndnut is discussed with particular
emphasis on the valencia types in the region,

Two vears’ results from the 1TCRISAT Southern African Cooperative Regional Yield Frials are
presented. While reviewing progress made in breeding for groundnut rosetie vires ¢GRIV Fresistance,
it iy suggested that resistance 1o this disease is governed by two recessive genes. Transfer of this
resistance into carly maturing groundnut varietios will require large I populations.

Sumario

1'ma revisdo do presente estado dos recursos genéticos no Programa Regional de Metivoramento do
Amendoim do FCRISAT, dos ensaios regionais cooperativos para ¢ rendimento na Africa Aastral ¢
do melhoramento para a resisténcia ao virus de roseta, E revisto o estado das colecgies de recursos
gencicoy de amiendoin dos programas nacionais da Arica Awsoral ¢ do Programa Regional de
Methoramento do Amendoon do TCRISAT para a Atrica Awstral. A importancia das “inirodugoes’
reo methoramento do amendomn nesta regido ¢discutida com particular realee nos amendoins do tipo
valineia.

Sao apresentades dois anes de resultados dos ensaios reglenais cooperativos pard o rendimento na
Atrica Awseral do TCRISAT Duwrante a revisdo do progresso fetto no melhoramento para o
resisténcia ao virts daroseta do amendaoing ¢ sugerido que o resisténcia a esta doenga & governada por
genes recessivos, b iransferéncia desta resisténela para variedades de maturagdo precoce vai requerer

AL’I'(UM/{‘\ /H:/'ll/:u s /

Since the inception of the TCRISAT Regional
Groundnut Program tor Southern Africa in tuly
1982, significant progress has been made in varow,
aspeets of groundnut improvemen’ in the region.
The research requirements for groundnut improve-
ment in the region (Nigam 1984) and the progressup

to 1984, were reviewed at the previous Regional
Workshop i 1984 (Nigam and Bock 19%5).

Fhis paper deals mainly with two specific aspects,
i.e., genetic resources and regional vield trials, which
were discussed at length in the coneluding session of
the ICRISAT-IDRC Regional Groundnuat Breeders

*I'rnaipai Groundout Breeder, TORISAT Regronal Grourdnut Imarovement Program for Youthern Afnica, Chitedze Research Station,

Private Bag o3 Lilonpwe, Maluw)
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Group Tour(Zimhuh\\c—'/,;unhm-;\lul;l\\i), 25 Feb-]
Mar 1985 A brief review isalso givea of the breeding
for the Groundnut Rosetie Virus (GRV) resistance
program, which has expanded greatly in the last two
vears.

Genetic Resources

Germplasm is an important raw material for any
crop-breeding program. The extent of genetic diver-
sity for characters of cconomic importance in an
availabic germplasm collection plavs o significant
role in the success of a breeding program.

Avcollection of groundnut germplasm consisting
of 11548 accessions of Arachis vpogaea 1. is cur-
rently available with the Genetie Resources Unit of
the International Craps Research Institute tor the
Semi-Arid Tropies (TCRISA D), India. This material
has been evaluated tor various morpho-agronome
characters, including resistance to discases and
Insect pests (Rao 1983),

ihe most complete catalogued  collection of
approxmiateiy 4000 accessions, s maitained i the
EUSA by the Southern Regionad Plant Introduction
Station, Georgia. Several other countries and pro-
grams mamtain thenr own collections,

TCRISAT Center has a special interest in wild
species ot Arachie This genus includes 50 or more
speaies trom seven clearly differentiated taxonome
sections. Wild species collections are also main-
tined mosome US) universities.

Areview of the genctic resources availuble within
national programs in the region indicates that some
ob thent not only maantain sizeable collections of
germplasm but have also exploied them steeess-
fully. The dargest collection of over 2000 liues is
mamntuned by the Zimbabwe national program alt
Harire. The collection tacludes mitroductions from
various ceuntries i Atnca: Brazil, Bolivia, and the
ESAm the Amencassand (rom ICRISAT Centers
m Indie and Malawr cChetehy 19K9).

Fhe Otseeds Resertred Project a Mvena, Tanza-
na has more than 1000 lines in its collection. T he
majonty ol these lines hase been obtained trom
TCRISAT Center India. In a recent jont collection
misston with TCRISA L the natonal program hus
callected more than 80 diverse groundnut siamples
tron the central region of Tanzama (tMwenda 19853
The Groundnut Project at the Machera Regrong!
Research Station. Chipata. Zambia maintains a col-
lection of X550 lines (440 local landraces and 410
exotic lines). These hmes have been evaluated and
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catalogued for important agro-morphological char-
acters including disease resistance (Sandhu 1985).
FThe Malawi national groundnut program matntains
acollection of 317 lines that have been evaluated for
seed color, seed sive. and resistance to rosclte
discase,

The Mozambigue collection consists of 216 local
findraces and 157 exotic lines from 1CRISATL,
USA, Burkina Faso, Malawi, and Tanzana. Bots-
wana has recently acquired cultivars from Burkina
Faso, Sencgal. the Republic of South Africa, Zim-
bubwe, and ICRISAT, and plans to develop this
collection turther and maintain it annually (Maveux
T985). Although TCRISAT has recently supplied
groundnut germplasm lines, cultivars, and breeding
fines to programs in Angola, Lesotho, and Swivi-
land, nothing v known about the status of their
germplasm collections,

Genetic resources available with the national pro-
granmes have been successtully exploited as direct
“introductions” orin hybridization programs. Intro-
ductions from South Amcrica, especially those from
Bolivie in the long-season group,and from Bravil in
the shortseason group. have shown particular
promise i Zimbabwe (Chiteka 19%5). Simitardy the
cultivars from West Africa and the USA showed
promise inthe preliminary trials in northern
Mozambique (Malithano et al. 1985),

Of the nine cultivars released in Zimbabwe
(Valencia R, Valeneia R2, Jacana, Natal Common,
Swallow, Plover, Makulu Red, Fgret, and Fa-
tmngo), al’ except swallow and Flamingoare ‘intro-
ductions’ or  reselections  from  introductions,
Similarly, ot the six currently-reccommended culti-
vars in Malawi (RGI, Chitembana, Chalimbana,
Mani Pintar, Mawanga, and Malimba), only the
first two are the product of hybridization. All four
cultivars i Zambia (Chalimbana. Makuly Red.
Natal Common, and Comet) and the two recent
releases in Lanzama (Spancross and Robut 33-! )are
‘introductions”. Selections from the local landraces
(Bebiano Branco, Bebiano  Frearnado, Jonca,
Napalala) and an introduction, RMP 12 fram Sene-
gal. have been recommended for nroduct:on in
Mozambigue.

Germplasm Collection at the
ICRISAT Regional Program

Fhe selected introduction ot germplasm lines from
various sourees, their evaluation under Chited ze
conditions, and their proper documentation oceupy



a significant place 1 the activities of the breeding
progran.

By the end of the 1984 85 crop scason. the
regional program had acquired ™S Araclus hypo-
Laea germplasm lines, mamls Gon TORISAT Cen-
ter, Indr Phese Tines by been enticaly evaluated
tor verous agrononie and morphologeal charac-
ters, assigned TCGM (TCRIS AT Groundnut
Malaown) numbers, and are properly documented in
the Germplissm Accession Register, Five hundired
and four of these fines belong to A I povaca ssp
fasitgiata and 249 1o o hvpaogacea ssp Inypogaca. | he
remaimng [ ave vet to be classitied. Three hundred
and ninety-two of the hines ongimated i North and
South Amenca. 200 0 Africa. SO0 Asia S n the
Middle Fasto I Australis, and the semainimge 27 are
of unknown orgm.

In response to the recommendations ot the
Regional Groundnut Breedens' Tour, the regional
provram has acquired this vewr 345 lines from the
Zambn collection and 60 Jimzs from the recent
Lanzazian collection tor evaluation and documen-
tation. Forty-tive promising hines of the Maozanibi-
can collection have already been evaluated in the
fUs4 83 season.

[he regronal program also halds i colflection of 32

Prachnowild species aecessions received trom HOR -
SAT Center i Indie They e heiny seresned Lo
carly deat spotcCorcosprora arac indicola) resistance

under hield conditrons ot Chited ze

Field Evaluation of the Germplasm

Four hundred and erentv-cight germplasm hines and
FEE ehte parents and sources of resistinee to diseases
and et posiswere evaduated m 1982 83 togethe
with y anportant regrond varietios as controls, i
sl tom o plote Pod vield i contral vanieties
ranged frem o 62 re 10w ke plor - and seed vield
tront O 3x 1o 08 Lo plot Fritv-one pronusing

Iimes iy o pod vield eguatto or ereater than | kg

plot Cotaseed veld egnal to o greater than 0,60 kg
plot owere selected tor turthier evalusion marepli-
cated veld trad oy PIN3 N N tinther 102 hnes were
retainied for re-eviuation due o ther poor plant
st o the trald

Fhe top 10 Gines on the basis ol seed vield were
TCGNT 3300 ST L 3710 M b 437 (1080 kg, 48
(7 kg 19700 TS k) AT 0 T8 R P70 TN k).
PS940 T k) and 45600 T2 ke 1CGM
330 belongs wo the Namby guarae group. 437 and 456
to the spanish group ane the aost either to the valen-

cit or the Manyema group. From the preliminary
cvaluation it appears that some of the valencia types,
particularly those trom the South American region,
pertorm well under Chitedze conditions. These
observations, in general, are i oagreement with
resutts trom Zimbabwe on the performance of tong-
sceason varieties from Bolivii and short-season vari-
cties lrom Brazal under Zimbabwe conditions. The
top ranling ine TCGM 336 originated i Boliv i and
the second and third rank g hnes TCGN 471 (span-
sty and 37 (valencia) originated in Brazil.

None of the hnes ~howed any appreciable fesel of
resistance to early leal spot. Some ines (NC 3033, Pl
239737 and P1270608), carlier reported as resistant
to carly Teat spot in the U.S (Sowell et al. 1976,
Hissan and Beute 1977) had no resistance under
Chitedze conditions,

Preliminary Germplasm Trial

One hundred and sixty-two [CGM linesand 108 new
germplasm introductions were evaluated ina non-
replicated trial in the 1983 84 scason. Nine standard
cultiviers from the regron and India (Mani Pintar,
Leret. Chalimbana, Mawanga, RGIE, Robut 33-1,
Spancross, THE and J1 24) were used as repeated
centrols. The performance of single 6-m row test
entries was judged against the results of the controls
alter making an appropriate statistical adjustment
of the data to chminate the influence of a soil-
teruthity pradient in the ficld.

O the 270 test entries, 70 vielded more than the
highest control vield of 0.63 kg plot . Of these, 38
had an alternate-branching habit (ssp Invpogaca)
and 320 sequential branching habit (ssp fastiviata).
Phe tap 10 ines. with their adjusted pod yield plot
vitlues, were JCGM 023 (1.04 hg), 627 (0.98 kg), 93
(0.96 kgl 5260 (096 he), 617 (094 kg), 484 (0.99 kg),
652 (.93 key 031 (091 kg), 499 (0.90 kg). and 528
(.89 kg).

Advanced Germplasm Yield Trial

Fittv-one TCGM lines. selected on the basis of their
pertormance in the [982 83 evaluation, together
with 13 control cultivars from the region and India
were evaluaied inan ¥ « & lattice with two replica-
tions. 1CGM 285 belonging to the sequential-
branching group. yiclded the highest (Table 1), It
wis tollowed by TCGM 336, 286, 281, 284, 177, and
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Table 1. Advanced Germplasm Yield Trial (groundnut), Chitedze, Malawi, 1983/84.

HCGM Branching Days 1o Pod yield Shelling 100-seed
Numiber Origin habit maturity (kg ha ) ¢ miss (g)
285 Bruzil St 133 2650 7! 37
RRID Bolivia Al 144 2640 75 50
286 Brasil S 137 2550 IR] RY)
281 Bolivia KY 130 2400 72 36
284 Brasl S 135 2390 73 R
177 Branl S 134 2370 72 IS
197 Bolivia S 136 2330 79 37
189 Brazil S 134 2080 72 36
292 Brasii S 136 2060 76 M
22 Brasil S 19 2040 77 36
282 Bolivia S 130 2010 74 Ry}
28N Brasil S 106 1980} 72 12
Control

Sellie S. Africa S 106 1750 73 29

Egret Zimbabwe A 147 2280 72 44

Mam Pintar Malawi A 148 2140 73 42

SE (Meam +188.7
CV e 1

I N = Sequential branchg (ssp fasngiata).
2 A Alternate branching (ssp Avpogaca)

N7 Fxcept tor 1CGM 336, all belonged 1o the
sequentrel-branchung group. All these lines vielded
significanty  more than the highest-yielding.
sequential-branching control. Sellie. When com-
pared with Fgret. the highest-vielding alternate
branching control, vield difterences were not signifi-
cant. However, both ICGM 285 and 336 had signifi-
canty higher vields than Mani Pintar, the second
highest-yielding, alternate-branching control from
Malawi, ICGM 336, 177, and 197 ranked first, sev-
enthand fifth respectivelyin the 1982 §3 germpliasm
eviluation,

Pronising germplasm introductions from  the
P83 84 trials were regrouped into three replicated
vield mals in 1984 85 with Larger plot sizes,

Preliminary Germplasm Trial

The trial consisted o 53 lines selected from the
1983 84 Preliminary Germplasm Trial and 11 cul-
tvars of the region included as controls, It was
planted in an 8 < & lattice design with three
replications.

Twentv-one of these lines have been retained for
further evaluation. Of these, 6 belong to the
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sequential-branching and 15 to the alternate-
branching group.

Of the six sequentially-branched valencia germ-
plasm lines only two. 1CGM 525 and 559, vielded
significantly more than the control cultivar Sellie
(Table 2).

The highest vield in the alternate-branching gre.ap
was produced by ICGM 623 Tt was followed by
ICGM A8 However, both these lines did not differ
significantly from the control cultivar Mawanga
{Table 2).

Advanced Germplasm Trial

Twenty-tour hnes from the 1983 84 Advanced
Germplasm Trialand 13 control varieties were eval-
uated ina 6 > 6 lattice design with four replicatiors.
Of the 11 lines retained for further evaluation,
ICGM 550, 554, and 322 vielded significantly more
than the highest-yielding control J1. 24 (Table 3).

Elite Germplasm Trial

Twenty-four germplasm lines that perforined well in
the 198384 Advanced Germplasm Trial were pro-



Table 2. Preli.ninary Germplasm Yield Trial (gronndnut}, Chitedze, Malawi, 1984/85,

Pod 100-sced Mean FLS
Cultivar Diays to vield Shelling nuss Seed score
Identity group Ongin maturity (kg ha 1 () {g) color (1-9 scale)?
1ICGM 525 Valencia Argenting 126 2510 65 47.6 Purpie 8.0
1CGM 559 Valencia Isracl 11K 2350 O Mo Purp!le 8.0
Selhe Control Spanish S.oAfrica 107 1700 75 30.2 Tan 9.0
ICGM 623 Virginia U'SA 147 30890 74 570 Tun 1.0
1ICGM 484 Georgia Bolona (BN 2820 71 44.6 Red 7.0
Muwanga Control Virginia Malawi |48 2750 72 56.1 Variegated 6.5
SE (Meam t136.0
CYV e 12.6

1. Source Gibbons etal 1972
20 Farly leat spat score at 90 dass atter emergence

moted to this trial. They were evaluated with 12
controls in & 6 » 6 lattice design with tour rephea-
tions.

The highest vield was produced by TCGM 286
(Table 4). Fifteen other valencia hnes vielded sipenti-
cantly more than the highest-vielding sequential
control J1i The vield of [CGM 336, an aliernate-
branching line, was sigmiticanty more thiza T, but
was not diiterent to thao ot Mam Pintar tne nghest-
vielding, alternate-hranching  control. However,
ICGM 336 had a better shelling pereentage and a
larger seed size than Mani Pintar, and ranked first
1982 83, second i 1983 84, and fourth in the
1684 85 evaluation. It stood tirst i all the three
seasons in the alternate-branching group.

I'he top 8 valencia hinesin Fabled alsoappeared in
the top & inthe 1983 84 Advanced Germplasm Trial,

with slight differences in ranking.

All the germplasm lines that were retained for
further evaluation in the 1984785 season have been
re-grouped into trials during 1985/86 as per their
botanical types, 1e., Elte Germplasm Trial (valen-
cia), Elite Germplasm Trial (spanish), and Elite
Germiplasmy Trial (virginia), This will be the final
evaluttion before outstanding lines are included in
the Cooperative Regronal Yield Trials,

Many of the valencin types hrve performed weil in
the last three seasons’ evaluation at Chitedze. Valen-
clies have not recetved enough attention in the
region, with the exception of Zimbabwe, where the
cultivar Valencia R 2 s stll recommended. Tt s
expected that some ot these lines will find suitable
recognition w1 the region, provided they maintain
their performance at other locations.

Table 3. Advanced Germplasm Yield Trial (groundnut), Chitedze, Malawi, 1984/85,

Pod 100-seed Mean ELS
Cultivar! Days to yvield Shelling mass Sced score
Identity group Ongin maturity (kg ha'") (7) (g) color (1-9 scale)?
ICGM 550 Valencia Sudan 121 2360 64 433 Purple 8.0
1CGM 554 Valencia Zimbabwe 121 1980 69 35.7 Purple 8.0
ICGM 522 Spanish India 11 1770 75 30.0 Tan 8.5
JI. 24 (Controb Spanish India 108 1490 77 27.5 Tan 9.0
SE (Mecan) t8E.1
CV (¢7) 10

I. Source. Gibbons et al 1972
2. Early leaf spot score at 90 days after emergence.




Table 4. Performance of the groundnut lines retained for further evaluation in the Elite Germplasm Trial, Chitedze,

Malawi, 1984/85,

Pod 100 -seed Mean ELS

Cultivart Davsto yield  Shelling NSy Seed score
Identity group Origin matusity (kg ha b (1)) (g) color (1-9 scale)?
[CGM 286 Vilencia Brasl 123 RRRINRIL 75 R Red 7.0
[COM 28S Vilencia Rrasil 124 200 (1) 69 RRIRS Red 70
[CGM 284 Valencia Brazil 19 3190 () 75 353 Red 1.5
[CGM 336 Nambyqguarae  Bolivia 143 3060 (2) 78 530 Variegated 7.0
1ICGM 197 Valeneia Bolivia 124 3030 (7 74 RRIh Red 7.0
[CGM 2K Valenen Bolivia 123 2970 (4) 73 8.2 Red 7.0
[CGM |8y Valencia Bravil SR 2770 (8 75 30.7 Red 7.0
ICGM 292 Valencia Brazil 124 2600 (N 75 295 Red 7.0
1CGM 177 Videncia Brazd 124 2620 (6) 73 KL Red 7.5
TCGM 282 Vialencia Bolivia 122 282011 IE! 3.0 Red 7.5
1CGA 3N Valencia Brasl 120 2480 (19) 74 8.2 Red 9.0
1CGM 23 Valencia Brasil 1o 242010y 74 9.5 Red 8.0
TCGM 28R Valencia Brasi o 2380 (12) 72 36.3 Red 7.5
1CGM 300 Valencia Brazil 105 2250 (18) 71 293 Red 9.0
1ICGM LY Valencia India 106 2200 (2 74 27.2 Red 8.5
ICGM 472 Valencia - 107 2120 (13) 74 40.4 Red 9.0
LOGM S Valencia Argentina g 207 74 315 Red 9.0
Mam Pintar Nambyquarae  Malawi 41 3010 76 479 Variegated 7.0
(Control)
AR Spanish India 108 1650 76 248 Tan 9.0

SE (Mean) t141.0
CV (' 12

I Source: Gibbons e al, 1972
20 Farly leaf spot score at 91 days attes emergence.
Vo Ranking for pod vield in the 1983 84 Yield Trial.

ICRISAT Scuthern African
Cooperative Regional Yield
Trials

The two cooperative regional vield trials, started in
1983 84, were conducted i Malawi (2 locations),
Mozambique (2 locations), Zambia (3 locations),
and Zimbabwe (1 Jocation) in the first sear. In
{984 85 these trials were repeated at the same loca-
tions. Botswana (1 location) and Tunzania (2 loca-
tions) were supplied seeds for these trials for the first
time. In 1985 86 these trials were extended to
Angola. Swaziland also indicated interest to partci-
pate in these trials, but in the absence of an import
permit, seed could not be supplied.

20

ICRISAT Southern African
Cooperative Regional Yield Trial
(Sequentiai Branching)

Thirty-four ICGMS (ICRISAT Groundnut Malawi
Selection) lines and two local control varieties were
recommended for evaluation ina 6 » 6 lattice design
with tour replications. The results received from
various locations are discussed by country. Tables §
and 6 present performance of lines that merit further
testing,

No data for the 1984 85 season were received
from cither location in Tanzania,
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Table 5. ICRISAT Southern African Cooperative Regiunal Groundnut Yield Trial, Sequential Branching, 1983/84.

Malawi Mozambigue Zambia Zimbabwe
Chitedze Lupembe Sabie Muchers Magoyve Gwebi Overall mean
ICGMS - .
lines (a) by ta) (b} (@) ‘) (h) () ot (b) (a) (b}
| 1630 1250 179044 [REIR 1210 1800 13304 1420 %30 1350 1690 1320
2 185045 1440 1500 oo 1450 18701 15004 19504 K20 500 1620 o0
5 16603 1i60 15404 1099 1150 224040k 14904 17104 12901 2200 2090 1490
9 1500 1174 PS804 1120 1240 20004 1430¢ 17404 1520 1110 1670 1210
i 1380 980 18RS 12704 1310 2104 13704 19204 35100 2390 20500 1500
12 1440 1020 rech! 1130 1180 LRN0 1240 1500 29606 1950 1590 1340
14 1280 8§50 1R8O0 120044 {340 1690 1070 1307 2560 1940 1590 1280
18 1340 1040 i270 980 1260 20004 14404 930 1510 11s6 1410 i150
21 1560 1180 1410 1GS0 e 160 13304 21103 2360 1740 1860 1330
22 17804¢ 1320 14C0 1070 1330 1s70 13904 18104 1890 1420 1750 1300
23 176043 1370 1190 10 i220 2010 13504 1210 2820 2090 1806 1416
28 1550 1160 1230 hit 1250 19604 1420 1350 RiRyith 2420 1870 1470
30 1230 890 70 610 TR0 218043 1250 1420 2§60 1400 1590 1040
31 180043 1330 1420 950 1740 1670 1100 1070 $110% 31200 2010 16300
33 1730** 1330 1610 126044 1180 1840 13504 i8604 3130 2310 2030 1560
Control | 1460 1090 1540 1019 1050 i830 1320 1530 2690 1940 - -
Control 2 1380 1080 144C 984 7S¢ 1880 1350 1420 4010 2930 - -
SE z¥7.6 - *£113.2 *74.4 - 1142 759 22226 +159.2 - - -
Trial mean 1500 - 1330 930 - 1850 1280 1560 2586 - - -
(n=36)
CV () 12 - 17 16 - 12 12 29 12 - - -
I. a = Pod vield kg ha-'.
2. b = Sced vield kg ha“'.
3. Significan: ever lower control only.
4. Non-significant with the higher ICGMS line.
5. Significant over higher control.
6. Highest yield among the ICGMS iines.

{Sabic not included in the overzlt mean.)
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Table &.

ICRISAT Southern African Cooperative Regional Groundnut Yicld Trial, Seq

uential Branching, 1984/85.

Botswana

s . (s .z . ‘h - >
ICGMS Scbele Chitedre ]
lines (a)! (a) (hy
! 1150 20404 1510
2 1040 222013 [t
5 - 20407 1470
9 1170 1970 1366
11 - 20 1) 1416
12 10K0 1620 1120
14 - 1290 T
18 - 1540 P70
21 1140 1620 i220
22 PHD 1560 170
23 - 1760 1302
28 - 1640 1180
30 - RERIAEL 1560
31 - 1900 1410
33 - 1450 1090
Control | 650 1650 1270
Control 2 - 1950 1450
SE - $104.7 -
Trial Mean
(n=36) - 1730 -
CV () - 12 -

Malawg

fas

Tigptde
i
240
S~
503
350
70034
S304

Thi
T
760
4704
100
250
250

590
350

973

430
39

Mozambigue

Boine

(&)
670
S50
50+
670
11604
htSTe
12105
630

601
630
9204
2304
470
630
600

750
790

1451

690
42

2640
RASIIAD
NN
2330
298034t
2650°
2000
26201
2070
23K0)
2320
2100
2640}
2240
1560

2250

2350

t107.6

2290
9

Zambia
—_—
Mupoye

inlo
[RISTAN
[43¢
AR
1540
o
[7504

1310
1520
1380
1360
1660
1340
1140

1490
1550

616

1410
9

(i) (h)
s [A0]
13904 650
1330)1e 410
1149 SK0
[77034e 590
16304 100
1266 630
13704 570
15204 20
13604 7l
1320 620
1310 550
H26 180
163074 1020%e
1070 6K()
30 690
1376 560
1473 90.4
1330 610
22 30

Zimbabwe
Gwebi Overall mean
ta) (b (a) (b)
600 370 1470 1050
1070 TU0 1570 1320
14304 9604 1950 14308
940 700 e 1200
[S34e 16214 2070 1430¢
1080 720 1750 1130
1660 730 1300 {0}
K30 630 1560 11RO
KX0 660 1320 1060
780 570 1560 1360
11X0 590 13580 1190
1030 776 1520 1100
L3104 840 1550 1360
1190+ 112034 I%20 1260
1020 770 1350 1000
1310 940 1650 1230
2570 1850 2060 1640
=X6.4 *61.1 - -
1080 760 - -
16 16 - -

a = Pod yield kg ha!,

b = Seed sield kg ha,

Sigintficant over lower control only.
Nor-significant with the highest ICGMS line.
Significant over higher control.

Highest yield among the ICGMS lines,

R

(Sebele, Lupembe. Boane, and Magoye {b) excluded from the overall mean.)




Botswana

1984/85. Unforwnately the trial at Sebele
Research Station was located in part of a recently
extended field, where two full replications and a part
of the third were planted on reclaimed fand that was
previousty i road. This tesulted in suppressed plant
growth in those plots, which were rejected for vield
observations. Based on pod-yield data from the
remaining plots, six lines, ICGMS 1 (1180 kg ha-'),
ICGMS 9 (1170 kg ha ), TCGMS 21 (1140 kg ha™!),
[CGMS 22 (1110 kgha 1), FCGMS 13 (1080 kg ha'),
and 1CGMS 2 (1040 kg ha 1), which yielded well
above the control Sellie (650 kg hat), have been
setected by the nationa! program for further testing.
Seed his been sent to Botswana so that the tnal can
he repeated in the 198586 season

Malawi

1983/84. At Clhutedze, pod yields of ICGMS 2, 6,
22,23, 31, and 33 were significantly more than that
ol the higher-vielding control varicty Malimba;
JCGMS 2 vielded the highest, Other lines, which did
not difter significantly from 1CGMS 2, included
ICGMS 1 and §. The top 5 lines tor seed vield were
ICGMS 2,23, 3t 33 and 22,

At Lupembe. % TCRISAT Lines yielded more than
the higher-vielding control Malimba, but vield dif-
ferences were not significant. When compared with
the loveer-vielding control Spancross, [CGMS 11,
14, and | had significantly more pod vield. JCGMS
11 vielded the highest: other lines that did not differ
significantly from itincluded ICGMS 14,1, 32, 12,9,
7. and 5. For seed yield, TCGMS 1 vielded the high-
est, followed by TCGMS Fand 33, All three lines
were significant!y superior to the higher-yielding
control Malimba. Two other lines that did not ditfer
signiticantly irom 'CGMS 1 were TCGMS 14 and
32

On a country mean basis. ICGMS 1 was highest
for both pod ard seed vield, but only ITCGMS 33 was
common amony the top five tor sced yield at both
the locations.

1984/85. At Chitedze, ICGMS 30 gave the highest
pod vield and was significantly superior to the
nigher-yielding control Spancross; ICGMS 2.1.5,
and 11 yielded more than Spancross. but the yield
diff ;rences were not significant. However, these
lines were significantly superior to the other control,
Malimba. The vield difference between ICGMS 30

and 2 was not significant. The top 5 lines for seed
yield were [CGMS 2,30, 1, 5, and 9.

AL 60 days after emergence, ICGMS 30, a setee-
tion from the rust-resistant population (NC Ac 2190
x NC Ac 17090), had a lower carly leaf spot score of 4
on a 19 scale compared to other lines in the trial,
Disease development on this line was slower by
about 2 weeks. It retained foliage when other lines
were defoltisted.

The trial at Lupembe was sown in a randomized-
block design. o was poorly managed and suffered
from drought from flowering through to harvest.
Pod vicld varied from 10Fto 770 kg ha-f witha mean
of 430 kg ha-!. The coefficient of variation was high
(39¢¢). The top 5 lines this year included ICGMS 1
and 14, which had yielded significantly more than
the bigher-yieiding control in the 1983/84 season.

Mozambigue

1983/84. The emergence of test entrics at Sabi was
highly variable and of local controls, very poor.
Data from this location were neither analyzed (repli-
cated data not provided) nor included in the overall
mean. However, among the lICGMS lines, 29, 30,31,
3, and 20 occupied the first 5 ranks.

1984/85.  T'he trial was carried out at Boane in a
randomized-block design. Pod yield ranged from
270 to 1210 kg ha ' with a mean of 690 kg ha-!. Data
were again of poor quality, as indicated by the high
coelticient of variation (42€7), so a meaningtul inter-
pretation of results was precluded. However, 9
[CGMS lines vielded more than the higher-yielding
control Starr. The top 6 ICGMS lines included
JCGMS 14, H1, 5,10, 13, and 28.

Zambia

1983/84. The trial at Msckera Regional Research
Station suffered Treflan® (a weedicide) damage,
which resulted in an unsatisfactory olant stand. It
was also planted relatively late.

Only ICGMS 5 yielded significantly more pods
than the higher yiclding control variety Natal Com-
mon. The lines which did not differ significantly
from ICGMS S included ICGMS 30, 11, 32,27,2,9,
10, 18,19, 23, 28, and 34. Although ICGMS 2 gave
the highest seed yield. the yield did not differ signifi-
cantly from that of Natal Common. ICGMS 5,9, 10,
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11,22.23,32, and 34 did net differ significantly from
ICGMS.

Lines ICGMS 29 and 30, both rust-resistant pop-
ulations, had lower rust scures in comparison with
other ICGMS lines. All the Lnes were cqually sus-
ceptible to eariy leaf spot.

At Magove, the plant stand way satistyctory, but
the trial was harvested tate, which resulted in heavy
pod loss in the soil. Sced vield was not determined at
this location. Only [CGMS 2 vielded significantly
more than one of the control varieties, Natal Com-
mon. The vield ditference betaeen ICGMS 2] and
the other control, Comet, was not signiticant. Lines
which did not differ signiticantly from 1CGMS 2)
were TCGMS 302011, 29,15, 26,27, and 33,

ICGMS 29 and 30 scored lowest (43 onaly
scale for Jeat spots. This observation was made
rather carly, ata time when discase levels were mod-
crate (highest score 6.8).

FCGMS 1 and 2 were the common lines in the top
5 entries at both location in Zambia,

1984/85.  On the basis of pod vield, 1ICGMS 1]
ranked fiestat Msekera. Tt was followed by ICGS M
5.2, and 12, AN these lines had significantly higher
pod vield than Comet. the higher-vielding control,
In addition 1o these lines, ICGMS 30 and IR had
significant vield differences with the other control,
Natal Common. Ouly ICGMS T and S maintained
a significant superienity for seed vield over control
Comet. The third place was occupied by ICGMS 18,
In the 1983 84 trial at Msekera, ICGMS 5. 30, and
I had occupied the first three places tor pad vield
d ICGMS 2,5, and 34, for seed vield.

At Magoye the trial started with good emergence
but subseyuent poor and erratic precipitation during
Feb-Mar resulted in lower pod and seed vields. Fif-
teen ICGMS lines produced higher pod yields than
the higher-yielding control Comet, However, vield
differences were not significant. I, comparison with
the lower-vielding control Natal Common, only
ICGMS 1] had significantly higher vield. Other lines
included in the top 5 were ICGMS 12,31, 10,and 19,
In the previous year the top 5 ICGMS lines at this
location were 21,32, 11, and 29. Seed vields, besides
being poor, also had a higher coetficient of variation
(31¢7) in this vear's trial,

Zimbabwe

1983/84. ICGMS 31 gave the highest pod yield,
followed by the higher-yielding control Valencia R2.
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The yield difference between these two was not sig-
nificant. ICGMS 31, 11, 13, 6.5, 28, and 24 yielded
significantly more than Plover, the second control
variety. The top 5 1CGMS lines for pod yield were
ICGMS 31, 11, 13, 6. and 5, and for seed vyield,
ICGMS 31, 6,28, 24, and 11,

1984/85.  The local control Valencia R2 gave the
nighest pod vield. This variety tends to give higher
yields at Gwebi Centre due 1o jts location in the
cooler climate of the high veld area. Among the
ICRISAT lines, ICGMS 1, 31,5, and 15 occupied
the first four places for pod yield. Although they
vielded more than the spanish control Plover, the
vield ditferences were not significant. ICGMS 31
ranked first in seed vield and also had asignificantly
higher yvield than Plover. Next in rank were [ICGMS
11,5, and 8.

In the 1983 84 trial ICGMS 31 had given the
highest pod yield and seed vield. ICGMS 11 and §
were included in the top 5 ICGMS lines.

ICRISAT Southern African
Cooperative Regional Yield Trial
(Alternate Branching)

Fourteen ICGMS lines and 2 local control varieties
were recommended fo: evaluation in a4 x 4 Jattice
design with four replications. Results received from
various locations are discus.ed by country. Tables 7
and 8 present performance data for the years
1983 84 and 198485 for those lines that merit
further regional testing. Data for the 1984, 85 (rial
were not received from one location in Malawi and
one in Mozambique, and from neither of the loca-
tions in Tanzania.

Malawi

1983/84. At Chitedze, the highest pod yield was
produced by ICGMS 42, }t was significantly superi-
or to all other entries in the trial. No other line
vielded more than the higher-yielding control Mani
Pintar.

At Meru, the pod yield of ICGMS 45 was highest
and diftered significantly from that of the local cul-
tivar Mant Pintar, which was the second in order of
performance For seed vield, ICGMS 45 was ranked
first followed by ICGMS 42 and Mani Pintar. Seed
vield difference between ICGMS 45 and Mani Pin-
tar was significant, but there was no difference
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Table 7. ICRISAT Southern African Cooperative Regional Groundnut Yield Trial, Alternate B-anching, 1983/84.

Malawi Mozambigue Zambia Zimbabwe
ICGMS Chitedze Meru Namialo Msekera Golden Valley Guebr Overall mean
lines (a) (h)* (a) (b) (a) &) (b By (b) far (b) (a) (b)
35 1660 1210 1650 1020 560 2110 1526 1370 530%e 2070 1400 1780 1200
36 1740 1290 1920 1250 1000 245014 180040 11200 663" 760 520 1600 1110
38 1370 1030 2250 1560 %0 1700 1230 Heo? 690°¢ 2340 1640 1770 1230
39 1690 1270 2040 1310 520 2020 1470 1230° 240 1560 1290 1770 1210
42 2650%¢ 1990¢ 2490 1810 630 283040 Ix00se 138034 N0 256045 2630 2520 1810
43 1790 1360 2340 1660 590 1800 1260 l6pdse 10004+ 22704 23990 2170 1530
45 1620 1120 3330°% 2350%¢ 596 22504 1440 N30 470 KR A 2290 2270 1530
47 1730 1350 2350 1630 L 23004 17104 10407 660% 28I0 2050 2050 1480
48 1460 1100 2420 1510 670 22404 15504 14504* 3901 1390 910 1790 1130
Control 1 2380 1760 2490 1670 610 2550 1730 1030 450 3090 2100 2310 154u
Control 2 1720 1290 2170 1520 570 2300 1550 530 330 2790 1930 1900 3220
SE 1809 - £197.2 t138.0 - =i30.% 296.0 1316 x70.5 BRI - - -
Tr.al Mean
(n=16) 1630 - 2190 1460 630 1930 1340 1140 660 2420 - - -
CV (%) 1 - 18 19 - 14 14 23 22 Yy - - -

o N

a = Pod vield kg hat.

b = Sced yield kg ha-t.

Significant over lower control only.
Monssignificant with the highest ICGMS line.
Significant over higher control.

Highest yield among the ICGMS lines.
(Namialo not included in the overall mean.)
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Table 8. ICRISAT Soutkern African Cooperative Regional Groundaut Yield Trial, Alternate Branching, 1984/8%.

Maizwi Zambig Zimbabwe
1ICGMS R . L UeMen Vel Gueh . Ownalimen
lines tail th;? (a? th: i) n) (a) (b) (a) ib)
35 2300 HaSE 2030} 1220 RERIIA 1400 1790 1290 2090 i300
36 2130 1351y RRRIIAS I3 4r 249014 1860748 980 650 2030 14K0
38 1920 13490 REIVIER 1300 22004 15303 1350 1000 1$30 1310
39 2364 i700 224018 1286 240014 1360 1780 1260 2200 1400
42 32004 2300° 243004 17507 263044 1680 26304 19004+ 2720¢ 1950¢
43 2100 1530 2030 13807 22208 1390 1920 1410 2070 1430
45 207G 1390 260034 15007 2010 1350 2020 1430 2180 1430
47 1600 1Hn 1920 1400} 22504 1470% 1450 1i10 1810 1270
48 1710 1210 1749 1140 RISIIAL 16603+ 1390 91n 1860 1240
Control | 2490 1710 1770 1150 1700 1050 2520 1740 2i29 1410
Control 2 2930 2170 2890 2070 2680 1660 2690 1880 2800 1950
SE £109.1 - BRI | =73.9 1354 *130.9 1104.5 *80.4 - -
Trial Mean
(n = 16) 2070 - 1980 1310 2130 1370 1620 1150 - -
CV (¢ 11 - Il 11 i2 19 13 14 - -
1. a = Pod yield kg hat.
2. b = Seed vield kg ha'!,
3. Significant over lower control only.
4. Non-significant with the highest ICGMS line.
5. Highest yield amaong the ICGMS lines.




between those of JCGMS 42 and Mani Pintar.

On an overall basis for Malawy, TCGMS 42, 45,
43, 47, and 48 obtainea the finst five ranks for boh
pod and seed vield

1984/85. At Chitedse, ICGMS 42 again gave the
highest pod vield. twas folfowed by controls Mani
Pinatr and Chitembana,  The vield  difference
between JCGMS 42 and  Chitembana  was
significant.

Mozambique

1983/84.  The plant stand density for the trial at
Namialo wis low across all treatments, (21-366 of
the notmal stand). Bata from the trial were neither
analvzed (in the absence of rephicated data) nor
included in the overall mean, However, the top 5
lines at Namuilo were [CGMS 36,38 40,37, and 48,

Zambia

1983/84. At Msckera, the pod yield of the local
control variety Makulu Red was highest, tollowed
by TCGMS 42, 36, 47, 45, and 48, nane of which,
however, differed significantly from Makulu Red.
The highest seed vield was attained by 2 ines,
TCGMS 42 and 36, They nere Tollowed by Makulu
Red, 1CGMS 47, Chaliabana, aad [CGMS 38,
Both ICGMS 42 and 36 were lareer seeded than
Makulu Red. FCGMS 45 had the Tesest score (2.0)
for rust and 1CGMS 47 had the lowest score (S ¥yior
leaf spot ([-9 scale).

General pod and seed vield levelsat Golden Valley
were low due to late planting. The pod vields of
ICGMS 43 and ICGMS 48 were signiticantly greater
than the control (Makulu Red) yield. All other lines
except ICGMS 41 and 45 vielded sigmficantly more
than the lower-yvielding control, Chalimbana, How-
ever, the lines that did not ditfer signiticanty from
ICGMS 43 included 1CGMS 48, 42, and 35,

Similarly, for seed vield ITCGMS 43 was ranked
first, followed by ICGMS 35,42, 37 and 39, Althad
significantly greater seed vields thun Makulu Red.
On un overall basis in Zambia, [CGMS 42,48, 36,
35, and 43 held the tirst ranks for pod yield, and
[CGMS 42, 36,47, 35, and 43, the tirst five ranks for
seed yield.

1984/85. The tria! at Msckera planted in mid-
November sufifcred from initial soil-moisture stress,
causing unsatisfactory seedling emergence.

Control Makulu Red gave ie highest pod yield,
{followed by ICGMS 45, but the yield difference
between these 2 lines was not siy nificant. Other fines
that vielded signiicantly mote than the lower-
yvielding control Chalimbana included 1CGMS 36,
42,39, and 38. Control Makulu Red had the highest
seed vield and was significantly superior to all the
ICGMS lines. the lines that vielded significantly
imore than the other control Chalimbana included
1CGMS 36, 42,4547, and 43,

At Golden Vadiey also, Makulu Red gave t
highest pod vield, tollowed by TCGMS 42, 48, 36,
and 39: again, these lines did notdifter significantly
from Makulu Red. 1CGMS 36 pave the highest seed
yield which did nouvdiffer significantly from those of
Makulu Red, ICGMS 42 48, 38, and 47. Inaddition
to these lines, TCGMS 43 also had a significantly
higher vield cempared to the other control,
Chalimbana.

Zimhabwe

1983/84. At Gwebi, pod yield of ICGMS 42 was
highest, followed by ICGMS 45, both being signifi-
cantly lgher than the higher-yvielding control Egret.
1CGMS 43 yielded more than Fgret, but the differ-
ence was not significant. For seed vield, ICGMS 42
maintained its first rank but the positions ot ICGMS
45 and 43 were reversed.

1984/85.  Yields at Gwebi were affected by wei
weather conditions. The highest pod yield was pro-
duced by the control Malulu Red. Tt was followed
by ICGMS 42 and another control, Egret. These
lines did not differ significantly between cach other,
The next 2 lines in rank were ICGMS 45 and 43;
however, these had signitficantly lower pod yvields. A
similar trend was followed forseed yield, exeept that
1CGMS 42 ranked first,

The Regional Breeders' Group discussed regional
vield trials at their meeting in Feb 1985, National
program breeders considered chat “regional yield
trials should run for 2 seasons only: entries which
perform poorly should be discarded and replaced on
a 2-year basis at maximum.” Responding to this
consensus of opinion, | have summarized the data
for the last 2 years and have selected tentatively
those lines that merit further regional testing (Tables
5. 6.7, and ¥). These results will be compared with
the 1985 86 results before making final decisions,

From the results obtained from the various
regional locations, it is evident that only some of
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them can be used for drawing valid conclusions.
Unle s good quality data are received from all par-
ticipr.ting locations it will remain difficult to reorgi-
nise regional vield trials in 2 years. National
programs are encoutaged toidentify promising lines
for their locations in these trials and include themn
their own mult-location trials, Malawi 1nd Zim-
bubwe have already taken a lead in this mutter.

Rosette Resistance Breeding

Development ot high-viclding, GRV-resistant vari-
cties of varving matunt lengths constitutes an
important breeding objective of the program.

Stnee 1956, groundnut research programs in West
Africa have directed their elforts towards develop-
ing GRV-resistant varieties suitable to their agrocli-
mate conditions. Signiticant progress has heen
made by the programs in Senegal, Burkina Faso.
and Nigena. Utihizing the resistant sources, which
were semierect and late maturing. varieties such ay
KH-9ADKH-2410, 69-101, RAMP 12, and RMP
91 have been developed and released bv the pro-
grams an Senegal and Burking Faso { Bockelee-
Morvan 19531 The first two of these varieties belong
to the spanish and the remaining to the virginia
group,

In southern Atrica, the proneering breeding
cHorts of Gibbons and his team in Malawi culmi-
nated suecesstully in the release of the GRV-
resistont varicty RGL Several other GR Veresistant
breeding lines with better kerne! size are in an
advinced stage ol testing in Malawi (Sibale and
Kisvombe 1980y, Other national programs in the
region have shown little interest in GR V-resistance
breeding.

The regional program has assigned a very high
priority to the development of high-yieling, short-
season GRV-resistent varisties ag the area under
short-scason varicties in the region is extensive,

Breeding Material

1984/85.  After confirming their hybridity, 26 I
crosses involving sourees of GRV resistance (RG I,
RMP 93 and RRI,6) and promising exotic germ-
plasm and breeding lines were advanced to the I+,
generation,

Twenty-cight populations consisting of a total of
5912 F, plants were screened for the first time under
an infector-row system in the field (for details of
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technique see Bock, these Proceedings). At the con-
clusion of the expenment only 678 symptomless I+,
plants remained. Two hundred and seventy-two of
these plants had either very few or no pods and were
rejected. The remaining 406 plants were harvested
individually. A few seeds from cach of these symp-
tomless Fyoplants was grown in the glasshouse for
testing resistance in Fy generation, The |, plants
from 245 svmptomless individual i, plants were
found to be susceptible o rosette, indicating that
these aither carried susceptible dominant genes in
the homozvgous condition or that they were hetero-
svpotic. The remaining F, seed of these plants was
hulked in each cross and has now been grownas I
bulks under the infector-row system. It is expected
that the seeas from the bytereszygete-susceptible
plants in these bulks will segregate into resistant and
susceptible plants,

The remaining 161 individual b, plants have been
progeny-rowed under the infector-row system for
further selection. These plants either carry double
recessive genes in the homosygous condition or are
heterozvgotes. The majority of these plants had poor
pod vield. One hundred and fifty-three belonged to
the virginia bunch, 6 to the virginia runner. and 2 to
the spanish group. As expected, the recovery of
spanish-type, resistant plants was very low., as both
these characters are recessive. In future much larger
I, populations will be required to isolate such plants
i the spanish * virginia combination.

1985/86.  The rosetie discase nursery, in addition
tooa tall set of rosette inheritance study material,
consists o 29 Foy, 161 14, plant progenies, and 35 F,
bulks.

It is planncd to confirm the resistance of two
spanish varictics, KH-149A and K H-24] D, as they
have been referred to as tolerant and resistant in the
sume publication. If these varieties are found resis-
tant unaer Malawi conditions, they will be used
extensively in the hybridization program.

Preliminary GRYV Inheritance Study

In 1958 French workers had reported that the
“rosette resistant trait” was determined by two reces-
sive genes (Annual Report IRHO 1958). Later Ber-
choux (1960) confirmed this observation. Harkness
(1977, whilediscussing the breeding and selection of
groundnut varietics for resistance to rosette virus
discase in Nigeria, obseived that “it has been com-
mon to find some rosette appearing in resistant



lines.” He ascuibed the low recovery of resistant

plants 10 some F.ocrosses to the appearance of

rosette svmptoms in some of the double recessives
tollowing early and heavy moculatien. Insupport ot
his observiations he cited Dhers and Gallier (i971),
who observed thit the resistance To rosette was a
physiological character under genetie control, and
that under condittors ot heavy infestation with viru-
iterous aphids carly vathe lite ot the plant, reputedhs
resistant hines may whow disease svmptoms that
could be temporary or permanent. He turther sug-
gested that the double recessnve genotvpe did not
confer resistance i all naclear envitonments and
losy of reststatice frem generation (o generiation in
individuals 1 crossbred materiad could be expected.

Four crosses were selected for prehmmary studies
on inhentance ot rosette resistance. These ine'uded
two crosses where Boand Boogencrations were avinl-
able, and two with Fooreaprocads. Fach cross was
organized o set of parents and avatlable genera-

tons. Fhese serowere sareened tor rosette resistanee

under giasshouse conditions (for details see Bock,
these Proceedings). Ineach sei a susceptible control,
Spancross, was also included. The data obtained
from cach set together with Chi-square values for the
by ratio of 15 susceptible plants to | resistant are
presented i Table 9.

ExceptinSet t, chee dinoculations of the suscepti-
ble control Spancross resulted in98-100¢] successful
imfection: i Set I it was only 93¢0, Repeiated inocu-
Jations of the remaining plants proved unsuccessful.
However, all suscepuble pareats moculated (J1. 24,
Mam Pintar, aivl Chalimbana)
became ntected with rosetie.

Allthe By plunts mcrosses, RG22 ox I 24,01 24
RGT and Mani Pintar = RG T were susceptible. This
contirms the carlier reported recessive nature of the

Chitembana,

resistance o rosette disease and also shows that at
least i the case of RG T « J1 24 cross, reciprocil
differences ire not present.

In the by ogeneration there were several plants,
which though susceptible 1o tosette, id not express

Table Y. Preliminary inheritunce studies onresistanece of groundnut to GRY, Chi-square tests for the 15:1 F, ratio of plants
segregating for susceptibility vs resistunce to GRY, Chitedze, Melawi, 1984/85.

Number of plants .
i e e Chesquaare

Set numher ldentiny Inoculated  Susceptible Resnstant value P-value
| R 1! 9 [t} Y - -
(Virginia - spanish) JI2a 9 Y9 1} - -
(RG240, 3 8 0 - -
(J1. 24 = RG D, 8 8 4] - -
(.24« RG DE, 217 207 (16)4 10 0.7365 0.5-0.3
Spancross’ 43 40 - -
1 RG I 9 0 9 - -
(Virginia « virginia) Mam Pintar- 10 10 0 - -
(Mani Pintar = RG 1F, 5 5 0 - -
(Mam Piatar x RG DF, 199 182 (39) 17 1.4134 0.3-0.2
Spancross? 53 52 - - -
| RG I 10 0 10 - -
(Virginia * virginia) Chitembana’ 10 10 0 - -
(RG | x Chitembana)k, 273 24 (490 32 13.0369 <001
(Chitembana ~ RG DF, 308 284 (10)* 24 1.0008 0.5-0.3
Spancross! Al 51 - - -
v RG I 7 0 7 - -
(Virginia = virginia) Chalimbana? 10 10 0 - -
(RG 1 » Chalimbana)F, 129 121 8 0.0256 0.9-0.8
Spancross’ 69 te - - -

Resistiant parent.
Susceptible parent.

Bl el

Susceptible control in cach set
Number of susceptible plants with suppressed or atypical symptoms.




typical symptoms. Such plants were pooled with the
normal susceptible plant category. All the appar-
ently resistant plants that remained symptomless
the F, peneration were turther checked for svmn-
tomiess systemic infection by grating, Al these
plants were found to be free of rosette virus,

The By data were subjected 1o Chissquire analysis
for testing the genetic hypothesis of sepregation of
the 15 suseepuible to ) resistant plant, after kg
Yate's coriection for contimuity (Yates 1934 1 he
Chi-square htfora 151y ratio was good il cases
except for the cross RG> Chitembani, where there
was an excess of resistant plants. Exenatter pooling
the two reciprocals, the Chiaguare value was oo
high, 10818 (£ 0.001). T'he heterogeneity ¢ hi-
square was hugh, 3219 but notsigniticant (044 - 7

- 0.05).

From the prefiminary studies it is evident that the
resistanee to rosette dimease s recessive in misture and
Is governed by two recessive enes Fyenan the Spin-
ish > virgimia combination (J1 24 « RGOy this
hypothesis holds true.

A detnled imvestigation s being carried out this
vear involving Iy and b, reciprocals and their back-
Cross generatons tocoafn these results in ditferent
botamcal backgrounds.
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Discussion on Regiona! Program Papers

Doto: Ther carchdone by the ICRISAT Regional
Program is wmdeed commendable and must, there-
fore, be encouraged. Do Bock and Nigam feel that
rosette (GRA) sereeming methodology (primary
infection simukation) iy now ready for generaluse by

hreeders?

Nigam: As ndicated by Bock in his presentation,
we achwesed 9007 mcidence i our rosette disease
nuisery kst season. So G this scason, incidence s
up to 60" but should we encounter a couple o dry
weeks 1ty Ihely to aerease turthier. Success of field
screening may be dependent ou weather conditions:
heavy ramn may atrect rate o speoed advooaonys W
will be g hetter position to comment alter one or
more seasons. Meanwhde the impertant thing is to
reduce as much as possible the number of plants i
the Foocrosses so that subsequent screening is that
much less ot o task,

Reubens We note o the rosette-resistance inhert-
tance study that the trait s double recessive. In the
reciprocal crossyou report ditferences i the sigrifi-
cance of the Chi-square test, Howas this explained?

Nigam: Lable v audicates that all s were suscepti-
ble, mcluding reciprocals  This suggests that resist-
ance s recessnve. Phe Chi-square it tor the 151 1,
retto of susceptible toresstint plants was good inall
canes exeept one, where there wasan exeess of resis-
tant plants. The matenal we used was not meant
specthically tor mhentenee studies: theretore the
indiedoad Fyoplantadentry was not cheched in the
b and was possible that one ot the plants could
have been aselt. The results give generad support to
the hypothesis that rosctie resistance is governed by
a double recessne. We have o detinled mheritance
study an progress this season and we hope to recon-

firm our observations

Sandhi: Could the hagh vield potenual of the valen-
cia Iimes mentoned in Table 4 n et be exploited in
same arcas of southern Atnca because of their shert-
er naturity, red desta color, and smaller seed size?

Nigam: Some of these valenens tvpes tiahe 120-125
days to mature At Chitedze we have not had any
problems with them during harve-ting, and <ven
sprouting has not been encountered. They could be
highly suitable for arcas where the growing season is

shorter. In the hight of the chronic shortage of oil in
many countries in our region, seed color and size
should not matter. There already 1s the beginning of
change in the thinking of sonic of the ratianal pro-
grams along these lines,

Kannaiyan: Have there been any serious outbreaks
of rosette disease in castern and southern Africa
recentiy? Inview of the greatlosses caused by the leal
spots fnour region, foliar disease should perhaps be
altorded o mgher priority for research than rosette.

Bock: Ruosette epidemics oceur sporadically and at
proscal wearc eaperiencing low levels of disease. s
certain that major epidemics will occur periodically
and itis also certann that their effect will be devastat-
ing. The 1975 Nigerian epidemic destroved 0.8 mil-
lion ha and resultad in great hardship; recovery is
not yetcomplete and this year they are exneriencing
another rosette crisis. Rosetie was one of the main
contributory tactors in the abandoniaent of the Tan-
sanian groundnut scheme in the carly 1950s, and in
our regton losses were substantial in 1982, 83. 1 do
not think it would be responsible of us to minimize a
major potential threat, and rosette remains one of
our two priority arcas, The other is carly Izaf spot.
We direet a great deal of cffort into our search for
tolerance or resistance but, as is well known, the
world has vet toidentify ELS resistance that can be
exploited and that wiil withstand the very high infec-
tion pressures encountered in southern Africa,

Rao: Do vou have any information on the percen-
tage of viruliferous aphids at the beginning, middle,
and end of the season” Why does rosette occur errat-
ically? Are there anvareas in Malawi where rosette is
endemic and severe?

Bock: We have no information on the percentage of
viruliferous aphids because rosetre virus detection
technigues have not yet been developed. We do not
know why rosette oceurs sporadically, but are at
present directing research towards this problem.
There are no areas in Malawi where rosette is
endemic but there is one area, the Phalombe Plain,
where in epidemic years incidence is particularly
high. For this reason, the rosette-resistant variety
RG s officially recommended for the area. The
seasonal origins of rosette and factors determining
incidence are not known.
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The Role of Wild Species in the Improvement of the
Cultivated Groundnut (Arachis hypogaea L.)

R. W. Gibbons*

Abstract

The genus Arachis is native to South America, and ¢ nsists of 22 deseribed and possibly more than 40
undescribed species. Collections we maintained i Brazi!, the USA, and India. Many of the species
accessions have been sereened for useful characters. Immunity, or high levels of resistance, exist in the
genus (o rust, leaf spots, viruses, and seme insect pests. To utilize these species in breeding programs
o improve the cultivated groundnut, has necessitated much basic study on the eviogenetic
refationships of the species and the ciduvated groundnut. ICRISAT is curreatly using diploid species
of section Arachis, which are cross compatible with the tetraploid cultivated groundnut, 1o transfer
usetul genes through interspecitic hybridization by various routes. Currently stable, tetraploid,
interspecific hybrids witic resistance 1o rust and the late leaf spot are showing high vield potential.
Species i other sections of the genus that will not normally cross with the cultivated groundnut are
being exploited through hormone treatments and embryo-rescue techniques.

Sumario

A importincia de espécies selvagens no melhoramento do amendoim cultivado ( Arachis hypogaea
Lo O género Arachis & netivo da América do Sul, consistindo em 22 espocies deseritas ¢
possivelmente mais de 40 espécics ndo descritas. Colecgoes sio mantides no Brasil, EUA e India.
Muitay des espécies obtidas foram avaliaduy quanto a possiveis caracteres uteis. Neste género existe
imunidade o altos nivers de resisténcia a tervcgem, manchas toliares, vivoses ¢ alguny insectos. Para
autilizagao destay espécies nos programas de melhoramento do amendoim cultivade, foi necessario
muito extudo basico sobre ey relagies citogencticas dus cspécies selvagens ¢ do amendoin cultivado.
Currentemenie, o {CRISAT estd a wsar espécies diploides da seegdo Arachis, cufo cruzamento com o
tesraplonde amendoing cultivado ¢ compativel, para transferir genes titeis através de hibridagio
interespecifrea por diversos meios. 1libridos interespecificos tetraploides, currentemenie estaveis ¢
comresisténcia d ferrugem e snancha tardia estao a mostrar alto rendimento potencial. Lspecies de
outras seogoes deste génere e que ndo cruzam novmalmente com o amendoim cultivado, estdo sendo
exploradas através de téciicas de tratamentos hormonais ¢ de salvamento de embrices.

The cultivated groundnut, Arachis hypogaea 1., is
grown throughout the tropical and warm temperate
regions of the world. Commercial production is

lurgely within the imits 40 N and 40°S, and 67¢; of

the world's total tonnage is grown in the semi-and
tropics (SAT) by small-scale farmers of limited
means (Gibbons 1980). Average vields in the SAT

are low, around 800 kg ha!, and do not compare
well with the average vields of 2900 kg ha! from
developed countries. Constraints to groundnut pro-
ductior in the SAT include pests and discases,
unreliable rainfall patterns, and limited agronomic
inputs. Many of the SAT constraints also apply to
the developed world, but there farmers are able to

*Program Leader and Prancipal Pl Breeder, Groundnuat fmprovement Program. TCRISAT, Patancheru P.O. AP, 502 324, India.

Submitted a CP Noo 320 by the Internavonat Crops Research Institute for the Semi-Arid Trapies (ICRISAT).

ICRISAT (Internanonal Crops Research Tnstitute for the Semi-Arid Tropics). 1987, Proceedings of the Second Regional Groundnut
Warkshop for Southern Afoca, 10014 Feb 1986, Harare, Zimbabwe. Patancheru, A.P. 502 324, India; ICRISAT.
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overcome them by utihzing modern taming pract
ves and high-fevel mputs,

Orer the Last decade there has been mach interest
e VNG 1o Use geneh medans b OVerconic coe-
strarnts, particularly those caused by pests and dis-
cases (Gibhons TYS0) B somie eases the cultivated
groundnut has been found to be resistint to biotic
constraints, and so can be directiy vtilized by con-
ventional breeding procedures. One exanple s ress-
tance to groundnut rosette yvicus (GRV found
caltivated landraces occurrmg i the northern hvorn
Coasturea of West Atnea (Gitlier 1978 Commner
citth aeceprable rosctte-resistiunt cultnars have now
heen released in Senegai, Niperne, and Mugaw by
crossine the resistint permpliosm with b s ldig,
but susceptible, cuttivies, Tn other cases. onty niod
crate devels of resistance have been lecated mthe
pegacd penerool tosuch discises as late Leat spot,
cansed by Phacorsarcyasn personara (Rerk & Curt)
VAT Sonetmes, despire mtensit e sear hes, resis-
tance cannot betoundn the cultinated groundnut to
some posts and discases, cnd ths has prompred
rescirchers to sercen the avinlable wild species as

alternalive sotrees o usetul senes.

The Goenus Arachis

Plhosenus drodhinedn - 2020 40 - 01 natees 1o
Souwth Americs There are presently 22 deseribed
speciesomncluding U dnvpovaca and possibly 30 or
more undescribed species (Gregory etal 1980). Spe
cies zie cither annual or perennial, 3-4 foliodate, and
dinlewd or tetraptond Gregory etad (1980) deseribad
the himuts of distitbution ot the genus as cast of the
Andesosouth of the Amazon, and north ot Ta Plata,
Further explorations are sull needed 1o precisely
dedimit the exact distribution iones of individoal
species (Valls of all TUSS)

Circgory ctal (1980 ) assigned the species to seven
scetions based on therr morphaological characters-
osand cross compatibility. Specres withina section
vt pencrally hvbridize, bui hybiids hetween specres
ot ditterent sectons ere difticult to obtan and are
stetde (Nt ther 1980

Usefu} Characters of the
Wild Species
Several furge collections of Alrachis are now main-

tnned i India, Brazil, and the USAL In India, the
Internanional Crops Research Institute for the Semi-
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Arid Tropies (ICRISAT) maintains a collection of
wild species as part ol its world mandate to conserve
groundnut germplasm, Collections in Brazil are
maintained by the Centro Nacional de Recursos
Gendticos (CENARGENY and in the USA collec-
tons e conserved by fesies A&M Hniversity,
North Carolina State University, and by United
States Department ol Apicnite re tUS DAY seientisty
at Oklahoma Stite Unoversity (Vadls et al. 1985).
Besdes mauntanag the species and conducting
basic resvarch studies, scientists at all these institu-
tons are imvolved e evaluasting ther usefulness tor
genete amprevement prograns,

fungal Disease Resistance in
Arachis Species

Rust

Groundnut rust, caused by Puccinia arachidis Speyg.,
Ianimportant disease of groundnuts in many parts
ot the world. Yield losses of up to 506 have been
recorded and haulm vields are even more reduced
(Subrahmunyam and McDonald 1983), Resistance
has been recorded in o1 hepegaea, mainly from
Peruvian landraces, by various workers  Bromtield
and Cevano 1970, Cook 1972 Subrahmanyvam et il
TOR0L, 1IN2).

Phe resistunce i A v pogaca s of the “slow rust-
et vpe where tesistant genotvpes have increased
meubation petiods, decieased nfection hrequeney,
reduced pustule size and spore production, and
reduced  spare vty (Subrahmanyam et al,
T983a). Resistnee is governed by two ar muore reces-
sive genes (Nigam et al 19850).

Subrahmanvam et al. (1983b) screened 61 acees-
sions of wild species, representing five sections of the
penus at FOR IS AT ainder both g aad Labhoratory
condittons for thei reaction to rust. Most were
immune, sSixowere hivhly resistant, and two were
susceptible. Some of these results are shown in Fahle
ioand it interesting 1o note that several species
from section Arachis, which are cross-compatible
with the cultivated groundnut, are immune 1o rust,
Nare recent work by Singh et all (1984) indicated
that rustresistance in the wild species is governed by
dominant or partially desinant genes. Thus there
appears to be i possibility of combining different
genes from resistant cultivated and wild species into
one bhackground, to give more effective and stable
resistance,



Table 1. Reaction of some wild Arachis species to Puccinia arachidis,

USDA plant
introduction
number (P1)

Section, series,
and species

ICRISAT groundnut
accession
number (1CG)

Rust reaction

Sectton: Arachis
Series: Annuae

A batizocoi 298639
A duranensis 219823
ALspegazzini 262133

Series: Perennes

AL correntinu 33094
A stenosperma 38280
A, cardenesii 262141
A chacoense 276235
Aovillosa 210554

Section: Erectodes
Series: letratoliatae
AL apressipitat
AL paragueariensis}

Section: Iriseminale

A pusitly 338449

Seetion: Fxtranervosae
Aovillosadicarpa?

Section: Rhizomitosae
Series: Furhizomatosae

A hagenbeckin 338305
A glabrata 338261

8124 Immune
8123 Immune
R13K Immune
4934 Immune
8126 Highly resistant
8216 Immune
4983 Immune
8144 Imimune
8129 Immune
8130 fmmune
8111 Immune
8142 Immune
8922 Immune
8149 Immune

1 No PHnumber allocated because the source was not the USDA,

Source: Subrahmanyam et al. 1983

Leaf Spots

Leat spots. caused by Cercospora arachidicola Hori
and P personara (Berk, & Curt)) v Arx (formeriy
Cercosporidium  personarum [Berk & Curt ]
Deighton), are probably the most important fungal
diseases of groundnuts on a worldwide basis (Sub-
rahniaavam et al. 1950),

A number of AL Avpogaea germplasm accessions
hiave been tound to have resistance to either C. ara-
chidicola or P. personara i the USAL These were
reviewed by MeDonald et al. (1985), and are sum-

marized i Table 20 AUICRISAT, further sources of

resistance to P. persenata in the cultivated ground-
nut have been identitied (MceDonald et al. 1985y and
are listed in Table 3. These germplasm lines are also
resistant to rust. Resistince to the leat spots is reces-
sive and independently inlierited. Kornegav et al.
(1980) stated that resistance o leat spots was quantit-

atively inherited. Nevill (1982) showed that late leaf

spot resistance was governed by recessive alleles at
tive loci. There is some evidence of variation in
pathogenicity in the leaf spot fungi, but races have
not been clearly characterized. Some A. ypogaca
Ifnes, for example, reported to be resistant to early
leat’ spot in the USA, are susceptible tn Malawi
(McDonald 1985, Nigam and Bock 1985).

There have been a number of reports of very high
levels of resistance. or even immunity, to the leaf
spot fungi in the wild species. Gibbons and Bailey
{1967) reported that A, havenheckiiand A. glabrata
(section Rhizomarosae). and A. repens (section Cau-
lorhizae) did not develop any C. arachidicola symp-
toms under conditions of natvral infection in
Malawi. Abdou et al. (1974) screened 94 accessions
tor resistance to both leaf spots, and reported
immunity in sections Arachis, Frectoides, Rhizoma-
tosae, and Fxtranervosae, In section  rachis Abdou
et al. (1974) found A. cliacoense was highly resistant
to C. arachidicola but susceptible to P. personata,

35


http:trectoidt.es
http:1:\tIl.rt
http:all'n.it

Table 2. Some genatypes resistant to groundnut leaf spot
puathogens Cercospora arachidicola and Phovoisariopsis
personata in the t'SA,

Resistance to
P personuia

Resistance to
C arachidicola

Pl 109839 Pt 259747

Pl 162857 Pl 261893
Pl 259639 P11 262090
Pl 259679 PL 34879
Pl 25974 Pl 371521

Pl 261893
Pl 270806
Pl 306230

NC Ac 313y

Pl 350680
Pl 46825)
Pl 465253
Pl 405293
Pl 368295
Pl 475871
PI 476029
PI 476034
NC S

NC 3033
NC Ac 3139
NC 3139
Kanyoma

Saurce: MeDonald et al. 1985,

but in India Subrahmanyam et al, (1980b) found
small. non=sporulating lesions of both fungi on .
chacoense. Foster et al. (19%1) found two spectes of
section Arachis (4. chacoense and A, stenosperma)

were highly resisnt o C. arachidicola. Melouk and
Banks (1978) and Sharicf et al. (1978) reported no
leston development when A. chacoense was inocu-
lated with spores of C. arachidicola. Abdou et al,
(1974, Sharief et al. (1978). und Subrabhmanyam et
al. (1985a. by all reported A. cardenasii wias immune
10 £ personara. Nevill (1979). in Nigeria, found no
lesions of £ personata on A, stenosperma or A,
cardenasii (section Arachis). More recently Subrah-
manyam et al. (1985) evaluated 96 accessions of
Arachis species under labortory conditions for
their reactions to P personara. Small. non-
sporulating lesions formed on all accessions of sec-
tons  Frecroides,  Triseminalae, Extrancrvosoe,
Rhizomatosae, and Caulorhizae. Species in section
Arachis formed lesions 0.16 to | mm in diameter,
and non-sporulating lesions were found on 15 acces-
~ions. Defoliation due to 2. personata varied greatly
in section Arachis. Generally, detoliation was high
in this section except for a recently collected peren-
nial accession GKSSe 30093 (¢ defoliation) and A.
correnting (5€0 defoliation), In section Rhizomaio-
sae over 60 of the accessions tested showed no
defoliation at ull.

Although the wild species appear to be valvable
sources o resistance to the leal spots there apoearto
be some differences indisease reaction of the varicus
species. Subrahmanyan et al. (1985b) discussed a
number ol possible reasons for these discrepancics,
including possible variation in the pathogen: host,
pathogen, and environment interaction: preinoculu-
tion :nvironment; incorreet identification of. or
variation within the host species; and variation in
methods of evaluation and interpretation of results.

Table 3. Groundnut genotypes resistant to Phacoisariopsis personata available from ICR!'SAT in 1985,

Groundnut Botanical Country of
genotvpes ICG no.? type; variety origin
FC 70446 (292) 2716 fastigiara Uganda
USA 63 1527 fastiviata USA

Pl 259747 4747 JSastigiata Peru

P1 350680 6340 Jastigiata Honduras
NC Ac 17133-RF 7013 Jastigiata Peru

Pl 215696 7881 JSastigiata Peru

Pl 351879 7884 Jastiviata Peru

Pl 3851622 7885 fastigiata Peru

P 390595 7887 Jastigiata Peru

Pl 405132 7897 Jastigiata Peru

I Abo resistant to Puccin arachichs at ICRISAT,
2 ACRISAT Groundnut Accession number.,
Source: McDonald et al. 1985,

36


http:labot;.os

Virus Resistance in Arachis Species
Peanut Mottle Virus

Peanut mottle vitus (PMY) s 4 seedborne virus of
worldwide distribution, otten overlooked because of
the wild svmptoms produced. At TCRISAT sereen-
ing of the A Mmpopaes germplasm collection has
tocated accessions with tolerance to PMV and oth-
ery that do not transmit the virus through the seed
(TCRISAT [985).

Ihe wild species appear to be better sources of
resistance to PMV Demskr and Sowell (1981)
reported that six wild thizomatous species, probably
all accesstons of A glabrata, were not infected by
mechanical or aphid tnoculation, or in the fhield
under natural gh disease pressure. Fitty wild spe-
v accessiofnis were sereened ot TORISAT under
vrcenhouse condiitons using mechanical inoculation
techmyues (Subrahmanvam et all [9854), Al werc
infected except three species mosection Arachis (A,
cardenasit. A, chacocnse, and A correnting), and
one species i section Friseniinale (AL pusilla).

Atter repeated gratting of PMV antected scions
onto the wild species, accessions L chacoense and
Aopecille sl remained free trom omfection. They
did not et as symptomless carriers of the virus as
this was chicched by assavs ona known host, Phaseo-
lus vudgars tev Toperop), and by aserological tech-
nique known as the ensvme-linked immunosorbent
assav (FTISA)

Tomato Spotted Wilt Virus

Bud necrosis disease (BND) is 4 sericus problem in
India: it 1s cansed by tomato spotted wilt virus
(TSWV) and the vectors are species of thrips (Gha-
nekar 1980). The main vectoris Frankliniella selnade-
zei and the minor vecwor is Scirtothripy dorsalis

(Amin and Mohammad 1980). No known sources of

genetic resistance to the virus oceur in the cultivated
groundnut, although some Al pogaca cultivars
are less affected m the tield than others, and others
have resistance to the vector (JCRISAT [985).
Forty-two wild species accessions were sereened
at [TCRESAT far resistance to TSWV hy mechanicil
and Frankliniella schulizei inoculation. Oaly A,
chacoense remained free from intection by TSWV
after indexing on 2 vudgaris and by ELISA tests.
When a massive dose of the virus was introduce?
during grafting tests the virus could be detected in A,

chacoense. However A, chacoense always rematned
free from the disease under field conditions where
the discase incudence was high. Two other accessions
of the species, A correnting and A, cardenasii,
although infected by mechanical and thrips inocula-
tion, also showed no infection under field conditions
over several scasons, Uselul resistance genes may
therefore be present in the wild species, particularly
in o chacoense, 1o combine with less susceptible
and thrips-resistant accessions of . fvpogaea.

Peanut Stunt Virus

Peanut stunt virus ( PSV) has been reported trom the
USA and Herbertund Stalker (198 1) tested 90 accees-
sions of Arachis species for resistance by mechanical
and  graft inoculations, Forty-eight  accessions
representing four sections of the genuos were rated as
highly resistant, and this was also confirmed by field

tests,

Insect Resistance in Arachis Snecies
Thrips

Several species of thrips are pests of groundnuts, but
they are most important when they act as vectors of
TSWYV (see previous soction). At ICRISAT, Amin
(1985) studicd the tecundityand survival of 8. dorsa-
lisand Foschultzeion Arachisspecies and concluded
that most wild species were more resistant than cul-
tivars of 1 hvpogaea, Stalker and Campbell (1983)
sereened wild species against £ fisea and found 17
aceesstons were completely free from injury symp-
toms. They included A, harizocor and A. villosa
(section Arachisy, oA, pusilla (section Triseminale),
A paraguariensis (section Lrectoides), and A, rep-
ens (section Caulorhizae).

Aphids

Anun (1985) reported low tevels of fecundity and
survival of Aphis craccivora on wild species acces-
sions, in comparison to accessions of A. hypagaea
where the pest survivea and multiplied rapidly. Two
species in section Arachis (A. chacoense and A.
viflosa) and one in section Rhizomaiosae exhibited
high levels of resistance to A. craccivora.

37



Jassids

In view of the large number of A. hypogaed acees-
sions that exhibit resistance to Empoasca sp there is
little need to exploit the wild species unless it is
shown that different resistance mechanisms apply,
according to Amin (1985). Stalker and Campbell
(1983) did report, however, that 21 aecessions were
free from jassid injury when they sereened a collee-
tion of Arachis species accessions. Four aecessions
were from section rachus (A, cardenasii, A, dura-
nensis, L correnting, and A, vidlosa),

Lepidopterous Larvae

Lynch et al. (1981) evaluated 14 Arachiy species in
the USA for resistance to the armyworm, Spadaop-
lera frugiperda, by using a ‘host suttability index
(HALD'. A villosa (section Arachisyand A. burkartii
(section Rhiomatosae) were shown o be totally
unsuitable as hosts 1o S frugiperda because the
larvae did not show any development on them it all,
Other species had low host-saitability indices,

Stalker and Campbell (1983) also exposed Ara-
chiv collections 1o feeding tesis by Ileliothis zea
the USAC Most of the 53 accessions showed less
damage than the o, Ivppgaca cheek cultivar, IFori-
glant, On -t villosa, A. correnting, A, chdacoense,
and A sienospernra (all section Arachisy leal dant-
age ranged from (L5 to 167 compared to 37¢ in A.
hypogacea.

Other Traits

Smartt and Stalker ('982) in 4 review article,
considered that wild species mayv also be useful in
improving the protein and oi} composition of the
cultivated groundnut. This was based on prelimi-
nary studies by Cherry (1977) and Amaya et al,
(1977).

Statker (1985) reported that preliminary in esti-
gationy at Norta Caroling State Umversiy, USA,
indicate that high tevels of resistance vo Crlinedroclu-
diun crotalariae and Sclerotium rolfai may b pro-
sentin Arachis species. Banks ( 1969) and Castillo et
al. (1973) have also sereened wild species for resis-
tance to nematodes with some success. Indications
are thataccessions of the Rhizomarosue are possible
sources of resistance (o Meloidogyne haplu.

Very littie research has been conducted so far on
the potential wtilization of wild Arachiy species for
yield improvement in the cultivated groundnut, but
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recently Soumano (1986) has shown very high levels
oi" heterosis in 1,5 of crosses between tetraploid
interspeeific derivatives and . hypogaea cultivars,
Much more rescarch on these aspects is required.

Breeding Strategies for the
Utilization of Wild Species at
ICRISAT

A large number of wild species accessions have been
established in collections and evaluated for their
desirable traits. The pionecring work of Gregory and
Gregory (1979) on crossability made the utilization
ol wild species a distinct possibility. la 1978, ICRI-
SAT started an extensive program of interspec.fic
hybridization with the objective of transferring dis-
case and pest resistance to cultivated groundnut
(Singhetal 1980), Two strategies were adopted: one
to utilize resistant compatible diplotd species from
seetion crachis, and the other to try and utilize
species from the other sections ol the genus not
compatible with A. hpogaca.

Compatible Species

Studies on genome relationships in scetion Arachiy
have led to the identification of two genomes, Aand
B, in the diploid species, and there js evidence that
the cultivated groundnut is un amphiplowd (AABB)
mvolving these two genomes (Singh and Moss
1982). These studies have ted to the identification of
appropriate routes for the introgression of useful
genes from section AArachix diploids (Stngh 1985).
Eightdiploid species from section A rachis have been
used inthe ICRISAT program, along witha range of
culttvars representing, the botanical groups of A,
hypogaea (Singh 2.d Moss 1982, 1984). Many of
these species have resistance to leaf Spots or rust.

1. Introgression through
Amphiploids (Hexaploids)

This has been the most common method used by
many workers (Singh 1985), Wild diploids are
crossed with cultivated tetraploids, and the triploid
hybrid, which is usually sterile. is solchicine treated
to produce fenile nexaploids. These hexaploids are
backcrossed several times to cultivat. d groundnuts
and sclectic n pressurcis applied for the desired char-
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acters. At ICRISAT the characters selected are dis-
ease resistance and agronomically desirable traits
such as high yield and commercially acceptable pod
and seed characters. Many stable tetraploid lines
have now been developed with late leal spot or rust
resistance, or with resistance to both pathogens.
Several of these interspecific derivatives are now in
the varietal testing system of the All India Coordi-
nated Research Project on Oilseeds (AICORPO),
AUICRISAT Center pod vields of these derivatives
often cxceed 3500 kg ha !, and because ol their
resistance to foliar diseases haulm vields can exceed
6500 kg ha't (Moss 1985),

2. Introgression through Triploids

Normally triploids, resulting from crosses between
diploid species and cultivated tetraploid, have been
sterile, AUICRISAT some fertility in these triploids
was found across all combinations produced. Cyto-
logical analyses of triploids revealed interspecific

and intergenomic pairing between chromosomes of

wild and cultivited species. Singh (1985) suspects
that environmental couditions play a major role in
determining fertility in triploids by the production of
restitution nuelei and unreduced gametes. which
oceur due to the production of haploid ta hvperdi-
ploid gametes following spindle breakdown. I'ri-
ploids  produced and maintained  at Reading
University were steride. but cuttings from these
plants established at TCRISAT consistently pro-
duced viable seed. Singh (1985) observed that many
triploid progenies have fewer chromosomes than
hexaploids, and some are tetraploid, which has
reduced the number of hackerosses needed for the
prodaction of tetraploid derivatives at [CRISAT.

3. Introgression through
Amphipleids (Tetraploids)

Singh and Moss (1984) suggested that the maximum
genetic exchange between chromosomes of wild and
cultivited species can be achieved when two wild
diploid species. with AA and BB genomes, are
crossed, the chromosomme number doubled, and
the resultant AABB amphiploid crossed with the
cultivated groundnut to produce a fertile hybrid.
Singh (1985) reports that this method has been effec-
tive for transferring rust resistance from wild
diploids to A. Ihpogaea.

4. Introgression through
Autotetraploids

Another system is to deable the chromosomes of
wild diploids and <ioss the resulting autotetraploids
with A. Jrejs0gaea. Singh (1985) found differences in
pollen and pod fertility between the autotetraploids
of section AArachis. Crossabilities between A. hypo-
gaea and the autotetraploids of section Arachis do
not differ, but the fertility of the resulting first gener-
ation hybrids does differ. Autotetraploids have been
backerossed to . hypogaca and some have pro-
duced A. hivpogaea-like tetraploids within two hack-
cross generations.,

Incompatible Species

Most of the wild species outside section Arachis are
not cross-compatible with the cultivated grovadnut,
and many of the seetions of the genus are isolated
from cach other. However, many of the species have
destrable traits unavailable in section Arachis. Sec-
tion Rhizomatosae is known to have resistance or
immunity 1o viruses, nematodes, and other pests
(Subrahmanyvametal. 19852, Amin 1985). Mallikar-
juna and Sastri (1985a, 1985b) have reviewed and
investigated the reasons for incompatibility and
have devised methods to try and overcome them,
mctuding hormone treatments and culturing of
ovules and embryos. Very promising initial results
have been obtained from crosses of section Rhizo-
matosae and cultivated groundnuts using these tech-
niques. This indicates the possibility of utilizing
genes from other species in the improvement of A.
hypogaea in the not too distant future.

Future Research

In india ICRISAT will intensify research on con-
straints other than rust or late leaf spot. The screen-
ing for other constraints is well underway and the
techniques already being applied for the foliar dis-
cases will be utilized or adapted as required. Breed-
ing for insect pest and virus resistance are
high-priority research areas. There will be more
emphasis on the utilization of wide crosses and
embryo rescue technigues in order to tap useful
genes from other sections of the genus.

In Africa more rescarch is planned on finding and
utilizing resistance to the early leaf spot (C. arachi-
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dicola). Wild species from section Arachis will be
initially screened in Maluwi, as variation in the path-
ogen may prevent the research being done i India.
Also, because the predominant leaf spot pathogen in
India is 2. personata, ticld screening tor C. arachi-
dicola resistance becomes difticult. Theretore the
ICRISAY cytogencticists will cooperate with the
TCRISAT Malawi stat? and screen species for resis-
tance in Africa. Using the appropriate evtogenetic
techniques and rovtes, selection pressure for ¢ ara-
chidicola resistance will be applied in Alrica on
progenies developed there.
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Discussion on the Role of Wild Species
in Groundnut Improvement

Nigam: My comment refers to tolerance to carly
leaf spot referred to by Cole. We have lines in
the [CRISAT Cooperative Regional Yield Trial
(ICGMS 30 is a good example) that retzin more
fohage fora longer time than control varicties. Onset
of disease and subsequent development is slower by
2 weeks, and. tnsome lines, this character seems to
be associated with lgh vield My question to Gib-
bons is. do we have any information on length of
hypocotyl of catenate types as this character might
be an impaortant survival mechanism,

Gibhons: No definite information is availoble, but
in view of the fength of peg in some ot the wild
spectes, | think it s,

Hildebrand: 1 have recarded hypocotyls as long as
35 emon sonie cultivated tvpes atter deep burial of
the seed.

Rao: How far have we gone with hreeding to
develop culivars with multiple resistance to major
pests and diseases!

Gibbons: We have gone some wav towards this
objective. We have breeding lines with combined
resistance to rust, ate leat spot, mid-season drought,
and some insect pests. Cultivated germplasm and
wild species have been found with multiple resis-
tance but otten they are in a low-vield potential
background. How manyv of these resistances can
be transterred simultancously into a high-vielding
background is not vet known. In tuture I think that
at least we can incorporate i few resistances to major
constraints into one cultivar suitable for specific
environments.

Syamasonta: When wild species are crossed with
cultivated groundnut there is a high possibility of
getting sterile seeds in the ¥, How do vou overcome
this problem?

Gibbans: At fresent with incompatible’ crosses we
use hormone treatments at hybridization and then
use embryo rescue technigues and grow them in
Vitro on satable media.

Syamasonta: Are induced mutations used on wild
species at TORISAT Center? What are the results?

Gibbons: We have not used induced mutations in
our wild species work. In future we will have a
radiation source and will use irradiated pollen. In
general, mutation breeding inculuvated groundnuts
has not been very suceessful. 1 think we can generate
enough variability from wide crosses by conven-
tional means.

Reuben: Are vou emploving the embryo-culture
technique to rescue the embivo where there are
problems of abortion due to incompatibility?

Gibhons: Yes, we are doing a great deal on thatand
anvone interested in further details should ask the
Regional Program, Malawi, for the recent 1CRI-
SAT publication, “Cyvtogenetics of Arachis .

Cole: Why do vou think Cercospora arachidicola
resistant lines have variable performance in different
growing regions of the world?

Gibbons: Possibly strains, or mixtures of strains,
are coupled with environmental effects.
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Recent Developments in Greundnut improvement
in Zambia

R. S. Sandhu, B. Syamasonta, and Edith Simvula*

Abstract

Growndnuts in Zambic are grown traditionally by small-sc .. farmers. Total groundnui production in
the country has increased from 9372 10 Y952 10 14517 1in 1985, wiile the officially marketed
produc tion declined from 2739 1in 1979 10 1156 ¢ in 19854, indicating demand outstripping supply.

The Iwoad goals und specitic objectives of the groundnut program are stated and zonal necds
tdentificd. A short-season spaitish 1vpe has beea released and another is ready for release. A few long-
season ntroductions selections are under advanced tosiing and aline suitable for vallev conditions
tdentitied.

Sumario

Recentes avangos no methoramento do amendoim na Zambia. Na Zambia o amendoim ¢
tradicionalmente cultivadu por pequenoys agricultores. A produgao total de amendoim no pais
awmenton de Y3720 em 1982 para 14.517 tem 1985, enquanto que a produgdo oficialmenie
comercializada reduziv de 2.739 1em 1979 para 1156 tem 1984 indicando que a procura excede a
afertd.

Os ohjectivos gerais ¢ especificos do prosama de amendoin sdo apresentados ¢ ay necessidades de
cada zona identiticadas. Ui variedade de cicle curto, do tipe Spanish, foi autorizada para
disiriburcao ¢ outra estd pronta para ser distribuida. Algumias introdugoes selecgoes de ciclo longo
estao sendo submendas atestes avancados ¢ uma linha adaprada para condigoes de vale foi

tdeniiticada

Groundnuts are traditonally grown by small-scale
farmers in Zambia. Both long- and short-season
groundnui types contribute to production. The
long-season virginia types, which mature in 140 to
170 days, are grown in medium and high raintull
areas (900-1525 mm), mainly in the Eastern and
Central Provinces. accounting for about 90¢; of the
total groundnut crop. The short-season spanish
types, maturing in 10 to 120 davs are restricted to
the low-raintall regrons (below 900 mm) of the south
and west, producing about 10¢; of the crop.

The total national groundnut production
rccorded a significant increase from9372 tin 1982 to

14517 tin 1985. The marketed production through
official channels during the same period declined, as
most of the groundnut crop is sold through the more
lucrative informal market.

Although information on the number of farmers
engaged in groundnut production at the national
level is not avaiiable, in the Eastern Province the
number increased from 20 187 in 1981 to 39840 in
1984. Since 1983 the area under groundnuts has
stabilized at over 30000 ha. Yields have averaged
480 kg ha'' though this was lower during the
1983, 84 season, due to drought.

Confectionery nuts make up the bulk of produc-

*FAO Groundnut Breeder, Groundnut Breeder, and Technical Oftficer, Msekera Regional Research Station, P.O. Box 510089, Chipata,

Zambia

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987, Proceedings of the 3econd Regional Groundnut
Workshop tor Southern Afnica, 1014 Feb 1986, Harare, Zimbabwe Patancheru, A.P. 502 324, Iadia: ICRISAT.
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tion and consumption in the country. The Fastern
Province alone produces and markets 75-90¢; ot
ofictally marketed groundnuts, whick are abh ~7the
coafectionery type, OF Late, however, domestic con-
sumpuon has taken an incteasing share of produc-
ton, leaving httle or none tor export.

Pricing policy hias vaned over the vears, retlecting
coneern tor encouraging production ot confection-
crvtuts on one hand and torsumudating production
to meet domestic ol needs on the other, More
recently . price support nas beer mamtained ata level
o sintain producer conbidence. Since 1981, there
s been more than @ three-told mcrease i prices.

Avreview of research work carnied out in Zambia
prior to 1981 was presented at the First Regronal
Workshop on Groundnot Research and Improve-
ment i Southern Africa tSandhu ctal, 1984), Work
done subsequently s briety discussed in this paper.

Varietal Improvement Program

Fhe broad goal of the groundnnt improvement pro-
pram s to pradace high-vielding stable groundnut
vartictes that are adapted to the needs of small-seale
tarmers across the virious .s_mm'lmmlu‘ sunes, ol
Zambia, The specitie zonal condittons identinied iare;

I the major pronndng 1wm1'1u}1y dreas of the
Fastern and © coteal Placan recenimg medium
ramntall (Vg topes);

20 Lght teatured ~oils of the southern and western
TCELONS TCCCIVING scallty radas within a ~hort-
growmng period (spansh tyvpesy

3 Acid teached souds i the high raimtall aieis of the
north and north-west ("pops™-tolerant virginia
tyvpes)oand

4. Valley areas having typieally high temperatures
and 0 comparatively shorter season (early-
MAatunng Ve Bpes).

Lhe specttic objectives ot the breeding program are:

I To develop high-vielding proundnut varietics

with acceptable hernel qualities:

2o Todevelop carly-matunimg varieties to st spe-
cific agroecolomeal conditions:
3. Fodevetop vaneties thature resistant tolerant to

magor discises (leaf wpots, rust, and roseite),
drought, and "popy",

4. To undertake germplasm collectnon and evalua-
ton; and
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5. To assist the seed ageney in the production and
multiplicetion of approved groundnut varieties.

Variety Testing

In view of the importance of Jong-season confection-
cry nutsan the country, mgh-priority has been given
to inding i suttable improvement on the presently
prown large-seeded variety, Chalimbana. This vari-
ety lacks high-vield potential, has non-unitorm
pods. and 1y suseeptible to leal spots, rust, and
“pops™ condition. A few selected lines from tra-
ditionally-prown focal kindraces and some promis-
ing troductions were tested  in advanced
groundnut sanety trals across three environments
during the past two scasons, The results are pres-
ented an Lable |

Although most of tiie selected lines recorded mar-
ginal increases over the vield of Chalimbana (1196
kg ha 9 only one entry. M3 excelled by signifi-
cant margins of 2400 at Masumba and 43¢ a1 Msek-
eri. Sigmificant location < vear interaction was
indicated at the tird site at Mutubiva, Fotry M 13 s
characterized by being a week carlier in maturity
than the control varety and gives better shelling
{70-7377). but has smalicr kernel size (124-142 ker-
nels 100 ¢ ). The predominantly three-seeded local
selection MGS 1 gave inferior vields, The entry M 13
needs i vear or more of testing betore it could be
considered for release. The trial has been repeated at
tour sites during the 1985 86 season.

Phe oil-vielding, long-season variety: Makulu
Red, although potentially a high-yielder, has never
been popular as a souree of tood proteinin Zambian
dict due toan unattractive kernel flavor, testa color,
and seed appearance. Ttis also highly susceptible to
“popsT condition on acid-leached soils in high rain-
fall arcas. To replace this variety, a few releases and
tixed Hines trom Zimbabwe along with some promis-
g accessions, were evaluated in advanced variety
trials across four environments tor the past two
seasons. Lhe results are sumnianzed in Table 2.

Phree entries, da 8 20 Apollo, and Egret, re-
corded nonsigmticant mean vield increases of 2 to
St over that produced by variety Makulu Red (1485
ke ha ') Stbotthem have superior nernel character-
inties. Botiv Copperbelt Runner ("pops™ tolerant)
and Robut 33-1 (early-matuning) vielded poorlyand
were highly suseepuble to lead spots. A significant
vanety ~ location interaction was obtained. The
larger-seeded entry. a8 2, was firstin vield at both
Msekera and  Chisamba. Early-maturing Sigaro
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Tuble 1. Yield data, Advanced Groundnut Variety Trinl (Jong-season confectionery), Zambia, 1983/54 and 1984/85.

Variety * location

Kernel vield (kg ha 1)

Viniety = Year
o L Varnety
JUR3 K4 1YR4 HS

Variety Michera Mistmbi Mutuhra mean
MO13 1622 1991 e 1374 1509 1442
Ch R 178 139 1730 [ RN 1 300
Ch 148 80 PHY [ o | 10 | 393 1 287
Ch 147 80 1220 [T RRS I [RRIY] | 262
Ch 21 S0 1261 (IR K6 1152 (IR 1207
Ch &2 174 1170 1o 822 (BRI IR 1207
Chalimbana (O) 1134 1 606 RS0 1 169 1223 1 196
MGS | 11158 1471 708 1032 1ot 1097
Grtnd Mean 1244 | 667 818 I181 131¥ 1251
Sk 189.16 72 80 +51.47
OV - - 10.23

Fable 2. Yield data, Advanced Groundnut Variety Trinl (long-season), Zambia, 1943/84 and 1984/85.,

Kerael vield (hg ha 1)

Varets < lociation

Variety = Year .
IS Variety

Vanety Machern Masumba Chisamba - Mululira 1983 R4 1984 - 8S medn
Igret 20492 2081 1270 802 1293 1815 1554
Apoiln 2002 1919 1 245 K¢ 1290 1735 [513
da K2 2178 1781 1304 774 1199 I 818 1 508
Makulu Red (C) 215 1875 1150 758 1 166 1 803 1485
Sigaro Pink (35) 1942 2170 1126 642 1247 1693 1470
Mahulu Pink 2070 1 892 1220 093 1296 1642 1469
Copperbelt Runner 1215 1693 963 640) 994 1262 1128
Robut 13-} 1265 1634 896 491 i127 1016 1071
Grand mean 1872 1 879 1146 700 1201 1 598 1400
Sk 289 16 16710 147 45
v - - 9.59
Pink (35) excelled i the Luangwa Valley at petiod is short. It matures in about 110 days but is

Masumba recording 1677 higher vield (sigmificant at
0.05) than the control variety. The varety = vear
interaction was also signibicant, During 1983 84 (i
drought vear) vields were generally depressed except
in the entry Robut 23-1 due toats sery carly matur-
itv. Since varieties Faratand Apallo(Zimbabwe)are
botn protected by Breeders Rights, the case for
release of the other two entries, a8 2 and Sigaro
Pink (33), will be considered attera year or more of
further testung.

[ he shorteseason spanish bunch variety, Natal
Common. s grown in the heht-textured soils ot the
Southern and Western Provinees where the growing

highly susceptible -+ teaf spots and b ss nondormant,
flat-caded small kernels. To identify & suitable
replacement, a series of advanced variety trials were
conducted at tour sites for the past three seasons.
I'he trial entries included some introductions with
farger kernels. The results are given in Table 3
I'wo entries, Cometand Tifspan, bothfrom USA,
recorded significant mean vield increases of 9 and
1007 respectively over that of the variety Natal Com-
mon (849 kg ha 1) All entries with larger seed size
were inferior in vield. Based on resulis obtained
trom trials conducted carlier, the highest-vielding

entry, Comc  which had round-ended seeds, was
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Table 3. Yield data, Advanced Groundnut Varie

ty Trial (short-season), Zambia, 1982/83-1984/85.

Vartety

Tifspan

Comet

Nata! Common ()
Sellie

Jacana

Plover

636 73

Grand mean
SE
[GA N

Mapoye

[297
1253
12
1237
Py
Fi22
1213

1213

Kernel yield (hg ha')

Variety = Jocation \ariety = vear .
..... T A T e Variely
Maochipapa Siatwinda  Kaoma 1982 53 1983 K4 JGK4 K5 Mean
hRE] 699 920 836 1075 893 PRI
891 708 8O3 LR 1094 bRt 92y
06U 670 YN 094 1040 801 849
740 593 K135 6044 1083 793 K47
732 S84 803 645 963 819 809
706 576 785 (8] 1018 761 797
703 SK2 684 O8Y 953 744 A
767 634 821 7258 1043 807 RSN
t54.15 146,90 22708
- 10.92

refeased in Ocroher, 1954,

while Litspan is also

urder consideration foy releise.

Ihe trial with some

additions and deletions 18 bemy grown gt five sites

this svason (19SS 560),

A}

PWao sears of testimge at two sites CMsekera and

Chisiemba) o1 L4 [ongseason entries from the ICR]-

SAT Regonal Groundnug P

ropram for Southern

Alriea, Lilongwe (Table <), has indicated that two
entries, FCGMS 36 and ICGMS 42, gave only margi-
mel increases (up to 24} over the vield of Makulu
Red control, even though significant increases of
207 and 50¢;, respectivedy, were recorded against
the vield of the Chalimbanag control. Both entries
recorded hivher~shelling pereentage and Lirger ker-

Fable 4. Yield data, ICRISAT Southern Africa Re

gional Groundnut Variety Trial (tong-season), Zamiia, 1983/84 and

1984/85,
Kernel vield (he ha 1)
Variety = Jocation ariety = vear .
B A S e Variety

Variety Msekera Chisamba 1983 84 1984 85 mean
1CGMS 3o 1827 1268 1248 1 847 I 547
ICGMS 92 1773 1274 1307 1740 1523
Mikulu Red (C) 1 89y 113y 1091 1 946 RIS
ICGMS 347 1554 1036 I 188 1403 1295
1CGMS 93 1313 1187 1126 1374 1250
ICGMS 35 1368 1 1179 1299 1239
1CGMS a8 1350 1097 1071 1376 1223
JCGMS 45 1501 92§ 958 1468 1213
TCGMS 38 1272 136 964 1 444 1204
[CGMS 39 1367 1035 1104 1298 120!
Chidimbana (C) 1351 Ok 9319 1098 1018
ICGMS 37 950 914 817 1046 932
ICGMS 44 977 843 823 996 910
ICGMS 46 910 886 778 1018 898
ICGMS 4 1039 741 715 1066 890
ICGMS 40 770 894 674 990 832

Grand mean 1326 1010 999 1338 1168

SE £133.35 +133.2§ 19429

CV (7)) - - 16.14
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nel size than Makuolu Red. The trzal has been Groundnut Program for Southern Africa conducted

repeated at the two locations dunng the current at twa sites for the past two seasons (Table 5), one
SCHS O entry, 1CGMS 11, exceeded the vield of control

P second senes ot thals comprising 34 short- vaticties Natal Common and Comet by significant
sensonentres  from the TCRISAT Regional margins of 24.7 und 18177, respectively. Two more

Tuble S, Yield data, TCRISAT Southern Africn Regional Groundnut Variety I'rinl {short-season), Zambin, 1983/84 and
1984/K5,

Kernelb vield (g ha )
Vianety « tocation Vanety = vear

T e R Variety

Ve Mschera Mupove 1Yx3 Rd 19R4. RS mean
[CGMS T 2848 1801 2008 2340 2175
[CGMS S RN 1541 1974 2129 2051
1CGMS 2 2413 1 664 1959 2123 2041
TCGMS 1h 2200 1632 | 867 2031 1949
1CGNS 12 2098 | 552 1692 21587 1925
1CGMS 21 1954 I R32 [ 9K6 1 KO0 1893
[CGNMS 22 2083 1 6K3 1 840 1926 | K¥3
TCGMS 27 REETS 1 609 1952 1 805 1878
[CGMS 0 213X | 566 1 759 1945 | 852
HCGMS 17 2197 1 504 1814 1 R¥7 1850
Comet (C) 2087 1 594 1830 1855 | 842
[CGMS 3o 2425 I 256 1799 I §82 1841
1CGMS 20 2181 I 40K 1747 1932 (R
1CGMS Y 21X 1420 1879 1733 1 802
HOGMS 22 2109 1437 173 [ R 1783
ICGMS 7 211 1 401 1 654 1 87% 1 766
1CGNMS Y 1979 1 50y 1682 | 806 1744
Nata! Conunon () 2089 1299 1 649 1839 1741
[CGMS X 21329 1151 1466 2014 1740
ICGMS 26 1917 1 4%0 I 768 1650 1709
TCGMS 3 2030 [ 37 1639 1778 1 708
[CGNMS 1 I XST 1550 1760 [ 642 1701
TCGMS 3 2145 1 254 1610 1 788 1699
[CGMS 13 1 893 1489 1742 [ 640 1691
1CGMS 3 [ K53 1511 1794 1570 1 682
1CGMS A | K58 1 4K3 1850 1491 1670
1CGMS 3 1957 1372 1371 1958 [ 664
ICGMS 28 1997 1327 1654 1671 1662
HCGMS 4 2030 ti91 1416 1814 1615
1CGAS | 1923 1294 | 606 1611 1 608
[CGMS 6 1753 1447 1475 1725 1600
TCGAMS 24 1722 1365 1312 1775 | 544
TCGMS 28 | K0} 1274 1435 1639 1537
TCGMS v 1731 131y 1775 1274 1524
1ICGMS 6 1 866 1177 1494 1 549 1521
ICGMS K 1966 922 1264 1824 1444

Grand Mean 2066 | 4dd 1701 1 80Y 1755

SE +156.25 +156.25 t110.48

[\ - - 12.58
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entries, ICGMS 21 gave the best vield at Magoye.
Seed size i both ICGMS 11 and ICGMS 5 is larger
than that of the control varicties. The trial has been
repeated during the current season at Magoye
although Msekera has been replaced by Masumba,
which is & more representative site.

Hybridization and Selection

As a long-term measure, planned crosses have been
made since 1982 10 develop groundnut genotypes
with high yield potential, acceptable pod and kernel
characteristies. and resistance to important diseases,
About 156 combinations have been attempted so
far. From among the 21 cross bulks received from
ICRISAT Center, India, and TCRISAT Regional
Groundnut Program, Malawi, 61 promising selected
lines have been entered in preliminary vield evalua-
tion trials during the 1985 86 scason. Single-seed
descent methods of selection (Brim 1966) have been
followed. Seeds of 60 7 to F, population bulks Lave
also been grown for advancement of generation

priot to selection.

Germplasm

More than 1000 accessions collected froin local and
exotic sources have heen maintained in observation
rows at Msekera and evaluated across scasons in
respect of important plant and seed characteristics,
and reaction to discases. The germplasm has been
serving as a uszful source of donor genes for the
breeding program. A few high-vielding genotypes
have heen found o be of direct use. It is intended to
broaden the genctic base throagh further acquisition
of elite materais trom pertinent regions of the

worid.
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Recent Developments in Groundnut Pathology
Research in Zambia

J. Kannaivan, R. S. Sandhu, and C. H. Haciwa*

Abstract

Leaf spots. a major comstraind limiiimg growndmd production, are grven top priority in resistance
sereening and chenticad controd 4 teaf-spot tolevant and rusi-resistant aceession, 1CG 7888, was
identiied and iy being wsed inthe breeding program. As a short-ternr control measure for leaf-spot and
rust, an cconomically siitable funeicide, Labiliee « thiophanatemethvl 2070 ¢ neanedh 3070 ), 18 being
reconmended. Rosudts of rescarch on rust. rosetee. aflaroot amd aflatoxin are also discussed.

Growndngt is an important cashe and jood crop grown raditionally by simall-seale furmers in
Jambia. Discaves are anajor constraing (o production. Fortunately most of the diseases are of minor
importance and occr sporadicallv Leaf spots. rust, rosette, aflaroot, and aflatoxin are of some
cooroniic value in Zambia. The grounanat pathology work carvied out during the (983/8 11984183
seasons o leaf spots and rust resistance sercening and thelr chemical contvol arve bricfly discussed in
thix paper, witl some aspocts of other potentially imporiant diseases.

Sumario

Recentes avangos na investigagio da patologia do amendoim na Zambia. Nos restes para a detecyao
de resisténdia o controleo quintico, primeira prioridade foi dada ax manchas foliares, wna dus maiores
limitantes na produgdo de amendonn. Ui aquisigao tolerante as manchas foliares e resistente a

Jerrugent, TG TNSS foi identificada o esta a ser wtilizada no pragramea de methoramenta. A curto
prazo e como medida de controlo das manclias [ofiares o da fereagem, wn fungicida cconomicamente
adaptade, Labdiee thioplanatemettdd 200 3 maneh 30705 esta a ser recomendado. Os resultados
da mvestivagao solve torraeemt, roscta, aflaroot o atlatoxing sao tanthém discutidos.

O amendoinn < i importaite cultura comercied ¢ almmentar tradicionalmente: cudtivada na
Zanibic por peguenos asvcnliores. Docncas sao o maior limitante: para o sua produgdo.
ortunadamentc rande pavie das docngas sao de menor importancia, ocorrendo esporadicaniente.
Manchas tolires terrueem, rosera, aflavoon e affatoving tént algam valor cconomico na Zambia. Ay
actividades sobve g patalogia do amendomm realizadas durante os anos de 1983 N4 e [W84 85, no
rospeitante a tesios dewdentificagao de resisténcia ax manchas foliares ¢ a terrugem, benr como o seu
controlo quinico o brevemente discutidos neste artivo, incluindo-se alguns aspectos de outras

doengas potenciabriente importantes.

*Grann Legume Pathologist, FAO Groundnut Breeder, and Counterpart Pathologist, respectively, Msekera Regional Research Station, P.O.
Box 310089, Chipata, Zumbia

ICRISAT (International Crops Research fustitute for the Semi-And Tropes), 1987, Proceedings of the Second Regional Groundnut
Waorkshop tor Southern Afnca, 100 14 Feb 1956, Harare, Zambabwe. Patancheru, AP S02 324, India: TCRISAT.
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Table 1. Reaction of groundnut entries in different trials to leaf-

spot infection, Msekera, Zsmbia, 1983/84 and 1983/85.

1983 &4
i High
Highhy Sus-
No. of resis- Resn- loke- RUE cepti- No. of
entries ini tient rant bility bility entrices
Groundnut trial screened () (2-3) (4-5) (6= {X-9) screencd
Advarnced Variety Trial 8 b} 0 0 6 2 1
Advanced Variety Trial 9 0 0 0 U 2 L
Advanced Variety Trial 8 0 0 0 0 ¥ 11
ICRISAT Regional Variety Trial | 16 0 0 0 5 3 16
ICRISAT Regional Variety Trial 2 3 0 0 0 0 36 36
Prelim. Yieid Eval. Trial | 18 g 0 G 10 8 49
Prelim. Yield Eval. Trial 2 23 0 0 0 4 19 25
Prelin. Yield Eval. Trial 3 25 0 0 0 0 25 25
Prelim. Yield Eval. Trial 4 36 0 0 0 18 18 -
Prelim. Yicid Eval. Trial § 30 0 0 0 2 28 -
Prelim. Yield Eval. Trial 6 18 0 0 0 1 17 -
Prelim. Yield Eval. Tral 7 12 0 0 0 2 10 -
Elite Sirains Trial 1 24 G 0 0 14 10 -
Elite Strains Trial 2 32 0 0 0 3 29 -
‘Pops’ Tolerant Variety Trial - - - - - - 50
Foliar Disease Nursery:
Preliminary 58 0 0 2 30 26 52
Advanced - - - - - - 46
Groundnut Germplasm:
Alternate 658 . 0 18 447 193 342
Sequential 188 0 ! 19 14 154 216
Total 1189 0 1 39 559 590 890

485
fow High
Highiv Sus- sus-
resis- Resis- Tole- cepti- cepti-
tant tant rant bility bility
(1) (2-3) (4-5) (6-7} (8-G)
0 0 0 0 11
0 0 0 1 10
0 0 0 2 9
0 0 0 i 15
o 0 0 0 36
0 0 0 13 36
0 0 0 2 23
0 0 0 1 24
0 2 48
0 0 0 13 39
0 0 0 13 33
0 0 1 11 230
0 0 0 22 194
0 0 ! 181 708

L. 9-point disease scale (! = highly resistant, 2-3 = resistant, 4-

S = tolerant, 6-7 = moderately susceptible, and 8-9 = highly susceptible).




Foliar Discases

Early leat spot (Cercospora arechidicola Heriy and
late leat spot( Plhacoisariopsts personatayare the two
most scrious diseases of groundnut i Zambia, Of
the two, early leat spot is more devastating to the
crop. Yield losses are generally substantiad when the
crop is infected by hoth leaf spots. More emphitsis 1
therefore given to leaf-spot resistanve sereening and
chemical control. In hoth seasons groundnut entoes
plinted 1 breeding. permplasm, and tolur discase
nurseries at Msekera Regonal Research Station
were seieened tor leat=spot resistiance using i 9-point
disease scale, Based on discitse sevents, enties were
grouped into ghly resistapr (D, resistant (2-7), ol
erant (4-5), moderately susceptible (6-7), and highly
stisceptible (8-9). The results of leibspot sereening
are presented in lable 1

Ot the TS wroundnut entries screened
1983 84, anlyv one sequential accesson wis tounda te
be resistant o leat spots A number of eatspot
tolerant (393 and muoderately sasceptible entres
(559) were abso adeatinied Feal-spot severiy was
reltively higher n 198485 than an the previous
season. Because of this, many promiwing ¢ntries
JBrowed more disease in T8 83001 890 entries

sereened. vl one alternzic aceession wis foird to

be tolerant to the discase and 181 showed moderate
susceptibility.

Rust (Puccinia arachidis) occurs oceasionally in
Zambia, There wis @ very severe outbreak of rust
disease during the 1983784 seasonat Msekeraand in
many fremers” tields in the Eastern Provinee. Since
the disease appeared in March 1984, many short-
eitsen cultivars escaped severe infection, However,
long-season  groundnut entries were severely
affected by the disease. Breeding material, germ-
plasm, and foliar discase sarsery entries were
screened on a Y-point discase scale. Fhe results are
summarized in Table 2.

Based on rust severity the entries were grouped
into highly resistant (1), resistant (2-3), tolerant (4-
Siooand susceptible (6-9), Ot the 66 entries
cereened. only T were tound to be highly resistant,
L hese wore PLIR0680, PLIREIT ICGMS 30, 1CG
TS8R TRER. THAY, T8I0, TR93 T894, TEYS, and 7896,
All these entries were alvo found reststant to rust at
FCRISA T, India (Subrahmanvam and Mce2onald
1983, In addition, a number of rust-resistant (158)
and tolerant (129) entries were identified (Kan
naivan and Sandhu 1985).

Promising entries in regard 1o feat-spot resistance
wdentitied in breeding matenal and gerneplasm were
tested with the TCRISAT entries between suscepti-

Table 2. Reuction of groundnut entries in differeat trials to rost infection, MEes. ma, Zambin, 1983/84.

lotal iighly

Il entries resistant Resistint lolerant Susceptible
Advanced Vanew Tnal § 0 0 4] 8
Advanced Vaners Toal 2 9 0 0 0 9
Advanced Varnews Toal 3 8 0 0 0 8
TCRISAT Regronal Varewy ol | 2 16 0 7 7
TCRIY AT Remons! Vanety Trial 2 0 36 1 34 !
Prelim Yeeld Faall T 1% 0 0 0 8
Pretim Yaeld Baall inad 2 23 0 0 0 23
Prelim. Yied Faal Tral d 25 0 0 0 25
Peelim. Yield Fyall Toal 4 26 0 0 0 20
Yield Fyal Trwl s 30 0 0 0 30
Prehim Yoeld Taal dnabh 18 0 0 0 18
Yoeld ival Trad © 12 0 2 l 9
Phite Strane T 24 0 4 18 2
Ehire Strans el 32 0 17 15 0
Germpliasm

Alternate 645 0 3 7 635
Sequential 178 9 65 74 30
Foliar Discase Nursery 58 ! 26 6 25

Total 1166 1 158 129 868
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Table 3. Promising groundnut genotypes showing resistance to leaf spot and rust, Msekera, Zambia, 1983/84 and

1984/85.
1983 84 198485

Groundnut Leal spot Rust Leal spot Defoliation
genotypes seore score seore ()
1CG 1707 6.0 RN 8.0 82
1ICG 1710 6.0 0 8.5 79
1CG 2716 6.0 25 8.0 70
1CG 4747 5.5 3.0 8.0 72
1CG 6330 6.0 2.5 7.0 71
1CG 6340 5.5 20 8.0 70
1CG 7013 6.0 R 8.5 80
1CG 7885 6.0 2.5 8.0 68
1CG 7888 6.0 1.0 6.0 52
1CG 7897 6.0 2.0 8.0 71
Pl 350680 6.0 2.0 8.0 72
183 66 6.0 8.5 7.0 78
MES | 7.5 6.5 6.0 70
Chalimbana Sel. 8.5 7.0 6.0 72
Comet (leal-spot control) 9.0 3.0 9.0 87
Egret (rust control) 85 9.0 7.0 68

Grand mean 7.5 5.1 8.0 77

SE #).5 .8 0.1 t2.6

CV (") 10.0 21.9 25 4.9

ble spreader rows. No aceeptable levels of leaf-spot
resistance (Table 3) were found. However 13 entries
showed low susceptibility 1o the disease in addition
to rust resistance tolerance during the 1983 84 sea-
son. Some of the promising leat-spot entries also had
a lower pereentage of defoliation than the control
variety, Comet. Of these, 1CG 7888 s the most
pramising entry, rating score  of 6 (Jeal spot), |
(rust), and 52 defoliation. vhis entry is already
being utilized in our breeding program with others
to develop leaf-spotand rusttolerant resistant high-
vielding groundnut varieties,

Chemical Control

Since there is no agronomically acceptable ground-
nut variety with leaf-spot and rust resistance. chemi-
cal control is the best short-term solution to the
problem. During the 1984 85 scason, anexperiment
was tnitiated with an aim to find an cconomically
suitable fungicide to minimize the vield losses citused
by the major foliar discases. The commonly culti-
vated groundnut variety Chalimbana, which is sus-
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ceptible to all the three t'olizxrdiscuscs‘ was planted in
a randomized block design with four replications.
Natal Common, a cultivar highly susceptible to fol-
iar diseases, was planted 2 weeks earlier in between
and around that trial as a disease spreader, Four
fungicides, Benlate® (0.27¢7), Bravo® (0.2%), Labi-
lite* {thiophanatemethyl 200 + manch 50C8)(0.208),
and Dithane Md45* (0.2577) were sprayved at 55, 70,
and 90 days after planting. In control plots water
was sprayed. A wetting agent, Citowitt®, ap 25
ml 1001 was mixed with cach treatment before
spraying. Final observations on discase severity and
percent defoliation were recorded 2 weeks before
harvesting. The kernel vield and ity components
were also recorded. The economue analysis of fungi-
cide application on groundnut vield was calculated.
Results are summarized in Table 4,

During the season there was a severe outbreak of
carly leaf spot, but damage caused by late leaf spot
and rust was negligible. The susceptible spreader
rows provided uniform disease pressure to all the
plots in the trial. All fungicides except Dithane
Md45* reduced discase severity significantly over the
control. Benlate® gave an excellent control of the



Table 4. Effect of fungicides on leaf spot and yield, aad cost benefit, Mkesera, Zambia, 1983/84.

FLeaf-spot Detoh- Mean Kernel Increase Gross Net returny

Treatment severity ation pod yvield over return 7KV spent
(rate = 1000 T water ha ') (19 sealey (“1) number (kg ha ') control (70 (ZK ha ) on fungicide
Benfate® 2.0 kp 10 kR 129 1791 121 2052 4
Bravo™ 3.0 L 4.3 41 1.7 1387 71 1589 5
Labilite * 2.0 kg S8 42 .S 1354 o7 1552 !
Dithane Md45* 2.5 kg 7.5 ot 94 1112 Ry 1274 IS
Control (water spray) 8.0 15 8.4 811 - 929 -

Grand mean 5.7 A 10.8 1297 - - -

SE (.2 12 0.6 187 - -

CV (D 8 9 12 14 - - -

1 9-point diseise seale {17 highly resstant, 2-3 = resstant, 4-5 =

21 ES Dollar - approsunately 6 Zambian Kwacha,

tolerant, 6-7 = moderately susceptible, and X-9 = highly susceptible).

discase and was followed by Bravo™ and Labilite™,
Percent defoliation also followed this trend. Allfour
fungiside treatments resulted in significant increases
in herne! vield over the control. Benlate®, which
contiolled the diseise mosteftectively, produced the
rreatest increase m vield (12973 Bravo" Labilite”,
and Dithane MA57 pave 7167 and 3700 increases in
vield. respeetively.

I'he smali-seale tarmers who produce most of the
groundnuts in Zambus do not sprayv any fungieides
for discase control. By using any ol the test fungi-
cides the tarmer could increase greundnut vield
from a minimumot 3777 (Dithane M45*) to as much
as 1219 (Bealate )y The net retarns ZK Pspent on
fungicide wis Jeast with the costy fungicude Ben-
late . even though ity gross return was the highest.
The medium-cost fungicide. Tabihte® {effective
against leat spots and rust), can be recommended to
farmers to secure better returns where the discases
are a sernious problem. This fungicide is bemg tested
during 1985 86 ina number of on-farm trials in the

Fastern Provinee.

Other Important Diseases

Other than leat spots and rust, the crop is also
attacked by rosette, aflaroot, and aflatoxin, which
are potentially important discases. During  the
period of the trial, low incidence of phomopsis blight
{ Phomaopsis pehennivsii)y and tomato spotted wilt
virus were also recorded for the first time in Zambia.

The occurrence of rosetie is erratic across seasons
hut rarely becomes epidemic. A few rosette-resistant

lines, identified during the 198283 scason, are heing
atilized in the breeding program. There was a low
incidence of rosette in Chalimbana during the
1984 85 season. From infected plants, observations
were made on the spread of the disease and conse-
quent vield losses at various severity levels. In gen-
cral the disease spread wis sigmficantly more than
across rows. The rosetted plants produced signifi-
cantly fewer pods (32109067 ) as well as lower kernel
yvield (34 to 90¢7) than did healthy plants. A few
severely rosetted plants did not vield any pods. Inter-
estingly, there was no difference in the number of
seeds 100 g ! between diseased (105 to 110) and
healthy (110) plants, because rosetted plants pro-
duced normal kernels even though numbers were
reduced (Kannaivan et al. 1985b).

Both aflaroot and aflatoxin are caused by Asper-
eillus flavus, The incidence of aflaroot has become
important because  of continuous  cropping  of
groundnut in the same field and lack of availability
of certified treated seeds. In alfaroot, the fungus
infected cotyledons of emergent seedlings, covering
them with a mass of yellow-green spores. The
infected seedlings were stunted, with chlorosis of
leaves. Such infected plants in the variety Chalim-
bana produced 1277 fewer pods and 75% lower ker-
nel yield in comparison to healthy plants. These
infected plants also produced slightly smaller seeds.
The seeds from infected plants yiclded 19 seed-
borne A. flavus in comparison to none in healthy
plant sceds (Kannaiyan and Kelly 1985).

A. flavus also infects groundnut kernels and pro-
duces a toxin called aflatoxin. This problem is com-
monly prevalent in Zambia, Kernels from plants
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that have dried picinaturely or where shell damage
and kernel spiitting occurs during development are
more prone to this problem, Infection also occurs
after harvest and before the drying process reduces
the moisture in kernels below the critical level 0f9%.
Groundnuts should be harvested at peak matunty
and dried without delay to minimize the aflatoxin
problen.
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Recent Developments in Groundnut Agronomic
Investigations in Zambia

M. S. Reddy, G. Kelly, and J. . Musanya*

Abstract

Significant findings from agronomic investigations involving plant populations, tine of planting,
nutrient response, intercropping, and farmers” field rrials carvied out ar Msekera and Masumba
Research Stations. and in farmers fields i the Eastern Provinee of Zambia are summarized. The
current program of agrononie studies is described.,

In Zambia most groundnuts are grown by small-scale farmers and are important as a source of
protein as well as cash. Accordimg o arecent studv on marketing in the Eastern Provinee, more than
SO0 of the groundnut sronvers Jurm less than o ha, of which only 0.6 ha is groundnuts.

At research stations, the groundnne vield is 13000 3000 kg ha ' depending upon the cultivar. With
proper maagenrent under farmers” conditions, 10001600 kg ha Ushould be an cosily attainable
vield. Actual piean vields by sodl-scale furmers do not exeeed 560 kg ha .

Records of avronomic imvestigations on groundmats in Zambia go back 1o the 1954755 season.
Prior o (IS simple time of planting, plant popudation, and nutrient response triols were initiated at
Mownt Makudu Central Research Station, and in Fastern and Southern Provinees. A review of
agrononiic work carvied out in Zambia prior 1o 1980w presented at the First Regional Groundnit
Workshop for Sonthern Africa. Sulsequent agronomic investigations on grouudnuts are briefly
discussed e this puper.

Sumario

Recentes avangos na investigagiao agronomica sobre o amendoim na Zambia,  Conclusées
significativas sobre investigagoes agronomicas envolvendo populugaon de plantas, data de sementeira,
FONPOSMA U ICRTeS, cousociicdo ¢ ensaios nos canipos dos agricultores, conduzidos nas Estagoes de
Divestigacao de Mschera o Maswonba ¢ nos capos dos agriceltores na Provineia Oriental da
Jambia, sao simarisados. O correiiie proprama de estudos agrondmicos ¢ deserito.

Nu Zambia, grande parte do anicadoim & produzido por pequenos agricultores, sendo importante
coma fonte de proteinus o de dinhieivo. De acordo com recentes estudos sobre comercializagdo na
Provincia Oriental, mais de 30°0 dos produtores de amendoim cultivan menos de 4 ha, dos quais
apeias 0.6 ha sao cultivados com amendaim.

Nav oestagoes de investigagdo o reudimento do amendoing varia entre 1500 3000 kg ha !
dependendo do cultivar wtilizado. Cont um nianeio apropriado, nas condi¢oes dos agricultores,
10001600 ke ha F pode ser wm rendimento facil de obter. O rendimento miédio actual dos pequenos

agricultores ndo excede ox o0 kg ha L

«Current and former Groundnut Agronomists, and Counterpart Agronomist, respectively, Eastern Province Agricultural Development
Project. Msekerit Regronal Research Station, P Box 510089, Chipata, Zambia,

ICRISAT thternational Crops Research Tnstitute for the Seni-Arid Tropics). 1987 Proceedings of the Second Regional Groundnut
Waorkshap for Soathern Alnca, 1014 Feb 1986, Harare, Zimbabwe. Patancheru, AP, 502 324, India: ICRISAT.
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Dados de investigagoe agronomicas sobre amendoint na Zambia datam dos anos Je 1954 AAR

Antes de 1980 envaion simples sobre datas e
nulrientes, loran incrados na Entagan Contral de

Central Rescarch Station -

levado a cabo na Zamina anie e 198O Jorapri
Lrstral - Investigagdes deronamicas realizadas POMCriormente, sao

Amendoive para - Aprica
hrevemente aprescntaday o aArtigo.

Rainfall Distribution Patterns

Monthly distribution  of  rainfall  at Msekera
Regional Research Station (plateauw) and Masumba
Research Substation Luangwa Valley) for the three
seasons 1982 83 to 1984 8S s given i lable |

Fotal raintall a1 Msekera tor 1982 83 (10039
mnn) was 698 nim less than the 1570 83 mean, and
thitt for 1983 R (K740 mun) wars 1997 mm below
the average. While the 1982 83 season received
helow average rntall durmg Feb-Mar, the 1983 84
seibson win exceptionally diy during the crucial
months of Nov, Jan, and Feb. he sume trend was
observed at Muasumba where during  the drier
[9RI 84 season Joss mantall was reeened duimg
Dec-dan und Muar,

The present proundnu drronoms program s
geared to u thorough Investigation of agronomic
production wspects covering the following broad

dreds.

Spacing Trials

A series of spacing trials was initiated in 1982 83
involving two predominant groundnut varictics,
Chalimbana and Makuiu Red. to investigate any

coaas Provincias Oriental ¢

sethentenrd. popudagdo de plantas . resposta a
Ivestigagiao de Mount Mok Mount Mfakulu

sl U resunmer do traballe werononico

nlado durante a Primeira ( onferéneia Kegional do

gaps in knowledge about the behavior of these two
varicties and to test the validity of existing
recommendations (Tables 2-5). After 3 years of trials
(1982 85). both at Msekera and Masumba, and on
farmers™ ficlds, it must be said that there can be no
major objection, agronomicallyv, toa 75-cm ridge for
Chalmmbana with an espacement of J0-15 ¢m
between seeds within the ridge. One hundred-cm
ridges, which are presently practised by farmers, are
considered unnecessarily wide, Sixty-em ridges are
het reconymended for Chalimbana types because
rdging reridging s difficulr, Morcover,
signficant vield advantiges have not been found in
particalar for the 60« 18 ¢m spacing currently recom-
mended for Chalimbang in Malawi (Tables 2 and 3).
Mikulu Red ina sole-crop situation should not be
planted i van interridype distance of more than 7S¢m.
Ridges at 60 ¢m are permissible with this variety but
are feasible only of the farmer can construct and
mainain them in g satistactory way . A distance of 10
cm between seeds suits the upright habit of this vari-
ety and may be considered ideal (Tables 4 and §).
Based on these trials the plant population recom-
mended for Chalimbana is about 90 000 plants hat
and for Makulu Red about 133000 plants ha,
Other major conclusions from recent spacing trials
were that the use of plant populations above those
recommended for each cultivar served no useful pur-

and

Masumba Research Stations, Zambia, 1982/83 10 198.4/85,

Table 1. Monthly rainfall distribution (mm), Mkesera and
Msekera
Month Mean 1970 83 1982 83 1983 R4
Oct 209 221 5.6
Nov 638 1843 242
Dec 2358 1992 RYRN
Jan 2634 050 1537
Feb 2554 1155 1545
Mar 161.7 935 1487
Apr 69.2 844 124
May 3.0 - 2.3

Masumba

[9R4 RS 1982 81 1983 R4 1984 RS
1.7 27.0 9.0 320
114.0 1186 $8.0 75.5
2704 1717 213 297.3
290.6 2021 106.8 1922
192.2 168.1 164.3 224.0
122.3 1400.6 Rld 224.6
48.2 116.5 69.5 60.5
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Tuble 2. Effect of spucing on yield of Chalimibana groundnut cultivar, Msckers, Zumbia, 1982/83 and 1983/84.

Ireatments

Between-

Within-

Plant stand

| | ]A;'fj[ at harvest Kernel vield
e "w vk
nidge are plan CO00 ha 1) thy ha 1
distance distance population e S S S
(cm) (cin) (000 ha 9 1R K3 [RLRE B} 1UR2 K3} 1983 84
6l » 20 LRI} 63.7 621 KRN 1842
60) - 40 813 629 S8.3 460 1720
75 - 15 K89 67.1 64X 493 1 987
75 " 30 889 637 637 45K 1977
90 x 12.5 KR.Y 67.0 622 374 1923
Y0 x 28 88.9 713 622 610 1714
100 = 12.5 80.0 9.5 6.7 460} 1 798
100 - 25 80.0 58.§ 53.2 556 1 650
Grand mean 64.2 60.5 463 1 836
SE(Mpy 1345 .66 47 16()
SE(SP)? 11.25 1124 £25 £30
CV A MP) 17.0 8.7 R 10.4
8.7 Q.2 236 73

CV () sy

MP Mamnplot thetween-nidge distance)
2 5P Subplot (wathin-ndge distance)

pose: vields were not mereased, Rerned quality was
depressed. and the cost of seed rose to an unaceept-
ably high leved

Although there has been exhaustine work on old
cultivars, new cultivars emerging from the breeding
program must be nacluded noagronomic trials to

establish whether or not their growth behavior is
similar to that of existing cultivars. and if not, what
changes must be made in recommendations to the
farmer. Keeping this in view, the current spacing
trials program includes new cultivars such as M-13,
Egret, and Comet,

Table 3. Effect of spacing on yield of Chalimhana groundnut cultivar, Msekera, Zambis, 1982/83 1o 1984/85.

Preatments

Within-

Actual population
O ha )

Kernel vield (kg ha')

1984 KS

Between-

ridge tidye larget

spacing spacing Population N
(cm) {cem) (O ha 1) 1982 X3

90 x 20 55 -

75 - 20 67 §5.3

%0 - 15 74 .

100 = 12.5 K() td 8

90 x 12.§ 89 2.6

90 x 10 I 0

60 b 15 11 -

75 " 10 133 96.2
Grand mean 722
SE 129
CV () 10

19K} A4 1982 K3 [9K3-84 1984 &S
- St - - 1083
ol 590 517 1497 1032
S5 6d. ] - 1 468 1061
S84 63.6 490 1424 1057
6.2 719 619 1477 1147
745.2 815 - 1522 1102
- 10 - - 1265
924 99.2 775 1646 1316
67.8 739 600 1506 1133
2813 314 165 49 172
10 10 26 8 14
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Table 4. Effect of spacing on yield of Makulu Red groundnut cultivar, Msekera, Zambia, 1982/83 and 1983/84.

Freatments

Between- Within- .
. ) - Actual population
mjgc ‘ndgc largull ('000 ha™) Kernel yield (kg ha!)
distance distance ponulation
(em) (cm) (000 ha-') 198283 1983/ 84 1982/83 1983/K4
60 x 12.5 133 1260 99 1248 2715
60 x 25 133 102 103 1296 2642
75 x 10 133 102 Y2 1048 2404
75 " 20 133 105 104 1 [85 2585
9i) x 9 123 97 83 1177 233
U x I8 123 95 89 1079 2481
100 = 75 133 96 85 1100 2290
100 x 15 133 91 91 1119 2379
Grand m.an 103 93 1156 2472
SEoMpy 3.5 2.7 104 117
SE(SP)? 3.2 t].6 53 + 595
CV A (MP) 11 9 29 18
CV () (SP) 14 8 21 I

IMP Mainplots thetween nidge distance)
SONP o Subplots tvathinendae distancee)

Lable S. Effect of spacing on yield of MuKolu Red groundnut cultivar, Msekera, Zambia, 1982/83 and 1983/84.

[reatments

RBetwesn- Within-

Jue Fid e Varpel Actual population
Hdee B e £000 ha 1) Kernel vield (kg ha-')
distance distance population —
{cm) (cm) (000 ha 1) 1982 83 1983 84 198283 1983 84
75 x 15 8Y 77 66 431 1 898
100 x 16 100 81 67 546 1 821
Y0 ] 10 1! - 77 - 1 866
75 x 1 133 108 78 537 1851
60 x 10 167 137 17 667 2170
75 x 1.5 178 - 112 - 2112
Grand mean 100 85 545 1970
SE 128 3.1 +57 166
CV () 6.7 8.9 26 8.2
Time of Planﬁng Trials groundnuts should under no circumstances be
planted bevond the third week of Dec.
Previous studies on time of planting have shown that A series of variety x time of planting triais were
the earlier groundnuts are planted after the first carried out during the 1983, 84 and 1984, 85 scasons
good rains (usually mid-Nov), the better the yield. A at Masumba, featuring six  established and
delay of 2-3 weeks in planting could result in halving promising groundnut varicties, to assess vield loss
the yields. The general recommendation is that from delayed planting, and to seek a shorter-season
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type that would be versatile enough tor late planting
(Table 6).

During 1983 84, which was a low rainfall year,
decline in mean vields of all varieties resulted in
planting after 30 Nov. Evena delay in planting from
30 Nov 1o M Dee resulted in the foliowing
pereentage  kernel  vield  decreases: Copperbelt
Runner, 35¢7; Makulu Red, 3047 Chalimbana, 227 ;
Dixie Runner, 210 Apollo, 2400 MGS-1, 210,
Yields resulting from the 30 Nov and 13 Jan

plantings during the 1983 84 season were very low,
hut 1t may be noted that Copperbelt Runner still
produced a crop of harvestible size (450 kg ha ') at
the latest sowing date, whereas Chalimbana and
MGS 1 produced 100 kg ha ' and 11 kg hat,
respectively. The inflexibility and long matuarity of
these two varieties make them unlikely candidates
for Tate sowing (Table 6).

During the T984 85 season, Yernel vields were
very high due in part to favourable rainfall

Table 6. Variety < time of planting (TOP) groundnut trials, Msckera, Zambin, 1983/84 and 1984/8S.

Treatments 19K} 84

F'reatments

1984, 85

Fiest [QP Kernel vields

(30-11-83) (kg ha 1)
Copperbelt Runner 1958
Makulu Red 1673
Chalimbana 1173
Divie Runner 1 649
Apollo 1 8§2
MGS | 1209

Second 1OP

(14-12-81)

Copperbelt Runner 1276
Makulu Red 1172
Chalimbana 913
Dixie Runner 1302
Apollo 1429
MGS 959
Third TOP
(30-12-83)
Copperbelt Runner 451
Makulu Red 413
Chalimbana KL
Dizie Runner 483
Apallo 430
MGS | 251
Fourth TOP
(13-1-84)
Copperbelt Runner 446
Makulu Red 348
Chalimbana 101
Dixic Runner 270
Apollo 38
MGS | I
(nand mean 854
SE (varietiey) 146
SE(TOP) +372
CV () 213

First 1OP
(22-11-84)

Kernel yields
(kg ha't)

Copperbelt Runner 3307
Makulu Red RY:RY|
Chalimbana 2286
Egret 732
Robut 33-1 3219
M2 3226

Second TOP
(6-12-84)

Copperbelt Runner 2590
Makulu Red 3262
Chalimbana 2271
Egret 2976
Robut 33-1 2011
M 123 3735

Ihird TOP
(20-1284)

Copperbelt Runner 2322
Makulu Red 27112
Chalimbana 1848
Egret 2918
Robut 33-1 3438
M 13 3496
Fourth TOP
(3-1-85)
Copperbelt Runner 2244
Makulu Red 2754
Chalimbana 2103
Egret 3030
Robut 33-1 2657
M I3 2581
2850
+80
165
11.2
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distribution. Fven the last planting date (3 Jan)
produced excellent yvickds, with Feret i particular
still highly productive and vielding over 3 ( ha !
hernebs. The variety Robut 331 matured i about
P20 davs but s non-dormant characternstios make it
unsiitabic Tor carly pianting. The pedonmance of
tis vanets e later plantings was impre ane (3.4 1
b T and 2

Stha trom three and tour plaptings,

tespectively o Chalimbang velds were dlso
satistictors o all plovtmgs (1able 6)
T the cirtent agrononue toads progrant, o

population < tme of plinnng tal on o pronnsing

recent mtroduction (MST3 was imntiated

Nutrition and Recommended
Crop Rotation

A vcomderable amount or testuhizer tesponse work
was canducted on the groundnut crop o Zambia
preoc to 1ISObut ot must be adnntted that response
to dhrecthy apphed terthzer i Zambia has been
mherenthv Jow

consistent. In Linds ot

ISIEST
fernliny . the recommendation s tara basal dressing
of 200 ke ha Fot DY Compound Goabosis 10-20-10-

0 ]Sh

A series of phosphate response trials was carried
out during the 1982 83 and 1983 84 seasons on the
varieties Chalimbana and Makulu Red 10 ¢ xamine
the possible dilferences in etfectiveness of single und
triple superphosphates and a range of phosphate
levels (lable 7).

he eftfect o directly applicd phosphate fertilizer
(under  Msehera
Chalmmbana, aed has not produced sipniticant vield
resporses i the case of Makuolu Red (Lable 7).,

corditions) s neghgible for

Single superphosphate application has been shown
to resaft i higher mean vields than those resalttng
fromteeple superphosphate applicaton (tor Makulu
Red)
however, resulted an viclds superor 1o the nil

Use ot citaer ot these tertihizers has not,

apphication conteol The beneticial effect of single

superphosphates o dus case. may possiblv be
ascrthed 1o the higher pereentage of sulphuar in the
tormulation of this ferndizern

As groundnut should not be grown contmuonsly
moretation for crop hvgiene raasons, it mahes sense
to tertthize the other componentsy of the rotation
and use groendnut as o legumimous hreak-croptord
3-4

tocised o an

sear an i vear rotittion. Curtent gescarch s

caamination of the clfects on
wroundnutsield of terithzation atditterent levels, of

other crops i the rotation, suci as maze.

Luble 7. Response of Mukulu Red und Chalimbuna groundnut caltivars to phosphate, Msehera, 7 abin, 1982/83 and

1983/84.

Makulu Red variety
hernet vicld (hg ha )

[reatments PO,

the ha 1982 83
] 921
A Sspy 963
isey? GI8
O (S5 913
o (ISP LRR
YO (SSP) 1 1RS
Q0 1SP) L {1A]
1200 (S8 1 283
120 (1S 1008
Grand mean 975
SE souree) 166
SE (levels) 129
CV (47) (source) 28
CV (0 Uevels) 35

Chadimbana varien
Kerne! vield (kg ha't)

1983 84

1982 83

1420 703
1652 612
1520 712
1554 750
1474 735
1479 569
[462 749
1581 653
1 560 679
1522 686
24 51
180 8317
8 26

17 27

1. SSP -

.

2 0SP 2 tnple superphosphate.

single superphosphate,




Research on the “Pops”
Problem

I ow soit pH tends to restnet grounduot production,
patticularly o the northern belt of Zambia where
rinntall s high and of fonger duration, resulting in
feached sorb The “pops™ phenomenon s
characterized by carlv-seed abortion, and although
pods renn apparently normal, they contann erthes
no seeds ot only therr menute shrnvelled renvains
Most trials showed that onsotls of pH tess than 408,
the response (o lune or pypsum application was
positive. Time had o positive residual ettect over at
feast Y sears, atter an it appheation of finely
ground himestone at 120 ha L ime application at
the above rate reninis the cunrent recommendation,
Hicio are a nmber of iime deposits tocated i the
“pops” probleniareas i Zambra, which are vet to be
exploned

Farmers' Field Trials

Fattle o knownoin the Fastern Provinee about the
eHectiveness of hme appheation as a prophylactic
measure to reduce the imcidence of “pops™ Atotal of
25 tralds were theretore kud out on tarmers” fields in
the 1984 85 season, to test the practical value of lime
over many locations. Apast from tivs, the triads were
utilized to detect vanetal ditferences i U pops™ inct-
dence. They were adso used to provide turther infor-
mation on the apparent vield superiornty ol Mam
Pintar dernvatives over Chalimbana types ata range
of contrasting locations. The varieties chosen were
Chalimbana, MGS T, Makota Red, Fpretoand Cop-
perbelt Runner,

At all Tocations the vanety Copperbelt Runner
vielded poorly, although it showed some tolerance
to “pops” AMGS 1 was slighthy ess productive than
Chahmbana i terms of mean hernel vields, Egret
ana Makuhu Red viclds were high and at par, and
were clearhy superior to the control vivnety Chalim-
bana. Althouph more prone to “pops™ than Chalim-
bana and MGS 1, the tinal sields trom these two
varieties at the 25 locations were substantially higher
than those of the control varety, Lime application
on this series of trials had htde etfect ondimal kernel
vields per hectare (Table §), beciuse the 1984535
season wis characterized by well-distributed and
adequate rainfall at all locations. Tnaddition the pH
at most sites was higher then 4.5,

Table 8. Response of some groundnut varieties to lime
und their performance in farmers' fields (mean of 28
farmers' ficid uisls), Eastern Province, Zambia, 1984/85,

Mean
Mcan kernel
“pops” yield

Lreatment 100} {kg ha )
Chalimbana 7.2 1450
Chahmbana + lime 3190 1328
MOS | 9.72 1299
MGS T+ lime 5.96 1 283
Makulu Red 9.54 [ 946
Makubu Red + lime 4.16 1930
Fpret 16.76 1 708
Fgret + hme 142 1972
Copperbelt Runner 128 1230
Copperbelt Runner + lime .06 1294

Ihis series of triais on farmers' ficlds is being
continued during the 1985, 86 scason and includes
an additional iput of leaf=spot control using the
fungicide Labihte™,

Groundnut/Maize Intercropping
Trials

A series of intercropping triads was carried out at
Mackera during 1982 83 and 1983 84 by the Adap-
tive Pesearch Planning Team of the EPAD Project
to assess nerease in land-use efficieney or mone-
tary advantage from antercropping maize  with
groundnuts.,

During the 1982 83 scason an intercropping
advantage of 229 was recorded i the treatment
combimng 00" maize stand with 10077 groundnut
i the same ridge (groundnut giving only 2007 with-
out reducing maze vields). During the 1983, 84 sea-
son no such gain was found, and there was no benefit
even by staggering the planting dates of the two
crops. The results did not economically justify inter-
cropping  maize  with  this  apparently  shade-
susceptible crop (Table 9),

During the current season (1985, 86) a new series
of maize groundnut intercropping trials is being
initiated to assess the mntercropping benefits by
planting the two crops in different rows (1:1 and 2:1)
and also by varying the plant populations and fertil-
izer input of the two component crops,
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and gross return of maire/groundnut intercropping trial, Msekera. Zambia, 1982/83 and 1983/84.

Table 9. Yield (kg ha™"), Land Equivalent Ratio (LLER),

64

Total gross
returns (Kwacha)?

Groundnut kernel vield Fotal Jand

Maize grain vield

cgunalent raiio

groundnut i FR

cR

maize L

1953 84

1982 §3

54

5
R

19x

2 K3

1983 x4 1952 K3 19x3 %3

1982 ¥3

Treatment

37

1

1Oy

0.95

1.22

<

91 0.1

00.20

R

5636 0.93

2

5230 1.0

10077 muize same ndges, same planting

nut = 10077 maize same ridges.

1 nat -

100 &

678

65 011

5097 0.84

3300 G

maize planted date

245

!

0.96

9% 049

5

100¢¢ G'nut ~ 1007 maize came ridges.
g

maize planted 2 weeks after groundnurs

100 G'nut - 1007

0.94 939

430 0.70

maize same ridges.

oundnuts

maize planted 4 weeks after g

~t

1.00
1.00

0.58

1.00
1.00

1.0

613

1070 1.0

Sole groundnuts

1907

1041

1050

1.0
0.58

6 059

5140.1.0

Sole maize planted at groundnu: planted date
Sole maize planted 4 weeks after groundnuts

3ies

1 US Dollar = approximately 6 Zambian Kwacha.

Source: Msekera RR S |

1.

ARPT Annual Repons, 1982 83 and 1983 84.

Development and Evaluation of
Simple Machinery for Culture
and Processing of Groundnut
Crop

During conversetions with farmers i the Eastern
Provinee of Zambiaitis repeatedly stated that one of
the major impediments (o increascd ac: w_e I8 he
labour-intensive nature of the crop. One of the func-
tions, theretore, of the groundnut agronomisis at
Msekera, is to develop and evaluate a range of
labour-saving equipment for use in the cultivation
and processing of the groundut crop Cooperative
work between the groundnut agronomists and the
IRL 2 engineering team based i Katopola Institute
has resulted in the following achievements.

L. Procurement of plans tor a low-enst sheller made
entirely of Jocal materials, with a capacity for
shelling Chalimbana or smualler-seeded types
such as Makulu Red.

2. Construction of a prototype and initiation of a
production line at Katopola workshop to satisfy
demand from local farmers.

3. Design and testing of an ox-drawn wooden rein-
foreed tool bar with ridger attachments.

4. Re-testing of an ox-drawn groundnut lifter devel-
oped at Magoye Rescarch Station some years
ago, und initial design work on a copy of this
machine using a higher proportion of local mate-
rial instead of box section steel, which is currently
scarce and expensive in Zambia,

5. Investigations to find a suitable design fora small
oil-expeller for village or family use.
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Groundnut Research Program in Botswana

A. Mayeux*

Abstract

Several factors that imiz cield in Botswana have been wdentifiod: these include fow and ervatic rainfall
of limited duration, low noctrnal temperatures, relatively poor sandyv soils that tend to be acid, and
local hishandry practices that mvolve broadeast sowing of seed. The seloction of varietics adapted to
local conditions. especially those possessing short-maneration periods and tolerance (o drought, is of
fiest priovityand i bens; pursued ihrouel o cooperative pragrant with the Institut sénégalais de
recherches agricoles and by evaluation of varictics introduced trom TCRIS AT and clsewhere,

Sumarie

Programa de investigagio do amendoin no Botswana, Diversos fuctores que limitam os rendimentos
no Botswanda foran identifreados ¢ incluens baiva ¢ orsatic aprecipitacdo de duragdo limitada, baivas
femperatiras nocturnas, solos aicnoses relativamente pobres, com tendéncia uara serem adidos, ¢
pravicas cudturars locars, e inchieny a sementera a lango. . selecgao de varivdades adaptadas as
condicocs locais s especralmente aquelas de mamragiao precoce ¢ com tolerdiia SCd, dSSume
promcira priovidade cstaide a ser fema através de o progranma de cooperagdo com o Instituto

Sencgales de bvestivacao torcola CISRA ¢ pela avaliagdo de varedades introdu=idas do

TCRINAL ¢ ontros fuvares

I tavorable growing seasons i the past, unshelled
groundnut productinn ' Botswarnia reached a level
ol 3000 C while at prosent s onlv about 1500t The
country imports ibhout 2600 1 o4 vepetahle oil; the
development ol a0 sueeesstul, stable groundnu
mdustry would signiticandy reduce imports, The
objective of the Oil Crops Division s 1o identity
important cnvironmental and other constraints and
toattempt to find solutions Gy them that will result in
improved production.

Several areas of research have heen imtiated:

Lo Variety testng: the development of a continuing
viricty sereentng progrinn involving local as well
as introduced germplasm.

2o Studies on tillage and planting practices: to
devise i set of nllage planting practices wherehy
anaceeptable alternative to broadeasting of seed,

*Groundnut Othicer, Sebele Research Station, Department of Agricultu

which is at present generally used by farmers, js
developed.

3. Seed treatment: w improve emergence and plant
number by chemicul protection of seeds during
germination.

4. Fertilizer requirements: to delimit phosphorous
and caletum needs.

5. Plant population studies: to deternine optimum
plant populations and row spacings snder dry-
land conditions on sandy suils.

6. Seed production: to ensure a supply of basic seed
to the seed multiplication unit.

Climatic Conditions

Fable 1 gives raintall and other climatic parameters
that prevailed at Sebele Res. reh Station (10 km
from Gaborane) in the 198485 scason. Effective

rec Povate Bag 6033, Gaborone, Botswana.

TCRISAT tIntersanonal Crops Reseasch Institute Tor the Senn-Ard Fropics). 1987 Proccedimgs of the Second Regonal Groundnut
Workshop for Southern Atnca, 1018 Feb 1956, Harare, Zimbabwe Patancheru, A P so? 240 Indue TCRISAT
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Table 1. Rainfall und other climatic paraineters nt Sebele
Research Station, Botswana, 1984785,

Nov Dee Jan beb Mar Apr

Raintall (mn 459 115 474 447 621 03
Sunshine

(mean his day) 9N 110 98 99X 93 [0}
Evapottion (mm day )

Citass cover 70 89 &1 74 62 55
Rare soll KN CTLY 2 87 RO 73
Aur temp {monthly mean):

hYFEN I3 335 323 35 288
Min 176 194 209 207 180 119

Relative hunndiy ()
00 his 03 54 6S 73 N6 D7
1400 hey 7 A 37 45 50 2N

ratnfall from sowing to harvesting was 205.1 mm,
S6.807 Jess than average of the last 10 years, The
seison was marked by o period of 25 days (20
December 1o 14 January)  without  significant
rantadl,

Selection for Resistance to Drought

We o pecened from the Institut SEndpadais  de
Recherches Agricoles (ISR A) thiee progenies ol
hybrid germplasmg which were sown under dryvland
conditicns at Sebele Research Stavon, Yields of
these progentes are piven in Fable 2, Progeny 38
performed well, signiticantly ouivielding the control
variety Scelthie. The heterogencity within the popula-
tions of cach progeny was Lrly high, and bulk
harvesting of all satistactory plants ineach progeny
wits made,

In addition to testing hyvbid propenies, we abso
have an agreement with ISRA in regard to varietal

Table 2. Yield data of three progenies of West African
hybrid groundnuts, Sehele, Botwanu, 1984/88S,

Unshelled wt

Cross parentage Hybnd  Progeny (kg ha )
55-437 « PLKSI H71-15 01 587
s 999
46 805
Sellie (control) 695
SE 168.5
CV () 19.4
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intereross testing that allows the planting of two
crops cach year, one in Botswana and one in Sene-
2al. In this wayv we hope to aceelerate the selection
program, which is of common interest to both Bots-
wana and Senegal. We are employing the technique
of pyranudal crosses with the following cight vari-
eties:

Virginia types

Spanish types

47-16 55-437
59-127 TS 32-1
57-422 79-40
73-33 68-111

Internationzl Groundnut Early
Maturing Caltivar Trial 1GEMCT)

We received two groups of cultivars from ICRISAT
Center. The primary object of these international
cooperative trials is to supply useful material to
mtional program hreeders, enabling them to select
Imes thatare adapted to local condgitions, with short-
maturation eveles and good vields. Table 3 summa-
rizes observations made in the 198485 trial.

Yield Trials Involving Oil-content
Determination

Three separate variety trials involving introductions
from Senegal, Burkina Faso, and South Africa were
conducted at Scbele to evaluate yield potential and
oil content. The results are given in Tables 4, Sand 6.

Among introductions from Senegal, variety 55-
437 outyiclded the control Sellic and gave a signifi-
cantly hipher shelling percentage. The virginia
variety 73-33 is also of interest. [t has an apparently
sinilar vield potential to Sellie, but, because of its
dormincy factor, is better able to retain quality of
sced in the event of rain during the end of the grow-
mg season,

None of the introductions from Burkina Faso was
superior to the Sellie control i yield, although seme
of them appeared to possess better technological
charactenistics.

The trial nvolving introductions from South
Africa planted at the Goodhope substation received
only 2964 mm rainfall during growth. With the
exception of the variety Elna, all vielded less than the
standard control Sellie.



Table 3. Data obtained from LCRISAT Groundout Early Maturing Cultivar Trial, Sebele Research Station, Botwana,

1984/8S.,

Growing Unshelled Shelled Goad Plants

seuson weight weight Sheihing seedls died
Origin (davs) (kg ha ') (kg ha'y () (e) (“0)
Sellie (controly 142 527 278 521 23 K0
1CGS (k) 141 567 259 SHO 28.6 12.1
ICGS by 141 591 259 439 RIW) 6.0
1CGs (k) 5 141 591 294 49X 0.5 RN
1CGS (B o 128 627 209 429 260 K.¥
1icas <y 7 128 07 322 45.5 0.2 29
ICGS (b)) 1 141 603 123 533 219 293
1CGS () 12 141 6lv 326 52.7 6.9 14.1
1CGS (1) 13 141 593 07 518 259 KN
ICGS (k) 22 [E}! 625 300 48.0 2132 -
1CGS iy 2 141 612 RIAH S8.9 28.0 1.5
[CGS (1) 20 141 S46 29§ 54.0 29.2 -
ICGS (F) 28 141 549 285 52.0 - 1.5
1CGS (1 36 114 LER 573 649 57.3 2.0
ICGS (1) 38 126 752 390 R 47.7 1.0
[CGS (F)y 40 126 069 345 515 42.0 16.0
1CGS (1) N 142 6460 404 62.6 424 [1.0
ICGS (B 4y 142 743 43 58.2 433 1.0
1CGS By S0 142 757 459 6.6 389 7.0
[CGS (F) 51 142 740 479 64.7 SI8 27.0
1CGS by 58 126 K1S 460 56.5 43.5 10.0
OGS (b)) 8K 142 83 02 364 222 00
1CGS (1) o0 141 738 420 56.9 45.8 12.0
[CGS (B 62 142 Y9y 609 61.0 49.0 13.0
OGS () o6 42 650 300 46.1 211 16.0
[cas oy 72 142 757 410 542 364 7.0
1CGS (B 73 128 Rdd 464 S5.0 44.0 15.0
1CGS (B 74 142 763 439 57.5 368 19.0
1CGS () 75 142 ERE 533 64.2 50.8 14.0
1ICGS (F) 76 142 712 204 1.2 19.1 21.0
[CGS (F) 78 142 820 179 44 .8 24.1 16.)
[CGS (F) XS 142 770 395 51.3 Ry 6.0
1ICGS (F) 88 142 752 353 47.0 290 12.0
1CGS (B 89 142 716 195 55.1 369 17.0
iCGS (F)y 91 142 751 360 48.0 36.5 7.0
1CGS (F) 92 120 725 92 54.0 455 4.0
CGS (B 97 126 923 533 5784 478 20,0
[CGS (F) R 142 704 360 51.2 st 1.0
1CGS (F) 103 142 6423 325 50.5 423 23.0
1CGS () T 155 730 307 50.3 289 17.0
Chico 1Y 250 1560 624 96 7.5

ICRISAT Southern Africa Regional
Cooperative Yield Trial

We received aoseed set ol the JCRISAT Regional
Spanish Bunch Tnal trons the regional program in

Malawi. The experiment was planted at Sebele but
unfortunately extreme soil vanation at the site
resulted an only two of the four replications being
harvested and even these showed wide variation in
vield. Results are summurized in Table 7. This trial
witl be repeated in the 1985860 scason.
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Table 4. Yield and oil content of groundnut introductions from Senegal, Sebele Research Station, Botswana, 1984/85.

Stand at Unshelled Shelled Good Oil content
harvest weight weight Shelling seed wi of dry
Introduction (plants ha!) (kg hat) (kg ha-1) (Ce) (g 100-Y) seed (%)
Sellie 77 100 708 380 537 23.1 48.40
55437 76 800 933 564 60.5 260 49.30
73-30 35300 467 196 420 239 48.40
73-33 '7 700 715 390 54.5 287 47.45
LSD 5¢ 143 95.2 4.9
16 203 132 6.8
CV (¢4) 16.9 20.2 7.6

Table 5. Yield and oil content of groundnut introductions from Burkina Faso, Sebele Research Station, Botswana,
1984/85.

Stand at Unshelied Shelled Good Oil content
harvest weight weight Shelling seed wt of dry
Introduction (plants hat) (kg ha!) (kg ha' ) (“¢) (g 100-) seed (%)
Sellie 70 90U 802 415 517 26.6 50.45
CN liba 83 300 947 538 56.8 30.7 51.35
TS 341 78 700 950 502 528 364 48.90
CN 1ISB 78 600 8RS 442 58.3 299 50.55
CN94C 82 300 846 476 56.3 39 50.65
T8 3241 84 000 813 508 62.1 309 49.25
I'e 3 81 900 780 425 54.5 335 51.65
CN 3098 80 000 753 435 57.8 29.1 50.65
TS 93 76 900 733 382 522 344 51.70
TS 18-1 75 800 701 402 574 29.5 50.20
CN D 63 700 625 373 59.6 30.3 50.40
LSD 5¢; 202 3.0
1c; NS 19
CV (%) 216 52

Table 6. Yield and oil content of groundnut introductions from South Africa, Goodhope Substation, Botswana, 1984/85.

Stand at Unshelled Shelled Good Oil content
harvest weight wight Shelling seed wt of dry
Introduction (plants ha-!) (kg ha't) (kg ha't) (“2) (g 100-1) seed (%5)
Upright
Sellie 61800 1655 1024 61.9 340 5245
Boal 32800 903 564 625 35.0 49.40
Elna 46 300 1652 1152 69.6 320 49.80
AK 77900 1277 770 60.3 342 52.40
79 H I 80600 1119 705 63.0 354 5245
Runner
Selmani 40900 741 381 514 50.1 49.90
Mani Pintar 59200 540 228 423 41.1 50.30
Norden 66 300 1021 612 59.0 31.2 52.55
Florunner 32600 936 569 60.8 312 51.40
Makulu red 76900 773 312 40.3 39.3 49.80
LSD 5¢ 547
16 738
CV (%) 35
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Effect of Seed Dressings on
Germination

We conducted an experiment at Sebele Research
Station to compare the effect and the efficacy of a

number of different seed dressings on germination of
selected good undamaged seeds (intact testae) and of

similarly selected seeds that were then wounded arti-
ficially by light abrasion of that part of the seed
opposite the embryo. Seeds were mixed with dust
from the groundnut store, known to contain spores
of various fungi, a month before sowing, and were

treated with the various dressings the day before
planting. Two postemergence stand counts were
made, at 10 and 18 days after sowing. Results are
given in Table 8, where it can be seen thatalmost all
seedlings had emerged by the tenth day.

The data indicate clearly the importance of seed
quality (selected undamaged sceds) on emergence,
and also illustrate the additional advantage of seed
dressing prior to sowing. The best effect was
obtained with the mixture of two fungicides and an
insecticide (treatment 3); Benlate® alone gave the
least response.

Table 7. Qhservations on yicld of some of the groundnut varieties included in the 1CRISAT Regional Cooperative Yield

Trial (Spanish Bunch), Sebele, Botswana, 1984/885.

Growing Unshelled Shelled Good Single seed

Season weight weight Shelling sced wt pods
Variety (days) (kg ha't) (kg ha'!) (%0) (g 100-1) (%0)
Sellie 144 653 398 60.9 23.1 219
ICGMS | 134 | 184 794 67.1 325 12.7
ICGMS 2 134 1 040 580 558 26.5 12.3
ICGMS 9 134 1 165 750 64.4 0.2 11.4
ICGMS 13 167 | 082 518 479 28.1 29.0
ICGMS 21 145 1139 628 55.1 26.0 14.3
ICGMS 22 145 Lt 631 56.8 206 142

Table 8. Effect of some seed dressings on the germination of intact and damaged seeds of groundnut cultivars, Sebele

Research Station, Botswana, 1984/85.

Treatment!

Percent of Ccv
| 2 3 4 5 6 Mean control  SE (%)
Emergence [0 days after sowing:
Intact seeds 735 78.8 86.6 86.5 79.9 82.2 80.4 100 24 220
Damaged sceds 6.1 70.4%* g1.7°* 70,34+ 68.3**  22.0* 53.9 67 59 215
¢ of Contrel 100 187 211 198 186 130
Mean 398 74.6* 84,1 79.0%* 74.1%*  52.0*
SE 53
CV () 16
Emergence 18 davs after sowing:
Intact seeds 717.2 82.0 87.6 87.6 80.7 78.3 81.3 100 186 22.1
Danmaged seeds 6.3 67.1% 81.7%* 74.3%* 70.4** 149+ 55.] 68 +53 19.1
rof Control 100 178 203 194 181 124
Mean 41.8 74.6% §4.7%° §1.0** 75.6°* 51.6*
SE t4.4
CV (C7) 13.3

1. Treatments: |. Untreated confrul; 2. Cupravit® (copper oxychloride 5%); 3. Granox® (captafol 10% benomyl 10%) + carbofuran 20%;
4. Captan® (captane 83¢¢); S. Dithane M452 (mancozeb 50%); 6. Benlate® (benonomyl 50%).
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Discussion

Observations and experimental resvlts obtained
from our first year of research (1984/85) have
defined several climatic, agronomic, tcchnical, and
other constraints that limit yield.

Climatic factors include erratic rainfall, a useful
period of precipitation that is rarely longer than 4
months, and low nocturnal temperatures that are
often less than 20°C. Asronomic constraints involve
soils that are often crusted and capped, are relatively
poor and sandy, and which tend to be acid. In addi-
tion, many farmers sow by broadcasting sceds, a
technigue to which the groundnut is badly adapted.
This often results in poor germination, precludes
any form of mechanized tillage, weeding, or harvest-
ing, and requires large labor inputs. The situation is
greatly aggravated where labor is in short supply.

Due to the relatively dry conditions, losses caused
by 1nsect pests seem in general to be low. Neverthe-
less in each year Spodoptera, Heliothis, A phis crac-
civora and termites are recorded. It will be necessary
to assess losses caused both by these pests and by
discases, and, if necessary, to devise aporopriate
means of control.

We are tackling these problems in three ways. The
selection of varicties adapted to local conditions is of
primary importance and this mainly involves
improving adaptation to drought. The Institut Sénc-
galais de Recherches Agricoles is cunducting a
genetic improvement program based on a pyramid-
cross scheme involving eight varieiies, and consists
of recurrent selection of progenies obtained through
selfing. Botswana is participating in this program,
The low night temperatures have the effect of pro-
longing the vegetative cycle of varieties: for instance
Sellie, a short-maturation spanish type, takes 150
days to mature in our environment. A selection pro-
gram has been initiated with progenies obtained
from Senegal with the aim of shortening the cycie to
about 120 days. In parallel with this program, we are
evaluating introductions from India, Malawi, Bur-
kina Faso, Sencgal, and other countries in our
search for better-adapted, high-yielding material.

Our agronomy research will involve plant popula-
tion trials to find out which spacing is best adapted
to local climate conditions. We also sce the urgent
need for farmers' demonstration plots, to demon-
strate the advantages of sowing by row, of using
selected seed, and of using appropriate fertilizer and
lime treatments.
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Discussion on the Paper from Botswana

Nigam: My comment pertains to the “pyramid” sys-
tem of crossing being followed by the Botswana
program in cooperation with the Sencgal program.
The Malawi program has experience with the selec-
tive diailel mating system that they have used to
develop superior varieties with multiple resistance.
The results of their work suggest that there is no
difference in the performance of lines derived from
single and double crosses. Some of the single-cross
derived lines are even better and they have come to
the conclusion that the extra effort involved in mak-
ing doukle crosses and the larger F, populations that
are required is not justified. 1 notice big differences
in plant stand at harvest. Did you adjust pod yields
for variable plant stands’

Mayeux: Termites were mainly responsible for vari-
ations in plant stand, and their particular preference
seems to be for runner types. No yield adjustments
were made for plant stand.

Doto: Canyou elaborate on the “pyramid” crossing
scheme?

Mayeux: The “pyramid” crossing scheme is the
same as the convergent crossing scheme.

Doto: Were there any symptoms of drought stress
in yvour material, bearing in mind that your experi-
ments received only 300 mny rain?

Mayeux: No. Groundnuts are generally tolerant to

drought and in addition our soils possess good
moisture-holding capacity.
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Groundnut Production and Research in Swaziland

Y. P. Rao and G. T. Masina*

Abstract

There has been a marked and continucus decline in groundnut production in Swaziland over the past
10 years, the reasons for which are not clear. Foliar-disease resistant and locally adapted lines have
been introduced from ICRISAT, India, from the ICRISAT Regional Groundnut Improvement
Program, Malawi, and from the University of Zimbabwe. Results of preliminary assessments of their
yiekd performance and susceptibility to major diseases are reported. Several of these introductions
outyielded the standard local variety, Naial Common. At least four accessions (ICGMS 42, Egret,
P1105/3/7, and P 84/6]108) have been identified that appear to comhine high yield with disease

tolerance.

Sumario

Produgio e investigagio do amendoim na Swazilandia. Tem-se registado um declinio demarcado e
continuo na produgdo de amendoim na Swazilandia nos Gltimos 10 anos. As razées para tel
acontecimento ndo sdo muito claras. Linhas resistentes conltrad doengas foliares ¢ localmente
adaptadas foram introduzidas a partir do 1C RISAT (India), do Programa Regional de Methoram-
ento do Amendoim do ICRISAT ( Malawi) e da Uni versidade do Zimbabwe. Os resultados de testes
preliminares, ent termos de rendimento e susceptibilidade para com as mais importantes doengas 5do
apresentados. Muitas destas introdugdes superaram em rendimento a variedade local normalmente
wtilizada, Natal Common. Pelo menos quatre aquisigdes (ICGMS 42, Egret, P[105/3}7 ¢

P 84167108 ) foram identificadas por paraceren combinar alto rendimento ¢ tolerdncia a doengas.

Swaziland is situated between 25° and 26° § latitude
and has a surface arca of 17 638 km2. It contains four
distinct agroecological zones aligned successively
from west to east, known as the Highveld (5200 km?
in arca), Middleveld (4700 km2), Lowveld (6200
km?), and the Lubombo Plateau(1300 km?). The
first three zones are characterized by decreasing alti-
tude (1300, 700, and 200 m mean elevations) and
rainfall (2300-1000, 1150-650, and 900-500 ram). In
the extreme east the Lubombo Plateau has a mean
elevation of 700 m and an erratic, unreliable rainfall
of 750 mm.

Approximately 60% of all land is Swazi Nation
Land, held in trust by the Monarch for the Swazi
people. There is no private ownership of Nation

Land, but the remaining land is open to individual
tenure.

Groundnut is a subsistence food crop and its culti-
vation is confined to Swazi Nation Land. National
statistics indicate that an average of 0.25 ha is
planted to groundnut and other legumes on an ar-
able area of 1.50 ha per household. Although no
detailed surveys have been made, it seems likely that
Natal Common is the only variety grown by farmers.

Production

Table | gives the area under groundnut and average
yields over the period from 1975 to 1983. There has

*professor and Head, and Entomologst, respectively, Crop production Departmenl, Faculty of Agriculture, University of Swaziland,

Luyengo Campus, P.O. Luyengo, Swaziland.

JCRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987. Proceedings of the Second Regional Groundnul
Workshop for Southern Africa, 10-14 Feb 1986, Harare, Zimbabwe. Patancheru, A.P. 502 324, India: ICRISAT.
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Table 1. Area under cultivation and average vield of
groundnut on Swazi Nation Land, 1975/1983.

Total ares  Production Average yield

Season (ha) () (kg hat)
1975/76 4142 1976 447
197677 2812 1 584 563
197774 n.a I SK9 na
1978/79 2738 I 542 563
1979, 80 2740 1271 464
198081 1494 636 425
1981,82 1 665 481 288
1982, 83 1336 358 266

Seurce: Hunting fechnical Services Limited. 1943, Review of the
Rural Development Areas Programme. Final Report {Annexes).
Mbabane, Swazilund: Ministry of Agriculture and Cooperatives,

been a marked and continuous fall in production,
fer which there seems to be no obvious facile expla-
nation. A comparative analysis of production costs
in relation 1o grosy profit margin indicates that
groundnut cannot compete favorably with other
crops such as beans, sorghum, cotton, tobacco, or
maize. It seems likely that poor price structure has
contributed at least in part to the apparentdecline in
demand.

Groundnut Research in
Swaziland

Experiments conducted at Malkerns Research Sta-
tion and at Nhla ngano have shown that pod yields of
2 500-4 000 kg ha-' are possible with good manage-
ment (Swaziland Agricultural Research Division
1977).

The observationsand experiments reported in this
paper were made at the Luyengo Campus of the
University of Swaziland, situated 3 km fron: Mal-
kerns Rescarch Station, and located in the moist
western edge of the Middleveld. Mean annual rain-
fall is 960 mm and mean maximum and mean min-
imum temperatures are 25.2 and 13.6°C,
respectively.

Soils are sandy loams or sandy-clay loans with
good drainage in spite of 4 clayey subsoil. They are
rich in iron and aluminium oxides and generally of
low pH (5.0), but are also low in exchangeable alu-
minium so that addition of mo-e than 1 t lime ha-!js
seldom required. Organic matter is 2% or less.
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Germplasm Introduction and
E aluation

In 1980, 12 cultivars were imported from ICRISAT,
Indiz, only one of which (MG-5-9) has survived,
Subsequently, 10 rust-resistant  accessions were
obuined from ICRISAT (1983). 9 high-yielding
localiv-adapted lines and the Zimbabwe cultivar
Egret from the 1CRISAT Regional Program,
Malawi (1984), and [0 phoma-resistant entries from
the University of Zimbabwe (1984,

Preliminary evaluations of the 1983 and 1984
introductions were made inthe 1984,85 season. The
experiments were planted in Oct; Nov and harvested
in Feb’ Mar.

Accessions from ICRISAT, India were assessed
against Natal Common in randomized-block
experiment replicated three times, in which plot size
wis 4.0 * 1.8 m. Accessions from Malawi and Zim-
babwe were tested against Natal Common in unrep-
licated 4.5 x 2.4 m observation plots. DAP at 300 kg
ha !, SSPat 140 Kg ha!, potash at 110 kg ha-!, and
dolomitic lime at 250 kg ha-' were applied at plant-
ing. Yields were estimated by harvesting 2 rows, cach
I min length, from the middle of the experimental
plots. This represents a sampling area of 1.2 m2,
Lisease was assessed on g 0-4 scale where 0 = no
infection, 1 = light, 2 = moderate, 3 = severe, and 4 =
very severe infections. In addition, quantitative
assessment of disease was made by counting
nunbers of lesions on leaflets.

Results are summarized in Tables 2 and 3. Several
of the introduced lines outyielded Natal Common
significently in the replicated experiment, and ma ny
introductions tested in the observation plots show
great promise. In particular, two Zimbabwe phoma-
resistant lines, P105/3;7 and P84/6/108, gave
unshelled yields in excess of 4000 kg ha-!. These
results augur well for future progress of groundnut
improvement in Swaziland.

Diseasas

Phoma leaf blotch (Phoma arachidicola), carly leaf
spot (Cercospora arachidicola), late leaf spot
(Phacoisariopsis personatum), rust ( Puccinia qrg-
chidicola), groundnut roselte virus, and bacterial
wilt ( Pseudomonas selanacearum) occur in Swazi-
land but their distribution and relative importance



Table 2. Pod yield, yield components, and foliar-disease reactions of 1¢ groundnut cultivars from ICRISAT, India, grown

at Luyengo Campus, Swaziland.

Disease ratings’

Pod yield Shelling 100-seed Pods —

Cultivar (kg ha!) (%) weight (g) plant! ElLS LLS PBL R CS
1CG (FDRS)4 2365 60.0 54.4 34 0? 3 ! 3 3
ICG (FDRS)-13 2300 62.3 48 8 3 2 3 1 ! 3
ICG (FDRS)-! 2265 61.3 64.2 25 | 3 2 2 3
ICG (FDRS)-2 2255 61.3 64.5 30 1 3 k! ! 4
ICG (FDRS)-12 1940 67.0 55.1 24 | 3 2 2 3
ICG (FDRS)-3 1825 53.0 9.8 4] 1 1 3 1 4
ICG (FDRS)-16 1800 68.7 56.9 29 | 3 2 1 4
NC Ac 17090 1775 52.3 443 23 0 2 | 3 2
iCG (FDRS)-14 1130 52.0 4.3 23 0 2 | 3 2
JL 24 1000 71.3 60.9 26 i 4 4 4 2
Natal Common 1630 64.3 43.2 32 | 2 4 4 2
(Local control)

Mean [ 844 612 53.6 284

SE $221 43 15.6 2.7

CV () 21 12.2 18.1 16.5

I. ELS = carly leal spot; LLS = late leaf spot; PLB = phoma leaf blotch; R = rust; C8 = chlorotic spot.
2. Infection : 0 = none; | = trace; 2 = moderate; 3 = severe; 4 = very severe.

Table 3. Observations on yield and foliar-disease reactions in groundnut cultivars obtained from the ICRISAT Regional

Program, Malawi (first 10 entries) and the University of Zimbabwe, Luyengo Campus, Swaziland, 1984/85.

Yield (kg ha'') Shelling Disease ratings!
Cultivar Unshelled Shelled (%) ElLS LIS PLB R CS
ICGMS 9 2300 1700 74 » 3 4 2 1
ICGMS 42 2100 1400 67 2 2 2 2 1
Egret 1650 1350 51 ! ! 2 1 1
ICGM 336 2050 1300 63 2 2 1 2 |
ICGMS 2 2450 1250 51 2 4 4 2 )
ICGMS 22 2250 1100 49 2 3 4 2 1
ICGMS 36 1450 1050 72 1 2 | 2 !
ICGMS 33 2600 1000 35 2 3 3 3 2
NC Ac 316 1550 800 52 2 2 l 2 1
NC Ac 2821 1300 750 58 2 2 2 2 1
P 105/3/7 4300 2500 67 l 2 2 3 2
P 84/6/108 4700 2500 53 1 1 0 ] 1
P 84/6/106 2400 1500 63 1 1 1 | 1
C347:5/6 1900 1450 76 2 2 2 2 2
C 346/5/8 1800 1250 69 2 l 1 2 1
P 84,6/124 2 650 1250 47 2 2 3 | 1
P 84;6/67 2000 1200 60 1 1 1 1 l
P 84/6/63 2000 1150 58 1 I 0 ! 1
P 84/6/256 1250 850 68 l 1 0 1 |
P 84/6/66 1100 650 59 1 1 [ 1 0
Natal Common 1750 1100 63 3 3 2 3 2

. ELS = early leaf spot; LLS = late leal spot; PLB = phoma leaf blotch; R = rust; CS = chlorotic spot.
2. Infection: 0 = none; | = trace; 2 = moderate; J = severe; 4 = very severe,
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within the various ccological zones has not been
determined.

At Luyengo, phoma leat blotch and late leaf spot
are particularly severe, appearing towards the mid-
dle of the growing season and rapidly assuming
epidemic proportions. Farly leaf spot and rust
appear rather later in the season (mid-Jan to carly
Feb), but also inerease rapidly: carly leal spot is
rarely severe. Incidence of bacterial will is usually
low and oceurs in seattered plants during the seed-
ling stage only, mature plants seem to eseipe
infection.

An apparently undeseribed chlorotic leaf spot of
unknown ctiology occurs at Luvengoand may be of
increasing importance. Fhis disorder causes the
development of large, more or less circudar, vellow
or chlorotic areas near leatlet tips, particularly of
younger leaves. Sy aptoms tend to appear in all
plants in a plot at the same time and there is no
evidence of plant to plant spread. suggesting perhaps
a nutritional effect.

tnour disease assessments Natal Common and J1
24 were the most susceptible varieties to phoma leaf
blotch, fate leaf spot. and rust, but alt introductions
were apparently susceptible, though in varymg
degree (Tables 2 and 3). However, many cexhibited
high levels of tolerance and in some, notably
ICGMS 32, Fpret, PH0S-3 7, and P84, 6 108, toler-
ance was apparently combined with high vield.

Reference

Swaziland Apricultural Research Division. 1977, Advisory
Bulietin no. 1,
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Groundnut Production:
Present and Future Research Thrust in Tanzania

A. L. Doto and F. F. Mwenda*

Abstract

Groundnuit production in Tanzania is not as low ax it may appear from official figures. This is because
farmers are more likely o sell their product privately because by doing so they can receive three times
the official purchase price. Furthermore, mere tand is coming into groundnut production as a response
1o improved prospects and price incentives. Constraints include the lack of seed of the four approved
varieties, as well ay pests, weeds, and diseases, of which growndnut rosette virns is the most feared.
Methods of avoiding droucht stress are also exsential. Researclyis orieniated towards identifving lines
with good nitrogen-fivin: abiliny and dormancy, as well as pest and disease resistance. As poor plani
standy are common, the possibility of selecting lines that vield ar low plani-density is put forward.

Sumario

Produgio de amendoim: orientagao presente ¢ futura da investigagao na Tanzania. A produgio de
amendoim na Tanzania, ndo ¢ tao baixa como pode parecer atraves dus estatisticas oficias. Isto ¢
devido ao facto dos agricultores terent maior tesdéneia para vender o seu produto pessoalmente. Pois,
lazendo-o, poden receber trés vezes mais do que o prego oficial de compra. Para além disso, muais
terra vem sendo wiilizada para a produgdo de amendoim., comao resposta ao melhoramento das
perspectivas ¢ dos pregos ineentivos. As principais limitagoes para o seu desenvolvimento, ineluem a
tulta de semente das quatro variedades aprovadas, bem como pragas, doengas e infestantes, das quais
o virus da roseta do amendoint & a mats temida. Métodos para evitar o efeite da seca sdo tambem
essenciais. A investigagdo esta orientada no sentido do identificagGo de linhias com boa habilidade
para a fixagdo de azoto ¢ dorméncia, bem como resisténcia contra pragas ¢ doengas. Como a
wtilizagao de baiva populagdao de plantas ¢ comum, ¢ assinafada a possibilidude de seleccionar livhas
com bom rendimento quando emr condigcoes de buaixa densidade de plantas.

Production

The status of groundnut production, utilization, and
research in Tanzania has been highlighted from ume
to time by various workers(Bolton 1980, Mwenda et
al. 1984). In both presentations, considerable doubt
was attached to the accuracy of production statis-
tics. To date, the situation has notimproved much in
terms of the accuracy of figures or for groundnut
production, and indeed. for many other food crops
in the couatry.

General Agricultural Prodvets Export Corpora-
tion (GAPEX), the official marketing agency,
recorded the highest purchases in 1979/80 when
6676 t were bought (Table 1). Recently official pur-
chases have been fluctuating at a figure above 500 t.
There are also indications that much of the crop is
now sold in informal markets. The most recent fig-
ure for the GAPEX cellection suggests that the
situation is improving: 744 and 2616 t were pur-
chased in 1983/84 and 1984/85 respectively (Tables
I and 2).

*Grronndnut Breeder, Depastment of Crop Scrence, Faculty of Agnculture, Sohome Umiversity of Agriculture, Sub Post Office Chuo Kikuu,

Moragoro, Tanzana, and Groundnut Breeder, Oilseeds Research Project, Nahiendele Rescarch Station, P.O. Box 509, Muwara, Tanzania.

TCRISAT tlnternational Crops Research Tistitute tor the Semi-And Tropies). 1987, Proceedings of the Second Regional Groundnut
Waorkshop tor Southern Afred, 113 Beb 19560 Harare, Zimbabwe. Patancheru, AP S02 32, India: ICRISAT,
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Table 1. Marketed groundnu’ production (May-Apr),
Tanrania, 1971/72 to 1984/85,

Yeur t

1971 72 312958
1972 73 3454
1973 14 1363
1974 78 509
1975 76 S0
1976 77 417
1977 7% [ 448
1978 74 2015
1979 K01 6676
198G ¥ 1 1728
1981 52 227
192 K3 131
IRLRIR. 1 K45

1984 KS 578

Soutee GAPEN Headguartens

We beheve tha the otical GAPEN purchise tig-
ures do notaccurately retlect groundnut production
in Tanzania. Two factors account for this. First, the
bulk of the crop in the major proundnut region is

Tuble 2. Regional purchuses of groundnut by GAPEX,
Tanzania, 1983/84 und 19854/85,

!
Region ICAREERL [98.4 RS2
Arusha - 3
Coast - -
Dodoma 81 1000
iringa - 3
Kagera - -
Kigrma - -
K nmanjaro - -
I ndi 3 -
Moara - -
M oevi - -
Moiagoro 3 10
Miwara 254 1000
Mwinra K} 2
Rukwa 283 420
Ruvuma 44 55
Shinvanga 3 50
Smgda 1 11
Tabora 23 05
Tanga - -
Total 744 20616

grown by smallscale tarmers and is in turn con-
sumed Jocally. Surpluses for safe thus vary from
farmer to farmer. Second, the surplus for sale may
be channelied through GAPENX or through informal
markets. Due toattractive prices offered through the
informal markets a greateramount of the produce is
sold outside the official channels, Currently the
groundnut price on the informal market is more
thin USS 306 kp ', three times the offictal price,
shown in Table 3

While production, as pauged by GAPEX pur-
chitses, does not seem to register sizeable increases
over yeats, market observation and a more intensive
scarch ot daa trom the regions indicate an increase
in the volume produced. Forexample, Morogoro is
not regarded as one of the major groundnut produc-
g regions (Anon, 1984) but is expected to have
about 1451 ha under groundnuts in the 1985 86
season, The area is expected to contribute approxi
mately 937 - As the situation stands, the production
figure of 50000 tthatis often guoted (Nigam [983) is
likely to have heenexceeded. Much of the increase in
production i because more land s devoted 1o
groundnut production,  particularly in - Tabora,
Dodoma, Muwara, Singidi, and Rukwa regicns in
response to campaigns and price incentive.

Constraints to Increased
Production
In the past, fack of price incentive has beencited as a

major factor contributing to low groundnut produc-
tion. Recent price increases (Table 3) in the formal

Source: 1. MDB (in preparaton).
2. GAPEX Headquarters.

Table 3. Producer prices for groundnut, Tanzania, 1975-
1986,

Year Tz, shillings 1!
1975-76 2000
1976 77 2500
1977 74 4000
1978 79 4000
1979 80 4000
1980 K1 4200
I9K81 82 4800
1982 K3 5800
198384 8000
198485 12800

1985 86 17900

.17 Tanzanian shillings = approxinatel - | § US.
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channel seem to have sumulated mterest among
farmers o increasing groundnut production. In
addition, the lack of edible oils and the expanding
local confectionery markets are developments in the
country that are making groundnut a4 more attrac-
tive crop. Thus price appeats nolonger to belong to
the group of constramts that hmit groundnut
production,

While it v now more attractive to grow 2round-
nuts, the supply ot seed has not maiched the demand
(Tartmo 1985y, Tanzuania has tour recommended
varieties Whose identity s certinn, Natal Common
and Red Mwiunde are sancties waith a long nstory
in the country. In 1983 and 1985 Nvotand Johan
(Robut 33-1) were released as vaneties trom the
Oilveeds Reseirely Project supported by ODA,
However, it niy be somictime from now before the
seed actualiy reaches the farmers, As the situation
stands, termers otten plint materal that s of mixed
orgie and the recommended populations are otten
notattuned due tothe high costand  or unavatlabil-
1ty of the seed.

Weeds, imsect pests. and discases are old probiems
that sulb ypreathy intluence groundnut production.
Waork done by the Onlseeds Research Project indi-
cates that Corconporidinmt personatd, Cercospord
araciudicold. and Puconna aracludin are diseases
that greathy aftect groundout vields, Simlar obser-
vations have abvo been documented by the Pulses
and Groundnut Rescarch Project supported by
IDRC. iida patruetss Kas now been confirmed to
be present(Stmons and Rava 1985 Kembi 1985) and
to be of greater nnportance than previows ]y thought,
On the other hand, groundnut rosette virus has not
been as widespread recenthv. However, the disease
still remains the most feared among groundnut
farmers.,

It has already been mentioned that the bulk of the
crop is produced by small-scale tarmers. These
farnmers, in general, depend on the hand hoe for most
land operations, including weed control. Since
weeding groundnuts s o delieate, fabour-intensive
operation. 1t presents an important bottieneek in
groundnut production; a1t actvally deternines the
total arca to be cropped. In addition, vield losses
through subopumal weed control are 4 common
feature in the country,

Monture avatabihiny ar critical stages o crop
rrow th his often been mentioned as one of the lac-
tors limiting groundnut production. Agriculture in
Tanzania s more or less dependent upon rainfall,
Crop failures due to ats lack are gquite conmon,
Many ot cur groundnut research trials for the Jast 3

vears performed poorly if vield and data reliability
are taken into account. Farmers in the semi-arid
sones of Tapzania experience similar problems. In
this regard 1t may be of value for researchers and
planners to identify drought as a factor that affects
production, both quantitatively and in terms of
stibility.

Research Thrust

Current and future researchi activities are oriented
towards tackling some  of the constraints to
icreased production and at making groundnut a
mure attractive crop. Work based it Naliendele and
Morogoro as strongly tailored to the provision of
adequate and more rmproved varneties of ground-
nuts. Thus, a good part of the resources in both
research projects is assoctated with genetic improve-
mert work. There have been encouraging results
trom the breeding programs: already two new
improved virteties have been added 1o the hst of
released varicties in Fanzanu,

Apart from high vields, the emphasis of genetic
improvementis on improved disease and insect-pest
resistance, and drought tolerance. Reabising the
problems of drought and erratic rantail, short-
scason materials are bemg developed tor the arcas
with a short ramnv-season; long-scason material is
aimed at arcas with more reliable rainfall,

Inaddinon it generally recogmized that farmers
often cannot atford to use inputs such as fertilizer,
and that harvesting may be delayved due 1o unavoid-
able reasons. Thus, rescarch is now focusing en the
identification of varicties with exeeptionally high
nitrogen-fixing ability, and on varieties that do not
display sprouting problems. Johari (Robut 33-1) is
an example of a vanety with seed dormancy
(Mwenda 1985).

Closely related to gencetic improvement is the pro-
tection work, So far, entomologists and pathologists
attached to the research projects have been working
hand in hand with the breeders, by «creening tor
resistance to the important pests and diseases. In
addition, many of the research activities in this field
are geared towards this goal (Sumons and Raya
1985, Reuben et al. 1985),

A considerable volume of the groundnut crop is
produced under intercrop conditions, with maize
and sorghum forming the major component in the
mixtures. In the past, little attention was given to
improving the intercropping system in Tanzania,
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Currently, mnnch of the cereal-based reseireh and the
legume-based rescarch emphasizes intercropping. In
some regions, for example Tabora, Regronal Inte-
grated Development Projects are devoung much of
their agricubure-based resources 1o intereropping
studies. There are indications that such studies are
generating useinl practical information. and are
therefore hikely to continue in the near tuture

Phe problem ot low plant pop ™ ions thit is iasso-
crated with the lack of adequate seed material has
been documented by many authors, for example,
Bolton (19805 and Fanino 11955) A« o solunon to
this problem. Tarimo (1985) has proposed the wden
alication ot varicties that can attan high-vield
patentual at dow plant populations. Lhe iden Dis
several appealme ments, such as rednced cost of
seed and the et that the burden of SOMWTOE(Daticn -
farly by hand) i redoeed somewhat What are the
stews o fellow scientists gathered here today on this
Irne ot approach? Hothe dei s worth pursuing, i
number of questions related o, for example, plant
s peand the evaluation of spacing procedures may
hanve 10 be resolved

Other workers bolieve n tachhing the problem
through a concerted extension thrust and the Provi-
ston ol cheap mproved seed  These two Aspects e
now reeoning cquil emphasais i Lanzanni, Dhere s,
however, a pood deal of disetssion 2OIng on as 1o
how best 1o handle groundnut seed producton. So
farsced Tor the released vanieties s under multiplici-
tonatone ot the Foundation-seed farms Msimba ).
Fhe projece based st SUA has some provision to
handle modest secd muitpheation. Tn o few vears
time, the experence waned at Mamba farm, SUA,
and from other contrct frmers she Ld provide
good guidance onapproeches to etficient groundnut
seed production under the varibles operating in
Tanzanu,
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Search for Improved Groundnut Varieties in Tanzania:
Genetic versus Environmental Challenges

A. L. Doto ard S. O. W, M. Reuben*

Abstract

The objectives of the Tanzanian groundnut breeding jooovani are (o develop varietios with stable hish
Yields, w improve crop management, and 1o create coordinated, interdisciplinary teams for food-
legume improvement. Varetal trials have identified some promising dines but the resudrs are
mconsistont across locations, mainly because of the vartation in rainfall beoveen sites. This
caperience points to the farmer-based requirement of cultivars with drowght resistance or tolerance,
ananalvsis of ramfall rccords 1o optiize sowing dates, and increasing the amount of irrigation
available. The datc coltected vy our wrials alyo indicates the importance of measuring the components
of vield.

Sumario

Pesquisa de variedades melhoradas de amendoim na Tanzania: A genétiea contra o desafie do
ambiente. Os objectivos do programa de melhoramento de amendoim na Tanzania sio o
desenvolvimento de variedades contvendimento alio ¢ estavel, v melhoramento do mancio cultural e,
ainda, criar ¢ coordenar equipas interdisciplinares para o melhoramento de leguminosas alimentares.
Lisaios de varicdades indentiticaram alqumay linhax promissoras, mas os resuliados sdo in-
consistentes para os diferentes locais. principalmente devido a diferencas na precipitagdo entre os
varios locais. Ista expericncia aponta para o necessidade dos agricultores em cultivares com
resisicnctd o lolerancia a seca. una andlise dos registos de precipitacao com vista a optiniizagdo dus
datas de sementeira ¢ o aumento da quantidade de dgua de irvigagdo disponivel. Os dados colhidos nos
fassos ensaios tambén indicam a importdncia da medican dos componentes do rendimento,

The undesirable imbalance between production and ject objectives were defined as carly as 1980 and were
domestic demand for groundnuts, which has existed reviewed in 1984. Broadly, the Project aims at:
for more than a decade in Tanzania, sull persists. As 1. Developing groundnut varicties with higher and
a result doniestic demand, even in major groundnut- more stable yields that are appropriate to
producing areas in the country. is often not satisfied. farmers’ needs;

Prices in informal markets, where the bulk of the 2. Developing improved management practices for
crop is sold, are generally several timnes the official new groundnut varictics in collaboration with
price (Doto and Mwenda 1986). The Pulses and on-farm research groups; and

Groundnut Project, based at Morogoro, aims to 3. Helping to create coordinated, well-trained inter-
assist i augmenting groundnut production in Tan- disciplinary teams for food legume improvement
zania. through production-oriented research. Pro- in Tanzama.

*Groundnu Breeder and Aprosomist, Depattment of Crop Science, Facalty of Agneulture, Sokomne Umisersity of Agriculture, Sub Post

Othice Chua b ko, Moropcros Tanzana

TCRISAT (International Crops Rescarch Insntute for the Semi-And Tropies). 1987, Proceeding: of the Second Regional Groundnut
Waorkshop tor Southern Afnca, 10014 Feb 1980, Harare, Zanbabwe. Patancheru, AP S023M, Indo: ICRISAT.
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Improved groundnat vaoeties are expected (o
cicree throueh the sereentp and evaluation of
local and mooduced permplasm collections, the
selection ol improved stinns from existing aecess
stonsad the deselopment of miproved genotypes
throneti Inhindization tollowed by selection,

Pl bull of the crop s prodoced by siall-seale
Bamcr s he v often imtercrop proundnnts with
Mo st anehim o cassavas Irnigation and
srborneut e el ed timprosed penotypes,

oo to meer the ehallengming condinons

o thes e evpected to be grown, Thus,
et e cond veld pertormes . the matenal to
b it recomeiended must possess dronght toler -
e and et and diseiese resistanee,
Vbbb ntormation suppests that 10dda pair
cor e and Rava TOSS T thips, and eat
ST PO LNt et pestson Lanzan
St cd L crcon s pervonaiuny, Cer ONfrorg
Sedeoons Paccmna aradiadin, and pronndna
rosetie e (0N b pose settous probicis
ARewben cr ol 19N Simons and Rava 1983 Sinee
Ty ey ose pesticdes, the development ot
Bl e e e that possess acceptable levels
SE s atiee T the important pedds and diseases s
Gensn o onr planned ethort to boost eroundnm
ot
Prorn paper, an attempt e niade to review word,
avte b viod e brecdmp at Moroporo
o ahnaned ot wali then be discussed with

conpcei oe ttare tescarch stitees, Tnotarn, it is

Poped e thos presentation will stimatlate discus-

slettondnportant aspects of research ot either loeal

ar toveonad apphoanon

Prefnomary Yield Evaluation

(AT el evaluations conduered m 1982 o
Shecocdmensted the s upenonn of runer
e U bunchtope raas howeser, possible

boriii s oot e to e thiree magorn diseases i both
provps Mahambabo s N ontbe, Mbeva,and PHI
SOEPESTR T were found tobe outaanding in vield
atb s ercal o tound to be ressant to deat spots, rust;
and GRA

Periormance of delected Lines

Pca 292 e obone 25 roundnut hines, v here

shnes and buneh tupes were asessed it a 30 -

S i s piags tour entries outvielded the standiard
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variety, Natal Common. The trial was characterized
by Tow shetling pereentage and Tow seed size (Table
D). most probably o eosult of dry conditions at the
pod tormation and pod-tilling stages. Also, many
entoies mitured carlier thim expected.

While the results of the 1983 tiadare imited o the
matenal and site in questton, there were indications
that outstanding penotypes conld be found among
the eeessions available at Morogoro, Ay taras yield
wan concerned. Famnut-74 and Spanhoma seemed
pronustnge. A few penotvpes, including Mbeva,
Makambaho, Innie Runner, and flepe were only
stightly atfected by droughe, o far as shelling per-
centipe was concerned. Mbeva, KH O T9A and Fx-
Chimala disphised remarkable levels of resistanes to
rosette.

Fleven of the 25 Hnes trom the 1953 tal were
cvaluated o set of tials at theee sttes in 1984, The
set ol s at URigror give very poor results, thus
dita from only 1wo sites are given ¢ lahle 2).

Phe tnads o Tamby pive ngher vields than those
at Morogoro in both the bunch and runner groups,
Wihile no combined analysis was attempted, there
was evidence for penotvpe ~ site mteraction in Tam-
nut: PEIR7I09 ontvielded Natal Common., the cone-
trabvanety at Tumbirin the bunch trial. On the other
hand, Spanhoma and Fanmut-74 were the two top
cutizes ut Motogoro Fable 200 Tamnut-74 was the
hest entry overall,

Yield figures from the runner group also sug-
rested the presence ot appreciable genotype * Joca-
tonanteriaction. For example. Virginia 72 R had a
high kernel viekd i Tumbi but pertormed poorly at
Morogoro (Table 2. the overall poor performance
at Morogore was attrrbuted to inadeqguate raintall
during the growimg season.

Fwa sets of ials, cach comprisig of 23 hines,
were carned ontat seven focations, Howeser, a full
sebobresults warc reeeived only frons tour locations,
Inaddinon, a tial involving 15 lines wis carried out
at Moerogoro wher oavo supplementary irrvigitions
sereapphied during the pod-tilling stage,

Fhe tnal ar Morogoro, which received supple-
mentary irigaton, gave very encouraging vields
averamng above X tha e Lable 3. The suncriority of
Spanhoma over the control, Natal Common, was
aan demonstrated i this triad Tamnut-74, on the
other hand, was outyiclded by the control. Good
shelling pereentape wae recorded from Mamboleo,
2106, Nawl Common,and T 17 again confirming
the userulness ol tocal material ina breedive pro-
grant. AH varrenes, exeept 47-10, matured within
100 dirys.
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Table 1. Performance of 25 lines of groundnuts at Morogoro, Tanzania, 1983,

Days to [00-seed weight Shelling Kernel yield
Groundnut varietics maturity (g) (1) (kg ha'1)
MGC 64 Tamnut-74 87.3 355 353 1 316 (a)
MGC 213 Spanhoma 88.0 334 414 I 228 (ab)
MGC 129 1 30 8§7.0 41.3 39.0 1 206 (ab)
MGC 96 Sturr 87.0 324 94 [ 116 (ab)
MGC 184 Natal Common 87.0 33.2 323 1 097 (ahc)
MGC 6 Mbeva 105.0 40.1 59.1 107 \
MGC X8 Comet 87.0 37.3 377 I 068 (abc)
MCC 50 Mamboleo 87.3 189 42,1 1 033 (abc)
MGC 110 [ 85.0 30.1 40.8 I 031 (abc)
MGC 124 | 8% 878 354 417 1 020 (abc)
MGC 2K NC I 103.0 40.0 539 1 001 (abc)
MGC 121 Spancross 87.0 a5y 28.5 996 (abc)
MGC 8] 194 §7.3 351 429 992 (abc)
MGC 20! Tarapoto Pl 350680 8K.0 298 27.9 986 (abc)
MG X Disie Runner 106.0 3.9 59.2 914 (abc)
MOGO s Ex-Chunya 106.5 50.5 54.9 905 (abed)
MGC 167 Jubulava 87.3 26.5 304 905 (abc)
MGC 7] Virginia 72 R 105.0 55.1 S54.1 880 (abed)
MGC 52 Ex-Chimala 106.5 46.7 56.5 838 (abcd)
MG 53 Hepe (Fx-Uliimbia) 106.0 57.0 554 784 (abed)
MGC 6 KH 149 A 91.0 RRX 238 774 (abed)
MGC Y Fa-Njombe 105.5 52.6 53.1 765 (abed)
MGC 13 Makambatboo 104.5 35.2 64.2 658 (bed)
MGC 10 Kurangia Kubwa 105.5 30.5 46.3 482 (cd)
20 85.0 33.3 273 366 (d)
Mean 94.5 38.5 415 9318
SE #0.29 +2.25 +3.12 1542
Table 2. Kernel yield (kg ha™') for 30 lines of groundnuts at two locations, Tanzania, 1984,
Bush Runner
Variety Morogoro Tumbi Variety Morogoro Tumbi
Spanhoma 1531 - Dixie-Runner 745 -
Tamnut-74 1445 1915 Red Mwitunde 660 1010
Comet 1304 1822 Kinyika 647 1376
169 1261 [ 287 Makambuako (a) 627 1066
Unknown 1220 1 569 Mbeya 618 -
1117 1217 1676 Ex-Njombe 604 1188
Natal Common ! 148 1862 Uninown 560 1410
184 t131 1423 NC 343 551 1598
'l 315608 1091 1583 Asilia Mamboleo 542 833
2106 1015 1423 Ex-Kiwele 536 1354
Pl 337409 979 1 942 Ex-lsmani 519 1§21
Za Kisukuma 949 1583 Mbozi 482 1399
Za Kienyeji 921 1729 Ex-Madibira 34| 1 388
297 890 1676 Virginia 72 R 319 1789
47-10 322 918 Makambako (b) 300 1221
Meun 1095 1 606 Mean 537 1289




Table 3. Perforimance of 1§ fines of groundnuts at Morogoro, Tanzania, 1985.

Days to 100-seed werght Shelling Kernel yield

Groundnut varieties maturity (g) (C8) (kg ha~t)
Spanhoma 87.5 41.7 69.9 2557 (a)
1184 90.5 42.3 69.3 2501 (ab)
Mamboleo 86.8 438 72.2 2487 (ab)
2 106 90.3 40.6 708 2476 (ab)
1769 87.5 40.7 739 2476 (ab)
Za Kienyeli 83.5 394 64.9 21392 (abe)
Starr 89.8 357 66.4 2383 (abe)
Natal Common 89.3 J6.1 70.6 2282 (abc)
Tamnut-74 90.3 37.1 SeR 2126 (abr)
1117 20.8 37.0 73.0 2117 (be)
Isracl line 136 PI 315608 89.3 373 65.0 2099 (bc)
2/97 86.5 38.2 62.6 2069 (bc)
Comet 88.0 369 68.9 2057 (be)
Pl 33709 88.8 330 67.8 1925 (¢)
&7-10 1148 320 58.6 1354 (d)

Mean 90.6 38.1 67.5 2220

CV (%) 0.7 6.4 8.8 28.2

SE 10.33 t§,21 12,96 11534

Table 4. Yield parameters of groundnut for various
locations, Tanzania, 1985,

‘Tne! location Mean
and tyje (kg ha')  Range CV (%) SE

Ukiriguru
Burch 410 260- 580 28.0
Runner 160 50- 310 54.3 150
Mwinhala
Bunch 280 130- 390 242
Runner 190 90- 280 52.5
Honga
Bunch 470 200- 780 30.1
Runner - - -
Tumbi
Runch 930 680-1130 244 19
Runner 930 610-1100 19.1 170

Yields from the other locations were generally
poor, with the exception of those from Tumbj (Table
4).

The results as they stand do not provide an opti-
mistic picture of the potential of the lines at the
testing locations. The trials at Ukiriguru, Mwan-
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hala, and llonga suffered considerable moisture
stress during the growing period. Thus, the yields
obtained, low as they appear, more than help to
underscore the significance of inadequate and
unreliable rainfall in parts of the major groundnut
arcas in Tanzania,

Character Associavion

Pod number per plant was found to be closely asso-
ciated with final kernel yield in both the 1983 and
1985 trials at Morogoro. The variety trial at Moro-
goro (1985) further indicated that shelling percen-
tage and 100-sced weight are other chaiacters that
are closely related to kernel yield. On the other hand,
earliness was found to be positively associated with
yield.

The positive association between earliness and
kernel yield would be expected in a situation where
rainfall was of lirnited duration. It would, thercfore,
appear that the supplementary irrigation, which was
applied after the pod-formation stage, did not signif-
icantly affect the relationship. It was also pleasing to
note that pods per plant, pod weight, shelling per-
centage, and 100-seed weight were all positively
related among themselves (Table 5).



Table 5. Correlation coefficients among selected groundnut characters for Murogoro trial, Tanzania, 1985,

Days to 50¢¢ Days 10 Pods per Pod Shelling 100-seed
flowering maturity plant weight (¢) weight
Days to maturity 0.86%*
Pods per plant -0.61* -0.£0**
Pod weight -0.56* -0.4i 0.51
Shelling percentage -0.34 -0.51 0.55+ 0.25
100-sced weight -0.38 -0.55* 0.28 0.72%* 0.52
Kernel yield -0.55* -0.76** 0.61* 0.89** 0.64* 0.58*

Discussion

Most of the trials reported from 1982 to 1985 suf-
fered moisture stress, particularly during flowering
and pod formation. Thus, soil moisture appears to
be one of the most important environmental factors
affecting production. In this brief presentation it
may be useful to discuss some of the options that
could be adopted to overcome this constraint, One
of the options that should be given serious attention
is the development of varieties that are resistant to
drought. This could be achieved through the devel-
opment of early-maturing types or drought-tolerant
material. The approach has already received atten-
tion in Senegal (Gautreau and De Pins 1980). In
Tanzania, much of the variety improvement work
aimed at the Shinyvanga, Mwanza, Dodoma, and
Singida regions could emphasize drought tolerance.

An in-depth analysis of rainfall and other related
parameters could also be another way of dealing
with this problem. Rainfall data for the major agro-
ecological zones is available, which goes back for
more than 30 vears. A careful study of this data
could provide invaluable information to agrono-
mists and breeders in pinpointing planting dates for
the different maturity groups of groundnuts and
other crops.

The third option is that of intensifying irrigated
agriculture. Sudan has a long history of irrigated
groundnut production. Similarly, Zimbabwe has
recently done much to increase its capacity for irri-
zation. Yiclds obtained from the trial at Morogoro,
which received supplementary irrigation, do lend
much support to the need and urgency of exploiting
the vast potential for irrigation in Tanzania. Thus, a
strategy aimed at increasing and stabilizing ground-
nut production in Tanzania may have to combine
the three options that would minimize the impact of
crop failures arising from inadequate rainfall.

From the 1984/85 trials it appears that varieties
rank differently across locations, Whereas it may be
undesirable to have too many recommended vari-
eties for differentagroecoltogical zones, it could be of
value to identify major arcas that could benefit by
growing a given variety, In this way, farmers would
be provided with the best variety for the area in
question, rather than be given a variety with a gen-
cral adaptation. There is no doubt that Makam-
bako, PI 200, and P1 314817 could serve as usefu!
sourcss of resistance to leafl spots, rust, and particu-
larly GRV in groundnuts. The 3 years’ data, though
useful, are rather difficult to interpret in terms of
possible variety recommendations. Varieties like
Spanhoma and Tamnut-74 deserve special atten-
tion, as they have shown some potential in the 1983
and 1984 seasons. Spanhoma further demonstrated
its worth at Morogoro in the 1985 irrigated trial. The
picture, however, is not conclusive as the results
from other sites are not consistent. Due to the erratic
environmental variables, particularly rainfall, it may
require mote than 3 ears’ data before a variety can
be recommended with confidence.

The period under review has further demon-
strated the benefits of measuring the components of
yield, such as pods per plant, pod weight, shelling
percentage, and 100-seed weight, in a selection pro-
gram. Results reported carlier and those from the
1985 trial (Morogoro) suggest that the four charac-
ters are positively associated among themseives, and
in turn ech was positively related to kernel yicid.
Thus, selection for yield could partly be based upon
these characters. In addition, data for the period
1983 and 1985 is now under in-depth analysis, with
the aim of identifying important yield determinants
under stress and non-stress conditions. Results from
the analysis will be communicated to researchers in
the region through the ICRISAT Regional Ground-
nut News.
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Genetic and Ecological Diversity of Local Groundnuts
in Tanzania

F. F. Mwenda*

Abstract

Groundnuts arc grown inmost parts of Tanzania by small-scale farmers. At present a seed production
and distribution sysiem far the crop is non-existent. In a recen: collection mission it was found that all
mayor botanicat groups are grown and these exhibit significant variations. Furthermore it was
obscrved that the cultivars grown varied with altitude as well as with the length of rains in particular
ecological areas.

Sumario

Diversidade genética e ecologica dos amendoins locais na Tanzania. O amendoim é cultivado na
maior parte da Tanzania por pequenos agricuitores. Presentemente, a produgdc de semente ¢ o
sisterna de distribuicdo para este cultura séo inexistentes. Numa recente missio de colecgdo,
ohservaw-se que 1odos os principais grupos botdnicos sdo cultivados e que estes exibem variagdes
sigdfieativas. Para além disso, foi observado que os cultivares utilizados variam com a altitude, bem

cotio com a duragao das chuvas, em areas ecologicas particulares.

Tanzania is an important groundnut-growing coun-
try in East Africa. Most of the crop is grown by the
small-scale farmer and extends from sea level to
about 1500 m (Mwenda et al. 1984). However, in a
recent survey groundnuts were found grawing at
higher altitudes (e.g., Mufindi, at 1750 m).

In the major groundnut-growing areas, the crop is
grown by most fu:mers but usually only in small
holdings, often just small backyard plots, or mixed
with other crops. The type of groundnuts grown
varies from area to ares, farmer to farmer, and in
some cases even within the same farmer’s lot. That
significant variation exists in the local groundnuts
grown in the country was revealed in the local cultiv-
ars used as controls in our multilocational trial con-
ducted throughout the country (Table 1). However,
previous rescarch and the current phase of the
groundnut improvement program was started with-
out adequately appraising this reservoir of genetic

variability, which can be greatly exploited to
enhance the breeder’s task of producing new and
improved cultivars

This paper gives a brief account of the geneticand
ecological diversity discovered in recent collecting
missions conducted in 10 out of 20 rzgions of main-
land Tanzania.

Probable Origin arid Sources
of Diversity

It is likely that different forms of groundnuts were
grown in the country from the 15th century on-
wards, having been introduced into Africa by the
Portuguese in 1502 (Gregory et al. 1951). More
recently groundnuts were introduced into the coun-
try by the British Overscas Food Corporation

* Groundnut Breeder. Oilseeds Research Preject, Nahiendele Research Station, P.O. Box 509, Mtwara, Tanzania.

ICRISAT (International Crops Rescarch Institute for the Semi-Arid Tropies). 1987, Proceedings of the Second Regional Groundnut
Waorkshop for Southern Africa, 10-14 Fob 1986, Harare, Zimbabwe. Patancheru, A.P. 502324, India: ICRISAT.
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(OFC) in the late 1940s. Hemingway (1957) reports
that a total of 135 groundnut collections from all
over the world *vere established at Kongwa by
1250, 51. These consisted of 98 carly bunch types, 31
spreading bunches, and 6 runner types. It seems
likely that these introduced materials may have
found their way into the hands of individual farmers
around the research centers run by the OFC
{(Kongwa, Urambo, and Nachingwea), thus adding
variability to the genetic pool that already existed.
At present, locally grown cultivars are very mixed
and hence unidentifiable as individual cultivars. A
third source of variability is the movement of
groundnut material across borders in neighbouring
countries, e.g.. Mwitunde in the west (probably from
Zaire), and Malavi along the shores of Lake Nyasa
(probably from Malawi). In all cases where the seed
got to the individual farmer, he would almost alwavs
retain part of the crop for the next planting. If the
seed got lost he would get some from his neighbour.
For this reason, 1t is safe to assume that most of the
existing cultivars are true landraces. It is very
unlikely that material introduced in the last S years
has reached the individual farniers, as it is still con-
fined to the research stations,

Current Status of Diversity
Genetic Diversity

All major botanical groups of groundnuts, namely
spanish, valencia, and virginia, are widely grown in
the country. Mare significantly, there exists a wider
genetic diversity in Tanzania than has previously
been assumed. There are a great number of different
and nondescript tvpes grown by the Tanzanian
farmer. Genetic diversity ranges from cultivars ma-

turing in 3 mounths to those maturing in over 6
months, while significant variation exists in pod
type, seed size, and seed color. Table 2 summarizes
the range of existing variability based on sced size
and seed color for 10 regions of mainland Tanzania.,

Classified very crudely, and omitting the finer
gctails contained in the more recent classification of
groundnut cultivars (Bunting 1958), most of the
bold- und medium-sized kernels of all color shades
are assumed to belong to the late-maturing virginia
types (var htypogaea) of groundnut. Small-seceded
kernels of tan color would belong to the early-
maturing spanish group (var fastigiata), while most
small-seeded kernels with red or off-white color
would belong to the early-maturing valencia group
(var vudgaris). Other types found in the country had
medium to vold kernels with two colors, i.e., red and
white, on the same kernels (not to be confused with
variegated rea;/ white color as in Mani Pintar). These
are found tn the Irigna Region and along the shores
of Take Nyasa in the Ruvuma Region,

Because very little of the groundnut production
enters the otficial market where certain standards
would be demanded, most farmers tend to plant
mixed types. Based on these kernel characteristics, it
is evident that all major groups of groundnuts are
grewn in the country and have significant variation
between and within groups.

Ecological Diversity

Ecological factors may largely influence the distri-
bution of groundnut cultivars, In Tanzania, altitude
and the length of the rainy season are important
ccological factors that affect the tvpes of groundnuts
grown. It was reported by Mwenda et al. (1984) that
groundnuts are grown in most areas below an alti-
tude of 1500 m. However ina recent survey, ground-

Table 1. Common groundnut types grown in Tanzania.

Name Region

Type

Red Mwitunde
Dodoma Bold

Miwara, Lindi
Ruvuma

Amani Ruvuma

Mango Mango Mtwara
Kabalagara Mwanza

Bwanga Mwanza
Mwanjelwa Mbeya

Malavi Ruvuma Dodoma

Mixture of spreading bunch and runner
Mainly runner

Mainly runner

Mixture of spreading bunch and runner
Mainly upright bunches

Mixture of spreading bunch and runner
Mainly runner

Upright bunches

b8



Table 2. Kernel characteristics of local groundnut cultivars collected in Tanzania, 1985.

Kernel types

Bold Medium Small
Region Pink  Red Tan Pink Red Tan  Pink Red Tan  Other Totals
Arusha - - - - | 2 N - - . 3
Dodoma 4 ! 5 13 6 12 1 11 4 57
Iringa 1 1 1 4 I 2 2 5 2 2 21
Morogoro - - - ! 1 2 - . - - 4
Mbeva l - - | - 2 - - - 4
Miwara - - - 3 3 ! - - - 7
Ruvuma 4 ! 2 I 7 6 - 8 - 2 31
Shinyanga - - 2 - - . 1 - - 3
Singida l - 1 1 I 3 - - - - 7
Tabora - - 3 - 5 | 4 1 - 21
Fotal 1 3 14 24 27 35 4 29 7 4
Type Tota! 28 £6 40
Bold Medium Small

nut samples were collected at places above 1700 m
(e.g., Haubi, 1650 m; Mufindi, 1750 m; and Njombe,
1800 m). Table 3 shows the distribution of types of
groundnuts according to altitude ranges. Most types
of groundnuts seem to be concentrated from sea
level up to 1500 m. The bold- and medium-seeded
types are more widespread at all altitudes than the
small-seeded types that weee found mainly at
medium altitudes (500-1000 m).

[t is likely that both the length and discribution of
rainfall influences the types of groundnuts grown,
The arca surveved is characterized by a single
peaked rainfall pattern differing only in the distribu-
tion of the rainfall. Thus, Mbeya, Mtwara, and
Ruvuma generally have long periods of rain (4-5
months). In these regions late-maturing ro pes (bold-
and medium-seeded) predominate, Dodoma, Iringa,
and Tabora have short periods of rains (34 months).
In these regions all types are found, but it is signifi-
cant that the early-maturing types(small-seeded) are
more widespread than in the other regions(Table 3).

The repert given here is far from complete. The
samples on which this account is basad were col-
lected from only a fraction of the major groundnut
growing arcas of the country, and the variability
described is based almost entirely on kernel charac-
teristics. A more complete account will be available
when the collections have been fully characterized
and a preliminary evalnation made. Additiona!
information may also be available when the remain-
ing areas of the country have been surveyed.

Table 3. Types of groundnuts collected at different alti-
tude ranges, Tanzania.

Kernel size

Altitude
(n1) Bold Medium  Small Total
0-500 5 5 1 It
500-1000 - 7 4 I
1000-1500 13 21 26 60
Above 1500 S 8 2 5
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The Effect of Plant Population and Defoliation on the Yield of

Groundnut (Arachis hypogaea L.)

A. J. P. Tarimo and M. K. A. MKkesele*

Abstract

The yield of a local groundnut (Arachis hypogaca L.) cultivar ( Ex-Turian) in Tanzania was
increased by increasing plant population from 10 plants m ™% to 44 plants 1~ 2. Plants were artificially
defoliated so thar vither 0%, 25%, 50%, or 100% of leaf was removed for each population.
Defoliation of plants within populaticns reduced kernel vield.

Higher levels of defoliation had more depressing effects on yield in the lower plant populations than
in the higher pupulatons, suggesting the importance of inereased leaf area index (LAL) in the
accumudation of photosynthetic products in the stems, branches, and roots of groundnuts during the
vegetative growth phase. This fucilitates pod filling even after the plants are defoliated.

The highest yield reduction (66% ) was recorded from the 100% defoliated plants in the 13 plants
m” population. While pod yield ha ™! decreased with increasing defoliation intensity, the shelling
percentage and the 100-kernel mass were increased.

Sumario

O efeito da populagdo de plantas ¢ da defoliagan no rendimento do amendoim ( Arachis hypogaea L.).
O rendimento de um cultivar de amendoim ( Arachis hypoguea L.) local da Tanzania foi aumentado
por se aumentar a populagdo de plantas de 10 plaatas m™? para 44 plantas m™?. As planias foram
artificialmente defoliadus de forma que 0%, 25%, 50% ou 100% das folhas foram removidas em
cada uma das populagées. A defoliagdo das plantas dentro da mesma populagdo reduziu o rendimento
de sementes.

Altos niveis de defoliagdo tiveram efeitos mais negativos em populugées baixas do que em altas
densidades, sugerindo a importincia de altos valores de indice de area foliar (LAl — [ vaf Area
Index ) na v mulagdo de fotossintatos nos caules, ramos ¢ raizes do amendoim durante a *.:se de
cresciment- vegetativo. Isto facilita o enchimento das vagens mesmo depois das plantas serem
defoliad 1

A ma.or redugio do rendimento (66% ) foi obtida de plantas defoliadas em 100% numa populagio
de 13 piavias 1172 Enquanto que o rendimento de vagens por hectare diminuiu com o aumento da
intensidade de defoliagdo, a pereentagem de descasque e o peso de 100 graos aumentou.

Groundnut (Ararnis hypogaea L.) is an important
oil and confectionery crop of both the tropical and
temperate regions of the world. Eighty percent of the
world production comes from the deveioping coun-
tries of the tropical regions. Sixty-seven percent of

the total world production is from the seasonally-
dry rainfed regions of the semi-arid tropics where
yields are commonly very low (800-900 kg ha-!)
compared with yields of approximately 2500 kg ha-!
in the developed countries (Gibbons 1980).

* Entomologist and Agricultural Otficer, Depastment of Crop Science, Faculty of Agriculure, Sokoine University of Agriculture, Sub Post

Office Chuo Kikuu, Morogoro, Tanzania.

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987. Proceedings of the Second Regional Groundnut
Workshop for Sevihern Africa, 10-14 Feb 1986, Harars, Zimbabwe. Patancheru, A.P. 502324, India: ICRISAT.
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Groundnut yields in Tanzania are very low even
under large-scale cultivation (about 700 kg ha-t).
The peasant farmer gets even less (about 450 kg
ha!). The main factors contributing to low produc-
tivity of groundnuts in Tanzania include low plant-
population establishments, foliar pests and disease
damage, ard generally poor crop-husbandry
practices.

Various rescarchers on groundnuts .iave empha-
sized the need for closer plant spacing in order to
increase vield ha't (Arnon 1972). The main reason
for establishing high plant populations in ground-
nuts has been to increass canopy size in order to
effectively intercept solar sadiation during crop
growth. High solar energy interception is associated
with increascd groundnut vield. Many farmers in
Tanzania are unable to establish a high plant popu-
lation of groundnuts beeause of seed shortage dur-
ing the cropping season.

Leaf dumage in groundnuty s common, and re-
duces the cefficiency and clectiveness of photosyn-
thesis in optimum plant populations. Several species
of caterpillurs attack the foliage, sometimes catsing
complete defoliation (Shields and Wyman 1984),
Also, toliar discases such as leat spots ( Cercospora
spp) and rusts reduce the photosynthetic strface of
the crop. Control of these insects and diseases
require frequent insecticide and fungicide use, which
is not cost effective under small-holder farmer
conditions.

It has been suggested (Envi 1974) that greater
vield reduction occurred when plants were defoli-
ated at the reproductive growth stages, than during
the vegetative growth stages. At full flowering, the
photosynthates are diverted mostly to pod develop-
ment and later to pod Glling, during which kernels
are produced.

Although substantial information on the effects of

plant population and defoliation on groundnuts is
available in the literature, verv litte is known about
the possible interaction of plant population and
defoliation intensities on the vield of the crop. The
present work attempts to explore those effects with
the objective of studying plant population as a
cultural means of minimizing the impact of foliar
pests and diseases on groundnut production.

Materials and Methods

A plant-population and defoliation trial was set out
at the Sokoine University of Agriculture Farm,
Morogoro, Tanzania, using a local groundnut cul-
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tivar, Ex-Turian, during the cropping season of
198485, The cultivar was of the erect bunch-type,
belonging to the spanish-valencia group.

Plots 4 x 5 m were laid out in randomized com-
plete blocks and replicated three times. The plant
populations varied from anintrarow spacing of § em
to 20 cm while maintaining a constant interrow spac-
g of 0.5 m. Plant populations established were
100 000 plants ha“! (20 em), 131333 plants ha-! (15
em), 200 000 plants ha~* (10 cm), and 444 444 plants
ha'! (5 cm). Sowing was done on 30 Mar 1985,
placing one seed per hole, Each plot received a basal
fertilizer at the rate of 60 kg P, ha™! in the form of
TSP placed in shallow furrows (5 cm deep) and
covered shallowly by soil before seed placement. No
top dressing fertilizer was used.

IFoliar pests were controlled by a weekly applica-
tion of endosulfan (35¢ EC at the rate 900 ga.i ha)
starting from 3 weeks after planting. Plots were kept
weed-free throughout the growth period of the crop.

At flowering stage, 10 plants from cach plot, cov-
ering an area of 4.5 m? were selected and defoliated
artificially so that 0%, 15, 50%. or 100% lcaf
remained. This was done by counting the number of
primary branches of each plant and removing the
leaves by hand according to the desired defoliation
intensity. All the plots were defoliated on the same
day (6 May 1985).

At the crop-maturity stage, crop height (central
axis only), number of primary branches, pod yield
ha!, and kernel vield ha-! from the 4.5 m2 defoliated
arza were recorded. A sumple of 120 kernels was
taken from each sampled plat to measure the 100-
kernel mass. Data recorded were analysed by the
analysis of variance technique.

Results and Discussion

Groundnut yields were significantly increased by
increasing plant populations from 10 plants m-2 to
44 plants m-2 (Table 1). irrespective of the defolia~
tion intensity (P <= 0.01). The magnitude of the
increase varied with the defoliation intensity within
a given plant population. The maguitude of yield
losses was dependent on the am sunt of leaves
removed from the plant at {Towering and the rate of
leal replacement. The rate of leaf seplacement was
mainly dependent upon the genotype, while the rate
of leaf shedding depended mainly on the prevailing
environmental conditions during crop growth. The
main environmental factors asociated with natural
defoliation included low soil moisture availability,



Table 1. Effects of plant population and defolintion on the yield and other yield characters of groundnut cultivar

Ex-Turian, Morogoro, Tanzania, 1984/85.

Plant Population Defoliation Kernel Pod 100-kernel
spacing! density intensity vield vield Shelling sy
(cm) (104 plants ha ") () (kg ha'') (kg ha't) <) ()
20 10 0 330 [{R11] 523 38.1
25 330 600 54.5 28
50 120 360) 574 0.3
100 210 350 598 RY
10 13 0 720 1430 50.7 42.0
25 580 1 000 57.5 39.7
50 510 K60 58.9 37.1
100 240 400 61.4 32.2
IS 20 0 1020 1 790 56.9 424
25 710 110 63.0 404
50 650 1030 63.5 41.2
100 590 840 69.6 35.1
5 44 0 1600 2550 6.6 430
25 1 080 1620 66.4 41.5
50 990 1 360 126 41.7
100 1000 1310 76.4 40.7
Significance - e . b .-
CV (1) - 17.6 138 7.4 78

1. 0.5 m between rows
** Sigmticant at 2 0.01

presence of foliar pests and diseases, and extreme
temperatures.

The effects of plant population were related to
those of defoliation intensities ( Fable 1), Defoliation
hart less effect in high plant popuiations, and at 50
a.- 007 defoliation, the vield reductions were only
Tuv.,
lations  ‘here yield reduction figures as high as 66¢¢

< Crespeetively, compared with the low popu-
were recorded.

Leal replacement after defoliation in the present
study on cultivar Ex-Turian was observed to he
higher in the lower populations. although this was
not statistically analvsed. This charactenstic might
have contributed to the vields even at the 1009
defoliation intensity within populations. Enyi(1974)
noted that crop productivity even after intense defo-

liation might have been due to high efficiency of

assimifate accumulation in the stems during late
vegetative growth, It is also possible that the stems
and branches of groundnuts continued to photosyn-
thesize even after leaf removal! because they nor-
mally remained green during most of the growth
period. The crect bunch-type cultivars have been
observed to have higher yield potential even after

intense detoliation (Enyi 1974, Mercer 1976).

The plant populations and defoliation intensities
significantly influenced the performance of some
important vield components of groundnuts such as
pod vield hat, shelling pereentage. and 100-kernel
mass (Table 1). The vield of pods increased with
increasing plant population. These yields varied
froam 1710 kg ha Vin the highest populations to 486
kg ha' in the lowest population. Defoliation of
plants decreased pod yield. Hodgson and Blackman
(1957) noted that detoliation, besides reducing the
assimilatory surface and thus the supply of carbohy-
drates, also removed the exportable reserves of ni-
trogen that were necessary for pod formation.
Mercer (1976) and Enyi (1974) reported suinilar
declines in pod number per plant with increasing
defoliation intensities in both the erect bunch-type
and the runner-type cultivars. Mercer (1976) also
noted increased pod yield per plant at 100 defolia-
tion in the bunch-type cultivar compared with the
runner-type cultivar. The growth of pods after leaf
removal is a genotypic characteristic that could be
associated with the cultivar's ability to withstand
environmental stresses.
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The shelling percentages showed significani varia-
tions among treatments (Table 12 - 0.01). The
highest shelling percentage was observed from the
ghest plant population with the highest (100¢])
defoliation antensity (Table 1), High shelling-
percentage implies etfectuve pod filling, Closely-
spaced  groundnut plants suppress late pod
formation, theretore facilitating proper filhng ot
pods it the base of the plant(Enyi 1977), Enyi(197:4)
also noted the tendency toward increased shelling
percentages with increasing detoliation intensities.
Phe present study confirms the positive relation-
stups hetween groundnut shelling percentage and
plunt population and detolistion intensities, 1t
appears that high plant populations accumulate
more dry matter in the stems and brianches, which
areetfectively used tor tilling the few pods produced
per plant after leat detolintion. Pod formaton in
proundnul s dependent upon the amount of dry
nuatter partitioned to the sten, o branchies, and possi-
blv toots. Kernel growth depends 1o Luge extent
on the amount ofassiilates partitioned to the pods
during growth .

Higher plant population in groundnuts mcreiases
the ctheieney of solar radiation interception by the
cropeanopy. Fhis chatacterisue directly contributes
tomcreised photosynthetic productivity durtng the
vegetative growth phase. Natural shedding of leaves
asaeresudt of selt shading with increased plant popu-
latton does notalieet groundnut vieid because of the
relatvely high accumulanion of assimiliates in the
cropdurnng the carly vegetative growth phase. Deto-
hation ot such plants during the Howering stage
might resulvin stabihzed vic!d due to inereased shel-
Iy pereentage of the crop. Increased shelling per-
centage with increasimg plant population was also
assoctated with mcereased seed mass (Table 1),
Increased detolition intensity, however, decreased
the T0O-kernel mass. Hanmmerton (1972) reported
declimes moseed size tollowing defoliation of soy-
beans. Simular results have been reported by Fayi
C974) i groundnuts, sovbean, cowpeas, and green-
griam Lhe observed vicld variations within a plant
population following variations indefoliation inten-
stties were assoctiated with inereased shelling percen-
tages and reduced seed sizes. The two characteristics
tended to counterbalance the effects of defoliation
on kernels within g population.

From the present study and carlier work by oth-
ers, it 1s clear that defoliation of groundnuts has a
negative effect on kernel vield. Foliar pests and dis-
cises require intensive control measures in order to
minimize the lesses associated with leat removal in
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groundnuts. A knowledge of the possible impacts of
defoliciion of a given crop such as groundnuts
would aid crop yield modelers in simulating the
impacts of pests and diseases in @ given cropping
season.

From the present results, it appears possible to
minimize the impacts of defoliation on kernel yield
by increasing plant populations. However, more
work iy required in o order to confirm  this
ohsernvation.
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insect Pests of Groundnut (Arachis hypogaca L.) in
Tanzania and their Control

A. J. P. Tarimo and A. K. Karel*

Abstract

Investigations were carried out te study the insect pest complex of groundnu ( Arachis hypogaea /.. )
and their control in Tanzania. Of the insects evaluated, groundnut aphid ¢ Aphis craccivora Koch),
groundma hopper ¢ Hilda patruelis Staly. termites (Odontotermes maorogorensis HHarris and
Hodotermes mossambicus Haig o, flower thrips ( Taeniothrips sjostedti), flower beetles (Coryna
and NMylabris ssprand the seeding beetle  Gonocephalum simplex . cause most damage in the
freld and considerable reduction in the secd kernel vield. Postflowering pests cause more damage and,
therejore reduce seed kernel vield more than preflowering pests. Spraving of insecticide, .., DDT
and endosugfan ., significantly reduced the insect poputations on the crop. Highest kernel vields were
observed from ihe fudly conirolled plants. However, kernel vield was not increased when insecticide
applications were made during the postflowering growth stage or throughout the growing season.

Sumario

Insectos como pragas do amendoim ( Arachis hypogaca L.} na Tanzania ¢ o sceu controlo,
Investigagoes Joram conduzidas para estudar o complexo das pragas de insectos do amendoim
rArachis hypogaca L. na Tanzania ¢ o sew controlo. Das insectos avaliados, o afideo do amendoim
{Aphis cracaivora Kocl o, o saltador do amendoim ¢ Hilda patruelis Stal), as termites (1 Qdontermes
maorogorensis Harris ¢ Hodotermes mossambicus Haig ), ay tripes da flor ( Tacniothrips sjostedti ),
ox escaravelhos da flor - Coryna e NMylabris sspo e o escaravetho da semente (Gonocephalum
simplex Foo cansan grandes danos no campa, causando considerdavel redugdo no rendimento do
amendoint descascado. Pragas de pos-floragao causam maic dano, causando maiores redugies no
rendimento de grao gue ax pragas de pré-floragao. Aplicagdo de insecticidas como DDT ¢ endosulfio,
reduzem significativamente a popubagao de insectos na cultura. Os maiores renimentos de amendoim
em grao foram ohservados em plintas onde o controlo foi total. Contudo, o rendimento de amendoim
cm o grdo nao aunientou guando o insecticida foi aplicado durante o periodo de crescimento pos-
flovagao ou durante o pertodo de crescimento da cultura.

Groundnut (Arachis hypogaea 1..) is a common oil
and protein crop in the tropic and subtropic regions
of the world. The protein and oil contents average
30.4 and 47.7¢¢, respectively (Purseglove 1975),

In Tanzania, the cropis grown in the low elevation
areas (from sea level to about 1500 m asl), especially
in the drier parts of the country such as the Dodoma,

grown in small quantities for home consumption in
many parts of the country.

Intercropping and mixed cropping of groundnut
with cereals is the more common practice among the
peasant farmers in the country. Groundnuts are
more commonly intercropped with maize than with
any other cereal crop. The most common groundnut
cultivars grown in Tanzania include Valencia, Natal

Shinyanga, Tabora. and Singida regions. Thecropis

* Entomologets, Department of Crap Sacnce. Faculty of Agriculture, Sohome University of Agriculture, Sub Post Office Chuo Kikuu,

Morogoro, Tanzania

ICRISAT International Crops Research Insutute for the Semi-And Tropies). 1987, Proceedings of the Second Regional Groundnut
Workshop for Southern Atnica, 10014 Feb 1986, Harare, Zimbabwe. Patancheru, AP, 502 324, Indis ICRISAT.

95



Common, Barbeton tvpes, Locil Kongwa. Dodoma
tdible, Gambia bunch, Matevere tvpes, Asyvria
Muwitunde, Nvasa, Kabempa, Kenvema, Kano
Wima, and Urambo type,

Groundnut seed vields are generally low, 400 1o
BOU kg ha L Under good cultural practices with pest
and diseise control. however, improved cultivars
produce up to L5t ha U1 low vields stem from
the use of low-vielding varietios, heavy pest und
disease intestations, and poor agronomic practic s,

Inseet pests are one of the main constrints to
vield in groundnuts, Every part of the groundnut
pliant iy attacked by several pest species throughout
the growipy period, and kernels are attached during

1

storage. A7 vough much work has been done on
VAous msec pests elsewhere (Smith 1946, Broad
1906, Math and Pai 1971, Smiih and Hoelscher
P975) vervlitde work has been reported trom Fast
Mrica (Jepson 1945, Hill 19735),

Materials and Mathods

Fhe insect-pest complex ol eroundnut was studied
by collecting inscets from unspraved plots i the
trils conducted at the Sokoime University of Agri-
culture, as well as from other parts of the country
Specimens were identiticd by using kevs or by com-
parisons with named specimens i the reference col-
lection. Observations on the lite evele and behavior
ol important pests were made i the field and labora-
tory,and are presented m brict, Insecticide effects
wereabornvestigated at Sokoine University of Acri-
culture. Morogoro (fatitude 5.5 S, altitude 525 m:
axisol) during the Feb-Jun 1980 Crapping seiason,
Phe groundnut cultivar, Natil Common (bunch
ped was used. We applied 75 kg ha - of nitrogen
and 90 kg ha ¢ of PO, (phosphate) m the form of
ammowmwum  sulphate and  triple superphosphate
atter normal soil preparation.

Fhe experiment was a randomized complete block
design, replicated three times with four insecticide
regimes as the four treatments. Individual plots con-
sisted of twelve f-mrows 60 cnapart. Plants within
the rows were 10 cmapart, giving « plant population
ol 166666 plants ha .

The four insecticdde regimes appicd were: (i)
msceet control with iasecticide belore Howering, (b)
insect control after flowerimg, (¢) nsect control
throughout the growth stages. and (d) control (no
insecticide application). Endosultan (357 ECyat the
rate of 600 g ai per 300 Loof water hi ' was applied at
intervals of 19 days from 20 davs after planting
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(DAP). Thus treatments (b) and (¢) received 2, 3. or
Sapplications of insecticide, respeetively, d uring the
cropping season.

The effectiveness of insecticide regimes was deter-
mined by inseet counts, plant damage caused by
msects, and the seed-kernel vield. Only the seven
centritd rows of cach plot were hirvested,

The incidence of inseet pests in the groundnut
crop was determined by collecting insects with sweep
nets atan mterval of 10 davs from 10 DAP undil the
crop nutured. The isects collected from each block
were connted and identiticd.

fnsects attacking the planas in the soil were also
observed by roguing two plants from the puard rows
i the plots. This was done at the same intervals as
for the sweeping net sampling, The incidence of
aphids (Aphis craceivora Koeh) and groundnut
rosette virus (GRV) were also assessed.

Phe incidence of Hlower thrips | Taeniothrips
sfosted i Trvbom) was estimated by counting thrips
20 flowers collected at random from cach plot
following the method used earlier (Karel 1979),
Polvthene bags were used for callectng the flowers
from the tield 1o avoid the escape of thrips trom the
Howers betore they reached the lahoratory. The
damage to flowers wis recorded twice a week in each
plot. Pod production was also recorded at the same
intervals. Forty plants were tagged in cach plot for
these assessments. Other inseets that were studied
spectlically were Corvna spp and termites (Odonio-
rermes spp).

Atharvest, pod and seed-kernel vields were esti-
mited from the seven central rows of cach plotand
reported as kg hat

Varietal Performance

I'he aim of this experiment was to study the yield
potential of two groundnut cultivars, Natal Com-
mon and Slim Matevere. The experiment was
planted ina randomized block designin7 6 m plots
ata spacing of 60 < 10 em giving a population of
166 666 plants ha !,

The experiment received full control of insect
pests throughout the growing season. Endosulfan
G50 EC) at the rate of 600 gai per 300 1. of water
ha Fwars sprayed to the plots before fTowering. DDT
(25 EC) at the rate of 800 g a per S00 1. water ha!
wias sprayed on the soil to control soil pests. Spray-
ing of inseeticide was at [0-day intervals commene-
g at seedling emergence. Supadiel was spraved
only once during the growing scason.
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Common, Barbeton types, T ocal Kongwa, Dodont
Edible, Gambia bunch, Matevere tvpes, Asvria
Mwitunde. Nyasa, Kabempa, Kenvema, Kano
Wima, and Uramboe type,

Groundnut seed vields wre generally low, 400 1o
800 kg ha ' Under good cultural practices with pest
and disciase control. however, improved cultivars
produce up to 2.5 0 ha ' The Jow vields stem from
the use ot fow-vielding varicties, heavy pest and
discase mlestations, and poor apronomic practices.

Insect pests are one of the mam constraints to
vield e groundnuts. Fyery part of the grounduut
plentis attacked by several pest species throughout
the growing pertod, and kernels are attached during
storage. Although much work has been done on
various insect pests elsewhere (Smith 1946, Broad
1966, Math and Pat 1971, Smith ana Hoelscher
F975) very lde work has been reported from Fast
Atrica Clepson 194a, Hill 1973),

Materials and Methods

Fhe insect-pest complex of groundnut was studied
by collecting inseets from unspraved plots in the
triads conducted at the Sokome University of Agri-
culture, as well as from other parts of the country,
Specimens were identificd by using kevs or by com-
pansons with named specimens in the reterence col-
leet o Ghservations on the tite evele and behavior
of lpertant pests were made in the tield and labora-
tory, and are presented in briet, Insecticide effects
werealsoinvestigated at Sokoine University of Agpri-
cultare, Morogoro (attude 58S, altitude 525 m:
oxisol) during the Feb-un 1980 cropping scason.
Phe proundnut cultivar, Natadl Common (bunch
pel was used. We apphed 75 kg ba ' of nitrogen
and 90 kg ha ol PLO¢ (phosphate) in the form of
ammonium: sulphate and triple superphosphate
atter normal soll preparation,

Fhe experiment was a randomized complete block
design, replicated three times with four insecticide
regimes as the tour treatments, Individual plotscon-
sisted of twelve 6-m rows 60 cm apart. Plants within
the rows were [0 emapart, giving a plant populiation
of 1600666 plants ha ',

Phe four insceticide regimes applicd were: (a)
inseet control with insecticrde betore tlowering, (b)
insect control after Howering, (¢) inseet control
throughout the growth stages, and (d) control (no
insecticide application). Enacsulfian (350 EC)at the
rate of 600 gai per 300 1 of water ha ' was applicd at
intervals of 19 days from 20 days after planting
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(DAP). Thus treatments (by and (¢) received 2,3, or
Sapplications of insecticide. respectively, during the
Cropping seiason,

I he etfectiveness of insecticide regimes was deter-
mined by inseet counts, plant damage caused by
insects. and the seed-hernel vield, Oniy the seven
centrad rows of cach plot were harvested.

Phe incidence of inseet pests in the groundnut
crap was determuined by collecting inseets with sweep
nets atan meerval of 10 days from 10 DAP until the
crop matured. The inseets collected from cach block
were counted and identified.

Insects attacking the plants in the soil were also
observed by roguing two plants fromthe guard rows
i the plots. This was done at the same intervals s
for the sweeping net sampling. The incidence of
aphids (Aphis craccivora Koch)y and groundnut
rosette virus (GRV) were also assessed.

Phe incidence ot Hower thrips lueniothrips
stostedii Trvbom) was estimited by counting thrips
in 20 tlowers collected at random from each plot
following the method used carlier (Karel 19749),
Polvthene bags were used for collecting the Howers
tram the field to avoid the escape of thrips trom the
Hlowers belore they reached the laboratory. The
damage to tlowers was recorded twice a week in cach
plot. Pod production was also recorded at the same
miervals. Forty plants were tagged in cach plot for
these assessments. Other inseets that were studied
specitically were Corvaa spp and termites (Odonto-
fermes spp).

At harvest, pod and seed-kernel vields were esti-
mated from the seven central rows of cach plot and
reported as kg ha b

Varietal Performance

The aim of this experiment was to study the vield
potential ot two groundnut cultivars, Natal Com-
mon and Slim Matevere, The experiment was
planted ina randomized block designin 7 =6 m plots
atd spacing of 66 < 10 cm giving a population of
166 666 plants ha !,

Fhe experiment received tull control of inseet
pests throughout the growing season. Endosulfan
(3540 EC) at the rate of 600 g ai per 300 1. of water
ha " was sprayed to the plots betore flowering. DDT
(257 FCY at the rate of 800 g ai per 500 1. water ha!
wits sprayed on the soil to control soil pests. Spray-
ing of insecticide was at 10-dav intervils commene-
ing at seedling emergence, Supadicl was spraved
only once during the growing season.


http:regtti.Ks

During the course of vrowth ol the crop. inseet
populations were assessed on the two varieties to
study effectivencess of the msecticides used. How-
ever, only those okservations on flower and pod
production, pod vicld, and seed kernel vield are
reperted for us expernment.

Results and Discussion

Pest Coraplex of Groundnuts
in Tanzania

A total o167 species ot mseets feeding on groundauts
were recorded. I alll 8 orthopterans, 3 isopterans,
15 hemipterans, 10 thysanopterans, 3 dipterans, and
28 coteopterars were found to be assoo..ted with
groundnuts (fable 1).

The most important pest of groandnut was Hilda
patruelis Stal, the groundnut hopper. The adults and
nymphs suck sap from the stem, pegs, and pods
usually just below groundlevel (Hill 1975). Under
severe Jamage. wilting and collupse of the plant
accur, Black ants are associated with f1ilda bugs in
e tield. bhe pest can etfectively be controlled by
eliminativg the ants associted with o by treating
the mseet atself with insecticide.

Aphis craceivora Koch is another sap-sucking
msect of groundnuts in Tanzania. The insect causes
wilting of plaats, particularly in ot weather (Hill
1975). The most senous damage caused by ground-
nutaphids is the rransiis=ion of GRV. The leaves of
attacked plants become mottled with cither chlo-
rotic o, Jdark green spots according to the form of
virus, and the plaesdeselops a stunted growth Labit
(Hill 1975).

Table 1. List of insects associated with groundnuts (A rachis hypogaea 1..) in Tanzania,

Order . Fanuly

Genus and species

GryNaue
[ettigonidae
Acrididae

Orthoptera

[sapreri Termitidae

Hudotermitidae
Tettigometridae
Creadelhdae
Coceidae
Aphicudae
Aleyrod dae

Hemiptera Hemopuera

Ly gaerduc
Mindae
Cuoreidac

Hemiptera Hemipera

Py-rhocoridae
Pentatomidae

[hripidae

Thysanoptra
Lepidopteia Pyralidae

Limacodidae
Nocturdae

Liogrythes morio |,

Homorocorvphus nitidulus WIK
Loctasra rrivarator a muesratarioes RUE
Ornitiasis spp!

Chroiogonus rotundus Kighy!
Nomaddacrts sepremifasciata Sen
Sclustocerca gregania Forsk,

Zonoceruy eleguns (Thun.)

Allodontermes morogorensis Harris
Odon.otermes morocasrenses, Hairis!
Hodotermes maossapbicy Hag?

Hilda patrieli Statt
Leapoasca fascraliy (iacobi)
et seoceus Brevipes CRUL
Aphiy craceivora Koch!?
HBemisia rabact Genn

Ligus festivus
Chrontiades tellin
{tcanthomia spp
roploenentis carvipes?
Cletun fascrens
Dysdercus spp

Calidea drevii Germar
Prezodorey hvbneri
Nezara virdula 1.
Crdnus spp

Taemothrips sjostedn Trvbom!

inngasinia catalauncis (Dup)
Lamprosema imdica

Maruca 1esndalis Geyer
Parada vivida Wilk,

Helioth:iy armigera Hubner
Achaea finita Gin

Ag oty ipsdon (Hin)
Utatheaa dulchella
Spodopiera littoralis Bois

Continued.
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Table 1. continued.

Order Family Gienus and species

Diptera Ceridomyiidae Comtarinia sorghicole (Cog)
Agromysdae Ophimig phaseoli 1ryon
Tephiritidae Dacus curcurhitea Cog.

Coleoptera Chrysomelidae Luperodes spp

Mecloidae

Curculionidae

Tencbrivnidae

Ootheea bennigaeni (Salhb)
Ergana bicolor Jac
Dicladivpa arntivera

Lema legimbarti (Kuw.)
Aphihona bimaculara
Nisostra suahelorum)

Melabris amplecrens)
Coryna Aersteni

Corvng epicicorns Guest.!
C. lanugmosa Gerst

Nystaros pollinosus Gerst b
S.articollis Myhl
Graphegnarrus spp
Spheigades glof ulus Mshl,
Alcidodes dentipes Oliv,
Digecoderus spp

Gonocephalum simpley (F )
Nisestra maculiceps
Zophosiy congesta sfost.
Lophosis spp

Catameres revodi Fairm,
Envvallus major Fairm,
Muacropoda nigrogemmara Vairm,
Peristepius gestror Haag
Pogonob sty ornara Sol.
Rintinowr acuicollis Fairm
Riviinow gracillima Accey.

1. Major pests of groundnuis in Tansania.
3 3

Aphis craceivore Koch is distributed throughomt
the world. The control of this pest is better achieved
by practising proper field sanitation, which involves
roguing and destruction of volunteer groundnut
plants and weeds. In this experiment, endosulfan
spray gave satistactory results in the control of the
pest.

Anoplocneniis curvipes (F.) was also observed in
the groundnus piots. Iisinsect punctures the main
branches and causes the attacked parts of the plant
to wither and dic.

The common pest of Cizrus and cotiee, Svstaic.
pollinosus Gerst. was also ebserved feeding on
groundnuts. This pest survives on g range of culti-

vated and wild plants (Hill 1975). The edges of

attacked leaves have characteristic yjord-like inden-
tations, where the adult weevils have caten away the
lamina (Hili 19755 Similar symptoms were observed
on some leaves of groundnuts.

The common bean flower thrips (Taeniothrips
sjostedti Trybom) was also recorded. Itisa cornmon

G§

pest of beans, peas, and groundnut. Sometimes it
can be observed on coffee, avocado, and many other
plants as alternative hosts (Hiil 1975).

Both adults and nymphs are found inside the flow-
«rs of groundnuts and other legumes. Feeding pune-
tures were scenat the basi: of the petals and stigma, It
is one of the major pests of groundnut in Tanzania.
The control of thrips is possible by the use of insecti-
cides such as DDT and UBHC (Hill 1975).

Aunong the important so. pests of groundnui is
the termite (Hodorermes mossanibicis Hagen). Itis
a major pest of grassland below 1500 m in parts of
Africa, especially during periods of drought or fol-
lowing overgrazieg (Hill 1975). During the course of
the ¢xperiment the weather was dry and favorable
for the pest. which caused severe damage to both
seedlings and mature plants. Yield lossess caused by
r2rmites and other soil pests were significant.

The dust brown beetle (Gonocephalus simplex F.)
is another soil pest associated with the groundnut
crop. It is commonly a pest of coffee, and many
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other wild and cultivated plants (Hill 1973), This
keetle bores into the pods of groundnut. damaging
the developing kernels, whereas termites feed on the
whole pod. Itis not vet established as to which stage
of the life evele causes most damage to the crop.

Most of the msects recorded in Table | damage
thase parts of the plant thatare above ground level
except tor the termites Odoritotermes morogoroen-
sty and Hodotermes mossambicus, Gonocephalum
simplex, and Agrons ipsilen, Millipedes also dam-
aged the pods.

The mostimportant pests of groundnut during the
vegetative stage included groundnut hoppers filda
patruelis, Ornithacris spp. hon orceocvphies nitidu-
lus, Ootheca bennigsent. Systates spp.and Nisosira
mactdiceps.

{n the postflowermg stage. the most important
pests were Odonrorermes sppand  Tacniothrips
sjostedt (Fable 2). The density of flower thrips was

highest in the unsprayed plots. However, there was
no significant difference in flower thrip counts
between the unspraved and the preflowering treat-
ment plots.

Table 3 records insect scores per plot at different
growth stages of the plant. These pests caused
considerable damage to the plants and affected the
vield and vield components. The postflowering and
tull control treatments gave similar vields (892 kg
ha '), indicating the importance of postflowering
pests of groundauts, The unspraved plants gave
lower kernel vield of 676 kg ha ' The lower yields
obtained from the unspraved plots emphasized the
importance of insect pest control in groundnuts in
order to increase productivity (Table 4).

The vield components of groundnuts, i.e., flowers
per plant. pads per plant, and pod vield ha™! varied
significantly with the spraving regimes (7 -2 0.05)
(Table 4). The unspriaved plots had the lowest values

Table 2. Effect of insecticide spraying regimes on the incidence of flower thrips and plant damage by insect pests of

groundnut, Sokoine University of Agriculture, Tanzania, 1980,

Stage of

Mean number of

Percentage damage Number of

msecticude thrip counts by pod borers plants damaged

application per flower and termites per plot

Preflowering 240 6.0 7.0

Postilowering 17.0 8.3 83

f-ult control 217 6.0 6.3

Unsprayed control 253 10.0 13.7
Mean 220 7.6 g8
Sigmiticance NS NS *

* Signthicant «t D08 level of probabiliny.
NS < notsigniticant,

Table 3. Effect of insecticide spraving regimes on the incidence of inseet pests

Agriculture, Tanzania, 1980,

on groundnuts, Sokoine University of

Number of insects

Days after emergence

Spraving regime 10 20 Rl 40 50 60 70 K0 Mean  Significance

Pretlowering 9 17 R 12 71 47 39 41 5.5 e

Postflowering 9 19 32 10 61 41 28 16 295 »e

Full contro! 8 12 28 b 64 41 M RY) 30.0 b

Linspraved control 18 24 M 27 82 57 44 19 41 bl
Meun 1 18 5 143 695 460 373 363 RER .
Signiﬁcuncc LY LAl K ww . . (2] L2 ] Ead

e P00l
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Table 4. Effect of insecticide spraying on various plant characteristics of groundnuts, Sokoine University of Agriculture,

Tanzania, 1980.

Spraying regime

Compenents Pre- Pust- Full Un-

of yield flowering flowering control sprayed Mecan  Significance
Flowers plant-! 293 36.7 38.3 8.0 323 b
Pods plant! 2.1 423 430 323 37.5 b

Pod yield t ha"! 1.39 119 1.39 1.04 1.2y ..
Seed yield t ha 0.80 0.87 0.68 0.76 NS

Mass seed ! (g) 0.33 0.32 0.31 0.30 0.32 NS
Normal secd (77) 740 76.6 71.9 70.0 73.0 NS

. ** significant at 0.05 and 0.01 tevels of probability, respectively.

NS = Not significant.

for botn characters. Yield component values were
higher in the full control plots. The preflowering
spraying treatment pave lower kernel yields. This
implicd that most of these pods were damaged by
postflowering pests, thus reducing the number of
effective pads. The percentage of normal seed did
not vary directly with the time of spraving of the
crop.

Results indicate that there were more insects asso-
ciated with groundnuts at the time of flowering than
at any other growth stage of the plants (Table 3).
Therefore, spraying of insceticide ~t this time would
be uscful. The insecticide application was found to
be effective in controlling most insect pests during
flowering and postflowering, except for the flower
thrips.

The damage by woil pests was found 1o be high.
Therefore, control of foliar pests should go together
with the control of soif pests, especially in the semi-
arid climates or periods of inadequate rainfall. These
pests caused considerable loss to the crap during the
season.

The highest yield, which was ohtained from the
fully treated plots, indicates that the most effective
control of pests should begin at the time of scedling
emergence and continue through to flowering and
pegging.
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Discussion on Tanzania Papers

Nigam: | was impressed with the Tanzanian presen-
tatians, particularly with their muttdisciplinary
approach. My question concerns the tour varieties
listed as resistant to feat spot, rust, and rosette. One
of these s PHI 200 P 31817, 1 have not come
across this variety. Could 1t be DHT 2007 Alvo |
should ke further informution on these lines in

regard to their disease resistance.,

Doto: There may have been an error m the labelling
of the original accesston. We will check and make
the necessary correctton known to vou. Makam-
baka, Ex-Njombe, Mbeva, and PHIE 200 PL 34817
hare shown remarkable resistance tolerance to both
carly 1nd late leaf spots, rust, and rosette in 1982,
These varieties, particulasy Mbevi, have continued
to display high levels of resistance to these diseases,
especitlly rosette, 1933 and 1984,

Gibbons: One should be caretul in claimmg rosette-
resistance without contirmatory laboratory tests
ustng intective aphids. Many carlier claims of rosette
resistance based on ticld observations were aot sub-
stantiated when tested i the laboritory, Escapes
from infection are frequent in the ticld.

Bock: Our program in Malawi is ready to make
appropriate rosette-resistance tests tor any national
program. [ suggest vou send 10-15 seeds of any hine
apparently resistant to rosette and we will recheck
resistance carctully under controlled conditions.
Fhis offer is open to anvone, at any time,

Omran: | hope this very relevant service, among
others, will be emphasized i the Groundnut News-

letter and the Proceedings for evervbody to know of

itand to use it

Niganu: Comparison has been trequently  made
between »rectand runner types. I there any prefer-
ence tor plantype, or s vield the main comparison’!

Doto: Pre:rences are there but these are not clearly
defined. Regronal preferences generally exist, but
again it s common to find both types in almost all
the major groundnut-growing areis.

Mwenda: Most tarmers in southeastern anzania
prefer late-maturing spreading bunch-types such as
Red Muwitunde. In other areas such as Dodoma in
Central Tanzanmia, there s no preference. Our
research objectives, howeser, aim to find suitable
varieties for particular ccological zones. Short-

season types are tested in arcas with a short rainy
scason wWhile long-season varieties are tested in areas
where the rainy season 1y longer.

Reddy: You have shown a significant vield increase
with increiase in plant population from 10 to 44
plants m 2, What is the ieccommended plant popula-
tion in Tanzania? Fhedd plants me2 treatment seems
very high compared to the recommended population
because 1t will require i very high seed rate, which is
a major constraint to the farmer. Do vour data refer
to only one year's results?

Tarimo: The recommended plant population in
Tanzania is only 20 plants m 2. Tagree that 44 plants
m < require o very high seed rate; farmers on the
other hand, plant very low plant populations. The
trial reported was an exploratory one.

Nigam: | refer to Farimo's suggestion on wdentifica-
tion of varieties that attain high vield at low plant
populations; whereas his results from plant popula-
tion and defoliation studies indicate that higher pop-
ulations give higher vields. How do vou reconcile the
two observations? 1t seed is & limiting factor, then
the area under the crop could be reduced to maintain
optimum  populations, therchy ensuring  nigher
vields. This would also reduce the farmer’s labor
requirement for land  preparation and  crop
management.

Daoto: We have posed the question in our paper so
as to seek ideas from the delegates at this workshop.
Merits that could arise from adopting the suggestion
(from the farmer's point of view) have been indicated
in our paper. Some of the implications in breeding
and cvaluation have also been aired. Perhaps
Tarimo would comment before the matter is taken
up in turther discussion.

Tarimo: The suggestion to reduce lund area to
accommodate avatlable seed s acceptable but will
not necessarily result in increased production, High-
vielding varieties at low population densities are
intended for increasing the productivity of the arable
land that is available to the farmer. The availability
of seed is the main constraint, which requires the
attention of both biological and social scicntists
involved in groundnut rescarch.

Cole: Why do defoliation and population density
aftect shelling percentage?
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Tarimo: Because fewer pods are . ormed that are
better filled.

Omran: DDT is banned but I sec in your paper tha:
it is still used.

Tarimo: It is used only on a very small scale.

Sandhu: How would you develop varieties that can
attain high yields at low plant densities? The only
means of doing this is to develop indeterminate

types, but these would not be suitable for the short-
growing seasons commonly prevailing in Tanzania.
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Research on Groundnut Pests at ICRISAT

J. A. Wightman, P. W. Amin, G. V. Ranga Rao, and K. M. Dick*

Abstract

Entomologists at the International Crops Research Institute for the Semi-Arid Tropics, Patancheru,
Andhra Pradesh, India ( 1ICRISAT Center ) have identified 11 arthropod groupings or taxa as major
field pesis of groundmurs ¢ Arachis hypogaca 1) in their mandate area. Their rescarch is
concenirated on 8 of these groupings and covers all relevant aspecets of the contemporary pest control
options. A common theme 1s rarionalizing insecticide usage. A long-term, bur achievable goal is the
incorporation of nudriple pest resistance into all eultivars released by ICRISAT. Termites, the thrips
Franklinielta schultzer o Trybont ) ca virus vector ), the tobaceo cutworm Spodoptera hitura ( F. ), and
the groundnur leapminer Aproacrema modicella ( Deventer i have been selected as subjects of in-
depth studies. The bruchid, Caryedon serratus (Olivier i, has been identified as a potential pest of
stored groundnuis in India. The kernels of groundnur senotypes are being tested for resistance to
three ather postharvest pests, the rust-red flour beetle Tribolium castaneum Host., the rice moth
Coreyra cephalomea 1S, and the warchouse moth Ephestia cautella ( Walker) by means of
rechnigues specially developed at ICRISAT Cenier.

Sumario

Investigagao sobre pragas do amendoim no ICRISAT. Os entomologos no Instituto Internacional
para a Investigacdo de Culturas para os Tropicos Semi-Aridos, Patancheru, Andhra Pradesh, India
CRISAT-Cenroy identificaram 1 grupos de artropodes (taxa), como pragas importantes no
amendaim ¢ Arachis hypogaea L. ) na regido em que trabalham. A investigagdo esta concentrada em
& destes grupos, cobrindo os aspectos muais relevantes das opgedes contempordneas para o controlo de
pragas. Untema comum ¢ a racionalizagdo do uso de insecticidas. Um objectivo a longo prazo mas
possivel de aringir, ¢ a inclusdo de resisicncia multipla a pragas, nos cultivares libertados pelo
TCRISAT. A rermires, ax tripes ¢ Franklinielba schultzed ¢ Trvbonm ) um vector de viroses ), a lugarta
do tabaco (Spodoptera Wara o e o minador da folha do amendoim ( Aproaema modicella
Daventer 1 jorem seleccionados para serem submetidos a estudos mais aprofundados. O bruquideo
Caryedon serratus  Qlivier :, foi identificado como uma praga potencial pora o amendoim
armazenado na India. A semente deovarios genotipos de amendoim esta sendo 1estada para a
resisiéneia contra outras trés pragas de pos-cotheita, como sejam a ferrugem, o gorgulho vermelho da
farinha ( Tribolium castancum 115st. 4, a traga do arroz (Corcyra cephalonica St ) ¢ a traga dos
armazens i bEphestia cautelle Walker), através de téenicas especialmente  desenvolvidas no
ICRISAT-Centro.

*Principal Entomotogist, Entomologists, and International Intern, respectively, Groundnut Improvement Program, ICRISAT, Patancheru
P AP S02324, India,

Submitted as CP No 313 by the International Crops Research Institute for the Semi-And Tropics (ICRISAT).

ICRISAT (International Crops Research Insutute for the Semi-Arid Tropies). 1987, Proceedings of the Second Regional Groundnut
Workshop for Southern Africe, 1019 Feb 1986, Harare, Zimbabwe. Patancheru, AP, 502324, India: ICRISAT.
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The Internationat Crops Rescarch Institute tor the
Semi-Arid Tropics (ICRISAT) has responsibility
for carrying out research aimed at im,roving
groundnut  (Arachis  hypogaea 1.} production
throughout the semi-arid tropies (SAT) and wher-
ever else groundnuts are grown. The clients are the
scientists and extension workers of the national pro-
grams of the countries served by TCRISAT,

Phe constramts 1o groundnut production in the
SAT are:
® soil related probiems including drought. mineral

imbalances, deficiencies or excesses, and inade-

quate nitrogen fixation by Rlucobium popula-
tions,;

imapproprie cultural practees:

cultivars with hmited vield potential;

* insuthicient finances to buy tertilizers, pood seed.,
and pesticrdes and to pay wages;
e tungal and viral discases;

invertebrite pests: and
¢ nadequate markeung tacihties,

TCRISA TS Groundnut Improvement Program is
addressing the agncultural aspects of these proh-
lems: This paper s an overview of the recent, cur-
tentoand planned research o inveriehrate pests and
thew control, Our approach has been to identify the
maor pests ot pest tixac i the SAE aud te de lop
munagement techmqgues that are compatible waith
the cultural practices and financial states ol the
farmers concerned. Where posable we are seeking
techniques that munmize their dependence oninsee-
tedes. Although pestieides have an important role
to play in the control of some groundnut pests, we
are aware that then over-application can Jead to
tosectictde resistance, and solt almost eertnnly elim-
tnite neeny natural control tactors. Furthermore.
the correct insecticrdes and the meians to apply them
are often unevatdable to many farmers in the SAT

The Pests

Field pests either live underground where they dam-
age the roots, pegs, and pods, or they feed on the
feaves, stemss and flowers, The foliage feeders
include vectors of virus diseases. We are directly
imnvolved with 8 of the T major pest taxa (Lable 1)
hut see the need 1o exiend our range of interest.
Pests of stored groundnuts tend to be pandemic
and polyphagous, A succession of species can infest
the product it all stages of the postharvest process
from harvesting onvaids. A project on this aspect of
groundnut entomology has recently been initiated.

104

Our rescarch is discussed in terms of control
strategies rather than by considering cach post indi-
vidually. However, it should be mentioned that the
groundnut leet miner, Aproacrema modicella (De-
venter) the thops, Frank liniclla sehuli 2o Trvbom),
and the tobaceo caterpllar, Spodopiera linura
(Fabricius), have been selected as subjects of in-
depthystudies because of thewr importance within the
SATFosceluarzer has been identified as the major
vector of tomato spotted wilt virus (FSWV)Y that
causes bud necrosis disease (BND)Y, which has devas-
tated groundnut crops over wide arcas of India
(Reddy et al. 1983y, The other two species cat the
leaves.

Heliothic armicera is included amaong the pests
because there is a possibility that it flower-cating
habits can delay harvest by extending the flowering
period. It abundant, it is a serious defoliator but
even when it is present in low numbers it may cause
damage that goes undetected.

Ihilda patruelis Stal, is in the list because it s a pest
about which we need to know more. 1t oceurs
throughout southern Africa, especially in dry years,
but is sporadic in appearance. It feeds on the upper
roots of groundnut plants and ciuses the host to wilt
and die. This could be because 1t removes water
because of ity sap-sucking habit. However, tests car-
red outin the laboratories of TCRISAT's Regional
Program ter Southern Africa in Malawi show that
there ts more than a physical response involved. The
ebsavauons indesate the possibility that the insect
injects atoxtnanto the host or that it mayv open the
way to mtection by a pathogen such as Frosarium sp
(Weaving 1950, TCRISAT 198354,

Asurvey overa period of 310 8 vears is needed 10
determine the extent and intensity of the damage
caused by this pest It can be controlled with insecti-
cides but they may be unavailuble or too expensive,
Weaving (1980) indicated that cracked soil around
the plant favored its proliteration. Perbaps inter-
plant hocing would slow 1t spread. . patruelis i
attended Ly ants, Whatis the nature of this symbio-
sisand can i he eaploited to manage ths pest? There
are many more such questions that need to he

answered.

Management of Field Pests
Insecticide Control

In some parts of Africa, groundnut cannot be grown
without pesticides being mixed with the soil before
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Table 1. Major field pests of the groundnut crop in the semi-arid tropics.

Pest

Damage, distribution, and comments

Faxi and pest groups covered by research projects at ICRISAT Center:

Fermites {espeeradly
Odontorermes and
Microtermes)

Can eat all parts of the plant but are matnly root and pod borers; pods scarified
by termites are prone to soil-borne diseases; problem extends throughom
the SAT, but is most sentous 1n northern Atrica.

I'hrips Present throughout SAT but mainly a problem in Asia: distort leaves and cause
chlorosis. Frankliniella schulizer transmits a virus,

Aphids Distort plants and stunt their growth, Many are vectors of virus diseases. The
groundnut aphid, Aphis craceivora, is iaserious problem in Atrica.

Groundnut leat miner
Aproacrema modicella

Fobaceo caterpillar
apodoprera litura

A major detoliatar in India and Asia.

A serious defoliator i India and Asi; also a pod borer.

Jussids Cause chlorosis and leal scoreh and are associated with witches' broom
discase; a problem throughout the SAT, especially Empoasca spp.

Bud worm
Heliothis arniivera n Asia.

‘Pod-borers’

Flower-cating habits may delav harvest, can also be a serious defoliator

Includes mullipedes tespecially 10 W Atrica), ants, carwigs, 8. litura

and wire worms. Present throughout the SAT,

Taxa not covered by current rescarch projects at ICRISAT Center:

Hilda patruelis

Feeds on roots close to the hypocotyl; causes the host to wili; a special

problem in drought vears: restricted to southern Africn.

Whitellies

White grubs
(searibaed larvae)

and often undeteeted pest.

Cause foliar distortion and transmit viruses; mainly a problem in S.E. Asia.

Can destroy the root system; o special problem in light soils; crops grown in
northern India are prone to attacks by these pests; a very widespread

sowing. This procedure is needed to control ter-
nutes, which can reduce vields by more than 500
(Sands 1960, Johnson et al. 1Y81). T'he termites live
in large nests that can be several meters under-
ground. These colonies are also widely separated,
perhaps with only one or two ha ' Attempting to
destroy nests by physical means would involve
major carth movements and would not necessanly
prevent reimvasion from peripheral areas. Only per-
sistent pesticides such as the evelodiene insecticides
endrin, dieldrin, and aldrin are suitable for control-
ling termites in this situation. However, this proce-
dure may not he followed tor much longer because
the health wuthorities of consumer nations are
becoming  mcreasingly  intolerant  of  pesticide
residues i mmported foodstufts. Cyclodienes are

highly soluble in the oil that makes up neaily 506 of

the content of the Kernels. Furthermore, they are
highly toxic to mammals and create a hazard to the

people involved with handling and applving them,
Other types of insecticides (organophosphates, car-
bamates, and pyrethroids) will undoubtedly kill ter-
mites but they break down alter several weeks in the
soil, especially in tropical conditions. Ideally, pesti-
cides applied for the control of soil insects should
remain active for the entire erop season. There is a
clear need for an alrernative approach to this prob-
lem. However, this is not casy to find.

ICRISAT is joining with the Tropical Develop-
ment Research Institute (FDRID, London, UK, and
the University of Agricultural Sciences, Bangalore,
Indw, in seeking alternative chemical-based
methods for controlling termites. Initially, we plan
to set up insecticide field trials in India to test some
new chemicals, which are less toxic to humans than
the eyclodienes. as well as stow-refease formulations
of well established, but short lived, insecticides. A
fourth trial will test a new approach that has been
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developed by TDRI but which has not been fully
tested in the field. This involves introducing either a
slow-acting insecticide or a fungicide into nests by
means of a cellulose bait. The targetfor both alterna-
tives are the fungus gardens, upon which termites
depend for their food. 1tis hoped that the insecti-
cides will contaminate the fungus gardens via the
organic mattes collected by the toragers and il the
termiies that subsequently cat it Hopetully, the fun-
gicide will Lill the fungus “gardens” so that the col-
ony starves. lreatments that prove successfu; in
Ingia will be tested 1 frm condittions iy Atrica.

A muagor rescarch project at TCRIS AT Center 1,
primanly directed at determming the cconomie
thresiold and the correct control strategs tor the
groundnatleat nuner. We e usimg different itensy-
ties of msecticides to repuiate the numibers of this
msect, which v the mam div-season (nmid-Dee o
mid-Apr) pest i Indias There are usually three or
four proundnut leat-naner penerations per growing
seison, cach one hiving o higher population density
than the Tust This means that the younger plantsare
not usually danvged by this pest. Our results indi-
cate that vield Joss does not oceur unless there are
more than 60 farvae per phost The host s usualivin
the pod-fitling stage by the tirme the pest has achiesed
this density

Phe impheation s that af Jeal-nuner densities
reach more than > to 1 ot the damages threshold
taccordme to our estiniatesy at the end of the second
generavon, an msecticrde sivould be applied when
the adults are emerging trom the pupal cases. This
rescarch waill be continued for several seasons to
confirm our duta. We are abso examining the influ-
cice of msecticides on the natural enemies of the
groundnut leat muner. A silar approach will be
taken with other pests

Host Resistance

As would beexpected inan institute that has a major
interest in piant breeding, considerable progress has
been made inwdentfying and exploiting insect resis-
tance in the 11458 aceessions in the germplasm col-
lection (Table 2). We are seeking genotypes in which
multiple pestand discase resistance is combined with
satisfactory agronomic characteristics, such as high-
vield potential and drought resistance. A team of
entomologists,  pathologists, and  breeders  has
already suceeeded in incorporating resistance to the
thrips vector of TSWV into agronomically promis-
ing, advanced breeding lines,

Noteworthy genotypes are:

® Robut 33-1 (Kadirt 3): accepted by the Indian
Council of Agricultural Research (ICAR) as a
cultivar for the postrainy scason in several states.
I'his line apparently has some resistance to £
sohudrzerso thatitsutfers less from BND than the
commonly grown cultivar TMV 2 {Amin 1985a).

o JCG 2271 identiticd by TCAR as a source of
muluple pest resisiance for breeding purposes.
This genotype has resistance to pod-boring
insects, pod-searifving termites, thrips, jassids,
and the groundnut leal mincr. I addition, it has
a high-yield potential in the rainy season.

Other genotypes with high levels of multiple pest
resistance are NC Ac 343, 2214, 2230, 2240, 2243, A
“nursery” of inseet resistant lines is being sent to 18
collaborators in 13 countries to determine their yield
potential and the level of their resistance to pests in
different geographical locations.

We are concerned that we have made little pro-

Table 2. Groundnut genotypes with resistunee to insect pests.

Pest taxon CGrenotypes
»p

Jisids NCAC I Q06,489,785 1337, 1705, 1741, 2142, 2144 2214, 2230, 2232, 2240, 2243,
2006, 2700, 7888, M13, Gujarat narrow leaf

Fhrips NCACTO2 343 8411705, 1741 1781, 2142, 2144, 2)54, 2214, 2230, 2232, 2240,

2242, 2243, 2460, 2462, 2

Pod scanfving termites
Groundnut
leat’ muner

Pod borers NC Ac MY and 22490

7302, 15920, 17888, C-108, C-121, C-136, (-145-]2,
Guarat narrow leat, Robut 33+
NCAC M3 ITO5, 2142, 2230, 2240, 2242, 2243, 10033, 1 7RES, RM P40

AW 7717205, C-153, CG-2145, 2157, 2187, 2232, GBEDS-17, 92,93, 272, 273, M-13,
NC AC M3 2491, RMP0, 8-7-2-14, TG-R 83 349 |
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gress in finding resistance to Aphis cracceivora Koch.
This is because 1t i1s ephemerat at ICRISAT Center,
so special field screens cannot be set up to select
resistant lines. However, we found that in glasshouse
conditions. aphid reproduction was reduced on NC
Ac 2214, NC Ac¢ 2240, NC Ac 343, and M 13 in
comparison to susceptible control genotypes such as
TMV 2.

The main reason for seeking resistance to A. crac-
civora is because it 1s the vector of the groundnut
rosette virus (GRYV), an important virus discase of
grovndnuts in Africa. As the *African™ biotypes of
A craccivora are likely to be difterent from the
“Indian™ ones, we feel that Africa is the correct place
to screen for resistance to this pest. Hopelully, the
provision of improved facilities for the Regional
Program i Malawi and cooperative ventures with
other agencies will permit the number of genotypes
tested to mncrease. Clearly, resistance to the vector
and to the virus should be sought in parallel studies.

Fhe preliminary experiments reported by Amin
(1985b) and the research of other workers that he
reviewed pointto the existene: of a high degree and a
wide range ol pest resistance within the genus Ara-
chis. The groundnut cvtogeneticists at ICRISAT
Center are able to perform the chromosomal manip-
ulations  necessary for transferring “resistance”
genes from wild to cultuvated members of the genus
Arachis. This iy another field of research that will
receive attention in the near future. with a view to
finding sources of resistance to what mayv be the
more intractable pests S, fitwra, A, cracavora, and
termites.

Research on the nature of resistance to pests indi-
cates that 1t can be caused by physical and chemical
factors. The presence of long, dense trichomes on the
leaves ot genotypes such as NC Ac 2214, 2230, and
2240 and the thick leaf-cuticle of NC Ac 2242 and
2243, for example, are associated with resistance to
jassids Empoasca herri Prathi (ICRISAT 1985h).
The trichome charactenistics have a high degree of
heritability and have been transferred to genotypes
with favorable agronomic characteristics by normal
breedinig procedures (Dwivedi et al. 1986).

We plan to investigate the chemical basis of resis-
tance in the hope of being able to screen plant mate-
rial for resistance to pests under laboratory
conditions. This procedure would not be totally
satisfactory by itself. However, it would avoid the
need for relying entirely on field experiments, which
arc expensive and time consuming, as well as trus-
tiating, if the insects we are interested in do not infest
the fields in which the material is growing.

Cultural Control

In some situations farmers are able to reduce pest
damage by adopting simple modifications of exist-
ing cultural practices. It has been known for a long
time that increasing the plant population density
reduces the incidence of GRV (Farrell 1976). The
same js true for BND (Table 3).

Similarly, as with GRV (Farrell 1976), farmers
who sow carly in the season (i.e.. as soonas, or even
betore, the *monsoon” rains tall) will avoid or suffer
little Toss from 8ND. Similarly, with postrainy sea-
son crops, the later the sowing date the greater will
be the plant mortality caused by BND. The late-
sown plants will be susceptible to the virus carried by
thrips dispersing from the plants sown previously.
Early-sown crops appear to be well established and
less susceptible to the virus by the time viruliferous
thrips are migrating.

Experiments at CRISAT Center have shown thai
when groundnut plants are intercropped with miliet,
in particular, the incidence of BND is reduced (Table
4). An experiment to find out why this happens is
currently in progress.

Another project has been designed to provide
informatic about the interaction between the
groundput . caf miner and its host when grown under
drought stress. There is a belief, in India, that this
pest *prefers™ to feed on plants suffering in this way.
We are testing this hypothesis by measuring the
density of this pest sown along a drought stress
gradient. Pest density, haulm biomass, crop yield,
and soil water deficit are being measured.

Enhancement of Natural Pest
Mortality Factors

We do not believe that mass releasing of introduced
parasites and predatorsand the inundative release of
natural enemies is a practical proposition for con-
trolling groundnut pests in the SAT; we are not
involved in conventional “biological control” proce-
dures. As the land masses involved are large and
have a diverse fauna it is highly hikely that a number
of parasites, predators, and discases are already
present. Furthermore, rearing and release proce-
dures would be costly because of the infrastructural
problems associated with mass rearing, distribution,
and monitor.ng the effects of such programs. {tis far
more important to design pestcontrol strategies
that do not reduce the numbers of beneficial orga-
nisms already present.
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Tuble 3. Effect of plant population density of groundnut on bud necrosis disease (BND) incidence at ICRISAT Center,

1980 rainy season.

No. of plants per plot!

Ratio of

\B,‘Lﬂ:“m) No. of healthy to
Row Plant seeds Total Healthy Intected BND discased
per hill with BND incidence (C7)2 plants

75 1S I 200 92 10% 53.6(47.3) RV,
75 I5 2 192 275 17 29.8(299) 1:0.42
o0 20 ! 187 99 8% 47.0(43.6) 1:0.88
60 20 2 348 200 148 42.1(42.4) 1:0.74
30 10 ] 522 300 222 42.6(40.6) 1:0.74
30 10 2 1290 1044 240 19.1(25.9) 1:0.23
15 5 ] 1620 [RE 482 29.7(33.0) 1:0.42
15 5 ? 3620 1218 402 11.1(19.5) 1:0.12

SE 935 (£2.25)

CV (1)) 15.6 (11.06)

FoGross plotsize 7« 6om; et plot size S - 3 m,

20 Mean ot thiee sephicates

I Parentheses indicate are sine trianstormed values
Souree: Amin JON3

Table 4. Effect of intercropping of groundnut on the incidence of bud necrosis disease, 1982 rainy season, ICRISAT

Center.
BND incdencet (10) .
_ _ . - - Reduction
Dhavs abter emergence m BND incidence
Crop combmnation? S0 02 75 over control (77)
Groundnut ~sole crop (FMV 1) is 57 70 -
Groundnut = pearl nuilet (BK 560 25 R 47 RR]
Groundnut © sarghum (CSH 6) RN, 45 60 15
Groundnut « muice (Deccan 101) RN 50 62 1!
Groundnut + pigeonpea (1CG 1-6) 36 54 67 4
Groundnut = castor (Aruni) 39 57 70 V]
Groundnut « suntlower {Morden) 3 48 62 I
SE 2.0 £28 b4 )
CV (7)) 13.7 7.5 53

b Mean of three replicates plot size = s m?

2 Row armangements 3 rows of groundnut to 1 row of pearl millet, sorghum, and maize; 5 rows of groundnut to 1 row of pigeonpea,

sunflower and castor Spacing wathin rows: 10 ¢m for groundnut, pigeonpei, castor: 15 em for peartmillet; 20 em for sorghum, maize,

and sunflower

Source Anun [9813

At this stage we are concentrating on the ground-
nut leal miner. There are about 28 species of para -
sites assoctated with this pest (Mohammad 1981) but
we have not assessed their relative importance. In
the 1984 85 postraimy-season crop at ICRISA
Center there was about 10 larval mortality caused
by parasites in plots that were not treated with insee-
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tictdes. In the 1985 rainy scason, the groundnut
leaf-miner population remained low, presumably
because there was about 90¢7 parasitism in the first
two generations. Thus, with this species at least,
there is the potential for letting nature take its
course, especially if pest-resistant cultivars are
grown,



At first sight, our research plots appear to be
devoid of predacious arthropods. This is to be
expected of land that is intensely cultivated for
growing rotation crops. However, we have caught
“reasonable” numbers of hunting spiders { Lyniphii-
dae) and ground beetles (Carabidae) v pitfall traps,
especially in those placed in unsprayed plots. These
predators must be cating something and therefore
should not be kitled, because their diets probably
include jassids and groundnut leaf miner moths,

S litura is 2 serious groundnut defoliator in many
parts of Indra and Southeast Asia. Tt has recently
been identificd as @ pad borer iy Harvana (northern
India). This species 1s @ mijor tobacco pest and
attacks a number of other crops. including cotton. It
has been treated with i wide range ofinsecticides for
many vears and Is now tesistant to organophos-
phates. pyrethroids, and warbamates {eighty-fold
resistance to carbarvh according to reports that have
come from India and China (Ramakrnshnan et al.
1984, Chou et al. 1984). Insecticide application
should, therefore, be discounted as a long-term con-
trol strategy for this pest.

S litera has a number of parasites and predators
(Patel et al. 1971), but, perhaps owing to its sporadic
appearances, they do not seem to have much impact
on decreasing its numbers. Itis, bowever, subject to
a number of specific diseases (Kore and Bhide 1978,
Dhandapani et al. 1982). Once the basic research on
the biology of this pest has been carried out we shall
look in this direction for developing a control
method. Haopefully, the development of manage-
ment strategies for other pests, that involve hittle or

no insecticide application, will atlow the parasites of

this species to increase and perform a significant
regulatory function.

Modelling

The advantages of simulating the interaction
between a pest and its host during the development
of pest-management programs has been demon-
strated by Gutierrez et al. (1975). 8. firura has been
selected as the subject of such a research project.
This is because:

it is a serious pest in Asia,
ICRISAT Centre has the best tacilities for carry-
ing out the research in SAT Asia, and

e the complementary experience and training of
our scientific staff is such that it is possible to
execute an in-depth study of the type required.

This project, which is comparable to the one des-
cribed by Bellows et al. (1983), is divided into a
sequence of interconnected submodels (Figure 1):

¢ A study of the influence of temperature on egg,
larval, pupal development, and oviposition rates
in laboratory and field conditions throughout the
vear. The experimental approach accommodates
both diurnal and seasonal fluctuations in temper-
ature. The data willallow us to predict generation
length from site-specific meteorological data and
allow us to use ambient temperature records to
drive the model.

e Within generation mortahty. It is necessary to
know the conditions under which larvae survive
1o the damage-causing stages (fifth and sixth lar-
val instars).

o Quantification of the relationship between larval
growth and leal dry-matter consumed (“energet-
ies™). This phase is the link between the popula-
tion dynamics study and the next aspeet.

e Relationship between defoliation(i.c., larval con-
sumption) and the loss in pod yicld. The physiolo-
gists in ICRISAT's Groundnut Improvement
Program have accumulated a considerable
amount of the gravimetric data needed for model-
ling the growth of groundauts. We shall investi-
gate the influence of defoliation, as performed by
caterpillars, on yield. One end point of this
work-—determining economic and damage thresh-
olds for this pest on groundnuts—will have to
take into account the genotype of the host and
drought stress.

e Scasonal dispersal pattern. A network of flight
traps in India has been arranged. They are baited
with an effective synthotic male attractant. It
should now be possible to obtain an impression
of the migratory activity of at least male moths
throughout the subcontinent. Early observations
at ICRISAT Center indicated a positive relation-
ship between the number of male moths caught
and the number of cgps laid in groundnut crops 7
days later. - This relationship has not been
recorded since, and we want to know why.

The above aspects encompass a “basic biology”
study. The following are the “applied”™ aspects:

e Host resistance; a long-term goal is to provide
groundnut genotypes with resistance to 8. lirura
for those areas that are subject to outbreaks. This
process can be simulated and “tested” in a model
of the type we are developing.
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Figure 1. Flow diagram of the submode

Spodoptera litura and

* Induction of cpizoctic
control options for 1t
farmers is to artificiall

Is that make up a simulation of the relationship between

the groundnut crop, including pest-management options.

s. One of the few realistic
his pest tha: is open to
vincrease the level of dis-

case propagules presentina crop, A studv carried

out by TDRI on 8. /i

toralis attacking cotton in

Egypt points 1o the need todevelop local fucilities
for producing o purtticd virus (TDRT 1984). his

aspect is under consideration as a long-term goal.
lts implementation awaits an evaluation of the
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TDRYEs project in Egypt.

The integration of the basic ceological data ema-
nating from this research into a model of the plant-
pest relationship will enable us to simulate the
potential cconomic benefits of the applied aspects of
this work, as well as forming a basis for an outbreak
forecasting procedure. A long-term goalis 1o include
i such a model a range of pest and other constraints
to yield.



Decision Making

How resistantto a give 1 pestdoes @ genotype nave 1o
be before a tarmer has no need to apply insecticides
to avoid crop losses? This is a question that eniomol-
ogists and breeders should endeavour to answer, Yo
that end. we are currenidy working with Dr R.AE.
Mucller (Resouree Management Program, 1CRI-
SATYard Dr N, Dudley (Bureau of Statistics. Can-
berra) on a dynanmiic programming process that will
enable us to do this. In our initial test we used bas.c
field data from the groundnut leal miner control
experiment (Table 5y and “overlaid™ it with a range
of “resistances”™. We have assumed that resistanee
acts by reducing the rate of increase of cach genera-
ton. Natural mortaliy (in real hife, mainly parasi-
1sm) ranging from 0 to 8077 was introduced as an
additional mortahity factor at cach level of resis-
tance. Fhe model has also been tun witha number of
insectictde “Rilberticiencies™. One spray ol 9567 effi-
cieney s needed ot there are four gencrations of
larvae per season. Ther s no natural tortality and
less than 70" resistance (Lable 6). The need for
insecticide applicat’on disappears it there s more
than 600 naturad mortadity and at least 3007 resis-
tance.

Fhas v a brief account ot a prece of research thatis
i ats car v stages. Leshould be pessible to extend this
modelling procedure to other arcas, e.g., resistance
to disease and drought  This approach to decision
making showid be made available to reseaich and
extension workers in the SAT. Theretore, we are
thinking in terms of converting it to a form that can
be used with microcomputers

Teble 6. Combination of host-plant resistence and natu-
ral mortality and the number of sprays needed to avoid
financial loss ¢ wsed by the groundnut leaf miner A proae-
rema modicella, as indicated by » dynamic programming
model.

Number of insecticide applications

fevel of
natural
mortahty .0 0.0 02 0.3 04 05 06 07 0K 09

Level of host piant resistance

0 202 2 2 2 | | P00
0.2 2002 2 2 ! 0o 0 0
04 22 0 ! o 0 a0 0
0.6 [ ! 0 o6 o 0 0 0
0K o 0 0 0 0 0 0 0 0 0

Identification and Control
of P'ostharvest Pests

Our work on postharvest insect pests of groundnut
has concentrated on:

® I'lic assessment of storage losses in India and the
identification ol the important pest species
involved: and

® The development of appropriate methodologies
for use in screening groundnut germplasm for
resistince to the major storage pests found in the
SAT,

Table 5. The parameters and assumptions used in a dynamic programming process used to indicate the levels of host
resistance and natural mortality necded to avoid insecticide application on groundnuts without loss in revenue (based on

unpublished data fiom [CRISAT Center).

Factor

Parameter or assumption

Plant density

Inttial pest population

Nuriaber of generations

Potential rate of increase per generation
Damage threshold

Relationship between pest density

and vield oss

Etficiency of ineecticide

Levels of resistance

Levels of nutural mortahty

200000 plants ha!

P - 20000

4

X20

P = 12000000

Yield loss is linear between P = 12000 000
24000000 if P:» 24 000 000 yield = 0
95¢¢
0.0.1,02,03,04,05,0.6,0.7,08,09
0,02,04,06,08

P = Population densuity as larvae hat,
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[dentification of Storage Pests
in India
v,

4

y few attempts bave been made in India to esti-

mate fosses to stored groundnuis cius ed by insects.
A survey ol farmers” stores in ene area of Andhra
Pradesh indicated that they do not suffer measur-
able storiwe losses because they generally sell their
crop within one month of harvest. ! his is too short a
period for sizeable pest populazions to dey elop,
Phese observations i combmation with the views
of officials of oireeds coonertives, indicated that it
problems exisic they would ke condined 1o central-
17ed storiage sites

A more detailed study was therefore carried out in
the same arei o Andhra Pradesh in g large wire -
house attached 10 an oif pl! operated by the Stae
Otheed Growery Federation, Bty sacks (rotat
weight 1.5 1 ot unshelled grovndnuts were held i
tis warehouse for S months, during which time six
samples were tahen at monthiy intervals fron 10
bags chosen at randon berore cach samphing date.
Phe pereentage weight foss cauced SLOTURE TNSCTS
to cach sample was caleolated wang the “count and
weigh™ method (Herris and 1indblad 1978), 1 his
fechmgue allows damage by ditterent species o be
measured separa ey,

Phe most damaging pest was the groundnar bru-
chid Carvedon serraas (O, This insect oceurs 15
many parts of the SAT where if breeds on the seeds
alvorrmon tree legumen saclvas Lamarindis sp and
Acacta sppoas well o groundnnts, Previons TCPOrts
of Coserrane causing heavy dosses (o groundunuts
have come exclusively trom West Africa (Davey
TOSE. Cireen 1959 and 1960, Conway T9N3) Our
testlts supgest that this insect may have a greater
prststatus m India than has lutherto been realized.

Alter S months, C serrane ciused. on average,
1900 dry=weight Toss of hernels Populations ot the
other pestspecies infesting the experimental sachs
e rustered floar beetle, Tribohun castancum
(Hbst), the rice weervil, 0 aephiles mercaror
(Fawvels, and the rice moth, Corcrea cepladonica
(Stat) remained lov and eontributed little to the
total weight Toss,

Large numocers of the Ivpacid, Lissmiodonies sor-
diclus (1) were on the siachs used i this CXperimeint
during thet i 2 months in storage. This insect is
Known to be a pest of stored growmdnuts in Airicy
{Githier 1970, Conway 1976). Unhke other posthir-
vest pests it ean teed on kernels by prereing the snell
with its moth parts. Iis prosence in heaps of drving
groundnut plants at ICRISAT Center (K. M. Dick,

L2

J A Wighunan personal observation) and in the
warchouse indicates that it can infest the postharvest
product at any stage up to processing,

Phe methodology used in thas study represents a
stmple and relatively accurate way ol estimiting
quantitative storage losses. Ideally, we should wish
to see an cextension of this work through parallel
studies  conducted  in the  other mportant
groundnut-producing areas of India and the Asian
SAT

Noattempt was made 10 assess the extent ol qual-
tative Josses i the groundnuts occurring over the
S-month storige period. Infestation by insect pests is
Known to affect the biochemical composition of
stored oilseeds, for example, causing a decrease in
thiamine levels and an increase in tree tatty-acid
content{Howe 1965). Ol pressed from nuts contan-
mated with inseet larvae, dust, and frass will almost
certainly be of poor guatity and flavor, There is a
need to determme in reater detail the relationship
between population lesvels of the pest species, dura-
ton of storige, and tive rate at which the biochemical
changes occur that adversely attect flavor and oil

characteristics.

Sereening for Resistance to Storage
Pests

We have developed methods for sereening kernels
for resistance to 17 castancum, ¢, cephalonica, and
the tropical warchouse moth, Ephiestia cawrella
(Walker), These species are pelvphagous and are
among the imost important pests of stored ground-
nuts i the SAY Resistance 1o Cooserrarus is being
evaluated by THRIgSiough, UK)ina paralicl, colla-
boriatve project.

Studies o vaictal suseeptibitits o 75 castaneum
were inttinted by P2rPW Amin, who sereened 526
genotypes -t determine the degree of variability of
this character, He identified at least one promising
line. AR SIS which suftered significantly less dam-
age than the suscepuble check cultivar, APAU 4,
Although tarther experiments have given uscful
mformation en e behavior of 77 casranetm when
infesting groundnuts, progress toward the dey clop-
ment ol g quick and reliable sereening method has
been hampered by the extent of variation between
rephicates of the saine genotype, 1t is hoped that this
problem wall be overcome in future experiments.

Anexneriment in which 15 genots pes were exam-
ined for resistance o C.cephalonict provided more
consistent results. The mean larval mortahity was



three times greater on the least susceptible than on
the  most susceptible genotype, and  variation
between replicates was smail. Parallel studies are
being carried out with £ cautella using the same
genotvpes.

Conclusion

ltshouid be seen from this overview that the ground-
nut entomologists at JCRISAT are taking a broad
view of developing pest-control procedures for the
SAT.Muny of our research plans are underway and
the next vear should see progress being made in the
directions indicated.

Phere are stll tundamental guestions to be
approached,  espeaially ar the farm level. For
instance, we should Anow how farmers decide that
they have & pest problem, and how eftective their
actions are {otten insecticide application). Gt course,
we should albso determine the damage thresholds of
cach pest i the muluplicity of situations under
which groundnuts are prown, but that will take time,
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Discussion on Entomology Papers

Blair: Which soil insecticides are available in slow-
release formulations?

Wightman: The insecticides that I know of are pho-
vate, carbosulfan, carbofuran, and chlorpyriphos.

Blair: Might the formulation of chlorpyriphos in
which the chemical 1s incorporated in plastic devel-
oped in Australia be applicable?

Wightman: This was developed originally for pro-
tecting sugarcane crops from white grubs and has
been used in forest-tree nurseries in South Africa. If
available and if reasonably priced it couid be ideal.
Niganm: There are a few reports from India where
they have tried toestimate vield loss caused by thrips
in groundnut.

Wightman: True. The problem is separating the
d-mage caused by one pest from another. There can
be at least two species of thrips withina crop, as well
as Jassids and other insects,

Nigam: Will the threshold levels of different pests
vary according to the variety?

Wightman: Almost certainly; it is important that
when a cultivar is released it should be accompanied
by a dossier includingan indication of its susceptibil-
ity to a range of pests.

Gridlzy: Are there any indications that resistance to
insecticides has broken down?

Gibbons/ Wightman: No, testing in the USA and
ICRISAT has not given any indication of this hap-
pening. Weare aware that biotypes that can counter-
actresistance mechanisms can develop or may exist,
especially ininseets with short life cycles like aphids
and thrips,

Ramanainh: We notice that every year one pest is
more important than the others;, could you
comment?

Wightman: This is true for many crops. It is proba-
bly because low levels of natural mortality factors
allow one pest to inerease in numbers early in the
season or suppress other pests in some way. The pest
that achieves dominance carly in the season may
cause so much damage that the crop is not & desir-
able host for other insects.
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Effect of Superphosphate Application on the Yield of Groundnut

K. V. Ramanaiah, A. D. Malithano, and M. J. Freire*

Abstract

Most furmers grow growndnuts on the coastal sandy loant soils of Mozambique. These are of low

Sertitity, but a single dose of granular superphosphate (250 kg ha”™

vields by 125 20070 over the wntreated.

Vi applied preplanting increased

Sumario

Efcito da aplicagio de superfosfato no rendimento do amendoim. Grande parte dos camponeses
cultiva amendoini em solos franco-arenosos du zona costeira de Mogambique. Estes sdo de baixa
fertilidade, mas a aplicagao de wma dose simples de superfosfato 1 250 kg ha ™ ') antes da sementeira,
atmentou ox rendimentoys ent 125 a 200 sobre a nao aplicagdo.

Groundnuts have been grown i Maozambique for
many vears. They are grown mainly by peisint
farmers under rnfed conditions along the coastal
belt on infertle fight soils.

During the field surveys conducted in the ground-
nut improvement project. deficieney symptoms of
plant nutrients such as phosphorus, cileium, zine,
and nitrogen were noticed i groundnut-growing
areas.

Fertilizer trials were conducted on research sta-
tions and State tarms. where sotl fertlity was high,
varving from 0.09 to 0.1477 of total nitrogen and
60-175 ¢ P ha . As these soils did not represent the
general farming conditions, on-farm trials were con-
ducted on farmers' tields, The sotls of these sites were
sandy lonm with pH runging fromoé .8 to 7.2, and low
fertility (nitrogen and phosphorus low, and potas-
sium status medium to high).

The objective was to determine the eftect of phos-
phatic fertilizers or the vields of groundnut with a
possibility ot . mmending them for rainfed
groundnut.

Materials and Methods

These on-tarm trials had been carried out in many

locations during earlier years, but during the crop
vear 1984 85 they were conducted on five coopera-
tive farms. Due to trausport problems, harvesting
was done in two sites only: Filipe Samuel Magaia
Cooperative Farm and Tseretse Khama Coopera-
tive Ilurm. These have sandy loam soils with low N
and P.

Treatments

In 1982 there was only onc rate of phosphorus appli-
cation, 40 kg P.O¢ ha-!. In the year 1984/85 there
were four treatments:
FO-Control no fertilizer was applied;
FF1-40 kg P,O, ha ! =single superphosphate 250 kg,
FF2-80 kg P,Oq ha ' =single superphosphate 500 kg;
IF3-120 kg P,Oq ha-'=single superphosphate 750 kg.
Phosphorus was applied in the form of granular
single superphosphate (16-18C P,0y), by broadcast-
ing during final preparation of the land with hand
hoes. During this operation the farmers tried to
incorporate the fertilizer as deep as possible. A local
groundnut cultivar, Bebiano Branco, was grownasa
pure crop under rainfed conditions. All other culiu-
ral practices such as weeding, harvesting, etc., were
done as practised by the farmers.

* Reseavch Sacntsis, Faculty of Agronomy, Uninversidide Bduardo Mondlane, C P 257 Maputo, Mozaabiaue,

TCRISAT (International Crops Research Institute for the Sermi-And Tropics) 470 Proceedings of the Sccond Regional Groundnut
Workshop tor Southern Alnca, 100 13 Feb 1956, Harare, Zimbabwe Patancheru, AP 502324, India- ICRISAT.
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At the time of harvesting, air-dry tresh masses
were recorded and samples were collected for mois-
ture determination. However, moisture determina-
tions could not be made because of rats, so pod
yields were not corrected to a standard pereentage.

Results

The yield data of these triais are presented in Tables
I and 2. The results indicate a positive elfeet of
vields  of

superphosphate  application  on  the

groundnut,

Table 1. Effect of application of 40 kg P;0¢ ha ! to sandy
loam soils on the pod yields of groundnut, Behiano Branco,
Morambique, 1982,

Yield (kg ha ')
Fertihzer —

(hp PO ha ) Site | Site 2
[§] 968 949
40 kg 2920 2230

The effect of application of superphosphate was
seen mainly on the pod size, pod filling, and pod
number per plant.

Conclusion

The effect of fertilizers was conspicuous on farmers’
frelds, which are sandy loam wn texture. The applica-
tion of 250 kg ha'' of single superphosphate is
recommended for groundnuts in the areas where
phosphorus deficiency is noted, especially on sandy
loams.

This work on farmers' fields influenced the link-
age between the Faculty and tarmers and formed the
beginning of a future extension progran.
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Table 2. Effect of superphospbate on pod yield of groundnut at two sites on sandy loam soil, Mozambique, 1984/85.

Location Ireatment

Increase
aver the
control (7)

Superphoshate

apphied
(kg ha #)

Pod vields
(kg ha™1)

Filipe Samuel Magata

Cooperative Farm ko
Fl
F2
F3

I'seretse Khuma

Cooperative Farm 2]
Fi

Control: no terulizer 707
250 884 25
S0 1 060 50
750 1414 100
Control: no fertilizer 1 060
250 1767 66
500 1767 66
750 2121 100
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Groundnut/Maize Intercropping in Mozambique

K. V. Ramanaiah, A. D. Malithano, and M. J. Freire*

Abstract

In Mozambique. groundnur iy usually intercropped with cassava, muize, beans, sorghum, cre.,
depending wpon the locality and season. Some combinations have advantages during drought years.

This stady was conducted on a research station and on furmers” fields 1o determine the best
geometry of planting groundnut maize intercrops, and to compare the results obiained on research

stations with those obiained wnder farming conditions.

Sumario

Consociagao amendoim/mitho em Mogambique. Em Mogambique, o amendoim 6 geralmente
consociado con mandioca, milho, feijdo, sorgo, cte dependendo do local ¢ da estacio. Algumas

combinagoes apresentam vantagens durante anos de seca.

Este estudo foi conduzido numa estagdo experimental ¢ nos camoos dos agriculiores, para
deternunar a melhor geometria para a sementeira de amendoim e mitho consociados e para comparar
os restdtados ohtidos nas estagoes experimentais, com agueles obtidos em condicoes de cultivo.

Materials and Methods
Research Station

The experiments were conducted at the Agronomy
Faculty farm (Universidade Eduardo Mondlane)
during the first vear, 1983, 84, and at the State Farm
(25 Jun) at Boane in Maputo Province during
1984, 85. The soils are sandy loams with medium
levels of soii fertility and low levels of organic mat-
ter. The sites had httle slope; planting wasacross the
slope to prevent arosion. Local varieties of ground-
nut (Bebiano Branco) anJ maize were planted. The
experiment was corducted under unfertilized,
rainfed conditions. Planting was in Sep and harvest-
ing was in Jan. The resuifts of the following treat-
ments are shown in Table J.

Treatmenis

¢ Maize and groundnut planted in a zig-zag
fashion: three maize seeds per hole; one ground-

nut seed per hole, as is practised by the local
farmers (T1).

Line planting: spacing in maize-—90 x 90 cm
using three sceds per hole; spacing in
groundiitt-- one line of groundnut between two
lines of maize with 10 ¢cm between holes, one seed
per hole (T2).

Line planting: spacing in maize—90 = 30 cm, one
seed per hole; spacing in grourdnut—one line of
groundnut between two lines of maize and 10 cm
between plants in the line, one seed perholz(T3).
Line planting: spacing in maize—135 x 30 cm,
one sced per hole; spacing in groundnut—two
lines of groundnut between two lines of maize
with a spacing of 45 * 10 ¢m, one seed per hole
(T4).

Line planting: groundnut + maize: spacing in
maize-—180 « 30 cm, one seed per hole; spacing in
groundnut—three lines of groundnut between
two lines of maize with a spacing of 45 < 10 c¢m,
one seed per hole (TS5).

Sole crop of maize planted in a zig-zag fashion:
three seeds per hole, as practised by farmers (T6).

* Research Scientists, Faculty of Agronomy, Universidade Eduzrdo Mondlane, C P 257, Maputo, Mozambique.

ICRISAT (International Crops Rescarch Inshtute for the Semi-Arid Tropics). 1987, Proceedings of the Second Regional Groundnut
Workshop for Southern Afnica, i0-14 Feb 1y86, Harare, Zimbabwe. Patancheru, A.P. 502324, India: ICRISAT.
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Table 1. Yietd of groundnut and maize (kg hat) in Research Station trials, Mozambique, 1983/84 and 1984/85,

1983 84 1984 §5 Mean

Treatment Groundnut Muize Groundnut Muize Groundnut Maize
Tt Traditional 631 25 1253 153 942 89
T2 Li ‘anting 590 67 1097 245 R44 156
I3 L. planung 50K S 838 472 71y 279
I'4 Line planting 693 ¥4 1054 22¢ 875 156
I'S Line planting 1133 84 1360 144 1247 (FE]
F6  Sole maize traditional - 399 - 679 - 539
17 Sole maise - 481 - 686 - 585
I8 Sole maize - 485 - 731 - 608
19 Sole maire line planting - 644 - 824 - 734
T10 Sole groundnut ine planting 1177 - 1673 - 1425 -
I Sole groundnut ng-zag 892 - 1556 - 1224 -
112 Sole groundnut sig-zag 593 - 1294 - 944 -

Table 2. Yields of groundnut and maize (kg ha ') in farmers’ field trials, Mozuinbique, 1984/85.

Intercrop

Sole Sole

Farmer groundnut Groundnut Mauize maize
Feliming Nwamba 1071 476 357 833
Matilde Jouseta kLS Q) 462 885
Arminda Magai 885 265 354 364
Pamteta Langa 654 407 174 465
Hanhane Mptume 1876 1010 791 837
Felismina Paulo Tembe 833 611 878 500
Rachel Matola 531 531 &8 337

Mean 890.7 4879 443 .4 631.6

SFE t185.7 £107.4 2117 t82.1

Sole erop of maize planted in a zig-zag fashion:
one seed per hole, but with the same plant density
asin 1o (17).

Line planting miize: spacing o 90 = 90 cm, three
seeds per hole (1%)

Line planting maize: spacing 90 x 30 cm, one seed
per hole (1Y9).

Line planting groundnut: spacing 45 = 10 cm, one
seed per hole (110).

Sole crop of groundnut planted in a 7g-rag
fashion: same plant density as in 110 (111,
Sole crop of groundnut planted in a 7ig-zag
fashion: half the seed rate of T10 (F12).

On-farm Trials

The following three trearments were selected for
testing on farmers’ fields on the basis of the results of
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the field-station experiments. The results are shown
in Table 2.

¢ Groundnut and maize planted in a zig-zag
fashion (control): three maize seeds per hole and
one groundnut seed per hole, as practised by
farmers (T1).

® Sole crop of maize planted in a zig-zag fashion:
three maize seeds per hole as practised by farmers
(T2).

¢ Sole crop of groundnut planted in a zig-rag
fashion: one seed per hole as practised by farmers

(T3).

Locations

These on-farm trials were conducted on farmers’
fields in the green-belt zone surrounding Maputo.



Soils are sandy loams, with light texture, good
drainage, and medium soil fertility and organic mat-
ter content. The experiments were conducted by the
farmers themselhves except for the assessment of
treatment effects. which were measured by field
technicians.

The local variety of groundnut (Bebiano Branco)
and a local mixture of maiee were planted. Fertiliz-
ets were not added. The area of trial plots varied
from 200 to 5000 m?. The area harvested varied from
50 to 150 m:. Air-dried, fresh weights were recorded
at the time of barvest.

I'he dates of planting and harvesting were not the
same in all cases, but all the triads were conducted
during the same season (Aue 1984 to Jan [985), All
the culturad practices tollowed in the trials are the
same as those practised by the tavmers All the treat-
ments mentioned above ave praciised by the farmers
except the sele crop of maze In this case, farmers
usually plant other ¢rops at tirst weeding.

Results
Research Station Trials

The vield ot maize was greatly redveea when inter-
cropped with proundnut (Iable ) Line plantng
facilitated casier weeding than the 7ig-zag pattern,
Line planting took more labour than the zig-zap
methed at the time of sowing. Thisis veryimportant
for the farmer as he has to plant as much area as
possible to capture the avatieble moinsture before it
escapes from the ground. [n senwe places where rats
and birdsare a probleny, hine planung was disadvan-
tigeous because thes can casily pick up seeds if they
are o a bne

On-farm Trials

Difhiculties in achieving standard moisture contents
resulted 1n the onission of some data. The results
(Table 23 refleet the vanable nature of cach farm and
the non-umform rainfall pattern,

[t generat, intererapping groundnu with maize is
notadvantageous. Fhe maive crop, when associated
with groundnut. was short i height, pale vellow in
foliage colour (nirogen deficieneyy and was infeeted
with stem horers,

Many of he cooperating farmers were of the
opinion that it s better to select crops like cassava,
sorghum, and beans rather than maize. Similarly,

these farmers are now of the opinion that maize
should be grown as a sole crop or intercropped with
beans.

Conclusion

Intercropping of groundnut with maize is notalways
advantageous, especially in a dry year. Maize suffers
if it is intercropped with groundnut.

Although farmers are convinced by the results,
some still intercrop groundnut with maize because
they need both maize and eroundnut for consump-
tion. I sufficient land is available they prefer to grow
groundnut as a sole crop, but maize is always grown
with some other crop such as beans, cassava, ete.
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Discussion on Mozambiqre Papers

Tarimo: Did Dr Ramanaiah have control plots for
the maize/ groundnut intercrop? Did he observe sim-
ilar symptoms?

Ramanaiah: Yes, similar symptoms were observed
in all plots. Our Biochemistry Department is identi-
fying the cause of the yellow leaves in the maize
crops.

Bock: Does maize, in cowpea, maize intercrops,
show ‘deficiency’ symptoms  similar to  those
observed in groundnut; maize intercrops?

Ramanagizh: Thesc severe symptoms did not occur
in the cowpea; maize intercrops.

Kanrziysan: In what way did the disease spectrum
change in the carly to late plantings?

Ramanaiah: Late-planted groundnuts are more
susceptible to rosette.

Doto: 1 should like to commend the Mozambique
team for their work aimed at boosting groundnut
production. The team is small, the facilities are res-
tricted, but sull they have managed to make head-
way. 1 should like to make the following
observations:

® The team should seek wavs of ‘improving the
infrastructures’ needed to facilitate research, for
example, the provision of a well-equipped labo-
ratory would greatly enhance research produc-
tivity.

® There may be 4 need to broaden the research
team by means of an aggressive training and
recruitment program.

® The team could benefit from more frequent visits
by various crop specialists. Forexample, visits by
ICRISAT scientists to offer on-the-spot advice
on various biological problems related to
groundnut production and research.

Gibbons: Were the cultivars 69-101, RMP 12, and
55-437 (which was imported from W. Africa) vield
tested before being multiplied for distribution to
farmers?

Ramanaiah: No. There was little coordination
between research and extension (seed) people in this
matter. There were no data on their yield potential
before they were multiplied.
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Constraints to Groundnut Production and Research
Priorities for Communal Areas in Zimbabwe

S. Dendere*

Abstract

The butk of the groundnut crop in Zimbabwe is grown and consumed by the communal furmers,
although commercial farmers produce most of the nuts presently received by the Grain Marketing
Board. There has been a decline in groundmt production as a result af drought, seed unavailability,
poor prices, and the low priovity that growndnuty are given in the cropping system.

Rescarch aimed at improving the staius of groundnuts in the cropping svstem by encouraging
farmers toapply basic natrients and establish good plant populations to overcome discase problems
and improve vield, iv discussed with incentives of seed availubility and improved prices.

Samario

Limitagdes na produgiio de amendoim ¢ prioridades para a investigagao nas areas comunais. Embora
o8 dgriculiores comerciais produzam a maior parte do amendoim presentemente recebido pelo
Conselho de Comercializacdo de Grdos, u maior parte do amesdoim no Zinthabwe ¢ produzido ¢
consionido pelos agricultores conmmais. Tem-se registado wni declinio na produgdo de amendoim
conto resdtado da seca. falta de semente, baivoy pregos ¢ o baive prioridade que & dada ao amendoim
no sistema docultivo,

Investigagdo apontada para o selhoramento da impon raneia do amendoim no sistema de cultivo,
cncordjande os agricudtores para a aplicagdo dos nitrientes basicos ¢ para o estabalecimento de boa
populacdo de plantas. com vista a resoiver o problema das doengas ¢ melhorar as rendimentos, ¢

discutichy paralelamente - divponibilidade de semenies ¢ aumento dos Pregos.

Groundnuts are grown i Zimbabwe by both com-
mercial and communal farmers but the latter have
dominated production, accounting for over 90¢; of
the crop sold to the Grain Marketing Board (GMB)
up to 1976 (Oilseeds Handbook 1981). Groundnuts
constitute an important part of the staple diet as a
protein source for rural dwellers in the following
forms: relish, roasted nuts, peanut butter. boiled
fresh nuts, or mixed with maize (mutakura). With
the establishment of ail expressor industries, the
demand for groundnuts increased, and production
also inereased, providing communal farmers with
additional income, thus contributing significantly to
the ceconomy of this seetor. But as production

declined after 1976, expressots looked for alterna-
tive crops such us cottonseed and soybean, and the
oil market for groundnuts is now of no signiticance.
Early records indicate that groundnuts used to be
one of the major crops in the communal areas.
Because of its uses in confectionery, mainly for
export, and as a vegetable oil source, the groundnut
producer price has been substantially increased
recently.

According to Agritex estimates for the period
1977-1985, the area put to maize increased by 66¢;
while that for groundnuts decreased by 516 Maize
production during the same period increased by 44¢;,
compared to a decrease of 45¢z for groundnuts.

*FSR Agronomist. Department of Research and Specradise Services, Agronomy Institute, P.0. Box 8100, Causeway, Harare, Zimbahwe.

ICRISAT International Crops Researdh Institute for the Semi-And Tromes). 1987 Proceedings of the Second Regional Groundnut
Workshop tor Southern Attica, 10 14 Feb 1986, Harare, Zimbabwe. Pataacheru, AP S0z 324, India: 1CRISAT,
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Yicld per hectare increased by93 ) for marze while it
wis only 99 for wroundnuts. The decrease
groundnut production in the communal areas s be
shown by the tend mothe des 1o the GMB
comparison with other nigror crops an the fonnng
susteni ( Hable D

I 1979 80 pronnd et vields were i the ondet of
Todo and 310 ke b tor the divbnd crop tor coni-
merched and communal irmens respectively cHide -
brand TYNOL The Nortony estimate tor commnenal
grounduut producton i 1955 now stands at 420 kg
i bur these fireres tenion retativedy fow,

Phis papes attempts to espunn the tactors that
could have imthienced the dechine myroundnut pro-
ducton and defnveries to the GNEB Survess aarried
ot Mangwende and Chivon 1982 and (984 are
weds sources olbitormation. Groundnuts play an
snportant role e the Barmimyg systen as da souree of
protess tor humans, as bvestock teed, and ton
anprovany sorl terohits by nitrogen s tion, How-
Cecr e potentiad rale of vroundnuts Jies s Tow
teduirenents tor starter sntrogen and s ntrogen-
P capacity s which has aonet ettect o reduding
cicsottand mereasing viekds ol the subseguenterop
Growdnuts are thoueht to be nematode-iesistant,
and soccs i tollow tobaceo aid benetit frong restdual

feridics

Lable 1o Yearly sales (0 of mmajor crops to the Grain Mar-
heting Board by communal (€ Ay and small scale comraer-
chal farmers, Zimhahwe, 1972-1983

Harvest Grroundnuis e

vl ishelfeds  Suntiowers (A onhvy Cotton
AL S4S0n 1402 SY 646 4077
[RES 4hzuo |27 OIN 29809
JuTs 2570 1278 J6 68y 35455
19 28500 RN 49388 W TN
196 NN 8709 K3982 32635
Jus ! 2343 NE265 0 360602
[RREN 300 2423 03605 42929
19791 100 5570 REE LT 32060
1950 S 900 RINA 862960 T 9IN
sl VIS 8174 363202 ST
fan 21 (IR J006 26937y 40207

[ChRY 02s T00 147518 6l 2n

Lo Diought vears

Sources TOAMA Orlseed Outicon Muie Warhong Paper 4 8!
AMA Nt e Contraiad Peada Discassion Paper
VOAMAN G Onitloos
SUANMAN Cotton Outise s
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Factors Limiting Production

Seed Quatity and Soil Fertility
Problems

Farmers retain approximately 330 ot the season’s
harvest tor local consumption, local sales. and seed.
I general, the shortage ot certified seed has been a
problem m the communal areas as it is not included
i the Apnceitural Finance Corporation credit
pachage. Farners plantanything from the third gen-
cranon onwards and the use ot this seed has contrib-
uted to poor crop stands

In expenments carnied out by the Agronomy
Bistitute, Munstry ot Avnculture, to imvestigate the
cltect ot seed source and cultivar on plant stand, the
tarmers who used retned seed had a hmat stand as
low as 0% 10 Mhondoro, while o 1000 stand was
established sty certined seed Nariens - fertilizer
triads to demonstiate the vield potential of the late
and carby cultivars showed that under norina! rain-
fall conditions, Valenenn, a short scason cultivar,
would grve better vietds than Feret in Mangwende
( Lable 2y

Metelerhamp (1967) repoited that reseiarch on
plant populations and spacing haye made signiticant
contributions to mcreased preducton, tor all agro-
ceologneat regons. Plant populations may be driasti-
cally reduced 1 seed dressing s not used. Thiram or
captan plus synthetie pyrethionds iare recommended.

Most communad areas are on Light, sandy soils of
grane orging with low mtiogen, phosphorus, and
varabie potash devels. The sotls have low water-
holdimy capacity and are very prore to leaching and
compaction. Boron, sulphur, ana calcium levels are
fow but they have not recenved adequite attention
specihically tor proundnut production. Fertilizer
utilization has been linnted i communal arcas, and
the Tow soil-phseverely curtails successtul ground-
nut production.

Results ot ternlizer and liming trials have been
erratic. In 1983 84 tertilizer application did not
imtuence vield to any sigmficant extent acrosy sies.,
probably because of the poor scason. Inthe 1984 85
season, apphcation ot fertilizer signiticantly
iereased vizlds o with an appheation of 200 kg angle
superphaosphuic na s giving the hest vields ( Table 2).
Appliciation of lime and gypsum had no significant
clfecton proundnut vields, but did slightly increase
viehds aver groundnuts that received none. Linuted
rescarch onnutrition of groundnuts on poor soils in
the commumal arcas has ndicated  that  large



Table 2. Pod yields in groundnut: cultivar « fertility * liming trinl in Mangwende sites, Zimbabwe, 1984/85.

Frial sites

Musam Zihute Muchinyike Rota Mukarakete
() (b) (c) G (by (it) (h) (v () (h)
Culuvar
Valencia 2824 2705 207 1534 Py 2100 1408 1379 1275 PER] 1265
Feret 1766 2666 2164 1177 Pis 22X i 608 1403 86y 667 1203
Mean 2295 2686 2130 |1 355 1356 2164 1 508 1391 1072 825 1234
SE 22330 L1039 251 12006 t10S Y 1425 «SH 2700 603 tReR8 1782
Fertiization
Control (none) 2496 27 1955 1474 1 387 RE I 1 565 1 390 1074 921 1367
260 kg S ha 1905 258584 2072 1146 1217 199y 1241 1204 DT 32 977
200 kg SN ha 't 2485 2781 2265 1 446 1465 2324 1717 1528 1194 933 1 358
SE 782 4923 a8 N R4 71T TR tl0S9 0 =SE9 0 w8 24520 717
Liming
Cantiol (none) 2237 2657 2070 [IRE 1290 2162 | 488 1439 1038 804 1179
600 ky ha't 2354 2714 2SS 1329 dte 2106 1527 1343 1106 K46 1289
SE 619 1753 0670 thh 9 AR 611 865 iy Q 530 #3698 15K.5
Gypsum
Control {(noney 223 2642 2070 1382 1 208 Y IdN 1186 I 390 [RILN 799 113
200 kg ha 2359 2730 23 1329 1404 21080 1539 192 1059 851 13y7
Sl redY 2751 6760 680 2SR 20l 1865 tdBY 0 5300 169 5K
oS Compoud S {57 PLO2EKLOT
2NN anple superphosphate v S0P 00

responses to the appheation of manure manure and
gypsum, and phosphate could heachieved ( Meteler-
Kap 1967) Responses to rhizobu have beeninsig-
nificant, that
pop nattons of naturally occurring bacteria thatare

indicating there are adequate
effectine,

Lhe rescarch ettort shoald concentrate onnvesti-
gating responses to sulphbur gypsum as a souree of
sulphur rather than caleran under marginal raintall
conditions. The which nutrients

should best be applied and theiwr bearing or interac-

forms such
ton with pH could present a breaktirough in
groundnut nutrition and its indirect etfects on dis-

cases and pests.

Planting Date

The groundnut enterprise has relatively less impor-
tance in the tarming svstem hecause itis considered &
woman's crop. This results in delaved planting
because preference is given to other crops such as
maize, on which the scarce draught power is used.

Thus dand being allocated to groundnuts has
serioashy dimimshed over the last decade.

It has been found that tillage did not seem to be a
cnttcal limting factor to groundnut viclds (Dasbeyvg
and Amir 1964), aud although the soils in their stady
might have been difterent, this provides a back-
ground tor investigating the effects of various tillage
svstems on groundnut vields, Planting directly onto
winter-ploughed land using a planter or tine could
increase the proportion of earlyv-planted groundnut
ficlds v the communal arcas. Reduced tillage is
assocttted  with heavy infestation and
increased  eroston, but sinee herbicides are now

weed
included in the mitze package trom AFC it is hoped
that labor will be released for groundnut weeding,
which tends to have low priority.

Fest and Disease Problems

Groundnut rosette, a viral discase, is of economic
importance in the communal areas. Rosette discase
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can be controlled by good husbandry practices
including early planting. high plant-population, und
adequate soil fertility. These do not usually occur in
the communal areas because of the small armount of
poor quality seed that is planted. resulting in low
population-stands. Thus the discase is likely to
persist.

Cercospora leaf spot, a serious leat diseass (Cole
1981), is also ol economic importanee in the commu-
nal areas because it resnlts in premature leat loss,
and thus mcreased pod rot and poor shelling per-
cent. Cercospora leaf spot often appedrs much car-
fier ona crop thatis nutgrowing vigorously, thereby
exacerbuting the situation. Web blotch can be of
stgnificance in communal areas with reasonable
rainfall but unlike commercial areas, its presence s
for noting only.

Eftective control of leal diseases using tungicides
has been positive on carly-planted crops or those
receiving supplementary rrigation (Cole 1981),
Spraving results n leal retention, and in crops
grown under conditions ot limiting moisture, this
will increase stress and possibly lead to vield reduc-
tion. For this reason spraving ona dny land crop has
not been geacrally recommended.

The etfect of nematodes on groundnuts has not
yet been conclusively established. The marked
response Lo fumigation at the Makohali Experiment
Station did not seem to be due to nematode control,
Mure controlled experiments are needed to deter-
mine their real effects.

Sclerotiunm rolfviis of sporadic and patchy oceur-
rence i the sandy communal area soils.

Lahor Bottlenecks

Groundnuts are a lubor intensive crop and farmers
tn the communal areas cannot afford to hire casual
labor, so this has also become a constraint for plant-
ing, weeding, and harvesting. It is particularly
serious at harvesting when there are heavy losses of
kernels due to sprouting and pod rots. If lifting
occurs after the rains have stopped., it becomes diffi-
cult to get all the pods out of the dry ground.

In an attempt to make the crop attractive to
farmers, serious consideration has to be given to the
development and use of labor-saving implements for
critical operations as a means of enhancing net
returns to labor. Specifically, the expected benefits
of this research strategy would be:

I. The lowering of labor requirements per
operation;
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Quicker and more timely completion of key oper-
ations; and

3. Increased cash returns to labor per groundnut
enterprise and family net cash income.

For example, the use of a planter will ensure
uniform placement of fertilizer relative to the seed.
The groundnut lifter will ensure more timely lifting
of groundnuts, thus reducing pod rot and the leaving
of pods in the soil when the soil dries out. An exact
criterion of maturity is essential if maximum yields
are to be realized. This should be facilitated by train-
ing extension workers to communicate the correct
information (o the peasant farmers.

Price Structure

The poor price structure for groundnuts has playeda
notable role in the decline of production. The pro-
ducer prices have not been sufficiently attractive.
From 1978-1984, groundnut prices increased only
by 166 from Z$ 3R7 10 Z$ 450, compared to maize
14, sorghum 870 cotton 73¢., and soybean
10577 It would scem that communal farmers are
rational; they have opted out ot groundnuts in favor
of other, more profitable crops.

The government has now increased the producer
prices by nearly 61¢7 (from Z8 500 10 2% 750) for the
1985 86 growing season because of deficits in pre-
vious vears. The response from both commercial
and communal farmers at this juncture seems posi-
tive, and delivery estimates are high as indicated by
the area allocated to groundnuts. With the increase
in the cost of inputs for production, producer prices
must be adjusted accordingly for sustained
production.

Corclusion

Although the five limiting factors discussed stem
from various sources in the physiobiological and
socioeconomic environment in which the communal
area farmers operate, the combined effect of these
factors has been detrimental to groundnuts,

Improvements

Research aimed at developing component technol-
ogy and improved systems for groundnut produc-
tion is imperative. Developments in any of the cited



research areas could oifer the communai farmers a
valuable crop alternative, both in terms of food
quality/ security as well as cash income.
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Groundnut Complementary Crop in the Irrigated Areas
of the Great Rift Valiey of Ethiopia

Yebio Woldemariam, Bulcha Wovessa, and Adugna Wakjira*®

Abstract

Sixteen groundnut cultivors of Arachis hypogacs ssp hypogaca and Arachis hypogaea syp fastigiata
were tested for vield o and oil s on Vertisols and alluvial-tvpe soils of the Middle Awash of the
Greet Rift Valley for three seasons, May 1980, 1982, and 195 3.

Among the cultivars under test. wo cultivars NCAX and Frorispan showed promising perfor-
mance. The 3 vears mean vield shows 770 hg ha jor NC AN and 200 kg ha 7 for Florispan. In
particular the cultvar Florispan, besides beings el vielding i carlv maruring and has a relavively
Nigh oil content.

Larlior studicos o ivvieanon at Metkawerer Rescarcl Center showed ihat a watering interval of
Y wecks applving 125 nun of wader gave maximunm pod vield.

Phe sty also showed that the most eritical stage from the irriguation aspect was from peak
Howering 1o pod developmeni, e SO 1o 90 davs from sowing.

Sumitrio

Amendoim como cultura complementar nas dircas de regadio do Grande Rift Valley na Etiopia.
Decasseis cultivares deamendoim, Arvachis hypogaca ssp hypogaes ¢ Arachise hypogaca ssp
Caniigiatin, forant fostados no sew rendintenta s semente ¢ oleo s e Vertissolos ¢ em solos aluviais de
Viiddfe et no Grande Rife Valley durante tres anos em Maio de 19500 1982 ¢ 983,

Fiere ox cultivares testados. NC AN o Flovispaen, tiverant i coniportamento. promissor. (0
rendimento medio noy rés anos torde "0 g b Tpara o NC AN ede T kg Sa ! para o Florispan.
Particularmientc o cdtvar Florspan, para aleny de ter alto rendimento ¢ de maturagdo precoce ¢ temt
wuni conteudo de oleo relativamente alio,

Intudos previos sobre rricacdo realizados no Centro de levestigagcdao do Melkawerer, mostraram
que regando cont sy intervale de D duas  semanas, aplicando 125 mmde deua de cada vez, produciv
FORAINENTO AN ine e cdsd.

O estudo mostrowc tambeénm, gue o periodo eritico para irvigagdo val do pico da floragdo até ao
desenvolvimento das vagens, isto ¢de SO a 90 dias depois da sementeira.

In Ethiopia groundnut is grown widely in two In pracace groundnats rarely considered a major
administrative regions, namely Harerge (east) and crop that can be relied upon for subsistence. It is
Eritrea (north). Itis also grown ina few localities in planted rather as a companion crop with other food
the sotth and western parts of the country. How- crops as i supplementary source of income. In terms
ever, studies on erop adaptability and performance of preference, the peasants treat groundnut as an
show that the potential of raising the crop in the alternative crop to be used onlv in risk-aversion
marginal ranfall of the mid- and lower-altitude measures brought about by unforeseen weather con-

arcas of the country still exists. ditions such as drough:

*Rescarch Otheers and Asastant Research Othicer. respectively Tustitute of Agicaltural Rescarch, Melkawerer Research Center, PO, Box
20030 Addis Ababa, Bthiopia

TCRISA T amternattonal Crops Research Tnstitute tor the Sen-Ard Tropies). 1987 Proceedmps ot the Second Regional Groundnut
Workshop tor Southerns Afnca, 10014 eb 1986, Harare, Zimbabwe, Patancheru, AP 502 324, India: TCRISAT.
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The total annual land area occupied by groundnut
up to 1980 smounted to less than 50000 ha, presum-
ably excluding lands in Eritrea. In the course of the
last 15 vears an estimated 15000 na of land were
added (FAO Production Year Book 19%0). This
insignificant expansion of Lind Jid ltde to alleviate
the oil shortages that the COUNtry is expericneing
today, This situation iy further aggravited by the
fow average national vield, which remained below
6O kg ha ©

None of the groundnut cropan Ethiopia is pres-
ently under itriganon, but the potential for growing
the crop under irrigation has been demonstrated n
aumerous field trais insome ot the irmgated villevs
of the countrvincluding the Grear Rigy Vidiey. The
generil pertormance and vield obtained across the
yaars s encouraging cnough to advocate the protit-
ability  of prowing the cropunder arrigation,
Groundnut could also lend 1tself as g rotational Crop
W MONOTOPPInE sVstem s s practised row in the
lower and middle portion of the Awish Vildley,
whichh constitutes part of the Grear Rilt Valley.
Furthermore, ' association with short Iite-cyele
crops having carly-maturing characteristics such as
sexame, wheatsund cownea, groundnut could be an
excellent partner i g double-cropping program.

Phe muddle portion of the Awash Vallex, at 750 m
Alevation, iy chiaracterized by a hot and moderately
humid chmate during Apil (o September and s
warm and dry during October 1o March, The fong-
ferm mean annual contath isabout SO0 mm. of which
the highest rain precipitation occurs in July and
August. December is the coldest month with mean
maximum and minimum temperatures of 41 and
L¥ Clrespectively. The hattest month ts June witha

maxmum temperature ot 3% and nunimum  of

23 C Ths latter tvpe of weather condition dealiy
meets the chmatic requirement of groundnut,

During the past tew vears impressive results have
been obtained to cncourage large- and medium-
steed farmers in the Awash valley to adopt ground-
nut asa complementary crop to cotton. The spectlic
ohjective of the study s, theretore, aimed at showing
the feasibility of growing groundnut in the irrigated
valley of the middle Awash and possibly. tn the
lower valley.

Materials and Mecthods

Sixteen groundnut cultivars, Arachis hvpogaea vay
hypogaea and Arachiy hypogaca VAT fastigiata were
planted for three conseeutive seasons beginning

mid- to end-May in the experimental ficld «f Mel-
Kawerer Research Center, The row spacing us+d was
80 ¢, and seeds were planted every 10 ¢min o row.,
I'he experimental design was randomized b'ocks
with tour replications. The gross plot size was 20 m?
with the (wo outer rows designated as guard rows,

The number of cuitivars used in ihe firsg 2 vears
wis reduced to 12, based on the evaluation done on
previous seasons with regard to vield and other
desirable agronomic attributes,

Inorder o ensure maximum plant growth, irriga-
tion water was supplied at 2-week intervals tor 126
days Application of water was withheld 3 weeks
prior to harvesting but shallow irrigation water of
approximately S0 mm depth was applicd i few davs
before uprooting plants to facilitate harvest. The
trial was carried out on a heavy Vertisol soil in the
first vear and light alluvial soil in subsequent vears.
No fertilizer was applied.

Phe study was undertaken duning the ‘main sea-
sons” of 1980, 1982 and 1983 under irr ration, sup-
plemented by rainfall of nearly 250 mm during the
LIOWINE seison.

Results and Discussion

Groundnut cultivation appears to be successful in
arcas where soils are light and temperatures warm.
In Surinam the entire groundnu cultivation is prac-
tised onsandy ridges in the coastal clay belt (Wienk
ctal. 1983). In castern Ethiopia, neariv the entire
crop s grown i light soils including sandy loams of
poor orgame mateer. With proper farm ma nigement
practices, vields of up 10 300 kg ha'! are attainable,

In the Sudan a sizeable amount of the estimated 8
million ha of land under groundnut is on clay soil.
Despite this, in the central clay plain of the Sudan
the crop s lifted manually instead of the digger-
shaker-windrower combine machines juite exten-
sively used in the groundnut belt of North America.
Intensive research work on heavy clay soils in that
part of the Sudan showed that the potential pod
vield iy only 670 kg ha ! (Ishag et al. 1980),

At the field of the Research Center where the
experiment was carried out for 3 years. the soils
ranged from a black heavy Vertisal-type to brown
soils whose texture jy generallysilt to loam. The yield
obtained based on experimental plots with such soils
was 470 kg ha t and 660 kg ha !, respectively, The
soils of the Center are not deficient of the major
elements, although minor elements such as zinc and
tron may be lacking. The soil is basically alkaline



witha pH ranging from 7.7 10 8.5. A series of experi-
ments on soil exhaustion done in the mid-1970s
show that there were no significant ditferences
between the different levels of N, P. K. and the
control.

Groundnut s known to be a drought-tolerant
Crop growninareas where the soils are nutrient-poor
and effective rainfall is limited to oniv 2-4 months
vear. However, the crop can show its maximum
potential in an environment where moisture stress is
overcome by well-distributed rainfall or irngation
water.

With the exception of the USA, where the ten-
dency is 1o increase arcas under irrigation, most
countries in the semi-arid tropics depend on rain to
grow groundnut. However, India and Sudan, two
leading groundnul‘producing countties in the less-
developed world, have sizeable arcas under irriga-
tion. In those countries, irrgation water is provided
cither as a sole source of moisture to the plantorasa
supplement to rain. In ihe Sudan alone a quarter of
the 8 million ha of land planted to groundnut are
under irrigation {Ishag et al. 1980).

Groundnut has been reported to be i drought-
resistant crop with remarkable characteristics of
resilience. But recent work onthe influence ofirrigi-
tion frequency 10 the Sudan showed that moisture
atress at any stage of plant development reduced
yield appreciably. Ishag( 1982} found that watering
intervals signiricantly atfected pod vield.

Experimental evidence at Melkawerer indicates
that a watering interval of 2 weeks with applications
of 125 mm gave the maximum pod vield. Ifirngation
intervals are wide apart but an extra S0 mm of water
per application iy added. vield increase is possible.

The most critical stage for MOISTUTE SUFCsS Wis
found to be from peak flowering to pod develop:
ment. i ¢.. 50 to 90 days from sowing. Thus ground-
nut is most sensitive to water deficiency during the
periods of early pod fornution, peg penetration and
elongation, pod expansion, and photosynthesis,
which are aiso reduced. Tuble b gives vield informa-
tion for 16 groundnut cultivars tested at the Center.
Yield comparisons of the different treatments were

more or less consistent throughout the last 2 years of

the study. However, the mean cultivar yield value tor

the first vear was less than the subsequent vears of

the study by 180 kg ha ! or RS

Yield reduction in the 1980 cropping scason 1S
attributed to heavy rust ( Puccinia arat hidis) infee-
tion that occurred early in the scason as well s
unusual late harvesting of the crop, which induced
pod sprouting in the ground. This affected both

Table 1. Pod yield (kg ha*!) of 16 groundnut cultivars
tested st Melkawerer Research Center, Ethiopia.

Pod yield

Cultivar 1980 19K2 1983 Mean
NC 4N 610 R0 870 766
NC 2 570 630 670 6213
NC 343 430 710 720 620
Shulamit 700 590 760 683
Schwarz 21 350 630 680 556
Flonispan SKO 700 810 696
Nambyquarae 480 630 590 566
Pl 34817 500 630 560 563
Il 298115 Jan 480 - 435
1 AES608 30 630 - 480
Pearl 360 580 - 470
Improved Spanish 2B 470 570 550 530
Spanish 191-1 470 500 520 496
Fifspan 390 660 640 563
P1 250680 488 660 590 576
New Mexico Valencia 400 510 - 455
Mean 469 621 663 567
SE 1387 #8100 1526

groups of cultivars but dominantly the fastigaro
group, which are known to have shorter or no dor-
maney period. Due to the heavier-textured soils on
which the trial was performed, pod loss at harvest
could have also been enormous (Henning et al.
1982).

Table 1 shows that there were highly significant
difterences between cultivars (P 20.01) in 1980,
Overall the mean cultivar yield for the three scasons
was 570 kg ha-!. The highest cultivar mean yield ¢f
660 kg ha-! was obtained during the 1983 cropping
season, surpassing that of the previous season by 40
kg ha ' and that of 1980 by nearly 200 kg ha™'. Yield
values computed irom Table | show that the cultivar
NC 4X gave the highest mean yield of 770 kg ha™!
followed by Florispan and Shulamit cach giving
vields of 700 and 680 kg ha-!, respectively. In the
<ceond and third seasons after 198C, the cultivar NC
4¥X gave record vields of up to 840 kg hu™!, making it
an undisputed candidate for release and conse-
quently for large-scale production in the Valley.

The cultivar NC 4X may have many advantages
over the others but is equally susceptible to rust and
leal spots. In any casc hoth discases occurred only
once in the Valley and cannot be considered as limit-
ing factors for production. It is also generally
believed that in most cases discase-resistant ground-
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Table 3. il content (%) of 16 groundnut cultivars srown
2t Melkawerer Research Center, Ethiopia.

nut cultivars are lower viclding than susceptible cul-
tivars (Subrahmanyam et 4l 1980). Experience at
one of the Institute of Agriculture Research Stations

located in the cast show ed that the moderately Year
disease-tolerant 250680 15 by far g lower vielder than Culuvar 1980 1983

the highly susceptible .\'('4X or Shl'mmil cullwurs. f\::\" ) \\;}TT
Among the twao kroups ot gmundnu(. mcludgd in NC 2 6.2 482
the study, the var fastigiata were Jow vielders. This NC 343 40.2 490
group of cultivary showed the tendenc  to flower Shulamit 8.6 492
and mature carly. They alvo have 4 low J00-seed Schwazs 2} 404 514
mass when compared with vy Mpogaea, which usu- Florispan 40.1 52.1
ally have large- 1o medrum-sized pods. Tahle 2 Nambyquarae 393 50.1
shows  the  apronomie characteristies  of  cach PL3lag1y 42.0 528
cultivar. Pl 298115 - -
The spanish and vitlencia tvpe cultivars, which fall Pl 31S60% . -
under the category of var fastigiara, have a relatively Pearl - -
higher otl content (Table 3). According to Seegeler linproved Spanish 28 404 51.8
(1983) the o) content of cultivars in vy hpogaca Spanish 191-] 36.7 50.7
with 38-47¢; |y lower than that in cultivars of var Tifspan 41.3 49.0
Sastigiata. The normg) range in the latier subspecies Pl 250680_ i 419 32.9
New Mexico Valencia 398 5C.4

is 47-50¢;,

Table 2. Mean shelling percentage, 100-seed mass, and d-~vs 10 maturity of 16 groundnut cultivars grown at Melkawerer
Research Center, Ethiopia.

Shelling (¢7) 100-seed muass (g) Days t0 mature

Cultivar 1980 1952 1953 Mean 1980 1982 1983 Mean 1980 19%3 Mean
NC 34X 7100 6790 47 256K Tpsy SO6KTS 7136 200 135 167.5
NC 2 H3S0 6340 7028 6572 RIS 6T () TS0 7492 2 162 181.0
NC W 728D 69.50  70.50 T093  TRRE 49 63 7625 7492 200 158 179.0
Flonspan 7550 6630 6361 68 4N 6400 680 &0 00 64.00 20 155 177.5
Spanish 191 00 6630 6813 69 48 49KS 5250 $5.00 5245 18 51 168.0
Nambyquarae TIS0 6690 6654 6 98 1CO.00 K33 7875 87.38 200 160 180.0
Improved Spanish 28 67300 5700 700 o4 Ko 5693 4975 sS g0 5389 IS 151 168.0
New Mexico Valencia 66,80 6380 - 6530 4403 49 3 - 4670 175 - 175.0
schwarz 2] 7000 6290 69 6730 Kt.08 76.25 7750 7825 200 155 177.5
Tifspan TLSO 8090 62.8% 6809 4073 4788 5250 47.04 185 182 16X.5
Shulamit 6230 6510 6 S0 6563 8508 6863 7250 7540 200 161 1805
P1 250680 6680 6410 6513 65 34 3558 5128 4R 5186 194 134 164.0
Pl 31i8)? 68.80 66850 a0 48 534010 4011 4105 4083 19z 156 174.0
PL 31560x 6730 6680 - 67.05 9070 & 25 - KS.98 2005 - 200.5
PE29KI 1[5 7080 67.90 - 6935 9120 Ry.13 - 89.67 2005 - 200.5
Pear! 67.50  64.00 - 6575 4553 5213 - 4881 XS - 185.0

Mean 69.65  66.07 6657 6708 6737 6369 63144 65.22 19388 157 177.91

SE 135 1296 1284 1248 1529 125 127 $1.50

\__\‘% “‘M\M

! Off-season,.
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As shown in Table 3 the wide variation observed
in the mean oil yield between the years 1980 and 1983
for the same cultivars grown under similar condi-
tions is perhaps due to the technique by which the oil
determination was carricd out. In the first year of
study the RAFTEC extraction method was used to
analyse the content of oil in each cultivar, while in
the 1983 season, Nuclear Magnetic Resonance
(NMR) equipment with high precision was used.
The difference between the nighest and lowest oil-
yielding cultivars 10 both years 1s an average 6C¢.

In the case of the nuts produced in niiddle Awash,
few cultivars have surpassed the theoreticai value of
50¢¢ oil expected from groundnut. The high oil per-
centage recorded at Melkawerer could very well be
associated with the relative temperature and eleva-
tion of the area at which the study was undertaken.
Seegeler (1983), using information obtained from
Baldrati, indicated that higher temperatures seen to
increase the fat content but lower the protein value
of groundnut. Groundnut cultivars grown at Keren
at an elevation of 1300 m resulted in lower oil con-
tent than those cultivars grown at Ghinda (lower
eleviauon). A comparative study of some groundnut
cultivars grown at different altitudes ranging from
750 to 1760 m gave similar results.
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Discussion on

Gibbons: [amsurprised at the datain Table 2 show-
ing & long growing season in this arca. What is the
altitude?

Woyessa: |he altntude v 700 m

Gibbons: The vields of 7-8 t ha ' are umpressive,
particularly as man: ot the US varietios, ke NCHX
and NC 2. are now considered to be obsolete. Per-
haps some of the newer, Lirge-seeded vinginias from
the U S could do well in your area.

Ethiopian Paper

Woyessa: We have received more germplasm from
ICRISAT and are comparing its yield with the best
of the established cultivars,

Mwenda: Why did most of the varieties listed in
Table 2 take longer to mature in 1980 thanin 1983?
Forexample. NC4X took almost 2months longer to
mature in {980 than in 1983,

Woyessa: In 1950, the experiment was grown in the
of-season (October-February) when cooler temper-
atures prevail.
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Epidemiology of Foliar Fungal Diseases of Groundnut
and their Control with Fungicides in the 1984 /85
Season, Malawi!

C. T. Kisyombe*

Abstract

Cercospora arachidicola is an importunt discase in the area of Malawi where 70% of the crop is
produced. Puccinia arachidis, a potentially serious disease, becomes serious late in the season.
Leptosphaerulina crassiasca, Phoma arachidicoia, and Phacoisariopsis personata also occur on
groundnut. High raimtall recorded in the 195485 season offered favourable environmental conditions
for the rapid developmert of all foliar fungal discases and also provided conditions suitable Sor
rigorows testing of fungicides. The application of Daconil* 2787 W-75, Kocids® 4045, Bravo* 500,
Baycor™ 300 E.C. + Agridex® Wener, and Bavian* 250 E.C. gave outstanding kernel and haulm
vields. Recent high price increases offered by the Mualawi Marketing Corporation for premium
growndnut are an incentive to farmers (o grow more using newly recommended technology from the
Mualawi Govermment Department of Agricuftural Research and privaie organizations.

Sumairio

Epidemiologia das doengas micéticas foliares do amendoim e o seu controlo com fungicidas durante a
estagdo 1984/85 no Malawi. Cercospora ariachidicola 6 wmna doenga importante numa zona do
Malawi onde 70", do amendoim ¢ produzido. Puccinta arachidis, wma doenga potencialmente
importante, torna-se importanie no fim du estagdo. Leptosphaerulina crassiasca, Phoma arachidi-
colu e Phacoisaniopsis personuta tambeém ocorreni no amendoim. A grande precipitagiao que ocorreu
durante o estagdo de 1984:85 forneceu condigoes ambientais favordveis para o rapido de-
servolvimento de todas us doengas foliares micoticas e também providenciou condigdes proprias para
wunt teste rigoroso dos fungicidas. A aplicaydo de Daconil* 2787 w-75, Kocids® 404s, Brave™ 500,
Baycor® 300 E.C 5 Agridex® wetier ¢ Buytan* 250 E.C. produziu altos rendimentos de sementes e
torragem. Os recentes altos pregos oferecidos pela Corporagdo de Comercializagdo do Malawi
c Malawi Marketing Croporation ) para amendoim de alta qualidade (premium) sdo um incentivo
para os agricultores para cultivarem mais, usando tecnologiz recentemente recomendada pelo
Departamento de Investigagdo Agricola do Governo do Malawi e por arganizagdes privadas.

1. The use of chemical niames in this paper neither represents a eriticism or discrimination of similarly effective chemicals nor does it reflect the
ofticial policy or posiion on the use of chemicals by the Ministry of Agriculture in the Republic of Malawi,

* Senior Groundnut Pathologist, Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987, Proceedings of the Second Regional Groundnut
Workshop tor southern Africs, 19 14 Feb 1986, Harare, Zimbabwe. Patancheru, A P, 502 324, India: ICRISAT.
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Foliar Fungal Diseases

The following foliar fungal diseases have been
reported in Malawi:

L. Cercospora arachidicola (early leat spot);

2. Leptosphacruling crassiasca (leal scoreh and
pepper-spot);

3. Puccinia arachidicola (rust):

4. Phoma arachidicola (web bloteh): and

5. Phaecotsariopsis personara (late leafl spot).

Early leaf spot s serious throughout Malawi, and
itis tae most serious disease in the area where more
than 704, of the crop is produced. This discase be-
gins to aiack groundnut when the crop is about 2
weeks old and infection increases te harvest time.
This disease also causes severe leat fall.

Leaf scorch and pepper-spoi disease is invirichly
prosentand assocuated with early leat'spot. Observi-
tons made over several vears show that continuous
rainfall leads to an epiphvtotic caused by i crassi-
asea that Is typitied by leat scorch and pepp r-spot
svmptoms occurring on the upper surface ot the
leatlets. Severe deaf fall occurs aad this situation
changes only when raintall decrertses,

When groundnuts are planted in November, rust
begins to attack in nud-February. When planting is
in December, rust attacks in mid-March, Rust
attacks start mostlyv from the older leaves at the
bottom of the plantand spread upwards., in loealized
scattered and patchy “hot spots™ in the tield. It has
also been abserved that when groundnuts are grown
in the ofl-season, between June and Cetober. rust
begins to attuck groundnuts trom the time theyv ure
about 12 weeks old: inctdence inereases until ha--
vest. These observations have been made consist-
ently over many scasons. Rust is attacked by a
mycoparasite known as Darluca fitum.

Rust i considered tu be & serious toliar tungil
discase in those areas where 1t s warm and humid
cither on the platcau orin the low -Iving areas, but is
most prevadent berween S60-1000 0 above sea level
In these arcas carly leat spot, feaf scorch, and some-
times late leal spot tirst attach the young proundnut
plants from about 4 weeks after planting: the inci-
dence of these diseases inereases until rust sets in,
when the crop is about 12 weeks old. In these warm
and himid areas rustattack increases and spreads so
tast that. within a short time, depending on favor-
able environmental conditions, it overtakes the se-
verity of the other diseases, and becomes the most
serious foliar fungal disease by harvest time.
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In Malawi, we are lucky that rust is of minor
importance on the plateau where 7067 of the crop is
produced.

Rust was first observed in Malawi in the 1974175
scason and since then it has followed the same trend
of oceurvence on the plateau and in the warm and
hunud areas.

Web bloteh is a disease that is easily confused with
late leaf spot because the two diseases mainly attack
groundnuts late in the scasou. However, nabserva-
tions made in Malawr and particulariy ar Chitedze
show that web bloteh becomes prevalent on ground-
nut plants when there is rminftal! later in the season.
An epiphyiotic of web blotch was unintentionally
induced on Egret and Mani Pintar groundnuts
sprayed with Bavistin® (Carbendazim) at 0.5 kg ha-!
(used to control carly leaf spot in a 1984, 85 vield-
loss assessment trial).

Late leal spot is invariably associated with rust in
those arcas where rust is serious on groundnut
plants,

Inarcas where itis warm and humid, late lea I'spot
attacks groundnuts throughout the prowing season,
but on the plateauw where it is cool and moist in the
iy season, it atticks groundnuts and becomes
more prevalent towards harvest time.

Groundnut wilt induced by the groundnut
hopper, Hilda patruelis and attendant black ants,
Pheidole meqacephale, is invariably associated with
Frsarium oxysporumand or F. soluni. The ground-
nut hopper was negligible in ity infestation of the
crop. probiably duce to high raintall, which was well
distributed from Nov 1984-Mar 1985 (Table 1.

Table 1. Ruinfail data at Chitedze, Mulawi, Jul 1984-Jun
1985,

Rainfall M-vear Deviation from

Month (mm? mean (mm) 0-yi mey
Jul 5.5 0.5 +5.0
Aug 0 0.5 -0.5
Sep 0.1 1.8 -1.7
Oct [race 6.3 -6.3
Non 115.7 §0.7 +35.0
Dec 253.0 198.4 +54.6
Jan 192.0 "35.3 -43.3
teb 208.1 195.3 +12.8
Mar 245.3 134.3 +111.0
Apr 484 46.6 +1.8
May Trace 8.6 -8.6
Jun Trace 2.1 -2.1

Fotal 1068.1 9104 +157.7
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Groundnut wilt becomes serious on the crop when
there is drought.

Fungicides were tested only for control of early
leal spot before the arrival of rust in Malawi. The
appearance of rust on greundnuts in 198485
resulied in the fungicide testing program being
changed from screening fungicides for control of
only carly leaf spot to screening fungicides that
would control all foliar fungal diseases simultanc-
ously. Fo. example, Bavistin®, which was very effec-
tive in controlling carly leaf spot, was s ibstituted
with Daconil® 2787 W-75 which became effective in
controlling all toliar fungal discases of the
groundnut.

Agricultural sulphur dust {elemental sulphur) was
used as an interim recoramendation for control of
cariy leal spot before rust arrived

Daconil* 2787 W-75 (a wettable pov.der formula-
tion of chlorothalonil) is currently recommendeu for
effective and economical control of all foliar tungal
discases of groundnuts (mainly carly leaf spot and
rust). Daconil® 2787 W-75 has consistently given
good yvield of groundnut. Its application gave the
highest vield of kernels in the 198485 season(Table
2).

Uwill recommend Briavo® 500 (a flowable forma-
lation on chlorothalonil) slong with Dacomi® 2787
W-75 for use on groundnut as soon as possible after
the 1985 86 sceason trials have been harvested.

The high rainfall, which was well distributed in the
198485 scason, provided most favorable conditions
for groundnut production in the country. The high
rainfall also, hotever, provided environmental con-
ditions that favored the development of foliar fungal
diseases. These conditions offered an opportunity
for “tough testing” of fungicides for disease control.
Fherefare fungicides such as Daconil® 2787 W-75,
Kocide® 4048, Bravo® 500, Bayco:® 300 E.C. at 0.6
L. ha-'" application, and Baytan® 250 E.C., which
gave high groundnut kernel yields, were outstanding
in controlling fungal diseases {Table 2). The yields of
drv greundnut haulms were also  appreciably
increased by these fungicides.

The price of premium-grade Chalimbana ground-
nuts had been increased by 176 by the Malawi
Marketing Corporation for the 198485 crop. The
price has been increased again by morce than 7¢ for
the 1985/86 crop. The good price will allow farmers
to benefit from their groundnut and it will also give
theni an incentive to grow more groundnut with the
aid of new technology in the coming scasons,

Farmers in several rural areas are being assisted
by the Ministry of Agriculture and certain private
organizations with packages of improved seced,
Daconil® 2787 W-75, and knapsack spravers. The
farmers are e¢ncouraged to use the new technology
alorng with good cultural pract.ces in order to
increase the yield and quality of the crop.

Table 2. Yield of Chalimbana groundnut kernels and dry haulms (kg ha"1), Chitedze, Malawi, 1984;355.

Mean yield Yicld increase Mean yield

Fungicide treatmeni: of kernels of kernels Shelling of dry kernels
and rate of product ha'! (kg ha-1)? (z) (%) (kg ha-1)?
Daconil™ 2787 1.6 kg 3326 77 75 2653
Kocide® 4048 2.0 L. 3264 73 74 2649
Bravo® 500 2.4 L 3042 62 67 3170
Baycor® 300 EC 0.6 L. 2972 58 66 3042
Baytan® EC 0.5 1. 295K 57 68 2201
Baytan® 250 EC 1.0 L 2938 56 68 2792
Baycor® 300 EC 0.5 1. + Agndex 0.5 1. 2528 34 67 2764
Tacto® 60 0.5 kg + lancozeb 1.5 kg 2389 27 67 2608
Untreated control 1 882 - 68 2066

Site meun 2811 56 69 2660

SE 1160.5 - £2.6 $230.4

CY (') 1.4 - 16 17.3

L. Sixapplications were made per season at 2-week intersals. The Girstapplication was made on 21 Dec 1984 and the sixth application on 28

Feb 1985
2. Mean of four replicates.
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Performance of Single and Doubie Cross Progenies
of Groundnuts

A. J. Chiyembekeza and P, K. Sibale*

Abstract

Single- and double-cross progenies of groundnuts selected from a 6 x 6 diallel selective mating
program were evaluated tor vield ar Chitedze Agricultural Research Station. The overall
performance of hoth the simgle- and the doudle-cross progenies was superior to the check varieties
over the 3-vear period of evaluation. There was, however, no yield benefit from the double cross over
e single cross progenies. Ths suggests that the exera effort put into intermating the F, genotypes
wordd nor be heneticial in improving the population mean.

Sumario

Compoctamento de descendéncias de cruzamentos sisaples e duplos em amendoim. 4 nendoins
descendentes de eruzamentos simples ¢ duplos seleccionados a partir de wn programa de conjugagado
selectiva dialelo 6 x 6. foram avaliados no seu rendimento na Estagdo de Investigagio Agricola de
Chited=¢ ( Chitedze Agricultural Research Station ). Em geral, o comportamento das descendéncias
dos cruzementos simiples ¢ deiplos foi superior ao das variedades de controlo, durante um periodo de
avuliagdo de irés anos. Contuds, ndo foram registados beneficios no reivdimento dos deseendentes de
crazamentos duplos em relagao oo dos descendentes de cruzementos simples. Isto sugere que um
esfor¢a extra, posto no intercruzanento de genotipos da geregdo F,0oado traria beneficios nu

melhoraria de média da populagao,

Efficient methods to obtain useful recombinations
are crucial for multiple-trait selection in a breeding
program, especially where cultivars have been
repeatedly selected for specific adaptation over time.,
Random intermating in self-pollinated species fol-

lowed by selection could inrrease the probability of

obtaining useful recombinations as compared to
selection without intermating { Hanson 1959, Jensen
1970). However, reports on the feasibility of using
random mtermating svstems in self-pollinated crops
arc scarce, and no reports of its use in groundnuts
have been found in the literature. Very little has,
moreover, been reported m other self-pollinared
species.

Altman and Busch (1984) intermated three popu-
lations of spring wheat ( Triticum aestivum L.) from

adapted single crosses. Thirty random lines from
cach cycle and from two samples of the base single
cross for each population were analysed in three line
experiments. They found that the highest-yielding
lines from intermating cveles were only similar in
vields to the best lines derived from the single crosses
in all populations. Comparisons of individual elite
lines did not generally change over levels of inter-
mating. They concluded from this study that ran-
dom intermating within single-cross populations
resulted in insufficient usetul recombination to jus-
tify its use as a primary breeding procedure prior to
selection.

Bos (1977) reported that selection applied to the
F, population of self-pollinating crops, in general,
follewed by random mating of the remaining plants

*Groundnat Breeder, aad Nanonal Rescarch Coordinstor (Onlseeds and Fibres), Chitedze Agricultural Research Station, P.O. Box 158,

Lilongwe, Maliw

ICRISAT daternutonal Crops Research Institute for the Semi-Arid Tropies). 1987 Proceeding of the Second Regional Groundnut
Workshep for Southern Africa. 100 14 Feb 1986, Harare, Zimbabwe, Patancheru, AP, 502 324, India: (CRISAT.
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selected from the F, has a negative effect on the |,
and no effect at all on the later generations. He
concluded that intermating of F, plants cainot be
considered to increase the expected number of
plants with the desired genotypes.

This paper presents part of the data from an on-
geing breeding program that was aimed at combin-
ing desirable traits from six selected parents using
the diallel selective mating procedure (Jensen 1970).

Materials and Methods

Six groundnut cultivars were selected on the basis of

their desirable vield attributes and were utilized as

the basic parents ina 6 x 6 diallel cross. The selected

cultivars were: SP1and Shulamith, selected for their

vield potential and bold-seededness; Chalimbana,

selected for ity vield potential and seed size; RGH,

selected for its resisiance to the groundnut rosette

virus (GRV): FESR T4, selected for it resistanee to

groundnut rust{ Puceinia arachidis), und Spaneross,

selected for its carliness and uniformity in maturity.
The projected achievements from this program

were:

L. Higher vields coupled with increased seed size;

2. Better quality:

3. Resistance to groundnut rust (Puccinia
arachidis),

4. Resistance to groundnut roscette virus (GRV);
and

5. Earliness and uniformity in maturity.

In order to fully exploit the potential of the culti-
vars, an extensive crossing program of the basic
parents (Py) was undertaken in 1975, followed by the
F, diallel series and selective matings in subsequent
years (Figure 1). Progenies resulting from the basic
parent series featured two parents in their back-
ground, referred to, herein, as single-cross proge-
nies, while the I, diallel series, referred to herein as
double-cross progenies (F, x ), (zatured four par-
ents in their background. Each series of crosses was
advanced to further generations using a breeding
procedure routinely followed at Chitedze
Agricultural Research Station, The selected geno-
types were progeny rowed in F, generation and vield
evaluation commenced in the F- generation for cach
series and continued for three successive seasons.
Both the single- and the double-cross progenies were
evaluated in separate trials at the same location.
Analysis of variance was done on cach set through-
out the three seasons of evaluation in order to com-

pare the performance of the lines with the check
cultivars. Evaluation of the single-cross progenies
started in the 1981, 82 growing season while that for
the double-cross progenies started in the 1982/83
Lrowing season,

In order to determine how the breediig lines per-
formed, the percent increase iu yield over Chalim-
bana (a commercial vaaety) was calculated. The
percent increase in vield was helpful in selecting
superior breeding lines for further evaluation and
use in breeding programs. The performance of the
single- and double-cross progenies over the 3-year
period was compared using the overall means and
variances of the two sets with a t-test,

Results and Discussion

The vield data for the single- and the double-cross
progenies are presented in Tables 1 and 2. In general,
all single-cross progenies except line E267/11 per-
formed equally well in the 1981/82 growing season
with line C851/7 coming second to SPI (Tible 1).
The yield differences between most of the crosses
and the lowest-yielding check variety Chalimbana
was significant (P = 0.05). In the 1982/83 and
1982384 growing scasons, the lowest-yielding check
varietics Chalimbana and RG! were significantly
outyielded (P = 0.05) by all the crosses, except line
E268;3 in the 198283 season and lines D478/8 and
E268/3 in the 198384 season. Overall, the lowest
vielding check variety RGl was outyielded byall the
lines (Table 1).

Table 2 presents yield data for the double-cross
progenies. Here again, the lowest yielding check
variety Chalimbana was significantly ouiyielded (P
= (.05) by all the crosses in the 1982/83 scason,
except line C186;2/1 in the 1983/84 and 1984/85
seasons (Table 2). The overall performance of the
double-cross progenies over the 3-year period was
inferior to the single-cross progenies. This is shown
in Tables I and 2 whe ¢ five out of the eight single-
cross progenies gave more than a 209 vield increase
over Chalimbana. Only two out of the eight double
cross progenies gave the same yield increase over
Chalimbana. Even in the 1982/83 scason, which was
rather good as compared to the other seasons
(Tables 1 and 2), the performance of the single-cross
progenics was superior to the double-cross
progenies,

The overall mean yield and variance of the single-
cross progenies were 2365 and 9.22. That of the
double-cross progenies were 2319 and 9.79 (Table 3).
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Table 1. Pod yield (kg ha'!) of single-cross groundnut progenies at Chitedze Agricultural Research Station, Malawi.

Yield
Increase over

Line Pedigres 1981, 82 1982 83 198384 Mcan Chalimbana (%)
1267 2 (RG1 x Shulamith) 2422 3108 1956 2498 27
267 3 " 2377 3092 2228 2566 3l
12675 " 2474 2642 2178 2431 24
F267 6 " 2333 RERR] 1928 2465 26
1267 11 ” 171 2942 2238 2297 17
D478 K (RG1 = SP1 2304 2350 1567 2074 6
E268:3 (SP1 x Chalimbana) 2170 2525 1339 2011 3
C851.7 (RG1 ~ Chaliiibana) 2622 297 2144 2580 32
Chalimbana (Check) 2163 2333 1 389 1962 -
SPl (Check) 2874 2583 2178 2545 -
KGl (Check) 2241 2183 1322 1915 -

St £170.1 t123.6 £130.9

CV () 13 2 9

Table 2. Pod yield (kg ha'') of double-cross groundnut progenies at Chitedze Agricultural Research Station, Malawi.

Yield
imerease over

Line Pedigree 1982 &3 1981 &4 1984. 85 Mean Chalimbana (%)
D45 21 (Chal. < SPL) (Shul. * Span.) 2983 I 456 2267 2735 8
D19 2 1 (Chal. = SP1) (Chal. » Shat) 2567 1783 2149 2179 6
B477 1 2 (RGT % Shul) (Chal. * Shul,) 2K50 2122 2578 2517 22
C726 1 | (Chal. = Shul) (RG] « Chal,) 2450 1422 2350 2074 0.5
ES30 2 | (Chal. x Shul Y (RGI = Shul ) 2742 1989 2183 21305 12
Clg6 2 ] (RGI « SF1) (Chal. x Shal.) 2633 [ 600 2006 2080 0.8
64 1 2 (SPT < Chaly (Chal. = Shul.) 3192 2122 2856 2723 32
E243 1 ] (SPI =< Chal.y (SP1 x Shul) 3142 1643 2489 2438 18
Chalimbana (Check) 2292 1 883 2013 2063 -
SPl {Check) 2300 1639 2706 2215 -
RGI (Check) 2358 [ 289 2600 2082 -

SE 1198.1 11319 +125.7

CV (%) 15 1S i¢

A t-test showed nossignificant difference between the
two vield means and variances, suggesting that inter-
crossing of I, progenies did not improve the popula-
tion mean of the double-cross progenies. This was
contrary to expectation. However. the magnitude of
the variances for both sets suggests that there is still
more room for improvement through selection,
The superior performance of the single-cross pro-
genies over the double-cross progenies suggests that
random intercrossing would not be expected to
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change the population means of a trait if high pro-
portions of additive genetic variance are assumed
(Altman and Busch 1984). However, changes in
mean performance have been reported in other
empirical studies, and this has been attributed to
cither epistatic effects (Humphrey et al. 1969) or
inadvertent selection (Miller and Rawlings 1967,
Meredith and Bridge 1971). In tobacco, intermating
was associated with a small deerease in vield, which
the authors thought would be quickly offset by une



Table 3. Means and variances of sirgle~ and double-cross groundnut progenies, Chitedze Agricultural Research Station,
Malawi.
Sigle-cross progenies Double-cross progeties
Mean vield Mean vield

Line Pedigree (hy ha ') Lane Pedigree (kg ha )
1267 2 (RGE = Shulanuth) 2498 45 21 (Chal. < SP(Shul. * Span.) 2235
1267 3 - 2506 DS 2 | (Chal » SPH (Chal x Shul) 2179
267 5 2430 B477 12 (RG> Shul ) (Chal = Shuly - 2517
[267 6 2465 (726 1 1 (Chal. = Shuly (RGE» Clan) 2074
1267 11 2297 ES30 21 (Chal. x Shul ) (RG 1 xShuby - 2308
X788 (RGI < SPh 2074 ClE6 21 (RGT = SPI(Chal. »~ Shul) 2080
[268 3 (SP1 > Chalimbana} 200t C204 |2 (SP1 » Chal.y(Chal. = Shaky - 2723
CyS1 7 (RGI < Chalimbana) 2 580 [PRER BRI (SP1 » Chal) (8P = Shul) 213
Chalimbana 1962 Chalimbina 2063
SPI 2548 SPl 2215
Rl 1915 RGI 2082
Onerall mean? 2365 Overall mean 2319
Varkinee! 9.22 Varance 9.79

1. For the breeding hines onty,

aencration of scelection (Humphrey et al. 1969). In
cotton, a 107 increase in lint vield was reported by
Miller and Rawlings (1967} and a 697 decrease was
reported by Meredith and Bridge (1971). Inboth of
these studies, the suthors suggested that inadvertent
selection of the parents was a possible cause of the
mein changes. This appears to be a possible expla-
nation tor the ditferences observed in this study. All
crossing in this study was done ina greenhouse with
no growth or discase problems cncountered. Ran-
dom genetic drift seems to bein improbable cause of
the differences based on estimates reported by Baker
(1968). Selection of the crosses or complex gene
interactions may be possible causes.

The intermating of selected single-cross progenies
did not increase the vield of subsequent selectians,
This stggests that the extra etfort putinto intermat-
ing selected F; genotypes would not be beneficial in
improving the population mean. However, subse-
guent intermating would be useful in breaking up
linkage blocks existing between certain desirable
traits (Jensen 1970, Hanson 1959). The generated
populatio:n would also serve asasouree of vianation
from which selection of good lines tor use tn further
breeding programs would be beneficial.

The high-vielding lines from both sets will be evat-
uated together in further vield trials. Also an inter-
crossing program of the selected high-yielding lines
will be undertaken to turther improve on the yield
potential of these lines.
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General Discussion

A Review of Regional Activities,
1984/1985

Dr K.R. Bock presented a review of Regional Pro-
eram activities sinee the first regional meeting wis
hield at Liongwe in March 1984,

Introduction

The TCRISAT Regional Groundnut Program has,
as its principal objective, the introduction and subse-
quent development ot high-vielding breeding lines
and populations adapted 1o the different agroeco-
logical zones of the regron, and having resistance to
the main factors mitng production at the small-
scale furmer level. Thatis the broad abjective: weare
a regronal program and as such are correctly charged
with a mulutude of regional responsibilities inaddi-
ton to the aceepted predominance of our own
research actvities.

Guidelines tor shese regional responsibilities were
enumerated wt the first warkshop in the form of
recommendations arising out ol that successful
meeting. I propose to review these recommendations
bricthy, recording such progress as may have been
made towards mecting their demands, and com-
menting on those arcas where progress has been
elusive.

Recommendation 1

The meeting expressed appreciation of the work of
the ICRISAT Regional Groundnut Program since
its inception and recommended that it continues to
assist with groundnut improvement in relation to the
priorities of the region, by operating through and
cooperating with national programs.

It was noted that the strengthening of the national
programs themselves would enable most effective
use of and maximum benefits to eccrue from the
regional program.

Response

Details of research progress made by tht Regional
Program and our continued close cooperation with

and Recommendations

national programs have been reported in our respec-
tive presentations. These reports provide one means
of assessment of our work and it would not be
appropriate for me to prejudge evaluition in any
way.

In regard to the second paragraph, however, it is
most heartening to record the remarkable progress
made by Departments of Agricultural Research of
all countries represented here today in strengthening
thetr respective national reseirch teams.

Recommendation 2

[ he meeung endersed the regional program's exist-
ing priorities being directed towards the Cercospora
leat spots, rust, and rosette discase. The meeting
emphasized the importance of Hilda and termites
and other widespread pests such as jassids and thrips
in the region, and recognized the need tor an under-
standing of their ecology.

Response

A brief review of pathology rescarch being pursued
by the regional program on early leaf spot and
rosette disease has been given and Dr Nigam has
reported in detail on his work in these and other
priority areas.

We continue to consider that these two pathogens
are the most serious constraints to production on a
iegional basis and regard their resotution, ot amelio-
ration, by means of tolerance or resistance, as our
most important task.

We have not, as ver diredied camvaient energics
towards rust or late leal spot. These diseases occur
enly in trace amounts late in the season at our
research base at Chitedze, and we are thus denied the
opportunity of intensive on-station work. For the
time being, our strategy is to search among the
ICRISAT resistant lines that we have introduced
into the region for resistance or tolerance to carly
leaf spot, in an attempt to identify possible multiple
sources of resistance. It isalso ourintention, at some
future date, to initiate colluborative research in a
carefully selected area of the region where the dis-
cases oceur in epidemic proportions every scason.

In regard to entomology, as faras we are aware,
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it is only within the sl vear that one national pro-
gram (Mozambique) has formally included an ento-
mologist in its groundnut Improvement program.
ICRISAT continues to maintiin a wulchnip brief on
groundnut entomology in southern Africe. Those
participants who attended the first workshop wili
recall the presence of De W, Amn. Al Nrograms
should have received copies of his report on his visit
to the region. At this meeting we have in attendance
Drlolin A Wightman, Principal Gronndout Fnio-
mologist, TCRISAT Center Groundnus Program
We hope vou have taken this apportunity ot discuss-
ing with Dy Wightman ANy aspects of groundnut
entomolegy in vour respective areas that Vvou con-
sider 1o be i need of attention,

Recommendation 3

Lhe mecting recommended that the regronal pro-
prafyvontinues to acguire new germplasm and to
develop breeding pepulations, o disseminate these
and o assistwith their evaluaton: and to respond to
SPCCtIc tequests tar assisiance with hvbridization

Response

Fhe broadening of the genetic base of groundnut in
southern Alrica constitutes the main thrust of our
program and Dr Nigam has reported briefly on the
acquisition and cvaluation of new germplism, on
the development of breeding populations, and on
the cooperative regtonal trials. | need not comment
an the extent and guality of 1)y Nigam's work, nos
on his dedication 1o the discharge of his regional
responsthilities. Fbeheve these are evident to all of
Us.

We have received one request for assistance with
hybridization (Mozambiyue) and work s in pro-
pgress in this regard.

Recommendation 4

Fhe meetmg recommended that where appropriate,
the Regional Program foster cooperative research
among countries of the region, particularly on such
aspeets as the epideniclogy of rosette disease and
the evaluation of material in regronal trials and of
germplasm,

The Regional Program was theretore asked to
devise an effective strategy to enable the national
programs, cach within its own particular limits, to be
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mvolved in cooperative rescarch and to feed back
results effectively and rapidly.

Response

Evaluation of material in regional trials is now a
continmng seasonal process, cooperation is firmly
established, and the many adva ntages ot interchange
of data are already in evidence,

Progress with a regional approach to rosette dis-
cise epidemiolopy has been more elusive. Mozam-
bique, Zambia, and Zimbabue tesponded and have
supplied usetul information, but so far the problem
seems toorestowith an almost universal lack of
national program scientists who have no responsi-
hilities additional to those of the pathology ot
gromadnut. Most, # notall, of these feware engaged
in the pathology of two or more crops, and severa!l
also have teaching duties. Prespects for cooperative
work on rosette disease will improve with the grad-
ual return of pathologists from postgraduate studies
abroad. In the meantime, limitations in the way of
regional cooperative effort remaijn. put are
understood.

Recommendation §

Noting that the national programs were not strong
in all arcas, the meeting recognized the need for
comsultancy services to be provided by the regional
program. the regional program should therefore
Make every eltort to respond to requests for visits,
both tor training and for advice on specific technical
procedures.

Response

I'he regional program has responded to all requests
trrom national programs during the past 2 years in
regard to reprints of scientific papers, assistance
with identification of pathogens, and information
on research technique and methods. We visited
national programs in Zambia, Mosambique, and
Zimbabwe in 1984, and Botswana and Tanzania in
1985,

Recommendation 6

I'he meeting noted the nrgent need for strengthening
the national programs by appropriate and relevant



training of personne! at vanous levels. It recom-
mended that the regronal program develop traming
programs within the regron, drawing joimntly on the
expertise of TCRISAT and of local institutes, to
ensure high relevance and to munnuze costs.

Response

We hinve assistea actinedy . where necessary, with the
placement of national propram techmeins at the
[CRISAT 6-nonth in-service Trianing Scheme in
Indir. During the past vear technicians trom Bots-
wana () Tanzama (20, Malaw: (2). Mozambique
(hoand Zambia (B have attended the course and we
have no doubt of the beneticial eftects such training
will bring to the respectrve national programs,

We have not, as vet, addressed ourselves o the
possibitity ot developimg a trasnog prograny within
the regron. There dre at present severe hmitations
imposed upon our time. both by our own rescarch
comnutments and by the annual organization of
cither a workshop o speciadist group tour, which
tor obvions reasons must comncide with the crop

JUUNO

Recommendation 7

The meeting noted the fact that while much ecologi-
cal, economue, and social variation existed within
the region, much was often common dcross coun-
tries and that this should be exploited through the
facility of the regional program, by means of a
newsletter and regular meetings.

The meeting theretore warmly welcomed the sug-
gestion that the regronal program develop a newslet-
ter on groundnut improvement, and recommended
that this be used 1o faalitate the exchange ot infor-
mation on resciarch results, national programs, spe-
cific technology, traming and workshops, both
within and outside the region.

The meeting turther recommended that an etfort
be made to make the informaton avadlable n bhoth
English and Portuguese, and therefore requested the
regional program to explore the feasibility of pub-
lishing all or partin Portuguese.

Response

We have inittated a new-letter, Regionad Groundnut
News, based entirely on coanabutieis from nauonal

program scientists themseives. Response to requests
for contributions has been most satisfactory indeed
and the pubhication appears to have met with suc-
cess. Thus tar, our newsletter has been in the maina
usetul meany for the wide dissemination of local
reports or reviews, which would otherwise not be
avairlable to the region’s groundnut scientists, That
alone 15 a worthwhile cause.

We regret that we have not been able to vrganize
translatton into Portuguaese of what is now a publi-
cation of substantial length. It Lurintentiontoask
contributors to future issues ot the Newsletter to
provide a brief abstract of cach paper, which could
then more readily be translated.

Recommendation 8
The mecting recommended that:

1. A regional multidisciplinary werkshop be organ-
ized by the regional programs at least once every
2 vears in different countries of the region, and
that these should be held at a time when maxi-
mum benefit would be derived from field visits
during the course of the meeting.

Such workshops be supplemented by monitoring
tours or visits made by restricted groups drawn

[B)

from the nattonal programs, which would focus
on specialised areas.

1 ICRISAT Center statt make specialist visits to
meet particuliar needs or requests of national pro-
grams when these arise, and these visits be coor-
dinated at the regional level,

Response

1. We enjoy a multidisciplinary workshop every 2
vears because IDRC wisely and generously
included financial provision for such meetings in
the regional program budget. Inaccordance with
Recommendation 8. we have met in Harare, by
kind consent of the Government of Zimbabwe.
I would hke to take this opportunity of thank-
ing Dr DL Cole and Mr G 1. Hildebrand most
warmly for their assistance with local organiza-
tion: without their help, organization of this
meeting  would  have been  difficult, if not
impaossible.
In further accordance with Recommendation §,

[39)



we organized a Breeders' Meeting and Tour in
February, 1985, National program breeders from
Zimbabwe,  Muluwi, Zambia, Moraningue,
Tanzania, and Botswana were thus enabled to
visit breeding programs in Zimbabwe, Zambia,
and Malawi, where they examined and discussed
trighy and germplasm i those thiee countries,
includimg the genetic resources of the regronal
program 4! Chitedse

Phe meetmy produced ity own set of valuable
recommendations, which are contained m the
Proceedings that were pubhished in July 1985 by
the regronal program.

LDrPW Aminand P D MeDonald of 1CR]-
SAT Center were i attendance at the tirst work -
shop: Dr 1.4 Reddy attended the Breeders'
Meeting, where he delivered o hey paper on
drought tolerance i groundnut, ICRISA 1 Cen-
ter has also enabeed e RW . Gihbons and Dy
LA Waghtmar to be i attendance at this second
workshop Fhe tunding of these successive visits
i tangble evidence of TCRISAT Center's com-
mument to the wellbeing of the regional program
and to the furtherinee of groundnut improve-
ment i the region.

Recommendation 9

Winle emphasizing the great benefits of CASY gerns-
plasm rlow the meeting noted the stringent need for
vigilanee and appropriate quarantine procedures.

It requested that representations be made ta con-
vene ameeting to - develop appropriaste regional
practices.,

Phe mesting appreciced lurther that there was a
need toassist host countries of regional programsto
uppridde and mmprove existing taedities in order to
handle the increased volume of material,

Response

In pursusnce of Recommendation 9, we have sug-
gested o the Director, Southern African Centre tor
Coordination of Agricultural Research(SACCA R).
that & meeting of all Plant Import Plant Export
Otficers of the region be convened under his aegis, to
attempt to fashion a common regional policy n
regard to those crops for which regional programs
exist ot are under consideration. This suggestion
was well received and 1t s our hope that positive
action will enyue.
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Summary

inumnary, we submit tinat we have fulfilled or have
gone some distance towacds fulfilling the majority of
the responsibilities with which we were charged at
the first regional workshop, This we could not have
done without the interest and the cncouragement of
the national programs and their own positive com-
mitment to regional cooperation.

Discussion of the Review of Regional
Activities, 1984/85

Drr Kirkby, co-chairman. welcomed the review pre-
pared by Dr Bock and remarked that in his expe-
riecnce of the many similar meetings he had attended,
this *self-assessment’ was unique, and most useful, A
Iively discussion, based on the review, then followed
the salient points. The recommendations arising
trom the discussions, are giver, below,

Roster or Scientists in the Region

It was recommended that ICRISAT approach the
Southern African Centre for Cooperation in Agri-
cultural Research (SACCAR) to obtain an up-to-
date computer printout of ail agricultural scientists
in the region. Thiy is particuktrly important where
ICRISAT or national programs hitve no specific
expertise ina particufar discipline. This list would
also be usetul in locating consultants from the
region,

It wias also noted that the Editorial Board of the
Zimbabwe Journal of Agricultural Research
(ZJAR) and SACCAR have agreed that the Journal
will become the designated journal for the SADCC
region. SACCAR will pay page charges for publica-
tions concerning  agricultural research in the
SADCC region. Abstracts will be published in both
English and Portuguese. It was recommended that
ICRISAT consult with the ZJAR on the possibility
of getting abstracts of newsletter articles translated
into Portuguese.

Early Leaf Spot

It was recommended that ICRISAT Center puts
more emphasis on locating sources of resistance to
carly leaf spot in the wild species collection. As there
is evidence of variation in the pathogen, it was



emphasized that this work would have to be done at
the Chitedze Research Station.

Wild species are currently being screened at Chi-
tedze during this seiason,

Results will be sent to ICRISAT Center and re-
sistant species will be crossed by the eytogeneticists
with cultivars adapted to the SADCC region 1'ni-
ploids and hexaplowds will be produced m India and
these will be tested i Malawi Cytogeneticists from
ICRISAT Center should then visit Malawir and
assess therr nmatenal and make turther crosses and

hacherosses as necessary

Entomolopy

All delegates apreed hat much more research needs
to be done on arthropod pests in the region. There
wis obviomlv o lack of expernienced, specialized
groundnut entomaologists in all SADCC countries,
Immeduite prionties were to assess the role of Hilda
patruclis as an cconomie pest. There has also been
very ittle detuled work on the bology ot Hilda,
Gther magor pestsainclude termitesand Aphis eracei-
vorda, the veetor of groundnut rosette virus. The role
ol root- and pod-feedimg pests (white grubs, milli-
pedes, ete) shovld alo be mvestigated. Tt was
recommended that FCRISA T beasked to provide an
entomologist to the TCRIS AT Regional Program, il
tunds could be found. Ttwasalso recommended that
TCRISAT toilow up ona previous suggestion made
by the Kenva-biased onganization, 1CIPE (the Tater-
national Centre of Insect Phvsiology and Ecology),
that they imituite work on resistance to A creccivora
in groundnuts. Tt was also explinned that JCRISAT
hopes to work with TDRI{ Tropical Development
and Research Tnsttute) on new methods of termite
controlan India byousing newer, and saler, insecti-
cides and tungicides. It the projectis approved, and
is successtul, then the results would be extended to
Africa

Other suggestions were that [CRISAT should
provide more hterature and bulleting on important
pestsas wellas to update previous publications such
as the PANS manual on *Pests of Groundnuts'. D
Kirkby also noted that & project on agroferestry in
Kenvia had adentihied some plants whose leives,
when spread on the ground, deter termites

[t was also recommended that TCRISAT should
constder obtamimg funds tor a postdoctoral position
in entomology from thewr trmng program. The
candidate would be bestlocated in Zimbabwe at the
University under the direction of Dr D, Cole with
additional supervision by Dr K R, Bock,

It was also hoped that more countries would
cooperate, and intensify their efforts on the epidemi-
ology and biology of Aphis craceivora as a virus
vector.

The collection of germplasm within the region was
discussed. ICRISAT Center has made collections in
the region in cooperation with the national p: -
grams and IBPGR. Future coilections organized by
the Center will depend on priovities vis-qg-vis other
endangered habitats such as Brazil. Collections in
the region have been done in the pastand the ICRI-
SAT Regronal Program is attempting to assemble
these at Chitedze, and properly evaluate them. Tt is
estimated that thiv exerceise 1s occupying seme 157
of the breeder's activities.

Regional Trials, International Trials,
and Breeding Material

It was agreed that the Regional Trials were useful
and that promusing materiel had already beenidenti-
fied and entered into national trials, Tt was also
agreed that national programs should interchange
promising new cultivars. Specific  International
Irials, from ICRISAT Center, were also avatlable
for distribution to the region. These include trials of
large-sceded cultivars, carly-maturing cuttivars, cul-
tvars with resistance to pests, and with resistance to
rust and fate leat spot. It was urged that national
programs that took on ICRISA'T trials should give
them adequate attention, although it was realized
that national programs had problems of staff and
logistics, particularly when external-aid projects on
oilseeds were withdrawn,

TCRISAT Center agreed to help as much as possi-
ble with analyses of regional trials if this was
required.

Several countries, particularly those with breed-
ers, welcomed the supply ol segregating populations
to enable them to reselect promising materials under
local conditions. Specitic crosses could also be made
on demand, and 1t was also pointed out that resis-
tance to rosette disease and carly leat spot, in partic-
ular, could be rechecked and confirmed by the
ICRISAT pathologists in Malawr for any national
program interested in this service.

Quarantine

In a general discussion on quarantine it was recom-
mended that national programs and the ICRISAT
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program should keep the authorities in the region
informed about recent findings on the seedboine
nature ot various diseases (both positive and nega-
thved Tewas also agreed that SACCAR should be
approwched agam to tryand geta measure of unitor -
muty of phytosanitory repulitrons within the repion.
TCRISAT Center would also be approached to help
e thes mateer, when thes orgamezed visis by semior
ofhieidds of natwonal programs to Ind. In 1985,
several Directors of Research visited India: perhaps
uatantne offictds could visit in the futnre.

Agronomy

Fhe agronemic aspects of proundnut production in
the region were discussed and 12 was pointed out that
the TORISAT Regional Program Jdid not inave the
capithidiny it present o conduct this 1 pe of rescarch,
I penera FORIS AT feels that basic agronomy isthe
responsthility of the national program. as conditions
ind production meithods vary fronrcounty tocoun-
sl was sgreed that Zamibia, wiuh s curient
experirean yroundnut intercropping methodology
should dessemimate then results widely ta countries
m the region. Sinulsry, busic studies at TCRISAT
Center i tndi relating to drought and nutriional
problemss brofogcal nragen fixation, ete., would
he made available, as would the results of mtererop-
pingand relay cropping carried out by the Resource
Muanagement Group.

Training

It was agreed that training requests should be noti-
fied. as tar as possible, to the ICRISAT Regional
Program so they can provide information and
recommendations to the [CRISAT Center Training
Program. Some specialized, short-term training
could be gives 1t Chited e but accommodation was
& problem. Specialized training could also be given
at ICRISAT Center in many aspects of groundnuts,
I the SADCC Grain Legume Improvement Pro-
gram (GLIPY were turded then a Training Officer
would be available.

Communications
Therole of ICRISAT indistributing annuai reports,

newsletters, specialized publications, and abstracts
was apprectated and it was recommended that this
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should be intensitied due to the problems ol getting

Journals and up-to-date mformation in some of the

countries of the region.

Further Mectings

Iowas strongly recommended that i alternane yeurs
between workshops, specialized meetings and tours
should continue. As the 1985 specialized meeting
wits i Cbreeders” tour's it was recommended that
plam-protection seientists should meet and visit dif-
ferenteountries in 1986, [t was recommended that as
at this meeting, TCRISAT Center plant-protection
scienniists should attend and give specialist lectures
on topies such as allatoning 1t was also tecom-
mended that discase-scoring methods should be

discussed.

Chairman Summary

D1 Kirkby summed up the discussions and remarked
that the national programs must make the ICRIS AT
Regional Program what they wanted it to be, and
mustnotexpect ICRISAT o doevervihing, He also
believed thut there were many more resources avail-
able i the region than people thought. Dr Kirkby
remarked thatit was @ privilege for him, on behalf of
IDRC to be assocuited with the progriam. Heconsi-
dered that remarkable progress had beenachieved in
a very short term.

Dr RW. Gibbons, on behalf of ICRISAT, also
thanked the participants tor their excellent pitrtici-
pationand cooperation with the ICRISAT Regional
Program.

Both Chairmen thanked the Zimbabwe scientists
for their most excellentarrangements for the Second
Regional Workshop.
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Back row (standing, left 10 right): H.E. Gridley, S. Dendere, AL, Doto. P. Malusalila, B Svamasents. JA Vightman, A, Miveux. J. Kannuivan, bulcha Woyessa. and
G.L. Hildebrand.
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