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FOREWORD

Present indications are that the potential for increasing the yield and area under
rice in Africa is enormous. However, in most of the countries in eastern. central,
and southern Africa. the present rice-growing area is quite modest. Many
qoverniments now have plans to dramatically increase rice production inresponse
tothe aceelerating demand tor rice by raral and urban consumers throughout
the e flon

the Tntemational Rice Workshop held in Lusaka, Zamibia, trom 9-19 Apr 1984
brought together the rice scientists from the eastern and southern African region
forthe first timean order to jointly assess their problems and formulate common
strategies for rice research and development. The workshop and subsequent
maonitoring tour was organized by the Departir _at of Agriculture of Zambia and
was jointly sponsored by IRRI and IITA. Scientists participated from Kenya,
Tanzania, Zimbabwe, Zambia, and Madagascar.

Fhe papersinthese proceedings documient the status and achicvements of rice
research in cach national program and the directions by which future progress
can be made. A thorough set of recomimendations cmerged from the scientific
discussions which provide a blueprintior builditig a base of regional collaboration
in rice research amondg all the countries inthe region,

want to extend my sincere thanks to the: Hon Minister of Agricalture and Water
Development. General Chinkuli, tor formally hosting this workshop in Lusaka.
Many staft of the ministry worked very hard to malke the procecdings a success.
Dr. Kaung Zan. IRRI iaison scientist for Africa. organized the conference on the
part of IRREand ITA. The technical and general editing for this volume was done
by Dr. Dennis P Garrity and Mrs. Ann Zimdahl, respectively.

We hope these proceedings will serve to somewhat alleviate the great
information gap that exists regarding rice in eastern and southern Africa, and that
the international cooperation sc necessary to making big strides in rice
improvement will be stimulated.

M. S. Swaminathan



KEYNOTE ADDRESS
J.N. R. KASEMBE

The Honorable Minister of Agriculture and Water Development, henorable

nembers of the Government of Zambia, distinquished participants of this Rice
Workshop, ladies and gentlemzn, | would like to join the Honorakble Minister of
Adgriculture and Water Development, General Chinkuli, in thanking the Inter-
national Rice Rescarch nstitute (IRR1) and the International knstitute for Tropical
Agriculture (HTAY who have jointly sponsered this tirst Rice Workshop for the east,
central, and southern African region. Thisis an indication that IRRI and IITA have
recognized the importance of our region in the production cf rice.

Within the region. land in rice has increased from 1970 to 1980 ir Comoro,
Kenya, Malagesy. Malawi. Mozamibiqgue, Tarzania, and Uganda, while in Burundi,
Sudan, and Zimbabwe there has been no change inarea under rice. Yields have
increased steadily in three countries of the region (Kenya, Sudan, and (ganda),
while there was no chande in vields in Comore, Malawi, and Zimbabwe, and a
decreasing yield trend in Burundi, Malagasy, and Tanzania.

Onthe average. yields in the major rice-growing countries in tropical Africa have
remained Jow in the last decade. Therefore, total production shows an upward
trend mainly because of expansion of rice land in our region.

Both IRRI and IITA are under the Consultative Group for International
Agricultural Research (CGIAR) system. IRRI has the global responsibility for rice
research, while IITA has the imandate for agricultural research i tropical Africa,
and in cooperation with IRRI, has the responsibility for rice development in Africa.
Thus, the recognition of our recion is of utmost imporiance in this workshop.

The main tunctions of IRRI and IITA are as follows:

e Germplasm collection, conservation, evaluation, and characterization, at IRRI

for the benefit of all world rice programs, and at lITA for African programs.

e Breeding varieties for use by national programs. Since the breeding

objectives vary with the ecology and the prevailing production constraints,

these international centers help in detining research goals, priorities, and

activities on a multidisciplinary basis for regional and national programs. Cur

region has been behind other regions of Asia, West Africa, and Latin America
Director general, Tanzania Agriculiural Research Organization and representative from Africa,
Consultative Group for International Agricuhtulal Research.
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rainly because we have only recently started producing reasonable amounts
et rice. Because the demand for rice is nising in our region, imports have been
increasing. This workshop ofters the opportunity to set oals, priorities, and a
work plan for immediate and future activitios,

» Oftering consuitancy: in rice technology and its transter to needy areas: in

establishing procedures for conducting rescarch on grain yield and plant
type. drought resistance, adverse soils tolerance. iow ternperature tolerance,
disease and insect resistance; and in the more general area of tice cultural
management. The best exarmple of this function is the High Yielding Varieties
Technolegy Project (HYVT) which started in 1980 at IITA.

¢ Training of manpower at all levels tor rice research and developiment. Here |

stress the shorttenm traming courses offered by IRRI mhainly in rice pIo-
duction, especially for our cast, central, and southern African region where
Jce cultivation is not traditional Imported technology from Asia is very
importantin this aspect. The mostimportant nee ecologies in our region that
need appropriate technologios are: apland rice treely drained). rainfed
lowland rice thydiomorphic). swamp rice (dambos in Zambia, cleis in
Zimbabwe. ladama-in Nigena, fofis in Sictra Leone, bonde in Tanzania),
and irrigated nce: raining inesearch, such as the Genetic Evaluation and
Utilization (GED Traming Course, is also otfered.

Following this lengthy account of the main tunctions of IRREand A, let me

address the objectives of this workshop. This workshop will teview the status of fice
[)l(,)dll(ftlo.ﬂin..‘\frl('dil)g]t‘l](;'h)lx)ll(_.lH]HH'LI[“(‘H’H!(j()unll‘i("‘w()f1[1(.‘[‘(‘(]i()ﬂin(,‘t(lll.
twill also examine the efforts already made in mproving nce production as well as
identity the constramits that affect production. The main constraints may be
grouped into four categories: D environmental, 2) bictic. 3) mdanagement, and
4 sociocconomic. Lastly, but most importantiy, it we are to use this opportunity
divenus by IRRE and ITTA the workshop must discuss ways and means of
Hnproving fice production in our region. This, Fsugqgest, we should de in the

tollowing ways:

e Examine the prospects for tice production in the region.
o Keview the probiems of tice production in the region and the priorities in

trying to solve them, eimphasizing the major thrust in each problem.

® Draw up recommendations and a plan of work to implement  these

recommendations. The recommendations should emiphasize the inter-
dactions between the intemational centers URREand HTA)Y and the reqion, .ot
excluding the formation of a regional center tor that tunetion. In \West Africa.
there are already two tegional conters, the West African Rice | developrient
Association (WARDAY in Libena and the Instaute for Lropical Agronanc
Research (IRATY in vory Coast, and not mentioning the prosimity of TEA to
most West African countries.

Itis miy personal conviction that. clthoudgih the intermational centers are there to

provide assistance, cach region and country must undernstand its own constraints

and develop its own rescarch capability to arive at appropriate solutions.

intermnational center scientists with the necessary skills can be placed at strategic
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locations in our region or at a proposed regiona! location. This workshop can
recommend action and decide on a possible lecation in the region,

Itis also tmportant that cach county deployits scientists to ensure maximum
productivity, to cricaurage creative abity, aned yet operate i dreas where rice has
shown potential for cultivation This s sormetimes diffenlt whep faw staff are
avaablesoawellplanned stiateagy should be followed caretuliy and consstently,
uided byt e enence ot IRREand A and possibly incorpotating the activities
Ob Oter counties a1 the fegron 1o avoid Unnecessdry duphcation.

Brecitine trninog s aimperative (o success and becarse IRRE and ITA run
vacelienteourses jortechmical and scientific peisonnel, its the responsibility of
the conntiies i the tegion o utilize these resources and seek the assistance of
Wit o A There should also be opportunities for training within the region
Becatime closer cooperation among the scientists in the region is very important
and st be mitiated immediately. Tiende pamaodei.

Fasthvdadies and gentlemen, | hope everyone will contribute: effectively to the
vhjectives of the workshop and that ali ot our countries will benelit in some way.
May [ ake this opportunity to thank the Zambian government for initiating and
hosting this workshop. [ wish the workshop participants success in this
challenging task.
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RICE PRODUCTION IN AFRICA:
AN OVERVIEW
KAUNG ZAN, V.T. JOHN, AND M. S. ALAM

iINTRODUCTION

Rice preduction in Africa has been engaging the attention of national and
international agricultural policy makers recently. Rice is a strategic component of
food security and a crucial element in the staple foud economies of several
Atrican countries. Demand for rice in Sub-Saharan Africa is becoming more
acute as aresult of a general dietary shift from traditional foods, and this demand
will likely continue to rise. Production must be stepped up to avert a serious
economic drain of the toreign exchange reserves in most countries.

IN1982. Atrica had about 3.5% of the world's total rice area and nearly 2.2% of
total production. The ecologies under which rice is cultivat2d vary considerably.
About 50% of the arca is classified as upland, in many respects unfavorable for rice
production. The remainder is subjected to varied water regimes and nutrient
imbalances. Only W% of the entire area is irrigated. Production needs to be
increased in 89% of the total rice area if self-suficiency is to be achieved.

Toward this goal. the World Bank loaned the various rice projects in Africa
US®199 million (12) in 1982. The 1985 total estimated land-use for rice in Africa is
5.7 million ha. The estimate tor 1990 is 6.8 million ha. During the next i5 yr, an
additional 3 million ha are expected to be placed under irrigation, half of which will
be in northern Africa. Sahelian, western, and eastern and southern Africa will each
bring 500 000 ha under assured irrigation (13). If these goals are met, the import
bills of most African countries will be reduced considerably. if not eliminated.

RICE SITUATION IN AFRICA

Rice area
The total rice area in Africa between 1961-65 and 1982 is given in Table 1. The
redgiondl patterns for 1970, 1975, and 1980 are given in Table 2.

Rice area increased 62.7% from 196165 to 1982. West African rice land forms
nearly 50% of the entire rice area in Africa and shows a 28% increase from 1970 to
1980. On the other hand, the northern region shows a 15% decrease while central,

IRRE iason sciertist, pathologist. and entomologist, tespectively, Intemational Institute of Tropical
Aqgncalture, badan, Nigeria.
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Table 1. Rice area in Africa (11).

1961-65 196971

Wortd 124112 130673 142668
% increase over

1961-65 59 149
Africa 3097 4010 4275
% increase over

1961-65 29.4 38.0
v of area in Africa

24

compared to World 3.0 29

Table 2. Regional break-up of rice area in Africa (8, 10).

Rugions 1970 1975

{Area in 1000 ha)

North Africa 485 442

% increase/decrease over 1970 -88
West Africa (WARDA countries) 1977 2073

% increase over 1970 +4 .8
Central, East, and South Africa 1635 1760

% increase/decrease over 1970 +7.6
Total Africa 4097 4275

% increase over 1970

+4.3

1975

{Area in 1000 ha)

1980

143843

159
4754

535

3.3

1981

1982

143761

158
4909

58.6

34

144621

16.5
5034

62.7

35

1980

412
-15.0
2527
+27.8
1815
-11.0
4754
+16.0

Table 3. Rice area in African countries (8, 10). {Only countries with

more than 40,000 ha are listed.)
Area in 1000 ha

Region/country .175‘)80‘

o, of

1970
total
Egypt 480 1.7 40¢
Ghana 55 1.34 80
Guinea 408 9.95 400
Guinea Bissau 42 1.02 40
Ivory Coast 289 7.05 450
Liberia 182 444 197
Malagasy 935 2282 1216
Mali 156 4.05 130
Mozambique 65 1.58 75
Nigeria 300 7.32 550
Senegal 88 2.14 85
Sierra Leone 332 8.0 425
Tanzania 151 3.68 190
Upper Volita 40 0.97 40
Zaire 258 6.29 280

% of
total
8.29
1.62
8.13
9.81
9.15
4.00
24,72
3.86
1.52
11.18
1.72
8.64
3.86
0.81
5.69
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east, and southern Africa show an 1% increase over 1970. Table 3 shows the tice
area in 15 major rice-growing countries (out of a total of 31) in Africa during (970
and 1980. Summarizing the trends, Table 4 lists countries which have increased
their rice arca. countries with no change in rice arca, and those with decreased
aled,

Out of 3l countries listed, 18increased inrice area from 197010 1980 with a total
arcaof 3 780 000 hain 1980, Substantial increase inarea has been noted invory
Coast. Migeria, Sicerra Leone, and Malagasy. Seven countries with a total area of
01000 he in 1980 decreased arear prominent amongg these were Guinea and
Caypt. Six cotntries with o total area of 75 000 ha did not show any change.

Production
Rice production in Atica increased steadily from 196165 to 1982, paraileiing the
world trend. Compared with the 196165 tigure for Africa. the production level for
1082 was 0107 higher. Table 5 summarizes rice production trends in Africa
between 196169 and 1982, and Table o gives rice production by regions.

The increase in producton of rice in Africa from 1970 to 1980 was contributed by
two regions — West Atrica and central and eastern Africa. On the other hand, the

Table 4. Rice land in Africa: Changing trends from 1970 to 1980.

No charge in - Decreased area

Increased arca in 1980 area in 1980 in 1980
compared with 1970 compared compared with
with 1970 1970
Benin Mali < Burundi Angola
Central African Mauritania Cameroon Egypt
Republic
Comoros Mozampique Congo Gambia
Ghana Niger Sudan Guinea
Ivory Coast Nigeria Upper Volta  Guinea Bissau
Kenya Sierra Leone Zimbabwe Senegal
Liberia Tanzania Togo
Malagasy Uganda
Malawi Zaire

Table 5. Rice production trends in Africa (11).

1961-656  1969-71 1975 1980 1981 1982
{in 1000 t}
Africa 5425 7 336 7729 8 445 8 65662 8 930
Y change over 1961-65 35.2 425 49.6 50.6 64.6
World 253013 311536 353693 397444 412166 408759
" change over 1961-65 23.1 42.2 571 629 61.2
2.2

2.1 2.0 20

s of world 24 24
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Table 6. Rice production in different regions of Africa (8, 10).

Region 1970 1975 1980
{in 1000 t)

Afirca /388 7729 8445
“Loancrease over 1970 4.6 14.3
North Africa 2611 2423 2355
voncrease/deciease over 1970 ~7.2 ~9.8
West Africa (WARDA countries) 2234 2633 3001
Yoomnerease over 1970 15.2 343
Central, East, and South Atrica 2543 2673 3089
“snerease over 1970 5.1 21.47

decreased production of northern Atrica is symbolized by the drastic fall in
hectarage of rice land in Egypt (Table: 3). Table 7 shows the productivity level of
rice and the total production in 15 major riCe-Growing countries.

The per hectare vields in the major rice-growing countries in tropical Africa,
excluding Laypt. generally remained low from 1969-7116 1980, The low yields are a
serious constraint. The major reason for the increase in total rice production in
Alricais the increascinarea under cultivation. pointing to the needto increase the
per heotare vields inindividudal countrics.

Based on the per hectare productivity recorded in 1970 and 1980, Table 8
summarizes cach countnv's production trend over the 10y period. Fourteen
countries show an increase in per hectare yields of rice, whereas Il countries show
a decrease and 9 no change.

Combining the information in Tables < and 8. Table 9 summarizes rice
production trends in African countries.

Table 7, Rice production in African countries (8, 10).

Production in

Yield (kg/ha) 10001

Region/country e

1970 1980 1970 1980
Egypt 5.4 58 2605 2348
Ghana 1.3 0.8 69 62
Guinea 0.9 0.9 350 350
Guinea Bissau 1.7 1.0 67 40
Ivory Coast 1.1 1.2 316 550
Liberia 08 1.2 138 243
Malagasy 2.0 1.9 1869 2327
Mali 0.8 1.1 138 200
Mozambique 1.6 - 102 75
Nigeria 1.6 1.3 490 725
Senegal 1.0 1.5 91 130
Sierra Leone 1.4 1.3 458 565
Tanzania 1.2 0.9 182 180
Upper Volta 09 08 34 30
Zaire 0.7 0.8

188 230
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Table 8. Per nectare productivity of rice in African countries.

Increase in kg/ha

Carmeroon Angola
Congo Benin

Egypt Burundi
Kenya Gambia
Liberia Giiana

Mali Guinea Bissau
Mauritania lvory Coast
Niger Malagasy
Senegal Nigeria
Sudan Sierra Leone
Toyo Tanzania
Uganda

Upper Volta

Zaire

Decrease in kg/ha

No change in kg/ha

Central African Republic
Comoros

Guinea

Malawi

Zimbabwe

Table 9. Rice production — trends in different African countries.

Production status

1. increased production with
increased area and mcreased
per hectare productivity

2. Increased production with
increased atea and no change
or lower productivity pet
hectare

3. Increased production with
same or decreased area hut
with higher productivity p
hectare

4, Decreased production with
same or decreased ared hut
higher productivity per
hectare

5. Decreased producuon with
same or decredsed areqa and
low productivity per hectare

6. Decreased o1 no change in
praduction but with increased
area and tow productivity
per hectare

Ccuntries
Livernia, Mati, Mauritania, Niger,
Uganda, and Zaire

Benm, Cential African Republic,
Comuoros, lvory Coast, Kenya,
Matagasy, Malaw:, Nigeria, and
Sterra Leone

Camweroan, Congo, Senegal, and
Togo

Egypt, Sudan, and Upper Vcita

Angola, Burundr, Gambia,
Guinea, and Gu'nea Bissau

Ghana, Mozambique, and
Tanzania

Seif-sufficiency - Supply versus Demand
secondonly to Far Eastern countries, Africa is the world's major importer of rice.
However,unlike the Far East, Africa steadily increased importation of rice between
1979 and 1982 (Table 10).

Although the main rice exporting country in Africa is Egypt. the quantity
exported from that countiy has steadily decreased from 178 000 t in 1976-78 to
25 000 tin 1982 (12). The major rice importing ouritries are listed in Table |I.
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Table 10. World rice trade in relation to Africa (12).

{in million)

1979 1980 1981 1982 1979 1980 1981 1982
Export mport
Africa — - - -- 2.2 24 2.7 3.3
Far East 7.8 7.6 7.9 7.3 4.4 4.6 44 27
Near East 0.1 0 0.1 00 1.8 20 20 22
Others 3.6 4.2 4.4 39 3.1 29 3.3 28
World 115 11.9 124 1.1 1.5 119 12.4 111
Table 11. Rice importing countries in Africa {12).
Average
Country - e e
1976-78 18979 1980 1981 1982
fin 1000 t)

Africa 1617 2330 2424 2741 3273
Cameroon 17 41 29 35 354
Ghana 42 40 314 384 354
Guinea 45 70 70 78 802
Ivory Coast 97 218 257 336 3502
Liberia 47 74 87 a6 g64
Malagasy 104 175 193 193 360
Mauritania 38 50 45 48 75
Mauritius 73 72 88 80 78
Nigeria 342 440 450 600 6009
Senegal 244 352 280 322 3509
Sierra Leone 10 91 57 45 87
South Africa 101 137 126 150 1504

Others 458 570 723 722 938

YUnotficial estimates,

Table Il shows the almost constant or sometimes increasing trends in rice
imports in several rice-growing countries of Africa. The increased demand for
importation stems from the fact that the self-sufficiency level, as reflected in
WARDA countries, has been decreased while the per capita consumption has
been increased (Table 12).

While the local supply for consumption has remained at about L5 million tin the
WARDA countries, the per capita consumption has increased since 1975 and.,
probably as a result of increased population, has led to higher import levels and
lowered self-sufficiency.

PROBEEMS AND PROSPECTS OF RICE PRODUCTION

This section discusses the main environmental, biotic, management, and socio-
economic conslraints in the rice production systems in Africa.
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Tabte 12. Self-sufficiency levels per capita consumption of rice by
WARDA countries (26),

Per capita

Year Local supply  Self sufficiency consumption Import
(1000 1) (o) (%)
(kg)
1975 1690 84 15.2 13
1976 1663 74 16.2 21
1977 1490 57 18.7 43
1978 1473 51 20.4 48
1979 1601 : 54 20.3 45
1980 1519 48 21.4 52
1981 1502 47 209 53
1982 1716 48 22.7 52

1983 1693 49 21.7

51

Systems of rice culture

Experts attending conferences and workshops on systems of rice culture in Africa
have generally agreed that rice-growing systems (ecosystems) in the region
should be grouped as tollows:

o Drytand rice (upland rice) is grown on naturally freely-drained soils. where
the water table is always below the rice roots. Therefore, the moisture supply is
entirely dependent on rainfall.

o Hydromanphic rice (rainted lowland rice) is grown on the soils where rice
roots are periodically saturated by a Huctuating water table, in addition to
rainfall.

o Mangrove stoamyp rice (tidal swamp rice) is grown in swamps along the
coastal regions with tidal intrusion.

o [nland steamp rice (rainfed mediam-deep waterlogged rice) is grown on flat
or V-shaped valley bottorns and tHlooded to different degrees. which some-
times leads to floating conditions.

e [addy rice (irrigated rice) is grown on bunded paddies. either under rainfed
or irrigated conditions.

Although reliable statistics on arcas under ditferent ecosystems are ditticult to
obtain, reasonable estimates have been made for West Alrica. Dryland and
hydromorphic rice systems have been combined under the upland rice category.,
and the remaining three (mangrove, inland swamp, and paddy) make up the
lowland rice category (25). Recent estimiates of ared in upland. lowland rainfed,
deep water, and irrigated ecologies for all of Sub-Sahara Africa are listed in
Table 3. In this classification also, hydromorphic rice is combined with the true
upland rice ecology.

Climatic resources and constraints

Climatic factors, such as rainfall, temperature, solar radiation, and photoperiod,
influence the physiological expression of the genetic potential of rice varieties.
Climate also influences the incidence of pests and diseases. which in turn reduce
grain yields.
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Table 13. Rics ecologies in sub-Sahara Africa {14).

Wast Africa Central and East Africa Total Africa
Ecologivs Area in Percenta e Areamn Percentage Area in Percentage
1000 ha of totat 1000 ha of total 1000 ha ot total
Uptand 143749 62.5 610 337 2047 498
Lowland
Rainfed 408 17.5 850 47.0 1258 30.6
Deeys water 340 15.0 - - 340 8.3

Irrigated 115 50 350 19.3 465 1.3

ad . . . . : s
Inciuding hydromorphic phreatic rice, considered upland in Senegal,

Rainfall s crucial to successtul rainted rice cultivation. The quantity. reliability.
duration. and frequency of rains attect the suitability of the area and also attainable
yields. In the high rainfall humid zone of West Africa, where upland rice is grown
extensively, drought is not a major problem. Other areas have low mean annual
precipitation and or unreliable raintall, so moisture supply becomes the most
limiting factor tor upland rice. This is especially true in transition and savanna
regions of West Atrica and also in rainted rice areas ot central and eastern Africa,
such as Tanzania and Malagasy. In addition. most upland rice soils, especially in
West Africa. have low water-holding capacity. This, coupled with the relatively
shallow-rooting habit of the 11ce plant, limits the soil volume the plant exploits for
moisture (3). This situation justities breeding rice varieties for drought resistance.

Rainfall patterns in major parts of central Atrica. such as Angola, Cameroon,
Gabon, and Zaire, are more favorable for rice production. Yet, the full potential of
rainted rice production in these countries rerains to be fully assessed, including
the social tactors and tood preterences.

lemperatie greatly intluences the growth pattern, duration, and yield of rice.
Critical termperatures for ditferent growth stages of the rice plant have been
identified (Table 14). Air temperatures nonmally below 20 C and above 30 C
markedly affect the growth and vyield of rice (27). The mean minimum
temperaturesin several rice areas of central and castern Africa and Malagasy drop
below 25 Cand at times much lower during the rice-growing season.

Two types of cold. cold weather and cold water, can injure rice. The common
symptoms caused by low termperature are: poor germination, slow growth and
discoloration of secdlings, stunted vegetative growth, delayed heading and
incomplete panicle exsertion. prolonged flowering period because of irregular
heading. degencration of spikelets, sterility. and formation of abnormal grains (15),
Delay in Howering and delayed maturity duration are especially marked in MV, For
example, the growth duration of IRAT8 and IRATI3 is extended to about 160 d in
cold-prone Rwanda, whereas they mature in 120430 d in various parts of West
Alrica,

The effect of high temperature is more pronounced at the heading stage when
the fertility of spikelets is adversely affected by temperatures above 35°C, as in
Sahelian countries.
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Table 14. Response of rice plants to varying temperature at differ-
ent growth ctages (27),

Coitical temperature {'C)
Growth stage -

Low Hirgh Optimum

Germination 10 a5 20-35
Seedling emergence and estabtishment  12-13 35 25-30
Rooting 16 35 25-28
Leaf elongation 7-12 45 31
Tillering 9-16 33 25.31
Initiation of panicle primordia 15 -
Panicle ditferentiation 15-20 38 -
Anthesis 22 35 30-33

Ripening 12-18 30 20-25

Solarradiatio: cin the tropics is higher in the DS than inthe WS, Consequently,
the DS yield is higher. Low solar radiation, particularly during the reproductive
stage, can greatly reduce spikelet number. During the ripening stage, it reduces
grain yield by decreasing the percentage of filled spikelets.

During August. usually coincidental with the critical reproductive stage in
rainted rice in the forest belt of West Africa, low solar radiation lessens chance of
obtaining high yield (22). Under good water and fertilizer management, as with
irngated nice, too little light can casily limits vields in the humid zone of Africa.

Soil resources and constraints

Fhe world's most productive rice land consists mostly of young alluvial soils in
tiver deltas and inland valleys. Soils in such rice areas are predominantly
hydromorphic. Entisols and Inceptisols are of fine medium texture with mont-
morillonitic and vermiculitic clay mineralogy. The reserve of nutrients of these
soils and their ability to supply theim are generally high because of their high cation
exchange capacity and weatherable mineral contents. The distribution of such
tertile land in the wetter regions of tropical Africa s limited, thus limiting any rapid
expansion of rice production there. According lo FAO (9). the total area of
Aquepts and Aquents in tropical Africa is estimated at about 55 and 48 million ha
in the torest and savanna, respectively.

Well drained upland soils. The well-weathered Allisols, Ultisols, and Oxisols in
the tropical wet-dry region are marginally suitable for upland rice because of their
low available water-holding capacity, resulting from a sandy surface horizon and
kaolinitic mineralogy. On such soils. even relatively short dry spells hurt upland
rice. Henee the performance of upland rice on such soils depends largely on
available soil moisture reserve and tolerance of the rice variety to drought stress.

Nitrogen (N) is the most limiting plant nutrient for upland rice. The behavior of
available N in soils with a seasonally fluctuating ground-water table may cause
severe N deficiency. This is particularly true in soils situated at the intermediate
zone between the weli-drained and wetter parts at the lower relief on a rolling and
unduating topography.
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Phosphorus and sultur deficiencies have been observed in rainfed upland
rice grown in the savanna, On Aitisols in the dry-wet region. with continuous
cultivation or after burning {ollowing land clearineg. iron (Fe) deficiency may be
observed.

Leaching losses, soil acidity, and maltiple nutrient deficiencies in high rainfall
regions may severely hurt yields on stronghy feached Ultisols and Oxisols. This is
particularly true tor high yvielding rice varieties with high nutnient demand.

Hydromaorphic and steamyy soils. I the Pre-Cambrian bascinent complex
areas of West Africa, the rolling topography has small V-shaped or (I-shaped
valleys. Innsuch valleys the quality of intertlow spring or seepage water is important.
During most of the year, seepage water contains a high level ot Fe' " and Mn ™
ions. Hence, Fe toxicity in rice grown in the inland valleys or swamps is common,
especially in Libetia, Sterra Leone, and Nigeria. The terrain may also produce poor
drainage, resulting in unfavorable reduced soil conditions.

Lowland coastal soils. Most mangrove swamp soils along the West African
coast are potential or actual acid sulfate soils (7). In their original swampy
conditions, these soils contain variable amounts of pyrite (FeS) which, upon
aeration of the soil, will oxidize, leading to soil acidification. This also can form high
levels of e and Al’", which can reduce rice growth and yield.

Marine salinity from sea water intrusion limits rice in some Jowland coastal areas
of West Africa. During the WS, with the higher flow volume of the river, gradual
washing reduces salinity.

Considerable research onthe development of acid sulfate soils for rice produc-
tion has been carried out at the Rokupr Station in Sierra Leone. It has been shown
that by proper poldering, salt water from the tidal intrusion can be prevented from
entering the rice-growing areas in Gambia, Senegal, and Nigeria.

Assessment anl evaluation of potential rice land in Africa

Soil conditions and land characteristics for the various types of rice cultivation in
Africa have not y ot been systematically assessed. A brief assessment of West
African rice growing areas was made by Moormann (16). Information on east and
central Africa is particularly scarce. LLack of more detailed soil and land-use
surveys in most African countries limits rapid expansion of rice areas in Africa.
Accordingtorecent IRAT and FAO land resources survey reports, Cameroon has
substantial areas of potential rice land yet o be fully developed and evaluated. In
Malagasy and Tanzania (Zanzibar and Pemba Islands). most of the rice land is
irrigated and includes a wide range of soils and fand types. Even where rainfall is
adequate in mainland Tanzania, rice is less likely to be grown than any other food
crop. However, the country could rapidly expand rice in such areas as the
Kilombero valley. the swamp land in Kimba and Shir: janga regions, and the Rufiji
valley in the coastal region.

Yetto be explored is the use of the three large hydromorphic lowlands, the lower
Niger river delta. the Congo river basin, and the upper White Nile swamps, for rice
cultivation. Although the area of inland hydromorphic soils is modest, compared
to the well-drained upland, it offers higher potential for intensified rice production.
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The total area of hydromorphic swamp soil is believed to amount to 2 million hain
St:b-Saharan Africa.

Biological constraints. Lack of high-vieldin g improved vagicties, disease and
insect pests, weed and vertebrate pests are the major biologicat constraints, For
raising thie vicld perunit area, Atrican farraers, especially the smatl farmers, need
varieties with peasonable bt stableovicdod lovels g PTODTAEe yrowth duration and
toterance ar resistance to environimental stresses and aevastating diseases and
inscots, Crarmer () estimatesd the world's averae yicld loss at about onethird of
the value of the ice crop: PR3 s caused Dy insect pests 1167 by discases, and
9.5 by weeds, Accocding to Bair et al £4) the vicld loss attributable to insects,
disease, andweeds iy Africa was 33770 of the potential production (Fig. D,

Sugperion vanctios: The so-called new plant type, or IR8 plant type, developed by
IRREin the Philippines, has several attributes needed tor highevield potential. The
MVs have stature and sturdy stems, essential for lodging resistance: short and

tleaves to utilize solar energy efficiently; and they respond to high levels of
manadement. The rice varieties from IRRE are further reinforced with multiple
resistance to major insects, diseases, soil, and environmental stresses. 11973, an
interdisciplinary and problem-oriented rice breeding program. GEU, started with
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the: goal of incorporating the best characteristics into rice varicties. The migjor
GEU problem areas include: agronomic charaderistics, diseases and insects,
drought, adverse soils, deep water and extreme temperature. and grain quality
and nutritional value.

High-vielding vaneties, such as IR8, RS, [R20. IR30, IR36, IR12 R46, IRI529.
H80-2 and IRFHO3LS, are being grown inseveral Atrican countries under lowland
rainfed orirrigated conditions. However, Afvicar rice ceologies are complex, with
many species of insect pests, plant pathoqgens, and weed species ditferent from
those of Asia. Varicties best adapted to the complex African voologies are still to
be identified.

The nee research program of 1ITA is developing rice varieties adapted to
frec-draied upland, hvdromaorphic, inigated, and shallow swamp ccologies of
Atiica and o asseciated stresses, The strategy is genetic improvement by
breeding specitic adaptational attributes of local African varietics into more
productive genotypes rom IRKEand elsewhere, As a result, superion upland rice
vaneties developed ot A such as TTAIZ. TTAKEL ITAZ235 and 257, have
feststance to drought, Bl and grain discoloration. They are also superior to
traditional vatieties in their resistance to lodging and hence respond positively to
higher manadgement.

Under hydromorphios without excessive waterlogging and with good man-
adement. the mtermediate-statured varieties, such as the IRS plant type. can yield
as welbasinirrigated paddies. However, tolerance to Fetoxicity is also important
tor hydromaorphic as well as shallow swamps, 1TA2A7 developed at ITA
HRD Suakaoko 81 combines adaptability to fluctuating water tables tolerance to
e tostoty andresistanc e to BLHor inngated conditions, varicties such as {TA212,
TEAIZETTALR S and HTAC SO gave yields of ot haor higher. Varietios including 1IR42
and HEART have been tound suitable for Tow tertility management,

Phesnaor achioverment otIRAT i ivory Coast s the developmient of upland rice
vatieties highhy tolerant to drongbt and BERATIOON IRATIO L IRA T2, with short
qrowth duration tabout 100 d), and IRATIOL IRATIHO, with medium growth
duration (20430 ). appear promising.

WAKDA s an mter governmental orqgenization of 15 West African countries,
torinied mamly tor research, development, and traming. The primary sources of
enties forn WARDA trials are IRREITTA and IRAT. The special research project of
WARDA at Rokupr s the only center i Alnca working on the improvement of
miangrove rice. Among the varnetios developed at that station, BD2, ROR4, ROKS,
RORE, and ROWY are being used n Sierra L eone, Guined, and Guinea Bissa.
RTG530 2 20 707 10040 3 AR 133120 and IRS6G7717-3 11, with im-
proved plant type and medivm growth daration, also shiowed high vield potential
i s ecology

Irisect posts More than 80 species of insects have been reported to attack rice
mAtncatd but between 1o and 195 species are considered major pests (). Among
the insect pests, stallveved v s indigenous ta Africa and is more prevalent in
nrigated and hvdromorphic ecolagies. Species of lepidopterous SBs and GM
ditfer trom those of Asia. The major insect pests of major importance Lo rice are
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Table 15. Insect pests of major importance to rice in Africa.

Commiun name Scwenttic name

White stem borer Melarphia separateila Rag,

Striped borer Chito cacconius, C. dittusilineus,
C partellus

Pink borer Sesamia calanustis, S. b tanephaga

Stalk -eyed iy Diopsis (thoracica) macrophthalma
Dalman

Armywaorm Spodoptery sp.

Grain sucking bugs Aspavia spp.
Stenocoris spp

Caseworm Nymphula depunctalis Zell

Gall midge Orseolia oryzivora Harris & Gagne

Whorl maggot Hydrellia sp.

Lady beetie Epilachna similis {Muls)

Termates

listed in Table 15. In addition, the BPH (Nilaparvata meander Fennah,) and GLH
are considered potential pests (23).

Insects can be controlled by a number of methods, but the use of R varieties is
most eftective. This inexpensive method of insect control is also compatible with
other centrol methods in the IPM approach. Several rice varieties that are R to
insects have been developed by IRRI: however. Africa has some insect pests Asia
does not have, AtIITA, researchers are trying to identity the sources of resistance
to SBs. stalk-eyed fly. GM, CW, and RWM, and at present 48 varictics have been
identified as R/MR. Recently, an integrated pest management (IPM) program was
initiated by WARDA in its member states.

Discases. Fungal, bacterial, and viral diseases often strike African rice. Rice Bl
caused by Pyricularia ongzac s the most widespread and devastating disease in
Atrica. The causal fungus of Bl varies greatly in pathogenicity. Many lines from
crosses in African land varieties such as Moroberekan, LAC23, 6368, and 0S6.
with high vyielding exotic semidwart varieties at (ITA. are resistant to leaf Bl
However, the relationship between leaf Bl and neck Bl is not yet well understood.
Recently. anintercenter collaborative task force on Bl was formed with IRRI, IITA.
WARDA. CIAT, and IRAT. IITA has major responsibility for this task force in Africa.
RYMV is a potential threat to rice. The presence of RYMV has been confirmed in
Kenva. Ghana. lvory Coast. Nigeria, Senegal, UpperVolta. and Niger. The virology
unit of IITA has developed a technique for detecting the virus using the Enzyme-
linked Immiunosorbent Assay. IITA investigators identified several plants resistant
tothis virus. and a breeding program has already been started to develop varieties
Ritolerant to this virus.

Other diseases are HLS caused by Hlelminthosporivum oryzae, leat scald
caused by Rhynchosporium orgzac, ShB caused by Rhizoctonia solani, sheath
rot caused by Acrocylindrivm oryzac, and glume discoloration, In addition, BLB
caused by Xanthomonas oryzae has been reported recently in Mali, Niger,
Senegal, Sierra Leone, Upper Volta, Cameroon, and Tanzania. BLS caused by
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Xanthomonas transhin ens tospe ongeicola has also been reported in- sorme
African countries. Screening for resistance to glume discoloration and leaf scald
has been emphasized i TTA's rescarch program.

Weeds Weed control is one of the miost laborintensive operations in rice
production. The vield reduction estimates due 1o weeds in Nigerian rice
production are given m fable 1o,

In unland and hydromorphic rice ecosystems, certain upland weed species
(Rottboellia exaltata L. Commeling spp.. Digitaria spp.. Lchinoehlod spp..
Cyperusspp.and imperata cylindrica) and certain hydremorphic aquatic weed
species (Fimbristylis spp., Alternantera spp.. and wild rice, Oryea spp.) are
problems. They often resist a range of herbicides. Among the aquatic weeds, wild
rice and fschaemus cogussum are the most difficult to control (2).

Hand weeding in many rice areas of West Africa can require 250-780 h/ha,
depending on the ccosystems, frequency of weeding, and environmental
conditions during cropping. Poor land preparation planting time can greatly
increase weed infestation. In paddy rice, water managerment helps control weeds.
In lowland bunded rices, tlooding the field to a depth of 7.6:102 cm also
suppresses weed growth after transplanting. Burning the stubble after rice harvest
is practiced in several Asian countries. In several countries of Asia and Africa,
hand weeding is the maost common practice among small farmers. Time of first
weeding isimportant:in direct-secded rice, weeding should begin before the crop
is 3-<b wk old.

Forupland. hvdiomaorphic.irmigated. and deep water rice ecosystems, removal
ot weeds belore seeding largely depends on the area of rice grown and availability
of family labor. Herbicide use is still imited, and the cost-benefit ratio is crucial,

Management

Yicld is the expression of interaction between the genotype and the environment:
management creates a favorable or unfavorable environment. Major manage-
ment factors that determine the crop vield are discussed in the sections which
follow,

Girawing season. Eaceptinirmgated rice, the growing season is crucial for all
rainted rices. Depending on the orset of rains, length of rainy season, and maturity
growth duration of the variety. the time of seeding or raising of seedlings should be
adjusted. In direct seeded culture, rice is usually seeded after one or two good
showers when soil moisture is sufficient to start germination and to establish the
crop.

Table 16. Losses in rice yield due to weeds {20),

Rice culture type % reduction in yield
Upland rice 70 - 100
Lowland rice 33- 756

Direct seeded rice 46 - 84
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Land preparation. Proper land preparation is essential tor qood stands and
crop growth. In several rice-growing countries, land preparation commences
soon alter harvest of the preceding crop while the soil is still inoist enough to be
worked casily. I general. land prepatation in lowland nice consists of two to three
alternate plowings and harrowing, depending on soif textuie and weeds, Longer
mtervals between tillage operations allow weed secds to qenmninate and be killed
by subsequent tlling.

I At o Tand is mamly prepared by mannal labor using a short-handled hoe, n
Eoetseefiee areas, draughit animals are being mtroduced. and their use s
e reasing slowly Both the caltivated area and vields <onld beincreased with
mote draught anital power and improved animal draught implements.

I large niee production parastatals, such as the River Basin Developmient
Projectin Migeria, Cametoon. and Tanzania. machines are clearing andtilling the
L Small power tillers have been introduced in Sierta Leone. However,
miechanization requires an infrastructure for maintenance and repairs, including
Svatlability of spare parts,

For the fragile upland soils of West Africa, conventional tillage leads to soil
crosion. Hence, minimal or zero tillage, using a rolling injection planter developed
by ITA, minimizes soil erosion.

Flant density. Planting rice closer than necessary increases cost and chances
ol lodging. On the other hand, spacing wider than necessary means fewer plants
per unit area and this may reduce the optimum yield. Random planting is quite
common in rainfed rice in Asia and Africa, particularly for traditional varieties. The
advantages of straight row plantings a.e: |) they are easier to weed, and a rotary
weeder can be used, 2) optimum plant population is possible, and 3) it is easier to
apply insecticides and topdress fertilizers.

Plant density also aftects tillering. The tiller number is positively or negatively
corrclated with grainyield, depending on the variety and management, especially
the tertilizer application.

Forupland rice culture in Africa, planting methods range from random dibbling
to broadcasting and drilling in rows.

The effect of plant density on grain yield of rice grown with various levels of soil
N inirrigated rice has been reported. The yield of two early-maturing rices
increased by L3t when the plant density was increased from 0.67 » 10° (40 X
40 em) to 106 (20 - 5 cmy) hills per hectare (19).

No single spacing is best suited tor all varieties. In general, short, lodging-
resistant and photoperiod-insensitive varieties, such as IR8, IR36, IR42, and IR50,
shiould be spaced 20+ 25 ¢mninthe WS, regardless of soil fertility. In the WS, tall
and lealy. heavy tillering varicties, such as Peta, are spaced 25 - 25 cmiin relatively
poorsoiland 30 - 30 cminfertile soils. In the WS, the tall varieties are spaced 30

30 cmyin poor soils and 35 < 35 cmvin fertile soils (7).

Fertitizermanagement. Fertilizer is a very effective input for rice production but
an expensive one. Fertilizer use in African rice culture is still very low for many
reasons. For example, in Malagasy, only about 9000 ha of rice land, or some
0.77% of the total rice area, receives fertilizer. The rates of application average
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about 10 kg ha. In the traditional cultivation of rice under upland. hydromorphic,
and swamp conditions. fertility is restored through the bush fallow system. Soil
fertility 15 usually not a serious problem for the first and only rice crop following
bush fallow. However. there is little data on fertility management and tertilizer
formulations for continunus hydromorphic, swamp. and upland rice cultivation,
particularly tor the Ultisols under high raintall conditions. Better informationis also
needed on the nutrient requirement for the major soils used tor rice production.
Recent studies have shown that, besides N. P, and K, zinc and sulfur are also
deticient on certain soil types in the savanna region. The problem of Fe and Al
toxicity in hydromorphic and swamp rice cultivation also requires closer
assussments,

Nitrogen (N). N-use experiments have shown that normally less than 30 to 40%
of the N applicd to irrigated rice is recovered. N losses occur in the soil mainly
through nitritication and denitrification. ammonia volatilization, immobilization,
lcaching, and ammonia fixation. Hence, method and time of application are
important for increasing N etficiency. Urea and sulfate of anyimonia are the two
most common sources of N, Split application of N, one at transplanting and the
other at panicle initiation, are best tor high grainyields m the case of medium and
long duration varictics. However, upland rice grown on coarse-textured and
naturally well-drained soils needs o minimum of three split applications — just
hetore seeding, when the crop begins tillering, and at panicle mitiation.

Intransplanted rice. preplant Nfertilizer should be thoroughly incorporated into
the soil and kept Hooded. The second dose may be broadeast, but it is preferable
to incorporate it into the soil by rotary weeders. Fertilizer utilization and grain yield
i irrigoted rice are highest when tertilizer is placed at a soil depth of 10 cm
{Table 17).

Phosphoras (00 P deficieney s a widespread nutritional disorder in rice,
second only ta N and Africais no exception, P deticiency invariably oceurs on acid
sultate soils. Vertisols, and certain Inceptisols (21). The P-tixing capacity of soils is
an impottant consideration for recommending adequate levels of P for the

Table 17. Effect of placement of N and other methods of applica-
tion on grain yield and efficiency of fertilizer N (6).

Gram yieldd {rhay

Eificiency ky

Method of application Nitrogen sources
rough rate

(N fabelled)

per kg N
Anmmonium
Urea sulfate Mean
Fertilizer incorpprated 6.8 6.8 6.8 14
at planting
Placed at 10 cm soil depth 8.6 8.3 8.4 43
Spht application? 7.1 7.6 7.3 23
Mean soutces 7.3 7.6

o o
Check (with fertitizer N) yield was 5.9 t/ha, L.SD (5%) .67 t/ha,
[’30 ka N/ha at planting and 30 kg N/ha at panicle initiation,
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desired fertilizer response. The two major sources of P are superphosphate and
rock phosphate. In gencral Pis applied at plantimg. Later applic ation can be made
but not later than the active tillering time

Potasiven o Cenerally rice does not respond to 3 as markediy as 1o N and P

However Ko response s hiaher i candy and coarse-textured soils. 1 should be
applicd dunme the final lana preparation,
S o s anmnon natrient clement likely to be deticient inalkaline soils of
Aricasfn Znedeticient soibs. a seedhing dip of 2% Zn oxide prior to transplanting
producedigher vields inramted lowland rice. Incorporation of 10 kg Zn sulfate
per hectare in chronically Zn-dehicient arcas s also recommended.

Water management. Water management tor Alrican rice culture should
nclude moisture conservation in upland soils. drainage in valley bottoms and
swenmips. and control of the water suppiy in irfigated rice. Research at iTA on
reduced tillage with mulch showed that the system s effective with watef
conservation of upland soils.

Many Atrican countries are expanding their irrigation projects where land
consolidation, leveling, and layout for maximum efticiency of water use is
imperative. Large irrigation schemes are located in Malagasy, Nigeria, Mali, vory
Coast. Sierra Leone, Senegal. Tanzania, Cameroon, and Kenya. Major reasons for
the decline of irrigation efficiency are frequent breakdowns of machinery and
carthmoving equipment, improper maintenance, and lack of spare parts.

Water requirements vary with the growth stage of the rice plant. In lowland rice,
adepth of 35 cmof water is needed during the vegetative stage. However, short
spells of drought stress may not harm the crop during the vegetative stage.

Rice is most sensitive to water stress at the reproductive stage. Water stress
during tlowering increases spikelet sterility and decreases grain weight.

Inthe African rice-growing systein. drainage ininland swamps and impounding
water by bunding in rainfed rice are the primary needs tor increased production.

Harvesting and postharcest management. Timely harvesting and appropriate
postharvest management are needed to minimize losses. Appropriate harvest
time is more important with traditional varieties that are susceptible to lodging or
grain shattering. Optimun harvesting time for lowland paddy crops is from 28 to
34 d alter heading in the DS (18). Overripening of grains increases sun cracking,
especially in long grain rice. thereby reducing the head rice recovery. Alternate
wetling and drying of paddy. either in the field or after harvest, also increases sun
cracking. Paddy must be dried to about 14% MC for prolonged storage.

In most countries of Asia and Africa, harvesting is by manual labor. Use of
appropriate hand tools, usually the sickle, can increase labor efficiency. Use of
combines or power harvesters is suitable for lodging-resistant varieties planted in
FOws.

Socio-economic constraints

Alrica can increase rice production by expanding the area grown in rice and
increasing the yield per unit area. Africa is land rich, and rice production is
labor-intensive; therefore, both options should be properly balanced increasing
production.
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Ineestment. This is the primary need for both options. Increasing the irrigated
rice area would be the most assured way of increasing rice production in Africa.
The existing irrigated rice technology of Asia could be adapted in Africa with
appropriate moditications. Currently, large sums of money are being invested in
developing irrigation projects in Nigeria, Senegal, Mali. lvory Coast. and
Cameroon, to name but a few. Several thousand hectares of inland swamps or
flooded plains could be developed and grown in rice by application of proper
drainage systems. All these development projects need capital investment and
yearly expenditures for maintenance,

Africa particularly lacks trained manpower for research and extension services,
To build up trained manpower also requires long-term investrent. Similarly, the
development of infrastructure, such as storage: facilities and transport systems for
input and produce, should not be ignored.

Price policies, input supply, and marketing. Ztfective marketing, timely input
supply, credit management, and price policies are essential to provide farmers
with assured incentives and the means of using improved technology.

Profitability is the main incentive for a farmer to do his utmost for high yield. For
each country, this requires that the govemment fix and guarantee the price that
will give an income: per hectare comparable to that from related crops. The price
fixed by the government must also be aimed at protecting local rice producers
against competition from imported rice. Unfortunately, the cheaper price of
imported rice, with which locally produced rice cannot compete in consumer
acceptance, has discouraged increased production in certain African countries.

Subsidy is a means of promoting production. Purchased inputs such as
tertilizers, pesticides. seeds, tools, and implements may be subsidized to
encourage the farmer to use them in improved production packages. The
problemwith subsidies is that they are difficult to remove once introduced. Under
such circumstances, the government could aim at o balance between the
quaranteed price ot paddy and subsidized input prices.

Credit. In Africa, rice has been promoted in many countries by perrmitting
farmers to purchase essential services and inputs on credit and to repay the debt
after harvest. In the Masagana 99 Program in the Philippines, loans ate issued to
rice growers according to the area of rice they are growing and the need for
purchased inputs. Farm credit systems vary from one country to another, but the
main objeclive — inducing the rice farmer to adopt improved technology — is
always common. However, as in the case of subsidy. repayment of debts and
loans has several problems.

Improved seeds. A coordinated seed program covering production, inspection,
certification, collection, and distribution is essential. Some African governments
have begun such programs with seed distribution handled by marketing boards.
Several countries are yet to strengthen this essential aspect of their rice
improvemer system,

Rescarch and extension. Increased rice production in Asian countries is
achieved by improving the research and extension services. In the past decade,
national research programs have been strengthened by providing trained
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personnel researchinstitutions, experiment stations, and ontreact research sitess,
plus corresponding extension networks, Afnica necds Impiovernent inits research
and extension services, High prorty st be Given o pesearch areas . and
disciplines according o the need of cac b e ountey, The bosoic e d o strenathen-
g teseatch and extension sermcen st be e through training within the
coutitry as weell as at advans cdeinanons abaoad Retiestien ©otrsens al all levels
SEGUIT G Gileied Cotditnonniy

Rodeof teomen. Women'™s ol i traditional farmimg s unguestionably
important since, as mothers and housewives, they are often vested with
responsibility for the tarmily's nutition. In typical small-scalce peasant families, they
are involved in most of the sgricultural operations, particularly during and atter
harvest. Women are invariably denied educaticnal opporturitics and access to
technological advances and scientitic innovations. Women and so iety will benetit
from access to all of the technical advances, credit. and rescarch and to reduce
mechanization in small-scale tarming. The achievernent of food selt-sutticiency
and better nutrition will depend greatly on removing of barriers that impede the
contribution of women to agricultural developiment.

ARFAS OF FOTEIRE © MPHASIES

Despite: a long history of rice cultivation in tropical Africa. rice research in the
continent is relatively young compared to that in Asia. Until recently, genetic
improvement of rice in Africa was mainly focused on the upland ecology, which
contributes 40 to 45% of total rice production, though it covers about 50% of the
total area under rice. However, the production potential for upland rice in Africa is
much below that of the other ecologies. such as hydromorphic, inland swamps,
andirrigated paddy. This clearly indicates the need for a change in the emphasis
of genetic itmprovement to more productive ecosysterns.

During the last two decades, some of the major insect pests and diseases in
Asia have appearcd in parts of Africa. However, none has caused damage in Africa
as severe as in Asia. Conversely, some insect pests and diseases prevalent in
Arrica are unknown in Asia. This situation emphasizes the need for research on
specific problems of rice in Africa,

Considering the differences in species of insect pests and disease patho-
systems, genetic improvement must be geared toward breeding resistance to
these pests and diseases. More information on insect pests and diseases is still
much needed, especially for central and east African countries. WARDA has been
monitoring the pests and diseases in its member states in West Africa; however,
in-depth studies are still lacking on the biology and epiderniology of pathogens
and on the biology and ccology of important insect pests. Such information
provides the base for a good resistance breeding program and integiated control
approach.

Technicians also need to monitor closely and continuously potentially destruc-
tive diseases, such as BLB and virus diseases. Virus vectors, such as BPHs and
GlLHs are established in Africa.
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Among the climatic constraints, cool termperature and drought in rainfed rice,
when compounded with discases such as Bl become serious problems. Much
systematic resectoh needs 1o be done on dimate-disease compleses.

Nuttitional imibalances suchos Fe toxicity, salinity, alkalinity, and acid sulfate
soils are localized, vet they call for miote researc by and sereening for R sources
under specibic condiions. Aqronomic rescarch in Afnica can beoehit from the
ASIAN expetiene et Asian culiiral practic es ate adapted to st Atnean conditions.
Independentiescachbas beenfocased onupland nceovet imore work is needed
on hydromorphie valley botton s and mangrove swamyps, where the growing
conditions are somewhat different ron those i Asia.

Rice has atughidemand in Arrica as a staple food, and the demand will continue
torise but production fevels at present are still low. However it rescarchiaddresses
the major problems, with emphasis on genctic improvement. the potential for
significant increase in production appears very qood.

One can sately conclude that the need for more in-depth rescarch on rice in
Africais imperative. As mentioned previously, the research capabilities of Atnican
countries are much more limited than in other rice-growing countries. Thus, the
international and regional research centers, such as lITA IRRL IRAT, and WARDA.,
need o help Alnican national programs, independently and in collaboration with
one another. in their respective areas of competency and mandate.

Production projects operated by governments with financing and technical
assistance: from abroad have proven to be practical and economically viable.
Many governments are keenly interested in rice production projects as a way to
reach self-sutficiency inrice and as an alternative to dependence on small farmer
production. Resolving the problem will require a two-pronged attack, involving
millions of smalt farmers as well as government projects.

Finally, the overriding factor is the policy of the national governments. The
national economic goals and priorities must favor rice production in Africa,
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RICE IN EASTERN AND SOUTHERN
AFRICA: THE ROLE OF
INTERNATIONAL TESTING
D. P. GARRITY

INTRODUCTION

The systematic international exchange and evaluation of elite rice genetic
resources is a very recent phenomenon. Only within the past decade has this
activity become an established force in global rice improvement.

Rice germplasm exchange on an informal level has, of course, been pursued
since the dawn of rice cultivation. Traders, travellers, and settlers introduced and
reintroduced many varieties of Oryza saticd i to eastern Africa through various
toutes over the centuries, particularly via Malagasy, India. Sri Lanka, and Egypt.
Nevertheless, only a tiny fraction of the enormous genetic diversity of rice has
beenintroduced and utilized through these various informal contacts. African rice
production systems have been characterized by relatively small and isolated zones
of production (Fig. ). This has effectively limited the etficient exchange and use of
new genetic materials.

Local germplasim is no longer the: sole resource tor exchange. Within the past
20 yr we have witnessed the development of numerous powerful engines of
directed evolution which have greatly accelerated the rate of progress in new rice
varieties. Here | am referring to the rice breeding programs on the national and
international level. At present. thiee of the international agricultural research
centers (IRRL ITA, and CIAT) as well as a redionai center (WARDA) have rice
improvement teams. In addition, most of the major rice-growing countries have
developed or are now developing strong breeding programs at the state or
national level,

Major new products of breeding and selection are being released annually from
these programs around the world. The basic objective of international testing is to
miake this valuable and diverse material available to rice workers everywhere for
unrestricted use in their rice improvement programis.

[he smallrice production base in most castern and southern African countries
poses great ditticulties in the development of a national rice research capability. A
major objective of this workshop is to explore ways by which the national
programs can be strengthened through international cooperative efforts in the

Associate agronomist, nternationdl Rice Testing Progran, International Rice Research Institute, Los
Banos, Philippmes.
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exchange of ideas, technology. and elite rice germplasm. This paper will examine
the role of the International Rice Testing Progiom (IRTP) as a resource in the
introduction and identitication of superior varieties for the diverse rice-growing
situations in eastern, central, and southern Africa.

EOAE PovbE NEIRE ol b I AL R,

Indications are that the potential for tuture rice production in Africa is truly
enormous. Inarecent study, Sanchez and Buol (3) used the FAO Soil Map of the
World to estimate the area of wetland soils in the three developing regions of
Alrica, Asia. and Latin America. Wetland soils are soils mapped as having a
moisture regime suited to rice. For Africa the area of wetland soils was estimated
to be 203 million ha (Table ). This exceeds the current harvested rice area of 4.9
million ha by a factor of 40.

South and Southeast Asia, the region in which rice culture has developed to a
remarkable intensity and sophistication on its many great river floodplains, has
only 121 million ha of wetland soils, less than two-thirds the area that Africa has
{Table 1). In addition. Sanchez and Buol's (3) survey showed that the area of
wetland soils with no major soil constraint. physical or chemical. is higher in
Alfrica than in Asia.

One example of the potential for rice expansion is the situation here in Zambia,
host country for this workshop. Zambia had, as of 1981, about 5000 ha of rice arca
(1), yet it is estimated (2) that 12% of this large country is swamp and marsh.
suggesting that tens of millions of hectares of potential riceland might be
developed in Zambia alone.

Some long-range vision is needed to foresee the realization of this vast rice
production potential. In castern and southern Africa, the gqovernments of most
countries have plans tor dramatically increasing the area under rice. At present,
however, the rice area is quite small in most countries in the region (Table 2). Of
the 1 Srice-producing countries, only three cultivate more than 100,000 ha of rice
(Malagasy. Zaire, and Tanzania). Six countries have less than 5000 ha each.

Alrica and Latin America are the global frontiers for rice expansion. The world
willnot soon exhaust land resources for rice production to teed the approximately
three billion rice-eating people who will be alive in the next two decades.

But as we all know. there may be a great gap between the availability of a basic
land resource and its productive utilization. In terms of the skills and cultural

Table 1. The extent of wetland soils and rice area harvested in three
developing regions (3, 1).

Re Wetland soil Rice area harvested
egion {m ha) {m ha)

South and Southeast Asia 121 90.3

Africa 203 49

Latin America 231

8.2
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Table 2. Ricearea,yield, and production in the eastern and southern
African countries, 1981.

Area

Yoeldd Production
Country harvested (kg ha) 11000 1)
{ha)
Africa{Total) 4887 1752 8562
Eastern and Sauthern

Africa 1771 1499 2655
Madagascar 175 1701 1999
Zaire 290 862 250
Tanzama 150 1333 200
Mazambiqgue 60 1033 62
Malowi 43 930 40
Central African Rep, 14 1071 15
Uganda 12 1167 14
Kenya 9 4706 40
Zambia 5 1276 6
Congo 4 1000 4
Burund: 2 4000 8
Somalia 2 2970 5
Rwanda 2 2667 4
Swaziland 2 2632 5
South Africa 1 3

2308

aPadriy.

requirements which must be given attention, rice is a unique crop and numerous
complex corstraints to rice development exist in most African countries.

A BASIS FOR COOPERATIVE EFFORT

The mid-60s witnessed a signiticant milestone in rice researcn when tropically-
adapted semidwart rice varieties were developed. They have been a catalyst for
rice improvement programs around the world during the past two decades. Rice
production inirrigated and favorable rainfed areas has increased substantially in
many countries.

Irrigated ecosystems are tortunetely characterized by a remarkable environ-
mental uniformity at the global level. This has enhanced the wide adaptability of
semidwart varictics bred inirrigated environments. Ecosystem uniformity under
irrigated conditions should not be over-cmphasized, however. There are notable
difterences in the rice genetic background needed for adaptation to the wide
variation intemperature ond climatic patterns at different elevations and latitudes,
to the diversity of adverse soils, and to the variations in local pathosystems.

Rainfed rice occupies another one-halt of total world rice arca, and efficient
varieties with higher productivity in these ecosystems must be tound. Modern
semidwarl varietics generally have not made o wide mpact in areas with poor
water control and adverse soil conditions. There are relatively tewer varietal
improvement programs to exploit the genetic potential of rice for such problem
areas. Serious emphasis is now being extended to the rainfed rice ecosystems at
the international level and in many national research programs. Research
investment has increased rapidly in the last decade.



INTE RNATIONAL TESTING N EASTERN AND SOUTHERN AFRICA - 33

Ecosystem diversity in rice cultivation where water control is lacking is a baftling
problem. Hydrologic conditions of these ricelands vary trom perennial dryland on
steep slopes to areas with water depths exceeding 2 m. Many areas are
unpredictably subjected to drought stress, to submergence by flash Hlooding, or to
both.

Fiescanise of the diversity and magnitude of problems involved in increasing rice
production thiough the selection ot improved  varieties for widely varying
ceosystems, it s generdlly recognized that intercountry cooperative efforts are
miperative. Multilocation national and international testing of varieties has been a
logical outgrowth of this awareness.

THE INTERNATIONAL RICE. TESTING PROGRAM

Within an internationai testing network, eacii reseatcier Continues (o Cor, Jentrate
his efforts on the identitication of materials that will have practical value in
increasing vields under his existing adversity complex. However, through the
sharing of the best materials and performance data with all other interested
researchers, a basis for rapid progress in varietal development is created.

A worldwide IRTP network is being implemented in cooperation with several
hundred rice research stations in about 70 countries. In Latin America, the
network activites are coordinated in partnership with CIAT. In Africa, the activities
are carried out in cooperation with lITA. WARDA helps coordinate IRTP activities
inthe West African countries. The fundamental purpose of this network is to make
available to rice scientists around the world the best of advanced breeding
materials on a convenient and systematic basis. The program seeks to provide the
facility tor individual rice scientists to test their breeding materials under a wide
range of agroclimatic conditions and thereby reduce the time and investment
required to develop and identify sunerior rice varieties,

International testing has been found to be useful in the identification of genetic
variation (i.e. biotypes and races) in the major insect and disease pests of rice
through the analysis of data on the differential varietal reactions across locations.
Because of such genetic variation in the organisms attacking the rice plant,
ntercountiy tests provide a mechanisny by which genetic donors with wide-scale
resistance are identitied.

At present, 24 different nurseries are being composed (Table 3). Thirteen of
these trials are targeted to specitic rice environments covering the range of rainfed
and irrigated ecosystems. An additional Il nurseries are being composed to
identity specific resistance to a range of individual stresses including diseases,
insects, adverse solls, and adverse temperatures.

Currently, about 1200 trials are requested by cooperating scientists and
dispatched trom IRR) each year. Participation by the castern and southern African
countries in IRTP nursery evaluation is shown in Table 4. Sub-Sahara Atrica as a
whole currently receives about 250 trials per year, the majority of which are
requested by the West African countries.

The nurseries currently consist of a total of about 3,000 breeding lines and
varieties. Originally, the majority of lines came from the breeding program at IRRI.
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Table 3. Range of International Rice Testing Program nurseries composed in 1984,

Nursery E?:\’Q‘T
Nurseries for target environments
IRRIGATED
Yield -  IRYN-VE International Rice Yield Nursery-Very Early 30
IRYN-E International Rice Yield Nursery-Early 30
IRYN-M International Rice Yield Nursery -Medium 30
Observational - IRON International Rice Observational Nursery 400
RAINFED
UPLAND
Yield -  JURYN-E International Upland Rice Yield Nursery-Early 25
IURYN-M International Upland Rice Yield Nursery-Medium 27
Observational —~  IURON International Upland Rice Observational Nursery 211
LOWLAND
Yield = IRRSWYN International Rainfed Rice Shallow Water Yield
Nu sery 29
Observational — IRRSWON  International Rainfed Rice Shallow Water
Observational Nursery 231
IRDWON International Rice Deep Water Observational
Nursery 129
IFRON International Floating Rice Observational
Nursery 33
ITPRON International Tide-Prone Observational Nursery 71
Nurseries for specific stresses
Temperature - IRCTN International Rice Cold Tolerance Nursery 175
Soil — {RSATON International Rice Satinity and Alkalinity
Tolerance Observational Nursery 1502
Acid Upland Acid Upland Screening Set 66
Acid
Lowland  Acid Lowland Screening Set 99
Diseases - IRBN International Rice Blast Nursery 3504
IRBBN International Rice Bacterial Blight Nursery 20049
IRTN International Rice Tungro Nursery 25049
Insects - TRBPHN International Rice Brown Planthopper Nursery 3009
IBWBPHN  Internatuonal Rice Whitebacked Planthopper
Nursery 2004
IRSBN International Rice Stemborer Nursery 1507

Rice thrips Rice Thrips Screening Set 1004

de
“Estimated maximum number ot entries,

A welcome sign of the increased strength of rice improvement programs in many
countries is that at present 65% of the entries nominated to IRTP are derived from
national programs.

Information from the retwork indicates that, up to the present, 70 entries
identified thru IRTPtesting have been released to farmers in 32 countries. A large
proportion of these represent entries that were bred in one national program and
through network exchange were eventually released in another country. Table 5
shows the IRTP entries that have been released in Sub-Sahara Africa, of which 22
have been reported.

Direct release of IRTP entries is particularly important in countries without rice
breeding programs of their own, but in countries with a breeding program, IRTP
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Table 4. Participation by eastern and southern African countries in the International Rice
Testing Program,

No, of nurseries dispatched

Country - - - - Types of nurseries
1978 1979 1980 1981 1982 1983 19849

Malagasy 5 3 - Rainfed, temperature, disease,
irrigated

Zaire - 10 — -- 5 5 4 Rainfed, disease, angated

Tanzasnia 12 15 12 9 12 17 5 rrigated, rainfed, soils, disease,
insect, temperature

Mozaimbigue 2 3 - - 27 - - Irrigated, ramnfed, soils

Malawi 3 4 3 2 3 6 2 lrrigated, temperature, rainfed,
diseass

Cent, African

Sepublic - — - - — - —
Uganda 1 2 - - 9 9 4 Rainfed, irrigated
Kenya 3 - 4 6 6 5 2 Rainfed, irrigated, temperature,

soils, disease
Zambia - - 1 1 11 14 8 Rainted, irrigated, soils,
temperature, disease

Congo - — - - - - —
Burundi 5 - - - 1 1 1 lrrigated, rainfed, temperature
Somalia 3 - 3 - —_ - - Rainfed, disease, irrigated, soils
Rwanda — - 2 - ~ - - Irrigated
Swavitand — - - - - — -
South Africa - 1 - - 4 4 2 Irrigated, temperature

Total 29 40 31 19 83 61 30

JRequasted as of 30 Mar 1984,

Table 5. IRTP entries which have been named as varieties in the Sub-Saharan African countries.

Country Designation Origin Name given reIYeL:sred
Cameroon 1R42 IRRI * '
IR46 IRRI 1R46 1981
Ghana IR1820-210-2 IRRI Tamale 1 1978
Ivory Coast Jaya India " *
IR46 IRRI " *
Liberia IR1416-131-5 IRRI Suakoko 12 1981
Mali IR 1529-680-3 IRRI . *
Jaya India . *
Mauritania IR1561-228-3-3 IRRI IR 1561 1981
Niger IR1529-680-3-2 IRRI 1IR1529 1979
Nigeria 1IR30 IRRI IR30 1981
1R42 IRRI 1R42 1981
IR46 IRRI IR46 1981
Seneqal Jaya India . *
Upper Volta IR1529-680-3-2 IRRI IR1529 1979
Vijaya India . *
Kenya IR1561-228-3-3 IRRI . 1981
Tanizania BG90-2 Sri Lanka ¢ *
Pinulot 330 Sri Lanka . *
IET 1444 India * *
ITA212*" HTA . *
ITA233** HTA . *

= available, ** = to be confirmed,
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entries are more frequently used as parents in crosses with the best locally
adapted varieties. Over 5000 entrics have been used as donors in the
hybridization programs inmany countries and at IRRI for the improvement ot yield
and other specific agronomic traits, or for the incorporation of resistance to
spedific stresses into superior local varicties.

Information exchange is an clement, in addition to gormplasm exchange, that is
diven strong emphasis, The results of cach year's yield. observational. and
screening performance tnals are published and disttiibuted in a series of
preliminary and tinal nursery reports. Through this information, sources of truly
broad adaptation and stress resistance can be etficiently identified and used for
turther testing or as parental sources. The publication IRTF in Africa summarizes
the nursery results obtained in Sub-Saharan African countries on a biennial basis.

TES NG RESULTS FROM EASTERN AND SOUTHLRN AFRICA

Figure 1 shows the distribution of research stations in the eastern and southern
Alrican countries where results of IRTP trials have been reported. An attempt is
made to indicate the rice growing micro-regions in each country, Given the
inadequate information available. so: ae mistakes in this map are possible. As a
result of the knowledge gained through this workshop, we hope that we will be
ableto better define the spatial distribution of rice production andrice researchin
the region as a basis for tuture cooperative etfort.

Rice rescarchiers inmost African countries work under difficult conditions.
Inals that are planiied often cannot be carried out or are lost due to uncontrollable
circumstances, Rescarchers innearly all eastern and southern African countries
have evaluated IRTP nurseries (Table 4). However, the percentage of trials for
which data have been reported is low. Thus. the picture of varietal response to
eastern and southern African ecosyslems is incomplete.

Irrigated rice

Expansion of irrigated tice area is desired in nearly all countries in the region.
Thus, varictal tials tor inigated ccosystems have been those most frequently
requested by cooperators, particularly the vield nurseries for the different growth-
duration groups.

Table 6 shows the bestperforming entries in the yield nursery trials of rices for
medium duration (IRYN-M) conducted in the region during the past 3 yr. At Ahero,
Kenya. the most outstanding entry during the 1980 trial was IR8, which yielded
5.8 t/ha. The local check in that trial, IR1561-228-3-3, yielded 3.7 t/ha.

At Gambella, Ethiopia, high vields were obtained in the 1982 IRYN-M. Two lines
from India, RPU251548: 143 and RPI251526-2-2-3, vielded between 7.7 and 8.0
t/ha. In Mozambigue, the 1982 IRYN-M was extensively lested. In the two tests at
Chokwe. the two RIS lines mentioned above were the best performers in both
tests. Eight out of the top 10 lines ranked best in both planting dates at that site,
suggesting good repeatability between the two trials.

Varictal response at Marraluene was quite different from that at Chokwe. In
Marraluerie, the RPIZ5 lines were not amongthe top ten. RNR74802, BR-IRGA-40,
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and [R54 were most outstanding in mean yield over both trials. RNR74802 and
RPI251526-2-2-3, both from India, had the highest mean vield over all sites in
Mozambique. followed by IRIDET70-263-2-2-1 BRSI282-8. BGAOO-L and IR54.

Data for the International Rice Yield Nursery-Early (IRYN4) trials at Ahero,
Kenva and in Mozamibique ar presented in Table 7

Fests of the IRYN-VE (Very Early) were conducted at the same sites (Table 8).
Yield potentiol for the very carly maturing lines was as high as or hicher than that
tor those of the carlv and medium groups at the Mozambigie sites. However, the
very carly imaterials averaged only 91 d to Howering, compared 1o 105 d for the early
seloand 126 dHor the medium set The very carly materials are of interest to many
programs due to theirability to maintain high yield potential and mature 15t0 40 d
carlier than the prevatent variceties. The top five ranking very early entries in mean
viclds across the five Mozambique trials were TKMO, RPIB99-1481-78-1. ORI6S-28-
L RPIG74-3038-78-3, and UPRIO3-801-2, all originating at stations in India.

I'he International Rice Observational Nursery includes 300-400 entries of all
matuiity groups grown at two locations in Burundi in 1978. Among the best
perforiming entries, the only variety that was outstanding at both locations was
BR7 trom Bangladesh (Table 9).

Rainfed and stress screening nurseries

Cold tolerance varietal tests were requested by several countries indicating that
rice production at higher elevation may become important in a number of
countries inthe future. Data on cold tolerance screening have so far been reported
only from the NAFCO Mbarali rice farm in Tanzania (Table 9). Also. data from the
International Upland Rice Observational Nursery of 1978 were reported from
Zanzibar, Tanzania (Table 9). Considering disease and insect nurseries, data have
beenreported tor the International Rice Blast Nursery at Zanzibar. Entries scoring
cero tor Blintection are shown in Table 9.

FUTURE DIRECTIONS

Al this time there are no strong self-sustaining rice-breeding programs in the
eastern and southern African region. All of the countries except Malagasy have
relatively small rice areas, making it quite difficult to justify support for a breeding
program. Thus, for the forseeable future most national programs will be relying
upon the direct introduction of new materials as their zource of varietal release.

How can a small program rmake optimum use of the available resources in the
international rice testing network? Of first priority. | think. is the need to focus
clearly and realistically on the constraints and potentials of the agroecosystem
inu> which new varietal technology is to be introduced. A straight-forward
observation of the characteristics of the physical, biological, and cultural
environmentin which rice is or will be grown should provide the basis for ranking
the constraints or defects in present varieties that should be overcome to elevate
farm yields. This information should be communicated to colleagues on the
mternational level to establish the type of materials with the most promise for
introduction. Also, awareness by the researcher of what environments in other



Table 6. Best performing entries in the International Rice Yield Nursery-Medium (IRYN-M) at eastern and southern African sites.

_ Yield - Grand gy LSD  Elevation Crop  Dae Sail ,
Year Site Entry by ‘ran,< meaAn (e 105) ) srason coeced pH Soil texture
(t/ha) of trial
1980 Abero, Kenya IR8 5.8 4.0 269 1.7 11563 8-30-80 5.5-6.4 clay (black
PAU143-B-4-2-PR505 54 cotton
RP825-24-7-1 5.3 s0ils)
B3753-7-Pn-4-1 4.9
RNR52147 48
iR13540-56-3-2-1 4.7
BIET300 (RAU14-28-1-1) 4.5
IR4568-86-1-3-2 4.5
B2714C-Pn-1-107 4.4
MR 4.3
1982 Gambella, RP1125-1548-1-4-3 8.0 4.6 36.8 2.7 500 wet 6-18-82 6.4 silty loam
Ethiopia RP1125-1426-2-2-3 7.7
Cisadane 6.8
1R17494-32-1.1-3-2 6.7
1R15314-47-2-3-3 5.7
1R22082-41-2 5.7
MR24 5.7
PAU269-1-9-1-3 5.3
Chianung sen yu 23 5.2
IR13540-56-3-2-1 5.2
1982  Salamanga, BG400-1 5.6 34 211 1.2 25 11-2582 5.1 clay
Mozambique RF1125-.1526.2-2-3 46
IR13540-56-3-2-1 4.5
1R19670-263-3-2-2-1 4.5
BRz1-282-8 4.4
RP1125.1548-14.3 4.4
1R22082-41-2 4.3
MR24 4.3
HPi1082-24-1-11 4.1
RNR29692 39
1982 Chokwe, RP1125.1526 2-2-3 4.8 28 448 33 9-10-82 6.1-7.0 clay
Mozambique RP1125-.1548-1-4-3 4.7
BR40-300-2-1 4.3
RNR74802 43
BG4UJ-1 4.2

IR19670-263-3-2-2-1
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1982

1982

1982

I1R13540-56-3-2-1
1R22082-41-2
Chianung sen yu 23
Taichung sen 10

Nwww
O - W

Comments: Severe drought occurred during tillering, reproductive, and ripening stages.

Chokwe,
Mozambique

Marraluene,
Mozambique

Marraluene,
Mozambique

RP1125-1626-2-2-3 4.4 29 255 1.2 33 wet 12482
Chianung sen yu 23 4.0

BR-IRGA409 39

BR51-2828 3.6

RP1125-1548-14-3 3.6

RNR74802 35

Taichung sen 10 35

IR19670-263-3-2-2-1 3.4

1R22082-41-2 3.2

IR13540-56-3-2-1 3.1

Comments: Severe drought occurred during all rice growth stages.

BR-IRGA-409 3.3 2.3 41.7 15 112382
RP1082-24-1-1-1 33

Taichurgsen 10 3.2

BR51-282-8 3.1

I1R17494-32-1-1-3-2 3.0

KMP 41 3.0

RNR74802 " 30

BG400-1 27

BG40-300-2-1 2.6

IR54 25

Comments: Severe drought occurred during tilfering, reproductive, and ripening stages.

RNR74802 6.7 3.0 422 2.1 15 9382
IR54 5.3

IR13525-43-2-3-1-3-2 5.0

BR-IRGA-409 4.9

KNP 41 49

1R17494.32-1-1-3-2 4.7

Taichung sen 10 46

1R19670-263-3-2-21 4.4

BR51-2328 4.i

IR13540-56-3-2-1 4.1

Comments: Severe drouaht occurred during tillering, reproductive, and ripening stages.

6.1-7.0

55

5.5

clay

clay

clay
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Table 7. Best performing entries in the International Rice Yield Nursery-Eariy (i RYN-E} at eastern and southern African sites.

Yield Grand

Year Site Entry by (rank mea_n ﬁ:/) (Bséj) Ele(vr:;[on secz:e:soopn se?eadt:d SOOJ Soil texture
{t/ha) of trial
1980 Ahero, Kenya IR920948-3-2 6.2 4.6 21.2 16 1153 4980 5.5-6.4 clay (black
1R13429-196-1 5.7 cotton soil)
MTU3419 5.7
BR169-1-1 5.6
UPR251-101-2 5.5
IR13427-40-2-3-3 54
Kaohsiung 139 5.4
IR50 5.2
R7-2-3-1 5.1
TNAU1756 5.0
1982 Salamanga, UPR254.241 35 25 25.6 1.0 25 112682 5.1 clay
Mozambique 1R13429-196-1 3.3
RP1158-85-1 3.3
UPR23842-2-3-TCA1 3.2
1R13429-109-2-2-1 (IRS6) 3.1
SKL9-31-7 3.1
Chieanung sen yu 30 3.0
HPU734 29
TNAU(AD) 103 28
PK95.29-2-1-1-2 27
T Jng sen yu 285 27
1982 Chokwe, Ri 1 ..385-1 4.6 24 334 13 33 9-1082 6.1-7.0 clay
Mozambique ADT30 33
HPU734 3.2
IR21015-80-3-3-1-2 32
1R13427-60-1-3-2-2 3.1
Chianung sen yu 13 29
Taichung sen yu 285 28
UPR82-1-7 28
UPR307-7-11 27
1R36 26

Comments: Drought at tillering to ripening stages.
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18982

1982

1982

Chokwe,
Mozambique

tR13429-196-1
1R813427-60-1-3-2-2
1R21015-80-3-3-1-2
TNAUIAD) 103
Chianung sen yu 13
HPU734
1R1324082-2 3-2-31
1R13429-1098-2-2-1 {IR56)
RP1140.27-3-2
RP1158-85-1
UPRZ254-24-1

24

325

33

wet

Comments: Severe drought intermittently occurred during tillering, reproductive, and ripening stages.

Marraluene,
Mozambique

Comments: Severe drought conditions occurred intermittently during the tillering, reproductive, and ripening stages.

Marraluene,
Mozambique

Comments: Severe drought conditions occurred intermittently during the tillering, reproductive, and ripening stages.

IR13420-82-2-3-2-3-1
1R13429-109-2-2-1 {IR5¢
Chianung sen yu 13
HPU734
IR2101580-3-3-1-2
Chianung sen yu 30
CR155-5029-216
1R13427-60-1-3-2-2
BR220-1-1
UPR23842-2-3-TCA1
I1R36

Lceal check (Milyang 49}
UPR23842-2-3-TCA1
1R13429-109-2-2-1 (IR56)
Chianung sen yu 30
RP115885-1

Taichung sen yu 85
RP1140-27-3-2
1R13427-60-1-3-2-2
1R1324082-2-3-2-31
1R13423-195-1

Tainung sen 12

19

-6
4.5
45
4.4
4.1
4.1
4.1
3.9
3.8
3.8

4.3

35

2.2

36.2

31.7

1.1

15

12482

3982

11-23-82

6.1-7.0

55

55

clay

clay

clay
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Table 8. Best performing entries in the international Rice Yield Nursery-Very Eari, [IRYN-VE) a1 eastern and southern African sites.

Year Site Entry

1980 Wanguru, 1R19746.28-2-2
Kenya RNR7306
1R19743-25-2-2
IR10179.2-3-1
IR18762-2-3-3
BG367-7
BKNBR75091-CNT-B3-
RST-40-1-3
tR9708-51-1-1
BKNLR75091-CNT-B3-
RST-40-2-2
BKNLR75091-CNT-B3-
RST-48-2-2
1982  Marratuene, 1R50
Mozambique RP1899.1481-78-1
UPR10380-1-2
TKMY
BG367-7
1R19742-25-2-2.3-1
RP1674-4038-78-3
OR165-28-14
IR15429-268-1-2-1

Yield
by rank
{t/ha)
54
4.8
4.5
4.3
4.0
38
3.8

38
3.7

3.7

Grand
mean
ot tnial

cv 1.SD Elzvation Crop Date
(7} (0.5) {m) season seeded

Soil
pH

Soil texture

3.7 9.3 0.6 1159 9-2280

4.2 26.2 1.8 15 9-3-82

Comments: Severe drought occurred during tillering, reproductive, and ripening stages.

1982  Marraluene, TKM9
Mozambique UPR10380-1-2
OR165-28-14

RP1674-4038-78-3
IR19743-25-2.2-3-1
RAU4045-2A
RP1899-1481-78-1

18 217 0.6 15 11-2382

6.u

55

55

clay

clay

clay
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CO39 2.0

Zhu xi-26 2.0
Comments: Severe drcught occurred during tillering, reproductive, and ripening stages.
1982 Chokwe, 1R15429-268-1-2-1 4.9 3.2 27.3 1.4 33 9-1082 6.1-7.0 clay (fine
Mozambique TKM9 48 alluvial}
1R18774.23-2-2-1.3 4.2
1R19735-5-2-3-2-1 4.1
OR165-28-14 3.8
RP1674-4038-78-3 38
RP1893-1481-78-1 3.8
Kaohsiung sen yu 252 3.7
BG367-7 34
1R19791-12-1.2.2-2 3.4
Comments: Severe drough- occurred during tillering, reproductive, and ripening stages.
1982 Chokwe, RP1839-1481-78-1 4.8 3.0 295 14 33 wet 12482 6.1-7.0 clay
Mozambique Kaohsiung sen yu 252 4.2
OR165-28-14 4.1
RP1674-4033-78-3 39
RAU4045-2A 3.8
UPR103-80-1-2 3.8
TKM9 3.6
PY2 35
C039 3.4
DR92 3.4
Comments: Severe drough+ occurred during tillering, reproductive, and ripening stages.
1982  Satamanga, Local check (RPKN-2) 4.3 2.3 33.2 1.2 25 11-2582 5.1 clay
Mozambique OR165-28-14 3.3
TKM9 3.3
Kaohsiung sen yu 252 3.2
BG367-7 3.0
OR63-252 3.0
IR19735-5-2-5-2-1 29
1R19791-12.1.2-2-2 28
PY2 28
UPR103-80-1-2 2.8
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Table 9. Best performing entrivs in IRTP obsarvational nurseries and screening sets reported
from eastern and southern African countrios.

International Rice Observational Nursery (IRON) - 1978
Mosso Burundi

Elevation {(m): 1200 Date seeded: Noy. 27,1978
Weather conditions: favarable  Ferubeer: INPIK

Best performing entries:

BR7 S39F-254
BR51-26-1. MR22
Mala/J11 754830

4440 Se!l. =10 RP919.24.71
B2362C/15-51-8-2 1R4427.58.5.2

Mugerero, Burundi
Elevation {m): 780 Date seeded: Oct. 31, 1978
Weather conditions: tavorable Fertilizer: NPK

Best performing entries:

BR7 CR1016

Local check (GD44) Kaohsiung 139
CR199.1 IET5122
1R2797.125.3.2-2.2 1R2797-105-2-2-3
1R4227.240-3-2 IR36
B541B-N-58-5-3-1 I1R1820-562-24-1
1R4432.52-6-4 Local check (C18)
CR1002 Taichung sen yu 285
CR1009

International Rice Cold Tolerance Nursery (IRCTN) - 1981
NAFCO, Mbarali Rice Farm, Tanzania
Elevation (m): 1050 Date seeded: Sept. 7, 1981
Weather conditions: favorable Fertilizer: P
Min. temp: 10°C (vegetative stage)
Max temp: 31°C (reproductive stage)

Best performing entries:

K143.1.2 IR3941-8-1-PLP1B
K31-163-3 {Khudwani) 1R9202-36-3-2
HPU-129 IR9747.23-3-2
IR16924.2G5-3 K443.105

1R19746-26-2-3

International Upland Rice Onservational Nursery (TURON) — 1978
Zanzibar, Tanzania

Elevation {m): 30 Season: Vuli Date seeded: August 30, 1978
Weather conditions:  Vulj Fertilizer: NPK
Best perfornung entries:
Kinandang Patong IR5409-1
IR9690-1-1-1-7 1R2061-522-69
SMN74-170-39.1 B44B-50-2-2-5-1-1
Pinkot 330 IRAT105
AG-10-37 Seratus Malam
IRAT 110 Azucena
KN361-1.8-6 B733C-67-3-2
IR3880-13 lET2775
IR5179.2 IR1695-PP33-151873
B57C-MD-10-2 IR1909-1-3.3

Continued on opposite fage
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Table 9 continued
International Rice Blast Nursery (IRBN) - 1982
Zanzibar, Tanzani..
Elevation (m): 30 Season: Vuli Date seeded: August 27, 1982
Weather conditions: fayorar ;o Fertilear: NP

Best performing entries:

Tetep ITA116
5719 ITA118
Akishino Mochi ITA132
IRAT 119 ITA142

IRAT 123 ITA175

countries may be ecologically homologous to his own may be extrermely useful in
building the bridges for efficient exchange of genetic material on an intercountry
basis,

Second, a national testing program with continuity needs to be established.
Caretul testing of introduced and local materials is a continuous process, An
important clement in this work is to give serious attention to testing the materials
under realistic conditions. This is most critical for rainfed rice. If the target
cnvironment is rainfed with frequent problems of drought or other stresses,
testing under optimuny irrigation management may have little applicability in the
optimum choice of variety tor tarmer adoption.

At the international level, our continual challenge is how to make: germplasm
exchange more efticient, given that rice ccosystem diversity trom country to
countiyis very great. The identitication of superior genotypes for cach ecosystern
is an effortrequiring large numbers of materials, The numbers are so great, infact,
that we must learn how to target them better on the basis of specific environments.
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VARIETAL IMPROVEMENT
RESEARCH IN RICE FOR AFRICA
K. ALLURI

INTRODUCTION

Rice is indigenous to Africa. The African continent is the place of origin for 6 of the
20 identified species of the genus Oryza, and African landraces of Asian rice have
evolved there. The natural selection pressures of the African environment on
Asian rices have resulted in distinctly different cultivars from those grown in Asia.
The predominant species under cultivation in Africa is Ornysa sativa, an Asian
species that has been rapidly replacing the Atrican Oryza glaberrima. There are
also differences in the species of insects and pathogens that affect rice in Africa
and Asia.

Theimportance of rice in Africa is not reflected by the area covered (about 3.5%
ol wotld rice area) or by production (about 2.2% of global rice production). Its
importance to Africans is shown by the fact that rice imports to Africa have been
increasing (6)in most countries. In the eastern and southern regions of Africa, the
major rice-producing countries are Malagasy Republic (about 2.3 million t),
lanzania and Zaire (about 0.2 million t) (5), while Malawi, Kenya, Mozambique,
and Uganda annually produce 10 000-20 000 t.

The average farm grain yields in the region are low (about L0t ha), but in sorme
irrigated rice projects high yields of 810 t/ha have been recorded.

Theimportantrice ecologies in the region are irrigated, rainfed shallow swamps
(hydromorphs or darmbos). and to some extent, rainfcd upland.

Dambos are prevalent in Malawi, Zambia. and neighboring countries, This
ecology has been characterized as extremely variable (A. J. Prior. personal
communication). They are low-lying flat to saucer-shaped depressions usually
with grassland vegetation, where water drains from the adjacent uplands to
varying depths. Rice cultivation is often limited to the lands with shallow water
depths. Thereis usually a drainage way leading to ariver. The soil types vary from
black clay to sandy. Dambos are termed fadamas in Nigeria and bolis in Sierra
LLeone,

ITA tescarchers seek solutions for important African problems in upland,
hydromorphic. irrigated, and shallow-swamp rice ecologies, through varietal
improvement. A actively collaborates with international centers. such as IRRI

Rice agronomist breeder. The Intcmational Institute of Tropical Agnicalture (HTA), Ibadan, Oyo State,
Nigeria
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which has a worldwide mandate for rice research, regional institutes, such as
WARDA and IRAT, and various national rice programs. This paper presents the
research focus on the varietal improvement in rice at [IRRl and [ITA that could
benetit the region.

Research process

The strategy for increasing rice production is to ameliorate production constraints
mainly through genctic improvement at both IRRE and 1ITA. During the last
decade, IRRThas systematized its co-ordinated rice improvement program into a
multidisciplinary approach called the Genetic Evaluation and Utilization (GEU)
Program (12). This approach has enabled IRRI to stay ahead of potential problems
by developing insect- and disease resistant varieties (16).

The strategy at ITA is similar though the emphasis has been particularly on
upland rice because the production problems specific to Africa are more serious
in upland than in lowland rice. In the past, varietal improvement for high yield
potential and better grain quality received more emphasis than resistance/
tolerance to insects and diseases. However, increased importance of Bl, RYMV,
and ShB diseases. and insects such as SBs, including Diopsis and GM in recent
years, have made it necessary to concentrate on multiple resistance to diseases
and insects. The major approaches for testing have been multilocational
screening and evaluation in "hot spots” and controlled stress screening in the
greenhouses and fields.

The multilocational research process has been organized through the IRTP and
the African Rice Program, the details of which are presented in Alluri {this
workshop).

Genetic resources

More than 60 000 cuttivars including about 4000 accessions from Africa have
been registered in the germplasm bank at IRRI (16). The gene bank of the IITA's
Genetic Resources Unit has about 1500 accessions of African rice and 4500 of
Asian rice (l). The germplasm collections are conserved. evaluated, and
characterized, and the data is computerized at IRRl and IITA to benefit various rice
programs.

Several important traits, such as tolerance/resistance to various stresses,
aromatic types, and semi-dwarfs, have been observed among the germpiasm
collections (4.9.10.11,15,16). Some African rices have been observed to have high
levels of resistance to drought (8), Bl and RYMV (Il) and also Asian green
leafhopper (25). Breeding programs of IRRIL IITA, and several national programs
are benefitting from these genetic resources.

Breeding objectives and approaches

Breeding objectives vary with the ecology and the prevailing production
constraints. However, the goal of any breeder is always to develop superior
varieties tor farmers. For success in a breeding program, it is necessary to clearly
define the research goals, priorities, and activities and to execute these on a
multidisciplinary basis.
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Grain yield and plant type

A major objective for rice improvement is to obtain high yield potential coupled
with stable yields. The deficiency cf iall leaty traditional plant types is essentially
lodging susceptibility that makes them respond poorly to improved management.

The semidwarf (IRB) plant type developed at IRRI by wtilizing the Dee-geo-woo-
gen dwarfing gene has been generally accepted as the ideotype for irrigated rice.
Most plant breeding programs for irrigated rice have been utilizing the Dee-geo-
woo-gen gene to develop semidwarfs: several superior cultivars for irrigated
condions have resulted (Table 1.

Observations at [ITA indicate that in the absence of significant water stress, the
high-yielding wrigated rices do well in hydromorphic conditions. However, under
fluctuating water regimes, where weed and nutrient (particularly N) management
is ditficult, intermediate-statured cultivars of IRS plant type were found to perform
better. For varietal adaptation to deep water areas entirely ditferent traits are
needed.

HTA took up the challenge to improve the plant type for upland rice and thereby
mncreas: the management-responsiveness of the cultivars by an imaginative
hybridization program and by irradiation of the well-adapted tall varieties.
Fechniques for selection of short-statured plants with thick roots at the seedling
stage have been developed in support of this breeding strategy (1), The products of
this breeding program are of short to intenmediate stature (Table 2). We believe
that it should be possible to develop short-statured upland types having moderate
numbers of panicles (150-200 panicles/m:), thicker roots. droopy lower leaves,
erect upper leaves, and well-exserted panicles with good grain filling (1). The
major cmphasis at lITA in upland breeding is to incorporate the deep, thick root
systen. of the adapted landraces. The benefits of such shont types are initially
being directed to the humid zone with the prospect of extending it to sub-humid
tropical Africa.

Table 1. Promising irrigated lowland rice selections developed/
evaluated at [ITA,

Grain Grain

. Maturity Height length chatkiness
Selection () eml (1) (0-9)
ITA123 124 100 3 1
ITA212 128 106 5 3
ITA222 127 97 5 3
ITA230 123 110 3 2
ITA232 123 113 3 3
ITA249 137 121 3 1
TOX725-1-8-201-1 125 101 3 1
IR13240-82-2.3-2-3-1 114 85 5 1
1R19670-263-3-2-2-1 127 107 3 5
IR21015-80-3-3-1-2 114 106 3 0
IR4422-98-3-6-1 137 113 3 1
IR42 135 122 5 1
IR46 127 115 3 4}
IR54 125 113 3 0




50 RICE IMPROVEMENT IN EASTERN, CENTRAL, AND SOUTHERN AFRICA

Table 2. Performance of selected 1ITA upland rice lines.

Grain Grain

Yield  Maturity  Height  fength chalkiness

Line (t/ha} (d) {cro) (1-7) {0-9)
ITA235 3.0 121 115 3 2
ITA135 2.3 18 127 3 1
ITA257 2.7 104 89 3 1
ITA128 3.2 125 136 3 1
TOX9368-4-2-1 3.2 127 96 3 5
TOX1768-3-1-1 29 120 115 3 1

3 5

TOX1871-19-1 2.8 125 113

Breeding for drought resistance

Evaluation of rice cultivars in the uplands has demonstrated the importance of
selecting for drought resistance. Among it.e phenotypic traits of the cereals, rice
root depth and thickness scem to be strikingly different from the drought-resistant
species such as sorghum. The value of a thick deep root system for drought
resistance in rice has been non-controversial (2, 24, 27) and the results are
encouraging (Fiqg. ).

Aeroponic culture studies at IRRI (I6) confirmed that among the root
characteristics studied, root diameter appeared to be the least affected by
environment. Root length was highly and positively correlated with root diameter.
The studies contirmed our observation that most varieties with deep root systems
generally have thick roots, and these characteristics could be usefu! criteria in
selecting for drought resistance. emphasizing a drought avoidance program.
Selection for carly maturity to escape drought is another approach for the areas
with a monomodal rainfall pattern. Other screening techniques, both at IRRI and
ITA, are based on diry and rainy season field screening and evaluation.

ALIRRI, the 1983 drought screening of different cultivars at reproductive stage,
using a line-source sprinkler system followed by whole-plot sprinkler irrigation
system, indicated that the best data to take for drought screening at reproductive
stage are grainyields of both stressed and non-stressed environments (16). Also at
IRRI tield screening of germplasim and breeding lines indicated that a large
percentage of TOX lines from ITA were drought resistant (16).

Tolerance to adverse soils
ALIRRI(16). greenhouse and concrete bed techniques for mass screening have
been developed and are being used satistactorily for various adverse soil
problems, such as salinity, alkalinity, acid sultate soils, Fe and boron toxicity, and
Zn and P deficiencies. These studies enable researchers to identify sources of
resistance to a specific probleny; consequently, these sources could be used in
breeding programs.

Emphasis on screening work at [ITA to date is on field screening in situ for
Fe-toxicity problems in acid lowlands and Al toxicity coupled with P deficiency in
acid uplands. In the humid tropics, where upland rice 's not stressed by drought, it
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1. Performance of TOx 9358-B (Selected from  Vuriety mean yisid
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suffers from other problems, including soil acidity and intense leaching of
nutrients in sandy textured soils of low base exchange status; these preblems
culminate in low inherent soil fertility and low productivity. [ITA's Onne station is
representative of the above problems. An analytical tield-screening technique for
acid tolerance has been developed at Onne by judicious fertilizer managernent.
Acid (no applicd lime or Pwith a pH range of 3.8104.0) and control (applied 0.5t
dolomite limeyha and 60 kg P/ha with a pH range of 4.6 to 4.8) strip treatments
have been developed covering | ha tor field screening of rice cultivars. Yields,
panicle number, and general vigor tended to be lower and the flowering delayed in
the acid strips. Improved cultivars (Table 3) have been developed atilizing such
techniques.

Screening for Fetoxicity tolerance at ITA is also based on field screening done
in "hot spots™ at Bende (Nigeria) and Suakoko (Liberia). These areas are being
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Table 3. Grain yield and agronomic characteristics of variaties found promising in acid uplund
soils screening, Onne, 1983,

Grain yield Disease€
. . {t/ha) Plant " . S e e
Variety /line . hetght Uuy? (9 Plgmb Leaf Neck  Grain Sheath
Control  Acid (cm) towering - vigor blast  blast discolo-  blight
plot? ration
TOX 1753-1-24 4.3 3.7 110 80 1 1 - 3 3
TOX 854-203-2-101 3.8 3.0 105 90 1 1 - 3 3
TOX 1012-12.2-1 3.6 3.7 110 95 1 1 - 3 5
ITA 117 3.0 28 115 85 1 1 1 1 3
ITA 235 24 2.3 130 85 3 3 1 2 2
LAC 23 {check) 21 1.9 1568 104 1 0 1 1 3
18 8192-166-2-2.3 3.3 2.7 92 112 5 2 2 5 -
3 4 2 1 -

UPLR 1.5 3.1 2.7 109 116
Ipioy treated with lime, bBasud On a scale or 1.9, Score of 1 indicates very vigorous anq 9 very
weak plants, CBased on a scale of 0-9. Score ot 0 m. ans no incidence and 9 very susceptible
reactions,

monitored constantly for fluctuations in the concentration of Fe in the inter-flow
water to confidently rate varietal performance. From such an approach, superior
cultivars have been identified (Table 4). Initial attempts to simulate Fe toxicity in
pots have been encouraging, and this technique will be refined in the future
(A. O. Abifarin, personal communication).

Low temperature tolerance

IRRI conducts screening for tolerance to low air and water temperatures in Korea,
Nepal, India, and at IRRI, Philippines. The segregating populations are multiplied
through the Rapid Generation Advance technique and the bulk populations and
fixed lines are screened at test sites. The superior selections enter the International
Rice Cold Tolerance Nursery (IRCTN) and are available for international testing.

Table 4. Performance of selected ITA lines on Fo-toxic soils at Bende and under nonstress
conditions at lbadan, Nigeria.

Bende, 1983 Grain ylds at Ibadan (t/ha)
Plant Growth ) e

Cuttivar height d“r({c]:'(m Toleranced  Yield 1983 1982 1981  Average

fem) J score {t/ha}

Tolerant ’ ' ' o S T
ITA245 125 140 2.8 24 40 48 4.4 44
ITA239 135 145 3.0 28 4.7 6.2 4.1 5.0
ITA247 140 150 3.8 1.9 45 51 49 49
Suakoko 8 (check) 150 145 2.5 2.6 4.3 - - —

Susceptible
ITA123 110 120 5.2 0.2 3.7 52 48 4.6
ITA121 110 125 5.3 0.6 38 53 4.7 4.6
ITA 212 110 130 55 05 44 6.4 5.1 5.3

1R26 (check) 95 120 58 0.i 35 - ~ -

9Mean of the scores taken at 30, 60, and 75 DT, Score 1 indicates tolerance and 9 susceptibility,
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The low-temperature problem in Africa is due to differences in altitude and
latitude causing seasonal vaiiation. However, at present, most rice in eastern and
southern Africa is grown at altitudes lower than 1000 m, only occasionally up to
1500 m above sea level. Considerable potential seems to exist in the regions where
altitudes are higher than 1000 m.

Inthe present rice-growing areas, low temperatures (less than 15 C) can usually
be avoided by adjusting the planting time where a single crop of rice is grown. The
problem, however, is serious for delayed planting and for dry-scason irrigated rice.

Mostrescarchin Africais limited to varietal screening with little or no emphasis
on breeding for lowtemperature tolerance, Intensive research on varietal
improvement for low temperature was initiated by the National Cereals Research
and Extension Project supported by ITA as a Cameroon national program activity
3 yrago. Sorae superior cultivars have been identitied (Table ). The problems
associated with Jow temperatures in Cameroon include delayed growth duration
and spikelet sterility and the diseases Bl and sheath rot. There is a need for more
research to develop varieties tolerant to low temperature for altitudes of about
500 m and above.

Grain quality

Grain quality requirements vary considerably in the region. For example, long
slender translucent grain types for export are preferred in Malawi (21), red grain
rice in Malagasy (26), long grain types such as Afaa Nwanza, Kihogo (22) and
Supa India in Tanzania. There is a need to understand the local preferences more
clearly to appropriately tune breeding objectives. In Malawi (Mr. Mambwe,
personal communication) the program will promote high-yiclding cultivars that
are not superior to Blue Bonnet in grain quality since the demands from the
importing countries have been relaxed.

Research on grain quality at IRRI (17, 18, 20) has resuited in improving the
various rice quality tests. The various components (storage, milling, marketing,
cooking. eating and nutritive quality) of grain are being determined at IRRI and
also initiaied at ITA (18, 20).

Disease and insect resistance
Breeding for resistance to diseases and insects is given high priority at both IRRI
and lITA. As one would expect, a greater proportion of African rices and African

Table 6. Performance of some cold tolerant genotypes at Ndop plain under irrigated conditions,
1983.

Days to Leaf Sheath Grain

Yield Hiight . ’ ,
Genotype {kg/ha) {em) 50°, blast rot discoloration
: flowering (0-9) (0-9) (0-9)
B2161-C-MR-57.1-3-1 6380 105 110 1 3 3
IR7187-33-2-3 5890 98 103 3 3 1
B29838-SR-51-1-2.1 5880 96 109 3 3 3
1 3 3

IR2061-5622-6-9 4820 91 110
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land races of O, sativa have been found to be resistant to Alrican specific
insects (3} and discases (7.8,9.10, ). but there are exceptions (25). IRRI has
made progress in developing varieties for Asia that are resistant to many insects
and diseascs (13, 14, 15, 19),

Screening studices at [|TA (3.8, 9,10, 1) have identified donors and superior
resistant cultivars tor B, RYMY. and glume discoloration diseases and stalk-eyed
fy. African SBs and GM. Genes for resistance to various African diseases are
being incorporated into high-yield materials ai lITA.

Collaborative research
Atpresent, production problems and the potential threats that are likely to develop
under intensive and/or extensive rice cultivation need to be addressed collectively
by the varietal improvement programs involved in the region.

A collaborative approach has proven to be rewarding elsewhere to monitor and
control various pests and diseases efficiently. This apprcach needs to be
considered in this Workshop for Africa because there is much that could be
gained in rice improvement from national and international institute research.
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POTENTIAL RICE VARIETIES
FOR EAST AFRICA
B. B. SHAH

INTRODUCTION

Of I5 countries in the East African region, 2 are major rice producers, and only
Malagasy uses rice as a staple food: in the other countries rice ranks third to fifth in
production when compared with cereal crops. Although the area under rice is
smallinthesc countries, qualty rice is grown for consumption or export. In Kenya,
alarge area of the total 8000 hais under Basmati and Sindano varieties, In Malawi,
fice is a cash aroprmanly Blucbonnet 50 is grown for export and Faya KIM-GY 15
arown for home consumption. Similatly, Tanzania grows around 274 600 ha with
atotal production of 268 600t and an average vield of around 0.9t ha. In other
countiies the arca presently under rice s smaltwith great potential for expansion
i both tamied and irrigated rice b or example, Ethiopia is one country that does
notgrow nee at present. but around 250 000 ha (nirst phase and consequently
around LO miflion ha could come under rice. In Ethiopia, tel (1 nagrostis
Abessiriceayis grownan around 2.0 million ha and is a staple food with IMICTOSCOpPIC
seeds, nartow germplasin base, and 0.5 1 ha vield. I this country is to be
selt-sutficient intood production. some other crops have to be introduced., and in
our estimation, around 207 of the tet area could be replaced with rice.

Allof these Bast Atrican countries, except Malawi, have a tood deficit, and a
large suny of forcign curency is being spent on tood imports. In Tanzania alone,
the tiee requirement s around 100 000 tyr due 1o increase in income and
population. and in consumers taste preference. The price of rice also ranges from
(1505 to USP2.5 kg in these countries. Because rice consumption in many ot
these countries is increasing, there is a good opportunity to introduce better
varieties and a complete technology package.

MALAGASY REPUBLIC

In this region. Malagasy Republic, a major rice producing country, until 1970
exported rice, but now it imports around 300 000 t/yr. The total area is around
1.3 million ha with an average yield of 1.7 t/ha, and with consumption about 150
kg/person. an'ong the highest in the world.
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Varietal requirements

InTables I and 2. an attempt has been made to outline the growing environments
indifferent groups. Varietal adjustment will have to be made according to growing
conditions and environment requirements. Three varietal (Iroups  are  pre-
dominant according to water availability.

For production increase in Malagasy. several areas can be developed in the
near future. Descriptions and constraints for each area are as {ollows:

e Central Highlands is a 300 000 ha area in rice in valleys at 12001500 m

elevation, where the average minimun temperature is not more than 17 C.
The constraints on this arca have been low fertilizer use and lack of high-yield,
short-duration vareties with cold tolerance at seedling stage.
The Lake Alaotra arca has about 90 000 ha at an elevation of 800 m with cool
temperatures and o lack of water which prevents double cropping. Here the
seedbed 15 sown in September-October, seedlings are transplanted in
December January, and harvesting is done in April-May. Ninety percent of the
darea is under the local selection. Makalioka 34, a javanica type with 180-d
duration. Constraints in this area include labor shortage for land preparation,
transplenting. and weed control: little or no fertilizer use: soil nutrient
imbalances: and lack of short-duration improved varieties.

Table 1. Varieta! requirements for Malagasy Republic,

Cold tolerance 1300-1700 m
{Sep-Apr)

Cool areas 1000-1300 m
(May-Oct-Jan-Feb)

Irrigated

Maltagasy

Rainfed Cool 1000-1300 m rainy seasorn
{Sep-Apr)
Uptand No cold tolerance
800-1200 m
Sep-Apr

Hot season

Table 2. Varistal requirement for East African conditions.
Cold tolerant irrigated (800-2000 m)
Cold tolerant rainted (800-2000 m)

Ethiopia .
» Lowland irrigated main crop (100 m-500 m)
Cold tolerant lowland irngated winter crop
Irrigated lowland main cro
Kenya ge ) P

lrrigated lowland cold tolerant second crop

Irrigated lowland main crop
Tanzania Irrigated lowland cold tolerant 2nd crop
frrigated or rainfed cold tolerant above 800 m

Irrigated lowland {Blue Bonnet-50 type)

Malawi .
al Irrigated lowland 2nd crop cold and heat tolerant
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* The Northwest and West Coast areas including the country's only double-
cropped rice land, 7000 ha in Bezaha, have 3-5 mo rainfall. Constiaints on
these areas include lack of highyield shert-duration cultivars; poor main-
tenance of irrigation system; salinity, alkalinity problem in most of the
Marovoay area;lack of fertilizer and production inputs; and poor transport and
marketing infrastiucture,

Research on varieties

Mostly traditional varietics are grown in Madagascar. These include indica and
javanica tice introduced to different ecosystems by immigrants several centuries
ago. Since rice is not new to this country, a variety of ecotypes are available for
strong adaptation but notfor production. Local selections and cross-bred varicties
are: Makahoka- 34, Vary Lava Maroveay-47, Ali-combo, Tsipala-A. Rojototsy-1235,
Hmbalalava-1283, and Vary Vato 462 for wetland rainfed and irrigated conditions.

Boma 1329 and RS-25T are for dryland conditions in the northwest. The other
commionly grown introductions, Chainan, IR8, IR20, TNI, and Taichung line 137.
K36, 1:38, and IR45 are of recent introduction. Since Malagasy's environment is
complex and local varieties are 4-9 mo duration in some situations 3-mo-old
seedlings are transplanted.

I'he possibility of yield improvement is great in Malagasy by means of breeding
and by the introduction of varieties to different areas from IRRI, Taiwan, Indonesia,
Japan. Nepal, etc. The target areas may require varieties with cold tolerance,
salinity and/or alkalinity tolerance, resistance to Bl and other diseases, short
stature, and short duration. Many of these entries are available from IRTP at IRRI.
Table 3 shows some potential varieties for the eastern Africa region.

KENYA

The annual rainfall of Kenya is about 740 mmy/yrin only a seventh of the country,
whichis low rainfallfor rainfed rice. The total area of rice is around 8000 ha, mostly
growninMwea, Ahero. West Kano, and Bunyalairrigation schemes. Basmati and
Sindano are two varieties that predominate. With irrigation water available and
proper adjustment of varieties, a second crop with cold tolerance at seedling stage
would be most desirable. Introduced improved lines should be evaluated for the
following traits: strong seedling cold tolerance, early maturity. high vield, short
stature. resistance to the prevalent pests and disease, responsiveness to high
fertility conditions and good eating quality. Varieties should be tested during
the DS.

[ ANZANIA

Tanzania's temperature, climate, and rainfall are favorable for rice cultivation in
certain areas . Two crops of rice can easily be grown in some locations. In the
future the hectarage in rice could be increased considerably. Emphasis should be
givento improved management and screening suitable genotypes. Average yield
is very low, but it can easily be raised to 2 t/ha with ordinary management. With a
supply of inputs, credit, suitable varieties, and marketing facilities, the yield of
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Table 3. Potentia! varieties for East African region,

Country Group Varieties

Kenya A 1R19728-6, IR19728-9, IR19743,
1R18746, 1R22105, !R22107-113,
IR20107-120, 1R13429, IR22107 41,
1R25840, and IR25898

B Basmati-370, Basmati- 198, Basmati-C-662,

Karnal-Basmati, Mahsuri
Tanzania A Lines included 1n Group A as in Kenya

B Line IR26, IR28, 1IR30, 1R32, IR34,
IR36, IR38, IR40, |1R42, IR43, IR46,
IR50, IR52, IRS4, IRSG, IRSE, and 1RG0
need to examine carefully

C CH-988, China 1039, K 143, Shenei,
Tatsumi-mochi, IRG758K2, IR206568,
IR15429, IR9224-K 1, Barkat, IR1552

Malawi A Group A as in Kenya duning dry season

B IRAT-139, IRAT 140, IRAT-79, UPLRI-
5, IR1552, Mahsuri, 1R43 for rainfed
upland areas

Ethiopia A Cold and mid-hill area - Madise, Atte,
Tatomarshi, Pierrot, Grilina, Fujisaka-5,
RP79-27, FH207, IET 1444, and Allorio

B Group A as in Kenya for tropical Gambela
area and Group B as in Tanzania

lowland varieties can be raised substantially. In the lowland areas the varieties are
mostly unimproved types, such as Faya India, Faya Theresa, Kihogo, Supa India,
Kikogored, T4, Affaa-Mwanza, and Mataniko, which are low-yielding photo-
period sensitive cultivars that are good for adverse climatic conditions. Some of
the released varicties, especially IR8, IR20, IR22, IR36, and IET2397, could be
extended into favorable areas with appropriate technological packages. Excellent
yield test results with IR54, IR36, and IR8 have been achieved in a 130-40-d
growing period at Moshi (800 m). For areas near Mbeya at 1000 m cold-tolerant
and Blresistant varieties would be needed. Entries performing well at this location
may also be useful for the DS crop in lowland tropical areas which need seedling
and tillering stage cold tolerance. In Arusha, near Moshi at about 800 m, a
problem of cold stress arises in the DS irrigated crop.

Tanzania has a large hectarage under rice, and the area could increase with
irrigation development. Different varietal groups are needed for the major target
environments of irrigated, upland, rainfed at low elevation (0-800 m); and
irrigated, upland, and rainfed at higher elevations above 800 m. Rice is being
tested at lfakara station, which coordinates overall activities on rice at Dilosa,
Morogoro. Mbeya, Mitwara, Mwanza, Tabora, langa, Ruva, and Dakawa. Mbeya
may be a good site for cold tolerance trials.
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MALAWI

Malawi, a small land-locked country, is very productive and self-sufficient in food
production. It exports maize, rice, and other industrial crops, such as tobacco,
sugar, and tea. It grows a variety of crops with well-developed farming and
cropping systems; however, there can be much more done in rice improvement.
Upland rice is not grown in Malawi. Rice is a cash crop m Malawi. The varieties
Bluebonnet 50 and Faya 14 M6Y are- commercially grown under irtigated and
rainfed lowland conditions. The rainfall in some arcas is high and well-distributed
with atavorable temperature pattern. Therefore, there is also a goud possibility tor
upland rice cultivation.

The variety Bluebonnet 50 is somewhat cold tolerant but not heat tolerant, and
at Salima station in DS it sufters sterility due to high temperatures greater than
38 Cduring flowering time. The variety seems to have panicle tolerance (spikelet
fertility) to low temperature during booting stage, but its growth at seedling and
tillering stages is poor during the DS under irrigation. Therefore, it appears that
root and seedling cold tolerance is lacking along with tolerance to high
temperatures during flowering. Bluebonnet 50 gives a yield of 3.5 to 4 t/ha and
matures in 130 d during WS, whereas, during DS it takes 150 d and yields 2.5 1o
3t ha.

In Malawi, a wider base of different varieties is needed. including at least 5to 10
cemmercial varieties that have good quality. are high yielding, and are of different
maturity groups. Different groups of varieties may be needed during the wet and
dry seasons . The DS varieties need cold and heat tolerance, but WS varieties
could be higher yielding and of Bluebonnet 50 maturity or sirmilar maturity group.

F THIOPIA

Although Ethiopia does not grow rice, this country could be a rnajor producer of
rice in the future. In the Gambela area there is the possibility of growing an
irrigated lowland tropical type and a seedling stage cold tolerant second crop in
the same location. In the mid-hill region a single irrigated crop with cold tolerance
could be grown. A single rainfed upland crop could be grown in the 1000-2000 m
range. Around 250 000 ha in the near future and about 1.0 million ha inthe distant
future could come under cultivation. The potential areas are Gambela (tropical
lowland), Woretta area near Lake Tana, and the mid-altitude area of well-
distributed rainfall (in the temperate area). The large swampy regions (Bardar)
where crop cultivation is presently not practiced may also be suitable for rice
cultivation.
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HIGH YIELDING VARIETIES
TECHNOLOGY PROJECT FOR RICE
IN TROPICAL AFRICA
K. ALLURI

INTRODUCTION

The High Yielding Varieties Technology (HYVT) Project at lITA started in 198! with
funds from the Commiission of the European Communities to intensify research
efforts and to strengthen international testing and demonstration of elite
germplasm of rice and other food crops adapted to African conditions for
eventual distribution to farmers. For rice improvement in tropical Africa, the first
241 phase was a coordinated multilocational effort that would reinforce existing
research at national, regional. and international levels.

Based on reports trom national and regional representatives of cast, central,
southern, and West Africa, phase | involved: provision for various levels of training,
including shortterm courses for researchers and producers and programs
leading to M Sc and Ph D degrees: appointment of the author as rice
agronomist breeder and his relocation to ITA’s High Rainfall Station at Onne.
Nigeria; emphasis on intensirying research efforts within Nigeria and initiation of a
systematic international network for testing elite germplasm.

1982 several activities were initiated in Nigeria: screening and evaluation of
segregating material tor dryland rice, in well-monitored acid soil strips at Onne,
and yield and observational trials at Zaria and Gusau: and tor shallow SWAIMpS,
Fetoxicity screening at Bende and itorikin, Previous activitics leading to the
development of superior HYVs tor both upland and paddy in Nigeria (Ibadan,
lkenne, Onne, llorin, Badeggi, Adani, and Bende) were substantially increased.
Outside Nigeria, a modest beginning was made to make promising cultivar seed
available for evaluation and utilization by national programs.

Evaluation of phase 1 of the HYVT Project in 1983 revealed that considerable
groundwork had been laid in the following areas:

e Varietalimprovement rescarch to develop superior cultivars tolerant to major
production constraints in the humid forest ecology. The rice materials being
evaluated included Oryea sativa germplasm collected from the humid
tropics in Africa, superior cultivars in various ecologies of Africa, WARDA
Testing Program, the IRTP of IRRI, an breeding populations and cultivars
from IITA.

Rice agronomust brecder, The Intemational nstitute of Tropical Agriculture (ITA), Ibadan. Oyo State,
Nigeria.
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o Systematic creening for soll acidity., SBs. and Bl disease.
e Swamp rice research. This would tocused on Fe-toxicity tolerance for
developing superior cultivars.

e Agronomy. Time of planting. fortilizer (sources. rates. and combinations),
soil, crop residue and fertility management trials. and plant density trials were
conducted. These wete oriented toward developing appropriate packages of
cultural practices 1o enhance yield performance of the superior cultivars.

A gieat deal of basic information still needs to be sought from research work.
particularly on the problem of grain filling. Because the infrastructure tor the:
multiplication and distribution of elite lines for trials was found 10 be grossly
inadequate at Onne, the cvaluation committee recommended that the ibadan
headquarters assume the responsibility of seed multiplication and distribution &s

sell as the coordination of the major activities related to the African Rice Program.

Following the evaluation of phase | it was proposed that special attention be
given to major constraints to rice production across all ecologies in eastern,
central. and southem Africa with the major arcas of emphasis for rice continuing
to be the development of well adapted high-yielding varieties with improved grain
quality and [esistance’ tolerance to: Bl low soil pH, Feor Al toxicity, SBs. and
Diopsis.

In addition, special attention would also be givento RYMV and cold tolerance for
lowland rice culture and drought tolerance. early maturity. and glume discolora:
rion for dryland rice culture.

The African Rice 1 esting Program would bu initiated in phase |l with its major
activities to include seed multiplication. processing. nursery compasition. pack:
ing. sced dispatch. monitoring for trial evaluation. data processing. and dis-
sernination of results for the cooperators.

Mhe 1984 African Rice Testing Program included two trials: the tirst African
Upland Rice Observational Nursety (AURON) and the first African Lowland Rice
Yield Nursery (Al RYN). Fifty entries wete adopted for the upland nursery and 16
entries for the lowland nursery. Thirteen sites for upland and 21 sites for lowland
nurseries were identiti din 3 countries. The Lost sites would be chaiacterized. and
she trial composition and the type of triols would be amended and increasedinthe
juture. A monitoring tou for each region would be conducted upon receipt of
information on the planting of the trials.

AU TIEOCATIORS AL TESTING PR JGRAM AS A TOL N FOR HYVI PROGRAM

The African continent has considerable diversity in physical. biological, and social
cnvironments. lts dive sity greatlyinfluences rice production. Itis also noteworthy
that six species ol the genus Orged originated in Alrica. Among them,
O). glabertimd i often tound in farmers fields mixed with the Asian species.
(1 sativa. The diversity in the natural habitats. cultural practices. selection
pressures. and probable natural out crossing ot O). glaberrima with ). sativa have
all led to considerable diversity in Asian rice in Africa.

Although ditferences inrice pests and discases will be elaborated on by others.
it is relevant to mention that nont of the virus diseases of Asia or America are
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known to cccur in Africa, and that the stalk-eyed fly and RYMV are African specitic,
while several species of insect vests and strains of some pathogens differ from
Asian ones. These differences underscore the need for relevant rice research in
Africa,

However, sorme similarities in nice calture and production between Africa and
other continents exist. The sinulanty in irrigated rice is indicated by the superior
performance of several cultivars from Asia in Atrica (e.qg. IRD, IRB. and 1IR46). This
suggests that testing the introductions tor their adaptation and performance in
Atfrica has mierit.

Rice breeding programs of Africa are relauvely recent and small compared to
those of Asia. As such these programs should focus research on Atrican-specific
and African-important stresses utilizing African landraces in the breeding
programs for their adaptation genes while using the introductions for other
needed traits.

The merits of evaluating a wide range of germplasm arc andisputed while it is of
even greater value to use it to generate suitable breeding material. The
i portance that most national programs in Africa attach to rice improvement is
rather low, compared to the need for and the consumption of rice. As shown in
Table 1. most African countries have been importing rice to meet food
insufficiencies.

Table 1. Total rice imports to Africa in 1983 and 1984, FAO, 1984.

Total rice imports {1000 t)

Country e e e e e 2 e
1983 1984 (estimated)
West Africa
Benin Republic 20.0 20.0
Cape Verde 7.2 5.0
Chad 35 5.0
Gambia 378 40.0
Ghana 247 50.0
Guinea 77.0 80.0
Guinea Bissau 218 200
Mali 52.0 90.0
Mauritania 59.4 60.0
Senegal 3205 370.0
Togo 18.0 25.0
Upper Volta 7.2 200
Central Africa
Central African Republic 10.5 10.0
Sao Tome 1.0 2.0
East Africa
Ethiopia 25.0 25.0
Somalia 29.3 70.0
Tanzania 29.4 72.0
Southern Africa
Angola 40.5 430
Lesotho 0.0 25
Mozambique 66.5 110.0

Zambia 8.7 10.0
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Ti2 control of pests and diseass by chemicals is not the best means to grow
more vice because chemicals are expensive, need specialized training and
equipment. and canalso be hazardous. Varietal improvement through resistance
breeding is the only practical solution. It is necessary to utilize available resources
efticiently for rice research to develop appropriate technology for increased rice
production in Africa.

A coordinated, multilocational breeding program is aimed at developing
varieties and technology tor higher and rnore efficient rice production. The
evaluation and monitoring aspects of the program help to disseminate the latest
rescarch information and improve the quality of research and its usctulness. By
sampling diverse environments within a short span of time such a program also
reduces the time required to determine the suitability of a variety for an ecology.
The systemireveals the adaptability and productivity of genotypes under a range of
environments, thus identitying superior varieties suitable for specific environ-
ments and-or a wide range of situations. The concept of systematic coordinated
testing of rice varieties has been successtully carried out by national (e.g. All India
Coordinated Rice Impravement Project in India), regional (c.q. WARDA in West
Alrica), and international (e.q. IRTP of IRRD) orgar. zations.

The concept of multilocational testing, the basis tor the High Yielding Variely
Technology Project. is not new: thus, the Project will benefit from the existing
testing networks and willmodity the testing system to benefit national programs in
Atrica. The system has just been initiated. and constructive criticisms and
maodifications are welcome to evolve a sound program.
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INSECT PESTS AND DISEASES OF
RICE IN AFRICA
M.S. ALAM, V. T. JOHN, AND KAUNG ZAN

Riceis the staple food of more than half of mankind, and 90% of the world's rice is
produced and consumed in Asia. Although Africa's rice area is only 3.5% of the
world's total area and about 2.2% of its total production, rice production in Arrica
registered a steady increase from 1961-65 to 1982, However, the per hectare yields
in the major rice-growing countries in tropical Africa, excluding Egypt, have
remained low in general.

Rice production is atfected by a wide range of insects, diseases, weeds, birds,
and other vertebrate pests. Insects and diseases are two major constraints that
limit rice production in Asia and Africa. Figures on crop loss due to insect and
disease attack are not widely aviilable. Cramer (19) estimated the world's average
yield loss at about one-third of the value of the crop: 13.8% is caused by insect
pests, I1L.6% by diseases, and 9.5% by weeds. Barret al (13) estimated that the yield
loss attributable to insects, diseases, and weeds in Africa was 33.7% of potential
production of which insects and discases account for 14.4 and 5.8%, respectively.

MAJOR INSECE PESTS QF RICE

In Africa more than 80 species of insects have been reported to attack rice, but
onlyabout 15 species are considered important. Because of the diverse conditions
under which rice is grown, from temperate to tropical areas and in different
altitudes, pest problems also vary from one area to another. Most insect species
causing damage: to rice in Africa are indigenous species, different from those
found in Asia (Fig. 1). Within Africa. the severity of rice insect pests differs
considerably in different climatic zones and ecosystems (Table 1. 2). The insect
pests of rice in Africa are classified according to the plant parts they damage:
internal stem teeder, teaf feeder. leaf and stem sucker, grain sucker, and root
feeder. The relationship of crop phenology and tield infestation of major insect
pests in irrigated rice in Nigeria is shown in Fig. 2,

Entormologist. pathologist, and IRRI liaison scientist, International Institute of Tropical Agriculture,
Ibadan, Nigeria.
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1. Insect pests of major importance to rice in Africa and Asia (9).

Table 1. Prevalence of rice pests in the major climate zones (2 3,9).

o Humid Guinea Sudanlan
Insects .
tropical savanna savanna
Maliarpha separatella +t 4+ +
Chilo spp. tt 4 ++
Sesamia spp. ++ + +
Diopsis spp. ++ ++ +
Orseolia oryzivora ++ ++
Grain suckers ++ ++ +
White fly + ++ ++
Termite ++ ++ +
Armyworm + + +
Nymphula depunctalis ++ ++ -
Whori maggot + + -
Black beetle + + -
Aphid - + -
Mote cricket - +
Hispa + + =
Leaf folder + + -

++ = abundant, + = present but not abundant, ~ = not present
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Table 2. The relative occurrence of insect pests in different eco-
systems (2, 3, 9).

Insect Uptand Lowland Irrigated
Maliarpha separatella ++ ++ 4 +4+
Chilo spp. 14 ++ ++
Sesamia spp. ++ + +
Diopsis spp. + ++ +44+
Orseolia orysivora - ++ ++
Nymphula stagnalis - + +4
Grain suckers ++ + ++
Termite ++ + -
Epilachna simiilis ++ + +
Army worm ++ + +
Aphid + - —
Mole cricket ++ +
Whorl maggot - ++ ++
White fly - + +
Black beetle + + -
Leaf folder + + +
Hispa + ++ +
+++ =~ widely abundant, ++ = abundant, + = present but not abun-
dant, — = not present
8 g o
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2. Major insect pests of lowland rice in Nigeria and their relation to growth stages of plant (9).
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Internal stem feeders

Among the inscets attacking rice, intermnal stem feeders generally cause the most
damage. In this group, lepidopterous borers and two dipteran, the stalk-eyed fly
and GM areimportant. To their teeding habits and the late appearance of external
njury: syimiptoms, their presence usually remains undetected for some time,
Among the internal stem feeders, SBs including stalkeyed tly, are most
widespread and observed more frequently than GM. In- Africa, SBs, mainly
Pyraliclac, such as Chilo, Maliapha, Scirpophaga. and Adelphrupa genera,
and the Noctuidae, such as Sesarmia genus, are reported (7). Among these, three
species, named according to the color of the fullgrown larvae, are white SB,
(Maliarpha separatella), striped SBAChido spp.).and pink SB(Scesamia spp.) are
common in Africa.

Whate stenmborer (Maliaipha separaiella Rag.). Only one species in this genus
ts considered arice pest. s predominant in all rice ccosystems in Africa. The
adult moth is vellow, with a reddistebrown line along the edge of the forewings.
Unlike other SBs.its infestation is reported to not produce the usual symptoms of
“dead heart™ or “white head.” but it the infestation is af carly Howering stage and
feeding damage ts serious then sometimes “white head™ symptoms appear. The
damage on the dice stem s very typical: petforated knots with necrosis inside the
internode (371 Some vield components, such as number and weia, filled
drains, are aftected by the attack of this insect (7. 26). During  adverse
envitonmental conditions, farvae of white SB can underqo diapausce in rice
stubble.

Pk sten borer (Sesamia spp.) This is the most polyphagous inscct aImony
the borers Itis more destructive on upland than lowland and irrigated rice. Two
major spuecies, Socalannstis and S, botancphaga, are present in Africa. S,
calamistis seems to be the most common in cast and west Afica. Malagasy. and
sodthern Atrica (17018). Generally the adult moth is light brown. The larvae feed
nsicle the stem, cutting off the growing part of the plant from the base. causing the
tiller to die. This condition during vegetative: stage is known as “dead heart.”
Similar damage during Howering stage tesults in empty white panicles known as
“white head.”

Striped stenyhorer (Chilo spp.). Several species of Chilo are teported as rice
pests in Africa,but Chilo cacconioes Codiffusidineis, and O partellus are most
common. Chilo species are also - polyphagous. Adults are pale yellow with
irreqular black spots on the torewings and wing tips. After hatching, the young
larva teeds onthe leaves and then bores into the stem. As a result of larvae feeding
inside the steni, the plant shows “dead heart” and “white head” symptoms at the
vedetetive and reproductive stages, respectively.

Stk cyed g Indigenous to Afea, there are many species of Diopsis, but the
mostimportant species are Diopsis (thorac admacrophthadima, D, apicalis, and
Do collaris. Among these, Domacrophthalona is predominant (8. 1. It is more
abundantinhumid tropicatand Guinea savanna than in Sudanian savanna zones.
Itis more senous inirrigated and lowland rice ecosystems than in upland rice. It
generally attacks the rice plant ot the carly tillering stage. Peak infestation usually
oceurs between 2010 40 DT (ID. "Dead heart” damage, similar to that caused by
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lepidopterous SBs - occurs, Late infestation can also cause “white head”
syrmptomes, but this is not very common. The adults are easy to recognize by two
long projections at the side of the head with eyves onthe tips and two big spines on
the thoras. Do nacropdithalma is bigaer than 10 picalis and D, ollaris,
Moteover the wings ol D maciophthaling are transparent and have no black
spctoat the ips whcieas in 00 apicalts and [ oliases, there are black spots at the
Wil tins

Gl dge tQrseolia orgeicons Hoand Gy The GM s well established in
countries of Gainea and Sudan savanna, such as Sudan, Cameroon, Mali, Upper
Yolta, fvory Coast, Senegal, Guinea Bissau, and Nigeria (12, 23, 25 14). This
species 1s morphologically distinct from the Asian species. It is one of the most
setious and widespread pests in Upper Volta in irrigated, rainfed. or lowland rice
(b The adult fly is about the size of a mosquito, nocturnal, and phototropic. The
feeding of the maggot stimulates the leaf sheath to grow into a gall (silver shoot).
Hllers with galls do not bear panicles,

In-addition to the direct teeding, the GLHs and planthoppers are vectors of
several virus diseases in Asia. In Latink America, planthoppers, Sogatodes
oryzicola and S cubanies, are vectors of hoja blanca virus disease. In Africa,
Sagatodes cohanas s reported on rice and maize tields but feeds mainly on
arasses. Fortunately, none of these virus diseases existing in Asi- ..d Latin
America is detected in Africa yet,

White fly With recent increases inrice cultivation, the incidence of white flyis
gradually increasing. There are two species of white flies which have so far been
teponted o infest rice plants in Africa, namely Aleawrocybotas indicus and
lricdearodes argeac (20). Triaddewodes is more common in Upper Volta during
the hot DS, but Alewrocybotus indic is is commonin irrigated rice in the Senegal
rver valley. From February to Aprilin 1983, white-fly infestation was also observed
in paddy screen houses and irmgated rice fields on ITA’s farm at badan, Nigeria
(Alam, 1983 unpublished). White tly outbreaks depend on environimental
conditions: high temperature and low humidity favor its rapid development. The
i sdence of this insect is also reported in Mauritania (2, 3).

Feathoppers, Two species of Gl Hs. Nephotettix modidaties and Nephotettix
daferare tound in Atrica,

Planthoppers.inthis group. there are mainly species of the genus Nilaparvata,
Sodatellasand Sogatodes. In Atrica, some species of Nilaparcata and Sogatodes
are present. Nilaparcala meander was reported in Sudan and French Guinea
(2. In Nigeria BPH was reported (39) and hopper burn was noticed in one field at
ibadan in 1983 (8),

Grain suckers

There are at least 15 species of grain suckers that have been reported in Africa (1).
“tthese, Aspavia armiqera, Stenocoris claviformis, Reptortus sp.. Neeara sp.,
and Mirperus sp. are important. Both adults and nymphs cause damage to
developing grains. The damaged grains have ditfused brown spots at the point of
teeding. Heavily damaged grains are either partially filled or empty.
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Root feeders
In this group. termites, mole crickets. black beetles. and aphids are important.

Termites. Among termites, Microrenmes and Macrotermes species have been
reported as pests of rainfed upland rice. They attack the plants below the ground
level. As a result of their attack, the plant shows wilting symptoms and ultimately
dies. {t the infestation: oows at booting or oweting stage, “white head'
SYmptoms also appear.

Mole crichets Both nymphs and adults of the mole cricket burrow along
beneath the soil surface and attack the plants below ground close 1o the roots,
Generally. this brown inscect oceurs only on upland rice or onirrigated rice if there
is inadequate water supply. Young seedlings are maost commonly attacked.

Aphidds. There are two species of aphids which have been reported to attack the
roots of upland rice plants in Sierra Leone (4), Generally, hot dry weather
encourages the build-up of the colony. During the late harmattan season in
December 1982, the aphids, Rhopalosiphum padi (L) and Tetraneura nigricb-
dominali Sasaki were observed feeding on the roots of some upland rice
varieties at [ITA in Ibadan, Nigeria (5).

CONIROL

Insects can be controlled by chemical. cultural, and biological methods. Of these,
the conventional method of insect control is chemical because of its immediate
impact on the target pest. However, chemical control of rice insect pests is not

Table 3. Major insect pests of rice for which varietal resistance has
been recorded (10, 30, 31, 36, 38).

Progress in
hreeding
for resistance

commaon name Scientific narme

Yellow stemporer Scirpophaqa incertulas A, B
Striped borer Chilo suporessalis A, B
Chilo zacconius A
Pink borer Sesamii spp. A
White stemborer Maliarpha separatella A
Stalk-eyed fly Diop.is macrophthalma A
Gall midge Orseolia spp. A,B,C,D
Brown planthopper Nilaparvata lugens A,B,C,D
Green leathopper Nephotettix virescens A,B,C
Whitebacked ptanthopper Sogutella furcitera A,B,C
Rice whorl maggot Hydrellia philippina A, B
Rice delphacid Sogatodes orizicola A, B
Rice bug Leptocorisa varicornis A, C
Rice stink bug Oebalus pugnax A
Rice leaf folder Crnaphalocrosis medinalis A
Rice hispa Dicladispa armigera A
Rice thrips Baliothrips biformis A
Zigzag rice leafhopper Recilia dorsalis A
Rice caseworm Nymphula stagnalis A

A = sources of resistance identified,

3 - resistant varieties released,

C = genes for resistance identified, D = insect biotypes encountered,
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Table 4. Varieties/lines tested against major insect pests of rice at

HTA.
Varieties
Insect Varieties identified Condition of
tested as resistant test
(no) (no.)
Pink borer (Sesanvia spp.) 800 6 Field and
screenhouse
White borer
(Maliarpha separatells) 2,000 5 Field
Striped borer
(Chilo zacconius) 600 10 Screenhouse
Stalk-eyed fty
(Diopsis macrophthalma) 2,036 35 Screenhouse
Whor! maggot
(Hydrellia sp.) 430 2 Field
Caseworm
(Nymphula stagnalis) 700 4 Field
Gall midge
{Orseolia oryzivora) 244 6 Field
6,810 68

always rewarding. Failure to apply the right insecticide at the right time and at the
right dosage often leads to decreased benefits to the farmer. Consistent use of
insecticide has led to the developmeniof resistance of somie rice insects to certain
insecticides. Therefore, a successtul pest control program will have 1o utilize not
only chemicals, but also other components which will be more effective. less
costly, and casily adaptable by farmers.

Different cultural control methods can be effectively used against pests. Use of
Rovarieties is one of the most effective methods of controlling insect pests. It
provides anvinexpensive method of insect control and is compatible with other
control methods in the IPM approach. o date. varietal resistance has been
recorded for about 19 inscet pests of rice, and varieties resistant to 8 insects have
also been released (Table 3). IRREand some countries in Asia have developed
severalvarieties with tesistance to SBs, GLHs, BPHs, and GM. but imost of the insect
species of ricein Africa are different from those found in Asia. As such, the insect
resistant varieties developed at IRRIor other Asian countries may or may not be
best suited for use in Atrica for controlling insects. Therefore, atlITA major efforts
have been made to identity the sources of tesistance to African species of SBs
(white, pink, and striped), stalkeeyed tly, GM, RCW, and RWM. The success of
resistance breeding depends to a great extent on the development of suitable
screening techniques. AUITA, screening techniques against stalk-eyed fly and
pink SB have been developed. Atotal of 6810 varictios/ lines were screcned at 1A
against 7 insect species. This led to the identification of 68 varieties as R or MR
(Table 4). Some selected R sources are listed in Table 5. Untortunately. most of
the varieties identificd as R or MR have poor agronomic characteristics and
yielding ability. Therefore, a breeding program has been initiated utilizing R
donors to develop varieties R w mset pests. The search will also be continued to
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Table 5. Sources of resistance to major insect pests in Africa (27, 28,

29, 30, 31, 38).

African striped
stem bores

TOs 25613
Taitung 16
PRA03

Stalk-eyed fly

IR579-160
lguape Cateto
Leuvang 28-1 64

African pink
stem borer

WI1263

Tartung 16
SML 818

ITAG-20-1-B1P1 DN DNJYTT71

113503-1:91.3.21 CTGB80 DNJI146

PRR32% IR589-53.2 Sikasso

H8 E. L. Golpher

Ratna 1R1561-38-6-5 Alrican white borer

Malagkit Sungsong Huange-Sengoo ITAG 4.2

SMLB1B TD10A HR1168-7¢64
Magoti 1R1561.38-6-59

Gall midge TOg 6324 ITA7.7.23

w1263 TOg 6367 TKMG?

BW100 TOg 5560

PTB18 TOg 6481 Caseworm

PTB21 TOg 6399 IRRI Acc, 6621

rr1o TOg 6390 IRRI Acc, 12580
TOg 6392 IRRI Acc, 12556

Whorl maggot ITA1214 IRRI Acc. 20427
1R430-3/3-1-3 DJ12.539-24
Taitung 314 HPU7414

] .
Moderately resistant,

find better sources of resistance in varieties with good agronomic characteristics
and high-vield potential.

Agronomic practices have some potential for reducing the population of Many
pest species and of increasing the beneficial ones. Closer spacing in mangrove:
swamp decreases the infestation of Maliarpha separatella (3). Infestation of SBs
can dlso be reduced by shifting planting time. Rice planted late (after July) had
higher infestation rates of all of the three major lepidopterous borers than those
planted at the beginning of the scason (6). During the infestation period. some
mechanical methods can be used etfectively to minimize populations of SBs and
GM.Adults of lepidopterous borers and GM may be trapped ane killed by a
kerosene lantern as o light trap and a trough tilled with a kerosenc-water mixture
(I part kerosene in 0 parts water) placed under the light trap. CW infestation can
be reduced by diaining water from the infested field and keeping the ficld dry for
34 d- I draining water from the infested ficld is not possible, a small amount of
kerosene can be added to the water surlace 1o kill the Hoating CW larvae.
Colle:cting of grain-sucking bugsin the aternoon by sweep net and killing themin
Kerosene water may also be practiced,

Another approach 1o insect control s by insect pest management, the
manipulation of pestor potential pest populations so as to dimmish their injury or
render them hanmless (22). Sunveillance, monitoring. and forecasting of pests
form major components of pest management (10). IPM systems for rice are in
varying stages of development throughout Asia 124). Although WARDA has
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initiated a pest management program in West Africa, a lot of fundamental
information on the biology and ecology of insect pests and their natural enemies
is still needed.

MAJOR DISEASE S OF RICE.

Although about 70 major and minor diseases of rice have been listed by Ou (35},
this paper will restrict itself to the more common ones reported in Africa (Table 6).

Blast

Rice BEcaused by Pgricularia orgeae Cav. is the most common and severe
discase of neein Africa. The disease is especially severe in upland and drought-
prone arcas, atfecting leaves, nodes, and floral parts, particularly the neck of the
panicle.

Distribution. The disease is reportedly serious in Ghana, Mali, Nigeria, Togo,
tUpper Volta, Guinea Bissau, Senegal, Sierra Leone, and Malagasy (41). It has also
been observed in high altitude, lowtemperature-prone areas of Cameroon.,
Although details of the occurrence of this disease in other parts of Africa are not
available, itis logical to expect that the disease is widespread in Africa,

Symptoms. Bl on leaves is identitied particularly by characteristic spindle-
shaped lesions. The disease, however, starts as pin-point lesions, and depending
upon the snsceptibility of the variety and the favorability of the environment, can
hillthe entire leaf or plant. A detailed scale for rating the disease reaction on leaves
s given in the Standard Evaluation System for Rice (32).

Fhe most serious stage of the discase is neck Bl or rotten neck, which
usually is seen as a blackish necrotic area at the base of the panicle. Sometimes
the infection also occurs at the rachis or rachilla causing varying degrees of

Table 6. The parts of plant affected by more common rice diseases and the pathogens involved,

Disease Part of plant affected Causal organism

Blast Leaf, node flowering axis, Pyricularia oryeae Cav.

Leaf scald Mature leaves Monograpticita albesens (~ Rhyncos-
porium oryzae)

Sheath blight Leof sheaths, teaves Thanetophorus cucumueris (Rhizoc-
tonia solani!

Sheath rot Flag leat sheath Acrocylindrium oryeae

Narrow brown leat spot Leaves Cercuspora Orysae

Brown spot Leaves, spikelets Helninthosporium ory zae

Glume discaloration Spikelets Acrocylindrium oryzae

Curvularia sp,
Alternaria (Trichochonis)
Fusarium sp.,

False smut Spikelets Utilaginoidea virens

Bacterial blight Titters, leaves Xanthomaonas campestris pv. oryzae
Bacterial streak Leaves Xanthomonas orycae f.sp.oryezicola
Rice yellow mottled Whole plant Rice yellow mottle virus

dAtrican specific. The rest are reported inmost rice-growing countries,
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sterility of grains. In susceptible varieties, the nodes of the flowering axis are also
infected. causing the panicle to break at the nodes.

Factors lavoring the discase. Blis aggravated by drought, low light intensity,
and nutritionalimbalances, especially K deficiency. At Suakoko station in Liberia,
IR3880-17.C22,B451 220:57, and IRAT I 3 Eave been identitied as 1216 Bl These,
however, need to be confinmed in other locations. Other tactors that favor the
disease are: excessive N supply, close planting. heavy dew formation, change in
the virulence of the causal pathogen, and the susceptibility of the host variety.
Temperature also plays an important role; relatively lower temperatures (20-
28 C)are more conducive to infection; thus, the disease is more severe in cooler
lceations and/or in cooler months.

Resistance. Many rice varieties with superior resistance to Bl have been
identified by carefully controlled screening tests (15). These varieties have shown
resistance at several places in multilocational trials. Table 7 lists varieties from
different sources with resistance to Bl

Brown spot

Caused by Cochliobolus miyabeanus (Helminthosporium oryzac), BS has
been reported from upland, hydromorphic, mangrove, and lowland ecologies of
several countries in Afiica. Severe infection of rice plants by BS is reported from
Benin, Mali, Nigeria, and Upper Volta (41).

Symptoms. Brown spots, oval or oblong usually with a yellow halo around each.
are seen on leaves. The spots vary in size and number; the larger spots are
sometimes 5 mm long. The susceptibility of a variety is often determined by the
area aftected by the spot. Infection can also occur on seedlings. which often leads
to the death of seedlings. Seed infection is characterized by spots on the grains.

Table 7. Resistant varieties for rice diseases.

Resistant donors

Disease - - e e
Tall Dwarf
Blast Tetep ITA257
Lac 23 ITA120
0Ss6 ITA150
Moroberekan IRAT13
IRAT14
Leaf scaldd Remadja -
Sheath bilightd Ta-poo-cho-z Pankaj
Dissi Hatif
Bacterial biightd BJ1 1ET4141
DV85
Cempo Selak
Rice yellow mottle LAC23
Moroberekan IR1846-293-3

0S6

a . .
Results from tests outside A frica.
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Leaf scald
This disease caused by Monographella albescens (Rhyncosporium onyzae)
has been reported in upland, swamp, and irrigated ecologies.

Distribution. Occurrence of leaf scald in Benin, Ghana, Ivory Coast, Liberia,
Nigeria, Senegal, Sierra Leone, and Upper Volta has been contfirmed (41). The
disease is especially severe in high rainfall arcas of West Africa although
nformation on the occurrence of the disease in east, central, and south Africa is
scanty.

Symptoms. The symptoms of the discase are seen mainly on leaves. The
infection starts from leaf tips or margins as brown necrotic areas and the lesions
gradually progress, under tavorable conditions. to form successive light-brown
and dark-brown bands. The area aftected on the leaf varies from negligible to
about 50% with older leaves more affected than younger ones.

Leat scald is reported on varieties with excess foliage and under heavy
fertilization. Varieties with broad leaves show more infection than those with
narrow leaves. Similarly, low light intensity due to overcast sky tends to increase
disease.

Resistance of a high order for this disease has yet ta be detected.

Sheath blight
The disease caused by Thanctophorus cucumeris (Rhicoctonia solani) is
becoming a serious problem in some rice-growing countries of Africa.

Symptoms. Under normal circumstances Shi3 is often inconspicuous, restrict-
ing itself to basal leat sheaths of dying tillers. The basal sheaths often display
oblong blotches usually with water-soaked areas and with light-brown peripheries.
Under tavorable conditions ot high humidity. shade, and heavy Niertilization, ShB
moves to the upper leaves that often display band-like zonation, killing the leaves.
In extreme cases, Shi3 reaches the panicles, Killing the entire plant or tillers.

Sclerotia are seenon the affected parts. These are whitish when young but dark
brown when old. In extreme cases, the tillers die resembling the “kresek phase™
of BLB.

Varieties R to this disease have not yet been tound although a few tolerant
varieties have been reported in Asia ( able 7).

Sheath rot

Caused by Acrocylindrium oryeae, sheath rot is becoming important in many
lowland areas particularly subjected to low temperature (around 20 C) during
flowering period. It is more appropriate to say that sheath rot is a condition which
arises out of a situation where the panicles get choked.

Sumptoms. Sheath rot is characterized by oblong to irregular brown blotches
formed at “he base of the flag-leaf sheath covering the panicles. Severe infection
reveals visible mycelium (whitish in color) inside the flag-leaf sheath. This leads to
infection of the spikelets as they emerge from the infected sheath and often the
panicles are incompletely exserted. The affected panicles are often sterile,
discolored, and with dark patches.
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Glume discoloration

Glume or gram discoloration is often a complex syndrome where saprophytic,
pathogenic organisims are involved, and several species of fungi are implicated
(35). Grain discoloration can be the result of other infections also as in sheath rot
or due to cold or droughtinduced chohing of the panicles. However, when
incubated the infected grains reveaied the presence of the following organisims as
major ones at 1A (30 Acocylindrium orgeae; Alternaria (Trichochonis
padeewc kit Carcudara spo(black kernel): Fusarivn sp: and Niqrospora orysae
{graimn spot).

Syriptonis. Discoloration is partial or complete and may restrict itself to the
Jlurmes ormay extendto the kernel. Whenthe kernels are atfected germination is
reduced. Grain discoloration s o setious problem since discolored grains have
poot marketability and mitling recovery,

I heavy rainfall ateas the discoloration is quite serious since high moisture
tends to promote colonization of these tungr By contrast, in dricr weather, there is
less disease. Wounds caused by the feeding of insects are yet another
predisposmg factor tor this discase. The syndrome is more pronounced on
highevielding varieties qrown under upland than under lowland conditions.

Varetal sarcening s i progress to-identity varieties with tolerance to grain

discoloration,

Bacterial leaf blight

he causalagentof BB Nanthomcrnas campetres pv. ongeace, has been reported
i Cameroon, Malaaasy. Niger, and Mali (33, 41, This disease can be a serious
constramt i lowland rce production

Sesnptooe A tillering stage BEB s characterized by death of tilters (kresek
tage orwilt phose . Affected illers wilt and die, resermbling ~dead hearts” caused
by SEs However anlike the dead hearts, the wilted tillers will no dislodge casily
when pulled. and the basal potion s stiny when croshed due to the presence of
abundant bactenal cells,

Abter the masimium tllesing stage. e imore conumon Bl B syiptoms are seen.
The mardgins and apices show wilted. greviste necrotic, water-soaked tissue, and
the border between wilted and green area s wavy, When infeaed leaves are cut
tansversely and dipped i distifled water the bacterial ooze can be seen from the
vascular tissues Excessive Noapphoation and low light intensity (shade) can

Ncrease disease severty.

Rice yellow mottle virus discase
Unilike other rice vitus discases, the Afncan speatic 2YMY s casily transmitted
mechanically by sap noculation. Insects with chewing mouth parts, such as
Chactocnema beetles, ave also known te transmit the diseasc m the fic ld. RYMVis
reported mainly tingated or lowland paddy m several Atrican countres, such as
Kenya, Nigeria, Niger, and Upper Volta.

Symptoms: The infected plants are generally stunted, the leaves showing
yellow: discoloration to lightyellow mottling depending upon varieties. Some
shnw(,'nm;](fdis(‘(>l<>mti(>nwhllunmnv/\triml\aspc(‘iti(‘upland varieties are highly
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tolerant to RYMV. Young plants are mc-e susceptible to RYMV than older ones,
andifthe infectionis severe. flowering is affected. Seed setting is extrer iely poorin
Severe cases,

Recently, the wild rice species, Orgea longistominata, has been found to
harbor the virus (330 under natural conditions. This suggests that field spread of
the virus might result from this species.

BREEDING FOR DISEASE. KE SISTANCE

Ihe major objective for disease control is to breed R varieties. Although, R
varieties are not available for all diseases, donors are available for sorne (Table 7).

CONTROL.

Losses from rice diseases in Africa must be minimized. It is essential that the rice
disease situation in each country and in each location be studied with reference to
scasonality, intensity, and yield loss. With such information it is possible to use the
following strategies to control or minimize losses from these diseases:

* {seolresistant varictios — Genetically R or tolerant varieties are preferred
whenever such varieties are available. For instance, several Bl resistant
varieties are available for lowland and upland ecologies, and Bl can be greatly
minimized by growing such varieties. Similarly, varieties with high levels of
tolerance to BLEB are available, and i these are tested in disease-prone areas
and their resistance is confinmec, then these can be directly introduced or
used in an appropriate breeding program.

o Judicious use of Nfertilizer — Diseases such as Bl, ShB, leaf scald, and BLB
are aggravated with increased application of N. Therefore, it is necessary to
monitor the plant health when N application is contemplated. While fertilizer
is necessary for proper plant growth and production, balanced
application. particularly of P and K. should not be ignored while excessive
doses of N can result in greater discase intensity. Application of K, on the
other hand. has been recommended in cases where BS s a serious problem.
Some of these beneficial effects of fertilizer use, however, need to be
confirmed.

o Proper choice of planting time — In areas where the weather pattern and
disease cycle are known, it is possible to adjust the planting time to escape the
peak disease period. I the cold season begins in October, this will result in Bl
and sheath rot. Therelore. varicties should either be planted carly or early-
duration varictics used. so that the crop will mature before the unfavorable
season sets in.

* Appropriate ciop rotation — Diseases can be minimized by breaking the
continuity of the pathogen. Therefore, unless R varieties are grown, it is
preferableto grow one crop of rice in the most favorable period and to grow a
ditferent crop in the following season. The best example is the Sahelian zone
where a good rice crop can be grown between June and October followed by
a good wheat crop in November-February.
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° Quarantine -- Legislative control of plant pathogens, nematodes, and stored
grain pests is an eftective tool in preventing their spread in new areas.
Phytosanitary and quarantine regulations are rigidly implemented in several
countries. Thus, whil exchange of germplasm is one of the important steps
tor crop improvement, this should be done under an effective and speedy
plant quarantine umbrella,

CONCLUSIONS

Considering the differences in species of insect pests and disease pathosyster 1s
in Africa and elsewhere, genetic improvement must be geared toward resistance
breeding. More information on the prevalence, incidence, and extent of damage
by insect pests and diseases is needed, especially for central, east, and northern
African countries. WARDA has been monitoring the pests and diseases in its
member states in West Africa; however, - depth studies are still needed on the
biology and epidermiology of pathcgens, and the bioloqgy, ecology, and economic
threshold of important insect pests, since these components are essential for a
sound resistance breeding program and for an cffective [1PM approach.

Another very important need is for close, continuous monitonng of potentially
destructive diseases, such as BLB. virus discases, and of potential insect pests.
The fact that virus vectors, such as BPH and GLH, have been reported in Africa
underscores this need.

One can safely conclude that the need for more in-depth research on the
insects and diseases of rice in Africa is imperative. Thus, the international research
centers, such as lITA, IRRI, and WARDA, and regional centers in many African
countries needto help African national programs independently and in collabora-
tion in their respective areas of competency and mandate.
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RICE PRODUCTION IN KENYA
J. N. NJOKAH

INTRODUCTION

Rice is not a staple food for most Kenyans except for communities along the
Indian Ocean. Until recently, rice was eaten mainly on special occasions by the
average Kenyan family. However, the trend has changed and rice is now a regular
dish, especially among urban cornmunities. Consequently, the very rapid growth
ot urban populations has placed a strain on rice availability. Also, an improvement
inthe standard of living of these communities has been accompanied by a shift in
taste, making rice almost as frequent as agali (maize meal) in the diet.

Most of Kenya's rice is grown inirrigation schemes. Together, these schemes
account for about 90% of the marketed rice. In addition, subsistence level rice
cultivation has been practiced in parts of the country for over 80 yr, mainly on the
coast and within the Lake Victoria basin in western Kenya. In the irrigation
schemes improved varieties are grown with sophisticated technology, and high
yields are usually realized. Subsistence level cuttivation is more haphazard.
Several indigenous cultivars are grown at a relatively low level of technology,
usually giving low yields.

AREA UNDER CUELTIVATION AND Y1 DS

As noted earlier, most of the marketed rice in Kenya is grown in the Irrigation
Settlement Schemes managed by the National Irrigation Board, a statutory board
of the government. At present there are four such rice schemes. The largest and
oldest. Mwea with 5700 ha, is located in the Mwea plains to the south of Mt. Kenya.
The other three, Ahero with 500 ha, West Kano with 500 ha, and Bunyala with
300 ha, are located within the Lake Victoria basin. These four schemes together
cover about 8000 ha. Presently, the area under subsistence rice cultivation is not
well documented, and most of the rice produced is consumed within the family.
This is especially true on the coast where rice is a staple food. A substantial
amount of rice grown by subsistence farmers in western Kenya is probably
marketed. Table 1 presents rice production data from the irrigation schemes in
the period 197374 to 198283,

National lrngation Board, Naitobi, Kenya.
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Tuble 1. Rice hoctarage and paddy yields in irrigation schemes in the
period 1973/74 — 1982/83. Annual Reports of the National Irriga-
tion Board, 1973/74 - 1982/33.

Area cropped Paddy yields
Year {ha) tonnes t/ha
1973-74 7403 33563 4.5
1974 75 7249 31558 4.4
1975-76 7255 36 996 5.1
1976-77 7566 435 640 5.7
1977-78 7919 36813 4.6
1978-79 812% 34912 4.3
197980 8666 37476 4.3
158081 8743 41153 4.7
198182 8131 38 613 4.7
198283 8014 36412 4.5

Even though rice has been a «¢latively unimportant cereal crop in Kenya
compared with such crops as maize, sorghum, and millets, it is becoming
increasingly popular with iown dwellers. To meet this increased demand in the last
3to4dyr, the governiment, through the Ministiv of Agriculture, has embar «ed on a
campaign to promote rice production under rainfed culture, hydrc morphic
conditions, and even in small-scale irrigation units. Research on rainfed rice has
also been initiated and is geared towards generating appropriate technology for
rice production in these areas to supplement the output from the irrigation
schemes.

CONSUMPTION, EXPORTS, AND IMPORTS

All of the rice grown in Kenya is consumed within the country although some
small quantities were: exported o {ganda between 1973 and 1976. When weather
conditions permit good crops of maize, wheat. sorghum, and millets, rice imports
into Kenya are usually not signiticant. However, substantial imports were made in
1976 and again in 198, reflecting adverse weather conditions that created a serious
food shortage that necessitated importation of essential food grains such as
maize, wheat, and rice, despite fairly stable rice output from the irrigation
schemes. Statistics of milled rice imported into Kenya in the period 1973-1981 are
given in Table 2.

RICE PRODUCTION SYSTEMS AND ECOLOGIES

As previously noted, most of Kenya's rice is grown in irrigation schemes with water
supplied from rivers, and in one scheme, from Lake Victoria. Mwea, the largest
single scheme of 5700 ha, is irrigated by gravity, but in the other schemes, water is
pumped from rivers or the lake. Land preparation is mechanized and consists of a
singie wet rotavation operation. Rice seedlings are raised in a wetbed nursery and
then transplanted manually by the farmers. In these schemes, cropoing is
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Table 2. Imports of milled rice {tonnes) into Kenya in the period
1973 — 1981, Statistical Abstracts, Ministry of Finance arnd Eccno-
mic Planning, Kenya, 1982,

Year 1973 1974 1975 1975 1977 1978 1379 1980 1981
Tonnes -23 1502 4 10001 24 111 241 1239 4939

programmed by the management, and all agricultural inputs are provided to the
farmer by the Board when they are required. Fertilizer and pesticide rates are
standardized, based on scheme recommendatinons. [mproved varieties are
generally grown in the. schemes although Sirdano and Basmati, two locally
adapted varieties, are grown in Mwea because of their high grain quality. The
schemes are located at about 1200 mabove sea level on soils generally high in clay
conten: and with a pH range of 6.5 to 7.9. Large hectarages around the lake
(40 000 ha) are corwidered suitable for rice production if developed. In western
Kenya twe crops of 1ice per vear have: been grown until recently, but there is now a
shift toward a single crop because continuous flooding and the associated
problems of land preparation were found to have adverse effects on yields and
farmers’ incomes. The possibilities of growing a rainfed food crop during the
off-season are being explored.

Outside the irrigation schemes, rice is grown in seasonal swamps, valley
bottoms, on the shores of Lake Victoria, and on the banks of the Tana River. Here,
conditions vary from hydromorphic to continuous flooding, and there is little
water control by the farmers. The crop is generally direct sown. Even though some
improved varieties may have foi:nd their way into these areas, a wide collection of
local varieties is still grown, especially in the coastal areas. The same variety is
sometimes grown under different names in different areas. Varietal mixtures are
common in the seed that is usually grown. As indicated previously, production
data from these areas are hard to obtain since most of the rice grown is
cons 1med by the farmers or sold in the village markets. This subsistence
cultivation is estimated to contribute not more than 10% of the total rice produced.

In addition to these two rice growing conditions, there are now efforts to
promote rainfed upland rice and rice cultivation in small-scale irrigation units.

RESEARCH AND EXTENSION

Foralongtime, rice research in Kenya has been directed towards irrigated rice to
take care of the operational problems occurring in the irrigation schemes. This
work has been coordinated from Ahero Irrigation Research Station, located in one
of the irrigation schemes, the Ahero Pilot Scheme in western Kenya. There is also
a substation in arother scheme, Mwea in central Kenya. Because of the very close
contact between the research personnel and the extension staft in the schemes,
the impact of the research has been significant in ensuring not only stable yields
but also high yields of more than 4 t/ha.

Early research work was organized on a project basis by the International Land
Development Consultants with FAO/UNDP backing. From its inception, the
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major objective has been applied research to assess optimum methods for
cultivation of rice and other crops under irmigation. To date, emphasis has been on
the selection of suitable varieties, cultivation methods, deterinining optimum
water and fertilizer requirernents, and establishing effective and practical crop
protection medsures as well as soil and water management practices. The
information that is generated inthe irtigation schemes reaches the farmer quickly
because of the very close telationship between the researcher, the extension
agent, and the farmer. The rescarcher and the extension aqgent belongto the same
establishment, and together they organize farmers” seminars, field dernonstra-
tions, and training tor field staff. Any promising results are tested on farmers' fields
to ascertain their validity.

Outside the irrigation schemes, extension services are provided by the Ministry
ol Agriculture. Research on rainfed rice has recently been started under the
ministry.

The most important rice diseases in Kenya include Bl caused by Fyricularia
orysae and RYMV. The latter is transmitted by leat-feeding beetles such as
Sesselia pusilla, Chactocnema pulla, and Trichispa serica. iese two diseases
are more serious in western Kenya, where the first two varieties to be grown in the
irrigation schemes, Sindano and Basmati, had to be withdrawn after only a few
seasons. Sindano was withdrawn because of its sensitivity to both Bl and RYMV,
and Basmati was withdrawn because of its susceptibility to Bl. They were replaced
with improved varieties of the IR series, which through screening trials were found
tolerant to the two diseases. The current commercial variety in western Kenyan
schemes is IRI561-228-3-3. BG90-2 is alsn grown on a limited scale, especially in
schemes where single cropping is practiced. Some otherwise high-yielding
varieties have not been widely grown because of their susceptibility to RYMV.
Other diseases that may require attention in the future include ShB, BS, SR, and
glume discoloration.

Insect pests that are considered important include SBs (Maliarpha separatella,
Sesamia sp, Diopsis thoracica). The sporadic incidence of leaf miners and CW
have also been reported. These are usually easily controlled by suitable systemic
insecticides. Birds are a serious threat, and farmers must scare them from their
fields during the ripening phase. Rats could cause some damage where field
hygiene is inadequate.

Theoretically, growing two or more rice crops a year is desirable and should
give higher returns per unit area. However, experience with double cropping on
large-scale irrigation schemes in Kenya has revealed certain short-comings. It
creates a situation where the soil remains submerged for long periods without
getting sufficient time to dry. This continuous flooding creates ditficulties in
mechanized land preparation, specifically the bog-down of tractors. Crop
performance is generally poor under double cropping, and it is suspected that
some toxic substances probably accumulate in the soil due to the prolonged
submerged conditions. Incidence of diseases and insects is also higher under
these conditions because of the continuous availability of the host crop for most of
the year.
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FUTURE PLANS FOR INCREASING PRODUCTION

Recognizing the growing demand tor rice in Kenya, the government is committed
toincreasing rice production in the country. The National Food Policy emphasizes
self-sufficiency in food production. Towards this goal, the government is
promoting rainfed rice and small-scale irrigation units in several traditional rice
growing areas. Large-scale irrigation schemes have also been proposed in the
Kano plains in western Kenya and at the Tana River delta at the coast. Indeed, the
potential for increased rice production in the country is great.



KEY RESEARCH AREAS ON
IRRIGATED RICE IN KENYA

J. J. NUOKAH AND M. M. OKHOBA

INTRODUC TON

Compared with research on other cercal crops. such as maize and wheat, rice
rescarchin Kenvais a relatively new endeavor, Inthe carly 1960s, some trials were
conducted in Mwea, the oldest and largest of the rice irigation schemes, based
mamly onoperational aspects of the scheme: Organized rice research was started
towards the end of the T960s with the establishment of Ahero lirigation Rescarch
Station. This station, focated in the Kano plains within the Lake Victoria basin, was
setup o conduct applicd iesearchito assess optimun micthods tor the cultivation
ot nice and other crops under innigation. The station would also establish the most
appropriate irngation system in view of full-scale development of the irrigable
potential of the Kano plain,

To date, the station has grown into o tull-scale research station with a mandate
covenng all aspects otirigated rice inthe countiy, Inthe last 3to 4 yr, the Scientific
Rescarch Division ot the Ministry of Agriculture has initiated research on rainfed
upland rice to meet the necds of larmers who are growing rice along river banks,
lake shores, and swampy areas as well as in valley bottomes.

This paper discusses the main rescarch areas on irrigated rice in Kenya. No
results from specitic trials are presented s the objective is to give a general view of
the research activities,

VARIE TY SELE CTION AND CROP HUSBAMDRY

Variety selection

At the time the Ahero lirigation Research Station was established in 1969, only
seven varicties were available in the country, the most popular commercial
varicties being Sindano (a local variety) and Bosmati 217 (introduced trom
Pakistan). These seven varietios obviously excluded a large numiber of indigenous
rice varieties that were being grown in several parts of the country (especially at the
coast) under subsistence cultivation and which had not been properly collected
and identified.

National irigation Board, Naob, Kenya.
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Sindano and Basmati were dalready being grown commercially at the Mwea
Irrigation Settlement Scheme, and with the establishiment of irrigation schemes in
western Kenya, they were introduced into these new schemes. In the western
Kenyan schemes, however, Sindano was found to be seriously susceptible to both
Bl and RYMV. Basmati was susceptible to Bl. After only a few scasons, both
varieties had to be withdrawn and suitable alternative varicties obtained. To meet
the immediate needs of the disease-prone western Kenyan schemes, it became
necessary to import new rice introductions. New cullivars were obtained from IRRI
in the Philippines, Tanzania, Surinam, Japan, Mauritius, Colombia, some other
Asian countries, and more recently from IITA in Nigeria. To date, there are about
300 cultivars at the research station. These new introductions were screened
rigorously at both Ahero and Mwea.

The four main objectives of the selection program are:

o To obtain high-yielding varieties that would increase the yield of rice, thereby

making a contribution towards national food production, raising farmers’
incomes and minimizing government subsidies.

e To obtain varicties that would not easily succumb to outbreaks of diseases,
especially BEand RYMV. This would not only increase production but also
reduce the cost of crop protection by use of chemicals. This continuous
screening would also ensure availability of alternative varieties inthe event of a
breakdown of the resistance of existing varieties such as the breakdown of
IRS79-48-1-2 to Bl in the: western Kenya schemes in 1977.78.

e To oblain varietics whose maturation periods would facilitate the desired
cropping intensity (e.q. early-maturing varicties where two crops a year are
grown and late maturing high-yielding varieties where only a single crop is
grown per year).

o [0 obtain varicties with acceptable milling recovery and good cooking and
taste qualitics.

New inttoductions must pass through the Plant Quarantine Station in Muguga,
where they are screened tor the presence of seed-bome viruses, nematodes,
pathogenic fungi. and bacteria. Only disease-free material is released. Sometimes
heat treatment or tissue culture may be employed to supply disease-free plant
material. Once the introductions have passed the Plant Quarantine Station, the
screening progiam adopted ot the Ahero hrrigation Research Station consists of
the following four stages:

¢ Observational nur.eries in which the seeds are multiplied and assessed for
some major traits (e tillering. plant height, lodging. and reaction to major
diseases under field infection).

e Variety trials in which statistically designed experiments are conducted on
small piots i the research ficlds in which acceptable varicties from the
observational nurseries are compared with coramercial checks. The better
varicetics enter site performance trials.

o Largescale variety trials (site pertormance trials) are statistically designed
and carried out on large plots on research tields and in the schemes,
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*® Minibag program whereby small quantitics of seed of promising varieties are
given to farmers to grow on their ficlds under standard scheme recom-
mendaticns.

Observations are standardized according to IRREs Standard Fealuation System
Jor Rice ().

From these screening trials several varictics outstandnig in one or more traits
have: beensidentificd. For example, IRISOE22833, which has micdium yield
potential (56t hadas tolerant 1o both Bland RYMY. i miedian imaturing, exhibits
no todging, and has good grain quatities, 15 now widely grown inwestern Kenya,
Another example, BGIO-2 which has high yield potential (up to 81, ha), is
moderately tolerant to BE but not RYMV, has aceepteble grain qualities, and
exhibits no lodaging, s being grown where single cropping is practiced. Other
promisineg vatieties are IRSDIR2793-801, BG34-8, BWIQO, and 1112254,

[ the process of screening varietios, it became evident that some local varieties
Possessed certain desirable traits, such as resistance to Bl and RYMV as well as
excellenteating qualities, probably because of their long history of cultivation ancd
adaptation i the country. There are now plans to make a comprehensive
collection mission in traditional rice-growing areas oi the country to be funded by
the: International Board for Plant Genetic Resources (IBPGR). The discovery of
usetul genes inlocal germplasm and the: desire to make a greater contribution
towards rice improvement in Kenya have led to the establishment of a modest
brecding program at Ahero. This program will strive to solve some specific local
problems, espedially improving some commercial and promising varieties in
those traits in which they are found deficient.

Crop husbandry

Thus tar, studies have been conducted on growing seasons; fertilizer rates,
methods of application, timing of application, and different sources of fertilizer
clements: plant densities; weed control: and crop establishment.

Kenya has a bimodal pattern of rainfall distribution creating what are called a
long-rains season (March-July) and a short-rains season (September-Decemnber).
Inwestern Kenya, studies have shown that a rice crop can be grown successfullyin
either season if factors such as land preparation are not limiting. Better yields are
generally obtained in the short-rains season: the lower yields of the long-rains are
probably due to less solar radiation. lower temiperatures, and higher relative
humidity, conditions that promote the incidence of diseases. Farly planting
(February -March or Auqust “September) tends to give good yields.

In Mwea in central Kenya, tice is not grown during the long-rains. One reason is
low temperatures in the months of June through August, which tend to increase
grain sterility. There are also some socioeconamic factors that meke: yields in the
long-rains season lower than those obtained during the short-rains. The long-rains
season is the best time to grow food crops, such as sorghum, maize, and various
grain lequmes. Farmers, therefore, divide their time between looking after their
paddy and their plots of food crops. Labor is also evidently scarce during this
season,



94 KICEH IMPROVEMENTAINEASTER™ CEMTRAL AL SO0 THE RO AL RICA

Fertilizer trials have shown N to be required for rice in Kenya, and current
iecommended rales are 20 to 52 kg N'ha, using sulfate of ammonia, applied in
two split applications. P is deficient in parts of Mwea, and recently an N+ P
interaction was indicated., with no response being recorded from application of N
in the: absence of P.No positive response to K has been recorded. Even though
there may be benetits to N tertilizer incorvoration, so tar this has not been
practical: theretore, both applications are broadcast. Altermative sources of N,
such as urea, have been tested but not found superior to sulfate of ammonia.

Currenttrials gim at raising the Nlevels applicd as well as elucidating the N - P
mteraction. Atrial 15 10 progress to study the possible use of Azolla nilotica (an
aquatic tern that ives i symbiotic association with Nixing blue-green algae) as
an alternative source of No Aol s quite common in paddy tields in western
e nya.

Even though plant population stuchies have shown 20 - 20 ¢am spacing to give
optimurn plant densities, this has not beens easy 1o achieve because ot the
practical problem o tansplanting m rows. There is quite a big variation in the
plant densities achieved by ditferent tarmers: In Mwea, where low tillering Sindano
and Basmati are stll grown, a spacing of 10 - 10 cmvis recommended.

Fhe most common weeds in the irrigation schemes are grasses, followed by
sedges, andthen broadleat weeds Hand weeding is the most cormmon method of
weed control so far but expernments with herbicides are being conducted in view
ol growing labor scarcty and nsing cost of labor. This labor scarcity has also
necesstawd mvestiqations to compare transplanting with direct seeding as well
as 0 of rotary weeders and 1ice transplanter s,

Growing two nce crops avear has been practiced inwestem Kenyan schemes
sincether meeption: A nurmber of problems have however, arisen necessitating a
shift to single cropping. These problems are mainly in land preparation: frequent
bog down of tractorhas lead 1o high Breakadge, dow output, proloneged rototillage
periods. and reduced croppang mtensities Attempts to scieen shon-duration
varicties that would e rease the tumarounda tune required tor the soils to dry
sutficiently have not been frosial

The shiftto simgic croppmeg bas made it necessary to look at other food crops
that could be qrownmn rotation with ices The sdearis to qrow paddy during the
shortrains season and arow a rainted tood crop dusing the long-rains season. Itis
hoped that this would also heip the farmers in the ungation schemes to rmect their
food requirements because to them nce s more of a cash crop than a tond crop.

CROP RO C s

Entomoloqy
The rice crop in Kenya s exposed to many envitonmental, technological, and
biologicallactors that influence ts vields. Insect pests are constraints to increased
rice production in Kenya, especially in cases o high mcidence,

Awide range of species imfest ditferent parts of the rice plant at various stages of
growth, resulting i reduced vields: Among the main pests of nce in Kenya are
SBs. The magor species tecorded on rice are Modiarpha separatella (Pyralidae-
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Lepidoptera), Sesamia calamistis (Nectu; lae-Lepidoptera), Chilo partellus
(Pyralidac-Lepidoptera), and the stalk-eyed boret Diopsis spp. (Diopsidae
Diptera) composed mainly of D. thoracica (D. macrophthalma) and small
proportions of 1. apicalis. Other pests of significance are the CW (Nymphula
depunctalis, Pyralidae, Lepidoptera), the rice leat mining beetle (Irichispa
ericea, Chrysomelidae Coleoptera), anlseveral species of plant bugs including
Stenocors spand Asparia sp.,

Simce the meeption of amigated schemes in western Kenya, the WSB
(Moseporatella) has remained the most prevalent insedt pest encountered.
Sporadicincidence of the pink stem borer (5. calamistis) and the stalieeyed fly
(Dicpsis) have been noted o cause some damage. The situation is slightly
ditterentin Mwea (central Kenya) where the leat mining beetle, the CW, and the
stalkeeyed fly are the most common insect pests.

Controlmeasures so far have been based on chemical control, and insecticide
evaluation trials at Ahero over several seasons have shown carbofuran 5G
(a systemic carbamate insecticide) applied at the rate of 1.0 kg ai/ha to be effective
on the pest complex of the irrigated schemes. Fenitrothion 50% EC at 0.5 kg/ha
has also beenused in Mwea. Further insecticide screening studies have indicated
suitable alternative insecticides, and economic rates and time of application are
currently being tested. Granular formulations are both systemic and selective:
thus, they are preferred because they spare ana allow influence of such biological
controlagents as parasites and predators. Preliminary observations at Ahero have
shown high M. scparatelia egg and pupal parasitism by the ectoparasite
Cassarina sp. (Inchmeumenidae). Further intensive studies are being con-
ducted to confirm the parasite/ predator species composition and abundance on
rice pests with a view to encouraging an IPM strategy. Piant host resistance to SEs
is also being looked at, mainly by screening varieties for tolerance/resistance to
borer damage.

Birds can also cause enormous damage to the rice crop, the extent of damage
varying with scasons. The Quelea quelea birds and the village weaver birds
(FMloceus cuculatus) cause extensive grain loss, while wild ducks, especially
Alopoden spp, cause severe damage to rice seedlings. Control measures,
including aerial spraying and the use of birdscaring devices, have been effected
when necessary. To contain the pest problems inthe irrigation schemes, a general
pest monitoring program has been established; it assesses the incidence,
abundance, and seasonal distribution of the common insect pests of rice.

Pathology

Several fungal and viral discases attect rice in Kenya. The main tungal diseases
encountered are Bl caused by Pyricularia onyeae; BS caused by several fungal
species including Cochliobolus spp, Helminthosporium sigmoidium (Lepto-
sphacria saleinii) and H. sigmoideum var. Irregulare: ShB caused by Cortisium
sp. (Khizoctonia solani): SR, and glume discoloration which have been found to
be caused by a complex of Solerotium based fungi especially H. sigmoideum
var. Irregulare and other fungi. With the increased incidence and extensive yield
loss experienced in the mid 70s due to Bl research activities were directed
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towards selecting tor varieties R to Bl discase and screening for suitable fungicide
for its contiol. Through this program, K varietics have been identified and are
being grown commercially in the formerly Blridden zone. Suitable fungicides for
the control of common seed-borne fungal discases have been identified, and
currently Benomyl, a systemic tungicide, is used as o standard seed dressing in
the schemes. Recently the incidence of BS, SR, and glurne discoloration have
beenincreasing: thus, greater emphasis wiltbe required in the tuture in looking for
Rivarietics. This should be supplemented with cultural and chemical control. The
only viral disease of rice recorded in Kenya is RYMV, which is known to be
transmittable: both mechanically and through insedt vectors, Intensive variety
screening for resistance to RYMV has been undertaken with positive results. Thus,
several varietics, including the commercial IRISOI228-3-3, have been found
moderately R. Other stuaes to control insect vectors, such as Sesallia pussila,
Chactocnenapulla and Tric hispa sericea, have shown promise, especially in
reducing the incidence of RYMVin susceptible varieties. It has been observed that
up to 60% grain yield losses may be incurred when RYMV inoculation is done at 30
DAT or earlier.

REFERENCE CITED

I International Rice Testing Program. 1980, Standard evaluation system for rice. International Rice
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RICE IN TANZANIA
H. M. CHING'ANG'A

THE IMPORTANCE OF RICE

Rice is the world's most important food crop. Rice is a strategic component of
food security and a crucial element in the staple food economies of several
African countries. Demand for rice in Sub-Saharan Africa is becommng more
acute as a result of o general dietary shift trom conventional foods, and it is
postulated that demaond will continue to rise. Production has to be stepped up to
avert a serious economic drain on the toreign exchange reserves in Imost
countries,

RICEAN TANZANIA,

Tanzania is neither a major world producer nor consumer of rice: however, rice js
one of the major cereals grown in the country. It is believed to have been
introduced to East Africa by Arabs and Indian traders in early times. Tanzania is
the sccond largest rice producerin Fast Africa after Malagasy . Rice improvement
and production in Tanzania as an important cereal dates back to the early 1920s,
whenvarietal testing and selection werein progress for yield improvement among
the local varieties.

Rice area and production
Rice production in Tanzania ranks tourth among the cereals in terms of volume
and second in terms of value, The crop is grown in all regions of the country
covering an area o over 275 600 ha (7) under extremely varied conditions
ranging from upland. rainted Hooded. to irrigated ccosystems. However, most of
the rice grown in Tanzania v peasantagrown rainfed rice located in the river valleys
and basins. The major rice producing areas in the country include:

o Usangu and fyela plains in the Mbeya reqion

o Rilombero and Wami basins in the Morogoro region

e Southern plains and Rutiji basing in the Coast region

° Kalimawe plains in the langa reqgion

° Bukene and Puge plans in the Taborg redgion

* Southern parts of Shinyanga in the Shinyanga region

Nattonal Ric e Kesearch Coordinaton Tanzana Aqneultaral Research Origanization, fakara, Tanzania,
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Irrigated rice is mainly grown on large-scale state farms covering an area of
approximately 10 000 ha.

Although rice production in Tanzania has increased gradually by the expansion
of area ( Table 1), nevertheless, yields have not increased correspondingly. Like
many developing countries, Tanzania has been facing the problems of low
production under farmers’ conditions. The national average rice production per
hectare is between 0.5 and 1.0 tonly, which seems to be low compared with 3 to
4t ha under rainted conditions in Asian countries. On the other hand, on slate
tarms the average yield is about 8 t/ha. The low yields at the farmers’ level may be
attributed to such tactors as: use of lowyielding traditional varieties, lack of
irrigation tacilities, poor soil and water management, little or no application of
fertilizers and manures, poor weed control. and traditional methods of cultivation.

Self-sufficiency: supply and demand of rice

In recent years, rice has become an iimportant food commodity, and its
consumption has increased trom 5 kg yrper personin the 1970s to 34 kg/yr per
person in the 1980s. It is estimated that about 50% of the people of Tanzania are
fice caters. The demand 1s increasing each year and the level of production
cannot keep pace with it The demand for rice has increased to about 383 000t/yr
as income, consumer Laste, and population (currently more than 18 million) have
risen. Production is below consumption, and rice is imported in some years as
shown in Table 2. Tanzania dims to attain o level of production of more than
458 000 tof paddy by 1985, rom which it is anticipated there will be butfer stocks
to supplement yield losses in unfavorable years and a small surplus for export to
neighboring countries.

Rice ecology
Rice is grown in all 20 regions of mainland Tanzania and Zanzibar. Conditions
under which rice is grown are varied. Generally, the rice-growing ecosystems in

Tabie 1. Rice harvest in Tanzania from 1969 to 1982 (6).

Harvested area Yield Production

Year {1000 ha) (t/ha) {1000 t)
1969 144 1.9 172
1970 151 1.3 192
1971 161 1.3 202
1972 NAY - 178
1973 NAY 193
1974 137 1.0 141
1975 137 1.1 157
1976 137 1.3 180
1977 150 1.3 203
1978 250 1.3 260
1979 200 1.2 250
1980 275.6 1.1 291
1981 275.6 1.0 280
1982 280 9 267

INAY - data not available,



RICE. IN TANZANIA - 99

Table 2. Rice imports to Tanzania from 1974 to 1982 (6G).

Year Imports {1000 t)
1974 71
1975 64
1976 9
1877 45
1978 55
1979 7
1980 80
1981 45

1982 30

Tanzania can be grouped as follows: irrigated lowland rice (controlled), rainfed
lowland periodically flooded. and upland or dryland, and hydromorphic.

Reliable statistics on areas under different ecosystems are difticult to obtair;
however, it suffices to mention that most of the rice is peasant-grown under
rainted lowland and swamp conditions where cultivation methods and varieties
vary dgreatly from place to place. Some rice is also grown under upland ccology. At
piesent upland rice is one of the predominant rainfed crops grown in Zanzibar.
Places such as the eastern slopes of Ukiriguru, Usambara mountains, Southern
Highlands, anc - lling areas bordering Kilombero basin are important for upland
rice.

Rainted lowland ccosystem. This is the predominant rice ccosystem in
Fanzania. Most of the peasant-grown rice is in the valleys of the Rufuji river and its
three major tributaries (Kilombero, Great Ruaha, and Luwegu rivers). Other
valleys include those of the Pangani, Wami, Ruvu, and Ruvuma rivers. Rice is also
grown on the flat plains on the shores of Lakes Malawi and Victoria. Swampland in
singida, Dodoma (Bali swamp), Shinyanga, and Mwanza (Kwimba district) are
known for swamp rice. Yields in these arcas range from 0.5 to LO tha.

Irrigated lowland ccosystem. About 27% of total area under rice cultivation is
irtigated. Irrigated rice is mainly grown by the National Agricultural and Food
Corporation farms at Mbarali, Ruvu, and Dakawa. More than onethird of the
country's rice is supplied by these three rice irrigation schemes. Kilangali State
Farm, with anarea of 300 ha, is now being used for rice seed multiplication. Yields
are generally high in this ecology varying from 8 to 121/ ha. Presently, only one crop
is usually grown in the WS at Mbarali due to low temperatures during June and
July andlack of a short duration variety. Very few tarmers traditionally irrigate their
rice paddies, but areas where irrigation is practical are found on the Usangu plains
where Mbarali is located, in the Mkomadzi valley in northeastern Tanzania. and the
Magugu district in the Arusha reqion. Such tarmers obtain up 1o 4 t-ha even
thoudh fertilizers are rarely used.

Cpland ccosgstem. Apland rice is grown on naturally free-drained soils where
the water table is always below the nee roots, Therefore, the moisture supply is
entirely dependent onrainfall. This type of calture is found in such places as the
eastern slopes ol the Ulugura and Usambara mountains, in the Southern
Highlands, and in the rolling areas bordering the Rufuji basin, Only a small
proportion of the total area under rice cultivation is grown with hydromorphic rice.
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Production problems

Altheugh the arca under rice production has been increasing steadily from the
1970s to date, yields per hectare have been decreasing. lLow vyields realized in
Fanzania car, be explained by a number of constraints: environmental, biological,
manedgement, and socio-economic,

[ncironmental constraints, There is no doubt that rice production in Tanzania
Is more intluenced. especially in recent years, by the amount and distribution of
rainfall than by any other factor. Information gathered to date indicates a close
association between cereal grain shortage and drought incidence. For instance,
rice yields were low between 19773 and 1976 due to diought. On the other hand,
some years redistered low yields due to floods caused by excessively heavy rains,

Temperature greatly influences the growth pattern, duration, and yield of the
rice plant. In high altitude areas. such as Kilimanjaro and the Usangu plains. low
temperatures limit production. In such areas the mean minimum temperature
towards the end of the growing season drops below 20 C. At Mbarali only one
crop ol rice is produced peryear due to low temperatutes during June and July.,

Biological. The miajor biological constraints are the lack of high-yiclding
improved vanetics. and damaqge due to discases, insccts, and weds., tanmers
needvaneties with reasonable but stable vield lovels, dappropriate growth duration,
and tolerance o resistance o envitonimental stresses and devastating diseases
and insects {(2),

Lo High gictding tproped varictios — Most peasant tarmers in Tanzania use
traditonal. low-yiclding varictios grown in mistures. Emphasisis placed on aroma,
flavor. and nonstickiness as the criteria tor deciding which variety to grow. The
traditional varicties are numerous and sometimes extremely mixed: this results in
uneven nipetiing, which makes harvesting laborious and prolonged. These
varictios are both poor i vield and plant tvpe and ek discase and insect
resistance. Examples of these varnietios mcludc Supa India, Kihod o, Tava, and
Alad strains,

The MV such as Supa S and IS 9 are qrown on state farnms only. Peasant
farmers do notaccept themmainhy ducto then poar cooking and cating qualitics.
Fhese tices are non-aromatic, sticky. and dny up when cooked. Also, due to their
short stature, the MVs are prone to tood damage. and attempts to encourage
farmers 1o adopt therm seen fratless

s our hope that with the release of the new varniety, Katrin it 1:2397), IR8 will
bereplaced Katrin Yas high vielding ability and Good cooking and cating qualities,

2oDIcases and insect poests Fosses due to discases and insects are
estimated at more than 20% Amondg the fungal and badcterial diseases, Blis the
most widespread and devastating discase i Tanzamia, Leat, neck, and panicle Bl
have beentecorded immmont arcas where iic cisgrown: There s no vanety available
in Tanzania that is imimune to the disease, but sorme, espeaially the introduced
IRREand A varietios, have shown diftering levels of resistance to Bl

BSis also very commonin all rice-growing areas, especially those under upland
rice cuiture. It is not as damadging as Bl most likely because it oceurs late in the
growing season when rice starts to or has alieady booted. It is more devastating in
those areas with low fertility sondy soils and those stricken by drought. Narrow 135
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caused by Cercospara orysae, though comimon and widespread. is a minot
disease occurring late in the season.

White tip caused by Aplualencowdes ongeae has not been givennmuch attention
n Tanzania probably ductoits concealed nature of expression and loss, which is
sometimes enonnous. Samples randomly collected from most neeqgrowing
redions of Tanzania all revealed these nematodes. Nematodes were observed
CVOT N Hee samples withoeut syimploms,

BLE s o nmajor disease insall arcas of Tanzama swhere noe is given
stpplementan irmgation, such as on the state tarms and ntheose areas naturally
Hooded mivaileys andlowying arcas. Generally, thereanc tews dota on diseases of
tee i Fanzani, Mare diseases than have been reported here are certainly
damaagineg the rice crop, but they need to be studicd b fore there s contidence to
report them,

Chide antmber of fised pests have becen observed i ce neids. Somie of these
msects have been studied inother countries but not iy Tanzania, Insects, such as
the stuped SB(Chifo), the pink SB (Sesamia spa. stalkeeyed fly (Diopsis
saccrephthatonn, are known to damage rice inthe fields. However., losses caused
oy the are considered to be minor. Another insect of importance is the cutworm
Espodoptera spo These are very devastating in some vears and almast unnoticed
i others They can cause up 1o 1007 Joss i the rice plants are attacked 2-3 WAS.

Sobceds - Weed conttolis one of the most labor-mtensive ope-ations in rice
production. in Fanzania, hand weeding is the most common practice of
controling weeds amondg the smalt farmers. Use of herbicides inrice culture is still
Lted for a number of reasens, among which the costbenefit ratio is crucial.
Wherdimproved weed contiol practices are compared with technigues currently

B

used by the farmer. the increase i rice vield is often about 107 or an average
micrease of 0250510 ha (2).

Fhe distribution of the major weed groups (grasses. sedges, and broad-leaved
weedsy i Tanzania is irregular, but all three qroups oceur at serious levels of
infestation in the different rice-growing cultures. The major weed species
common in the different rice ecosystems include grasses. such as Fchinochloa
colonac b leasine indica, and wild rice (Onea longistaminata). Broad-leaved
weeds consist mainly of a stoloniferous Concoleulus, Ipomoca aqualica,
Commelina spp., Stylanthes ioauritiana, Calinsoga parciflora, Ladwigia
abyssinica,and Anmania baccitera, Of the sedges. Cyperus spp. are the most
serious.

Management. Yield is the expression of the interaction between the genotype
and environment. Management creates o tavorable or unfavorable environment.
The yield potential of MVs canronly be realized it improved cultural practices are
adopted. Of importance are: qood land preparation: proper use of seeding rates or
spacing (in cases of rice qrown in rows): weed control: the right planting time;
water control and management under irrigated ecology: and sufficient use of
fertilizers. The situation in Tanzania now is that a majority of the peasant farmers
have had little exposure to the use of these innovations. They still use traditional
cultivation practices.

Sociocconomic constraints. The unavailability or delayed artival of inputs,
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such as improved secds. fetilizers, pesticides, herbicides, and credit, are some of
the factors contributing 1o low vields in Fanzania. Also. the high labor input limits
all good husbandry. and research and extension linkage is absent.

RESEARCH ANDENTE Smlo™

There is ampie evidence that increased rice production it Asian countrics was
achieved by improving the research and extension services (2). The role of the
researcher is to develop new technology, while the extensionist transters it to the
farrmer. Althouah some research findings are available trom the rescarch stations,
these have not been extended to and used by the farmer. There presently exists no
satistactory linkage between research and extension in Tanzania.

The developed technology needs to be evaluated by the rescarcher at the
farmers level through ondarm demonstiations and trials. Since the colonial
times. emphasis has been placed on station-based rescarch rather than tarm-
based research. Theretore, extensive oft-station trials need to be organized and
conducted by the crop coordinators in collaboration with extension agencies
under the Adaptive Research Program. Such programs need proper infra-
structure. adequate manpower. transport. and financial resources in terms of
inputs to be given to the farmers in the initial stages. Untortunately. these are all
grossly lacking in both rescarch and extension services.

Research

I'he agricultural policy of the government of Tanzanie is to support productionto
the domestic market most heavily while continuing to export some processed
farm products in order to earn foreign exchange. Longterm agricultural
development will require increased efficiency by improving farming systems and
techniques used by farmers rather than by merely increasing the area planted.
The workers and peasants, who now constitute more than 95% of the farming
community. will be the historic vehicle of development. and ds a matter of priority,
research policy and erphasis will be put on their problems.

During the colonial past, the tesearch systei v was geared to the needs of
relatively large capitalintensive fairms. The syste n served the interests of small
farmers on a very limited basis. Consequently, crop production levels from small
holdings have remained inherently low in comparison with those attained onlarge
estates or plantations. The new agricultural research strategy is to develop
economically viable crop production packages of recommendations by tarming
systems research methodology as opposed to the single commodity inter-
disciplinary approach of the past. Emphasis is being placed on the improvement
of tood grains. such as rice, with the ultimate ain of attaining self-sufficiency in
food.

In 1974 under the Directorate of Crop Development ot the Ministry of
Agriculture, 18 crop research coordinating committees were established tor each
crop or discipline program in order to: plan rescarch projects for each crop or
program: and to monitor the performance and evaluate the effectiveness of each.
These committees, each headed by a coordinator (a senior scientist in the
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particular field) meet once cach year to review the rescarch projects and tormulate
recommendations wherever appiopriate. Members of these committees include
research scientists in the program and extension and other representatives
endaged inowork related to the particular program. A maximum ot 12 to 20
members s recommended for cach committec

In 1981 the rescarchy wet up nnder the Dinasion of Bosearch of the Ministry of
Adricultuie was qivena parastal status and tell under three niojor orqanizations:
Fanzania Agricultu al Research Organization C1ARO), Oyvole Agocnltoral Center,
and Tropical Peshierdes Rescarch hsntute TARO has responsbility for afl of the
agricultural tesearch activities i the countny exec ept in four southern redgions,

Rescarchonncenn Tanzaniastated as carly as 1935 atkingur, but emphasis
onfice beqgan incthe 19004 when researchyaas based at Honga Rescarch institute
near hiiosa i the Moradgora tedion. e 975, the rice research headguarters was
moved fronn Honga to takara where liaison and coordination of rice reseaich of
the Institute s done. In 1905, aware of the glaring need to increase rice production,
the qovernment of Tanzonia decided to intensity and stiengthen its research
citorts tomect the increasing demand tor rice arising from population and urban
growth. The needto achieve selt-sufticiency inrice production was a realistic goal.
The strateqgy included the initiation of a national rice improvement program
through research and pilot irrigation schemes in the major rice-growing areas of
the country.

Attempts have been made to develop varieties with greater yield potential tor
Fanzania's varied agroecological zones since 1935 (1), The present rice breeding
program was initiated at llonga in 1966 (4. 5). The program has two broad
responsibilities: varietal development and improvement of management prac-
tices. che main thrust of research has been on breeding. but some work on
agronomy was also undertaken.

Ihe objective of the breeding program is to develop varieties with the following
characteristics: higher grain yield, resistance to diseases (especially Bl), lodging
resistance, non-shattering habit. short stature, early maturity, and high seed
protein. The breeding work has concentrated on improvement through selection
of indigenous rice varieties, varietal introduction and evaluation, hybridization
between local and introduced varieties, and mutation breeding of indigenous
varicties, Qutstanding lines from this work have been screened in multilocational
National Variety Trials since the late 1960s. Based on these trials several varieties
have been released to farmers.

Work on improvement of some of our traditional varieties through selection
staited at Honga in 1966 14). A number of local varieties have been developed
through pure-line selectiori. It has been shown that some of the traditional rices
have a potential yield of 6-7 t/ha after they have undergone selection. Varieties
developed through this method include Faya Theresa. Ataa Mwanza selections
11159 and 0: 746. Kihogo Red (Morogoro), Kihogo selections 7, 22, and 23, Gamti
(Tunduru). and thrze upland varieties (Dunduli ya Milimani, Salama, and Afrika).

Hybridization work, involving a series ot crosses between local and introduced
varicties, was started in 1971 at llonga. Outstanding lines advanced to the ninth
generation were further screened in the multilocation National Variety Trial, and
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on the basis of this trial, one promising line was recommended and released to
farmers in 1983. The: variety has been named Selemwa,

Fromtesting and evaluation tnals, It 12397 introduced from ITA. was released
to farmers in 1983 and later named Katrin, Some usetal materials have been
identitied from the matanon breeding wors. Although promisiig. imost of these
are tall with a high incidence of odging. Although rice research has ragistered a
number of successes, it continues to tace problems, some of which are:
D insufticient funds to meet both recurrent and development expenditures,
2) inadequate research infrastructure facilitios, 3) inadequate transport to super-
vise ficld trials ) unavailability of experienced rice researchers, and 5 lack of rice
publications.

Extension

Agricultural extension in Tanzania is divided into field- and center-level extension.
Field workers are controlled at the ministerial level under the Extensic.a and
Technical Service Division. The extension machinery has not been able to
contribute much because of the following constraints: 1) inadequate research
technology available for transfer to farniers, 2) lack cf transport facilities, 3) lack of
proper work plans, and 4) lack of liaison with research staff for field demon-
strations.

FUTURE PLANS

There are two options for increased rice production in Africa; these are expar.ling
the rice cultivation area and increasing yield per unit area (2). By increasing the
iand area under controlled irrigation, and by an expanded research effort and an
integrated rice developrnent program for peasant farmers, Tanzania will reach its
goal of self-sufficiency in rice production: in the near future.

Tanzania offers good opportunities for the rapid expansion of rice cultivation in
areas such as the Rufiji basin and the swampland in the Kwimba district and the
Shinvanga region. Attempts are being made by the government to expand the
area under irrigated rice. A recent move in that direction has resulted in the
expansion of the Mbarali Rice Farm and the development of two other irrigation
schemes at Madibira and Kapunga in the Usangu Plains, as well as some smaller
ones near Bukoba to the west of Lake Victoria, and in the Tanga region in the
Korogwe Jistrict.

Available statistics show that the Rufiji River basin has great potential for
agricultural development. The basin covers an area of 177 000 km”, which is
about 20% of the total land area of mainlan< Tanzania. A nationwide total of
622 400 ha has been identified as suitable for irrigation. Of this, 329 600 ha are in
the lower Rufiji valley. Another 208 000 ha are in the Usangu plains where Mbarali
is situated. and 4800 ha are in the Little Ruaha valley. The Rufiji basinis diained by
the Rufiji river and its three major tributaries. In fact, the basin covers entirelyorin
part, 8 of mainland Tanzania's 20 regions. Theze are the Coast, Morogoro,
Dodoma, Mbeya, Iringa, Ruvuma, Lindi, and Singida regions.
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The Kilombero valley, where the Agricultural Research Institute Ifakara is
situated, covers an area of about Il 000 km*. The broad and alinost leve] fioor of
this valley lies at an average altitude of 300 m. Almost all of the area experiences
six wet months. The rainy season usually begins towards the end of November,
and it ends between the middle and end of May. There are marked spatial
differences. but the mean annual precipitation in the Kilombero valley is between
1000 and 2000 mm. The temperatures are typical of a semi-humid tropical valley.
The mean monthly minimum and maximum temperatures range from16to0 23 C
and27and 35 C,respectively. Rice s the main crop in the valley, generally grown
as rainfed rice, but along the banks of the river it is rigated using flood water from
the river. The area offers potential for simall-holder development of rice production
without the need for large-scale investiment (3).,

As for the second option, sizeable increase in rice production can be achieved
through a balanced combination of rescarch and extension and through added
incentives to produce more. To release the second option above, our research
efforts should be expanded. The research capabilities of Tanzania, as in other
African countries, are much more limited than in the nce drowing countries of
Asia. Having realized this, the government readily signed a memorandum of
tnderstandling with IRRT in Octaber 1983 aimed at erhancing Tanzania's
capabilitics i research on rice and rice-based cropping systems. According to the
memorandumn, the Genetic Evaluation and Utilization (GED Program. designedto
develop varieties that possess high-yiclding potential, good drain quality, and
resistance to prevalent discases and insects, will be given priority. Other areas of
tesearch 1o reccive ermphasis will include soil and crop manadement. Particular
attention will be given to the efficient formulation and methods of application of
fertilizers (particularly for rainted systems), to the use of ordanic manures, and to
the contribution which biological nitrogen fixation can make to rice production.
Since the area under the inigated ceology is going to incredase, irrigation water
management rescarch is neededto identity how the use of irrigation water can be
made more efficient so that less water is used to abtain equal orgreater rice yields.
The rice research program, among others, is one of the most starved as far as
manpower is concerned. To date, there are five scientitic ofticers., one Ph.D. and
four M.Scs. As noted above, the nrogram will continue to experience an acute
manpower shortaqe if this research is fully Ladertaken, It is hoped that a steady
and signiticant training program will be embe ked on in cooperation with [IRRland
HTA.
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THE STATUS OF RICE
PRODUCTION, CONSUMPTION,
AND RESEARCH IN ZIMBABWE

N. R. MUGABE and I. R. MHARAPARA

INTRODUCTION

Rice as food is widely accepted by both black and white Zimbabweans. Due to its
restricted availability and higher cost compared with maize, rice is considered a
delicacy by the black community. Palmer and Parsons (2), writing about the
history of Zimbabwe for the period 18901909, pointed out that Shona farmers
produced a wide variety of crops including rice. Sawer (3) stated that rice was a
staple diet for the Mashona people in the 9th century before its displacement by
maize. Unlike maize, rice presently occupies a very small proportion of the
agroindustry of Zimbabwe, and various reasons can be given for the current low
level of rice production in Zimbabwe. However, the continued increase in local
consumer demands for rice, which far surpasses iocal production, coupled with
Zir. habwe's policy of self-reliance in feed production, have prompted the country
to re-examine local preduction potentials.

RICE. PRODUCTION SYSTEMS

Two rice production systems exist in Zimbabwe: clei rice production on
hydromorphic soils; and irrigated commercial production. The former is prac-
ticed by communal area farmers while the latter is the system used by state farms
and white commercial farmers. Evidence shows that vlei rice production has
been practiced in Zimbabwe for more than 100 yr, while irrigated rice production
was started in the 1950s in drier and warmer parts of the country.

Viei rice production

The vleirice systemiis practiced at a subsistence level and has changed very little
over the years. Rice tields are generally located in valley bottoms, river banks, and
other areas with slow dramage. The soils inthese areas are generally Vertisols. Due
to their subjection to marked hydromorphy, these soils invariably have grey
subsoil colors and possess a zone of mottling as a result of the seasonally
fluctuating water table.

Assistant director, Research Sevices Division. Department of Resvarch and Specialist Services,
Causeway, Zimbabwe, and agronomist, Lowveld Research Station, Chiredzi, Zimbabwe.



The duration of the hydromorphic conditions varies with raintall amount and
distribution. catchment area water table, andvarions aspects of water loss. These
tactors determnine whether o not clermce cannbe grown, The exact area under cfed
rice production has sotvet been determined although this system of production is
practiced in nany parts of the conntry where hydromorphic conditions exist.

Soi ade withy a diawin plows s noimnatly done mowinter white the soil is still
moist from residual mostunre. The crop s sown betore the majo. rains, This is
doneto ensure that the cropris i the ground betore the sorlis too wet since these
Soils are difficult to work under wet conditions. The previousiy harvested crop
generally supplics seed for the tollowing crops The seedis broadceast. and either an
ox-drawn branch o g spike toothed harrow s dragged across the tield to
mcorpotate the seed

Kice s usuallyintercropped b maize: This s done toreduce the risk of crop
o aure. Monoculture nice s also common. nowet yvears o good crop ot rice is
harvested while naadze may tal, and the opposite s trae in drier years,

Almost no cicr nice growers apply tettilizers or pesticides to their rice crops
exceptinag few cases where ferttlizer s applied to the maize. Weeding is normally
dedayed since tarmers qive tirst preterence to weeding divland crops tmaize,
groundnuts eto r One o two horaweeding operalions per rice crop are commaon.

Several clednice varietios and Iines have bheen grown over the vears. The exact
types and ongins of these vaneties have vet to be determined. They cosely
resemble the indica type s beng talis leaty and date mataring, but they are shil
adapted to local condimons. These vaneties include both red and white rice types
when classificd by the color ot then pericarp. They appear to have been selected
forfow input conditions as evidenced by thea poor tesponse to higher N evels.
Ihey are resistant to vanous discases, although the red rices are susceptible to Hi
caused by Doyrcodaria orgsae. Gram discoloration caused by the fungus.
Nigrospora orieae s conmmon throughout the country, but it does not appear to
cause serious crop damage. The cleivarietios have a high tolerance to avanety ol
stress factors and show a qood ability to recaver from moisture stress and grazing

The averzge rice yield in cfer cultivation is 1Ot ha although this Huctuates
depending on the amount of rainfall and its effect on the duration of hydio
morphic conditions. During wetter years, yields increase to over ED E ha Daningg
drier years the crop may be a complete tailure. The totai production from these
areds is not known since the total hectarage has not vet been deternmned. Al ot
the rice produced under this systemis consumed in the area of production

Craditional rice harvesting is done several times in sequence since the nee
panicles ripen urevenly lronn the maim culm to the Jater tllers. Vierrice s panicle
harvested by hand using knives. The bundies of pamictes are placed in hessian
bags. The rice is fater suncdried. cither in the harvesting bags or on protected
clean, sand-iec surfaces. The traditionallv-acquited knowledeae of processing thi
crop is used to determine when the panicles are dry enough tor threshing. The
paricles are cither threshed i the open orwithinthe sacks, The straw s remaoved
and the paddy is winnowed to remove the chefl Clean padey s terther sun-dried
to required MC. Subsequently, the paddy s tilled into H0-kg hessian bags e into
25-4itre oil tins to measure yield. The paddy is then stored in bags or placed in
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traditional granaries. Paddy thus dried and stored can keeplor 24 mo or more, but
seed is usually renewod vearly,

The rice s processed by traditional methods of pounding with mortar and
pestle followed by winnowing, The polishing and pearling thus achioved is very
shght vielding grains with o ot of red or brown tegmen. Forrence destined for
nce tlour. the pantiafly potished nee is washed and soaked forashort time o sotten
torpounding or grinding into Hour, After being soaked. the rice is spread 1o dry
Ot excess water betore it s poanded of ground and sieved into Hour. A arinding
stone s used tor grinding The resultant Hour is sun diicd and used to prepare
sidectasttt poridge made trom maize, sorahun, tnagernllet, other mitlets, and
oo Hourst This is g staple in the diet of block Zimbabweans,

Rice dishes are prepared in o vaneny, of woys by the black community in
Jimbabwe The white nices make boiled 1 e dishes, Plain bodedice is eaten with
relish dishes, such as meat o vegetable stews The glutinous red rice s
traditionally ground into tour and made into taditonal poridage. Doe to the
Madequate availability of tice. all these dishes, thoudgh preferred to others, are

considered delicacies and res snved for special occasions.

Commercial production

Commercial tice production under lngation in Zimbabwe was initiated in the
carh 19505 although the enthusiasi tor it was not accompanied by a full
complimentary production technok gy Various problems becaie apparent
mchding: diseases, weeds, nutritional disorders, and proc essing. Because of
these problems, commercial production was greatly reduc ed although research
clforts were continued to investigate the various aspects of rice production.
Cansequently. research has prodiced some very uselul results and recom
miendations, which are Currenth berng used.

Fhe total hectarage under commerc il production is very small. About 400 ha
woete planted to ne e dunmg the 1683 84 drowmg seasan Onh two producers,
natnel the Aancutturaland Roral | relopment Authonty (ARDAVand the Buifalo
Range Group constitute this he tarage. ARDA estates are growing rice on black
basalts inthe wester part of the country while the Buttalo Kange estate is in the
Southeastern Lowveld and lies on paragneiss soils (redcelay loamy soils). Both
estates are in the semi-arid regions with low rainfall (average bO0-600 mm). Day
temperatures range trom 20 C to more than 40 C and night temperatures from
B Cto 25 C

Both estates are growing rice under Hlood irrigation. Sprinkler irrigation was
used at Buffalo Range until recently when it was replaced with flood irrigation,
which proved to be a better system. Rice is irrigated at 0% depletion of available
moisture giving 15-20 irrigations per crop,

The cropis drilled at 100 kg ha seed rate in 20-25 cm rows. A post-emergent
herbicide is applied at sowingto control major weeds. One or two hand weedings
may still be necessary. High fertilizer inputs under this intensive system are
necessary. N application rates range between 100 and 250 kg N/ha with
appropriate P and K levels, depending or the soil types.

Three varieties are being grown commercially: Blue Belle, Le Bonnet, and



IRA00. The firsttwo are tromthe USA while 1R300 is an [RR] variety. Blue Belle and
Le Bonnet are long-qrained types which are accepuaabic to the focal market, while
IR400 is medium-grained and is not popular an the market even though it gives
the highest yields. Table | shows some of the charactenistios of these varieties
observed Over Syt undi sprnideritigation condiions in the | onwveld, Paddy or
Hoodsirigeiion systems would gne shahthy ditferent roalts Caormmercial
producers would overagqe approsimiatel, (7 of the geacard b vields shown in
Fable |

Riceis harvested by combine harvestens. Varietios that are suitable for combine
harvesting are profered 1RGO0 is unsuitable because its panicles do nol stand
above the canopy. Harvesting is normally done when the arain MC has reached
between 22 and 257 Ciop hanvesting at lower grain MC levels has been shown to
attect quatity, Tamperingg System Driers are used for drving the grainto between 13
and 155 MC before processing. The fow processing machines available in the
country for hulling and polishing have o tecoveny rate of 50-60%. This is a rather
low recoveny rate and could be nproved by acqguinng moie modern machines.

Commersial nce production reached o peak in 1970 when 88 ha were grown,
andthercatter production decined continuoush . This dechne is larcgely attributed
tathe decsion made by the Sabi | Ipopo Authority to cease production in view
of praduction and rarketing problbenns enpenienced e 1909 700 Production
problems included BEdisease nematode mfestation Higation control, and bird
enace (QUekear Subsequentt research s found solutions (o some of these
probleme

Focal nee production provides a relativeh sinall proportion of the total
domestic reqairement Table 2 shows detanls of paddy tice preducnon in white
commerciat forming areas and purchase area farmis owned by biacks. The area
planted 1o nce rom 1980 16 1983 dec rease markedly. and no figures of total
production are available for this period.

BESEARCH A E XD NSO

Riceresearch has gone thiough peaks and falls between 1952 and 1984. However,
the need for research on this crop has alwavs been appreciated, and after having
identified production problems in the 1950y, researchers have been able to solve
some of them. Generally, the problems included  the tollowing: irrgation
problems. fundgal discases tparticularly B, noematode mtestation, varietal selec-
tions, weeds. hanvesting, and processing. Smce rce production has been
undertaken on a very limited scale very Hittle extension s taken place,

Table 1. Charactenstics of thiee vaneties grown commercially in

Zimbabwe.

Vi et g b Mataen Biant Heaght Lodging
Aanety 020 MG G rating ol (o

1H400 /39 147 Vory gt 001 0

Le Bonnet /023 1273 Very hight 1.3 3

B3iue Bells: 60/ 116 Very tight 1.36 3
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Table 2. Commercial rice production and trade from 1974 to 1978

(.
Area Production Imports
Year planted
(1) ()
(ha)
1974 727 396 6 860
1975 857 592 5 597
1976 569 310 1744
1977 480 260 8 073

1978 605 4563 2766

FUTURL PLANS FOR RICE PRODUC TION N THE COUNTRY

The need to develop and increase rice production in Zimbabwe has now been fully
appreciated. The Departmeni of Research and Specialist Services (DR & SS),
which has a national mandate to conduct rese arch on food crops. has included
Heen its prionty areas for research and development. Plans are being made to
formulate o national rice research and development progran,

Achammanwas appointed and charged with the task of forminicya coordinating
cotmmittec for nce production. The committec s to indlude representatives of
departiments and institutes that are presently or wouldd in the future be involved in
rice production ot resecarch, These have boeen identitied as: Assistant Ditector
(Craps Rescarch Division): Assistant Director (Rescarch Services Division): Heacd,
Lowveld Rescarch Station: Head, Plant Protection Rescarch Institute: Head.
Chemistiy & Sail Research Institute: Head, Agronoimy Institute: the Rice
Agrononiist and representatives frem the Departments of Agricutture. Technical
and - Extension Services (Agritex), and Rural Development and Cooperative
Development. The committee’s terms of reference are 1o review dll existing
Knowledge of rice production in the country with a view (o making it available tor
the purpose of stepping up productivity in both the commerciat and communal
arcas. The communal areas are the former Tribal Trust Land, for example, land
held in trust by the President of Zimbabwee.

Longtermiesearch and development plans are under the auspices of the DR &
5o, These villinvolve anappraisal of rice research and production methods in the
country and the tormuletion of a national rice research and development
program. nformulating a national research program. assistance from and liaison
with international organizations and research institutions involved in rice research
and development are considered necessary, hence our participation in the
present workshop.
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RICE RESEARCH IN ZIMBABWE
. M. MHARAPARA AND N. R. MUGARE

INTRODUCTION

Two systems of rice production are practiced in Zimbabwe: commercial
production under irrigation inthe semi-arid regions of the country; and traditional
subsistence production under hydromorphic conditions (cfci) in the higher
taintaltareas. Rice rescarch work under irrigation commenced in the carly 19505 at
the Lowveld Rescarch Stations. These stations serve the serni arid redions of the
countrvoies the Fowveld, characterized by low raintall, hot, drv sumimers. and
occasional quti weather theavy overcast with drizzlie and cool winds)

Initially, rescarch efforts concentrated mainly on the investigation of irrigated
commercia rice production techniques. Rice production under hydromorphic
conditions has not received much attertion. Considerable knowledge of rice
drowing under irrigation has been accumulated from work conducted aof the
Lowveld Research Stations. and this has been used to termulate recommenda.
tions on most aspects of production. Nonetheless, more teseorch work over a
wider range of agroecological conditions needs to be done under both irrigated
and hydromorphic conditions. '

PRENVIOUS RICE RESEARCHEFFORTS

Varicus aspects of rice production under irrigation in the southeastern Lowveld of
Zimbabwe have been investigated since 1952, Some of the investigations
produced conclusive results while others are being continued.

Germplasm collection and screening

Only o few varieties are considered indigenous to Zimbabwe, Among the
indigenous or local varieties, the red pericarp types seem to be dominant. The
history of germplasm introduction dates back to the late 1940s or early 1950s.
These introductions came from the following sources: U.S.A., India, Philippines.
China, and recently from Japan and East and West Africa. The national rice

Agronomist, Depatiment of Research and Speciahst Services, Lowveld Researchr Stations, Chiredai,
Zimbabwe. and assistant directon. Reseaic h Services Division, Depattiment of Research and Specialist
Services, Causeway. Harare, Zimibabwee,
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pProaram continues to acquire promising lines trom various sources and to test
them for adaptability and performance,

Ihe tiest rice variety trials involving 42 entries were conducted at Sabi Valley
Experiment Stationin the early [950s (Sabi Valley Annual Report 1950-55). Most of
these varieties, except one called Ambarikere. pesformed very poorly in terms of
yield, susceptibility o disease, and lodging. Variety trials have continued as more
ntroductions were acquired. The emphasis on screening has been, until very
recently, on high input and managementresponsive varicties suited to the
inrigated commercial rice production schemes. The tollowing characteristics were
selected tor: high vield under conditions ot high inputs ot fertilizer, pesticides, and
machinery usadge: fong qrain: efticient water usage: low grain cracking percentage:
short stature and lodging resistance: carly maturity (e, 100430 d): resistance to
diseases (particularly Bl caused by Pgricedor i ongeacy: photoperiod insensitivity.
As aresult of this work Blue Belle eimerged as a variety with maost of the above
reduinements,

Ihe realization of the need tor research on cler rice has necessitated initial
selectionforvarietios with most obthe charactenstios identitied in the commercial
riee tescarch as well as the element of drought tolerance,

Seed size
fnvestigations on seed size were conducted inwhich grams of tour varieties were
separated into four tength cateqories tong, shorte intermediate, and mixed
[engths) betfore sowine.
Fhe investigations yielded the following trends:
o [hemean grainweight, as tepresented by the 1000 grain weigh® of harvested
secd. was not oftected by the sice of seed planted.
o [here was o tendency for seed with longer graims to produce a greater
proportion of long drains than the shoter or unselected seed.
Fheimplications of this are important because indications are that seed size is
hetitable and that selecion torimcreased length can result in progeny with longer
drain, o desiable cornmercial attiibute, The work to study the heritability of grain
stze-and its implications for mcreased vield may be tesumed. Results trom IRRI
stcgopest that for sodernce tines that ditfer only in seed size, a yield increase with

laraqer grat is possible,

Spacing and seedrates
Irials conducted onvariable plant population densities as atfected by spacing and
seedrates produced the tollowing results: _

e Alinearl decreasing trend for lodging with increasing seedrates,

e No signific ant difference inyield was obtained under row spacings ranging
fromi 50 i to dut mm. Variation in yield may be associated with loddging in
varietios that are susceptible to todeging.

o Nosigniticant ditferencein yield was shown with secdrates randing from 50to
100 ke ha. Alinear trend showing anincrease invield with lower seedrates has
been observed,
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o The number of panicles per unit area decreased with an increase in row
spacing. and it increased with higher seedrates, particularhy ot wider SPACHIYS.

o [he weight and sumber of Gqrams per panicle were not influenced by row
spacing. but they decreased with increasing seedraie at any given SPAcing.
Promihis work the folfowmg recomimendations have been drawn: 1ow spacing
should be belween 20 and 30 cn and seedrate between 70 and 100 ke ha,
depending oncthe availability of seed. The actual seedrate has to beadjusted at all
tirnes depending on the genmination percentage of the particular batch of seed.

Fertility
Most ot the research work on rice has been done on paragneiss soils (chromic
afiols) - The soils vary greatly with respect to depth and testure, but most are
shallow to moderately shallow and are characterized by karge reserves of
weatherable minerals. The phosphate status is inherently low which necessitates
mointenance apphications of phosphate (80 hg P-O-) to every crop. Potash status
obthe paragneiss soils is relatively high, and no vield responses to potash have
beensdemonstiated. The fact that the soils are inherenty fow i mineral N has
contimed fernihty stuchios to those involving N The average pH of these soils lies
Detwern D5 and 6.5 (Callh)

Fhe N requitement of rice has been investigated with respect to total N
apphication. spht applications, and timing of split applications. A surnmary of
results obtamed follows:

Requirements

e [he optimum N requirement is between 135 and H5 kg N/ha. It has been
shown that nce responds to high levels of N up to a point when lodging
becomues important, especially with tall varieties.

e M response is more pronounced following o cereal such as wheat than it is
after alequme,

o [hecrop sresponseto Mis quadiatic mnature and can be affected by variety,
field conditions, planting date, and discase.

Time of application

o helevel of Napplicd at planting is one of the most important single factors
determining yield.

° Optimum topdressing time was found to be at panicle initiation stage
felondgation of the second itermode), and this was found to be at 77 d trom
planting tor Blue Bonnet,

e Splitting topdressing is more beneticial tor late-maturiag varietios than it is for
carly-maturing varietics.

® Yields are decreased considerably by delaying topdressing to later than the

stage of elongation of the second internode.,
Foo early an application of iopdressing tends to increase veoet-iive growth
and height.


http:ductreii.wd

P16 RICE IMPRONEMES D P EASTE RN U AT AN SONTTHE B A i A

® Where topdressing s essential, two opdressings are adequate and have been
shown to increase yield slightly. More than two applications is not beneficial
on certain soils

o Milling percentade e reases with Nlevels for Blue Belle (60 kg N/ha: 62.1%:
300 ka ™ ha: 71700,

¢ Polished whole qrams increase with N levels for Blue Belle (60 kg N/ha:

R A T P e B I S

Crop water use and irrigation schedules
The objectives ot these studies were to determine the effective use of water by the
nce plant to detcimine whether measurement of open-pan evaporation would
provide a satifactory estimate: of evapatranspiration. and to determine the
ntuence ot a reduced salmoisture regime on evapotranspiration. The following
results were obtamed:
® Actual crop evapotranspitation (E1) as o hraction of pan evaporation (o)
ranged from 0.32 10 the carly growth stages to 105 at full canopy.
o Pear bt boratio coincided with panicle ditferentiation, maximum water use,
maximum eftective oot depth. and peak leat area index.
* Nosigniticantreductionin bzt o ratio from panicle ditterentiation to maturity
was evident.
e Areduced moisture regime (less frequent irrigations) reciuced the maximum
Lt Eo ratio over the complete crop cycle.
Removal of water stress reduced the vegetative phase considerably.
Moisture stress increased the percentage of discolored grain.
Rice yields under the paddy system increased to more than 12 t/ha.
Aostandard Class A evaporation pan can be used satistactorily to estimate
water use,

Time of sowing
It has been tound that the vields of both short and medium. later maturing varieties
ot fice represented by Blue Belle and Blue Bonnet, respectively. are likely to be
reduced with successive delays in planting over the period from early October to
carly December. Detailed observations are as follows:
® Yield variations over this period are likely to be small arid depend on the
ensuing weathetr conditions.
* Advance in planting date tends to reduce the number of days to Mmaturity.
e Thencidence of Bltends to become severe with the advance of plan:ing date.
e [he planting date should be geared to varietal maturity to ensure that the
chances of guti and rain during harvest are minimal.

Pests and diseases

Rigorous-quarantine measures are applied to all new material brought into the
countrv. Introductions go through tests at the Plant Protection Research Institute
in Harare for diseases and pests in general and for the white tip nematode
(Aphelenchoides besseyi) in particular. Successful introductions are further
tested at Chiredzi Research Station in the quarantine nursery tor field screening.
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Some specific findings follow:

® Pratylenciies spp. of nematode have been found in high numbers on several
occasions in Lowveld crops, sometimes in association with extensive crop
damage. and at other tines no serious damaqge was recorded.

e i tungicide tnals conducted in the Lowveld, Tow discase incidence made it
mpossible to cvalinte the effectivieness of the tungicides under local
conditions.

o Rice should be aqrown on the samie tield once evary 5 yi to reduce disease
buildip and to maintain soil conditions,

Time of harvest and quality
Opliunctime of hanvest fras been determined to be when the grain MC is
S0 Hanvest fosses aned sun cracking are minirmal ot that stage.

Blue Bl which has Jong, slender, transhucent drains, remains the best
cotnmetoial prospec tin the carly-miaturing varietal group. Pearl-grained rices are
unpopular. With many more recent introductions,  research on consumer
preferences necds to be done.

CURKENT RESEARCH PROGRAMS

A number of rice research programs are currently in progress. A synopsis of the
programs follows:

e Irrigation = Nitrogen - Variety trial is being conducted to study the
performance of two varieties of rice under two different multiple cropping
systems, two irrigation methods, and two fertilizer levels with short and fong
duration rices. under paddy and flood systems with ratooning. This research
investigates the possibility of producing three cereals per year; measures the
amount of water required in the two irrigation systems and the economics
involved:; and investigates the potentials of ratooning. In application. the
combination of measurements of all inputs will allow econamic calculations
otthe feasibility of the two systems, which will directly benefit commercial and
small-scale irrigation farming.

e Variety - Planting Date trial is being conducted to investigate the effect of
climatic factors, especially cold temperatures, on the growth and grain
production of rice. An assessment of climatic conditions conducive to
physiological “white heads,” which commonly accur in the Lowveld areas,
will be: applied to improving rice production.

e Variety Trials are being conducted to introduce and select materials whichon
a broad basis have the following characteristics:

Suitable for hydromormhic conditions
— Low input requiring varieties, with higher and more stable yield
potential
— High level of pest and disease resistance
— Drought and cold tolerance
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Suitable for intensive commercial production

— Highly input responsive

— Suitability for new production systems being developed, e.g. two crops
per summer season

— Cold tolerance and high level of disease and pest resistance

— Leng-grained high quality rices
The improved varieties will be injected into the two rice production
systems, and it s hoped that they will boost production levels.

e Cropping Sequence |rialis currently investigating alternative rotational crops
in a three-crops-a-year cropping system. Upon application this will provide
farmers with feasible alternatives that are still profitable and agronomically
sound.

e Vel Rice Production Methods Trials are assessing the various possible
methods of rice production under hydromorphic conditions and developing
a more efficient method in terms of maisture conservation,

e Ant-hill Soll Triais are being conducted to reduce soil pH onold ant-hill sites
by either leaching or aciditying or both and thus making e available, The
information gained will be applied to improve rice growth on such sites that
occur in the irrigated rice fields in the Lowveld.

FUTARE. RESEARCH PROGRAMS

Considering the envisaged expansion in the rice production program in
Zimbabwe, the following aspects may need to be investigated:

¢ Long term effects of continuous rice production on the field with respect to
yield. soil condition, and pest and disease buildup.

¢ Nutrient responses of rice under hydromorphic (vlei) conditions and the
overall assessment of rice production potential under these conditions.

e Assessment of traditional varieties for possible useful characteristics that
could be used for breeding purposes. e.g. cold, drought, and pest resistance,
and organoleptic propertics.

e Varietal collection and screening particularly for yield. drought tolerance, cold
tolerance, grain quality, disease resistance, and possibly ratooning ability.

e Comprehensive assessment of quality preferences of the Zimbabwean
population, its importance and implications for the research program.

® Rice storage problems.



THE ZINA YEAR RICE PROJECT
IN MADAGASCAR

R. R. SOLANGE

INTRODUCTION

Rice is the staple food of the Malagasy people. For some time, the Malagasy
Democratic Republic has been facing an increasing deficit in rice production
(Table 1). Production cannot keep up with population growth, which stands at
9.7 million with an average increase of 2.75% per year. Hence. Madagascar is
compelled toimport 150 000 to 200 000t of milled rice per year to provide for the
needs of the country,

Production depends on several factors including the choice of variety, farming
techniques (including sowing and transplanting). soil type. irtigation. use of
fertilizers, and control of rice pests.

I Agricudture Horizon 2000, FAO estimated that, on a global scale, 20 to 40%
of the harvest is lost in the field because of pests and diseases. This proportion is
perhaps highest in developing countries. Reducing this proportion of waste will
resultinan equivalentincrease in production. In Madagascar efforts are underway
to control two of the main rice pests, stemborers (SB) and hispa.

This report will give an overall picture of the Zina Year Operation, an extensive
pest control program carried out by the Ministry of Agriculture in the region of
Alaotra Lake, the rice granary of Madagascar. Included is a discussion of the
project’s goals and organization, an evaluation of the pest control systems
employed. and an evaluation of the project’s impact on rice production in the
region of Alaotra Lake during its first year of implementation (1982-1983).

OBICTIVES

A 198l survey showed that between 7.4 and 62.7% of the rice tillers were infested by
insects in the areas sampled. Given the pressing need to increase production, it
was decided that an insecticide campaign against pests (SB and hispa) would be
cartied out. The valley of Lake Alaotra was selected for the project as commercial
production there represents betwveen 30 and 35% of total milled rice production in
Madagascar. It was planned that 50 UC? ha of paddy fields in the region would be
treated by airplaine. The operation was prediz*ted to result in an increase of
25 000 t of paddy. corresponding to 17 500 t of milled 1:e.

Ministiy of Aqncalture, Ambositra, Democratic Kepublic of Malagasy.
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Table 1. Rice production in Malayasy Democratic Republic from
1963-19837.

Area Production Yietd

Year {ha} (*) (t/ha)
1963 850 000 15659 000 1.83
1964 855 000 1648 000 1.92
1965 849 000 1589 000 1.87
1366 883 000 1753 000 1.98
1967 901 000 1831000 2.03
1968 913 000 1873 000 2.05
1969 913 000 1 858 000 2.63
1970 997 050 1945 900 1.84
1971 997 150 1833000 1.84
1972 1017850 1923 600 1.89
1973 1053 200 1913000 1.82
1974 1063520 2013440 1.89
1975 1078 210 1972100 1.83
1976 1063 920 2042 500 1.92
1977 1175 265 2 067 266 1.75
1978 1132535 1945 900 1.7
1979 1163860 2044 935 1.75
1980 1199 1565 2108 910 1.75
1981 1162 370 1850490 1.60
1982 1 159 000 1976 000 1.73
1983 1219 000 2147 600 1.76

ISource of statistic data: Years: 1963-1973: FAO, 1974-1981: Agri-
cultural Statistic Service-MPARA, 1982.1983: Rice Coordination
Service- MPARA

In the short term, the chemical fight against SB and hispas will contribute to
increasing the effective harvest, and consequently reducing rice imports, and
saving foreign currency. The medium term objectives (2 to 3 yr) are to train staff in
the organization and the management of a large-scale pest control operation; to
implement an alarm network that will monitor the pests’ progress and signal the
timing for control measures: and to perfect techniques for farmer use (choice of
insecticide, formulation. and equipment).

ORGANIZATION

The Ministry of Agriculture enti usted the following societies with the implementa-
tion of the project:

¢ CIBA-Geigy S.A. Bascl, Switzerland. for the technical implementation and the

scientific follow-up:

e COROQL. for logistic support; and

* Societe des Travaux Acriens de Madagascar (TAM), for insecticide applica-

tion by air.

In order to cope with the distribution of paddy fields over the region of Alaotra
Lake, three operation centers were established, each comprising 16-18 000 ha.
They were the Northern Operation Center at Andramosabe-Ambohijanahary;
Western Operation Center at Ambongolava, which also serves as headquarters;
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and Southern Operation Center at Anbatondrazakr,

Ateam ot 100 technicians from the three socictios and agents trom the support
organizations (Circonseription de fa Nulgarisation Aqocole o Ambatondrazaka
and Societe dAmenagerient do e Aot wes distribated among the three
Operation centers

An extensive campaign of informiation and promiotion aimong the tarmers
underhned the aapatanc e of loliow g an aqgric altural catendar, This « ampaidgn
atsoclatified the pest control progran and showed the precautions (o be taken
dunng treatments, Notice boards, radio broadeasts, prnted hand-outs distiibuted
mymare than HO fokontang helped to obtain a satisfacton, degree of information
dittusion at gl devels b Hective information: dissemination was cssential for the
suceess of the operation. It allowed tarmers to understand the operation and
stimulated their cooperation.

ACTIVITE S

Pest control operations were mitiated at a specitic pestintestation threshold to
optimize cfficiency. To determine the threshold a network of light traps was
established to monitor the population of adult moths, The counting of eqq-
Masses was catned out by special teams. The numiber of lanvae n the stems was
also counted.

Dimecton 100 SCW a0 systemic msecticide componsed of phosphamidon,
whose action is simultancously cllective agamnst SEand ispa, was the product
used Spraying was carned out by planc under ultra fow volame, The collected
datatnumber of adults trapped. density ofeqgadaying. ond condition of veqgetation)
alowed the persons tesponsible to organmze insecticide apphcations. With the
datathey could priortize sites requiring treatment. medic ate the amount of product
to be used. deicnmine the parameter of apphcation alight altitude and width of
spravindg) ana control the quality ot applic ation.

Fo have araccurate evaluation of the project resalts, treated and untreated
plots were chosen. The evaluation of the offects of the project upon nce
production it Lake Alaotia reqion was made during the pentod between
20 May and 5 Jun 1983,

Thiee systems were implemented to monitor pest infestations: counting of the
insects, twin pilot plots. and light traps. The results of the control systems have
been evaluated and atew changesin their organization have been recommended.
Also. somie preliminary information about the dynamics of the white SB (the
Prmany pest species) population has been revealed,

Evaluation of the twin plots system

Fhe twin plots system was used to contiol the effica:y of insecticide treatments on
teated and untreated plots. For larva control. the plots were visited every week and
the tillers were dissected and examined by o team of four persons. each of whom
was tesponsiblefor 40 hills. The data gathered during the projectwere analyzedto
seeifmonitoring based on <0 hills per plot was sufficiently precise in determining
larva infestation. The results showed that it was unnecessary to monitor more than
A0 hills per plot and that a reduction to 32 hills is justified.

{days)
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Evaluation of the light traps control

The hght tran systeny was ased to provide o daily record of the aduit borer
population to define the zone to be treated first: to obtain information concerning
the developnwent of borsr imfestation in time an . space: and to evaluate the
usetulness of the hght traps system to get reliable and precise data concerning
borer intestation.

Twedve ight traps were established mthe pooject region tour per centen. To
evaludate the rate of moth population growth. weekly averaqges from daily catches
were caleulated and reported madogarithmic tables The results showed that little
ditterence existed between netghboring traps: differences were immportant across
redgions, however,

Ihis system ot requiar sampling asing hight traps can provide mformation on
the development of the population which is apprecicbly better than the
mformation which could be obtamed by counting eqag-layimgs. The data show the
possible increase of the adult population and also- establishe the relationship
boetween the dynanue of this population and weather factors

Fhe seasonai Huctaation of ighttrap catches was compared to the egyg counts
of the closest plot fovetade distance of Tro 2 ki Besides the fact that a high
density of cqaglavings was paralleled by a great number of adult msects, there was
no cotrelation between the two sets of datas Barther rescarch is necessary to
understand the relationship betwesn hghtteap cate hes and cgeg mtestation betore
using light-trap dotato determme treatiment s

Although 'ess important than the white SE O the pink S B esesamia calarmistis)
has also beenrconsidered ace pestin the Lake Alaotra teaon: The data obtained
from the thice control systemns have confimmed this, However treatments with
nsectcrce muast be lavne hed onthe basis ob data onswhite SE nfestation,

P e b el BT e T e b e L e AL RS

womethods woere used to evaluate the mapact ob insecticide treatinents on rice
production The pancpal methodd was the evaluation o the yield diference
between the teated and antreated plots s fanmers” ficlds. The owners of
untreatea plots were cormpensated for thear vie'd Hoss on the basis of the current
locatpurchose price of padioy. The unticated prots were chosen betore the start of
the apyshications andaere the object of tollow up studies thioughout the program.

At the begmning of the project Canuary 19630, 24 pans of pilot plots were
established i the tegion teach pair includmg one treated and one untreated plot).
Fochplothad anarea ot ha and cach pair had to have the same characteristics
reqgarding neevanety sail tvpeland preparation. date and method of sowing. as
well as weed mtestation The distance betwecn treated and unticated plots was
about -2 ki to reduce the nsk of teintestation of the treated plots by the St from
the untreated plots,

Yields were evaluated through the hanvest of anarea of 500 m” located
approximately at the center of the <3-ha pilot plot. Area measurements, harvest,
werghing. and yield caleulations were supervised by a representative attached to
the project. The nee was harvested according to the traditional methods of
reaping by sickle and threshing by hand.
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Table 2. Yield averages for pilot plots.

Paddy yield (kg‘ha)

a-

Treated Untreated Difference % increase
Weighted av 2.852 2.283 569 25
North 3.890 3.047 343 28
West 1.943 1579 364 23

South 2.851 2.322 529 23

The yield increases due to the control program are given in Table 2. Each
region represciited a specitic area of the treated region. Thus. the average vield
differences shown for cach region were weighted with regard to the respective
ateas they tepresented. The totel production increase of the whole project area
was obtained by multiplying the weighted yield increase by the total treated
sutlace. The weighted yield increase was 932 kg ha. Therefore, the total increase
in production for the 68 730 ha treated was estimated to be 36 373 t of paddy.

i general. forming methods were better in the Morth, where o considerable
proportion of the rice was transplanted and weeded. Yields were approximately
double those of the West. where direct sowing without weeding was predominant.

COMNU L ISION

1983 was the first year of the project’s operation. In 1984 the project is expectedto
continue and to be extended to the main rice-growing plains in subsequent years
tMarovoay and Highland plains). Besides the assembly of elements necessary to
the project itselt, accompanying research was carried out in the following areas:
the number of eqags laid. the incubation petiod of laid egags, empty eqgs, eqys
parasitized. adult nocturnal behavior, and the nontoxicity of Dimecron 100 SCW
o tish,

Ieconclusion. this study on the Zing Year Project is not the fruit of individual
tescarch but the reflection of the 1983 Campaign implementation Report
otganized by the Minstry ot Agricalture. The Ministry of Agriculture hopes that all
countres that produce and consume tice and whose common objective: is food
seafsuthicieney will imakee use of it

Fhe operation shows the close relationship that must exist between research
andextension. Itis one of the chief methods uased by the government in the
development of our country. As is written in the charter of the Malagasy Socialist
Revolation: ™ The Major Power in the yvear 2000 will be those countries which are
able tist of all. to feed their citizens. and afterwards. to export food to other
countries.”



RICE IN MALAWI
W. H. MAMBWE

PRODUCTION OF RICE,

Area under rice

In Malawi rice is ranked fourth in crop production. Itis produced along the shores
ot Lake Malowi, Lake Chirwa plain, and Shire River plain. These are ata 0 to 500 m
altitude where most irrigated schemes are situated. The total hectarage of
irngated schemes in the country is 2675 ha. Most of the remainder js rainfed
lewland at an altitude of 500 to 1000 m. Most rainfed self-help schernes are
situated at this altitude. The total hectarage of rainfed lowland is 25 622 ha. Riceis
also being grown in the swamp areas (dambos) of the western part of the northern
and central regions. These are upland areas at an altitude of 1000-1500 1. Rice
cultivation was begun in these areas in the 198283 WS.

Yieid
The only commercial varieties recommended to farmers in Malawi are: Blue-
bonnet. recormended for irrigated schemes: and Faya 14/M/69, recommended
for rainted sites. Bluebonnet gives anaverage yield of 3-4 t/ha, and Fayal4/M/69
dverages 2.5 3 t/ha.

Otherintroductions have been tested that are not yet recommended to farmers,
These give an average yield of 4-7 t/ha.

Research on these introductions s atten.pting to identify a better variety that
imay replace the low-yiclding Bluebonnet.

Some statistics on rice in Malawi

Information on Malawi rice production, consumption, and exportation can be
found in Tabtes 1.2, and 3, respectively. Production figures are necessarily
estimates which have been based on sales to ADMARC; however, all of the
tarmers’ produce may not have been sold this way. ADMARC buys local rice (Faya
strains including Faya 14/M/69) from farmers. The rice then goes to National Qil
Industry for miliing. This milled rice is sold locally to different firms within the
country.

Fituwu Rice Research Station. Malawi,
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Rice is exported mainly to South Africa. The only variety that is exported is
Blucbonnet, Weather conditions contributed to the fow export figures that are
found in Table 3 As rice production mote than meets fice consumption, Malawi
does not nport e,

Production systems

[ansplanting i done 1o o wellpuddied soil into 2.5 cm of standing water. It s
nainly practiced in the irrigated schemes. Four seedlings per hill of Bluebonnet
and three seedlings per hith ol Faya in row planting eases weeding. Transplanting
davs tor seedlings raised in a wetbed nursery are:inthe WS, 15-25 DAS: and inthe
S, 20-30 DAS.

Table 1. Rice production in Malawi from 1971 to 1980.

Yean Production (1)

1971 17111
1972 19829
1973 17599
1974 21296
1975 13929
1976 24 744
1977 24 094
1978 31382
1979 20 634

19380 16 858

Table 2. Consumption of local rice in Malawi from 1979 to 1983
(W, M. Magombo, ADMARC).

Year Consumption (t)

1979 6 008

1980 5919

1961 6039

1982 5 929

1983 5841
Total 29 739

Table 3. Rice exports from Malawi from 1976-7/ to 1983-84.

Year Exports (t}
1976-77 8 644
197778 8 655
1978-79 7421
1979-80 8211
1980-81 9 322
1981-82 7 081
1982.83 1967

1983-84 407



Underupland rainfed conditions, Bluebonnet and Faya are drilled at the rate of
75Kk and 63 kg ha respectively. in rows at the recommended spacing.

Pests

e Armywonm (Spodoptera mauritia Boisd) - Anmyworms were found in
suie schemies (e.g. Mpamantha). Lebaycid is sprayed at the rate of 1O mito
LO litre of water at 24 and 39 DT to control the moths. Sevin (Carbaryl) is
sprayed at the rate of 84 g to 1 5 itre of water at 60 and 70 D17 to control the
HITNYWOTI.

® Stem borers — A few white heads were noted in most irrigated schemes.
Lebayeidis sprayed at 24 and 39 DT to control the stalk-cyed shoot tly. Sevin
is sprayed at 60 and 70 DT to control SBs.

* Birds — Quelea species are common in most rice-growing areas. Scaring is
the method used currently. The tinsstring method is also being used in some
schemes Netting could also be used. but it secims to be an expensive method
for tarmers,

Discases
o [Slast — Bl caused by Pyrictdaria orngeace was noted at some schemes
(e Lifuwu and Limphasa). Hinosan chemical is sprayed at the rate of 100 cc
1o 20 litre of water.
e Brownspot — BS caused by Coc hliobolus mitabeanis was noted at some
schemes (e Lituwu). Hinosan is sprayed ot the rate of 100 ce to 20 litre of
water. Bavistin is sprayed at the rate of 25 g to 15 litie of water.

RESEARCH EXTENSION

[he research department in Malawi is conducting rice experiments in all ecologies
Lo assess ditterent parameters related to fanmers” problems. Their results are
discussed and then passed on to the extension department to be released to
tarmers. From farmers the extension department learns about problems that
occur in diferent ecologies and passes them on to the research department
where those problems are included in experiments. There is a liaison ofticer who
comimunicates with both departments regularly.

PEANS FOR INCREASING RICE PRODUCTION IN THE FUTURE

The following is a list of plans for increasing rice production in Malawi:

e Convert rainted self-help irrigated schemes into full operational irrigated
schemes, so that rice can be grown in both seasons, winter and summer,
instead of summer only as it is practiced now.

* Increase the size of the present irrigated schemes so that more rice can be
produced from each scheme.

* Some rainfed estates have started growing rice; this should be encouraged so
that the output of rice in the country is raised.
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e For along period we have been concentrating ondy on the shores of Lake

Malawi, the Shite River and | ok Chirwa: now we need to look at upland areas

and utilize more darbos which are standing idle in these high altitude areas.

Bluebonnet rice, which has tound o market in South Africa. is failing to

compete because South Afncaisimporting a lot ot nice from Asia where most

varictios yield morc than DBiichbonnet Work should be done 1o dentity high-
yielding introductions that can replace Bluebonnet.

o Presently under rainted conditions, only Faya 4 "M 69 is recommended. but
this Faya strain is not doing well in some sites due to temperature, altitude,
and photoperiodisim ettects. The cultivaticn of focal varicties that are already
suited to the local conditions is required.

e Sclection of short-scason varieties for the upland rainfed areas would
promote rice production inthe high altitude areas where Faya 14/ M/ 69 is not
maturing properly because of temperature and altitude effects.

ENVIRONME NTAL RE SOURCE S

Soll

Under rainted conditions. rice is normailly planted in the dambos. The soils of
these dambos tange from sandy clay loam to heavy clays depending upon the age
and the origin of the soils, Along the Malawi lake-shore, Shire River, and the Lake
Chirwa plain where mostirrigated schemes are situated. the textural class of soils
varies trom sandy clay loam to heavy clays of montmorilionite, The pH of these
solls ranges trom 3 to 8.

Climate
Allrice varieties grown in Malawi are of the indica type that thrives in tropical to
sub-tropical qrowing conditions. I'he temperatures are: high along the lake shore,
Shire River, and the Lake Chitwa plain. They reach above 31 C and are essential
tor tast early growth of rice,

In the high altitude of the western part of the northern and central regions, the
temperatures are slightly lower and long-season varieties are not suitable. In

Tahle 4, Climatic data for main rice production areas in Malawi.

Range of Range of Anoual )
Ared Altitude Mean max mean raintall Evaporation Latitude
(tn) temp min temp {mm)

L | {rmm}

{'C) ('C)
Karonga 480 27-33 17-23 1060 2280 9°53'S
Nkhatahay 480 25-31 15.22 1535 1795 11° 36
Nkhotakota 480 25-32 15.22 1550 2225 12°65°
Salima 480 26-34 15-22 1290 2280 13'45’
Mangochi 480 27-34 14-22 720 2430 14°28°
Khanda 630 24-30 11-19 910 1765 15°21°
Chikwawa 110 28-34 14.22 770 1980 16°02

Makhaoga 80 28-3% 13-23 750 2210 16”31
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general. the rains commence in the latter half of November. In the sonth, rains
cease late in March, while in the north, they continue for another month.

Novernberis normally the hottest month, while the lowest temperatures occurin
June July

water

Mastirigated schemes are situated on the deltas of the rivers, ake Malawi, Shire
River ond Lake Chinwa also provide good sources of water, In the northern region,
the Muhuru nvers provide good sources of water. 'n the central region, Bua and
Dwangaa are good water saurces.

Farmers who grow rice in the dambos in the high altitude of the western part of

the northern and central regions depend entirely upon rainfall. Rainfall varies from
BOO 1o 2500 mm.



COUNTRY REPORT FOR ZAMBIA
WITH EMPHASIS ON EXTENSION
ACTIVITIES AND CONSTRAINTS TO
RICE PRODUCTION'

INTRODUCTHION

Rice has been grown in Zambia since 1947 with the major rice production areas
being in Northern, Eastern, Western, Luapula, and North-Western Provinces. Very
stiallareas under rice exist in Southern, Central, and Copperbelt Provinces. Rice
v grown both under upland rainted cor ditions and in dambos by small-scale
Larmiers Atew rice projects areirrigated. Only one species, Oryea sativa, and two
subspecies Indica and Lponica, are grown in Zambia, The impaortant varieties
Areswvnrare: Malowi Faya, Sindano, Var.1345, Angola Crystal, Var 1632, Supa, 7601,
Andseveral other focdl selectior s, Rescarch is continuing to tind varietics suited to
ditterent ceological regions. Table | shows the hectarage, production, and
mdtketable surplus of rice in Zambia for the ast 5 yr.

Zambia has great potential for rice production. With about 231 million ha of
Hoodplam and 0.60 million ha that are seasonally waterlogged, the potential is
antnense naddition, 2.7 million ha of available swamps and lakes may be utilized
e tuture tor deep water varietios of rice.

EXTEDSION ACTTE S AND CONSTRAINTS 1O RICE PRODUC HON

In cach of the nine provinces., the Crop Husbandry Officer, in some cases
supported by a Rice Officer, is responsible for promoting and encouraging rice
production in the province. A number of rice demonstration plots are set up at
selected agneultural camps. These are meant 1o show the farmer improved
hushandry practices. such as planting in rows. applying fertilizer, weeding, and
harvesting.

Despite these efforts by the Extension Officer. the farmers still tace a lot of
problems. One action that would assist tarmers is the provision of such simple
mechanical devices as planters. weeders, and threshers, Many farmers still
broadeast their seed when planting. creating a lot of weed problems. In addition,
topdiessing of the crop becomes ditticult because there are no lines to follow.
Also. simple equipment such as sickles and threshers would halp in reducing
labor tequirements ot harvest,

Prosented twy the Departiment of Agnculture, Manstry of Agnicualture and Wates Development,
Ciovernirment of Zambia
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Table 1. Hectarage productlon and sales for 1978-1983 in the main rice productlon areas of Zambia,

Province s
ha
Northern 1160
Eastern 280
North-western 160
Western 160
Luapula 540

Total production expressed in 80 kg-/bags. bAczual purchases by marketing crganizations expressed

hundred 80 kg bags.

197b 75

P

1

roda

0250
7 350
2200

5 000
5815

31115

197980 198081

Samsb ha Prod Sales ha Prod Sates ha

8660 1930 21390 11210 2230 22230 16760 2460
5940 1200 11830 7400 1600 12500 6620 1100
1760 360 2 300 1170 200 1750 1140 250
3800 360 5025 37385 2930 20850 793C 1710
3620 340 3 750 1485 280 4420 3870 2380
23780 4240 443845 25390 7240 61950 33320 8 400

198182

Prod

24 350
13602
1500
14 400
4299

58 140

Sales

21 560

G 420
1380
53800
1725

36 885

ha Prod

3115 42 700

1400 13730
320 2790
1720 17 000
310 5010

6865 81 230

1982-83

Sa}esc

36 400

7 200
1900
12 900
4 100

u2 500

in 80 kg bags. “Number s approximated to
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Thereis alack of seed of pure varietios. Seed ot the tew recormimended varietios
is not readihy accessible to tanmers, It s comman, theretore 1o find tarmers
growing ¢ mixture of vareties that have different meatunty dates This creates alot
¢! problems i kg resalting i poor quality. polished qraim and a high
percentade of broken qrais

Another Constrant o e producion s the ek ol o propen marketing system,
Thestes B e bt e s b b s e bod sopltos produc ions but they have
faifed to fincd o market for ther produoce

st of the agnculiural eatension otficers at tield level hove hittle or no
baadedge of dce production technigques. This s because ot the compilete
abmence of the crop in the syllabus at agricultural training colleges. There s,
theretore a need to increase training of statt in this respect and include rice as one
ot the priority crops i the curriculum of these colleges.

OTHE R ORGANZATOSS VOV D Py RICE PRODOCTIO™N

Fhe Extension Service of the Departiment of Agriculture has been supported by
various organizations helping to promote rice. These include: the Chinese-run
K-fushi Rice Project in Central Provinee: the Korean Agrotechnical Team in Kafue
flats: the Rice Resuscitation Project in Western Province, financed by the
Netherlends government; an Atricare program to boost rice in the Chama area of
[ astern Province: the SIDAfunded integrated rural development and FINNIDA
acricultural extension programs inl uapula Province, and more recently, the EEC
in HNorthern Province. FAQ is also involved inthe development of an irrigation and
water management project at Chiyabi on the shore of Lake Kariba.

OFHE R EEEORTS THAT €O D BOOST RICT PRODC HON

lhe price paid to the fanaer for rice presently (March 1984) is quite atuactive
(UIS923.68 80 kg bag). In the past. a few farmers undertook to produce rice seed
themselves, but there was no reward for this special effort. An incentive price
should be paid to farmers considering growing rice seed.

Ihe two most common diseases are Bl caused by the fungus, Pyricularia
oryedae, and BS, caused by the fungus. /Helminthosporium: orysac. The
occurrence of these diseases has caused significant losses in grain yield. At
present. tiere is no control used against these diseases. There is, therefore, need
for avariety that is both R to fungi and high yielding. The breeding program should
also look at varieties that are resistant to such common insect pests as SB,
hoppers, and GM.

In conclusion, a national program encompassing research, extension, and a
qood marketing systerr, could greatly improve rice production in Zanibia. Zambia
would appreciate an in-country training program for its extension personnel with
international participation from IITA and IRRI.



A REVIEW OF RICE RESEFARCH
IN ZAMBIA — PAST, PRESENT,
AND FUTURE
S. C. PRASAD

Since the early I7th century, Zambia has been well-known on the explorers’ route
inAfrica. The Arab traders knew Zambia from their carly travels and subsequently
acted as guides to the European explorers. Both eastern and western explorers
hed contacts with Asia. It is through them that rice was introduced to Zambia, via
Oman. Somalia, Zanzibar, and Kilwa, probably two centuries aqo. Since then, the
people in Zaombia have become acquainted with different food habits from their
trachitional ones.,

Presently the number of rice varictios is limited 1o about i6, Maost of these were
ntroduced from neighboring countries. such as Malawi. Kenya, Tanzania, Zaire,
and Uyganda lhw,e,uuvt?wnmjor<"<)untrivsqmwinuri(‘vinmstandsouth-ccntral
Africa,

Pice s called mupandaga in some local lanciuages in Zambia. It is not surprising
thatavillage on the famous Arab trade route on the shore of Lake Tanganyika, in
the northern part of the country, was named Mpulungu because rice was caten
theve by the visiting traders. In spite of its long associdtion with Zambia, rice
continued to be an alien food. and tarmers” interest in mcreasing rice production
was not torthcoming. Shottalls in locally produced rice have necessitated
importation at an enormous cost,

The decade after independence (196:4-7.) showed a gradual transtormation in
the thinking of the national leaders. The President of the Republic of Zambia, His
Excellency Dr. K. D. Kaunda, erphasized " that for the next 50 yror so the majority
of our people will simply have to live on the land” (1), In Zambia, 2% of the land
area is under cultivation. The area in rice is still far from satisfactory, but the
potential remains at about 2,31 million ha of flood plain, 0.13 million ha of dambo'
area, and 2.7 million ha of waterlogged areas. This offers a vast potential, if
exploited properly, and could result in ncluding Zembia on the list of rice
producing and exporting countries in Africa, Currently Malagasy, Tanzania, and
Egypt stiare 60 of the total African rice production (9).

Zambia is blessed with climatic conditions under which various crops can be
grown profitably. Among many new crops, one crop which has been successfully

)
“Dambos are shallow linear depressions en the plateaus which becorme seasonally waterlogged.
Rice plant bieeder and tice research coordinator, Luapula Regional Research Station, Mansa, Zambia,
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grown under new technology is hybrid maize (SR 52). The level of acceptance of
hybrid maize: counteracts the claim that the traditional agricultural system is
difficult to change.

Rice production has shown an upward trend through area expansion.
Production increased from 2860 tin 1979-80 to 6400 tin 198283, as hectarage
increased trom 3670 ha to 6000 ha. However, the per hectare yield remained
practically unaffected. stagnating at about LO t/ha. The large area increase has
been due to the farmers’ keen interest despite the relative absence of improved
production technologies such as fertilizer, change in varietal complex, or plant
protection methods.

Though rice as a food cannot substitute for maize, which is the staple: tor many
Zambians, it can positively contribute to the diet. This will release pressuie on the
demand for maize and also offer a pleasant and nutritious change. At present, it is
eaten as a specific meal, and on an average about 10 rice meals a year are
consumed per tamily in Zambia.

Inthe past. rice was grown at a subsistence level, and very little was available for
sale. Fortunately, this situation has changed. Despite the absence of commercial
production, the bulk of rice is produced by subsistence and emergent farmers.
With good integrated support from research and extension services, many more
emergent farmers may be induced to grow rice.

Against this background and history concerning rice in Zambia, the research
efforts of the past and presenrt will be reviewed, and the projected future of rice will
be discussed.

PAST RESEARCH EFFORTS

Because rice has been an insignificant crop in the past, it has failed to attract
research attention. No reference was made to rice in the 1963 (4) Annual Reports
ol the Ministry of Agriculture although it is known that the extension service was
active inthe Namushakende area of the present Western Province in the 1950s. A
reference that rice existed as a crtop in Zambia is seen in the 1965 Annual
Report (5). It was reported that rice was grown in Barotse Province on about 400
ha by subsistence farmers, but that very little was marketed through organized
channels.

Rice research did not begin until early varietal trials were conducted in the
Luapula Province in 1967-68, and in the Copperbelt and North-Western Provinces
in 1968-69. These trials were still young. but their importance and possibilities
bedganto be felt. Consequently, the government of the Republic of Zambia invited
assistance from the French government, and in 1969 the Rice Scheme was
mitiatecl. Ancinterim report by Leblanc in 1970 laid the foundation for the Rice
Extension Program, which operated with technical supervision by Frencliexperts
under the Society tor Technical and Economic Assistance (SATEC) from 1971 to
1974 in the Luapula, North, North-Western, and Copperbelt Provinces. The
SATEC team not only initiated the extension work but included some research in
their program. The research program ingeneral continued till 197576 but slowed
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down by 1977.78 with almost a total halt from 1978-79to 1980-81 due to lack of
stefl and budgel. Luapula Province benefited considerably because it was the
headquarters of the SATEC team and has become the center of rice coordination
in the country.

Avariety collection, vanety trials, and some tertilizer trials < onstituted the core
activitics of the research program.

Phis oy worl resulted inthe identification of suitable varicties and lertilizer
reconmmendations. More importantly, they proved the high potential productivity
ot rice in Zambia and quided tuture planning. These goals were achieved despite
tremiendous problems. mainly inadequate research facilities, leck of trained
manpower. and the unfamiliarity of most workers with rice. The problems may be
Hlustrated by the following example: out of 15 trials reported. only 66 contained
some data.and only 14 of those were appropriate for analysis. Of these 14 trials, 9
were fron the main station and 9 were from off-station sites,

Variety collection

Variety collection beganin 196869 with 63 entries that subsequently increased to
around 400. These entries were from IRRI, West Africa, SATEC, and some local
collections. Although the collection was incomplete, it formed the source of
materials for variety trials. However, by 1977-78 this program cculd not be
continued, and ultimately many materials were lost due tc poor storage
conditions at Mount Makulu. On the basis of studies made at the Luapula Regional
Research Station at Mansa, this collection was divided into three groups.

The first group consisted of 20 sclected entries, which ultimately made Master
Number (MNo) 2310. from which current varietal recommendations have been
made. The second group consisted of 58 varieties, which were put to further test
under MNo 2057. The: third group was not included in the testing program and
was put in storage. Fuither collections, including materials trom lITA, CIAT,
Senegal, etc., were placed in storage. Despite this situation, which was largely
uncontrolled, reasonable varieties were selected that served the first purposes of
varietal collection, testing and recommendation. Some of the important lines and
their characteristics are shown in Table 1.

Variety trials

With the inception of a research program, emphasis was placed on varietal
testing. primarily because there were no varieties worth naming. Trials began in
196768 in Luapula and other provinces and continued vigorously till 1974-75.
During 1975-76 a few unreplicated trials were conducted while collections were
maintained at Luapula Regional Rescarch Station. However, during 1976-77 and
1977-78, there were only limited unreplicated trials and some varietal reselection
work. During 1977-78, Luapula Regional Research Station disc ontinued regular
trials and endeavored to produce seed from varieties 1632, Sindano, and
Kalembwe. Single plant selections of these varieties were made, and these were
placed in storage. From that time until 1980-81, variety collection, variety trials,
and fertilizer experiments in rice remained suspended.



Table 1. Characteristics of some lines as observed under MNo. 1787.

Variety

BPI 76
Sindano
Peta

Mansa 4
TN1

Radin Goi
SL70

Faya

Gomti

IR8
Kaoshung 21
Tainan 3
Meie 11
Sigadis
IR532-E-257
B5DD

Mas 2401

ON

1974

3075
3038
2563
3954
3587
3075
2855
4576
3697
1684
3771
29238
2416
4246
2746

40N

Yield {kg/ha!

8ON

1757

2855

402
1281
3661
1167
2160
1391
6882
1904
4283
1208
3771

147
8788
3990

586

Growth to
flowering

No
Slight
Slight
No
Stight
No
Slight
No
Slight
Slight
No
No

Approximate

date of
flowering

End May
Beg May
Mid May
Beg May
End Aprit
Beg May
Bea May
Beg May
Beg May
Mid May
Beg May
Mid May
Beg May
Beg May
Mid May
Beg May
Beg May

Growth Approx.
after date of Cold damage
flowering harvest
Fair Mid - July Yes
Good Beg - June No
Fair End June Yes
Fair End June Yes
Good Beg June No
Fair End June Yes
Good End June Yes
Fair End June No
\/-good Beg June No
V-good End Jure Yes
Good End June Yes
V-good End June Yes
Fair End June No
Fair End June Yes
Fair End June Yes
Good Mid June Yes
Fair End June Yes

TIHINAD RISV NE ENIIWAAONW 3018 REL

VORIV KM AHINOS ONY
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Because of the earlici work conducted at Luapula Regional Research Station. a
few varieties were selected for turther testing including Radin Gon Sindano, SE70.
and the following varictics, which SATEC brouqght from then CAPUCTICNCE 1)
Malagasy: 13267 and 1529 13 bty 132 was e luded on the basis that in thiee
long run g japonica vanety would not be preferred over an indica. However, the
cote ol matetial came fronmy the earlier collection via MNe 2300 and was
suppiementet by 20 SATEC enties. The base varietal tial of MNo 2310
conducted at Luapula Redgional Rescarch Station and the viclds are shown in
Fable 20 some of the selected varieties were futher promoted and tested in
miltlocation triaks designated as Regional Rice Variety Trials ander MNo 2439
andd MNo 2551 which are shown in Tables 3 and 4.

thusitappears that areliance on the collections and evaluation quickly resulted
i the selection of Sindano. which is still valid. The varieties introduced by SATEC
faled to meet the requirements of Zambian conditions, and there was no second
line: of varieties to complement Sindano in the trials. The gap continued until
1980-81 whena group of researchers attempted to screen varicties from [RR] and
made 30 selections,

These primary experiments very clearly demonstrated that rice can be
successtully grown throughout the country. Yield expectations are more than 3
600 kyg-ha at Siatwinda in southern Province. A record yield of 5850 kg 'ha was
obtained from Sindano.

Under the SATEC program. upland rice varietal trials were also conducted

Table 2. Basic rice varietal trial MNo 2310 conducted at Luapula
Regional Research Station in 1972.73.

Yield (kgrha)
(results on the basis of reps)

Variety
4 5

1329/5 2885 2799
Sindano 2500 2835
1329/7 2381 2515
Mansa Rice 59 2337 2366
1329/13 2292 2475
Radin Goi 2159 2573
SL70 2037 2573
Faya 1954 2259
Gamut 1854 2416
IR 1787 1881
SATEC RS 26T 1753 2115
1329/10 1718 2147
Mute 1671 2016
SATEC1697 1502 1739
IR432-E-257 1474 1988
1632/1 1040 1382
SATEC1562 921 1017
SE + 298 316
Mean 1895 2215

C.0.% 31 32
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Table 3. Regional rice variety trial MNo 2439.

Location

Varety Luapula Eastern North-Western Mean
Southern e
Mansa  Chabidibda Siatwinda Jamhbe  Msekera Nkuluwashi  Kamafafa

2800 3638

Sindano 35007 2600 5850 3930 4490 2300
1325/% 2700 3200 5210 5320 2310 2310 3100 3449
Radin Gor 4100 2700 H260 3650 2600 1100 2000 2059
SL70 2500 2600 4050 3390 3130 1300 1900 2700
132977 3900 2500 4600 3680 2700 1500 3800 3240
13291312 3700 2200 4750 3240 3270 1100 2600 2870
St 770 NS, 190 211 203 N, S. N. S, -
Moan 3400 2600 4950 3870 3080 1600 2700 -
"\/.Hm!y Bive bhannet, viekd kg g
Table 4, Regional rice variety trials MNo 2551,

Location
Vadriety Luapuig Western Mean

Southern  Eastern .
Chabilikita  Lendongoma  Swatwinda Msekera Kataba Kakeme

Sindano 17104 3584 5400 1120 1156 1068 2340
13295 1790 3929 5311 415 716 515 213
13297 1480 3387 5259 973 1080 561 2113
1632 1600 1668 4693 2743
Blue bonnet 1070

Burma 2790 2474 2632
Anqota crystal 2287 1901 2099
NMean 1640 3143 5233 895 1606 1303

SOE 126 404 N. S. N. S. 236 202

.V, 15 13 - 36 37

Yyield in kg/ha,

during 1969-70 and 1970-71. In the absence of satisfactory yields, it was
considered at that time that upland rice: was not feasible in Zambia. Among the
many reasons tor this inference were emphasis on moisture stress and heavy
disease pressure from Bl BS, and Shi3. Variety 1697, probably an early one, was
found to be badly damaged by birds. Thus, carliness as a desired characteristic
appeared to be hazardous. Studies on rainted upland rice were abandoned until
1980-81 when varieties obtained through IHTA were tested at Luapula Regional
Researeh Station.

Similarly, there was minimal or no work done in many specitic fields, such as
cold tolerance. deep water, Hooded and swampy shallow-water conditions. These
remain to be explored by Zambia, but a start has been made.

It is worth mentioning that in the past many experiments failed because of
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insufficiznt kriowledge of dambos. This situation was clarified by Ferreira(2). Not
only were dambos classiticd, but some indicator plants, such as Miscanthium,
improved the cifectiveness of proper choice of site tor rice production. Prior (8)
turther clarified the types of dambos and their potential exploitation for increasing
rice production, especially in the high-raintall zones.

Fertilizer trials

Fhe series of tertilizer trials started during 1967-68 by the research branch
provided very little information owing to insignificant data. The research branch
and SATEC conducted trials from 1971-72to 197374, and information leading to
cwrent lime recommendations was gathered. Current recommendations stand at
200300 kg ha of 1" Compound as basal dressing followed by a topdressing of
70100 kg ha ammonium nitrate at 6-8 wk. There have been no subsequent
maditications because the varietal complex has remained practically unchanged.

With the likely change in varietal recommendations, it has become increasingly
important to conduct triats for future ;ecemmendations. Detailed NP K trials have
been laid out at Luapula Regional Research Station for both paddy rice and
upland rice.

Some trials were conducted on such minor elements as sulfur, Zn, boron, and
molybdenum. Some interaction was reported between boron and Zn. Sulfur
application showed a significant yield increase at Luapula Regional Research
Station and at Jumbe in Lzastern Province, but these resuits from only | or 2 yr
need veritication.

The results on continuous cropping at Luapula Regional Research Station are
contlicting and misleading due mainly to a shifting of sites. Such a study needs
orqanized testing to obtain tangible results. Since suci a work is very important for
farmers it is hoped that proper experiments will be laid out in the future.

Pests and diseases

Verylittle attention has been paid to pest and disease problems because there has
not been a general poputation buildup, partially because rice fields are isolated
and the crop is grown by shifting cultivation methods in very lirnited and scattered
areas. However reports have been made of the Black Maize Beetle, an unidentified
Blue Lady Beetle, and some caterpillars and SBs. Recently, Prasad (6, 7) reported
the presence of GM and vectors causing orange leaf disease. GM has also been
identified in the northern part of Luapula and on the flood plains of Chambesi and
Zambesi though population buildup is slight. causing no appreciable damage.
Other identitied insects are rice leaf rollers and folders. Incidently severe damage
by [richispa sericea (rice beetle) has been observed at the Farmers Training
Center at Kawambwa in Luapule during the current growing season.

Bland BS mcidence has been frequently reported and visual estimates of losses
accounted tor in some cases. The presence of different physiological races has
not been studied thus far. However. the sowing of International Rice Blast Nursery
(IRBN) material during 1983-84 may provide some information. The results of this
investigation are provisionally indicative of the presence of different races of Blin
Zambia,
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Rodenis and birds have been mentioned frequently because they not only
severely damadge the crop, but they also considerably increase the cost of
production becatse they muust be scared away. This fonm of crop protectionis the
responsibility of indvidual growers, and necessary organized eftort is still lacking.

PRESEST e SEARCH BEE Ol TS

A numble beginning was made during 1981-82 (9) at the National [rrigation
Rescarch Station (NIRS) at Nanga and the Luapula Regional Research Station at
Mansa, where screening of varieties suitable for paddy rices and upland
conditions was done. Hill et al (3) reported that 423 entries. including 332 from
IRRL 23 from the cold tolerant nursery. 47 from ITA, 12 from Zambia. and 9 from
Bangladesh, were tested, and on the basis of performance 63 entries were
grouped by duration. IRO758150-3 yiclded 22.36 1/ ha maturing in 158 d tollowed
closely by KNIB-361-8-6 with 21.23t/ha in 182 d. and KNIB13-6 at 19.6] t/hainl84 d.
Based on this performance, a multilocational test of 30 entries was conducted
during 1982-83.

From the upland tosting pregram at Luapula Regional Research Station,
encouraging resulls were obtained from tests in 1981-82. ITA148 yielded 1400
kgha although the trial was planted iater and faced a drought of more than
2.5 wk,

In-the same period. pre-besic seed of 1632, Kalembwe, and Sindano was
produced at Luapula Regional Research Station. Yield differences between drilled
andtransplanted rices were observed particularly in Kalembwe which yielded 1100
and 2100 kq-ha, respectively. Similarly at Kaoma and NIRS, pre-basic seed of
Burma, Angola-crystal, Malawitaya, and 1632 varicties was produced with success.
[he precbasic seeds thus produced were handed over to Zam-Seed Company tor
further increase,

Fhus, TYB1-82 saw the beginning of a revitalized rice research program and
formed the basis of the 198283 program. This was turther enlarged during
1483 84 incorporating national and regional vanety trials. During 1983-84, a
National Accession Register and Maintenance of Genetic Stock was initiated.

I 1982-83. international cooperation was well extended, and seed materials
came from IRREL ITA! CIAT, and the Indian Council of Agricultural Research.
During that year, emphasis was on varietal testing, and 1052 entries were tested,
including 16 varieties currently grown in Zambia, Two experiments were carried
out on fertilizer use.

The Peat Soil Screcning Nursery from IRRI was tested at Kalabo. 1R34
(R source) and E425 (a susceptible source) yielded 4478 and 1346 kg/ha,
respectively, whereas IR4613-54-5 yiclded 6103 kg ha, These test results are
especially important because a large area of this soil type exists, Similarly, very
encouraging yiclds were obtained from an acid upland (pH 3.5) sandy soil site
where ToxI008:15-5 yielded 2795 kg/ha. This was followed by higher yields the
second year. thereby positively opening the possibilities of upland rice in Zambia.

Similarly, varicties have been identified for shallow-water rainfed situations
where the soil is usually waterlogged. If the above-mentioned problem soils could
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be brought under cultivation by replacement with suitable entries, substantial new
rice area could be successfully developed in the country.

similarly. the results obtained through MNo 3386, composed mainly of the
entries identificd al NIRS during [981-82, have confirmed that rice can be grown
very suceessfelly iy Zambia, However, enhanced yield is possible oaly with
stitabbe replacement vatietios, The 1982 83 resulting yields are shown in Table 5
anch confitm 196708 studies shown in Table 1 It appears that varieties BR10
(LSUI kg hal IRTAHA0-50-3-2-1 (6268 kg ha),and KAU 727 (5692 kg, ha) are highly
promising. Mention may be made of 1RI9431:72-2 yielding 13 889 kqg/ha and
maturing in 128 d at Chama in Eastern Province, and this was closely followed by
RIP KN 2 yielding 128 227 kg/ha with a maturity of 120 d. Notable among the
vatrietes of great promise are IR20878--P1 (13 169 kg ha). IRI3257-46:13-P1 (I 556
ke ha) IR38586 (10 867 kygrha). Janaki (10 840 kg/ha). IR5873-91 (10 773
kg hal IR4819-77-3-2 (10 576 kg/ha), IR13146-13-3-3 (10 507 kg/ha), and RPI057-
184532 (10 413 kg/ha). These selections have been included in the 1983-84
testings.

During 1982-83, a program to maintain breeders’ seed of varieties was initiated.
Pre-basic seed of Kalembwe was successtully grown at Mansa and Malawifaya at
NIRS Nanga and handed over to the Zam-Seed Company. The breeders’ seed
description tor six varieties was accomplished at Luapula Regional Research
Station. and a draft was circulated for distribution to rice researchers, seed-
inspectors. and others.

The 1983-84 program has been expanded, and many aspects have been
covered, such as national varietal trials, regional trials on varieties and other
aspects, and location-specitic trials, such as the GTZ UNDP/FAQO Project on
Irrigated Agriculture, and projects by Africare and a Chinese team.

Despite serious fimitations and shouttalls in experimentation at many locations
and a serious unfamiliarity with the crop by the cooperators, the basic objectives of
fruitful results. increased possibilities of successful rice production, and overall
awareness by the masses and policy makers have been achieved.

SHORTCOMINGS AND PROBLEMS IN RESEARCH

The research program in general and rice developrment in particular is suffering
from the following inherent weaknesses:

e The Comprehensive Rice Research Team functions with a minimum
compliment of scientists including a breeder, agronomist, entormologist,
plant pathologist, and ecologist. Presently the team lacks the last three
specialists.

® Due to the unavailability of posts, support staff such as technical officers and
senior agricultural assistants are limited.

* The handling of off-station trials is hampered by lack of trained personnel.

® There is a complete absence of laboratories and equipment for conducting
routine analyses and tests.

® Overall there is very weak financial support to carry out field trials properly
either at the coordinating center or at other stations.



Table 5. MNo. 3386: observations on 41 promising rice varieties in 1982-83 trials at 7 locations.
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Table 5c.

Variety
Location

Matawifaya 1632 Kalembwe Sindano  Kajaket Nsuke Supa 7601 KH 991

Chayaln - - - -
Mansa 6380 6666 3333 5333 5000 5360 3566 2933 1046

Mashiimitig - 2740 1813 866
Kitabo 1660 5090 3290 - 7500 6480 7230 2450
Sratvemida 3460 4011 2721 4557 4998 1442 2295 2881
Charna 11289 1966 06597 5766 64556 6607 6746 7929 7330
fashumbig 106 2673 433
v g 2098 1981 2814 2559 2233 32493 3398 3459 2247

° Very poor communication exists, and there are almost no visits to exper;-
mental plots for suggestions or to meat emergency needs in case diseases or
pusts appear,

PATROIRE RESEARCH PROE C T

Researchin the tollowing arcas is proposed in order to improve rice production in
Zambia:

* Stiong, coordinated tice research witl emphasis on varietal collection,
maintenance, and varietal SCTECOIN.

* Research oninsect pests and discases and thei control should be initiated.

® Soilfertility, agronomic iandgement.and tertilizer trials appropriate to the
Varous adgrochimatic redgions and dambo ecol dies are needod,

* Research onvarions methods of weed « antrobis needed using a systematic
approach. This has been completel, absent from the. bedinning,

e Lvaluote o develop and teat var, s implements tobe used m rice cultivation.,

L stablish o quality Taboratony to andertale testing of different varictios,

o b stablish o rice based croppmgsysteme programe with well developed
tescarch and extension components, f ollowineg the successiul expansion in
tice area and production. a tull coordination « enter may be desirable,

* Overall economic feasibility studios e heeded betore technology recom.
mendations are released to tarmers.
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RECOMMENDATIONS OF THE

INTERNATIONAL RICE WORKSHOP

1.

HELD AT LUSAKA
APRIL 9-11, 1984

The Workshop recognized that varietal improvement is an essential com-
ponent required for increasing national rice production. The International
Rice Testing Progiam co-ordinated by IRRI and the African Rice Testing
Program (ARTE) coordinated by ITA were recommended to be used as
major sources of test material. The participants agreed to conduct the testing
program in two tiers Inthe tirst tier, all appropriate IRTE nurseries and
matenal from the rice programs in Atrica will be carefully evaluated in
locations where qualitied personnel and facilities are available, ARTP will be
recompaosed using the results from the first tier tests to contain fewer and
Alrican-relevant materials. For the second tier testing. AR 1P nurseries will be
made available for all the national programs in the region. The following
countries were identiticd as suitable for first tier testing:

() lrrigated (normal) — Tanzania, Zambia, Kenya (Yield Nurseries onlyin

Kenya);

(b) Irrigated (cold) — Tanzania, Burundi’;

(¢} Rainfed lowland - Tarzania, Zambia; and

(d) Upland — Zambia, Tanzania, Kenya'.
Both IRTP and ARTP nurseries will be macde available to all national programs
in the region upon request.
The participants emphasized that for extending rice to high altitudes and for
double cropping in most areas, cold tolerance is of potenitial importance in
the region. Therefore, a stronger research emphasis should be given to cold
tolerance including breeding.
Ihe Workshop recommends that IRRL ITTA help the national programs to
conduct a comprehensive survey for pests, discases, and weeds in this region
and findings be published.

. The Workshop recommends that there should be an expanded training

program atvarious levels in order to increase national research capabilities.
This should be achieved by:

(a) short-term training courses Lo assist in research and to increase rice
technology skills at both the International Institutes and within the
region; and

(b) training outside the region should emphasize the training of trainers.

'Participation of Burundi and Kenva tfor upland) will be contirmed after consultations.
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5. Itis recornmended that 15 and TTA should assist national rice research
programs to develop agronomic rescarch activities to include soils and crop
management. Particular cmphasis should be given o

(a) weed control:

(D) fertilizer vse cticency and soil Teling Thanagement;

te) the ise of Avodla: and

() the testing andd development of Appropriate tools and machinery,

6. The Workshop srongly recommends to IR and 1A 10 aseist the national
Hce programs by loeating an appropiiate namiben o e e scientists as soon as
possible in this reqgion

N

The Waorkshop recommends that there should be an office for the co-
ordination of rice tesearc h activitios incastern, coentral, aned southern Africa,
and the Director General of the Tanzania Adncultural Research Organization
(TARO) should function in s capacity until tecomimendation number 6 is
implemented. The W orkshop requests also that 1RETTTA provide some
financial support tor this coordination work

Fhe Warkshop recoamzed that adequate attention to rice research and

&

production prodgianmis bas not been diven by many governments within the
region. The Workshop thereforce recomimends that the tollowing courses of
action be taken by national Governments and Prograrmes:

() alb national nee prcaiaims be given adequate: support in the torm of
funds. petsonnel and cquipment tecessany for thicir effective tunc-
HONRG:

(D) due reqgard be qreen tone e juahity particalarly in relation 1o consumer
preference.

() ensure adedquate cimphoases i harvest and postharvest technologies
and development i processing and marke g taciities:

(d) encourage developrent of appropiate machinery and equipment
inclo hand 1ools,

{e) gree Aention begien o high quality seed production and
disty gy

{t) v suitable tice rescarch wcientist be designated by name to liaise with
the reqional coordinator and interational institutes: aned

(e where national program bonve spec i problems such as heat tolerance
and rice vellow mottle viros disease (RYMV) direct contacts be made
WIth A and IRRTEOE assistanc e o resolve sue problems,

9. Recogruzmathat IRREand 1A hove taken adequate measures indispatching
disease and pest e secds the Workshop. therefore. urges the national
PIVIOSAIItA, Sevices 10 eneto se 1ealistie application of requlations to
expedite the exchange of expenmental 1ice seed

10. The Workehiop patticipants telt that national rice research programs need
etfective qundance from mtemational centers and therefore recommended
that IRREITTA e appropriate assistance in the program development.

LT Where possible cach country should endeavor to fully classity and charac-
terize the coosystems presently utilized  angd potentially suitable for rice
production,



MONITORING TOUR ON RICE
IN ZAMBIA AND TANZANIA

INTRODUCTION

Alter the close of the International Rice Workshop the participating scientists took
part in ¢ monitoring tour to rice research stations and rice-growing areas in the
countries of Zambia and Tanzania. This tour was cosponsored by the International
Iice Testing ProgramUIRTR) coordinated by IRR], and by the Internationat Institute
of Tropical Agriculture (ITA). The monitoring program is an important com-
ponent of INTE activities,

[ objective of the monitoring tour was to evaluate and exchange existing
notmation on rice cultivars for the ditterent ceologies. methods of rice culture,
and problems of production. The places visited included major research stations,
farmers tield experimental sites. and production projecis. The soil and climatic
conditions, rice growing systems, production practices, and prevalent pests and
discases were observed and discussed,

ZAMBIA

Chianyanya rice scheme

The Ratue Flats, with an area of about 500 000 ha of hydromorphic soils, are
sittiated south of Lusaka. The area is seasonally flooded and with some water
contiol would have major potential for rice production. Presently the area is little
used for agricultural purposes.

[he Chianyanya lrrigation Project was initiated by the Zambian National Service
to develop rice production in this area. The North Korean government has
provided a number of engineers and technicians for land development in this
project. A total of 15 ha has been developed for rice production out of total
projected area of 1000 ha. When fully operational this scheme could virtually
double rice production in Zambia.

the rice varieties presently being grown are Angola, Malawi Faya, and
Chambese. These are tall, late-maturing varieties and are presently highly mixed.

Land preparation is done by 4-wheel tractor and the crop is dry-seeded. Many
serious problems were observed in the condition of the crop with current
management practices. Land preparation is inadequate and the land is poorly
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leveled resulting in o poor stand and highly variable water depth throughout the
field. In addition. better water control is needed. Weed growth is severe,
particularly of Cyporus difformis, lron toxicty appedrs to be present and brown
spot and gall midge disease damage was also observed.

The project statt is aware of the several problems that must be solved to obtain
reasonable nee yields: Varictal trials are planned for the coming crop season to
identity suitable varicties for the project. Maintaining a source of pure seed will be o
major problem. The project is short of labor and suitable machinery for land
pieparation. At present. no fertilizer is available due to economic constraints.

Tumers Asbestos Products Project (TAP)

The Turners Asbestos rice project is located at another site on the bank of the
Ratue river. The International.. Rice Yield Nursery-Very Early was being evaluated
in a dryland site close to the river. Sprinkler irrigation was applied but at levels
Inadequate to sustain the maximum evapotranspiration demand of the crop. The
entries were severely stunted and suttering drought stress. It was suggested that
good performance might be expected from these materials if the fields were
bonded, leveled. and flood irrigated.

National Irrigation Research Station (NIRS)

The Zambian National Irrigation Research Station is also situated on the Kafue
River floodplain. A number of rice trials were observed. The following entries
appeared outstanding: Kalembwe, BR10, IR9093-2-1 1-6. and BG367-7. Malawi
Fayais a popular variety among farmers in Zambia. It was tall and vigorous in seed
increase plots on the station. Ithad been planted on 18 Oct and was now over2 m
tallafter 6 moin the field. but had not yet flowered. This exemplified the great need
tor vigorous but cail\-maturing varieties for Zambian conditions.

Adate of sceding trial was in progress to test the effects of cold temperatures at
the reproductive stage on six varieties. The two entries which appeared best were
Ralembwe and KMA8-1 36,

[he variety Kalembwe was very impressive on the station. It is a 4-mo-duration
variety with heavy panicles and long large grains, It was apparently selected as an
off-type inafarners tield of the variety 1632, an introduction from Madagascar. It
is 130 ¢min height.

The visit to NIRS demonstrated that high rice yieids are certainly possibic in
Zambia with good management and a reliable water supply. However, the
limitations to the state farm approach to increase rice production were clear from
the visit to Chianvanya.

Luapula Regional Research Station, Mansa

The national rice rescarch program in Zambia is coordinated from the Luapula
Research Station at Mansa. Luapula Province in northern Zambia. The visit to
Mansa station was made: by small plane. The flight enabled excellent observations
of the extensive area of dambo topography across the central African plateau. A
dambo is a shallow depression in a plateau landscape comprising an area of land
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with a water table localed in the upper 20 cm of the soil, either permanently or
seasonally, and often reaching the ground surface during the rainy season.
Dambos are normally grass-covered arcas in contrast to the surtounding forested
uplands. They arc currently used tor grazing but are otherwise an unutilized land
resource in Zambia.

Because of the hydromeorphic conditions of dambosc these areas have
considerable potential for rice development. At the Luapula station the group
visited a dambo being used tor nee seed production. A 3-ha ticld of the variety
Angola was near maturity and expectedtovield about 3.5 € has This variety s quite
tall 01 20y and is ieportedly susceptible to Blin the uplands. A sced production
fivld of Ralembwe was also outstanding. The good resalts of rice cultivation on
this newly opened land at the edge of the seepace zone of the darmbo suggests
that there is major potentiol tor rice production in the dambo areas. The Hood
water was a rustred color in these teld and some plants appeared to be sutfering
from iron toxicity. This particular type of dambo was classified as a sour or acid
dambo.

On the basis of what we observed at Luapula Station, there appears to be
potential for immediate increases in rice production in dambo areas through an
expansion of the area planted. Based on the data provided it appears that this
would be economically lucrative to farmers. The main constraint appears to be
manpower availability. Land preparation is currently undertaken using hand hoes.
It therefore seems useful to examine the possibility of mechanization in these
areas. Based on the swampy nature of the fields the Swamp Tiller used in the
Philippines may be tested for adaptation to these countries.

Upon arrival at Mansa, we visited the research station and were briefed by Dr. S.
C. Prasad (rice breeder) and other scientific officers. Luapula is regarded
as one of the poorest provinces in Zambia and is a net food importer. The major
development constraints are remoteness in transportation and communications
(850 km by road from Lusaka) and the complete absence of agricultural
mechanization. There is a severe manpower drain to the nearby copper mines.

We also visited an acid upland site where the International Upland Rice
Observational Nursery (IURON) and other varietal trials were being evaluated. The
soils had a pH less than 4.5 with a low water holding capacity. The outstanding
cultivars observed were several entries from [RAT (particularly IRAT144) and
Dourado Precoce. A Khao Lo/IR8 cross looked very vigorous. 1200 mm of rain
were received this season, but due to the low water retention capacity of these
s0ils, 5 d without rain may induce a critical drought. Upland rice production is not
presently practiced Lo a significant extent. Therefore, researchers are investigating
the suitability of upland rice technology tor these conditions.

Several IRTP nurseries were evaluated under dambo conditions at a third re-
search site. These included the International Rice Yield Nursery-Medium (IRYN-M),
International Rice Rainted Shallow Water Observational Nursery (IRRSWON), and
the International Rice Observational Nursery (IRON). Dr. Prasad explained that
cultivars with somewhat taller, more vigorous plant type similar to IR5 are the
materials which appear most suilable for Zambian rainfed lowland conditions.
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The three rice varietal target civironments for Zambia appear o be;

Lo drrigated well managed situations: Semidwart varieties with high yield
potential are suitable.

2. Rainted lowland tind ludine dambo cultivation, pattially irrigated situations,
and other hyromorphic dceland Tall semidwarl to intermediate height
materials with moderate nlitering and qood vigor are required.

3. Upland dryland: Tallvigorous varicties adapted to drought and acid soils are
required.

Sources of pure seed are a critical problenyin Zambia. The seed certification
and production systen is at a preliminary stage of development, and the breeder
at the national station will play arn important role in ensuring that stocks of pure
sced of the recommended varieties are maintained properly.

China-Zambia rice project, Camfushi

[he China-Zambia rice project is o small rice production project in the vicinity of
Lusaka: The farmis a 50 ha tice demonstration project supported by a team of
production specialists teom Hunan, People’s Republic of China. Intensive irrigated
paddy cultivation onirigated rice terraces is practiced with small-scale mechaniza-
ton and intensive labor inputs, The group visited a field of the cultivar Sindano, a
80-dvariety which was being harvested and threshed. Iherice farmis located on
the sideslopes of the water course of a small creck and receives irrigation from a
darmupstream. Approximately 6 ha is under rice cultivation. Since the tarm is well
manadged.itmay be an excellent location tor the production of certified seed. The
production technology, however, appears to have limited applicability to nearby
stubsistence farmers who necessarily practice more extensive crop production
methods. The farm is also involved in the manutacture and sale of tools and
sthallscale equipment, notably a pedal thresher, These may be of considerable
value it extended to farmers on g wide scale,

FANZANIA

Fanzania is the largest rice producer in the castern and southern African region,
excluding Madagascar. About 275 000 ha are planted to rice out of a total
cultivated area of 5 million ha. While in Tanzania. the monitoring tour participants
visited Dakawa rice tarm and the Itakara Rice Research Station,

Dakawa Rice Farm
the Dakawa Rice Famm, 1t s one of the thiee large tice production schemes in
Fanzania that are tun by the National Agriculture and Food Corporation. The
Dakawa project commenced in 1976 under North Korean assistance and major
land development works have been undertaken (pumping stations, canals,
structures, and a nice mill) amounting to US$5 million, lrrigation water is being
pumped from the Wami Riveer,

About TN0Oha s planted in WS while about 207 o this arca s mirnigated ricein
DS The TOSIAVS target for area planted was 1400 ha. The main constraint in
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planting large areas is the lack of machineny foniand prepataion. .o 198182,
WS vields have ranged from 3.7 100 4 ha using IR, To date they Bave not found
a variety superion invield to 1R,

Al Dakawa the rice cropis diy seeded in ha plots. Pre-and post-cmerqence
herbicides of Avitasama and Stam 34T respectively. are used for weed control.,
Qrea o amnoniut sulfate is applicd at about 36 kg N hain spht doses (20% at
the tour feal stage: 2000 at tllening: 5(

o

B at panicle intiation; 105 at miilk stage).
Phosporous and potassium are not applicd. Insects and discases are not reqarded
as production constraints. However, losses due to Quelea birds and elephants can
be serious.

Researchin Dakawa tarm has been undertaken for four seasons at the Dakawa
Adio-scientific Research Center. The group was intormed that an international
non-alligned research certer would be established at Dakawa. Meanwhile,
technical assistance for rice research is provided by Morth Korea. Research trials
visited by the monitoring group were in excellent condition. very well laid out and
managed. These trials covered varietal improvement (IRTP trials), fertilizer use,
crep establishment methods (wet seeding vs. transplanting). time of planting.
seedling ages, plant population, farmyard manure and green manure, water
manadgement. herbicides, and pest management (particularly tor stemborer and
Diespsis),

The best performing vanieties ot Dakawa were [R8, BGOO-2, and IET12397
trecently released as Katrind, Katrin has yielded up to 7 tha and is now being
maltiplied for major use on the tarm.

Most of the production fields at Dakawa tarm were harvested. However, those
which remaimed had gencrdlly poor stand establishment and high  weed
populations. This was probably due to inadequate land preparation and water
controb Itappears that the vield gap between the researcher managed crops and
the production areas is still quite substantial,

ifakara Rice Research Station

Fhe takara Station was established in 1963 and now serves as the national rice
tesearch station for Tanzania. The trials beng conducted cover varietal testing of
ntermational materials (IRTP nurseries), national varietal trials, weed control, and
disease control (blast. sheath blight. brown spat, and Cercospora). The rice
hybridization program of Dr. Monyo. which was established in 1972, was
interrupted for the past several years. Crossing work beqgan again last vear with the
return of Mrs. Mgonja from a deqgiee program in the United States,

Two nearby research sites were also visited. At the site of the Tanzania
Agricultural Corporation. the national variety tial was being tested under a wet-
seeded partially irtigated condition. The national variety trial is composed of 25
lines in 6 replications. Is tested at a range of sites throughout the country.

A tertilizer trial tested three varieties (Supa India, Katrin, and Selemwa) under
four rates of nitrogen (0. 30,60, and 120 kg N 'ha) and four rates of P (0. 20. 40
and 60 kg P:ha). An N response was clearly discernible in the trial.

The second substation site was ot Lumemo. This was a more typical lood-plain
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location apparently representing rainfed lowland drought-prone conditions. Major
trials observed at the site were:
® Time of sowing experiment. Six varieties were being planted every 10 dto
determine the optimum e tine of planting in relation to the onset of the growing
SEASOTN.
e The natonaivanety tnal planted under directseeded conditions.
¢ International Upland Kice Yieid Nursery URYN). Most entries were stunted by
drought stress at the seedling and tillering stages.
e Herbicide trial. Of tour herbicides tested. Propanil -+ Benthiocarb was
pertorming best,
Fhe Lumemo site was said to be representative of a large part of the Kolembero
valley. Farmers in this area commonly intercrop maize with upland rice.
Phethreeresearch sites available to workers at Ifakara make it possible for them
to test cultivars and crop technology under environments ranging from partially
irrigated to rainfed shallow to upland conditions. This is one advantage of the
location although the remoteness of the station is a major logistical problem to the
research workers.

Ministry of Agriculture, Dar Es Salam

I'he monitonng group had the opportunity to meet with the Principal Secretary of
Agriculture, Professor Simon Mbilinyi, and with the Minister of Agriculture,
Protessor John Matsunda, for indepth discussions on the group’s observations
concerning the future directions tor rice production and research in Tanzania. The
Minister spoke at length about Tanzania's problems and potentials for increased
rice production. He fully endorsed the workshop recommendations and ex-
pressed his commitment to do whatever possible to assist in the speedy
implementation of international collaborative assistance to strengthen rice
research in Tanzania.
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PARTICIPANTS

Kenya
MR JEREMY JACKTON NIOKAH. senior research officer, Ahero lrrigation Research Station,
P.O. Box 1961, Kisumu

Madagascar
i RANDRIAMHOLOLONA SOLANGE, adjoint ‘al” expeit formation/vulgarisation,
Operation Development Rizicole, Ambositra

Tanzania

MECHE DIRY MARKO CHING ANG A, 1ice research coordinator, TARO Agricultural Research
Institute, Private Bag, ifakara

DR JONAH N R KASEMBL. director general, Tanzania Agricultural Research Organization,
P.O. Box 9761, Dar-es-Salaam

Zambia

MR ALFRED C CHENDALKA®, technical officer rice research, Luapula Regional Research
Station, P.O. Box 710129, Mansa

MECALERED MAPIKE. provincial crop husbandiy officer, Department of Agriculture,
Ministry cf Agriculture and Water Development, P.O. Box 910067, Mongu

MR, MULEMWA AKAKANDELWA®, provincial farm management officer, Lusaka Provincial
Office, Department of Agriculture, P.O. Box 32252, Lusaka

MR. J. A. BANDA®, provincial crop husbandry officer, Department of Agriculture, P.O. Bex
80434, Kabwe

MR. RODGER BANDA*, crop husbandry officer (Southern), Department of Agriculture, P.O.
Box 42, Choma

MW M. BARKER®, coordinator, Ministry of Agriculture and Water Developrent, P.O. Box
410073, Kasama

MR, BERNARD CHISANGA®, research officer (Economics), Research Bureau, P.O. Box

30302, Lusaka
R. CHARLES M. M. CHEWL, rice agronomist, Luapula Regional Research Station, P.O. Box
710129, Mansa

MR, REUBEN JOHN CHILAIKA®, principal agricultural supervisor, Kafushi Rice Project, P.O.
Box 80247, Kabwe

MS. ROBINA k. JIHINGU®, assistant director of agriculture (Research), Department of
Agriculture, P.O. Box 50291, Lusaka

MR. FRED KATUMBIY, marketing and cooperative officer, Department Marketing &
Cooperatives, P.O. Box 50595, Lusaka

MR. JOHN O'sta®, nutritionist, NFNC, P. O. Box 32669, Lusaka

MR. DAVID M. KASONSO®, nudritionist, National Food and Nutrition Commission, P.O. Box
32669, Lusaka

MR.H. J. KANDEL®, rice adluiser, kalabo district, Department of Agriculture, P.O. Box
930025, Kalabo

MR. MESTONE KAPEMBWA®. crop husbandry officer, Department of Agriculture, P.O. Box
32252, Lusaka

MR. MOSES C. KAPUKA®, crop husbandry officer, Department of Agriculture, P.O. Box
70232, Ndola
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MEGODWEY AG A plant pathologist, Copperbelt Regional Research Station, P.O. Box
40668, Mutulira

MHCCHRISTOPHER W LdBas. chicl crop husbandy officern, Depament of Agriculture,
P.O. Box 50291, Lusaka

CAPT L W MALUNIX®, aassistant director production, ZNS, P.OL Box 32251, Lusaka

Ml ALORIAN JOSEPHMANGISE. crop hasbandiy officer, Depattinient of Agriculture, P.O.
Box 410018, Kasama

MRCASSIM MASI, fatrming systems agonomist, Mount Makulu Rescarch Station, Private
Bag 7, Chilanga

MR DAYSON K MASOWL, rice officer, Department of Agriculture, Fure Post Office, P.O.
Box 11004, Solwezi

MRCMICHAEL KRIEGER®. cxtension agronomist, IRDP/NWP, PO, Box 140086, Kabompo

MR JOSEPH A MOONGA®. agrictdtiral supervisor, National Trrigation Research Station,
P.0. Box 68, Mazabuka

MROWALTER AKALUTU MUBIANA® cropy husbandry officer, Department of Agriculture, P.O.
Box 710072, Mansa

CAPL A PMALLO agricadtural officer (Rice). Headquarters ZNS, P.O. Box 32251
Lusaka

MISTEPHEN MUHORELAT seeds officer. Seed Control and Certification Institute, Mount
Makulu Research Station, Private Bag 7, Chilanga

MRVICTOR M MUSHIBA®. crop husbandny officer, Department of Agriculture, P.O. Box
110041, Solweyi

MECHILELS CHANDA MU TALE = miills manager, Northern Milling (1977) Limited, P.O. Box
410423, Kasama

MR B MATEL O deputy duector of agricudture (Land Use Services), P.O. Box 50291,
Lusaka

DR DM MAIR®. chicf agricaltural rescearch officer. Mount Makulu Research Station,
Private Bag 7. Chilanga

MRS D NAUTIVAL S head, Department of Crop Science, NRDC, P.O. Box CH 99, Lusaka

M GODEREY SAURANENDHLOVU®, rice coordinator, Department of Agriculture, P.O. Box
540009, Chama, Eastern Province

MRCCHARLE S NKHOMA®. toced control agronomist, Mount Makulu Research Station,
Private Bag 7, Chilanga

MEBOTHWELL MINYOLNYAMBE =, provincial riee officer. Ministry of Agriculture and Water
Development, P.O. Box 910067, Monqgu

MREREDRICK NYAMBL=. agricultural assistant, National Iriigation Research Station, P.O.
Box 68, Mazabuka

DR BHARATIPATEL*. hiead, Plant Protection Services, Mount Makulu Research Station,
Private Bag 7. Chilanga

MR- D PATEL:. provincial crop husbandie officer, PO, Box 5100046, Chipata

MR RUTGER PERSSON®. tranitigy officer (Seed Programme) P.O. Box 35441, Lusaka

MRENOCK . PHING®. clistrict agricaltural officer, Departiment of Agriculture, P.O. Box
720021, Samfya, Luapula Province

DR. 8. €. PRASAD. rice plant breeder (Research Branch), P.O. Box 710129, Mansa
MR.A.JPRIOK®, cereals rescarch coordinator, Mount Makulu Research Station, Private

Bag 7, Chilanga

DR. KOLLL M.RAO®, FAC) muice pathologist, Mount Makulu Research Station, Private Bag
7, Chilange

MR ALBERT RICHARD KASONGO*, seed production officer, Zambia Seed Company Limited,
P.O. Box 35441, Lusaka


http:00.\tit.it

PARTICIPANTS 157

MR HAROLD K SCHNGCKER* africare agricultiral technician, P.O. Box 540095 or
540009, Chama, Eastern Province

MR FRANCIS KM SHALWINDI, prineipal Land use planning officer. Depatment of
Agriculture, Mulungushi House, P.O. Box 50291, Lusaka

PRJOSY B SIARAMTA® officer-in-charge, National Irigation Research Station, P.O. Box 68,
Mazabuka

MECHANDA SIANGONYA® rTce officer, Department of Agriculture, P.O. Box 410018,

Kasama
CISHRAT JAMIL SIDDIQUI", agronontist, Rabwe Regional Research Station, P.O. Box
80908, Kabwe

MR, CHIPO 5. SIMWEMBA®, progranime officer. sciences and technology, Zambia Nat. Com
Unesco, P.O. Box 50619, Lusaka

MR MUTALE B SINVANGWE®. project officer (Research and Planning Department —SIDO),
Small Industries Development Organisation, Sido House (Cairo Road, South End),
P.O. Box 35373, Lusaka

MRGLMSITAKWAS, district rice officer, Departiment of Agriculture., P.O. Box 930025,
Kalabo

MRE S KCSYANKWILIMBA®, Tice agronomist. National frrigation Research Station, P.O. Box
68. Mazabuka

MR MICHAL LI EMBO™ grieen IRDE coordinator (N P.), Integrated Rural Development
Programime, P.O. Box 410313, Kasama

MRMARTH TOVIAINEN®. tean feader, P.O. Box 710129, Mansa

DI W VELDRAMP fand cealuator, Soil Survey Unit, Mount Makulu Research Station,
Private Bag 7, Chilanga

NP DE WAARD® agricadtural engineer, IRDP, Private Bag, Mansa

MICEROWATES® rescarch extension liaison officer, Mount Makulu Research Station,
Private Baq 7, Chilanga

M SHER YOONGXIANG . agronomist, Kafushi Rice Project, P.O. Box 80247, Lusaka

MG Goakoors, provincial crop husbandry officer, Department of Agriculture, P.O.,
Box 42, Choma
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Zimbabwe

MR ISIAH MDA MHARAPARA, research officer (Agronomist), Chiredzi Research Station,
PO. Bax 97, Chiredzi

Ms R MUGABE. assistant director, Research Services Division, Department of Research
and Specialist Services, P.O. Box 8108, Causeway, Harare

The Intemational Institute of Tropical Agriculture {IITA), PMB 5320, Ibadan, Nigeria
DRM S ALAM, rice entomologist

DR KRISHNA ALLURL dgronomist: breeder

DR KAUNG ZAN, IRRI liaison scientist

The International Rice Research Institute (IRRI), F.O. Box 933, Manila, Philippines

MR GLENN L DENNING, visiting associate field specialist, Training and Technology Transfer
Department

DR.DENNIS P. GARRITY, associate agronomist. Intemational Rice Testing Program

DR. B.B. SHAHI senior rescarch fellow, Plant Breeding Department

*Participant in the workshop only.
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Acronyms and abbreviations used in this publication

BGA  blue-green algae

Bl -~ blast caused by Pyricidaria Oryzac Cav.

BLEB  bacterial leat blight

BLS  bacterial feaf streak

B brown planthopper

B brown spot

CIAT - Centio Intemacional de Agricultura Tropical
W Caseworm

DAS days after seeding, sowing

DAT  days alten treatrnent

DS diy season

DT days after transplanting

GED Genetie Bvaluation Utilization

GLH green leathopper

GM o galt midge

HLs  Heliminthosporivm leaf spot

HYVIT  high yielding varieties technology

HIA - international Institute for Tropical Agriculture
PM integrated pest management

AT Institut de Recherches Agronomiques Tropicales
IRRE International Rice Research Institute

IRTP  International Rice Testing Program

MC  moisture content

MR moderately resistant

MV modern variety

R resistant

RWM  rice whorl maggot

RYMV  rice yellow mottle virus

SB o stem borer

Shi3 sheath blight

SR stem ot

UNDP  United Natior.s Development Program
WARDA  West Africa Rice Development Association
WAS  weeks after seeding

WSB  white stem borer

WS wet season



