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PREFAC

Rice in Africa? Rice connotes tg mOSt of us, Asian civil-
ization and its base in the bPermanent rice agriculture in
the alluvial deitas of the great Asian rivers, Rice, man's
major food, is indeed Asian, where 90% of the world's rice
is grown, and vhere it is the food of more than a billion
people,

But we learn that rice is also African and that a
different kind of rice was raised in West Africa 3000 years
480. We learn that rice has a long and interesting history
in parts of Africa; that some African countries are just
4s much rice-oriented as any Asian country. We learn that
although the volume of rice production may not be great to-
day, it nay be so in the future, with Proper development of
existing water resgurces, At bPresent, West Africa alone
imports 7% of the world's annual trade in rice. We learn
that the types of environments and rice culture in Africa

many differences based on varied cultural evolution and
environment. We learn that there are diseases and insect
Pests in Africa different from those on other continents
and that new ones are being found,

But rice is new to many African locations:
tion is complex and much knowledge is needed for successful
production and development., Tgq help stimulate needed
communication on rice ETrowing and on rice résearch within
Africa, the International Institute of Tropical Agri-
culture, near Ibadan, Nigeria, convened a conference on
"Rice in Africa" in March, 1977 and invited participants
from many tropical African countries, This conference was
held in Collaboration with the International Rice Research

formation, 1t jg to be hoped that the opportunity will
happen again, with Tepresentation from more countries of
Africa where rvice is of interest,

The papers inciuded in this volume are abridged versions
of the contributed Papers and abstracts of the country
statements, both of which were eriginally presented ip

either English or French, We hope that they adequately
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reflect the authors' intent. . )
This volume is only a part of the knowledge.on rice in

Africa, There is considerable informatioq available,

especially in French, in L'Agrozomie Trop;c;ézr:nghgzhig

journals which reflects research over man )

ﬁot adequately represented in this volume. _ ) ACKNOWLEDGEMENTS
The challenge for research and development on rice in

tropical Africa is enormous, and the problems are many. ‘

The opportunity to answer this challenge mainly lies with

the scientists and development officers of Africa., We

hope that this volume will be a small contribution to aid

them in their efforts. {

The assistance of the staff of the Communications and Ipn-
formation Section, International Institute of Tropical
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To the rice farmers of Africa

T g

Overview of Rice in Africa

Ex Africa semper aliquid novi

(There 18 aluays something new out of Afrieq)

Pliny (23-79 A.D,)




THE HISTORY OF RICE IN AFRICA
A.J. CARPENTER

' Food and Agriculture Organization of the United Nations,
Rice and Food Crops Project, danzibar, Tanzanig

"The history of the introduction of Asiun food crops into
Atrica is written on the wind, and the wind cannot read."

Introduction

A review of the origins and development of rice in sub-
Saharan Africa is g considerable challenge for an agrono-
mist presently working on food crop development on the
islands of Zanzibar and Pemba, without €asy access to the
substantial literature on the subject. However, it is
dppropriate that someone living in this area, the hub of
cultural and biological exchange between Asia and Africa
for so many centuries should have an incentive to think
about this subject. From the window of my room at the
top of the 19th century Kilimo Ministry in Zanzibar town a
constant stream of lateen-sailed dhows and outrigger
canoes can be seen running into harbour, driven by the

northeust monsoon. For more than twenty centuries these
vari dIl have been arriving from South and Southesst

Asia bringing with them amazing new Crops such as bapana,

olocasia, coconut, mangoes, the annonacious frys
QSYU%UXﬁiﬁ\ 'HHTTﬁﬁT“CTUVEa, PUISES, spices and of course, Oryza sativd.
S

African Wild Rices

llowever, the history of rice Cultivation in Africa
prohably bLegan long before the first navigator from Java
or the Arabian gulf made landfall on the Tanzanian or

Malagasy coasts. The African specieiv_gggigiglabernjma
Steud. was se1ectgQ_ﬂng:EﬁLﬂQ;iahe4—in—a—w4de_uani¢L¥qa£__
! “habitats in West Africa more than two thousand years
‘Terore 4ny orpanised seaborne ¢xpeditions arrived. This
3?@?TE?‘WE§’§%TEE?EU‘T?om wild annual Trice, usually named
either O.breviligulata Chev. & Roer. or o0.barthis Chev,

The nomenclature of wild rices in Africa has been very
confused and the hames O.stapfiz Roz., O.breviligulata,
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and O.barthii often occur with uncertain usage (Harlan,
1473). This group of species commonly occurs in shallow,
Seasonally flooded pools. Most forms 5et easily-shattering
spikelets on stiff, rather unbranched panicles. These wild
rices are still sometimes collected for food. Annual wild
rice occurs from Senegal to Tanzania and is widespread in
Zanzibar. It is regarded as being primarily a savanna
species which later became adapted to the high rainfall
forest zone.

The other common African wild rice is the perennial o.
longigctaminata Chev. & Roer., which is sometimes wrongly
called ¢.barthii. 1t is a tall, rhizonatous, outcrossing
rice which usually grows in creeks and druins und often
5¢ts only a few seeds. In Zanzibar the two types grow side
by side in the bed and on the banks of streams, which leads
oneé to speculate on the possibility of hybridization having
occurred. Apparently these several wild rice species have
been little collected or observed in tropical East Africa
and most treatments (such as Porteéres in Harlan) do not
indicate their existence in coastal East Africa. Recent
theories of plate tectonics enable us to understand the
concept of a very ancient tropical origin for the genus
which became broken up so that wild rices, now different
species, are présently strung out over each tropical region
of the globe, to include even South America and Australia.

Selection by early African rice farmers led to the
development of a great range of 0.glaberrima cultivars.
Even today one can collect floating varieties, weakly and
strongly photoperiod-sensitive types, swamp and upland
cultivars, short and long duration types, all with a number
of variations of seed and inner and outer glume characters.
The range bf variation of O.glaberrima has been considered
to be less than that of U.eativa (Chang, 1970). However,
when one considers the smaller range of habitats, partic-
ularly in terms of altitude and the smaller number of
farmers involved in developing the crop, the range of
variation is quite remarkable; all the more so when the
varieries are seen in the field rather than in collections.
African rice was first grown in the central Niger delta,
with other centres of diversity in the Gambia, Casamance
and Sokoto Basins. It seems reasonable to suppose that it
was introduced in the far western forest area into a bush-
fallow upland farming system where it may have partially
replaced the native Digitaria exilis Stapf which is still
widely grown as an early crop on the previous year's rice
land before re-fallowing to bush.

In West Africa O.glaberrima was partly displaced by
8ativa varieties at least from the 15th century onwards.
Less is known of the history of the species in East Africa,
but I collected typical examples of the species from rain-
fed rice fields in Zanzibar in 1976, A few glaberrima
plants can be found even today in upland rice farms from
Guinea to Liberia and the Ivory Coast. There exist farms

RICE LIISTORY Recent rice-growing reqion;

Secondary centre In process of establishment
of diversitication {0 sar:va\)
) T T T

15* 10° ge oc L.z 15°

Continuaus region
of cultivation
i

b, Discontinuous area
% of cultivation

5% Secondary canire,
in process of bacoming

autonomous , . .
Older rice-growing regions

0 (O glabarrimma + O sativa )

Fig. 1. Regions of cultivation, origin and segregation of Oryza
glaberrima Steudel (from Portéres, 1957)

which grow pure stands of African rice. Perhaps the most
successful area Ffor the species is as a floating rice on
the Sokoto fadamas of Nigeria where yields of 3 t/ha were
reported in the 1960's. This was higher than the available
O.8ativa floating cultivars which were preferred because ol
less shattering and better grain quality. In general,
upland ‘glaberrimas' cannot compete with the better
'sativas' in yield today, but there is considerable overlag
between the best 'plaberrimas' and the poorer ‘sativas',
The competitive position of the Asian rice must have been
poorer in early days when a small, relatively unselected
gene pool was first introduced.

Introduction of O.sativa from Asia

How did the Oryza sativa varieties reach Africa? The
history of the arrival of the Asian food CTOpS was written
by the wind. The first visitors from Malayo-Polynesia
probably began sailing their outrigger canoes from Java a
few centuries B.C. They were driven by the south-east
trade winds which blow all the yeéar round and are especial-
ly strong between May and November {Figure 2). These out-
rigger canoes are fast and the 3500 mile trip could have
been completed in about a month, the key to the successful
transfer of perishable avoids and bananas. [ feel sure
that every canoe that made the trip carried a substantial
supply of puddy rice which is an excellent source of non-
perishable starch Food for a long, warm, wet trip into
unknown waters. The evidence is that these seanen-farmers
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carried ships to Aden and then the northeast monsoon

- A.J. CARPENTER

- -_.IPrevmilng winds January

Prevaiting winds July

2. The wonsoon winds of southern Asia. The monsoons blow for
SiX months in one direction and six months in the other. Sailors
found that they could travel across the Indian acean on One monsoon
and back on anpther, (From "Eastern Islands, Southern Seas", Aldus

found Malagasy uninhabited ang they arrived equipped not
only with paddy but alsg with intensive rice—growing
technology and established the remarkabie range of cul-
tural methods which exist there today. Although Malagasy
retains a high degree of Cultural identity, eXchanges with
the main continent across the 200-mile channel were
obviously continucus and frequent and rice must haye
travelled in almost évery boat leaving for the African
mainland. Terraced Tice fields, Outrigger cances and
certain musical instruments (e.g. marimba) were some-of —

east trades tgo Somalia, Zanzibar and Kilwa. Frop about
the dawn of the Christian era, South Arabia was the centre
for the trade in spices, aromatic gums and incense fronm
India, and the gold, ivory, ebony, tortoise shell and
Slaves frop Africa, East winds from Sri Lanka and india

»

blowing Steadily from December to February, npade possible

reserve and sold or exchanged the Surplus paddy at the
ports they visited, Continuous introductions of aativa

s m
B

RICE HISTORY 7

vices fron Malaysia, India and Sri Lanka probably oceurred
for about 2000 years. However, the dhow traders were not
farmers and they brought no new rice growing methods with
them, Indian nigrants were interested in trade not
farming. llence, rice Cultivation in East Africa remained
largely a coastal rainfed crop with some more intensive

Zanzibar to Zaire. Portéres (1950) produced good evidence
that Asian rice was introduced into Senepal , Guinea-Bissay
and Sierra lLeone by the Portuguese about 1500 A.D., on
their return frop expeditions to India, Whether this rice
came directly Fron India or was collected in East Africa

€n route is not known. It is also not clear if Asian rice
might have penetrated earlier into the Senegal-Liberia
higher rainfal] rice area via Zaire, Cameroon, Nigeria and
Ghana. Another possibility is the migration of Asian rice
from Egypt where it was introduced about 800-900 4.p,

south and then West .across the savannd to Wes't Africa
{Nayar, 1873). What is certain is that there was consider-
able traffic from the savanna African kingdoms to Egypt and

Peoples. Ethno-botanical research of the stature of
Portéres' is needed to clarify the earliest routes of Asian
rice into West Africa (Figure 3).

Central
Niger
15° Deita
fo°
_50
‘On
. Oryzo glaberrima
T Oryra safivg

Fig. 3. Migration of rice varieties in West Africa (from Portéres,
1957)
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bevelopment ¢f rice ocultype 1500-1900 type is the large-scale irrigation schenme exemplified by
? the tremendous project of the Office du Niger in Mali, and
During the 400 ears which . the schemes in the Senegal River and in coastal Guinea,
economicglly destrzctive d;gas§g¥e;§dtﬁgesigséa%izdiﬁg era foound Lake Aloatra in Malagasy and more recently the
African farmers developed a ser; . ’ Mwea scheme in Kenya. These projects were largely
extensive rice growing? For e;;;slgf f;e§;2ifamfth°ds fﬁr concerned with resettlement of farmers in more productive
Temne people mij d i Pie, cone, the circumstances and they drew their inspiration from the
Littlepchrcie;g;gsgr ;Et?h;hgngsgga:;:slgfhthe Great and successful Gezira scheme ip the Sudan,
They discovered thar b Felli he 1ida1 C céntury. —2econd phase was the introduction of mechanization,
transplanted rice coulg b; ,;Efntwﬁeﬁlgﬁl gan%rove‘forESE, : particularly for rainfed rice. Mgst West African countrie
Washed away the sea sal i % b €.farly rains ha introduced contract ploughing services for farmers in the
Rich siit geposit: mzfn:aise; fgr:?iigryfseason tides. 1950's and 1960's. The Sierra Leone Boli and southern
and the salt tides killeq most of the Eee;o?ngigsto ng;t grasslands developments, and schemes in northern Nigeria,
20,000 hectares of dense mangrove forest were felled and Eﬁ?;aasgioighthe faranah area of Guinea are examples of
S;SEEZEO;EESUE;S?EEt;EE ggfz : forty year perifd. Rices Jhd 5 a'period of intensification of irrigated rice
the seaward areas of the estuagizgazcs weie :e §Ct3d for Farming, largely initiated by Chinese Specialists working
System to check That salt pewor inth af'eid phagt;ng closcely with Tarmers, began in any countries during the
to a safe level was developed. Anoth ? lgh 3 ? allen 1960's.  Many of these small scale schemes have been very
reclaimi land P °r method o successful, particularly in the ILygr Coast. In many cases
‘ Baga pZOEfeTan¥g2;emid?aie:aiodsxglggggtl? GUIEfa RY the the large scale irrigation Projects have been more
2 valley where they hadgalso rown rice Thgomu 13 tger expensive than anticipated, because the detailed problems
# special car-shaped d ﬁ n vl y used a of obtaining high yields at the field level were under-
i P ° ge¢ Fpade, the "kofj 2 10 construct bunded estimated Too much emphasis ma have been placed on
# fields to exclude the sea and allow salt flushing by the : : ; pha Y pac ;
"\ early rains. They also trans lanted rice on b7i7 1 engineering expertise and not enough on the basic agronoemic
& ridges built by imversin sliges of s 'le Tth Zh OESE.OW requirements of high yilelding rice and the special problems
: allow salt £lushing. aca %o control w Oé wl} E.g o1 to of farmers transferred into o completely new system withour
2 upland rice grown op bush fallow coes. In Liberia, the tradition of intensive rice tultivation which stood the
I against rodeﬁts by cavefullo il _:°tat18“i was protected [ndonesian pioneers in suep good stead in Malagasy,
N frond fences, Inzercro iny 5?2; g;?fe ggtb¥d? prhpalm In the case of mechanization Projects there is no doubt
i vegetables, which hog ap55e§u1 cast ma¥£e5 3 fln r;c ] that increased family incomes and decreased stress on the
3 almost universal i Liberia and contribygeg g u:, e;ame farmers werc beneficial, However, the high cost of
I erence for upland rice over flooded valle -0 Ere - h . imported equipment and fuel, the difficulty of operating
E intercrops could net flourish. Tanzania yfrlce where tde them in dusty or wet conditions far from adequate workshops
4 M bu i Lo fian tarmers arounc and replacement parcs, design inadequacies in Westerp.
B wanza built contour bunds tg collect run-off for the rice 1 ; ; . . a7 -1 5 :
i crop. In West Africa crue and deen t £ . : evolved machines, shortage of management skills and
S . “€ Systems of matching Finally, influation, meant that more and more subsidies had
varlieties of correct duration and flood resistance to the

to be built into these programmes. African farmers were
Not protected by the political umbrellas operating in the
Luropean Economic Community and in North America; most
African economies cannot sustain development along all

rising and falling floodwaters of the great West African
TIVErs were developed. Little use was made in Africa of
smalliirrigation systems, levelled terraced fields, animal
traction, organic manuring and other features of intensive

Asian rice culture Ironts of education, health, communications etc. apd also
) subsidize farm services. This has become a major problem
Development sinee 1920 in Tanzania in the Jast few years, Addltlonally, espe-

Cially in high rainfall areas with low soil fertility and
low carion exchange capacity, mechanized ploughing has led
to erosion and increased leaching and rapid loss of

A e

; - " - - _ proQucFivity. ) ]
}?fﬁffﬂceb 30 most of t“gs? are available in the biblig ¥ ¥ It is well known that lnvestient, extension and research
Bfaphles and seminar Papers produced by WARDA Since 1971 1 into African food crop production has been badly neglected
: Perhaps it js worthwhile here tp Bive an historical over-

in the past in favour of the development of cash crops and
mineral resources ol interest to the industrialized

Browing system developed by African farmers. The first countries. The situation is mproving but the task ahead
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is enormous. 1Ip Zanzibar there are good prospects of
Producing a large food surplus in the next ten years, using
already existing technology. However, FAQ has projected an
€stimated domestic demand increase for food in Africa of
3.9 each year 1o 1985, while Production only rose by 2.5%

in the 1961-73 period. Obviously, there is much work to be
done.
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RICE ECOSYSTEMS IN AFRICA
L.W. BUDDENHAGEN

International Imstitute of Tropieql Agriculture,
PMB 5320, Ibadan, Nigeria

Introduction

Rice cultivation and attempts to modernize its culture in
tropical Africa differ in Several fundamental ways from the
Asian rice situatiop, These differences may be analyzed to
advantuge in order to understand the differing potentials
and problems of African rice development.

To the abserver Familiar with Asian rice culture, the
Mmost notable characteristics of rice growing in Africa are
its apparent newness and its primitive state. This gen-
erally primitive cultyre extends to most food crops in
tropical Africa, and thus it is not due to the newness of
rice in Africa, but rather to the character of peasant
agriculture itself, There is little adjustment between
rice growing and stable land use and, instead, one finds a
constant exploration of new land dreas and ecosystems, with
different types of rice culture. In this context, an eco-

biclogical and evolutionary factors in an area. The types
of rice culture include Simple introduction of mechanized,
irrigated rice schemes in areas never before having rice,
attempts to develop inland valley swamps in o0ld rice areas
where dryland rice was traditional, and expansion of dry-
land rice into savanna areas previously only grazed by
cattle, or sporadically cultivated with sorghum or maize.

In spite of this apparent 'newness', indigenous African
rice, O.glaberrima, derived from O.breviligulata, has been
utilized by man in three areas of West Africa for about
3,000 years (Portéres, 1976). These areas were the central
Niger floodplain, the coastal Gambia river, and the moun-
tainous areas of Guinea. Indigenous rice culture in these
areas was primitive and Stagnant, and modern efforts to
expand rice production in Africa have focused on the
recently introduced O.sativa, and on Asian techniques of
rice growing and rice improvement , largely ignoring the
African heritage,
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continental movement of people and Crops which occurred
from the mid-1500's onwards, In both continents the early
Peasant rice culrure with O.sativg was largely in the wet
Towland forest zone, becoming a component of slash-and-burn
dgriculture under free draining, 'upland® conditions, 1Ip
both continents, rice invaded cultures whose basic foods i
Came from other crops. 1In both continents, othey Oryaq
Species had evolved but only ip West Africa had 4n ancient
rice culture developed with one of them. Here it was both
a flood or Swamp culture and g forest uplang culture,

Also, in East Africa, the original introduction of O.sativa
long predated the European exploration, having been intro-
duced along with Asian paddy rice growing techniques into
Malagasy by the original Indonesian migrants more than a
thousand YEars Previously,

In many areas of West Africa, rice Browing commenced
only after aboyt 1850, with expansion cccurring locally
from 1950 to date. In some areas along rivers, eéspecially
where indigenous rice had been grown or harvested, the new
rice was grown under a Flocd-plain Situation in drier
€limates, Only recently have efforrs been made to develop
the water control so Characteristic of Asian rice Culture,
This development enabled rice to become a broader market
commodity, and has also pushed rice into more diverse eco-
Systems, both complicating the problems and increasing the

is clear that different types of rice cujture can cut

Major Biological Ecosystems

The background for the major biologicaj] €cosystems in
Africa jis Provided by both the geologic history and the
Climate, acting upon a long-isolated biota. These have

resulted in flora—dominated ecosystems running generally

€ast-west in most of tropical Africa but breaking into

patchy areas ip East Africa where orographic rainfali,

€levation differences, Proximity to the Indian Ocean, and .
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localized, richer solls from recent vulcanisy make for a
complex mixture. 1Ip lowland West ang Central Afrlce the
wet-forest zone near the equator shifts rirst to Guincan
savanna then to Sudanian savinng and then to descert as one
pProceeds either north or south, with a quicker shift to dry
conditions in north-central than in South-central Africa
[Trewurtha, 1961). The major vegetation zones in Africa
are shown in Figure 1,

Tropic of Ccm_cer

Desert
m Suaan scvannas
.‘-.“."!‘IGruss 5avannas
Guinea savonnos
Hmmﬂﬂund woodlands
I:"""" Forast-savonna
~— Mo30IC
[Emmﬁﬂ]l Moist foresi
.Munlana habitats

Fig., 1. Major vegetation zones in tropical Africa.

The primary determinant of vegetation and agricultural
Crop pattern is the length of the dry (or the Wet) season
(Figure 2), racher than total rainfall (Figure 3). This
may range From close to zero to 12 months, The duration of
the huwid and dry seasons can be computed, using rainfall,
temperature, and potential e€vapotranspiration as parameters
(Papadakis, 1966). The broad climatic belts which form the
basis for floristic zones and for different types of apri-
culture are determined by these paramncters,

Although Complicated by temperature ang ¢vapotranspira-
tion differences, in general, in the lowlands {where the
rainy season exceeds about eight months and the rainfall jis
greater than annual Cfvdpotranspiration) the natural vegeta-
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Fig. 2, Duratrion of wet season: Average monthly rainfa)] greater than
100 ma (from Thompson, 1975, )

tion is closed forest, with increasing density and complex-~
ity with increased wet months (Figure 4). The influence of
man with his slash-and-burp agriculture converts the
marginal forest areas into 'derived Savanna', altering the
original VEgetation pattern (Figures 5 ang 6). At the
interface between forest and savanna, there is, in some
4rcas, a 'transition zone', characterized by a bimodal
rainfalil pattern which results in g drought bPeriod of 3-¢
weeks during the normal summer rains, In such areas the
original low~forest flora is €asily converted to derived
savanna or 'low bysh! by man's influence, [p d4reas of ip-
creasing'bimodality, PUre savanna eyep reaches the coast as
in parts of Ghana and Togo.

Papadakis (1966) has Classified these climatic belts gs:

a} Forest (1.1, humid Semi-hot €Quatorial)

Guinean savanna (1.4, hot Lropical)
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Fig, 3, Average total apnugl rainfall,

¢) Sudanian savanna (1.5, semj-arig tropical)

d) Dry coast (1.3, dry semi-hot tropical),
In addition there is;

Frostless highlands (1.7, humid tierry templada}.

{The number code and names in purenthesis gre technical
Climate designations which relate the West African belts to
world climate classification.) In this pdper the 'frost-
less highlands? are referred to as mid—altitude, but
include under mid~a1titude, areas of East Africa with a
less humid climate,

Although the major floristic-climatic Zones can be
divided into the aforementioned five broad Eroups, sub-
divisions of them have beep made whose differences greatly
influence €Top possibilities, The forest beilt ip Africa
has been divided into four divisions on the basis of water
surplus (leaching rainfall) and the number of dry months
(Papadakis, 1966}. These are;
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ey

Fig. 4. Rainforest in western Ivory Coast,

1) Ever-humid forest belt (coastal areas around Green~

ille, Liberiaj, _ . '

2) ﬁ;iigé belt wiihout dry season (MOH?OVLH, leer}a;
Abidjan, Ivory Coast; Lagos, Nigeria; Yangambi,
Zaire; Brazzaville, Congo Rep.), . )

3) Forest helt.with one to thrge dry mgnths (Suakoko,
Liberia; Cotonou, Rep. Benin) and':. )

4) Forest belt with four or more dry months (Aledjo,
Togo; Abeokuta, Nigeria). _ N

Two of these divisions (forest belt without dry season

and forest belt with one to three months dry season} have
been subdivided into 3 ﬁndqﬁasubdiv1§19n§, respectively
{Papadakis, 1%66; Figure 7)., These d1v151ons_1nf;uenc9 rice
culture possibilities especially thyough their dlfferlng
long~term effects on soil charac;erlstlcs and their
seasonal influence on diseases, insects and harvest and
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Storaye of grain.

The Guinean savanna or middle belt which covers more
than 50% of West Africa, has traditionally been the poar-
€St agriculturally. It has been divided into five section
based on the relationship of seasonal rainfall tg annual
potential evapotranspiration, the number of humid and dry
months, and the magnitude and continuity of the humid
period (Papadakis, 1966). Three of these have beep furthe;
subdivided into 2, 3 and 4 subdivisions. It is in the
Guinean savanna with its many climatic subdivisions where
rice culture has been attempted with varying deprees of
success - g variability probably largely due to the cli-
matic variabilities which are often little understood or
gppreciated,

Although most of the rice production and rice research
in Africa is conducted in Climates within the sub-divisions
of the forest ang the Guinean savanna belrs, areat
potential exists withip the Suduniun savanna becuuse of the
unique river roures deross this ayea (Figure 8). 1 fact,
it is this greg in Senegal, Mali and northern Nigeria where
indigenous rice culture exists and where increased water
tontrol could result jn Ereatly expanded high productivity,

- - o PPN v m

ure, in preparation for sowing rice

Fik. 5, *'Slash ang burn' agricylt
central Liberia,

3
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Fig. 6. Derived savanna in southern Nigeria with mixed'cropping in
lower part of the landscape including rice, cassava, Dipgcorea,
Colocasia and Xanthosoma yams. - .

as it has in river plains in western India and in Pakistan,

‘The Sudanian savanna includes areas with three humid months

(Kano and Sokoto, Nigeria),ltWo humid months (Maiduguri,

i ia) and one humid month. o
ng%ﬁédguggd highlands of West Africa have been d1v1deﬂ
into three subdivisions based on the number of er montlsf
of 0, 1-4 and 5 or greater (Pap?dak;s, 1966}, _bxqmpl?s.o
the last subdivision are Jos, Nigeria and Moshi, Tanzap1a.
Different mid-altitude areas, with their particular c}l-
matic influences on rice and rice dlsgases_and_lnsecps _
6Ccur in many places in Africa inc{udlng L1§er1a, Gu%ngdf
Togo, Congo, Cameroon and much of has; and Cen%ra} AleCd.
In East Africa, mid-altitude ar%Ts suitable for rice are

i ier and have a savanna.: ora. _ ) .
Dit%ﬂigrgiief outline of climatic zones 1in tropical Africa
can serve as a framework for discussing rice ecosystems,
but more extensive references should be consulted, ?spe?
Cially Papadakis {1966, 1970a, 1920b); Phllllps.(ljsg),
Robertson (1975); Moss (1969); Thompson (1975} ;
Trewartha (1961); and Brown and Cocheme (1973).

g
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Rice Ecosystems

Agriculture depends on climate. Crop ecological regions
may differ somewhat Erom climatic Tegions, byt they are
areds in which Crop ecological conditions follow the same
pattern. The sojl factor can override other influences for
Crops even though it itself is shaped by climate, This is
especially true for rice because of the importance of
hydrologic soi] conditions. With the great genetic plastj-
city of the species, rice can be STOWN across many cli-
matic zones, Crop ecological regions, and evep 501l differ-
ences. [t is these interactions with the genotypic
diversity which bose the challenge to the rice scientist.

In Africa, different systems of rice cultyre have been
Erouped in variaus Wiy s (Chubrolin, 1970, 19775 Moormann
and van Breemen 1977; Jordan, 1968), 1p our research, we
have divided Alfrican rice culture into four main types ang
elight sub-types:

1) Upland = a) dryland

b) hydromorphic
2) Irrigated
3) Inland swWaup - a) non-toxjc
b) toxic
43 Flooded - 4) riverine shallow
b} riverine deep
¢) boliland
d) mangrove,

Many of these divisions transect most of the climatic
divisions outlined previously, at least for rice cultiva-
tion based op ground, river pr irrigation water. The rice
ecosystem circumscribed by the direct influence of climate
is the free~druining dryland type of upland rice culture.
The other Systems are circumscribed due to topography in
relation to water source - the phreatic op Tluxial Types of
rice culture according to the Clussiflication of Moormann
and van Breemen (1977). As an example, flooded or irri-
gated rice may occur in any of the forest climates, in
Guinean or Sudaniap Sdvanna, or in either humid or arig
mid-altityde arcas.

The significant poeint is that the Cclimate, Especially
the amount of rain and the length and continuity of the
humid period, provides the major influence on the bioglo-
gical stresses - the discases ang insects - which affect
the rice crop. 7he same type of rice culture may be
subject to blast, or to Dtopsis, or to rice yellow mottle
virus (RYMV) ip one location but not in another, Moreover,
the climate), acting over tinme, topography and gn geologic
background, provides the presence or absence of hydro-
morphic, toxic, or imbalanced 50ils, and the degree of
cation exchange capacity, all of which influence genotype/
environment interaction ang thus varieta] performance,

Even more directly, Climate determines photosynthetic
rates, notubly reducing them ip the continuously wot- Fasraes
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Ecologic regions (from Papadakis, 1966).
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Fig, 7 (opposite) (cont'd)
1,

(]

10,

11,
12,

13,

14,

15,

Mangrove swamps.  Flooding regulation, drainage and/or irrigation
WOTkS are usually necessary; possible danger of sulfuric acid
formation, Humid climave makes rice harvesting difficult,

. Fresh water coast swgrpe, Flooding regulation, drainage and/or

irrigation works are usually necessary. Some difficulty in rice
harvesting,

Forest belt with soile poor in bases and often coneretionary, Yams
aré not grown and pluvial rice is Sown as the first crop on fallow
land. For this reasan rice is extensively grown; this is the
rice-cassavy belt. Phosphorus and other mineral deficiencies
comnon,

. Samie as 3, but the humid geason 1s interrupted in August (climate

1,122); early sown rice should be harvested in August, except in
adequately flooded land,

- Soils well provided with bases, often eoneretionary; 5 or more

months arve humid and form a conttnuous series. Pluvial rice come
petes with yams; it ig preferred in more or less flooded soils;
sometimes the two Crops are associated,

Same as 5, but the humid season is interrupted in August (elimate
1.122 and 1,134); early sown rice should be harvested in August,
except in adequately flooded land,

Climate with waten surptus (Ln) below 20% of annual potential evapo-
transpirvation; 5 or more monthe ave humid and form a continuous
series (climate 1.41); soils formed from old consolidated rocks,
aften ceoncretionary. Pluvial rice is grown in seils that do not
drain freely or are flooded,

- Climate same as 7, but the humid season is tntermpted in August

(elimate 1.412), Pluvial rice only in well flooded soils,

- Climates with 3 or less humid months. Irrigation or adequate

flooding is necessary,

Voltaian basin, Soils with Foor drainage prevail and many are
flooded. Pluviul rice is important, Flooding regulation and/or
irrigation are often required,

Low Volta plains. Soils are usually adequate for rice; but flood
regulation and more especially irrigation are necessary.

Sandy soils from unconsolidated sands under humid alimate, These
soils wsually drain too freely and are rather inadequate for rice,
Fadama (flood platn) land. These soils are very good for rice, but
flood regulatien and/or irrigation are necessary. Not shown in the
map; they are especiatly found in regions 9, 6 and 5. When
flooding becomes very deep, special varieties are required.

Chad bastn, Soils are usually fertile, Vertispols {black plastic
cluys) are pood. [rrigation is necessary,

Terres de Barre., Soils generally drain too freely for rice £TOW-
ing; moreover the humid season is not sufficiently humid.
grown in the black earths of the Lama depression and other hydro-
moerphic soils; tlooding Tegulation, drainage and/or irrigation are
necessary,

Thick tines refer to rice ecologic Tegions, the thin lines refer to
climatic sub-divisions within these regions,
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Fig. 8. Rice flood plain in the inland Niger delta in Mali.

zones in locations of coastal S@erra Leone and leer;aﬁ, i
Continuous heavy rainfall also 1qfluence§ the case o 4 :ﬁus
vesting, and the drying and storing of rice gra{n, an ne
influences varietal duration, harvestlpg methods, epii_
great reservoir of rice types in old rice cultur?sdl -
ustrates the vast amount of adaptgtlon to mécrohynh ?}F
climates and the diversity of their stress?s, W éc ;db ent
occurred in the plastic genus, Oryza. Paral;el feve ggmt—
of types of rice cultu;e and paigllelhzﬁéeg;;gnono;na p

ili cach type of rice culture g g
:?;%izi Egi;:tes gﬁﬂwi@glyAdiffergnt4ocat10ns"ond}fﬁ?nent
Due to chance evolution in the total biota,
however, different microbiological stresses and insects

ontinent, . ) ‘
occ¥ﬁeo;0§2§2 grend to narrow this great genetic d1¥er§;2y
in rice by concentrating on only one or two typﬁs gioié—
culture and with isolation or protection frgm the olo-
gical and physiological pressures of spec1f}c gnv1;g s
is only now gradually shifting to an gpprec1at1928 irlier
environmental complexity and the utility of trai e
i d‘ - k3 -

unrgﬁgggézﬁs then becomes the specif}c rice ecosggtemcéf—_
self, which includes man's technological level, }lslih '
nomic flexibility, his other crops and even his 1ea( .
Africa, human diseases such as oncbocgfc%?51s, Ery?dﬁgred
somwiasis and especiallz_sch1§t05031§3;; cannot be 1ipg

i considering expanding rice c re.
thilgg?b}gi riée igproveﬁent, differing needs and poten-
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tials Ffor both Peasant rice and ‘commercial' or larger
Scale rice production dictate different types of selection
Criteria,

The rice €cosystem itself becomes a function of the a)
type of rice culture; b) climate and soil conditions; c}
biological evolution of the region and the d) technological
level of agriculture and the culture in which it is based,

A few examples are:

1) Dryland rice x continuously humid forest x Liberia-

Sierra Leone forest biota x peasant farming.
2) Ditto above but x commerciaj farming instead of
Peasant farming,

3) Dryland rice x humid forest dry 4-5 months x border-

line forest biota X Deasant farming,

4) Dryland rice x Guinean savannga x West African savanna

biota x Commercial Farming.

3) Ditto above but x East African savanna biota,

6) Hydromorphic rice X humid forest dry 4-5 months X

borderline forest biota x Peasant farming.

7) llydromorphic rice X Guinean savanna x northern Ghana

iota x commercial furming.

grammes and rice cultural management resegrch objectives
must be Focused, Many more rice €cosystems exist ip
Africa, based firstly on differing types of rice culture or
hydrology. The complexities of the rice ecosysten itself
should be the focus both for selection criteria and cul-
tural management research, and for quantification of the
conditions angd constraints affecting the rice crop,

Sone of the imporcant differences among these ecosystens
and umong rice varteties which may affect selection
Criteria for the CCcosystem are:

Pests and Diseases:

-~ blast diseuse (especially Panicle blast);
ing insects; borers and UZopsis,
sheath blotch, 1leaf diseases;
fungi; virus discases;

Agronomic characteristics:

- plant type, tspecially height, leafiness, tillering;
carly seedling vigour; drought resistance; panicle
Size; spikelet retention on panicle; lodging
response to added N; rooting characteristics; vigour
under low availaple Fe; vigour under low fertility,

Some differences of cultura] mandgement affecting poten-
tial practices and résearch on them are:

N effects, espectally relative to 'slash angd burn' or
continuous rice Culture in different climates; p
effects, eéspecially availability related to timing of
application ang leaching rainfalj and soil diffep-
ENnces;  also sources of P; K effects, ditto; inport-
ance of weeds ang differing weed control practices;
tillage and no-tillage methods ip relation to erosion;

leaf feed-
sheath blight,
panicle—discoloration
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NPK and high yield effects on minor element imbalance;
iron and manganese toxicity, direct and indirect
effects; spacing, eéspecially in relation to drought,
disease and fertility levels; ¢rop rotation, espe-
cially in relation to soil and agricultural stability;
duration and planting date in relation to drought
stress at flowering; harvesting methods; storage
methods; credit, transportation, input availability,
education level, infrastructure.

A realization of the diversity of only the 7 listed dry~
land-hydromorphic rice écosystems and some of the differing
factors affecting both genotype suitability and relevance
of management practices reveals why research progress on
‘upland’ rice has been so slow. It is complex, and Quanti-
fied data describing these ecosystems are rare. Moreover,
the separation of the €cosystems has not even been attemp-
ted and genetic improvement has been unfocused beyond the
general term 'upland', which confounds not only dryland and
hydromorphic rice, but ignores the diversity of both c¢li-
matic and rice eécosystem differences from location to loca-
tion.

From many experiments and obseérvations a few general-
ities can now be drawn. Blast disease is related to
drought stress, but it may be severe even in the humid
forest. In some transitional areas it may be sufficiently
sporadic to preclude selection against it. In humid, mid-
altitude areas with cool nights, blast disease is severe
and limiting on dryland rice. 1In sufficiently dry areas,
blast may not occur and resistance to it is not required,
Foliage and sheath diseases increase as one proceeds into
the hunid forest. Some leaf-feeding insect damage in-
Creases similarly, as does damage due to borers and
Dicpsis. The virus designated as RYMV occurs both in the
wet forest and in the Guinean savanna, and:in both West

and East Africa, but it "is, apparentiy distributed Spora-
dically.” Soil fertility and complexity of fertilizer—
management differ greatly among climatic zones. Espe-
cially in the highly-leaching, ever-humid forest there is

a need for split dosages of P and K, and proper sources for
these elements for slow release in order to maintain stable
rice culture, previously never accomplished. A strong
interaction between Planting density, drought and fert-
ilizer levels exists in dryland rice situations in the
Guinean savanna. The need for drought resistance in dry-
land rice varies depending on location. Much upland rice
in the humid forest is not subjected to drought stress. In
areas of Guinean savanna, especially in East Africa, rain-
fall is erratic and high drought resistance is needed if
dryland rice is to become a stable crop,

The duration required for dryland rice differs greatly
as one proceeds from the savanna to the humid forest, vary-
ing from about 100 to 160 days. Photoperiod response is
needed for dryland rice in some forest areas but not in
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others, N6r in most savanna Situations.
' .In African peasant dryland agriculture, semi-tall var-
16L1les are needed, with long, heavy bPanicles and tightl
held spikelets. For commercial agriculture where fert-y
ilizers are applied and harvesting is not done by single
panicle cutting, a shorter plant type with higher till-
€ring, smaller panicles and more fragile spikelets jis
p0551b1e.‘ However, even here, different climates and
degrges of drought stress will probably influence the sujit-
abl%ﬁty of such altered plant types,
€ otner types of rice culture practic i 11

not detailed in this brief paper, ElthougﬁdtﬁEyAigécfegge
complex_they.do not depend directly op rainfall, Only irri-
gated rice Wwith good water control is closely akin to the
Asian rice Situation. The other types of rice culture
given the Primitive state of technology, differ from tﬁeir
counterpar;s in Asia. These types of rice culture inland
Swamp, bollland, shallow and deep flooded mangrove, are in
the process of expansion angd modernization. Thus ’many
areas are pe}ng reclaimed from their natural stare for rice
Culture. This POSes special problems of genetic adapta-
t}on,‘an@ cultural Management, eéspecially to sojl toxici-
ties in inland swamps. 1Ip addition, the effect of differ-
ng climates on diseases and insects overrides the type of
rice culture. As with upland rice, these rice culturg
types transect_climatic zones and thus the rice is subject
to dlfferenp biological broblems depending on location

Lastly,_lt should be mentioned that several of the ﬁa'or
pest and disease problems now so important in Asian riceJ

jgenetic inprovement programmes, such as bac i i

j Lupt terial blight

. tungro ylrua,'leafhopgers and planthoppers, are eitheg ’
Qabsen? n Africa or, in the case of the hoppers, not
,damaging to rice Culture in Africa, It is to pe hoped that

differ from those in Asia oy America. None of the virus
d{sgases of rice in Asia Or America are known to occur in
Africa, None_of the mycoplasma diseases of rice in Asia
has bqen confirmed to he Present in Africa. The same is
true for the major bacterjal disease, bacterial leaf
b;lght. In spite of reports of its presence from time to
time, none has been Substantiated, The author has surveyed
nany areas fo; these Asian diseases and has yet to find ve
them. Bactgrlal leaf streak, however, caused by'an easil
se§d~trqnsm1tted bacterium has been found in several counZ
tries of West Africa and in Ethiopia. 1t 0ccurs in West
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established. Many, if not all of the fungal diseases of
rice in Asia also occur in Africa. It is not yet known if
these make up different and old, evolved pathosystems or
if these are just seed-introduced problems of recent
vintage. It is considered that at least blast represents
a self-contained African pathosystem, but proof is still
lacking.

In summary, much research to describe rice ecosystems in
Africa in qualitative and quantitative terms is needed, and
Bredt opportunity for creative research exists, With such
research and with innovative approaches to genetic improve-
ment for the problems peculiar to the various African rice
écosystems, much can be accomplished, Already, upland rice
from Africa has been shown to be uniquely adapted for
stable production under our conditions and it is being
utilized as parents in Asia and Latin America, to improve
upland rice in general.
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‘ LAND AND RICLE IN AFRICA:
CONSTRAINTS AND POTENTIALS

F.R. MOORMANN and w.J. VELDKAMP

International Institute of Tropical Agriculture,
PMB 5320, TIbadan, Nigeria

Introduction

While this treatise will deal mainly with s0ils, we prefer
Lo use the wider concept of land, which includes all
reasonable stable and predictable cyclic attributes of a
specific areu. In the relationship environment-crop
production, so0il is only one of the attributes determining
the actual suitability and potential agronomic capability
of land. 1t should not be seen apart from other attributes
such as climatic, hydrologic, topographic, biological and
human ones. Hence, our insistence on emphasizing this
concept of land,

Cultivation of Oryza sativa in West Africa is relatively
recent if compared with China (Chang, 1976) and, certainly
in its dnitial stages, rice has been grown by the West
Africa furmer using the same methods and technolopy with
which he was familiar lor his other more important dryland
food crops.

Rice 1is the only major annual food crop {with the
partial exception of aroids) which thrives on land which is
water saturated, or even inundated during part or «ll of
its growth ¢ycle. This means that major constraints and
potentiuls of rice lund cannot be scen as separate from use
and manipulation of water derived From any source. Thus ,
the African larmer, basically a dryland farmey, has been
and still js handicapped with regurd to the development of
rice production as an lmportant crop for his livelihood,

I'm the context of this article, not all constraints and
potentials For rice in Africa can be examined. Many of
these are locale-specific and require further <n situ
studies in actual or projected rice growing areas. ‘Thus we
do not present this paper as a complete treatise but rather
45 4 way-station in the study of the African apro-
ecological conditions where rice is, or cun be, prown.
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Warer
General

Rice (Oryza sativa L.) is a semi-aquayic plant, in all
probability originating from, and domesticated in, the
well~-watered valleys of eastern Asia (Chang, 1976; Huke,
1576). Its range of environmental tolerance extends to the
wet parts of the landscape, where other cereals fail. On
the other hand, towards the dry side of such environmental
conditions, rice is much less tolerant of low soil moisture
than other cereals, thus strictly limiting the production
of rice to land where water is not in short supply during
part or all of the growth cycle. Various studies (e.g.
IRRI, 1575; IITA, 1975, 1976; Le Buanec, 1975) show that
the main factor involved is the relatively shallow
effective rooting depth of the rice plant. In terms of
S0il and water parameters, this means that the rice plant
has to rely for its water supply, needed for productlye
vegetative and generative growth, on water available in the
upper 20 or 25 cm of the soil profile. Since it is this
part of the profile which will be most Tapidly gepleted,
during periods of defective water supply, the rlcg.plant
will suffer from drought sooner than almost any other )
cereal crop, even though its consumptive water requirements
are quite comparable to those of other cereals (Slayter,
1567). )

Available water in the upper 20-25 cm of the soil )
profile varies not only with water supply, but also with
the water retention properties of thap layer as determined
by texture, kind, and amount oflorganlc_matter and its clay
mineralogy. These parameters will be discussed below.

— Su Annual high
— Interfiow tfucy flow flooding lavel
I— e —

—— PLUVIAL — 14 PHREATIC — | FLUXIAL —»

Cl--c_C_ﬁ _ lCB

Annuol ugh grouno woter level

Fig. 1. Model of classes of riceland according to topography and water
supply.
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Types of rice land as a function of water regtme

In West Africa, artificial water management of rice
lands by bunding and levelling is as yet only sporadically
applied and controlled irrigation is found even less.
African rice lands without Such water management can be
classified as in Figure 1, according to their position in
the landscape and to the water supply. Table 1 summarizes

the type of water Supply of the three main natural catego-
ries of rice land.

TABLE 1

Sources of natural direct water supply in rice lands

In
Categories of rice land
Souree of water Pluvial Phreatic Fluxial
Rain Always Partiald Partiald
Subterranean Not Always Parriald
Surface Not Not Always

4]  Lxcept in the most arid, desert climates where rainwater or more
seldow, no subterranean water, is received by rice fields,

The term 'uplund' used by WARDA (1975) and most authors

would include both 'pluvial’ and 'phreatic:, 'Fluxial!
rice land would include "swamp', 'deep water' and most of
the 'mangrove'. At IITA (Moormann et al., 1976) the terms

‘dryland' .and "hydromorphic' have been introduced and are
equivalent for pluvial and phreatic, respectively,

Hydrologic restrainte in pluvial rice Lands

In pluvial rice luands, water availability in the root
zone during the growing cycle of the rice crop is
determined by:

a) climatic factors, mainly those related to rainfall

b} inherent soil characteristics

¢) s0il management factors

d) varietal characteristics of the rice as regards the

use of so0il water,

Here we will deal mainly with the first two sets of
Factors. On pluvial rice land, the main production-determ-
ining factor is the nature of the rainfall. Though toral
effective rainfall is important, rainfall distribution is
even more so. Rice requires at least 600 mm of rain to
complete its growth cycle (Cochene, 1971), but a 1000 mm
annual precipitation with a monthly rainfall of 200 mm

“duriag the growth cycle is reported to be a minimum

requirement (Brown, 1969; De Datta, 1975).
Less annual rainfall is required for a monomodal than
for a bimodal rainfTall pattern. In general, for most soil
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conditions, pluvial rice cultivation appears tc be sub-
marginal with a rainfall of less than 1000 mm, marginal
between 1000 and 1300 mm, and fair between 1300 and

1600 mw, while the amount of precipitation ceases to be a
major restraint for pluvial rice Cultivation at a higher
average annual rainfall. These figures have to be modified
by rajnfall pattern and distribution, the rate of evapo-
transpiration, and by soil properties.

The daily rainfall distribution or, alternately, the
€xpectancy of drought during the growth cycle of pluvial
rice becomes critical in zones with a relatively low annual
rainfall. But even in high rainfall zones, such rainless
periods often are damaging to the rice crop. Such drought
periods occur regularly in areas of extensive pluvial rice
cultivation in West Africa (Moormann, 1973}, even in arcas
with an annual rainfall of 2000 mm or over,

The interplay between drought stress and soil character-
istics in pluvial rice cultivation is not well understood.
Clayey soils, derived from basic rocks (e.g. basalts,
amphibolites) are superior to those from more acidic parent
rocks which are usually sandy or coarse loamy. Moreover,
€lay mineralogy plays an important role as regards avail-
able water, and in this respect, the fact that most West
African soils are kaolinitic is a restraint for rice culti-
vation.

HBydrologie quality of phreatiec rice lands

: Compared to pluvial rice lands, shortage of water is a
less severe restraint for phreatic rice cultivation. The
- presence of groundwater in the root zone during at least
part of the growing season diminishes the severity of
stress during drought periods.

The superior quality for rice growing of phreatic rice
land in Africa is recognized by the farmers, who have
extended rice cultivation into hydromorphic areas of the

~drier climatic zones, where conditions are s

pluvial rice cultivation unless the effective waterholding
capacity of the soil is high. The preferred use of
phreatic rice land (riziculture a nappe) have been studied
in Senegal by Bertrand (1973), while Killian (1972),
Moormann (1973) and Moormann et gl. (1976) have emphasized
the usefulness of such groundwater-influenced terrains.
Bydrologic restraints on the use of such land for rice
cultivation are partly of the same nature as those for
pluvial rice land. The degree of hydromorphism plays an
important role, and on the drier part of the phreatic
range, rice may, and often does, suffer from drought if
long dry spells occur during the growing season whereby the
groundwater is lowered below the zone where it can feed the
rice roots. Rice on such marginal phreatic rice lands then
may suffer in the same way as on Pluvial rice lands.
 Alternate drying and wetting of the root zone in many
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phredtic rice lands may have a negative effect on the
nitrogen status of such soils, especially as regards
nitrogen applied as fertilizer. When the rootzone is oxy-
genated, NH,-nitrogen is oxidized to NOj~-nitrogen but in
subsequent reducing conditions, denitrification takes place
below the surface, and nitrogen is lost as N; and N0,

This phenomenon, described for paddy soils (see e.g.,
Shiori and Tanada, 1954}, seems particularly strong in
Phreatic rice lands (Moormann et atl., 1977) 'where ground-
water levels fluctuate during the growth cycle.

dydrologic quality of fluxial riece land

Fluxial rice lands, as found in river plains, deltas,
Coastal fringes with mangroves, and also in minor valleys,
generally have qualities such as those described for
phreatic rice lands. The soil is water-saturated or even
inundated during part of the growing season, assuring a
sufficient water supply. Nevertheless, where flooding is
often uncontrolled in Africa various negative factors may
influence the productivity of the rice crop.

Part or all the rice land may revert to dryland condi-
tions in years when the flood waters are reduced during the
growing cycle of the rice crop.

With drying out of such fluxial rice land during the
season, drought stress occurs as it does regularly in the
semi-arid climates, e.p. in the Senegal river and upper
Niger river valleys.

On the other hand, in the wetter zones of Africa, floods
may be damaging. Gentle rise of the flood water (mainly
less than 15 em/day) is not particularly damaging in view
of the possibility to grow adapted deep water (floating)
varieties. But flash floods of a few hours to a few days,
often occurrving in the narrow valleys in high rainfall
zones such as Guinea, Sierra Leone and Liberia, may phys-
ically damage the rice crop. Moreover, flash floods, even

“of a short duration are a severe restraint on the intro-

duction of high yielding, short strawed varieties,

Another limiting factor in fluxial-rice lands can be the
quality of the flood water in coastal areas, being subject
to salt water intrusion. 1iIn some West African river
estuaries, rice is grown on cleared mangrove land without
protection from sea water intrusion (Moormann and Pons,
1975). In normal or wet years, the flux of good quality
river water is sufficient to SUppress salinity in the root-
zone. In dry years, when river flooding is reduced, rice
crops fail in the seaward part of these unprotected rice
growing areas.

PEJEE S T Tk o i S Y
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Soils
General

Rice is grown on all soil orders, though some are espe-
Cially important, while on others, like Aridisols, Histo-
sols and Spodosols, rice is seldom grown. In general, the
wet (Aquic) suborders and subgroups are most extensively
used, and, globally, it is estimated that only 14-18% of
the rice acreage is planted to ‘upland rice' (De Datta,
1975; Le Buanec, 1975). Since part of land used for
'upland rice' is in fact phreatic (hydromorphic) rice land,
the surface of the freely drained soils planted to rice is
‘even more restricted. In West Africa, rice grown on freely
drained soils is relatively more important than in the old
rice growing centres of tropical Asia. Pluvial rice lands
in West Africa are mainly on Alfisols and Ultisols; the
latter order being the most widely used., Phreatic rice
lands are mainly found on the Aquic (wet) suborders of
Entisols, Inceptisols and the Aquic subgroups of the
already mentioned orders. Fluxial rice lands are mainly on
wet suborders of Entisols and Inceptisols (Aquents,
Aquepts). In the drier Sahel zone, irrigated rice is found
: on Inceptisols mainly, and on Vertisols and Aridisecls in
- the second place.

"' The morpho-genetic classification of Soil Taxonomy, and
the data from the FAO/UNESCO soil map of the world are use-
ful in making a general evaluation of land quality for rice

" +in West Africa. It is clear from these data that Central

and West Africa have a lesser overall potential for rice
growing than, for instance, South and East Asia. The major
river plains and deltaic areas of that part of the world,
which are the “backbone of rice cultivation', are largely
absent in Africa.

As regards pluvial (dryland) rice lands, the total
available surface in the climatically suitable area of West
Africa is, of course, enormous. But the quality of that
land for sustained, high-yielding production of rice is
low. Soils are generally leached (deminance of Ultisols),
have a kaolinitic clay mineralogy with unfavourable cation
retention characteristics, mostly have a sandy to coarse
loamy surface soil texture and are, for a major part,
highly erodable. These, and other related soil factors are
responsible for the fact that pluvial rice in Africa is
generally low yielding, and that it is mainly if not exclu-
sively grown in a shifting-cultivation pattern.

The situation for the lowlands of Africa is much better.
While their total surface in West Africa is rather small in
relation to the total land surface, sizeable areas of land
with a better actual or potential water regime are still
available. Soils of the lowlands in the Sudan and Sahel
climatic zones have generally good qualities for (irri-

gated) rice cultivation. They are not strongly leached,
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have a. better clay mineralogy and a higher cation retention
and are, on average, finer textured. In the increasingly
wetter areas of the various forest belts, the quality of the
soils in the lowlands, whether in broad valleys and ceoastal
plains or in the narrower valleys, is less favourable than
in the drier areas. Soils are more acid, and stronger
leached and, in the narrow inland-valleys or lower
terraces, frequently sandy. Nevertheless, hecause of their
better water regime), they are increasingly becoming the
favoured environment for sustained rice cultivation. This
preference for the low lying hydromorphic soils is, for
éxample, particularly clear in southern Senegal, where rice
is now mainly cultivated in such low areas, even though
their general soil quality is less than that of the
adjacent plateau areas (Birie-Habas et al., 1970;

Bertrand, 1973). The rapid expansion over the last 20
years of rice cultivation in the lowlands of the Abakaliki
ared, Anuambra Stuate, Nigeria, is almost exclusively in such
lowland seoil areas.

In these lowland soil areas, the superior hydrologic
conditions often override soil-imposed restraints. Thus,
for instance, while sandy soils are almost always unsuited
for pluvial rice cultivation, this is no longer so when
such soils are found in hydromorphic areas. They still
have a distinctly lower production potential than more
finely textured hydromorphic soils, but rice cultivation
with reasonable assured returns is possible. Soils of the
inland swamps of Sierra Leone, for instance, are dominantly
sandy, but are extensively used for rice cultivation on a
permanent basis, while pluvial rice lands in the surroun-
ding areas, most of which have finer textured soils, are
only)used in a shifting cultivation pattern (Odell et al.,
1974).

Problems in African rice growing which are velated to soil
conditions

In this section, some specific problems related to soils
in their African environment will be discussed. Soil
properties mentioned here are reasonably stable ones, thus
mainly excluding those which can be easily influenced by
nanagement such as the nutrient status of surface soils.
Many more locale-specific problems which may be expected
are excluded, both relating to physical and chemical soil
properties.

Texture. The often sandy texture of African soils may be
considered as a restraint to productivity. For pluvial
rice lands, this was already mentioned earlier; effective
water retention in such soils is low, and plants will
readily suffer from drought. In the lowlands, soils with
sandy profiles will lose water rapidly by percolation and
nutrients will leach below the reach of rice roots.
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Fertilizer management on the sandy soils is, therefore,
unfavourable, especially with regard to nitrogen. Even
under improved management levels, sandy soils remain rel-
atively low in their productivity (Moormann and Dudal,
1968; Higgins, 1964).

Very high clay contents, as in Vertisols and in some of
the marine alluvial soils (e.g. in the Senegal river delta)
also have several disadvantages. While with a sufficient
water supply such soils can and do produce good rice
yields, land preparation is often difficult, requiring an
advanced level of mechanization. Shortage of water supply
on very fine clay soils can be damaging because of g
restricted hydraulic conductivity, Exceptions to this are
very fine clay soils, developed on volcanic materials which
have a high content of active sesquioxides and consequently
4 very good structure, Such soils, some of which occur in

‘the volcanic areas of western Cameroon, and on basic rocks
such as amphibolites elsewhere in the basement-complex
areas of West Africa, have eéxcellent available water
bolding characteristics for pluvial rice,

Soil mineralogy and parent material. Studies of clay
mineralogy of rice growing soils in the last decade have
underlined the importance of clay mineralogical composition
on inherent fertility and Management characteristics of
such soils (see e.g. Kawaguchi and Kyuma, 1978). The
qQuantitative influence on productivity of rice growing
so0ils is difficult to evaluate, since clay mineralogy is
Dot an independent growth determining factor, but acts
together with others, e.g., texture and organic matter
content. Nevertheless, soils that are predominantly or
entirely kaolinitic, are known tg be less productive than
50ils containing 2:1 lattice clay minerals in the form of
smectites, illites, and vermiclites. Soils with a high
content of amorphous materials, such as found in parent
materials from volcanic origin, usually have better B
characteristics for growing rice, though phosphorus may be
strongly fixed.

The influence of clay mineralogy is mainly related to
differences in effective water-holding characteristics and
in cation retention characteristics of the surface soils.
Both these values are low to very low for soils with a
predominantly kaolinitic clay mineralogy. The great majo-
rity of upland soils in West Africa are kaolinitic. Only
in the lowlands, except in the perhumid and humid zones, do
50ils frequently have a more favourable clay mineralogy.
Valleys in which the soil materials are derived from
adjacent volcanic formations are particularly valuable for
rice growing; examples are the plain of Mbo and the plain
of Ndop in Cameroon.

From the above Statements on clay mineralogy, the role
of the nature of the parent material is already partly
apparent. Parent materials leading to formation of the
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been deposited. The latter are found in major river
pPlains, lacustrine Plains (as Lake Chad) and in coastal
plains and deltas. The eolian deposits which cover parts
of the Suden and Sahel zones, are moderately rich tao poor
pParent materials for soils in these zones. "The best are
the loamy to Silty textured eolian sediments (loess) and
their alluvial/colluvial derivates. The sandy portions of
these areas dominated by eolian sediments are much less

are frequently finer textured and of better quality for
rice growing, if water is available.

The majority of the soils in the wetter zone of West and
Central Africa are derived either from intermediate to acid
crystalline rocks (basement complex}, or from various
sedimentary rocks, which are mostly arenaceous. These
parent rocks Predominantly give rise to soils with a poor
inherent potential for rice,

Organtc matter. The role of organic matter in regard to
the inherent quality of soils on which rice is grown is
almost as diverse as the environmental conditions of the
crop. Its most important functions are to increase the
available water holding capacity, to increase cation
exchange capacity, to improve s0il structure and, through
the process of mineralization, to provide nutrients, mainly
nitrogen, to the rice ¢rop. For pluvial rice lands, all
these functions are of prime importance. For phreatic and
fluxial rice lands, the role of improving water-holding
capacity and structure becomes relatively less important

cycle of rice. An excess of organic matter, as in peat and
peaty soils (Histosols), causes negative effects on the
performance of the rice crop. Since such soils are rare in
West Africa, no further details are given.

The important role of organic matter in pluvial rice

farmers in West and Central Africa for growing rice. On
these dryland soils, the initially moderate content of
total organic matter is favourabile immediately after
clearing from fallow bush or savanna. However, after 1-2
vears of cultivation, this content diminishes to the order
of 0.5-0.8 percent organic carbon in the topsoil. While
the role of Organic matter as a nutrient Source can be
replaced by fertilization, the available water-holding
capacity and the CEC of the surface soil will inevitably
decrease. This is Not so serious on soils with a Clayey
texture and favourable Clay mineralogy. On the pre-
dominantly sandy kaolinitic soils on which dryland rice is
grown, however, the land may be expected to become
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after the initial clearing, and this is one of the
important reasons that pluvial rice in most of Africa is
best_grown immediately after Clearing in the shifting
cultivation cycle. There are also many other reasons for
this, and it should be noted that the low organic matter
content of continuously cultivated drylands in much of the
area under discussion paired with the average sandy surface
s0il texture and the unfavourable clay mineralogy is, in
MOst cases, a definite restraint for sustained production
of pluvial rice.

Lalcareous soils. Fey rice growing soils in Africa are
reported to be Calcareous; such soils occur almost
exclusively in the drier zone of the African continent,
While rice under irrigation can support the somewhat
alkaline pH values found on such soils, sope deficiencies,
especially of zinc (Tanaka and Yoshida, 1975), may become
acute under such conditions. Zinc deficiency has been
reported on rice in Africa, e.g., on the neutral to calcar-
eous Vertisols near Lake Chad (Kang and Okoro, 1974), 1Iron
deficiency occurs also, but tends to diminisnh or even dis-
appear when rice is grown on submerged (paddy) 1ands.

Salinity in rice lands. Moormann and van Breemen (1978)
Qist@nguished four basic types of salinity and alkalinity
in rice growing areas, according to the sources and te the
occurrence in the landscape.

- Marine salinity, derived directly from sea water
intrusion.

- Interflow salinity of alkalinity, derived from lateral
influx of drainage water, mineralized by weathering of
ial; bearing rocks above the level of the rice growing

ands.

- Groundwater salinity or alkalinity.

- Surface water salinity or alkalinity, due to evapora-
tion of moisture, brought in by river floods or
irrigation, on soils of low permeability,

In Africa, all four types of salinity and alkalinity
occur, but only the marine and groundwater salinity are of
SOme importance in rice growing; the latter occurs
exclusively in the dry zone (Sahel) where rice is grown
under irrigation.

Marine 5alinity of lowland coastal West Africa is at
Present often a limiting facter. This is mainly related to
the fact that, with few exceptions, no satisfactory marine
land reclamation has been developed. A typical example of
this type of salinity can be found in some river estuaries
in southern Senegal (Moormann and Pons, 1975y, Here, man-
grove swamps with saline Hydraquents are reclaimed without
any further protection or water regulation. When the
rivers are in flood, and after sufficient leaching of the
surface horizon, rice is planted in the land freshly
cleared from mangrove. In years with a normal Tiver dis-
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charge, salinity during the growing season is low enough to
produce a yield of rice. In years with a low rainfall in
the catchment and cultivated areas, however, yields can be
strongly depressed or fail altogether. The West African

which makes their more definite reclamation by empoldering
frequently a hazardous and uneconomic enterprise. Small
areas of marine saline land without potential acidity will
offer excellent possibilities for establishing rice land.
Surveys and research is required to locate and delineate
such areas.

Iron and manganese escess in the voot zone. Nutritional
disorders, related to high Fe?* content in the rogtzone of
rice during flooding, have been extensively studied by IRRI
scientists {(Ponnamperuma, 1972; Tanaka and Yoshida, 1975).
In situ development of toxic levels of Fel* in the rootzone
will take place at a low scil pH, strongly reduced condi-
tions, and u low content of ‘active' iron. When the active
iron content is high, Fe?* levels in the soil solution
will, after an initial increase, diminish below toxic
levels so that <n situ iron toxicity in flooded soils
though repeatedly demonstrated in pot experiments has only
infrequently been observed in the field, e.g. in acid
sulphate soils.

In West Africa, however, of much greater importance, is
the influence of Fe2* containing interflow water, upwelling
phreatic and fluxial rice lands in and adjacent tg valley
bottoms. While Fe2* level in the rootzone is not
necessarily at a toxic level, the continuous inflow of such
water appears to cause nutritional disorders, which largely
remain to be studied. Yellow and orange discoloration of
leaves, increasingly stunted growth, and lower yields are
commen in such zones of ugwelling. In the more serious
cases, high levels of Fe2?¥ can be found both in the soil
solution and in the plant, leading to characteristic
bronzing of the leaves and strong depression of growth and
productivity of the plants., This interflow iron toxicity
1s most severe in areas where the adjacent uplands are
strongly leached Ultisols. The source of dissolved iron in
the interflow water is usually the weathering zone of rock
formation; but ferrous iron may also be derived from
plinthite formations in the uplands adjacent te the
affected valleys,

In West Africa, the various stages of the effects of
Fe2* containing interflow water are widespread. Nutri-
tional disorders, without clear iron toxicity occur in many
valleys even in areas dominated by Alfisols with high base
saturation. Typical iron toxicity occurs frequently in
Ultisol-deminated landscapes of the high rainfall zone,
€.8. in Sierra Leone and Liberia,

Chemical improvement by liming of soils affected by Fe?+
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containing interflow water is short lasting, and often in-
effactive. The development of tolerant rice varieties is
promising. When the landscape and hydrologic conditions
permit it, land improvement and adapted management
techniques can solve the problem, i.e,,
-~ seasonal drying of affected lands, to cause the
oxidation of Fe2*' into insoluble Fed+ compounds,

= general drainage of the rice land; affected land in
Japan and Taiwan is often tile~drained, but such
measures are clearly not Yet economic under African
conditions.

- interception of the interflow water by deep drainage
ditches across ‘the line of flow. This method can be
recommended in affected areas of West Africa, where
local topographic conditions are favourable.

Not many pertinent data are known on excess manganese
and its toxicity in rice fields. Variable Mn2* concentra-
tions may occur in interflow water derived from crystalline
and other rocks, high in manganiferous minerals, 1In Asia,
it appears that the Mn2* content in the root zone of rice,
though sometimes relatively high, remains below the
critical level for rice {Tanaka and Yoshida, 1975).

. deid sulphate soila. Acid sulvhate soil conditions are found
in coastal areas under Past or present mangrove vegetation.
In their original swampy conditions, these soils contain
variable amounts of pyrite (FeS,) which, upon aeration of
the soil will oxidize, leading to acidification of the so0il
material (van Breemen, 1977%. Collateral effects are the
periodic high content of A13* and FeZ* which when present
in the rooting zone will affect the growth and production
of rice to a variable degree (see e.g., Bloomfield and
Coulter, 1973; and Moormann and Pons, 1975, for the
management aspects of such soils),

The majority of the mangrove swamp soils along the west
coast of Africa are potential or actual acid sulphate soils.
Considerable research on their development for rice has
been carried out, especially at the Rokupr Station in
Sierra Leone, and several pilot projects have been
initiated in the West African mangrove belt. The general
conclusion is that development is expensive and, in terms
of economic returns, often marginal or submarginal. Plans
for rice i1and development in mangrove swamps recur reg-
ularly. . Only on mangrove s0ils with low or zero potential
acidity are such plans warranted. Pre-project research and
survey im prospective areas are required to avoid costly
failures. In West Africa, most mangrove reclamation
projects are not justified because of adverse soil
€onditions (Moormann, 1973).

Conclusion

Considerable land areas in West Africa are suitable for
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rice cultivation to a varying degree from the point of view
of so0il and hydrological conditions. The development of
rice-based cropping systems, with continuous land use is
difficult for pluvial rice lands. Few soils in the climat-
ically suited areas of West Africa lend themselves to such ¢
System of permanent cropping. Indeed, in the prevailing
environmental and socio-economic context of the area,
pluvial rice is and will be grown mainly in a shifting
cultivation pattern in the foreseeable future, Under
phreatic and fluxial conditions, the prospects for the
development of permanent rice-base cropping systems are
considerably better. On such land, yield potential is
higher. The key for increasing production here is improved
land and water management. The logical sequence of events
would be a development from the simple, non-improved
utilization of lands with sufficient additional water over
and above the water provided by rain, towards the improve-
ment of such lands by levelling and bunding {paddy con-
struction), and, in a later Stage, controlled irrigation.
This development sequence can even at the present time
already be seen in various parts of West Africa. While
most, ricelands in the valley bottoms and other hydromorphic
areas are still undeveloped with regard to land and water
management, there is a definite trend towards better
utilization of such lands. Moreover, many of these lands
are now in continucus use for rice, without fallowing. The
total surface of land suited for improved systems is not
large in relation to the total surface of arable land in
the zone under discussion. Nevertheless, much of this type
of land is as yet not utilized or is definitely under-
utilized in West Africa, and the potential for improved
lowland rice cultivation is considerable.
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Introduction

this paper describes studies by IRAT and ORSTOM on the dis-
tribution and variability of indigenous rice in Africa,
especially the annual species, 0.glaberrima and 0.brevii-
igulata, and the perennial, rhizome~forming Species,
O0.lengiataminata.
Six of the twenty identified species of the genus Oryza
are of African origin. These dre: O.breviligulata, O,
brachyantha, G.eichingenri, O.glaberrima, 0.longistaminata,
and 0, punetata, The chromosome number, genome groupings
and geographical distribution of the 20 species of the
genus are shown in Table 1,
Oka and Chang (1963) did much of the €arly collection
and assessment of African rice. They considered that the
. yield potential of the indigenous rices was less than that
of O.satZvag but that O.glaberrimg, a cultivated species,
was more tolerant to adverse conditions such as deep water,
drought, blast and diopsids, which commonly occurred in its
- o e e ‘native habitat (Chang,, 1976).
T T T e e Approximately one thousand samples of 0,glaberpima and
related species have been collected by IRAT and ORSTOM in
Mali, Senegal, The Cambia and other West African countries
(Figure 1), and these have been grown in the Ivory Coast.
The general characteristics of the species collected are:

O.glaberrima: Cultivated type, self-fertile with some
cross-pollination; shedding occurs in intermediate types
of O.glaberrima - O.breviligulata,

O.breviligulata: Wild type, mainly self-fertile with some
cross-pollination; shedding with a strong dormancy;
completes its cycle before cultivated rice; occurs ameng

**Inatitut de Recherches Agronomiques Tropicales, B.P. 635, Bouake,
Ivory Coast
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= crops and at the edges of rice fields, sometimes in clus-
= ters with 0. longistaminata.

]

=)

23 O.longistaminata: Wild type; perennial via rhizomes;

=z mainly cross-pollinated; shedding; suppression of:

o @ o oCCurs in homogeneous populations.

k5 5 O.breviligulate and o, longistaminata are species closely
585 S related to 0.glaberrima and may be crossed with O.glaber-
= o = rima and O, sativa,
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tionships among the groups. The clustering of'sim1lar
samples allowed homogeneous samples to be combined and
further work was done with .a smaller number of populations,

Variability was also examined by isozyme separation by
electrophoresis on starch gels. The enzymes studied for i
O.glaberrima, O.breviligulata, O.longistaminata and O.8sativa
weére esterases, peroxidases, acid phosphatases, malate de-
hydrogenases and leucine aminopeptidasqs. These studies
gave information on variability of loci, comparative vari-
ability of populations and on the geographic distribution
of the variability.

Ecology of Indigenous Rices

Genome A, which defines the sativa complex of quza is
represented in Africa by O.Zongistaminatq, O.breviligulata
(0.barthii), O.glaberrima and now, O.sattva, the last )
having been introduced relatively recently. These species
are compatible when crossed but there are many reproductive
barriers. The distribution of the major indigenous Oryza
species in Africa is shown in Figure 2.

O.longigtaminata was found by us in diverse habitats, all
of which received abundant sunshine. These included the
salt lagoons of the Casamance delta, the deep waters of the

* 0 glabsrunag
o O bar thu
« 0 longistaminota
+0. sichungeri, punciata

Fig. 2, Known distribution of Ffour indigenous rice species in Africa.
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Niger inland delta in Mali and the Jdry, sandy rice fields
of Senegal., It occurred in both running and Stagnant water,
dry river beds and Pools, It was also found in the forest
zone in Cameroon.

O.breviligulata occurred in the savanna in low-lying areas
subject to flooding, eéspecially those with enriched soil
due to their use as watering holes. The species produced
many large seeds and Strongly-bearded spikelets, A weedy
type was found in cultivated rice fields in the central
Niger delta,

O0.longistaminata and O.breviligulata sometimes occurred to-
gether around water holes. In the central Niger delta,
O.breviligulata was a weed in cultivated rice fields, but
0.longistaminata became dominant once the field was aban-
doned. The former annual species had a competitive advan-
tage in disturbed and enriched habitats,

O.glaberrima was widespread in Casamance, Scnegal, where it
occurred mainly as carly-maturing types; floating and late
types were found in Central Niger delta. 1t was found in-
frequently in The Gambia, Upper Volta and Ivory Coast,

Enzyme Variability

Enzynmatic variability among Orysa spp. has been reported
earlier by several workers (Chu, 1967; "Chu and Oka, 1967;
Shahi et at., 1969). In this work, enzymatic variability
was studied for SO0 lines of O.glaberrima and 300 lines of
O.breviligu2ata, from 280 and 105 different populations
respectively From Malian and Senegambian centres and a few
from Upper Volta and Ivory Coast. The variability of o,
sativa was examined in 95 lines obtained from Ivory Coast,
Mali, Senegal, and INRA, Montpellier, France {japonica
types).,

Five enzymatic families were examined in extracts from
young or mature leaves: ésterases, péroxidases, leucine
aminopeptidases, acid phosphatases and malate dehydrogen-
ases. The results have been published in more detail else-
where (Bezancon et al., 1977a, 1977b) and the interested
reader is referred to this Publication for detailed figures,

Eaterases. 'The zymograms had a wide variety of enzyme
forms which differed in their migration speed and their
differential alfinity for the o and B forms of the sub-
Strate. The analysis of the eymograms for species is given
in Table 2,

The variability of O.breviligulata included that of o,
glaberrima. There were many cases of coincidence among the
three autogamous Species but in no instance did the African
and Asian lines match perfectly,. O.breviligulata was
richer individually in forms of esterases than O.s8ativa,
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TABLE 2

Analysis of esterase zymograms

Species O.oreviligulata  0,glaberrima  O.sativa
Character
No. visible bands
Max, 12 10 9
Min, 9 9 7
No. variable bands
{combinations) S 2 7
Avg. no. different types
on same band {presence/
absence/different positions) 1.64 1.18 2,18

-with 0.glaberrima lying between the two. There was most
variability in 0,sativa, due to the loss of certain bands.
Homogeneity in 0.glaberrima is connected with this %nd1v1d-
ual) richness in forms of ésterases, more than 0.sativa.

Pgrozidases. The conclusions were the same as for ester-
ases, in that the variability of O.breviligulata was higher
than that of O.glaberrima, which it included completely,
and the Asian and African forms were not identical.

Four of the 5 species studied had a
0. leongistaminata, however, had
four to nine bands each.

Malate dehydrogenase.
single five band zymogram.
ten different zymograms with

Aeid phosphatases. No variability was found in the two )
annual African species, which have, in common with O.s8ativa,
the most frequent tymogram of the jeponica types (Pai et
al., 1975). However, O.longistaminata was of a more vari-
able type. The banding pattern is shown in Figure 3 as an
example of the type of result obtained.

Leuoine amino-peptidase, The variabil%tx of 0,sativa in-
cluded that of 0,glaberrima and O.breviligulata.

Geographical Distribution of Enzyme Variability

The samples analysed have been classified in relation
to the area of collection. The geographical distribution
of the esterase variability in 0.brevil£gu§a?a (B) and
O.glabsrrima (G) is given in Table 3. Mali in the table
is the part of Mali separate from the inland Niger delta
and Northern Senegal is along the Senegal river near
Richard Toll. Three types of esterases (A, B, C) were
common to the two species, they are the most frequent
types in O.breviligulata. Most of the samples of 0,brev-

[
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Fig, 3. Dand variability observed for acid phosphatases of different
rice species, (Not all the zymograms of O, longistaminate have been
shown., }

tligulate represented the weedy form of the species,
Different zymograms of A, '
wild populations of O.breviligulata in which they occurred
frequently. Further analysis i
breviligulate should make it possible to determine whether
this species can be divided into wild and weedy populations
on the basis of tnzyme variability. The B and C esterase
types are clearly differentiated by area, on a similar
pattern for both species. 1Ip each area the percentages of
different types were similar for both species.

More detailed analysis showed that the "floating" pop-
ulation (late, with a high number of internodes) have only
the A and C Ltypes, whereas the "erect" populations (early),
with fewer internodes) have the A and B types. The geo-
graphical separation of the B and C types are therefore

grown in non-flooded areas.

In terms of the overall €nzyme variability, 0,glaberrima
has maximum variability in the Niger delta area where both
erect and floating types are grown. The variability of
O0.breviligulate occurs outside the Niger delta, mainly in
the wild forms which are found in river beds disturbed by
cattle in the savanna zone.

Zymograms of dutogamous species are those most frequent-
ly found in O.longiataminata. However, for the highly
variable enzyme (esterase) 0.longietaminata does not in-
clude the autogamous species’ variability,
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TABLE 3 invaded and enriched by animals and at the same time main-
oy tain occasional interchanges with 0.longistaminata,
Percentages of A, ?;ba:nd‘c ee(at)emse tgg;;eﬁzng.ﬁzezzizgulata 2 These reproductive barriers may be regarded as filters
and 0.glaberrima (g) from g of genetic flow selected at an adjusted level by the
species (Pernes et al., 1975). The homozygosity of the

Area autogamous groups makes them retain out of the total vari-
species ability only those variations strictly suited to their
Inland habitat. Hence the convergence of the variability of the
Sene- Northern SE Niger African and Asian autogamous groups. The convergence in-
Gambia Senegal Senegal Mali delta creases during domestication when the Species acquire
b b b b stricter autogamy, which is linked to a man-controlled
Escerase type ' g £ & & ; environment. The acquired autogamy and domestication also
A 67 80 7 45 27 27 28 28 ! result in reduced enzyme variability.
B i3 20 - 48 73 62 7 4 ‘ The simplification of Lymograms is more marked as one
c - - 93 8 - 10 65 68§ i moves towards more developed cultivated types. Thus 0.
#8ativa has lost some bands relative to O.glaberrima. The
; P differentiation of ecotypes may cause the loss of certain
Population Variability isozymes. It is also possible that there is a relation-
The variability within populations was examined. ship between the adaptability of a line and the number of
Samples from individual populations were heterogeneous for enz%EES ;§e§§2t332§'0f Oryza genome A in Africa can be
esterases and peroxidases. Therefore one population could g P Y g n

contain all the variability possible within the species. considered to be of two types according to the definitions

{ .
There was a trend towards homogeneity in the populations of E?rgggejgogi°c£iJngéenZﬁesg %::.iataminata' The
compared with interpopulation variability. Heterogeneity erennial hab?t and sélfuincog atabilit 'which are
was higher for 0.breviligulata than O.glaberrima. However, p mp b4

i . : linked with vegetative reproduction allow it to
:2:;:1gﬁ2;n£%?2t;aiggrﬁgelr progeny were homogeneous in carry a heavy genetic load (alleles that are silent

Enzymatic variation in 0.longistaminata from Mali and ;;HQ?VE é;tﬁ1§eggggzat;§?51nr;22r€;§s$2; eg:iégn—
Senegal was compared to that of O.perennia, a related o gh YE 3 : nany
Asian species. There was much greater variation in 0. Vﬁ?lgnFS besides the best adapted dominant allele
longistaminata than in O.perennia, 0.breviligulata or 0. ?hig viiigggigtr82§;gigslgtt¥§ :3;3%320?3 :ec;;gg.i
glaberprima for esterases, peroxidases, malate dehydro- ' ] )4 C n ar n
genase and acid phosphatases ghlch there are some Slow environmental variations
The high enzymatic variability of the allogamous grogps cﬁznézsdevelops best in an area free of abrupt
of 0.longistaminata compared £o the autogamous Asian an P ‘ i
African rices is associated. with the greater tolerance of b) Colonisation compartment The acquired autogamy

.the species to environmental stress.  For example, seeds teads to a lower variability suited to a particular

vary in their heat sensitivity, providing sufficient vari- igviggﬁgi?ﬁé g?:n:fgfcﬁﬁ_ggnztlglloaghgiVes a higg
ation within the population to allow some seeds to develop ragidly ine Ecattered mi;rantnﬁabiiat 3Ttﬁod§§§2:—
;:ugﬁ:rggzcgg?peratures Which are unsuitable for the auto- eptiation_into ecotypes. Many recessive alleles are
The adaptability of 0.longistaminata to its environment flxed,tyhlgh res“;:% in pgorer egzymg TGEOUIGGS,
is both spatial and temporal, in that it can also adapt to 223?23 ;C tﬁgegera %9“ anf repro u;tlve larrlers
various pressures which appear during its evolution. The Tothal gznese ormation of pairs o Complementary
theory of fitness in a structured environment (Levins, s Ll _
1565) explains this heterozygosis in ga heterogeneous ‘ In Afllcaf a "filter of gene flow" has apparently
environment. An allele may be dominant in a population developed which has preserved high heterozygosity in the
while at the same time allowing a great deal of variation allogamous pool, allowing substantial Storage of allelic
around the'optimum variability. It alse operates by restriction of 0. longi-
- There are reproductive barriers between the autogamous gzzg:?zzz from the localized ecological site of 0.brev-
and the allogamous types of O.longigtaminata. These allow . L . o
0.breviligulata to invade certain habitats that have been The two sections form two largely independent entities

that are nevertheless connected, and they represent the
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overall pool of variability of native African types.

By studying populations where the two species exist side
by side it will be possible not only to sample their
respective variability but alse to gain a better under-
standing of possible introgressions, However, to collect
maximum allelic variability, it is preferable to use the
large populations of 0. longigtaminata which retain maximum
heterozygosity.

From the wild pools one may repeat the process of
domestication to obtain transgressions for new ecological
areas that can be cultivated. It also may be possible to
introduce new characters into cultivated varieties, such as
self~incompatibility.

Study of Variability by Pactor Analysis of Correspondences

Correspondence analysis was used to Study variability
within ¢.glaberrima and O.breviligulata, since no g pniont
hypothesis is introduced on the characters or the samples,
and it enables them to be Projected simultaneously on two
planes. The dispersion of these projections on the most
discriminant planes makes it possible to assess and compare
the variability of each group of individuals.

A total of 858 individuals were examined, collected in
the inland Niger delta, central, southern and south-eastern
Mali, eastern Senegal and Casamance.

Forty-nine characters were observed at various growth
stages and thirty-two of these were retained for the anal-
¥sis. Two different sets of planes I-II and I-III were
used for interpretation (Figures 4 and 5).

Resulte

The following variability in agronomic characters was
observed:
_Plant height _ .
No. shoots
No. panicles at flowering

69-235 cm (avg., 148 cm) -
4-100 (20-48 with 2 modes)
4-75 per plant (23-28 with 2
modes)
4-14 (4.8-10 with 2 modes )
13-34 cm (avg. 25.3 cm)
90-210 days (avg. short cycle,
120 days; photoperiod-sens-
itive types during short days,
140 days)
307 lodged; 551 not-lodged
Shedding 482 shedding; 476 non-shedding
In general, the observations of two modes corresponded
to erect and floating ecotypes.

.Avg. no. nodes per stalk

Avg. panicle length

Length of cycle, planting
to maturity

Lodging
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Disperaion of the charaoters

O.glaberrima is much more variable than 0.breviligulata
whose variability is contained completely within that of
O.glaberrima (Figure 6). Most of the 0.breviligulata
samples appear to be weedy forms which are very similar to
the cultivated species. However, some characters, such as
aristation, and leaf pilosity are discriminatory.

The characters of roocts on nodes, number of nodes,
lodging, seed shedding, coloured stem sheath and ramified
stems describe the floating habit, whereas the converse
forms describe the erect type. Floating-late and erect-
early types were observed in all regions surveyed.

Fig. 6. Comparison of samples of O.glaberrima (-) and O.breviligulata
{0), with character sites (2) plotted on axes I-III.

Characters that are unsuitable for cropping such as
lodging, arched stenm bases, ramified stems and seed-
shedding were present on many floating types collected
from the inland Niger delta. Converse characters were
common in samples from Casamance where there exists a long
tradition of rice cultivation with more advanced cultural
practices,

An analysis by regions (diagrams not Presented) showed
that east Senegal has the least variability for o.
glaberrima. The inland Niger delta where all the inter-
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mediate'forms between wild and Cultivated types occur, has
the maximum variability for this species. In the central

ranging from non-flooded to floating types (Figure 7).  1In
each region, O0.breviligulata covered only a small portion
of the variability of O.glaberrimg, In the plane I-II,
the specific characters of 0.breviligulata were much less
discriminant than ip the plane I-ITI, giving a variability
for the wild species comparable to that of the cultivated’
In a region by region analysis, this is not so apparent.
The widest range of variability of the delta area is on
axis II, whereas the dispersion of the southern and central
ared 1s at its highest on axis I. Rice in Casamance is
most affected by domestication.
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Fig. 7. Variability of O.glaberrima (o) and O.breviiigulata (-)
samples from central Mali, with character sites (A) plotted on axes
I-T].

Practical Application of Variability

The aims of an improvement programme involving indi-
E€nous rices are to use O.glaberrimg in association with
O.sativa and to improve O.glaberpinag itself, relative to
0.s8ativa.

In.using O.glaberrima in association with 0.sativa, the
beneficial characters of either parent could be incorp-
orated with appropriate back-crossing to avoid loss of
desirable characters. Alternatively, a new species could
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be created by tetraploidy. o.gZaberrfma is favogred by
some West African farmers because of its adaptation to the
area and also because of its cooking qualities, Hence,
varietal improvement of this species alone, as has been
done for 0.satfva, might be useful, y

In hybridization between O.8ativa and O.glaberrima, a
high proportion of sterility among the progeny occur.
Jacquot (pers. comm. ) reported_hlgh.sterility in F, pop-
ulations irrespective of the direcpion of Crossing. In F,,
fertility varied and in Fy, it varied within the lines, but
breeding for fertility was positive. Diallel crosses
should enable compatible and incompatible genome structures
to be identified.

Conclusion

Extensive investigations in Mali and Sene-Gambia during
1974-1976 showed that: . )

1. There are two forms of O.breviligulata, a relatively
rare wild type, and a frequently—encounte;ed weedy
type. Homologous variation was observed in weedy
O.breviligulata and O.glaberrima in terms of their
geographical distribution and their division into two
ecotypes, erect and floating. ) ) )

2. The enzymatic variability was hlgher‘in 0.brevii~-
igulatqg than in O.glaberrima and it included the
latter. ] )

3. The allogamous species O.Zongistamznatq showed high
enzymatic variability. Autogamous_Africap apd_A51an
species showed a lower and converging vgriabilitx.

4. There is a maximunm genetic variability in O.longi-
staminata, which is a large and polymorphous popula-
tion. Some populations of this species should be
collected, sampled with precision and exploited as
much as possible. '

5. The variability of the African autogamous species,
O.breviligulata (wild and weedy types), 0.gZaberrzma
and 0.aativa is geographically scattered, _Sampling
should be done throughout their areas of distribu-
tion. 1In particular, O.glaberrimg should be coilec—
ted where it has resisted introduction of ¢.sativg.
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COLLECTION AND CONSERVATION OF EXISTING RICE
SPECIES AND VARIETIES OF AFR]CA

5.D. SHARMA and W.M, STEELE

International Imstitute of Tropical Agriculture,
PMB 5320, Ibadan, Nigeria

African rice, O.glaberrimg, .
West Africa about 3,500 years ago (Portéres,

was domesticated in parts of
1956). 1ts

origin was independent of Asian rice and it was domestica-

ted from a different wild progenitor,

breviligulata), Today, intergrades between these two

O.barthii (syn. o.

sSpecies are found and are known as weed forms of 0.barthis

(Bezancon et at., 1977a, 1977b) or as
(Chang, 1976),
degrees and are not 2 species.
species endemic to Africa,
the most closely related of which is O.Zongistaminata,

‘stapfid!

In addition to these

berennial rhizomatous species of wider distribution (Fig.1).

They are basically hybrids of different

are other indigenous Species,

a

% %

Glaberrimaq

Longistaminatg

Breviligulata

|

Fig. 1. Distribution of 0. longtetaminata, 0. breviligulata and 0.
glaberrima in Africa,
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Thus, there are three endemic species in Africa
pParalleling O.satfva and its progenitors 1n'A51g, These
three species are classified in the series 'Sativae' of the
section 'Oryza' of the genus Oryza_(Sharma.and Shastry,
1965) (Table 1). These three species and intergrades among
them of all the African indigenous members of the genus,
are the most important to collect. This is because hybrid-
ization between them and 0.aativa is possible, and they may
have useful characters for crop husbapdry (Oka, 1977b).
Like 0.sativa, they are all diploid with 24 chromosomes and
have the A genome. To the non-botgnlgt, many forms.of 0.
glaberrima would pass for rice as it is known in Asia. The
other species differ sufficiently so that they could not be

istaken for cultivated Asian rice. . ) )
.150ther species exist in Africa, classified in the.serles
Latifoliae, which are more distant, being shade-lov1qg_
perennial plants of the forest zone. TQey are‘cla551fled
as O.aichingeri, 0.punctata and 0.schweinfurthiana, They
have different genomic constitutions and one of them is an

hidiploid. _ )

a.pE\::'a-npmore distant is a group classified in the section
Angustifolia, which is endemig to Froplcal_Afrlca. There
are four species in this section, intermediate between
typical Orysa and typical Leeraia, which are small plants
adapted to shallow water and open hapltats.

Perhaps 0.sariva came to West Africa with the Portuguese
in the 16th century. Despite its relatively shgrt history
in West Africa, numerous agro-ecotypes of 0.sativa hgve_
either evolved or at least have become established within
traditional African farming systems. To a large extent,
these adapted Asian rices, and now rgcentlx—bred types,
have replaced glaberrima in West Africa. Consequently, the
area occupied by African rice is decreas%ng,_and at the
same time, genetic diversity in the species is being
eroded.

O?yza sativa in Afpica

? Unfortunately, the history of the introductiog, estab~
lishment, and migration of Asian rice on the African
continent is lost in the sands of time. The Asian cul~
tivated rice and the Asian paddy growing techniques were
introduced into Malagasy at a very early date by Malayo-
Polynesians. These people travel}ed along the trage wind
routes and rice was probably a major food to sustain them
along the voyages. Its movement to the east coast did not
take much time thereafter. The subsequent Arap and Indian
visitors were traders (not farmers) and they did not
introduce any methods of cultivation‘(CarpenFer, 1978).

~ There are three hypotheses regarding the introduction of
the Asian rice into tropical West Africa.. Porteres (1956)
believed that Portuguese introduced 0.s8ativa from Ea§t
Africa and/or Asia into Senegal, Guinea-Bissau and Sierra
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into West Africa from East Africa through Central Africa
along early trade routes j.e. Zaire, Cameroon, Nigeria and
Ghana. At any rate, the European colonial powers syste-
matically introduced rice from Asia and ¢ncouraged its
Cultivation in tropical West Africa.

Thus the cultivation of Asian rice in tropical West
Africa is more than 450 years old and the crop has so
acclimatized itself that the region could be treated as a
lhew centre of penetic diversity, The introgression of
characters between glaberrima and sativa, if real, may
have added new dimensions to the variability of 0, saziva.
The genetic diversity in these 'old! sattva cultivars of
Africa, however, is being lost as new and improved types
are adopted. Collection and conservation of these
naturalized 0.sativa cultivars from Africa, therefore,
cannot be over-emphasized.

Porteres (1956, 1957) studied the variation in the
African types of 0.sativa and in 0.glaber»ima and classi-
fied them on the basis of their morphological characters,
He indicated the areas of spread for different groups of
cultivars and their possible directions of movement.
pioneering effort has not been pursued and it is possible
that a renewed effort based on greater in-depth botanical
and ethnographic research might unravel the story.

Explovration

Exploration of Africa for rice was first done by the
National Institute of Genetics, Misima, Japan. This
Institute has sent four exploration teams to Africa since
1959. K. Furusato collected from the West African
countries in 1959 and 1960 byt unfortunately he left no
report of his collection. H.I. Oka and W.T. Chang visited
West Africa in 1963-63 and, besides many samples of cul-
tivated and wild rices, collected 0.tisgseranti in the
living form for the first time. T. Tateoka explored in
Last Africa in 1964 and made the first living collections
of 0.punctata, O.eichingeri and O.perrieri (Oka, 1977a).
Collections built at the Rice Research Station at Rokupr
(8ierra Leone) and Badeggi (Nigeria) had the earliest
assemblage of rice genetic Tesources in West Africa.
Carpenter, while working for UNDP/FAO in Liberia, collected
rice germplasm from that country in 1970. 1In 1574, IRAT
and ORSTOM collected from Mali, Senegal and The Gambia.
These two institutes are still engaged in the collection of
rices in Africa. IiTA, located at Ibadan, Nigeria has
collected from Sierra Leone, Liberia, Ivory Coast, Mali,
Ghana and Niperia. WARDA envisages collection from the
areas of its activity. It is expected that these various
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institutes will be able to explore the whole of sub-Saharan
Africa in the coming four or five years.

An International Board of Plant Genetic Resources
(IBPGR) has been constituted to promote collection,
conservation and evaluation of plant genetic resources,
Under its auspices, a Rice Advisory Committee has been
formed which advises IBPGR and IRRI on how best to promote
the cause of conserving rice germplasm.

The International Rice Research Institute, Los Banos,
Philippines, has taken a keen interest in all aspects of
copnservation of rice genetic resources and has facilities
for long term storage of rice germplasm. The seed can be
dried to 6% moisture content and kept sealed in waterproof
containers at -20°C for about 50 years without losing
viability. As an added precaution, a duplicate set is pre-
served at Fort Collins, Colorado, U.S5.A. The International
Institute of Tropical Agriculture, Ibadan, Nigeria plans to
establish a long term store to cater to the needs of
workers within Africa. There are plans for medium ternm
storage of rice seed at Bouaké, Ivory Coast. Seed can be
kept at 5°C and 60% RH up to 5 years without losing
viability appreciably. This kind of storage is more useful
for the breeder, to keep his working collection in viable
form.

Evaluation

The morphological characters of African 0.sativa and 0.
glaberrima were studied by Porteres (1957), particularly
for spikelet characters. He utilized these data for the
classification of cultivars, and for mapping their areas of
distribution and probable direction of past migration. Oka
and his associates have studied the genetic barriers
between 0.glaberrima and the closely related species ©.
barthii, 0.longistaminata and 0.sativa. They have induced
mutations at several loci in O.glabernima (Oka, 1977a,
1977b). Some of the agronomic characters of O.glabernrima
have been studied by IRAT at Bouaké and crosses have been
made between sativa and glaberrima to inter-transfer their
characters. 1RAT has studied the electrophoretic iso~
enzyme patterns of its collections (Bezancon et al., 1977a,
1977b). This has helped to show the extent of variability
in these species and their phylogenetic relationships.

IRRI has studied a part of its collections for their
morpho-agronomic characters with a view to determining the
scope of their possible exploitation in breeding programmes
and has concluded that the diversity of O.glaberrima is not
as wide as that of 0.sativa (Chang et al., 1977},

Evaluation of African rice at a single place for
morphological and agronomic characters, and for reaction
to various physiological stress conditions, for disease and
pest resistance and for grain quality characters, needs
urgent attention. CO.glaberrima is still cultivated in many

.
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TABLE 1

Classification of the species of the genus Oryzaa

I, Section Padia (S.E.Asian)
Series Schlechterianae
Series Meyerianae
Series Ridleyunae

schlechtert
abrometitiana, meyeriana, gramlata
vridley?, Longiglumtis

Il. Section Angustifolia (African)
Series Perrierianace
Series Brachyanthae

perriert, tisseranti
brachyantha, angustifoliq

ITI., Section Oryza (Pantropic)
Series Latifoliae ‘australiensis, in Australia

collina, offiecinalis, minuta,
malampuzhgaensis, in Asia

punctata, eichingeri, schwein-
furthiana, in Africa

latifolia, alta, grandiglumie, in
America

rufipogon (=balunga), nivara,
sativg, in Asia

longistaminata, barthii
(=breviligulata), glaberrima,
in Africa

glumaepetula {(=cubensis), in
America

Series Sativae

a) Based on Sharma and Shastry (1965)

pockets and various merits are cited by the farmers, such
as better competition with weeds, nutritive value, good
Keeping quality of the cooked rice, etc. Only extensive
and intensive screening of the collections can bring out
the real merits (or lack of them} of this species. It is
important that characters be recorded in coded form for
ease of handling large amounts of data and for use with
computers. IRRI has published a Catalog of its rice
collections, and IRAT has published a catalogue of all its
rice genetic resources maintained in the Ivory Coast.
Catalogs of rice are also available for some national
collections such as Indian, American and Japanese collec-
tions. These catalogs record data on any African rice
material maintained in their collections. It is hoped that
all the African rice genetic resources will be evaluated
and that a catalog will be prepared and published to meet
thie Tequirements of African rice workers.

The role of ITT4

The International Institute of Tropical Agriculture,
based at Ibadan, Nigeria, has an active interest in the
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¢ollection, storage, evaluation and documentation of
African rice genetic resources. This Institute has a
Genetic Resources Unit to look after all aspects of germ-
plase conservation of rice and some other crops. It has
necessary personnel and funds not only for collection but
also for medium term storage of the material. Long term
Storage, which is expected to be established shortly, will
g0 a long way to serve the whole African continent for
germplasu conservation of certain crops.

IITA plans to collect the rice genetic resources from
the whole of sub-Saharan Africa in the next 4 or 5 years,
and maintain seed under medium and long term Storage,
evaluate them for various standardized characters, assess
the agronomic and other useful potentials, publish a
catalog describing all their characters, and also supply
seed to all interested rice workers. It is hoped that this
can be accomplished with the Cooperation of other national
and international institutions concerned with the conserv-
ation of African genetic resources,
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West African Rice Development Asgociation, Monrovia, Liberia

Introduction

Amongst the cereal grains, rice is second only to wheat in
terms of total world production with 244 million tons
recorded in 1975, Moreover, it is the most important
cereal for human consumption, since little is used for
animal feed or industrial processing, .

Approximately 90% of the world's rice is grown in Asia.
African production of 7.2 million tons of paddy per annum
between 1970 and 1974 represents about 2.5% of the total
world output. Of this, approximately 60% is grown in Egypt
{Z.4 million tons) and Malagasy (1.8 million tons). 1In
West Africa, thirteen countries produce 1.85 million tons,
which is 25% of Africa's production and 0.6% of world
production (Table 1).

Rice 1s largely produced for home consumption, so that

- only about 4% (7.3 million tons in 1974) of the world's

. o kw\ production is traded in the free market. Of this, the
Si}EiLﬂ* majority comes from the United States {23%), Thailand (18%)

and China (15%), with smaller contributions from Japan

e SO S e e o (7%), Burma (7%), ‘Egypt (5%), Italy (5%) and Pakistan (5%)
(WARDA, 1975). Thus, the world market price is dependent
upon production in a few countries and is subject to
considerable fluctuation. Between 1968 and 1572, the price
fell sharply and proponents of the '"Green Revolution"
thought that this would continue. However, since 1972, the
price has again been increasing to levels at least twice as
high as in 1967.

Rice is important to the economies of many African
countries, especially in West Africa, where several coun-
tries import rice. It is with these countries that this
paper is especially concerned.

w

West African Rice Economies

The production, price paid to the paddy producer, and
the imports of rice into the thirteen WARDA countries in
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West Africa are given in Table 1. Although the area
produces only 0.6% of the world's rice, it receives 7% of
the total exports. These countries are amongst the least
self-sufficient rice producers in the world, importing
about 30% of their total requirements.

TABLE 1

Rice production, producer price and imports tn WARDA
member countries, average 1970-742

Countries Production Price to paddy Imports
(1000 metric producers (1000 tons)
tons paddy) (US $/t paddy)
Benin 6.6 144 8.1
The Gambia 29.4 168 18,1
Ghana 69.0 310 41.0
Ivory Coast 366.3 260 102.5
Liberia 194.6 264 44,2
Mali 145.7 80 35.4
Mauritania 2.6 240 24.5
Higer 30.4 140 2.2
Nigeria 401.4 480 2.8
Senegal 82.0 166 175.2
Sierra Leone 475.7 150 35.5
Togo 12.7 160 2.8
Upper Volta 37.9 180 3.5
. Total (1000 t

e paddy) 1,854.3 485.8

R 4) Source: WARDA Rice Statistics Yearbook, 1975

a1

One of the main reasons for this is that many countries
in the region (especially Senegal, The Gambia, Sierra
-~-Leone and Liberia) -have depended on export crops and
mining. The plantations and mines have employed many rural
pecple, and food-crop agriculture has been neglected. Even
where export crops were grown on family farms, these were
preferred to traditional food Crops because of their cash
value. To compensate for the resulting food shortages,
rice was often chosen as the imported food because of its
high caloeric value, taste, and ease of cooking and
srorage.

The second, more recent reason for increasing depen-
dency on imported rice is the urbanization and higher
salaries which have occurred after the independence of
these countries since 1960, Rjice is also progressively
replacing sorghum and millet, the traditional cereals, in
the savanna and Sahelian areas, and the root apd tuber
crops in the forest zones. This phenomenon is particularly

- marked in the Ivory Coast and Malj where it was accel-

i

;
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erated by the relatively low prices of rice on the world
market from 1960-1972, and by the drought in the Sahel f
1969-1974. The amount of rice imported into West Africa
increased from 276,000 tons/year in 1960-1964 to 496,000
tons/year in 1970-1974, an increase of 80%, at a time whi
total world rice exports were unchanged.

In some countries, where attempts were made to increa:
food crop production, rice was the crop chosen for inten-
sification. 1In Liberia, LAC 23, the most widely grown r:
variety even today, was selected by the Liberian Agricul-
tural Company which is primarily concerned with rubber
production. In Ivory Coast, where coffee and cocoa were
dominant, irrigated rice cultivation has been easily
accepted because it enabled farmers to grow a crop valuec
by their labourers.

Rice is therefore of prime importance to many countrie
both the main importers, Senegal, The Gambia and
Mauritania, and the main consumers, Liberia and Sierra
Leone. It is also important to relatively small importer
like Mali and Upper Volta because of their balance of trs
deficits. Rice imports are a major drain on their small
foreign exchange reserves, especially during droughts.

The situation was particularly acute in 1974, because
the unprecedented high price of rice on the world market
and a large rice deficit in West Africa because of drough
The thirteen WARDA countries spent US§ 225 million on
imported rice that year. This dependence on imported ric
need not exist since the natural conditions for successfu
rice cultivation (e.g. climate, availability of land and
water) are found in West Africa. Recently, the goal of
reducing rice imports has become of major importance to
most economic and political leaders in West Africa.

Efforts to increase rice cultivation in West Africa ha
been through intensification of controlled swamp or irri-
gated rice culture, and relatively recent. Several of th
early pilot schemes in the 1960's based on Asian varietie
and technology were highly successful, largely because
varieties of high-yield potential, such as Taichung Nativ
1 and IR8 were available.

However, the recent introduction of irrigated rice
cultivation in West Africa also implies sociclogical and
economic production constraints. The successful extensio
of medern rice cultivation requires its assimilation and
its adaptation.to the particular needs of the area. Land
clearing and water management are a major cost of inten-
sification in West Africa, in contrast to traditional Asi:
rice economies where intensified production is obtained by
increased inputs of high-yielding varieties, fertilizers
and pesticides,



AT MR

72 DIIBRIL AW

Rice Development Strategies
Aima

A major aim of the West African rice-producing countries
is self-sufficiency in rice as soon as possible. This may
be self-sufficiency in good years only, or self-sufficiency
in poor years as well, in which case provision must be made
for storage or export of surplus during years of good
harvesrts.

In Ivory Coast, it has been decided to aim for self-
sufficiency even during years of poor harvests. Plans have
been made to accumulate sufficient reserves for six-months'
consumption in the towns,

Stabilizing production has been a major concern in many
countries. In Senegal, a delta land-development scheme
established in 1965 was originally planned to control
flooding, while rice germination remained dependent on
rainfall and river flooding. By 1968, it was obvious that
this was too hazardous and Pumping plants were constructed
to alleviate problems due to low rainfall or floods, so
that a system of internal water control operated. In
general, the extension of irrigated rice cultivation in
West Africa is aimed at minimizing risks associated with
water stress and weed growth and to optimizing nitrogen
fertilizer use.

‘ In the Sahel, water control is essential for stable food
.Production. Rice is the best cereal for large-scale irri-
gation schemes because its yield potential is sufficiently
high to compensate for the costly irrigation schemes, in
contrast to millet and sorghum which produce low yields,
have a low grain/straw relationship and respond poorly to
fertilizers. Consequently, all the major irrigation
schemes in the Sahel are mainly for rice cultivation.

_Nathods

Price stabilization. The means to achieve these aims vary
in nature, diversity and importance, according to the
complexity of the situation, the social and political
factors and available finance. For each country, this
requires government to fix and guarantee the price to
Producers, as well as taking responsibility for research,
training, extension, credit and in some form, capital
investment.

In all WARDA countries, there is an official price paid
to the farmer for paddy (Table 1). The official price
varies considerably from country to country, but in each
case, its aim is to protect local production against
competitive imported rice. From a study of production
c€osts in the region, it is possible to estimate the cost
per ton of milled rice from the formula: R = 1.6 P + 100
where R = cost per ton milled rice {US$), and P =

Suh T A T L R - e
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producers' paddy price (Uss$).

Thus the cost of production varies from US$228 to./
US§865 per ton in Mali and Nigeria respectively. Importe
rice of similar quality ranged from US$170 to US$300/ton
for broken and 25% broken rice respectively.

When prices were fixed, there was a greater incentive
for commercial farmers to produce high yields for which
they were guaranteed a respectable return. Production has
also increased among traditional farmers who are mainly
concerned with home consumption rather than production foi
the market.

Rice has been promoted in many areas by permittir
farmers to purchase essential services and inputs on credi
and to repay the debt after harvest. In Ghana, farmers
were able to hire machinery (e.g. tractors, harvesters),
and buy inputs for their first year of production on credi
In Sierra Leone, farmers in the Kenema area were able to
borrow money to Pay for the clearing of new land.

Subaidtes. These are frequently used to promote productio
This may be in the form of a government-sponsored water
management scheme, which is provided to the farmers at zer
or low cost (e.g. Ivory Coast). Fertilizers are commonly
heavily subsidized (e.g. Ghana), as well as improved seeds
and in some countries, machinery service. The problem wit
subsidies is that they are difficult to Temove, even when
they are initially intended only to encourage the farmers
to adopt the new technology.

Inveatment. In areas where development costs are high,
production may be limited by lack of funds. This may be
overcome by community development projects, where land
Clearing is done by the local people instead of by heavy
machinery., This restricts development costs to approxi-
mately US§ 1000/ha rather than UsSt 10,000/ha Tequired for
the latter method. This has been applied successfully in
Ivory Coast, Sierra Leone, The Gambia and Senegal.

flesearch. Because intensive rice cultivation in West
Africa is relatively recent, applied research and training
are important. These aspects have been limited in many
countries because of the lack of specialists and funds.

Extension. The recent introduction of new techniques for
rice cultivation requires a more effective extension
service than is usually available. Most of the special
Projects have extension staff assigned to them who are also
responsible for credit and marketing facilities. At the
SODERIZ project in the Ivory Coast, a package of practices
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RS for irrigated rice and upland rice is provided for the
TENR 1 farmers, together with the required inputs, and the farmer
L ¥ Ccontracts to grow the rice in a specified way. The exten-
SRS sion organization guarantees a minimum yield, below which
LS a farmer does not have to repay the cost of the inputs.
RS It also agrees to purchase the crop at a fixed price. In L
e Nigeria, improved technology is demonstrated on farms ] RhLAFIVE IMPORTANCE OF RICE IN TROPICAL AFRICA AND
i .;m alongside traditional practices. THE NEED TO INCREASE THE FARM LEVELrECONOMIC DATA BASE
R f Conclusion F.E. WINCH
R ] Although it is too soon to assess the impact of the wWith the assistance of
SORE 1 above strategies, the progress over the past two years has C.D. KIVUNJA
S been hopeful. Rice production by WARDA countries increased . .
R from 1.85 million tons p.a. (avg. 1970-1974) to 2.3 miilion International Inatitute of Tropical Agricultura,
T tons p.a. (avg. 1975-1976). Part of this increase was due FMB 5320, Ibadan, Nigeria
N to recovery from the drought in several of the WARDA coun-
A tries. At the same time, imports decreased. Ivory Coast
WIRRE & | and Mali produced sufficient rice to meet domestic needs
R and have a small surplus for export or storage.
o fE Although these improvements in the rice economy of the
SN region are partially due to the development projects, other )
Rl factors are involved: The climate in 1975 and 1976 was Introduction
1 |4 particularly favourable; the paddy producer price _ ) .
R increased, and some of the domestic consumption was sold to The subject of rice in Africa is of growing interest as
] take advantage of the higher price; and the consumer price more land and increasing numbers of farmers are involved
SR increased, with a resulting decrease in demand in some the production of this crop. The increase in rice produc
| areas . tion in tropical Africa is a relatively recent event, as
PR Some major constraints are still to be solved, including farmers in this part of the world historically have been
TR the lack of infrastructure (roads, rice-mills, storage more involved in the production of other food crops.

R facilities) to enable farmers to take advantage of stable This Paper considers rice in perspective vis-a-vis the
L prices. In some instances, the cost of achieving self- other principal crops grown in tropical Africa. Aggregat
R sufficiency in rice needs to be considered against the production estimates are derived on a regional basis for
il nation's overall development plan. two time perigds (an early and late period). The relativ
] In some countries, the goal of self-sufficiency is growth rates in production have been estimated for each oi
@ﬂl distant. Intra-regional trade could make it possible to six food crops, including rice. Then, rice production in|

e achieve self-sufficiency on a regional base but problems tropical Africa is examined in more detail in terms of

3 arise: competitiveness of the world market, quality, aggregate production, land area, national yields, and

uf transportation costs. These problems can most likely be average annual increases in production on a Tegional and
ey | dealt with by regional organizations for economic co- country-by-country basis. Some important economic consid:

;!4 operation, such as the Ecohomic Community of West African erations for increasing rice production in tropical Africg
i States (ECOWAS). are discussed,

The increasing demand for rice in West Africa during the The final section identifies the type of information
early 1960's made it necessary to develop rice production considered usefuyl for understanding existing rice produc-
in the region. These measures are taking effect. By tion systems and suggests an approach to generate the datsa
improving the strategies on the basis of past experience, The usefulness of farm-level, dgro-economic data to assist
and by developing greater cooperation in technology in the design and evaluation of problem-orientated researc
transfer and intra~regional trade, rice production and is also discussed.
consumption in West Africa should continue to improve.
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Major Food Crops produced in Tropical Africa E'E
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In tropical Africa, there are six food crops of major “\QE &
importance. In terms of these crops, 47% of the total 3
tonnage is cassava followed by 20% for yam, 13% for = 2 E n e o1 O, o >
sorghum/millet (considered here as one crop), 10% for maize g Sl SN gorle Sadeedls KLaAOAND &
and 5% each for both sweet potato and rice. (It should be S gl A8 S mm T8 8 S95g®og | o
recognized, however, that these gross figures obscure that 8 e H A
the grains contain about 151 moisture, cassava 70%, and E "é
yans and sweet potatoes 751. Percentages based on total - o
tonnages of dry matter would be cassava 31%, sorghum/millet © o §§§§E§§ §§§E§'—'§ ANARNZYS | o
261, maize 191, yams 11%, rice 10% and sweet potato 3%. In 3] P3| twme S T - j"l"’."‘.“’ ol
this paper all weight figures subsequently used are based § 29 — ™~ e S| s
on total weight, not dry matter.) In terms of land-use, 5 ~ 2
their descending order of importance is sorghum/millet, §~ h
maize, cassava, rice, yam and sweet potatoes (Table 1). e 9 B
© o [P
2l = ~
TABLE 1 S [Bdnncow amooa <sovan | %
§3 |4 Jasrgag 00 O VoS B o
helative area and production of eix major food crope 2 e = e Tl +
in tropical Africa, 1972-742 f & A g
el
n 2F f, 3
Crop Area % Production % g T QS ™D o ~®Tomo on~ oo N S .
(1000 ha) {1000 met.tons) é L8 [GHAYTacslo S0l weacoolo | B
. o 0, E—: < o Lt BV ] '(_3' &g
. Cassava 6,005 13.8 42,318 46.5 B8, o~
Majze 9,694 22.3 9,181 10.1 §° S E
Rice 3,671 8.4 4,533 5.0 “:}5 -~ LS
Sorghum/aillet 20,860 48.0 12,149 13.3 “gg g S =
Swesr potato 1,381 3,2 4,824 5.3 - m“, DVDWAND DO gD inim o -
L H w = OO Qe o
Yan 1,852 4.3 18,072 19.8 §§ Eté :gggggg TRARE |8 SZann®E 3
S NMNN®GE 0 o6 e | P CN B
Total 43,463 100 91,077 100 5% =8l meRT TN R ey 5
rrr—— —- —— — — o~
8) Area and production figures are average annual estimates -for the f ~ @ :
period 1972 to 1974; from FAD Production Yearbook, 1974, Vol. g = = = | 9§
28-1 and ECA African Statistical Yearbook, 1974. s 2 g no
3 = é gl
- r - . - - : |— A
On a regional basis the situation is rather similar, but &, 3 ° o & o~
exceptions exist. In West Africa, the most important crops & = a o8 = AN
on the basis of aggregate production are cassava and yam. . Ed B3 23 i
Virtually all the yam produced in tropical Africa is é’ © “§‘~ 2, o “5 e o S8 B
produced in West Africa and of this, 81% is produced in 4 3o 2., AP O P 5 b
3 . ; ; : B | wmoTD nNooEn I 2w
Nigeria. In this region cassava accounts for about 32% of 0 & oYK aHYED g nem oS 5o
the tonnage of these six crops; rice accounts for about 5% S |SER8aS SERgES 8-‘;"&‘8%5 =5
(Table 2). a3
In Central Africa, 77% of the tonnage of the six food g::-
crops is cassava which accounts for nearly 50% of the 8 ~ - =N
cassava produced in tropical Africa. In this region, sweet .§ it Vi Y o~
potato is the second most important crop and the quantity 2 gtﬁ ‘EQ s H e
produced accounts for about 52% of the sweet potatoes =T S o= -
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produced in tropical Africa. Rice is a minor crop in
Central Africa.

The two major crops in East Africa are cassava and
maize. About 50% of the maize produced in tropical Africa.
is produced in East Africa of which 30% is produced in
Kenya. About 44% of the rice produced in tropical Africa
is produced in East Africa (compared to about 48% in West
Africa) and of this gquantity, 87% is produced in the

Malagasy Republic.
Eroduction growth rates for major food crops

On a regional basis, we have calculated the average
annual production of each of the six crops for the period
1961-65 and for the period 1972-74. From this set of data,
the absolute and relative change in production was cal-
culated, along with the estimated average annual increase
in production for each crop (Table 3).

On a regional basis the average annual percentage in-
creases for each crop are presented graphically for West
and East Africa (Figure la,b). In West Africa, the
production of rice has increased, over the 1l year period,
by 34A. The average annual increase in production has
been estimated at 2.7% - the highest rate of increase
among the six crops in West Africa. For this region, the
estimated annual increase in production of cassava (2.4%)
was second to rice and the production of yam and maize has
been almost stable. The production of sorghum/millet
declined, apparently due to the West African drought. It
appears that rice is the only crop in which the increase
in production has kept pace with population growth in the
region.*

'""In Central Africa, the production of five of the six
crops increased, the exception being sorghum/millet. The
production of maize increased at the highest rate over the
period under revieéw (6.7% per annum) followed by rice
(4.8%) and cassava (4.1%). The rate of increase in
production of all the crops except sorghum/millet has been
greater than the estimated population growth rate of the
region.

Fast Africa is predominately a maize producing area and
the rate of increase in the production of this crop has
averaged 3.3%1 per annum over the eleven year period.

Maize is followed by yam (2.3%1); however, in absolute
terms yam is relatively unimportant in this region. The
annual rate of increase in the production of sorghum/
millet was 1.5%, closely followed by rice (1.4%).

= Using 1965-73 growth rates the regional population growth rates are
MWest Africa 2,6%, Central Africa 2.2%, and East Africa 2.6% per annum
(World Bank Atlas, 1975).
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TABLE 3

tropteal Africa, 1961-65 and 1972-742

Average production estimates and mmwal mean growth rates for siz major food erops
in

lncrease in production

Relative

Absolute

Average annual production

1972-74
(1000 met.tons)

Region

1961-65
{1000 met. tons)

Crop

Annual growth
rated

%

(1000 met.tons)

< W N T
TR
NQ NSO

(I

[ T W ]
O\anN'\:r

™~

15,119

11,654
2,124

Cassava
Maize
Rice

West

Africa

2,248
2,149
8,995

1,603
10,277

Sorghum/millet
Sweet potato

Yam

442
18,037
46,990
20,699

462
17,766
43,886
13,183

3l
=}

271
3,104
7,516

[Ya]
o

Total

57.0
105.0

Cassava
Maize
Rice

Central

1,085

2,118

1,033

Africa

66.7
-32.3

156
612
674

390

1,284
2,506

234
1,896
1,832

Sorghum/millet
Sweet potato

2.9

36.8

48.5

E,819

27,002

18,178
5,741
3,369

Total

13.2 1.

759

6,500
4,815
1,994

Cassava
Maize
Rice

East

[T R
..
-~

3.

(=3 =]
N-EN- T, ]
- -y

42.9
16.3

1,446
280
270
264

1,870
1,876

1,714
1,600
1,612

Sorghum/millet
Sweet potato

Yam

Africa

[
—

[Ep}
.
—~

(]

17,085

14,060

Total

annual growth rate expressed as a per-

a} Growth rate assumed constant and compounded at (1 + R)" where R

Derived from

Source:

11 years between the 1961-65 mid-point and the 1972-74 mid-point.

cent and n

Table 2.
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Fig. 1. Trends of total production of six major food crops in West
a) and East {b) Africa, 1961-74, ) )
£ )s ?x (1 + Ry)D uhere‘Yx = trend of total production of crop x;
f: = mean production, 1961-65 (metric tons); Ry = annual rate of

i d); n = 11 years between
increase of crop X (constant and compounded); i
mid-ppint of 1%61-65 and mid-point of 1970-74. In East Africa, the
rate of increase of rice, sorghum/millet and sweet potatoes are
similar (1.4 - 1.5%). Data from Table 3.

The data indicate that for West Africa, phe rate of én-
crease in crop production is greatest for rice, fo%lgwf
by cassava. In Central Africa the greatest ratg g in .
crease in production has been for maize followe by T1§§;
...in East_ Africa _the greatest rate of increase_has_been .

maize,
Rice Productiom in Tropical Africa

i duction of rice
During 1972-1974, the average annual pro

in tropigal Africa was 4.5 miliion tons. About 47% of
this butput was produced in five countries (Table 4}.
Malagasy Republic is by far the leading rice produceg.ln
tropical Africa, producing about 38% of the total. Sierra
Leone is second (11%) follow?d by Nigeria (9%}, Guinea

the Ivory Coast (8%). o
(Bigna:grms of laxd—use, about 1.9 million hectares are
devoted to rice production in West Africa, 0.4 million
hectares in Central Africa ang lHS T111102 ?gﬁga;iZalge-

ica. The country with the larges :
E:iszfglgice in tropical Africa is Malagasy Republic (1.1

. . e - SR W By b
. s : : e R E :
Er .
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million hectares) followed by Guinea, Sierra Leone, Zaire
and the Ivory Coast (Table 4],

Mational average rice yields

There is an extremely wide variation in the national
average rice yields in tropical Africa {(Table 5). The
range is from a minimum of 0.45 t/ha (Uganda) to a maximum
of 4.86 (Kenya). The mean yield in tropical Africa is
1.27 t/ha (Table 6). Among the three regions, East Africa
has the highest mean yield per hectare (1.87 t/ha), owing
to the high national average yields in Kenya, Botswana and
Malagasy Republic. Three of the seven East African coun-
tries have average yields above 1.5 t/ha. Among the three
regions, however, the variation in national yields is
greatest in this region.

West Africa has the second highest average rice yield
(1.15 t/ha) und on a regional basis the least variations
in national average yields. The average national yield in
Central Africa is very similar to West Africa {(1.12 t/ha)
but the variation in national yields is greater than in the
West African region (Table 6).

National rice production growth rqtes

For each of the countries in West, Central and East
Africa, the average annual increases in rice production
have been calculated. 1n West Africa the notable average
annual increases in rice production have been in the
Republic of Benin (17% with a very low hase), Niger (12%
with a low base), Ghana (7%) and Nigeria (6.3% with a large
base). Over the eleven years under review, the absolute
production of rice has declined in four countries (Table 7).

In Central Africa, the greatest annual increases in rice
production have been in Zaire (16%), Central African Empire
{10.3% with a small base), Chad (5.5%) and the Cameroon
(5.5%). Rice production has declined in three of the
Central African countries.

In East Africa where rice production is relatively un-
important, except for the Malagasy Republic and to a lesser
extent Tanzania, Malawi has experienced an annual growth
rate of rice production of 15.8%, Kenya 8.5% and Uganda 7%.

The greatest absolute increases in rice production have
occurred in Nigeria, the Malagasy Republic, Sierra Leone,
the Ivory Coast and Guinea (Table 7).

Some Important Economic Considerations for Increasing Rice
Production in Tropical Africa

In a few countries of tropical Africa rice is an
important crop, in the sense that a large number of farmers
are invelved in its production and also in terms of the
aggregate domestic output of rice compared to other prin-
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o . TABLE 5
[ ] Vol MM~ on oo Ol h O Q
=1 =SSl T A A O SN N O O -~
g SEBl A ~aa0 ,_.,._: SO ..;]._: ‘o pil._i b} Relative rice ytelds in tropieal African countpies:
-2 3 Average anrmual yields for 1972-74
[ :
@ & Area Yield
£ et < Countr Region {1000 ha) ({tons/ha)
Y
s f5| S9N eRUMeT meem Al Tovle |
‘6‘ | POV T O W~ O A o —~n B Ken}’a East 7.0 4.86
=Py - L ~ i - Botswana Bast "1.7 3.12
Sle H Rwanda Central 1.0 2.33
a Aot - Niger West 20.0 1.90
T - ~ Burundi Central 2.3 1.85
« gl @S ag| ww®mwowo .2‘" 2 Malagasy Republic East 1,078.3 1.61
E ':n,q LRIRAr®OR 2 vRg g § o Mozambique Central 65.0 1.56
o | ~ - by Benin West 3.7 1.54
& ) £ The Gambia West 30.7 1.54
' E MOMMNMOMm OOMmOone MmO | Nigeria West 396.7 1.43
g = ._"2.8&8‘..%33.'1 SeNNgE 2raN ] T Sierra Leone West 356.3 1.33
§ é§ MNPANS SN S ¥ o~ M " . Angola Central 22.0 1.23
- £ = — —~ - g Ivory Coast West 292.3 1.17
o - Liberia West 138.7 1.11
3 | I 2% Malawi East 27,7 1.07
5 i th 0000 T e N O oo < © {0 - Mauritania West 0.3 1.00
[ ot - . l R ’ . o = Gabon Central 1.0 1.00
L V| QO O~ S NO OO0 0t - o N -
- ek 2l <+ <~ "= Zambia East 1.0 1.00
o 'g = o - Tanzania East 175.0 0.99
| V2] b = <
] - B 5 Congo Central 5.3 0.99
I R o Guinea West 356.7 0.95
‘o gl tmcomnow 1O W ;o N o en Central African Empire Central 14.0 0.93
i-:' W aNanaTYaR 23nveg g BN Upper Volta West 33.7 0.93
- K = — L Senegal West 62.3 0.91
g I~ 2 E Ghana West 70.0 0.50
‘2 ] o CEEN Mali West 166. 3 0.85
2 |= & ¢ 5= Cameroon Central 18.0 0.70.~
B 28l mrmovnae 0mmonm N o Zaire Central 303.0 0.64
5 (B9l R8RYATAY S58N3S g0 | 5% - Chad Central 52.3 0.58
© ,53’5 TIEMN AN A S N -l Togo West 23.3 0.57
L (] - —t St [
+ ;{_"§ B g Uganda East 22.0 0.47
£ 2 rhde
8 . 283 Source: FAQ Production Year Book, 1972, Volume 26; 1973, Volume 27;
o 1 - o = 5 a §3% 1974, Volume 28-1, and ECA African Statistical Yearbook 1974.
[=} n e @ —~ e — o
_g LT} @© E (=] = 8 O 8 o [T . . R
o A e Sa & T B onpeve | @ o cipal food crops. These countries include Malagasy
-§ SlERSAE B oE =22 BEgn s Republic, Sierra Leone, The Gambia, Ivory Coast, Liberia,
b 5] 8 %5828232 KE89ge wuug Row Guinea, Mali and Nigeria. In most of the other countries,
M) 8laE3d2588 32658 £88 .y rice is of much less relative importance. However, in
o 8.8 many countries the annual rate of increase of rice produc-
Y SR tion leads one to believe that rice is likely to become
£ @ _ o T increasingly important in the future,
S 5 o ® 0 o I ]
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TABLE 6

Comparison of regtonal rice yields in tropical Africa, 1972-73

Mean (t/ha) Coefficient
Egg;on {Standard deviation) Range of variation
Mest Africa 1.15 0.57-1.90 0.30
(14 countries) {0.34)
Central Africa 1.12 0.64-2,33 0.48
(10 countries) (0.54)
East Africa 1.87 0.47-4.86 0.78
(7 countries)
Tropical Africa 1.27 0.47-4.86 0,66
(3) countries) (0.84)

The supply and demand for rice

There are other indicators which support the view that
rice will become increasingly important. Rice is a )
preferred food in urban centers of many of the countries
under review. It is not only the urban, high income house-
hold consumer who demands rice but also institutions (such
as schools, hospitals, military establishments, hote}s)
because of the relative ease of preparation in catering for
large numbers of people. As the domestic production of
rice (and in some countries, food) has not kept pace with
the increase in demand, imports of rice have increased
dramatically in many countries. '

Thus, there is at present a good market for rice, and
potentially a good market for‘increased output in many
countries, particularly in West Africa. How large this
market is for additional increases in the domestic supply
of rice.on a national basis will depend upon several fac- _
tors, including:

- the level of rice imports;

- relative costs of production of domestic output;

-~ domestic processing and marketing efficiency; )

-~ current and future supply and demand relationships;

- competitiveness of domestic rice vis-a-vis imported

rice in terms of price and quality;

- price and income elasticities of demand for rice;

~ consumer preferences and the ease of substituting

between rice and other food items; and

=~ population growth; particularly the higher-income,

urban population. ]

The relative importance of the factors will vary among
countries depending on the relative importance of rice in
terms of production and consumption and internal price
relationships.

B . . e Lo e P g Ve SRRV Y
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#How can smallholders increase the output of pice?

In tropical Africa agriculture is typically the prin-
cipal sector of the ecomomy. Agriculture is largely hased
upcn smallholders who produce first for home consumption
and second for market (even if one or two crops are largely
produced as cash crops). Most smallholders have limited
land resources and produce a wide range of crqps relying
primarily on household labour. They have little capital
other than hand-tools and planting material stored from the
previous harvest.

Often a production problem is considered to be 'low
yields', 'traditional techniques', 'unresponsive farmers’,
a 'pest or disease’ problem etc. Often, breeders attempt
to develop high yielding varieties which require tooc high a
level of input-use (e.g. fertilizer) as viewed by the
smallholder. Often, production techniques are developed
which either require too much labour from the point of view
of the farmer, or capital he does not have and is unable to
obtain. Often, experimental yields are not obtained in
trials on farmers' fields or on farms under the farmer's
own management, due to a host of possible reasons.

The ability of farmers to increase the output of rice
and consequently the supply entering the market will depend
primarily upon the: '

1) quantity of labour, suitable land and capital under

their control;

2) existing production techniques;

3) existing production constraints;

4) access to additional resources and techniques.

The incentive for farmers to increase their production
of rice will depend upon the:

1) relative profitability of rice vis-a-vis the other

crops in their farming system;

2) ability and cost of reducing present rice production

constraints;

3) availability and cost of adopting proven output in-

creasing technologies; and

4) perceived risk associated with new planting material

and techniques.

From the farmer's point of view, the relative profit-
ability of rice will depend upon cash expenditures, the
labour requirements for each crop in his cropping system,
relative market prices (or value to him for home consump-
tions) and consequently the net income of each crop.

In recent years increasing numbers of farmers have
purchased improved seed for one or two crops they grow.
More farmers are using fertilizer for one or two of their
crops, but relative to the total number of farmers (or
crops) this is still a small proportion. And even fewer
farmers are using non-traditional power sources to comple-
ment or substitute for labour.

The reasons why more farmers are not using "improved"
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inputs and techniques vary with farmers, regions and coun-
tries, but the major ones are:

1) many farmers have meagre cash resources;

2) 'improved' techniques or inputs often do not solve
the farmers' real problems;

3) new techniques are not viewed by the farmer as
proven; having acceptable risks associated with
them; profitable and socially acceptable, etc,;

4} the required inputs are unavailable at the required
time or at a price smallholders can afford.

In most countries of tropical Africa, where the domestic
supply of rice falls short of demand and relatively large
quantities of rice are required to satisfy this demand,
much of the increased output will have to come from small-
holder producers.

Basic questions must be raised. How can small Ffarmers
increase their output of rice? Are they likely to? How
can research be directed to increase the likelihood that
the small farmer will increase the output of rice in coun-
tries where this is socially, politically and economically
sound?

" The first question, of how small farmers can increase
the output of rice is very important. Let us consider the
following hypothetical but realistic case.

An upland rice farmer cultivates three hectares of which
one quarter is rice. His land base is relatively fixed,

He has meagre cash resources and a fixed supply of house-
hold labour to work on his farm; he does not have access
to credit. He stores his seed from the previous year, uses
local cultural practices, a local variety, and no
fertilizer. He has observed that improved productiocn
techniques will increase*rice yields in his area by 50%,
and he would like to use the improved package but he cannot
afford to purchase the improved seed and level of fert-
tlizer recommended. How can this farmer increase his rice
output? He could allocate more of his fixed land base to
rice, which would require-that he reduge the land devoted-
to other crops. Unless the market price is sufficiently
high to compensate him for the reduced output of his other
crops he is not likely to do this; if the additional )
labour required for land preparation, weeding or harvesting
competed with the labour required for his other crops he is
not likely to increase the land area devoted to rice,.

Under these conditions, the rice farmer will assess the
Yopportunity costs" of re-allocating among his crop enter-
prises his fixed land and labour resources. Namely, what
does he lose relative to the gain he could realize from his
increased output of rice? Most farmers have already
assessed these factors and this explains why they have the
area devoted to rice and other crops that they do. In this
case, given existing production techniques and farm re-
sources, the farmer's principle constraints to increasing
the output of rice is his fixed labour supply and the

AGRO-ECONOMIC DATA 8%

competing demand for this labour among his crops, and the
lack of sufficient cash to purchase improved inputs,

In another situation, a smallholder has sufficient cash
to purchase improved seed and fertilizer for his rice plot.
Both inputs are locally available. Based upon the exper-
ience of other farmers in the area, he is likely to in-
crease his yield by 50%, his labour requirements in weeding
by 20% and harvesting by 35%,

Is the farmer likely to purchase improved seed and fert-
ilizer and thereby adopt the new system? Will he get the
increased yield of 50% that a few other rice farmers have
obtained in his area? Let us consider the yield aspect,
assuming that the seed and fertilizer are subsidized and
the farmer believes they will increase his yield, and uses
them,

If there is no competing demand (labour required for
other crops) for the required labour at weeding time the
farmer will likely use additional family labour for
weeding. Therefore, he is not likely to get a yield
reduction because he did not weed on time or put in
sufficient man-days on this activity. However, because of
the additional yield (50%) and additional labour required
in harvesting, he must use more labour during harvesting.
In terms of family labour either more labour will be re~
quired within the same time period at harvest time than in
the past, or the harvesting will take more time; or the
farmer will have to hire labour. Which approach the farmer
uses will depend on the availability of family labour
{which depends on requirements for other CTOp activities,
household activities, marketing activities etc.), and/or
his ability to hire labour.

From these general cases, increasing the output of rice
(or any other commodity) depends upon the farm level re-
source situation, the flexibility farmers have in altering
their cropping systems, the opportunity costs of farm re-
sources (land, labour, cash) particularly labour, and the
ability of farmers to acquire additional resources or
techniques,

The need to understand exiating farming sysatems

In order to increase the production of rice in a given
area, rice researchers, policy makers and those responsible
for the design and implementation of rice development
programmes need to have practical knowledge about rice
production techniques and the farming systems in which rice
farmers operate in the intended location of technological
change, if potentially productive farm-level changes are to
occur.

The agro-economics of rice production can be expected to
vary a great deal among land types, farmers, production
systems and regions. Some of the principal factors
responsible for this variation are climate, soils, topo-
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graphy, production alternatives, existing production
techniques, yields, management, activity or resource con-
straints, factor and product prices farmers face and the
nature and degree of government support to farmers.

In order to identify, measure and understand the
importance of these factors, descriptive and quantitative
knowledge about the environment in which rice farmers
operate, and what rice farmers do and why and how they do
it, is required. The basic knowledge that is required is:

1) description of the land~type;

2) farm size and area devoted to rice;

3) size of the household and the number of men, women

and children available for farm work;

4) degree to which household labour is supplemented

with off-farm labour, and the wages paid;

5) identification of the crops and livestock comprising

- the farming systems and the relative importance of

each in terms of land area, production, home consump-
tion and market sales;

6) description of existing production techniques;

7) estimated quantities of inputs used in the production

of major crops; and cost of purchased inputs;
8) yield and total output of the principal crops;
9) the agricultural calendar and the identification of
seasonal peak demands for labour;

10) major production constraints for principal crops, as
viewed by farmers;

11) estimated costs and returns for major crop enter-
prises.

The scope and depth of a study will depend upon the
level of precision considered to be appropriate, the cost
of acquiring the information, the skills available to
undertake the study, the usefulness of previous studies,
and how much time will be allowed to acquire the data,
Several approaches have been used to acquire this type of
production data. They include interviewing agricultural™
officers and other persons on location to obtain the best
possible estimates; conducting “farm-business" surveys
among a sample of farmers by interviewing them once or
twice about their farm operations; and conducting inten-
sive, “cost-route'" village-level studies among a sample of
farmers. The latter approach among smallholders in
developing countries is considered to be the most approp-
riate if one desires reliable data on labour utilization
particularly on the basis of specific plots, crops, and
field operations.

The cost-route approach is based upon repeated visits
and interviews with farmers over an entire crop cycle.
Data on field operations (labour utilization and other
input-use), purchasing and selling activities, output and
disposition activities are recorded as the events occur,
rather than later asking the farmers what they did. Since
farmers are interviewed once or twice a week, even during

ug'ﬂggum"“"
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5lack periods, much useful information can be acquired
aboup farmers, their production techniques, output con-
straints and their farming systen,

Conclusion

Rlcg is becoming an increasingly important crop in many
countries of tropical Africa. In a few couﬁtries, it has
peen.an important food crop for several decades, Despite
1ts increasing importance, average national yields are low
(1.3 t/ha among the 31 countries under review). In addi-
tion, in most countries the domestic production of rice
has not kept pace with demand and consequently many coun-
tries in the region are importing rice. Thus, there is a
considerable potential to increase the output of rice,

_ Since most farmers in tropical Africa are smallholders
biological research and production campaigns need to be
geared to the production goals and farm level resources of
smallholders; to their cropping systems, production con-
straints, resource flexibility, production techniques, in-
put and product prices and current performance in terms of
output, yields, and income. From knowledge gained, it is
possible that steps can be taken which will generate major
increases in domestic rice production.
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Plate 1, The major implement of farming in Africa, the short-handled,
recurved hoe,

-

grove swamps, Sierra Leone,

Plate 2. Suamp-rice land preparation-in- Sierra Leone (photo courtesy
of Dr. A, Abifarin), .

Plate 4. Mechanized dryland preparation for paddy, Nigerian/Japanese
Rice Project, south-central Nigeria.
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Plate 5, Harvesting flood-pla i'te"with a kitchen knife along the
Niger River, Nigeria, ' -

Plate 7. Snail-shell tool for panicle harvesting, Tanzania,

Plate 8, Combine harvesting of dryland rice in Ivory Coast.
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Plate i1, Parboiling and drying rice at Nigerian/Japanese rice project,
! south-central Nigeria. This method will scon be replaced, following
! construction of a modern rice mill, seen crated in the background,

ﬁi i EERE . .
Plate 9, Head-load transport of panicle - harvested rice by children
in south-eastern Nigeria,

Plate 10. Drying stacked, bunched pajicles in the rainy season on ; Plate 12, Orysa longistaminata in its basfond habitat in the savanna,
elevated platforms in western Ivor y ine ayoe ’ Ivory Coast,
R B :
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Flate 13, Flowenng panicles of Oryza glaberrima (left) and Oryza
aativa (right), AR [
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RICE IMPROVEMENT IN TROPICAL ANGLOPHONE AFRICA
S.8. VIRMANI*, J.0. OLUFOWOTE**, and A.O. ABIFARIN***

*Central Agrioultural Esperiment Station, Suakoko, Liberia

Introduction

About thirty percent of Africa's rice is cultivated in the
tropical anglophone countries of Sierra Leone, Nigeria,
Liberia, Ghana, The Gambia, Malawi and Tanzania, Rice
consumption has been increasing steadily, mainly because of
the development of urban communities in these countries and
because of the higher value attributed to rice compared
with the more traditional foods of sorghum, millet,
cassava, maize and yams. Efforts to increase rice produc-
tion are being made in all these countries. Several
national rice programmes have emphasized varietal improve-
ment as an important part of improved production technol-
ogy. This paper discusses past and present work on rice
breeding and selection in tropical anglophone African
countries,

Rice Ecologies

The major ecological-climatic zones in which rice is
cultivated in tropical Africa are wet forest, transitional
forest, savanna and mid-altitude. In each ecological zone
there are distinct Tice ecosystems; e.g. dryland rainfed,
hydromorphic, valley swamps, irrigated paddies and deep
water. These require varieties with traits for adaptation
to the particular ecosystem.

Research Institutions

Rice research in Nigeria, Ghana and Sierra Leone began
in a small way in the 1920's with Moor Plantation in Ibadan

**National Cereaqls Research Inatitute, Moor Plantation, PMB §042,
Ibadan, Nigeria '
**wInternational Inetitude of Tropical Agriculture, PMB 5320, Thadan,
Nigeria
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as the main centre. At the Rice Research Station, Rokupr,
Sierra Leone, established in 1934, research on flooded rice
was the principal objective. The Rokupr Station was expan-
ded in 1953 as the West African Rice Research Station to
Serve all anglophone West Africa but it became the Sierra
Leone National Rice Research Station in 1962 when the asso-
ciation of these countries was terminated by independence.
The Rice Research Station at Badeggi, Nigeria, was estab-
lished in 1953 for research on irrigated rice. Limited
rice research was initiated in Ghana by the Crops Research
Institute, Kumasi, and by the Agricultural Research Station
at Kpong. Rice Research in Liberia began in the 1950's at
the Botanical Research Laboratories in the Plantation of
the Firestone Plantations Company at Harbel, but shifted to
the Central Agricultural Experiment Station, Suakoko, in
the 1960's. Rice research in The Gambia is centred at
Sapu. The main centres of research in Malawi are situated
at Makanga, Kasinthula, Limphasa and Karonga, and although
rice research was recorded as early as 1935 it was only
during the late 1960's that the research programme was in-
tensified (Lungu, 1974). 1In Tanzania, a concerted effort
on rice-production research was initiated in 1965, with the
-breeding and genetic aspects of the programme centred at
the Faculty of Agriculture, Morogoro, while a varietal
testing programme was coordinated from the llonga Research
Institute (Monyo and Mwaruka, 1974).

Rice Breeding before 1965

Emphasis was placed on selecting high yielding, well
adapted, photoperiod sensitive, long duration, vigorous-
growing varieties among the local or exotic germplasm.
Photosensitive varieties were generally preferred, as they
enabled farmers to stagger sowings during the season and
still hasvest at the same time. Longer maturity was con-
sidered to be correlated with high yield.

- --Pure line selection-among the local heterogeneous vari-
eties or populations was practised in the first stage.
Bolo 108 was selected for mangrove swamp in Sierra Leone
(Anon, 1953) and Gissi 25 and Gissi 77 were sclected for
valley swamps in Liberia (Pillai, 1970), while Agbede 16/56
(FARO 3) was selected for upland conditions in Nigeria in
1958 (Olufowote et al., 1976).

Many varieties were introduced later, mainly from Asia,
into Sierra lLeone and Nigeria, and some into Liberia.
Several varieties adapted to different ecological condi-
tions were selected and released in Nigeria (Hardcastle et
al., 1954), Sierra Leone and 'Liberia; most were photo-
period sensitive (Table 1).

Hybridization was first attempted at Rokupr, Sierra
Leone in 1951 (Anon, 1953). A modified pedigree method of
selection was practised in which mass selection was done
in F; and F3 generations followed by selection of individ-

i
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ual plants grown in pedigree lines in ¥, and subsequent
generations {Anon, 1958a). Selection for blast resistance
was initiated in the pedigree lines in 1957 (Anon, 1958b).
Although a considerable amount of breeding material was
generated through hybridization, most varieties released
during this period were still selections from local and
introduced varieties.

Use of the indigenous African cultivated rice Orysa
glaberrima Steudel, which originated in the central Niger
river delta of Mali (Porteres, 1956}, was attempted in the
rice breeding programmes in Nigeria and Sierra Leone in
the 1950's. Varieties of 0.glaberrima were considered to
be more resistant to flood, to have a high elongatlon rate
and to be more resistant to alkaline soils as found in the
Sudanian savanna region, than O.sativa (Oka and Chang,
1964), Many were also highly resistant to blast. In
northern Nigeria, two glaberrimg varieties, 'Baidande’ and
"Jatau', out-yielded the most successful sativa varieties,
'Indochine blanc' and 'Maliong', introduced from French
Guiana and Thailand, respectively {(Oka and Chang, 1964).
With the exception of some lines from The Cambia, 0,glaber-
rima has red grains and shattering panicles, The sativa x
glaberrima hybrids were made with the objective of com-
bining the flood resistance of glaberrima with the high
yield, white pericarp and non-shattering panicles of
sagtivag. However, not a single progeny combining the
desirable traits of both species was isolated. On the
other hand, equally good floating sativas were found in
Asia and inter-specific hybrids were discontinued in
Sierra Leone (Anon, 1964). In Nigeria, new sativa x
glaberrima crosses were attempted, without success; the
major problem in the sativa X glaberrima hybridization
programme was high sterility and continued segregation as
far as the Fg generation {Anon, 1971).

Rice Breeding after 1965

The national rice research programmes in Africa have
benefited from the work of the International Rice Research
Institute (IRRI) in the Philippines. The International
Institute of Tropical Agriculture (I1TA) and the West
Africa Rice Development Association (WARDA) were estab-
lished in the West African region in 1967 and 1971,
respectively. The anglophone countries began emphasizing
rice research and development to increase their rice
production, but hybridization and selection of segregating
materials has been mostly conducted in Sierra Leone,
Nigeria and Liberia, with a little in Tanzania. So far as
we are aware, there are scientists working as full-time
rice breeders in anglophone Africa only in Sierra Leone
(one), Liberia (one), and in Nigeria (two). Only two of
these breeders are employed directly by the national
governments. Only in these three West African countries



wararse

PIO UMIPSW = W ‘UNTPaW 1IOYS = WS ‘Iapusls Suo] = ¢ (e

an untpam durems Mmo1TRYS BAUTNY €91 BTEqnOjUayg
aW unIpam duess #orieyS BIUTNY 85T ®BlEqNOjuUag
K wntpam diiess MorTRYG IBqIZURT 6§ BIIIONOY
W uUnTps duress MofrRYS IEQTZURY (01 eIajoyog
W unpauw direms morreyg IBqTZUBT S BIIOYOg

Draeqey
(Pi3u0d) T F1gVL

,ﬁ

WS Araea puerdp BYURT TIS | 19082 “TA
WS Arxes puetdp BTPUT BpOYI3UY
$1 CRE:3 diress snoxduey BIpUT 9z ds
WS A11ee duems morieys etpup/eyuel t1g TreYyogd
31 aler duess dasaq BIpUT : (2T A¥Y) eieyilcodurSunaey
s1 a1el duress asaoxduew/puetug eA2BY ' b BUTY) uIpey
91 aier Jurjeory BUEBTING YOUII] OUBTq SUTYIOpU]
51 wunIpsu dwess puetug THETEN edeq
ST L1aee duems morreys BTpUT bz 4939
HS aleg duems smorieys ederel T1 uryoey
S1 A1aeo duems morieys euedng 6. 99
WS Llaee duess sojieyg euEdng pea]
S ATaea duems morreys euedng ! 66-0

PU0FT DALY
31 290-511 : dusms soyreys eluay _ (01-04vd4) ouepurg
1 QzZ-68T duess MOTEYS eefey | (6-04vd) 6z uers
S1 09T-SST dusms soT[eys BTssuopuy (8-0uvd) 1OPZ SYW
ST L12-091 (3urisory) papoory deag pueirteyr (L-0¥v4} Buotrew
ST B61-9L1 (3ut3eory) papoory daag EUBTINY ydus.ad (9-0¥v4d} (4D1) oumrq autysopug
s1 PST-SEI dugss Mmoyreys 1edsedepay (S-04vd) Sz§ exoTrEYEW
91 02Z-581 duess deaq BIpUT (b-0¥vd4) z1 ereyzoodurdunsey
sl 9LT-stI duems smoyeys aiedng (z-ouvd) vrt-q
s1 PLI-SS1 dusms morreys zueing (1-oyv4) sz og

B EL 1]
adAa (s4up) 4307023 utdrig Alatimy

pETEII  UOTIRIND Yimodg

LT M AT R

§98T 03 dn PuaqaT puw suosT bBrasis ‘Tidsbiry 7
posvalad pun uevldiio8 o130ce wouf paioataw 323382400 3oL

I 74Vl

wnaodul fo sopjetdorontoye pup urhan



TS MRRPGIINRIENAg

e CRTIRMIT R R T e 1

106 5.5. VIRMANT ET*AL,

and to a lesser extent in Tanzania, is any hybridization
and selection from segregating populations underway in 1977.
Thus, the great majority of "breeding work" is only selec-
tion from among introduced lines as part of coordinated
trial work by rice technicians or rice agronomists,

Nigeria

Earlier, major emphasis in the Nigerian rice breeding
programme was on selection of tall, vigorous, photoperiod
sensitive indieca types such as SML 140710 (FARO 12). With
the development in Asia of short, erect, stiff-strawed,
mitrogen-responsive varieties for irrigated lowland condi-
tions, the improved plant type varieties were introduced
into the country. IRB was recommended in 1970 as FARO 13,
for shallow swamps and irrigated conditions. In 1974, five
more semi-dwarf introductions were released along with
those varieties bred in Nigeria (Table 2).

TABLE 2

Improved pLaﬁa type rice varieties released in Ngeria
in 1974 for shallow euawmp and irrigated conditions

Duration Photoperiod Blast GraiB
Variety source (days) sensitivity reaction?® type
FARD 15 (BG 79xIR8) 145-160 Weak R LS
FARO 16 (Tjina x TN1) 140-160 Weak MR LS
FARO 17 (MAS 2401xTNI) 145-160 Weak 5 LS
FARO 19 (1R20) 135-140 Weak MS LS
FARD 20 (BP1-76)(Bicol) 125-130 Insensitive M5 LS
FARO 21 (TN1) 90-110 Insensitive MS ML
FARO 22 (1R627-1-31-4-37) 145-150 Weak R LS
FARD 23 (IR5-47-2) 145-150 Weak MR LS

) R = resistant, MR = moderatély resistant, MS = moderately suscep-
tible, S = susceptible
b) LS = long slender, ML = medium long

For dryland rainfed conditions a hybrid, 0S6, was intro-
duced from Zaire, as FARO 11, This continues to be the
best-adapted upland variety, yielding about 1500-2500 kg/
ha. It is tall with long leaves and lodges with high
fertility. It is low tillering but has long, exerted
panicles and intermediate bold grains. The dwarfs that
have been tried have been susceptible to diseases and some
were too short to compete with weeds under farmers' condi-
tions (Fagade, 1976; Olufowote et al., 1976},

Selection for blast resistance has been in progress for
some years with varieties and hybrid progenies screened
every year in a blast nursery. Tadukan, H4, HS5, Raminad 6,
Tjina, BPI 76, Carreon and Tetep have been found to be
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highly resistant (Awoderu, 1972; Anon, 1972). FAROX 56/30
has been identified to be a blast resistant line, derived
from the cross Jete x Tjina and released for dryland rain-
fed conditions (Olufowote, 1377).

Interspecific hybridization between 0.sativa and 0.
glaberrima has been continued in breeding floating rice
varieties at Badepgi. However, none of the pedigree lines
derived from these crosses has established superiority over
FARO 7 (Maliong) and FARO 14 (a derivativé of Champa 133 x
Indochine blanc), The latter was bred at Badeggi for the
floating rice areas of northern Nigeria. During the past
three years, the Nigerian rice breeding programme has been
participating in the International Rice Testing Programme
of IRRI, in variocus coordinated trials organized by WARDA,
and in collaborative research with IITA.

Sierra Leone

Under the British, the work at Rokupr emphasized improv-
ing mangrove swamp varieties, but during the last 12 years
equal emphasis has been given to improvement of varieties
for upland and inland valley swamp conditions. The
breeding methods involved selection among local and intro-
duced varieties and hybridization. Several varieties
selected for different ecological conditions have been
released (Table 3) (Will, 1971; Will and Janakiram, 1974a,
b).

During the past three years, varietal improvement has
been strengthened by an IITA/FAO-UNDP project which
provides emphasis on selection for disease resistance.
Blast, leaf scald, brown spot, sheath rot, sheath blight
and glume discoloration may occur seriously in the wet
forest zone. A new virus disease, pale yellow mottle, has
been found and resistance to this virus has been identified
(Raymundo and Buddenhagen, 1976).

Liberia

Varietal improvement in Liberia concentrates on dryland
rainfed and inland valley swamp ecologies in the wet-forest
zone. In 1567-68, LAC 23, a selection from local sativa
populations was selected by Dr. T. Hart of USAID working in |
the Liberian Agricultural Company (LAC, "Uniroyal"”). Under |
tests on farmers' fields throughout the country, it out- !
yilelded the local populations by 50% (Carpenter, 1972),.

It is a tall, leafy, low tillering, medium duration (135- i
140 days) variety which has long, well-exerted panicles and
red grains. It is resistant to blast but susceptible to !
leaf scald. For valley swamp conditions, IR5 was selected
in the early 1970's (Carpenter, 1972, 1973). It has high
yielding potential and 'improved! plant type but is mod-
erately susceptible to blast, leaf scald, brown spot,
sheath blight and iron-~toxic conditions. For deep water-
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logged swamps which have excess soluble iron, Gissi 27 was
identified as better adapted (Pillai, 1970; Carpenter,
1973; Virmani, 1976).

In 1974, varietal improvement work in Liberia was inten-
sified with the establishment of an IITA/IDA-financed rice
project, with a rice breeder. More than 3500 lines have
been introduced and evaluated in swamp and dryland rainfed
conditions. For iron-toxic swamps, a high yielding photo-
period insensitive line (2526) has been selected and
recently released as Suakoke 8. For non-toxic swamps, a
blast resistant line, IR1416-131-5, has out-yielded IRS
(Virmani and Sumo, 1976). These varieties were tested
under farmers' field conditions during 1976 and they showed
good performance in particular ecologies, depending upon
the prevailing stress.

None of the introduced varieties was strikingly superior
to LAC 23 under dryland -rainfed local-farm conditions. In
the past two years, several hybrid progenies have appeared
promising both in Liberia and at IITA in Nigeria and
superior selections for evaluation in yield trials have
been made. These results have indicated that for the
selection of varieties suited to the dryland rainfed eco-
system in West Africa, it is more useful to test large
segregating breeding populations rather than limited
numbers of fixed lines. A white-grain LAC 23 has been
identified to add to the existing red grained LAC 23 in
Liberia (Virmani and Tubman, 1976).

The Liberian programme is linked with the rice improve-
ment programme of IITA, which provides segregating popula-
tions for evaluation and use in the breeding programme.

The country also participates in the IRRI and WARDA co-
ordinated varietal trials and initial evaluation trials.

Grain

type3
S
LS
LM
SM
LM
LS
LS
SM
SM

Mangrove swamp
Mangrove swamp
Upland
Mangrove swamp
Inland swamp
and irrigated
Inland swamp

Mangrove and
inland swamp
and upland

Ecology

Upland
Upland

Photoperiod
sensitivity
Sensitive
Sensitive
Weak
Weak
Weak
Weak
Weak
Weak
Weak

Durstion
(days)
175-200
130-150
128-13%5
125-130
136-140
134-150
142-156
140-155
133-142

Year of
release
1971
1971
1974
1974
1674
1974
1974
1674
1974

Ghana

e Rice production in Ghana has been encouraged during the
past few years. Both upland and irrigated rice are culti-
vated, the former greatly predominating. Varietal improve-
ment work is conducted at Nyankpala (northern Ghana) and
Kpong (southern Ghana), consisting of the introduction of
varieties and lines and their evaluation under local condi-
tions (Aryeetey, 1976). Recently, the main sources of
supply have been IRRI, IITA, and WARDA. 1IR442, IR20, and
IR5 have been useful varieties for rainfed hydromorphic
conditions in the savanna, while for irrigated conditions
in the south, early duration varieties CICA 4, IR665-79-2,
[R1561-228~3 and the medium duration variety, Vijaya,
showed high yields {Aryeetey, 1976).

short medium

TABLE 3
Rice varieties released at the rice research station, Rokupr, Sierra Leone, stnce 1965

S.R. 26 x Wellington selection

Tikiri Samba x 52 M.4.3
S.R. 26 x Wellington selection

S.R. 26 x Wellington selection

Seri Raja x Gantang

Azucena x Faya selection
Ngieya Yskei (farm selection)
IR5-198-1-1

Anethoda x BG 79

Qrigin

The Gambia

4
2

Rice in The Gambia is cultivated under irrigated, up-
land, deep-flooded, freshwater swamp, and saline mangrove

a} LS = long slender, SM

Variety
cP.
B.B.
ROK 1
ROK 2
ROK 3
ROK 4
ROK 5
ROK 6
ROK 7
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Swamp conditions. Applied rice research conducted at Sapu
and Jenoi during the past few years has indicated that the
highest yielding varieties were SE 302G from Senegal for
dryland, I1R442 for hydromorphic, ROK 5 from Sierra Leone
for shallow fresh-water swamps, IR22 for irrisated condi-
tions and Phar con En for saline mangrove swamps (ter
Vruge, 1976).

Malavi

Rice in Malawi is cultivated in rainfed natural flood,
irrigated/improved and non-irrigated conditions. In 1966,
the government decided to embark on a small-holder irriga-
tion development programme based on paddy production
(Guinan, 1974). Research commenced in 1969-70 to determine
the optimum agronomic Practices for the two main varieties.

eating country and good grain quality rice is for export
markets. The local rice variety, Faya, consists of many
strains which vary in grain dimension, plant height, dura-
tion and other agronomic characteristics. Variation in

in agronomic characteristics is also unsatisfactory
(Kunwenda and Kwangwa, 1974),

- A pure-line selection programme (on a panicle basis) was
commenced in 1969 to select a uniformly flowering, short

A comparison of varieties introduced from the USA, and
from IRRI, indicated that in general, the latter were
better adapted. However, the American varieties Blue
Bonnet-50 and Blue Belle, have been Erown extensively in
settlement schemes, Among later introductions, the Surinam
variety SML 81b was found..to be superior to USA varieties
{Kumwenda and Kwangwa, 1974).

Tanzania

Both irrigated lowland and upland rice are important in
Tanzania. The objectives of the Tanzanian rice breeding
Programme are: FEvaluation of established Tanzanian varie-
ties; selection of high yielding, disease and pest
resistant strains from the variety Kihogo Red (Morogoro) ;
and selection of parents from local and introduced varie-
ties for a hybridization pProgramme.

In 1972, the rice programme of the University of Dar-es-
Salaam at Morogoro began breeding for high protein content
and quality by nuclear techniques in collabonation with the
International Atomic Energy Agency, Vienna. Hybridization
and mutation methods of breeding have also been used

recently for the general development of new rice varieties
in Tanzania (Monyo et al,, 1973). Among the local germ-
pPlasm, three lowland varieties have been recommended to
farmers, Faya Theresa, Kihogo Red, Morogoro and Gamti.
Although they are moderately high vielding, they ledge
under heavy nitrogen fertilization., Moreover, Kihogo Red
shatters at harvest and also cracks during milling (Monyo
and Mwaruka, 1974). It was very heterogenepus and pure
line selection resulted in the selection of a line which
Oout-yielded the parent population by 40% (Monyo et al.,
1973). Among the upland varieties, Danduliya Milimani,
Salama and Africa have been reported promising. Among the
TRRI varieties, IRS, IR8, IR20, and IR22 out-yielded Faya
Theresa. However, their cooking quality was unacceptable.

The Rice Breeding Programme of IITA, Nigeria

rice production and training in rice production and
research. The major rice ecologies covered are dryland,
hydromorphic (including fadama land in Nigeria and boli-
lands in Sierra Leone), irrigated inland swamps and irrji-
gated paddy.

The programme has close cooperation with IRRI, WARDA
and IRAT and with the national rice improvement programmes
of Nigeria, Sierra Leone and Liberia, three countries where
ITTA scientists are involved in rice research activities,
A team of scientists is involved in rice improvement, in-
€luding pathologists and entomologists, and three main
country locations enable screening of large population in
the major rice ccosystems of West Africa.

A germplasm collection of about 5000 cultivars origina-
ting both in and outside Africa is maintained at IITA and
further work to collect, conserve, evaluate and document

The major objective of IITA's rice improvement programme
is to develop varieties better adapted to each major
African rice ecosystem, with stable and high yield and
appropriate quality., The specific objectives differ with
the stresses in each System. For dryland, the focus is on
intermediate technology levels, initially with no increase
in drought resistance, later with additional drought
resistance for higher technology production systems.
Horizontal resistance to blast is a key need for dryland
rice in Africa, as is stable resistance to panicle diseases,
For inland swamp and irrigated rice, stable resistance to
fungi which become damaging under imbalanced nutrition, and
resistance to high iron levels and to imbalanced Fe, Mn and
K and P levels are all factors influencing rice improvement
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efforts. Most of the insect pests of rice in Africa,
especially the stalk-eyed flies (Diopetis) are indigenous
and can be considered to be potential pests of importance
unless selection methods are developed to prevent their
magnification into major pests.

Results to date from farm trials have shown that for
existing agro-technology levels in the dryland forest eco-
system, the local varieties are quite close to ideal.
0S 6, LAC 23 and ROXK 3 are still the best varletles in
Nigeria, Liberia and Sierra Leone among thousands of intro-~
duced lines. Use of fertilizer, especially nitrogen, and
increased cropping intensity illuminates deficiencies in
these varieties. Shorter stature (lodging resistance} and
increased disease and pest resistance are needed for such
technological changes.

1iTA's current approach is to utilize balanced, locally-
adapted varieties as the major base for genetic improvement,
modifying them in so far as they have deficilencies, with
least dilution of the adapted genotype.

An analytical transect screening method has been devel-
oped for dryland rice which ranges from very dry to dry-
land-hydromorphic conditions. A screening method hgs been
developed for irrigated/swamp rice across paddies with
different nutrients at low levels, and one for toxic solls.

Some varieties superior for toxic swamp/irrigated condi-
tions under high disease pressure (including sheath and
panicle diseases) in the wet forest, and others good for
dryland rainfed conditions in the wet-forest zone have peen
identified (Table 4). These are some of the parents being

TABLE 4

Promising varieties for specific problems identifiad
in IITA's rice programme

Dryland: .- o . -
" Leaf blast : 2/91/2. C 2, 563, Ebandioulaye
Neck blast : LAC 23, Fossagbe
Virus : 63-83, Fossagbe, HT Moro, Iguape Cateto,
Moroberekan, 0S5 6
Drought : 63-83, IAC 25, Iguape Cateto, 0S 6
Irrigated/suanp:
Leaf blast : IR1416-131-5
Neck blast : IR1416-131-5
. Caseworn : 2526, IET 1996
Diopsis : IR2070-820-2-3, IR2071-77-9-3-5
,6all midge : Ptb 18
Low nutrients : IR578-95-1-3, Pelita 1-7

Nutrient toxicities )
and/or imbalances : 2526, Cl68-134, Gissi 27, Mahsuri,
SPR 6726-134-2-26

g Gy e

VARIETAL IMPROVEMENT: ANGLOPHONE AFRICA 113

used in the breeding programme. It has been recognized
that in the wet-forest zone, sheath and panicle husk
diseases are major problems in varietal improvement. A
pale yellow mottle virus disease has been found to be wide-
spread in savanna and forest areas of Sierra Leone, Liberia
and Ivory Coast. Useful resistance to this virus along
with blast resistance, combined with high yields has been
found {Raymundo and Buddenhagen, 1976; TIITA, 1977).

An Overview of the Past Breeding Work and Future Strategy

The rice ecologies of Africa are diverse and complex.
Several high-yielding varieties adapted to specific eco-
logical conditions have been selected and released in
tropical anglophone African countries. Various breeding
methods such as pure-line selection, introduction and
acclimatization and hybridization have been practised in
different countries. The success for dryland in terms of
the number of varieties released has come primarily from
selection among African varieties and hybridization between
African and exotic varieties. The latter has been prac-
tised on a limited scale in Nigeria and Sierra Leone. It
is important to recognize that most of the popular rice
varieties such as 05 6, LAC 23, ROK 3 and Faya, which have
shown relatively high yield and stable performance under
peasant farm conditions are mostly selections from farmers'
varieties., Their major disadvantage is that they lecdge
with high nitrogen and better management.

Some exotic varieties also have been identified and
released in different countries for lowland conditions
(e.g. TN 1, IRS, IR8, IR20, BPI 76, BG 79, D 144, KAV 12,
Maliong, MAS 2401) but in general they have not provided a
stable performance over time. IRS5 and IR20 probably remain
today as the most widely planted of these. It is likely
that their hybridization with well adapted local materials
could result in better varieties.

Inter-specific hybridization between 0.sativa and 0.
glaberrima was carried out in Nigeria and Sierra Leone to
develop a better floating rice variety. Results thus far
have not been encouraging but the programme is being con-
tinued in Nigeria, It is important that the merits and
demerits of O.glaberrima be thoroughly determined. Since
the inter-specific hybrids have been found to show steril-
ity and continuous segregation, use of this species in the
breeding programme c¢an only be justified if it has some
unique characteristics which are not present in 0,esativa.
The species needs to be conserved and evaluated for future
use and this is underway.

Modern rice varieties in Africa need to be high-
yielding, fertilizer responsive with improved plant type,
resistant to diseases and insects, tolerant to soil tox-
icities and to have acceptable grain quality. In order to
breed such varieties suitable for specific ecological con-
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ditions the following approach may be considered:

1. Specify the important ecosystems in a country and
identify the ones in which rice is or could be an
important crop.

2, Examine the available African genetic variability,

. which has not been adequately collected and utilized.

3. Evaluate indigenous and exotic germplasm to identify
varieties which are well adapted to specific eco-
systems.

4. Utilize varieties with certain desirable character-
istics in a crossing programme.

5. Screen segregating populations and progenies in their
proposed area of use in order to select the best
adapted lines.

If such an approach is to be successful, it requires the
collaboration of rice scientists working in national pro-
grammes and at IITA, IRRI, IRAT and WARDA. The scientific
rewards of such collaboration can be great.
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VARIETAL IMPROVEMENT PROGRAMME FOR PLUVIAL RICE IN
FRANCOPHONE AFRICA

M. JACQUOT

Inetitut de Recherches Agronomiques Tropicalss, B.P. 5035 -
Montpeliier, Cedex, France

Introduction

This paper summarizes the work of IRAT, in collaboration
with national institutes, on the improvement of pluvial
(upland} rice in francophone Africa. The topics discussed
are 1) genetic resources, 2) selection criteria, 3) breed-
ing methodology, 4) culture of haploids (androgenesis) and
5) drought tolerance,

Historically, the National Institute for the Develop-
ment of the Congo (INEAC, Zaire) began collecting rice eco-
types in 1933. This resulted in the release of varieties
such as R 66 and OS 6. They came from crosses between
local varieties and introductions from India, Malagasy and
other countries. They remain widely distributed and use-
ful varieties for pluvial rice throughout tropical Africa.

Research on pluvial rice in Casamance, Senegal com~
menced in the 1950's. Varieties such as 617A were devel-
oped from Malagasy stock while other suitable varieties,

'such as Iguape Cateto from Brazil, were introduced and

distributed. IRAT has assumed responsibility for rice
research in Senegal since 1960,

Prior to 1966, rice research in the Ivory Coast was
conducted by the Ministry of Agricultural Research.
Several useful varieties, including Moroberekan, were re-
leased. Subsequently, work on pluvial rice was assigned
to IRAT. There was some opposition to pluvial rice
because it was alleged that its cultivation resulted in
soil deterioration. However, considering the topography
and the available land in the Ivory Coast, rice cultiva-
tion could be extended into regions where pluvial rice was
the only possibility.
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Genetic Resources

Two major collections have been assembled at Bouake,
Ivory Coast, one of Oryaa sativa and one of the indigenous
African species Oryaa glaberrima, 0.barthii and 0. longi-
8raminata.

Oryza sativa collection

The entries of 0.sativa are either old African varie-
ties or introductions from other rice-growing regions.
Many of the latter group are from IRRI, Philippines. About
4000 varieties were assembled at Bouake up to 1976. oOFf
these, about 1,150 have been retained as having some suit-
ability for pluvial rice improvement.

The origins of 3,421 varieties introduced up to 1975,
and the percentages from each source that have been elimi-
nated because of blast Susceptibility, lateness, or other
undesirable traits, as evidenced by observation over two
Years, are shown in Table 1.

The two most important agronomic characteristics of the
1,150 varieties retained through 1976 were the length of
the vegetative cycle and plant height. The proportion of
varieties in various classes for these characteristics is
given in Table 2.

A catalogue has been prepared of the varieties obtained
up to 1975, with their characteristics as determined in
the field and laboratory. Of these characteristics, those
relating to the major diseases are particularly important.
Susceptibility to leaf blast was determined, using at
first the methods described for the International Blast
Nursery. However, it was noted that certain varieties
(e.g. Zenith) were severely damaged by neck blast after
they had been given a satisfactory rating for leaf blast,

The reaction of the varieties to leaf scald (Rhynoo-
sporium oryzas) was also noted. There was considerable
-genetic-variability in the resistancéé of the varieties.

A sample (260 varieties) of the collection was examined
in detail, Principally for morphological characters, and
evaluated by factorial analysis,

Collection of indigenous African rices

During an IRAT-ORSTOM collecting expedition in Mali and
Senegambia in October-December 1974, 1000 samples of 0.
gilaberrima and 100 each of O.barthit (annual) and O.longt-
staminata (perennial, with rhizomes), were obtained.
samples were grown at Bouaké in 1975 under well-irrigated
conditions in order to minimize blast damage, ‘he
agronomic characteristics of the samples were observed
and, with the aid of factorial analysis and electro-
phoresis data, the organization and relationships of the
groups were defined. This gave valuable information for

VARIETAL IMPROVEMENT : FRANCOPHONE AFRICA 119

TABLE 1

Mumbersg and sources of introduotions of O.sativa prior to 1975
to Bouake, Ivory Coast; beroentages and causes of elimination

Country of No. vari- % varieties % varieties eliminated for;
origin eties retained blast lateness other reasons
Zaire 50 78 O 0 22
Ivory Coast 161 70 2 1 27
Liberia 246 60 35 4 1
Taiwan 75 56 32 7 5
Thailand 107 41 30 10 20
Philippines 86 35 40 13 13
Laos 398 34 27 31 9
India 121 22 45 10 23
U.5.A. 166 21 49 11 19
IRRI 127 17 28 3 53
China 309 9 79 1 11
Senegal 289 9 S 78 9
Malaysia 493 3 9 88 1
Pakistan 100 2 36 2 60
Vietnam 77 1 6 87 5
Others 616 38 28 10 24
Total number 3,421 937 971 982 531

varietal improvement work using African Species and in
dev1§ing Strategies for further collections of indigenous
species,

The resistance of 367 varieties of O.glaberrima to leaf
blast was tested. A few varieties (5%) showed satis-
factory resistance. However, these varieties were all
field susceptible to leaf scald (Rhynchoaporium oryasae),
Some varieties.of O.glaberrima were less attacked by
Diopsis than were varieties of 0.sativg,

TABLE 2
Compogition of the vetained collection of 1,150 varieties of Oryaa

sativa at the end of 1978, Bouake, Ivory Coast, in terms of
plant height and length of vegetative cyecle

Late Medium Early Total
{2135 days) (110-135 days) (<110 days) %
Tndiag
long stemmed (>120 cm) 31% 31% 7% 69
tndica
short stemmed (<120 cm) 5% 19% 3% 27
Japoniea 0% 2% 2% 4

Total 364% §2% 12% 100




I e R M e A

LR EE ARk ok e oA Nt L L

120 M. JACQUOT,

Other oollections

In Malagasy and Senegal, important collections have
been assembled mainly for the improvement of aquatic .
(paddy) rice. However, they may contain useful genetic
material for the improvement of upland rice and rice culti-
vated on so0ils where phreatic water is present (hydro-
morphic conditions). In Senegal, the 222 samples of 0.
glaberrima have shown better resistance to Qorers phap
varieties of O.sativa. Also, the O.glabarrima varieties
generally showed moderate reactions to blast, while the
O.sativa varieties frequently were severely affected.

Breeding

The selection criteria established were: ) )

1) Yield potential: Varieties with high yleld potential
under favourable climatic conditions and high inputs
were selected. Also, varieties which yield well
under variable climatic conditions and/or low inputs
are being sought. .

2) Yield etability: Varieties able to glve regular
yields despite stresses imposed by erratic rainfall
patterns, drought, cold weather, pests or diseases
are selected. . )

3) Agronomic charaoters: Desirable traits 1nc1ud§
lodging resistance, growth cycles adapted to fit
different farming systems, and resistance to
shattering. L

4) Grain quality: Resistance to breakage, good milling
quality, desirable grain appearance, palatability
and consumer acceptability are sought.

Yield potantial

The diverse rice ecologies in Africa necessitate the
development of differenppygzieticgl”each adapted to a. ...
particular ecoldgical zoné.  The yields obtalngd varied
from 1-6 t/ha. The best IRAT selections, growing under
favourable conditions, have a yield potential of 7 t/ha,
and have yielded 4 t/ha under‘large-scalq cultivation. On
marginal lands, they have a yield potential of § t/ha, and
an average yield of 2.5 t/ha under large-scale cultivation.

Yiald stability

Length of the vegetative cycle is of prime importance
in most areas. Early maturing varieties (90-100 days;
e.g. Dourado Precoce, IRAT 10, IRAT 11, $E 314G) are re-
quired for Senegal, Mali, Upper Volta, Niger, north ]
Cameroon and south-east Ivory Coast. In other areas vari-
eties with a longer cycle (130-13§ days; e.g. IRAT 13)
give more regular yields than early maturing varieties.
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In the Ivory Coast, early varieties such as IRAT 10 and
Dourado Precoce yield 3-4 t/ha on experiment stations and
2-3 t/ha on local farms. Medium~-duration varieties such
as Tguape Cateto and IRAT 1% yield on average 3 t/ha. 1In
WARDA multi-location trials throughout West Africa, the
short-duration IRAT varieties, gave an average yield of
3-4 t/ha, while those of medium duration averaged 2 t/ha.

Resistance to pests and diseases is impprtant to yield
stability. Leaf and panicle blast, causeq by Pyrioularia
orymsae are serious threats to pluvial rice in Africa, In
Ivory Coast, Upper Volta and west Cameroon, IRAT only re-
leases varieties with resistance to blast. This is
preferably horizontal resistance, i.e. moderate resistance
to all races of the pathogen.,

Leaf scald, caused by Rhynohosporium orygae, is also an
important disease, and resistance to it is desirable.
There are other diseases of minor importance at pPresent,
for which varieties are not selected for resistance, How~
cver, any selections which are highly susceptible to a
minor disease are discarded. These diseases are being
kept under surveillance in case they increase in import-
ance. Similarly, insect pests are being monitored. There
are at present no major insect pests of pluvial rice.
However, their lmportance may increase with increased
cultivation, especially large-scale cultivation,

dgronomio characters

Lodging resistance. The major disadvantage of traditional
varieties is their tendency to lodge when grown under
conditions of high fertility., This is a limiting factor
in developing more intensive pluvial rice culture.

Lodging resistance is being sought. A plant height of
100-120 cm is considered optimal,

Length of oyole. In certain regions with two rainy seasons
{(e.g. M'Bos Plain of west Cameroon), two crops can be
grown per year. Early or mid-duration varieties are Te-
quired. In other areas the length of the cycle must be
adapted to different farming systems.

Grain quality

In general, the improved varieties are of acceptable
quality in most areas, especially the Ivory Coast, Upper
Volta and west Cameroon. Varieties are sought which have
& low rate of breakage during milling, long, translucent
grains, and taste and cooking qualities as desired by the
consumer,



2 T TR O RN BV 15 SR AT S 5

B T N e

122 M. JACQUOT

Crosaing

Crosses have been made in Ivory Coast, Senegal and
Malagasy. (The Malagasy work is presented separately )
in this volume.) Seyeral methods were used to obtain vari-
eties with reduced plant height, resistance to lodging and
other desirable traits.

Indipa x Indica. In crosses between traditional African
varieties and upland rice varieties from either Africa or
Latin America, little transgression was observed. Certain
useful lines such as 2243 (Moroberekan x RT 1031-69) and
YRAT 8 emerged. o

Traditional African pluvial types times upland varieties
of diverse origin gave interesting variability. The vari-
ety IRAT 10 resulted from the cross 63-104 x Leung Sheng.1.
These types of crosses are being continued.

Indica & Japonioa. Some interesting variability was ob-
served in crosses of Dourade Precoce, RT1031-69 and 63-83
(IRAT 2) with Chianan 8 (IRAM 1632). F3 and F4 progeny of
Dourado Precoce times Chianan 8 and 63-83 times Chianan &
have been retained, but many of them are susceptible to
shedding.

Bativa x Glabsrrima. These crosses resulted in Some
interesting lines which are currently being monitored.
Further interspecific crosses are planned after more
detailed studies to find suitable parents.

Induced mutations. Gamma irradiation of 63-83 {IRAT 2)
from Senegal resulted in short-strawed mutants which not
only had increased lodging resistance but also had retained
other desirable qualities for upland rice. Varieties IRAT
13, IRAT 78 and IRAT 79 resulted from mutations of 63-83.
Moroberekan and IAC 25 were also subjected to mutation and
the progeny are being studied in Ivory Coast. Cal345 and
Kagoshima-Hakamuri were used for mutation work in

Malagasy.

Crosaes using semi-dwarfneas. A number of donors of the
character of semi-dwarfness (short straw) were indexed,
including Taichung Native 1 and others possessing the same
gene for semi-dwarfness, including IRAT 9 and IRAT 11.
Some interesting selections were made using this gene,
However, a limitation was that several undesirable traits,
such as excessive tillering and a short and superficial
rooting system, were also carried in association with
dwarfness. This genetic system was largely abandoned,
except in Senegal, where varieties Acorni, Dourado Precoce,
Dawn, Mamoriaka, H4 and D25-4 were crossed with Senegalese
selections (e.g. IRAT 11), carrying the dwarf gene from

TN 1. The progeny of these crosses were at the F4 - F6

NI [T
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stage in 1976.

Three lines, 2243 from Morcberekan x RT1031-69, mutant
312A from 63-83 (IRAT 2) and IRAM 2165 (a mutant of Century
Patna 231) carry a recessive gene for semi-dwarfness which
is different from that in TN 1. These lines have been used
as parents in crosses with Moroberekan, Dourado Precoce and
other varieties. The segregating populations are being
studied.

IRAT 13, a mutant from 63-83 (IRAT 2) is of medium
height (110 cm). It also carries a recessive gene for
reduced plant height (but not dwarfness) and it is a good
source of other desirable agronomic characters. It has
been crossed with several selections, including IRAT 10
which is another short-strawed variety.

Line 13d (sativa) and PI 215936 (dJaponica) have poly-
genic systems for a reduced plant height. They have been
crossed with Moroberekan and R75 and the progeny is being
studied. :

Selection of progeny. Fixed line selections from Bouake
were tested at an early stage in many locations and in
several countries. In this way, an early examination of
the qualities of the selections and their adaptability was
obtained. Early maturing lines from Ivory Coast were
tested in northern Camercon, Upper Volta, Mali and Senegal.

In Figure 1, the regions in which IRAT is involved in
testing pluvial rice varieties and lines in Africa, the
Indian Ocean {(Malagasy and Reunion) and Latin America
{Guyana) are shown, The stage of development of pluvial
rice cultivation in these regions differs greatly. In
some, improved varieties are already widely distributed,
while in others, the first new varieties have just been
released,

In Table 3, the varietal compositions of each region is
given. This includes the varieties presently distributed,
those which could be distributed to replace or complement
their predecessors and those which have shown good yield
potential but which require further testing.

In Guyana, the behaviour of four IRAT selections was
compared to that of a traditional African variety and four
varieties from Surinam. The results in Table 4 show the
potential of the IRAT varieties, which out-yielded the
South American varieties in the 1975-1976 trials.

Androgeneeats

Research was conducted to gbtain hapleoid plants by iso-
lating the anthers and doubling their chromosomes. When
techniques are perfected and put into practice they will
be useful for varietal improvement, since fixed lines can
be obtained directly from the progenies of the hybrids,

The variety Cigalon was selected for use in this
research in 1975. A total of 200 plantlets was obtained
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Fig. 1. Regions where IRAT pluvial rice selections are evaluated

At the rate of 3x10~3 from anthers.

The level of polyploidy~of-these plantlets was observed

on a sample of 110 individuals, by examining root tips.
The percentages observed were 80% haploids, 13% diploids,
64 triploids and 1% tetraploids.

The haploid plants were cultivated in a greenhouse in
such a manner as to favour tillering. They were later
divided and individuals of the clones were then soaked in
2~5% colchicine solution for four to eight hours. The
proportion of doubled haploids was relatively low., It is
possible that the application of colchicine treatment to
very young plants would yield more diploids.

The work on another culture continued in 1976 when a
dozen haploids were obtained and doubled by isolating the
anthers of F3 plants from the cross IRAT 13 x Moroberekan.

TABLE 3

won in regions where TRAT conducts trials

Varietal composit

Varieties sujtable

Varieties
distributed

TS 123

Regions
(see Figure 1)

Promising varieties

for distribution

IRAT 12

Countries

Lines of 63-104 x LS 1

IRAT 10

Senegal
Senegal

Mali

S5e 314 G

IRAT 11

2

IRAT 10

Dourado Precoce, IAC 25

IRAT 10

Dourado Precoce

Upper Volta
Niger

Daniela, IAC 25, IRAT 10

Dourado Precoce, IRAT 10
IAC 25

Cameroon North
Cameroon West

Shinei

85 B/1, IRAT 78, IRAT 79

IRAT 10

IRAT 2
Dourado Precoce

Moroberekan

8

Cameroon West
Ivory Coast

10

Ivory Coast

TRAT 13

Iguape Cateto

Ainanthen 14, IRAT 10

Mutants of 1345

11

Togo

RS 25 T

1345

12

Malagasy

Mutants of 1490
1642 2366

Shinei, Dourado Precoce
Lines of 63-104 x LS 1

13

Reunion

IRAT 9, IRAT 10, IRAT 13

14

Guyana
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TABLE 4

Yigld of African and Latin American varisties in Guyana, 1975-1976

Cycle Yield
Varieries No. Origin {days) t/ha
IRAT 9 1716/2/3 TN1 x RT 1031-69 113 3.0
IRAT 10 144 B/1 63-104 x LS 1 114 3.5
IRAT 13 50/2/2 Mutant of 63-83 114 3.4
1345 Ca 345 Central Africa 120 2.8
IRAT 8 1487/9/5/7 Moroberekan x 63-105 113 2.8
Apani Surinam 125 1.9
Alupi Surinam 142 1.2
Pisari Surinam 142 1.2

Resistance to Drought

In improving pluvial rice, drought tolerance can be use-
ful in some ecotropical zones of Africa. Determination of
the existence and levels of different resistance/tolerance
mechanisms would be useful information for a breeding
programme in order to select better parents and progeny.

A number of tests have been used to determine the
characteristics for drought tolerance in different vari-
eties of rice cultivated under upland conditions. However,
since the mechanisms of drought tolerance are not well
known, the main criterion is the grain yield obtained after
water stress during part of the growth period.

IRAT studies in 1975-76 showed that a deep rooting
system and moderate tillering are two characteristics
favouring drought tolerance. Two aspects were particularly
studied; research on new criteria of selection for drought
tolerance; and studies on the physiological aspects of
drought tolerance. R o . AUV

The yield of 12 varieties was compared after applying
drought periods at various growth stages (Table 5). IRAT
13 {a mutant of 63~83) was shown to have good tolerance to
drought, irrespective of when it occurred. The vegetative
growth stage of the plant is more sensitive than after
heading.

Studies on root systems and root growth have shown that
varieties differ in the depth and functioning of their root
systems. Drought stress just before heading greatly in-
creases root growth in some varieties.

Other studies have shown that water efficiency as
determined through limiting transpiration to one-half,
differed little among varieties in terms of dry matter
production but did differ in terms of grain produgtion.
This may be due to effects on a regulation mechanism giving
a shift from vegetative to reproductive growth or to dorm-
ancy. A weakness of present varieties is their production
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of new tillers under stress, many of which yield no grain,
More research is required before perfection of screen-
ing methods for drought tolerance is achieved.

TABLE 5

Yield (g/sqm) of 8 varieties after a three week drought period was
applied at various growth stages, Bouake, Ivory.Coast, 197§

Initiation Booting to Heading to Filling to
Varieties to booting heading filling harvest
63-83 229 156 213 255
Tguape Cateto 191 196 211 303
IRAT 13 238 224 22?7 383
IRAT 9 129 150 151 254
IRAM 1632 193 256
Dourade Precoce 162 160 102 244
Moroberekan 153 158 208
Palawan 186 133 200
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RICE BREEDING IN MALAGASY REPUBLIC

M. ARRAUDEAU
Ingtitut de Recherches Agronomiques Tropicales, BP 635, Bouake,
Ivory Coast

Introduction

Rice has been cultivated for centuries in the Malagasy
Democratic Republic (formerly Madagascar) and it is the
staple food of most of the population. During this time,
there have been a large number of varietal introductions.
Also, a great diversity of ecosystems exist on the island,
which range from tropical-humid to semi-tropical condi-
tions and from altitudes of sea-level to 2200 m, the high-
eést altitude on the island at which rice is grown on a
large scale. These factors have resulted in a large
number (1,200) of rice ecotypes of varying degrees of
importance.

Rice cultivation in Malagasy is complex because of the
diversity of ecosystems, ecotypes, crop seasons and farming
systems. Most of the rice is grown under irrigated condi-
tions. Breeding has played an important role in rice im-
provement and both local ecotypes and introductions have

been used in hybridization and mutation breeding.

Breeding Programme
Local ecotypes

Rice was probably introduced into Malagasy by the
original inhabitants who navigated from Indonesia sailing
across the Indian QOcean from east to west, either directly
or via Sri Lanka or southern India. This explains why one
frequently finds amongst the good Indica types many
Javanese ecotypes (e.g. Makalioka in Lake Alaotra area,
Tsipala in the southwest). The varieties, such as Vary
Lava, which are grown in the centre of the island are
quite similar to some varieties in the Philippines.

Over the centuries, new types have emerged, because the
ecosystems have exerted pressure for genetic change.

There has been some farmer-selection of varieties, and
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there have been recombinations due to natural hybridiza-
tions or mutations. The result has been a large diversity
of rice ecotypes, all derived from Indica and Javanica
types, spread throughout the island,

There are approximately 1,200 ecotypes, which may be
classified into several large groups. These are repre-
sented by varieties Tsipala, Makalioka and Fandrapotsy in
the west and north-central zones; Lava, Rojo and Botry on
the high plateaux; Bengala and Be in the north; Vato,
Tsipala and Lava in the northwest; and Latsy in the high-
lands.

Selacition

The earliest selections were made by the farmers them-
selves. Even today, it is common for farmers to select
panicles and to mix certain ecotypes, such as Tsindrilahy,
in the central part of the island. Research work commenced
in 1827 at the Marovoay Agricultural Station in the north-
west and later at the Alaotra Lake Station.

Pedigree-breeding was commenced by selecting panicles
from local crops. High yielding varieties such as
Makalioka 34, Vary Lava Marovoay 47, Ali-Combo, Tsipala A,
and Rojofotsy 1285, were developed. The first three of
these are presently cultivated on thousands of hectares
throughout the country.

Since 1860, new varieties have been developed from
previously collected local €Cotypes. The new varieties
include Boina 1329 and RS 25T for upland rice, especially
in the northwest. )

Some local ecotypes have been shown to be high-yielding
when grown under good conditions, e.g. Ambalalava 1283,
Vary Vato 462, Sandramaditra and Rojofotsy. Recently,
selection among the local ecotypes from the high altitude
areas produced three strains of the variety Latsika which
gave higher yields than the unselected local type. -

Yarietal introductions

Approximately 1000 varieties have been introduced over
the past 30 years, and these have been carefully tested
for their suitability under various conditions. Certain
varieties, notably Chianan 8 from Taiwan, performed well
in all locations under 1600 m. It gave an average yield
of 5 t/ha over 11 years. It outyielded the local vari-
eties in all districts except one. Some varieties behave
fairly well in most localities, and well in one particular
area, e.g. Taichung Native 1, IR8, IR20.

None of the introductions were suitable for altitudes
above 1600 m. The local material is unique in being
adapted to these areas. Some of the introductions yielded
well in the first year, but their yields fell sharply
after that, usually because they lacked tolerance to the
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prevailing pathosystem.

Some exceptionally good yields have been obtained from
introduced varieties €.g. Chianan 8 in Fianarantsoca and
Tananarive regions, 10 t/ha; Taichung Line 137 at
Fianarantsoa, 12 t/ha. These were usually the highest
vielding of all varieties throughout the island,

- ‘-ﬁ-\d
Multiloogtional trials %lg{x““”/I

The results from more than 10,000 trials conducted
between 1962 and 1975 were summarized in an IRAT
(Malagasy) report in 1976, The trials showed that
yields were better at higher altitudes (8 t/ha) than at
the coast (5.5 - 7 t/ha). However, there is a potential
for 2 crops per year on the coast, which would give a
total annual yield of 12 t/ha. Higher yields were pro-
duced in the cool season than in the hot season. Yields
of local varieties often remained low despite improvements
in cultural practices.

Maximum yields increased from 1962-1968, but tended to
fall after this, despite the same fertilization. Many
reasons have been suggested for this, such as lack of
minor elements, iron toxicity, and stress due to patho-
S5ystems.

The average yield of local varisties in experimental
plots was 4.4 t/ha, compared with 2.9 t/ha in farmers'
fields. This indicates that the average farm yield could
be increased considerably by improved cultural techniques.
0f 10,400 results, about 7% gave yields of 7-12 t/ha,
indicating the excellent potential of some of the rice
lands in Malagasy.

The percentage of acceptable varieties amongst those
tested decreased with increasing altitude. It was 50% at
Sea-level, 20% at 1200 m, 5% at 1600 m, and 0.1% at 2000 m.

The yields were seldom stable and varieties which
performed well over time in a specific ecosystem were
exceptional, e.g. Chianan B at Tananarive (1200 m}.
eties which yielded more than local checks were Japonica
types for 40% and Indica-Javanica types for 60%. However,
above 1600 m the local varieties were the only suitable
types.

Hybridimation

The crossing programme has involved 738 crosses from
308 parents. 465 lines from 53 parents have been recorded
in local catalogues. The following conclusions were drawn:

a} Indica x Indica crosses were undesirable except for
grain quality,

b} The farther apart the parents were genetically, the
less frequent were interesting recombinations, but
the more potentially useful these were,

c) It was found preferable to make relatively few
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crosses, but to select the parents carefully and to
study the F; generation-on a large scale, Approx-
imately 100,000 individuals of an E; population were
examined to find interesting recombinants. It was
rare to find such recombinants in an F, population
of 5000 individuals when the parents were genetic-
ally diverse.

d) The genes for semi-dwarfness were eliminated in the
pProgramme because they frequently led to undesirable
characteristics, Transgressions frequently occurred
during crosses between remote parents, so that
reduced height could be obtained without the intro-
duction of undesirable traits.

e) It was not difficult to obtain desirable phenotypes,

such as lines 2523, 2532, 2619 or 2595, by using the

amount of interchange that occurred in Ssome Crosses.

Indica x Ponlai crosses were particularly useful.

] Back-crossing did not give valuable recombinants,

) Bulk-crossing was abandoned after several unsuccess-
ful attempts and the single-line method was pref-
erred.

i} Male emasculation was carried out with hot water,

using well-established procedures,

Mutation

Twenty-six varieties were studied and 21 useful 1lines
were derived from them by mutation. Low dosages of
chemical and physical mutagens gave the best results,
using either 15 Kr gamma radiation, 0.9% MSE for 24h or
exposure to MSE gas for 8-12h. The use of MSE gas was
preierable since it avoided secondary effects due to
hydrelysis, and was simple and efficient.

There was a large spectrum of mutants for several vari-
eties. The mutants were similar, irrespective of the
method used to obtain them. However, there were some
varieties which produced few mutants. It was sometimes
diffiéult to identify certain mutants which continued to
appear in each generation.

Reversion to ancestral types with long straw, loose
panicles and highly awned grains was rarely observed.
Certain mutants were very transgressive., Some mutants
were genetically interesting because they were hypersen-
sitive to iron, had large grains which were often sterile,
short straw (few cm) or compact panicles. Some mutants
such as awnless were easily obtained, because of the
recessive character of the mutation.

Extsnsion
The results of multilocational trials over 15 years

showed that it was possible to significantly increase
yield and to obtain other desirable characteristics such
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as shorter cycle, resistance to lodging, shattering, pests
and diseases.

Significant yield increases have been measured over the
past three years, when the best of the improved varieties
have been compared to the local controls. Under good
cultural conditions, including fertilization with 80 units
N, 50 units P,05 and 30 units K;0, and weeding, the )
improved varieties have out-yielded the local varieties by
15-50%, and, in a few instances, up to 100%. The most )
outstanding example is the Japanese variety, Chinsei-asahi,
which yielded 25 t/ha per year, with four harvests.

The major varieties which have been distributed are:

Introductions: Chianan 8, IR532-1-144, Taichung 178,

IR20, Cica 4, Tainan 1, Kachsiung 21, Tainung 3, Tomoe

Masari, Kagoshima-Hakamuri.

Local selections: Makalioka 34, Boina 1329, Vato 402,

Rojofotsy 1285, Ali-Combo, Latsika, 2067, 1300.

Local hybrida: 752, 2523, 2532, 9946.

Conclusion

Some of the recommended varieties are already widely
grown e.g. Chianan 8 (30,000 ha); Makalicka 34 (50,000
ha); Ali-Combo, Kagoshima-Hakamuri and Boina 13329 (1000~
2000 ha). A special case is Rojofotsy 1285 which is wide-
ly cultivated on several thousand hectares in the centre
of the island, but as various local ecotypes. Consider-
able progress has been made in varietal improvement in
Malagasy over the past twenty years. However, the wider )
use of improved varieties is essential for further economic
development in Malagasy.
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GENETIC EVALUATION AND UTILIZATION PROGRAMME
OF THE 'INTERNATIONAL RICE RESEARCH INSTITUTE (IRRI)

W.R. COFFMAN, G.S. KHUSH, and H.E. KAUFFMAN
3

International Kioe Research Imstitute, Los Banos, FPhilippinas

Introduction

Few crops are cultivated under more diverse conditions
than rice. It is found at latitudes from 0° to at least
48° and at elevations ranging from sea level to at least
2400 metres. It grows in a continuous gradient of water
regimes ranging from upland to a maximum depth of about

6 metres. Rice is produced on many soil types and under a
wide range of solar energy regimes, Disease and insect
pests are numerous and of major importance in most rice-
growing environments. The properties of the grain which
affect nutritive value, milling and eating quality, and
consumer preference provide an added dimension of complex-
ity.

Common sense dictates that rice varieties should be
tailor-made for specific locations, conditions and systems.
So-called widely adapted varieties are probably nothing
more than a reflection of a past void in local research
capability. At IRRI, we have established a Genetic
Evaluation and Utilization (GEU) Programme with the
objective of assisting with the development of appropriate
improved germplasm for every location and condition., 1t
is an inter-disciplinary programme which focuses on
agronomic characteristics, grain quality, disease resist-
ance, insect resistance, protein content, drought tolerance,
adverse soil tolerance, deepwater and flood tolerence and
temperature tolerance. The programme has several inter-
related components:

a) Germplaem collection and preservation.

b) Research in the various problem areas, aimed towards
identification of the best genetic sources of
resistance, tolerance, or of other desirable

. characteristics, and the development of rapid,
: effective screening techniques.
€} Development of superior genotypes with combined
desirable characteristics. This is accomplished
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through a high volume, multidisciplinary programme
at Los Banos (Figure 1) and through cooperative work
with national research programmes,

d) Distribution and evaluation of the improved germ-
plasm from IRRI and national programmes through the
International Rice Testing Programme (IRTP). The 14
international nurseries of this programme assure the
regular exchange of improved germplasm among IRRI
and local programmes where it can be further
selected or hybridized to fit local conditions.
These nurseries also provide feedback to IRRI and
other programmes in the form of reactions to pests
and adverse soils, yield potential and stability,
etc. This information provides the base for further
breeding work.

e) Praining of young scientists in the methods and
techniques of rice improvement. This training
stresses the multi-disciplinary approach and pre-
pares scientists to utilize the products of the GEU
Programme at the local level and to develop or
strengthen their own programmes which are essential
to the development of varieties suited to specific
locations, conditions and systems,
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Fig. 1. Growth of the IRRI GEU Programme.
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The several problem areas of the GEU Programme are dis-
cussed below with emphasis on those which are of import-
ance to Africa.

Agronomic Characteristics

The yield potential of a variety is dependent upon a
set of plant characteristics which are grouped under the
general term of "plant type". The ideal Plant type varies
from one growing condition to another. Also, each growing

condition has particular requirements for growth duration,

photoperiod sensitivity, threshability and grain dormancy.
Traditional cultural practices and methods of harvesting
must also be considered.

Plant type

The characteristics and history of the IRS plant type
are well known. It is short and Sturdy, highly responsive
to nitrogen fertilizer, with erect leaves that make effi-
cient use of the light. On farms with a relatively high
level of management and good water control, it has been
widely accepted. However, it is probably not suited for a
very large segment of the rice growing environments in
Africa., The IRS plant type, which is somewhat taller and
more competitive, is popular in areas of less dependable
Water control and/or lower levels of fertility and manage-
ment, which is probably more typical of much of the
present African situation. It is also popular in areas
where harvesting practices discriminate against shorter
types. IRRI's past breeding efforts have focused on these
two types which occupy roughly 25 percent of the world's
rice land. We have sacrificed some of the advantages of
the IR8 type in order to incorporate essential disease and
insect resistance. Also, the output of the IRRI programme
has probably not reflected the demand for the intermediate
height IRS type of variety. However, we have begun to
shift our emphasis and in the 197¢ IRTP nurseries we have
entered a number of lines which combine resistance to
major diseases and insects with high yield potential and
various heights and maturities {(Table 1).

Growth duration

For expanding the rice area under irrigation, early
varieties (105 days or less) are in great demangd. They
are also particularly suitable for multiple cropping
systems which involve several crops of rice per year or
one or two crops of rice in rotation with other crops.

For rainfed areas where only one crop is possible, vari-
eties of medium duration (130 days) are usually preferred.
Most of our varieties and advanced lines have been of
medium duration but our recent material (Table 1) repre-
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sents a complete range of maturity.

In certain areas where heavy rains occur for periods of
4-5 months, varieties with a longer growth duration (150
days or more) or with photoperiod sensitivity are required.
In the vast river deltas of Thailand, Burma, Bangladesh
and India, rice is planted in May-June before the onset of
heavy rains. Photoperiod insensitive types planted in
these areas mature in September-October which is a period
of heavy rains and standing water. Large acreages cannot
be harvested during these months because there are no dry~
ing facilities. We have begun to emphasize photosensitive
types suitable for such areas but they are still in early
generation. We have adopted the "single seed descent" or
"rapid generation advance" method to shorten generation
time and speed up breeding work in this area.

We plan to monitor the performance and popularity of
existing varieties available to farmers and alter our
breeding strategy for agronomic characteristics as
necessary. It is our present concept that a wide variety
of types, representing a continuous range from the high
input to the nearly zero input type will be required. We
use the term "input" to describe the level of fertility,
degree of water control and the quality of management., We
feel that the greatest gains can probably be made in the
intermediate areas of this range for which we use the
general term, "low input".

The foregoing describes the basic plant types as they
are emphasized in combination with other appropriate
agronomic characteristics. However, from an operational
standpoint, our programme is directed toward developing
improved germplasm for the following major sets of growing
conditions:

- Irrigated with good water control - such areas now

constitute 20-25 percent of the rice growing area in
Asia but would be relatively less important in Africa.
Resistance to the major disease and insect pests are
of primary importance in such areas. Factors asso-
ciated with intense production have magnified the
importance of such pests as the brown planthopper.
Early maturity and higher yield potential are also
major objectives for such growing conditions.

- Photoperiod-insengitiva rainfed lowland - the exper-
ience with IRS5, Mahsuri and similar varieties has
indicated that varieties with intermediate stature
(115-135 cm) and medium maturity (125-145 days) are
suitable for such areas. Such areas might comprise
20-25 percent of the area in Asia (no reliable figures
are available) and would probably be suited for a
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large area in Africa. Prought resistance is of crit-
ical importance in such areas.

Photoperiod-senaitive rainfed lowland - there are
vast areas in the large river deltas of Asia where
such types are needed and there might be a demand in
Africa. Suitable improved varieties are not yet
available for such areas. They should have the
characteristics of IR5 and Mahsuri, as discussed
above, plus sensitivity to photoperiod so that the
maturity is adjusted to the rainfall pattern. In
certain locations, capacity to elongate and thereby
adjust to seasonal and locational variation in water
depth may also be desirable. Our "deepwater'" project
in Thailand is emphasizing the development of elonga-
ting prototypes for such areas.

Saline, alkaline and high temperature areas - there
are extensive coastal areas in Asia and perhaps in
Africa where saline resistant varieties could be
cultivated. In some areas, traditional types, highly
tolerant of salinity, are already grown. New vari-
eties for such areas should be of the photoperiod-
sensitive rainfed lowland type but the overriding
consideration is tolerance of the saline condition.
With proper varieties, vast new areas might be
brought under cultivation.

Salinity and alkalinity, often combined with
extremely high temperature, limit production in parts
of most arid, irrigated areas. Early, high yielding
dwarfs are needed, but, in contrast to the hunmid
tropics, diseases and insects are usually not of
major importance and the overriding considerations
are the soil factors and extreme heat,

Upland areas - much of the rice in Africa is culti-
vated under upland conditions. Varietal requirements
for upland rice are very site specific because of
edaphic and climatic 'factors. Although improved
germplasm from IRRI~or elsewhere may contribute to -
the improvement of upland rice in Africa, real
progress can be expected only after strong local
programmes have been established. Even then there is
some doubt about the potential for the improvement of
upland rice varieties in both Africa and Asia.

Cold affected areas - such areas are of relatively
limited importance in Asia and perhaps more so in
Africa. Photoperiod-insensitive rainfed lowland
types, with the added attribute of low temperature
tolerance, are considered appropriate for most such
areas.

Deapuater areas - for areas where the water depth
exceeds 1.5 or, at the most 2 meters, it is not clear
whether plant types can be developed that are rel-
atively superior to the traditional deepwater vari-
eties. Some improvement in grain quality and other
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factors should be possible. Our efforts have focused
on prototypes that would be suitable for mores
moderate depths (0.5 - 1.5 m). They would be of
intermediate stature with the capacity to elongate
with increasing water depth. There is scome overlap
between this area and that discussed above under the
heading of photoperiod-sensitive rainfed lowland. At
present we do not have adequate hydrological data to
predict the utility of such types, as bpposed to non-
elongating photoperiod sensitive types.

Grain quality

The market price of a variety is determined largely by
its grain quality. Grain quality characteristics may
affect production in terms of the amount of milled rice
recovered from paddy. Local preferences for grain shape
and for eating quality are often the major determining
factors in the acceptance of new improved varieties for
cultivation.

Tropical rice is very divergent in physical properties
of the grain, such as size and shape, and in the physio-
chemical properties of the starch. The relative amounts
of the linear fraction (amylose) and branched fraction
(amylopectin) of starch and its gel consistency are major
influences on the eating quality of rice.

Our objective is to define specifically the grain
quality preferred by the majority of consumers in each of
the major rice producing countries and then to develop
simple, rapid and reliable tests to identify desirable
types. DBased on past findings we are now seeking vari-
eties with intermediate amylose content, or high amylose
content with soft gel consistency. We strive for high
yield of head rice (whole grain milled rice) and total
milled rice (low hull content). Translucency is also
considered desirable as are medium long grains. These
general objectives do not apply to waxy rice, which is a
special case.

Many of our advanced lines (Table 1) have intermediate
amylose content and are highly desirable in terms of the
other characteristics that affect grain quality.

Disease and inseat resiatance

Disease and insect pests of major importance in rice
include blast, sheath blight, bacterial blight, tungro
virus, grassy stunt virus, stemborers, leafhoppers and
planthoppers, whorl maggot and gall midge. Varietal
resistance is the only practical way to control diseases
of rice in the tropics and it is an essential component of
any effective insect control programme. Disease and
insect problems will probably intensify in proportion to
cropping intensity, especially in systems involving
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sequential crops of rice.

Resistance to diseases and insects has been a major
thrust of the IRR! programme. Most of our advanced lines
carxy resistance to five or more major pests in the
Philippines. In some cases this resistance holds in other
countries but there is increasing evidence of biotype or
strain differences. This further emphasizes the need for
strong, local GEU programmes. Our best resistant lines
are distributed to local programmes through a series of
IRTP nurseries.

Protein

Rice protein is one of the most nutritious of all cereal
proteins (about 4% lysine), but the protein content of
milled rice is the lowest of all cereals (about 7% at 14%
moisture}. Screening a major portion of the varieties in
the gernplasm bank revealed a variation of 0.5% in lysine
content. We have found that some cyltivars show a consis-
tent advantage of about 2% in protein content over
presently cultivated varieties at comparative yield levels,
Therefore, we have focused our research on the improvement
of protein content while maintaining the nutritional
quality and other essential traits of improved rice vari-
eties. IR2863-35-3-3 is our best breeding line to date,
with apparent improved protein content combined with other
traits essential to modern varieties (Table 1). However,
its possible advantage in protein requires further confirm-
ation.

Drought

Drought resistance is essential for stable yields in
nearly all rice growing areas that are not dependably
irrigated. Our scientists have demonstrated major differ-
ences among varieties for drought resistance and they are
now perfecting screening techniques. There are significant
differences among our improved lines for drought resistance
but, at present, those considered to have an adequate
level of resistance are lacking in one or more traits
essential to modern varieties. IR2071-625-1-252 {IR36 in
the Philippines) is perhaps the best line for drought
resistance among those considered adequate for other essen-
tial traits.

Adverse esoil tolerance

Salinity, alkalinity, iron toxicity, manganese toxicity,
aluminium toxicity, phosphorous deficiency, zinc defi-
ciency, and iron deficiency limit rice yields in vast
areas. Genetically conditioned tolerance to each of these
problem soils has been identified. Our scientists are now
developing rapid screening techniques for use in breeding
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work and have organized a comprehensive programme empha-
sizing salinity because it is thought to be the most
important. OQur advanced lines are evaluated in as many of
these so0ils as possible and many have been found tolerant
Lo one or more of the adverse conditions.

Deepwater and flood tolerance

Farmers grow improved rice varieties extensively in the
world's shallow water regions, where water depth ranges
from 5 to about 50 centimetres. But the new rice technol-
ogy has bypassed other areas including the vast regions
where water is not controlled and may become too deep
during the monsoon season for the semidwarf varieties.
Estimates of such areas range from 25 to 40 percent of the
world's rice land. Our scientists collaborating with Thai
scientists have developed prototype selections for such
areas. They are intermediate in stature and carry elonga-
tion genes from floating rice which allow them to respond
to water depth. Also, preliminary screening of the germ-
plasm bank material has shown dramatic variation for tol~-
erance to submergence. In the future we expect that this
research will greatly increase the stability and potential
of yield in areas of uncontrolled water.

Temperature tolerance

Low temperature tolerance has always been important in
rice growing areas at high elevations or high latitudes.
The past importance of high temperature tolerance is un-
certain, However, as traditional cropping systems have
been displaced by new and more intensive systems, tem-
perature tolerance in rice has become much more impoertant.
This is because planting dates are altered and the crop
may reach a critical stage of growth during periods of
adverse temperature.

Our low temperature tolerance programme has distributed
several promising lines through the International Rice
Cold Tolerance Nursery. The Kn-1b-361 type selections
from Indonesia and IR3941 selections from IRRI are the
most promising.

Major differences in tolerance to high temperatures
have been identified and advanced lines are being evaluated
in the phytotron. We are attempting to ascertain the rel-
ative importance of high temperature in limiting produc-~
tion, prior to the possible initiation of breeding efforts.

Conclusion

Our ultimate objectives is to develop an international
GEU network for rice improvement. It is expected the
national programmes or regional programmes, as may be the
case in Africa and South America, the key components of
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this network, will function Wwith an ever increasing degree
of autonomy while retaining the linkages with IRRI/GEU
that are beneficial to them or that contribute to the
improvement of the network as whole. We feel that teams
of interdisciplinary scientists from national or regional
programmes and IRRI can take the lead in accelerating the
utilization of the genetic potential of the rice plant to
overcome many yield-limiting constraints. Our experience
with the scientists who have participated in the monitor-
ing of the international nurseries has clearly shown the
value of soliciting the active participation of leading
scientists of various countries in such an endeavour. Not
anly does it allow national and IRRI scientists to broaden
their vision but it encourages the direct invelvement of
all disciplinary scientists in the total GEU programme.

OBJECTIVES AND PROGRESS OF THE INTERNATICNAL
RICE TESTING PROGRAMME

D.V. SESHU, J. RITCHIE COWAN and H.E. KAUFFMAN

International Fice Research Institute, Los Banos, Philippines

Introduction

Rice is one of the most widely grown crops in the world,
and the obvious ecological diversity of the habitats and
the many associated problems led to the realization by
rice scientists of the need for cooperative testing.
Suitability of a rice variety in a given situation is
determined by the interaction between the variety and the
environment. While some varieties express their genetic
potential under a wide spectrum of situations, others are
not adapted beyond a limited single environment.
Systematic coordinated testing therefore has obvious merit.
Recommendations from the 1959 meeting of the International
Rice Commission (FAQ) to organize the uniform blast nurs-
eries served as a prelude to the concept of the Inter-
national Rice Testing Programme. This was followed by in-
formal cooperative testing in the early 1970's for yield
and bacterial blight resistance. A large scale co-
ordinated testing programme was organized under the
auspices of the All India Coordinated Rice Improvement
Project and was fully operational by 1971. A UNDP grant
to IRRI in early 1975 formalized IRRI's administration of
an international rice testing programme (IRTP). The
policies and programmes are developed cooperatively by
rice scientists from various countries.

The IRTP effectively links various national rice
improvement programmes in a testing network. IRRI's
Genetic Evaluation and Utilization (GEU) pProgramme is one
of the components of that network., ‘

The activities of IRTP include primarily the following:

a) Organization and distribution of nurseries composed

of entries from variocus rice improvement programmes.

b) Organization of monitoring tours by a group of

scientists from different countries for a joint
review of research material and nurseries in various
countries.
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¢) Compilation and dissemination of data from inter-
national nurseries and of other relevant information.
d) Review and discussion of results and planning by
international forums.
Nurseries

The three categories of nurseries are:

a) Yield trials (lowland and upland and different

maturity groups);

b) General observational nurseries;

c€) Specific stress nurseries (environmental, disease

and insects).

The yield trials include promising, advanced material
and they help in identifying varieties with wide adapt -
ability or regional suitability. The general observation
nurseries (IRON, IURON), composed of breeding lines from
different sources, are subjected to many diverse environ-
ments and serve as potential sources for identifying lines
with broad adaptability and resistance. The specific
stress nurseries include both breeding lines and donor
varieties and these, apart from helping in identifying the
potential donors for individual stresses, shed light on
genetic variation (biotypes and strains) of insect pests
and pathogens.

Fourteen different nurseries were composed during 1976
and 573 sets of these nurseries were distributed to 40
countries (Table 1). About 753 of the nurseries were Sent
to Asia and approximately 10% each were sent to Africa and
Latin America and a few to Oceania and Europe (Table 2).

Forty-nine percent of the 2,000 entries in 1976 nurs-
eries originated from national programmes, 39% from IRRI's
breeding programme and 129 from the IRRI's germplasm bank.
Entries from national programmes increased by 14% from
1975 ta 1976, which demonstrates the growing participation
by collaborating rice scientists from different countries,
" “'Varieties with high yield potential combined with wide
adaptability and donors for important stresses, such as )
the brown planthopper were identified in the 1975 nurseries
(Table 3). Greater participation in the future will
insure continued results benefiting several rice growing
countries.

A survey of national collaborators during 1976 indicated
that a high percentage of IRTP entries evaluated in 1975
were being used by the collaborating scientists in national
programmes either for crossing or for further yield
evaluation (Table 4).

Monitoring Tours
One important component of IRTP's activities is organ-

ization of monitoring tours involving a group of rice
scientists from different countries who jointly review
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international nurseries and national research programmes
in selected countries. This provides an excellent opport-
unity for 'on the field' interaction among different
scientists. Recommendations by these scientists, based on
their observations and discussions, provide an effective
supplement to the data from IRTP nurseries in formulating
future plans. Table 5 summarizes particulars of the seven
different monitoring tours organized in 1976 in which 50
scientists from different national programmes and from
IRRI participated. Three monitoring tours (Brown Plant-
hopper, Problem Soils and Deep Water Rice) terminated in
special conferences on the respective topics. The observ-
ations and recommendations of the participants of the
monitoring tours are summarized into a report and copies
are available to all collaborating scientists.

Communications

The IRTP endeavoured to develop an effective communica-
tion system to monitor the needs and interests of rice
scientists around the world and to supply them with
appropriate nurseries and information. Special field
books were designed to facilitate data recording on a
uniform format. These books describe objectives and
methodologies of specific nurseries and provide background
information on test entries.

A computerized data management system has been ini-
tiated to analyze test results and report them rapidly te
scientists in the national programmes. The nursery '
reports serve as 'working documents' for appropriate
review and follow-up by individual scientists. Salient
findings from IRTP nurSery tests are highlighted in the
International Rice Research Newsletter. At annual IRTP
planning sessions, attended by scientists from IRRI and
national programmes, the nursery results are discussed and
future programmes are formulated. The 1975 planning
session helped to develop a booklet "Standard Evaluation
System for Rice" which provides guidelines for evaluating
various traits in the nurseries on a uniform scale of 0-9
which not only lends a commen language but facilitates
computerization. Collaborators have been supplied with
copies of this booklet.

Efforts are being made to collaborate with other inter-
national institutes in organizing specific testing net-
works in the regions for which these institutes have a
primary responsibility. A special joint IRRI-~CIAT confer-
ence was held at the International Centre for Tropical
Agriculture near Cali, Colembia in August 1976, to stream-
line international testing in Latin America.
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Plate 15. A new rice disease,
Etiology is still unknown,
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crinkle, in the West African ecosystem,

Plate 16. Complete devastation due to neck blast at 1000 m in central

Nigeria,
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Plate 17, Weaver-bird nests in the savanna, Nigeria.
various species is a ma
stage in

Bird damage by
jor problem on rice during the grain-filling
much of tropical Africa {photo courtesy of Dr. P, Soto).
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Plate 18, ifand Weeding of dryland rice on small

Sierra Leonian farm,
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Plate 19. Weed control in land preparation for paddy rice by
the surface into mounds and flooding, Nigeria,
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SCREENING FOR HORIZONTAL RESISTANCE TO RICE BLAST
{PYRICULARIA ORYZAE) IN AFRICA

JEAN-MARIE BIDAUX !

Inatitut de Recherches Agronomiques Tropiecales,
BP 635, Bouaké, Ivory Coast

Introduction

Rice blast disease, caused by Pyricularia orysaz Cav., was
first reported from Africa in Uganda by Small (1922).
Subsequently, it has been reported from most of the rice-
growing countries of Africa (Williams, 1971). Pyricularia
spp. have also been recorded on several grasses in Africa:
Digitaria horizontalis, D.marginata, D.scalarum, D.,velutina,
Eleusine coracana, E.indica, Pennigetum purpureum,
Rhynchelytrum roseum and Rottboellia exalta (Peregrine and
Siddiqi, 1972; Riley, 1956, 1970).

Rice blast was first recorded in the Ivory Coast in the
1950's where it occurred infrequently on irrigated rice
(Ravise, 1957, 1962). It was later observed in northern
Ivory Coast but was not causing serious losses (Davet,
1963). It was subsequently found to be widespread and
damaging on irrigated rice in the western zone and in the
swamps, especially in poorly irrigated fields. Leaf, neck
and panicle blast were observed {Ravise, 1962). The vari-
ety IR8 was particularly susceptible (Delassus, 1968).
Since 1969, blast epidemics of varying intensity have
occurred each year on pluvial rice in the Ivory Coast.

In Nigeria, yield losses of 10-40% were reported by
Awoderu (1974). 1In 1976, a 200 ha field of the variety
Sindano from East Africa, cultivated under pluvial condi-
tions at 1200 m, was completely destroyed by neck blast.

The rapid extension of rice cultivation in West Africa
since 1960 altered the balance between host and pathogen
because of the extension of rice-growing into new land
areas, the introduction and cultivation of new varieties
which were less resistant than the traditional ones, and
the modification of cultural practices in a manner which
favoured the pathogen.

Blast is presently the most serious fungal disease of
rice in Cameroon, Egypt, Ivory Coast, Liberia, Mali,
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Nigeria and Senegal, and presumably in other African coun-
tries. Infestation of the necks and panicles is more
damaging than that on the leaves. Severe epidemics occur
in rice growing under pluvial conditions (Bidaux, 1576;
Williams, 1971).

Recent studies of the disease mainly have been related
to breeding of resistant varieties. Some morphological or
pathological variability of the‘pathogen has been studied
in Sierra Leone (Onofeghara et al., 1973), Ivery Coast
{Bidaux, 1974), Malagasy (Notteghem, 1976a, 1976b) and
Nigeria (Awoderu, 1970). The epidemiology of the disease
in Africa has not been studied.

Since 1972, IRAT has been investigating blast on
pluvial rice in Ivory Coast and on irrigated rice in
Malagasy with the view to producing varieties which have
stable resistance and high yield potential, and are
adapted to the environment in which they are to be grown.
The effouct of soll type und mineral nutrition on the
disease has been studied in Cameroon.

Definitions

The following terms are used according to the defini-
tions proposed by Robinson (1976), which are abstracted
here:

Auto-infeetion: Infection of a plant from a spore
{pathogen)} generated on the same host plant or cultivar.

Allo~-infection: Occurs when a spore from a different host
lands on a second host's infection site.

Esodemic: That part of the epidemic which involves only
auto-infection.

- .Exodemiec: .-That part of the._epidemic .which invelves.only ...

allp-infection.

Vertical resistance: Involves a gene-for-gene relation-
ship between the host and the parasite. There is a differ-
ential interaction between the host varieties and the
parasite races; it operates agdinst some races of the
parasite only; it is within the capacity for micre-
evolutionary change of the parasite and is usually tempor-
ary resistance in agriculture.

Horizontal reaistance: Does not involve a gene-for-gene
relationship; operates equally against all races of the
parasite; it is beyond the capacity for micro-evolutionary
change of the parasite and is thus permanent resistance in
agriculture. '

The onset and development of any epidemic depends on
the characteristics of the host, pathogen and environment
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and the interactions among these factors. Thus, the dura-
tion and severity of epidemics vary from one area to
another, and hence the level of horizontal resistance
required for control also varies with locality.

The amount of disease (xp) present at the end of the
epidemic depends on the amount of disease present initially
(x,) and the rate of its increase; it may be calculated
by the formula X, = x; e I' where t is the time between the
x; and x; readings and r is the progression coefficient of
the epidemic. The longer an epidemic progresses, the
smaller r must be in order to minimize x, and obtain a
satisfactory yield.

In order to correlate disease development with yield
losses, it is necessary to know the time of the first
attack on the panicles, the duration of the epidemic (t)
and the coefficient {(r) of a range of varieties at several
sites.,

The value of r is not constant throughout an epidemic.
It varies in relation to the aggressiveness of the
pathogen, changes in environmental conditions, waves of
inoculum production and development of the number of
susceptible sites of the host (Van der Plank, 1975).

In order to measure horizontal resistance, it is
necessary to take several disease records during the
season in order to follow the progress of the epidemic
satisfactorily.

Epideniology

The characteristics of blast epidemics in Africa are
poorly understood. What are the sources of primary
inoculum and what is their relative importance? What is
the average duration of an epidemic? How far do epidemics
spread? Which infected leaves contaminate panicles? How
does panicle infection develop? Does the aggressiveness of

_.the pathogen evolve during the course of the epidemic?

Bouake, Ivory Coast, is in the forest/savanna transition
zone and has a bimodal rainfall pattern. A single crop of
pluvial rice is grown, with planting in early June. Blast
epidemics usually commence in mid-July or early August,
after the rice has been subjected to water stress. The
date, duration and intensity of the stress varies, but no
blast has been observed before this stress period since
1972.

The development of the disease on several varieties
during 1975 is illustrated in Figure 1. The epidemics
lasted up to 120 days but shifted from leaf to panicle
blast. They developed more quickly in October, at the end
of the season. Many varieties were then observed to have
neck and panicle blast but no leaf symptoms (Table 1).
This difference is important for resistance screening and
it emphasizes that ratings based only on leaf reaction of
young plants do not necessarily predict neck blast
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Fig. 1. Development of leaf blast (A,B,C) and panicle blast (D,E,F)
on spome varieties in relation to dew and rainfail. o
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Ineidence of blast on varieties in the 1974 International Upland Blast

Nursery ond on mature plants, 1974-1376 at Bouake, Ivory Coast

IUBN 1974 Mature plants
No. Variety (seedlings) Leaves Panicles Yield Year
3 617 A 3(4) (5) 12 1000 . 1.07¢ 1976
10 0S 42 3-4-5 5 100 1.00 1975
20 R 52 1 (4) 0 80 2.20 1975
1 500 A 3-4-5 2 100 1.70 1975
145 Tunsart 1(3-4) 0] 100 0.10 1974
195 RE 18 A 1 (4) 0 57 4,00 1975
195 RE 18 A 0 67 1.40 1976
373 1R 578.95 5 2 100 0.60 1976
438 DS 10 1(3-4) 4 83 1.08 1975
789 Natala 8 2 Z26 2.60 1975
856 Mekeo-White 3(4) (5) 0 87 1975
856 Zenith 3-4 4 100 1974
856 Zenith 2 83 0.50 1876
892 Mamoriaka 3-4 0 100 1574
550 Co 902 b2.1 1(3) 0 100 1974
1120 HB DA 2 - 3 100 0.10 1976
1232 Ci 9545 8 0 100 1974
1286 BM 5 1(4) 4 100 1975
1301 Woo Co Chin Yu 1(3-4) 5 100 1975
1303 Century Patna 231 6 2 100 0.30 1976
1442 Kan Chan aim 4 70 1.30 1975
1485 Pai Chiac Ju 1(4) 4 100 1.30 1975
1637 PR 147 1(3-4) 5 100 1975
1654 H 30 1{4) 3 100 1975
1681 Storm Proof 1(3-4) 3 100 1975
1684 Zenith 1(3) 4 100 1.00 1975
1689 Early Rexark 1(4) 4 100 1975
..1854 Serendah Kuning 1(3) 6 86 1975
1923 2 1 4 100 1975
1985 Kiansi 36-13 3(4) 7 84 . 1975
1995 Mon z Wuan 1(3-4) 4 98 1975
2108 3228 3(4) 7 100 1975
2142 Pursighi 1(3) 3 91 0.70 1975
2175 Dan Kwang H.L 3(4) 9 100 1975
2248 Jansussau L£32 1{4) 7 100 1975
2282 Kh kaseun 1{3) 8 100 0.00 1975
2655 Leuvang keo 1 0 100 2.10 1975

a) Scale 1-9 of increasing severity;
¢) Grain yield in t/ha.

outside the crop.
tion, the second phase of the epidemic commences,
there are infections from both inside (auto-infection) and
In a large host popula-

outside (allo-infection) the crop.

b) Percent panicles diseased;

After the first successful allo-infec-
in which
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tion, the epidemic becomes an esodemic when the number of
allo-infections becomes insignificant relative to the
number of auto-infections. During the esodenic only
horizontal resistance mechanisms function. In éhis phase
the‘prggression coefficient, v, can be calculated from
Periodic measurements.

The duration of the exodemic depends on the initial
proportion of virulent races in the parasitic population
on plot size and on the cross-effects of adjacent hosts ’
with differgnt vertical genotypes. It was measured for
several varieties at Bouaké in 1972 by growing them in
6 m x 1 m adjacent plots, with 1 m between plots (Bidaux
1973). The delay in initiation of the epidemic varied
from 2 to 30 days (Table 23.
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TABLE 2

Fstimation of the retardation of the initiation of the epidemic on
differential varieties, in comparison with variety IRS

Varieties Genes for resistance Retardation (days)
IRS ? 0
Shin 2 Pi-ks 11
Aichi-Asahi Pi-a ' 2
Kanto 51 Pi-k 10
Fujisaka 5 Pi-i, Pi-ks 9
K1 Pi-ta 10
Pine. 4 Pi-ta? 30
Oou 244 Pi-z 19
Toride 1 Pi-zt 17
K2 Pi-a, Pi-kp 12
K3 Pi-kh 13
Bl 8 Pi-b 11
S5tl Pi-f 9
Zenith Pi-a, Pi-z 11

Pathogenic Variation

Kiyosawa (1972) in Japan identified thirteen genes for
resistance and assembled a number of differential vari-
eties with which it was possible to analyze the virulence
spectrum of isolates of P.orysae. The pathogenic varia-
tion in P.oryzae in the Ivory Coast was studied in order
to estimate the frequency of virulence genes in the para-
sitic population and thus to determine the implications of
this frequency on attempts at control based on vertical
resistance.

The virulence spectrum of 90 single spore cultures was
tested on Kiyosawa's differential varieties after syringe
inoculation. The results showed that eight genes were
very frequent, occurring in 46-100% of all entries (Table
3). There were four other genes which occurred less
frequently (26-45% of entries) and one which occurred
rarely (6%). The pattern of the virulence spectrum of
various isolates was tested over a 3 year period, and
little variation was observed with time (Bidaux and
Notteghem, 1973).

There are some problems in the interpretation of a
resistant or susceptible reaction on the basis of symptom
expression because some intermediate cases occur. Also,
the stability of the phenotypic expression of the genotype
of the differential varieties is not known. Some differ-
ential varieties show clear differences among the races,
while for others there is variation. In the latter case,
some late-acting vertical genes or horizontal resistance
based on an entire gene may be operating.

The virulence gene Av - ta2?* was rare in the parasitic

»
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population sampled in the Ivory Coast. The corresponding
resistance gene Pi - ta? may be useful in breeding, but
one needs to know if it is a strong and stable gene for
African growing conditions.

TABLE 3

Estimation of the"frequencyof ones for virulence in 90

taclates of Byricularia oryzae from the Ivory Coast

: SR g W
1975 1975
Geaes ® ¥ No. No. %
+
Av-a’ : _ 90 100 85 94 .
Av-l_:+ 24 26 3 3
Aveit 82 91 57 63
Av—f* - k 62 68 5 3
Av-k . 42 46 40 44
Av-kh‘ 37 41 22 24
Av-kp* . . w52 . 87 47 52
A!-ti 87 26 57 63
Av-n® w33 36 3 3
Av-1La 46 51 27 30
Av-.t.:z* 6 6 1 1
Av-z - 48 53 1 1

Av-zt* 34 37 3 3

Horizontal Resistance

_ Neck and panicle blast are regularly severe on pluvial
rice in the central region of Ivory Coast, which makes it
an ideal area for screening for resistance; 5,000 vari-
eties have been screened for horizontal resistance using a
modified new design. The severity of the disease was
assessed on leaves by rating.plants on a 1-9 scale of-in-
creasing severity and on necks by recording the percent
diseased panicles. The progress of the epidemic and the
value of the coefficient r has been estimated for some
varieties (Table 4).

In 1974, 2,300 varieties were tested in the IUBN in
Ivory Coast, and 115 were scored 1-4 (resistant). Sub-
Sequently, many of these proved to be susceptible to neck
and panicle blast when grown under normal conditions of
Cultivation in 2m? plots. In the IUBN design there was
much allo-infection. Consequently, any delay in the
epidemic caused by a long latency period or weak conidial
production was eliminated. Screening for foliar blast as
i5 done in the International Upland Blast Nursery (IUBN)
will not measure horizontal resistance.

During 15975 and 1976, neck and panicle blast were
assessed at regular intervals on 1,100 varieties, and of
ghese, 400 were selected on the basis of yield (average
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grain yield equal or greater than that of local variety,
Moroberekan), and panicle infestation (50% or less). These
were tested for horizontal resistance, using a more approp-
riate design as described later, for the estimation of the
coefficient r.

The traditional varieties 0§ 6, Morobereckan, Pate-Blanc,
Nou~Nou, Fossa and 63-83 and some new or introduced vari-
eties (IAC 25, IRAT 13, Iguape Cateto, Chianan 8) inhibited
the progress of the epidemic and produced satisfactory
yields. Preliminary studies showed that the varieties
Moroberekan, 63-83 and 1RAT 13 were resistant to infection
and had a long latency period.

Design of field experiments to assess horizontal resistanee

One aim of field experiments designed to measure hori-
zontal resistance is to identify those Ffactors which allow
certain varieties to inhibit the progress of the epidemic.
Both leaf and panicle symptoms should be taken into
account.

The following precautions should be taken:

a) Plot size: Should be sufficiently large to reflect

likely behaviour of varieties in farmers' fields.

b) Test duration and growing conditions: Conduct trial
to harvest so that panicle blast can be measured;
grow under normal growing conditions and measure
yield.

c) Inter-plot interference: Restrict inter-plot inteér-
ference by barrier plots.

d) LEsodemic: Should occur early and be long so » can
be calculated with precision.

e) Parasitic pressure: Ensure that sufficient parasitic
pressure is exerted equally on all varieties at the
beginning of the season in order that the exodemic is
short. The pressure should not be too great, other-
wise all varieties except those with efficient
vertical resistance are destroyed.

£) Standards: Include several reference varieties in
each trial in order to be able to relate the perform-
ance of test varieties to that of the standards, and
to be able to compare the severity of successive
epidemics and parasitic pressure in different years.

g) Artificial inoculation: Inoculate with an aggressive
isolate having a broad spectrum of virulence.

The design developed by Notteghem (1976a) in Malagasy
(Figure 3a) was compared with that developed by Amin and
Buddenhagen (1972) at the All India Coordinated Rice
Improvement Project (Figure 3b), with those of IRRI and of
India's Central Rice Research Institute (CRRI) (Figure 4a
and b). Calculations were made for the total auto- and
allo-infection spore loads which could be present at the
centre of the circles (see Figures), based on hypotheses
of similar and different abilities of spore production on
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Fig. 3. Blast screening designs from Malagasy (Notteghem, 1976a),
(#), and AICRIP, Hyderabad, India (Amin and Buddenhagen, 1972), (b).
R = Resistant barrier variety; 1, 2, 3 etc. = test varieties;
lotarian A, spore load from auto-infection; location B, spore load
from allo-infection.

on spreader and individual test varieties. Differing
assumptions of spore dissemination were also considered.
It was determined that all designs were equal at loecation
B regardless of differing assumptions of spore production
and dissemination. However, the IRRI and CRRI designs
offered only a location B situation whereas the  Notteghem
and AICRIP designs both offered a location A where spore
load pressure was essentially from auto-infection {given a
hypothesis of slow dissemination) and thus could be a
measure of horizontal resistance. It was also determined
that at location B in all designs allo-infection would be
overwhelmingly present, regardless of which hypothesis is
used, precluding any measurement of horizontal resistance.
All potential resistance through long latency or weak
conidial production is lost.

Actual measurement of disease in many trials in the
Ivory Coast confirmed that the design influenced 'resist-
ance ratings' and that short distances from an allo-infec-
tien source were sufficient to enable ratings for hori-
zontal resistance and for basing r curves which actually
represent the level of horizontal resistance. By record-
ing data of disease levels, using a revised scale (Bidaux,

P R . VR
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13706), through space and time, following the gradient of
disease pressure, r cufves may be constructed on test vari-
eties.

An amended version of Notteghem's design has been adop-
ted for use in the Ivory Coast, in which the test plots are
3-4 m in length and contain 7 rows grown at recommended
spacing for the area. A key element is the presence of a
barrier row of a tall resistant variety between every test
variety, to reduce bias due to spread of inoeculum among

test varieties.

(o}

a w
sl
Gl g
%'ﬂ
o o
R
o) 3

spreader (& }

Suscephible

Fig. 4. Blast screening designs from CRRI, Cuttack, India (a) and
IUBN, IRRI, Philippines (b). § = susceptible spreader; 1, 2, 3 =
test varieties; location B, spore load from allo-infection.

Genetic analysie of horizontal resiatance

A diallel analysis of horizontal resistance has been
undertaken in Ivory Coast with 9 parents. For leaf blast,
there were no differences between reciprocal crosses. The
variance of the general combining ability and the specific
combining ability was highly significant. Additivity has
a predominant influence on genetic expression of resist-
ance. Varieties Moroberekan and 63-83 were found to have
good general combining ability (GCA), while IRS and IRS
had the poorest GCA amongst the 9 parents tested.

Although 63-83 had the highest general combining ability,
the high variance indicated that, depending on the Cross,
one might or might not obtain good resistance. Whereas
Moroberekan (with a lower GCA) transmitted its resistance
more uniformly. The parents' GCA and their phenotype were
strongly linked with a correlation coefficient of 0.96.
The choice of suitable parents to transmit resistance thus
becomes easy. In addition, resistance was highly herit-
able, ranging from 69 to 90%. Analysis according to the
Hayman pattern confirmed the importance of additivity and

o~
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revealed a partial and significant dominance. Distribution
of genes among parents was asymetric.

Ecological Factors

Estimating both resistance and epidemic development
depends on and varies with ecological conditions. Although
this might seem axiomatic, it is clear from the literature
and from many observations, that ill-defined and poorly
measured ecological conditions confound much understanding
of both blast resistance-susceptibility and of blast
epidemics.

The leaf and air moisture levels affecting spore pro-
duction and leaf infection are fairly well understood.

But the effects of soil chemistry and of moisture stress on
blast, an apparently typical foliar disease, are both real
and not understood. In Ivory Coast, blast epidemics
develop on pluvial rice only after a period of drought
stress. This observation was explored for varieties IRS,
Palawan and IRAT 13, where plants were kept in the green-
house at either 50 or 100% of evapo-transpiration poten-
tial. After inoculation, many more spots appeared at the
501 (stress) treatment than at full watering, and latency
was shortened from 10 to 6 days. Thus, drought affected
rate of infection and latency, both important components of
horizontal resistance.

In Cameroon, blast did not occur at two sites on known
susceptible varieties, even with good aerial conditions for
disease (Seguy and Delassus, 1976). This observation was
followed by moving soil among different sites. Soil plots
were 30 cm in depth. Results showed that soil differences
were overriding factors in disease development, with
*resistant soil' providing resistance even at sites norm-
ally 'blasted' and *susceptible soil! providing suscept-
ibility even at normally '‘non-blastable' sites. Of §
varieties tested, only variety 63-83 failed to react to

the soil difference, having-a low level of blast on all "~ "

soils and sites. All others showed differential reactions
to soil source. There was an association of susceptibility
with so0il of low pH and low cation exchange and low
phosphorus.

Obviocusly more knowledge is needed on ecological~-plant-
fungal interactions before blast resistance susceptibility
agd blast epidemiology can be understood in tropical
Africa.
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INSECT PESTS AND RICE PRODUCTION IN AFRICA
P.E.J. SOTO and Z, SIDDIQI ;

International Institute of Tropiecal Agriculture,
PMB 5320, Ibadan, Nigeria

Introduction

Although some 60 insect species have been reported as
pests of rice throughout Africa (Breniere, 1969;
Descamps, 1956; Stephen, 1373), few have been studied in
detail. The approach to their control has been largely
through adjustment of cultural practices adapted to sub-
sistence-type agriculture. In most cases, little is known
regarding actual losses due to insect damage, and only
scant information is available for predicting an insect’'s
importance following the introduction of new varieties and
intensive agricultural practices. However, it is likely
that intensive cultivation and multiple cropping will in-~
Crease pest populations. »
"Most insect species causing damage to cultivated rice
in Africa are indigenous species different from those
found in Asia. Presumably they have been associated with
the African rice species, Oryza longistaminata, O.barthii
and 0.glaberrima. Most of the significant African and
R i : Asian rice insect pests are closely related species of the
Same genera. Some African species are identical to those
in Asia, such as the rice caseworm, Nymphula depunctalis
Guenee, and the rice gall midge, Paehydiplosis oryaas
Wood-Mason. There have not been sufficient taxonomic
studies and collections in Africa to clarify the relation-
ships with insect pests of rice in other continents.

Insect Pests

The stem borers constitute one of the more important
groups of injurious insects of rice throughout Africa.
All of them are larvae of moths (Lepidoptera; Noctuidae
and Pyralidae). Three species are consistently important:
the African white borer (Maliarpha separatella Rag.), the
African striped borer (Chilo zaceonius Blesz.), and the
African pink borer (Sesamia calamistis Himps.}. The
larvae feed inside the rice stems. If the infestation
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occurs during the vegetative stage, the growing point is
killeg, giving rise to what is commonly referred to as a
‘dead hearr'. Larya) damage during the flowering period
prevents grain filling, a condition called 'white head'.
The damage caused by the white sten borer is seidom asso-
riated with dead heart and white head formation but more
often with necrotic areas at the base of the stem and
Partial grain filling (Breniere, 1969j3.

The most important Dipterous pests include the stalk-
eyed fly (Diopeis thoracica Westwood), the whorl maggot
{Bydrellia 5p.}, and the rice gall midge (P.oryzae).
These pests are often found in areas of high humidity byt
in areas having from little to moderate or severe dry
seasons (Breniere, 1969). The gall midge is always asso-
ciated with hot and humid conditions, usually in the
Sdvanna zone. The larvae invade the terminal and axillary
buds at the base of young rice plants, Producing tubular
g21ls commonly referred to as silver shoots, or onion
shoots (Breniere, 1569).

{1857} in northern Cameroon. Larvae of D.thoracicqg feed
only on healthy tissue and are capable of feeding on
Several tillers during their growth., The growing point is
cut by the larvae, glving rise to a dead heart which is
differentiated fron Stem borer damage by the absence of
frass and presence of holes in the stem. The whorl maggot
has recently been reported as a pest of rice in Africa
(IITA, 1974), Symptoms typical of H.philippina in Asia
were observed in rice growing under hydromorphic condj-
tions at IITA. This species has been described as
fydrellia prosternalis Deeming (Deeming, 1977). The same
type of damage has recently been observed in Sierra Lecne,
Senegal, and Liberia, The biology and distribution of 4.
prosternalis should be studied further.

Several species of leafhoppers and planthoppers have

been found infesting‘rice in Africa, They usually occur

at low levels under present conditions, with minimal
damage in farmers' fields but they could become important
and they could act as virus vectors if the appropriate
Viruses were present in Africa. Some of the species
recorded include Rephotettiz modulatus Melichar
(Breniére, 1969), ¥ilaparvata maeander Fennah and
Sogatodes cubanus Crawford (Soto, unpublished data).

Other insect pests which have been reported to damage
Fice in Africa include: Leaf-feeding beetles, mainly
Trichispa sp. and Dicladispa; the rice caseworm,
Nymphula depunctalis, and Several species of plant bugs
which feed on the developing grains (Stenceoris sp,
dapavia sp.), :
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Crop lLoss Assessment

Under low-isvei technology of rice Cultivation, insect
Pests ave usually only of minor importance. This is not
unexpected, Considering the low density and rapid rotation
under traditiong] slash and burn farming Systems, or the
low input, single cropping of low lying areas {Braun,
1973}, Traditionai farms are smal » Well sepatrated from
each other and uniseasonal so that insect buildup and
damage to the rice Crop is not as serious as in Asia. The
minor importance of various insect Species infesting rice
has also been attributed to the effect of predators and
Parasites {Jordan, 1966; van Halteren, 1970). Also, the
farmer raises local varieties, long-adapted and selected
under his own conditions, Without the use of pesticides,
which results in a highly balanced system.

It is difficult to determine actual yield losses due to
the insect complex associated with rice in Africa. The

ticular rice culture, i,e. irrigated, rainfed, sSwamp, or
boliland., There i5 a need to define the existing sitya-
tion for each rice ecosystem, to identify and analyse the
significant insect Faunas and thejir impact on rice
production. An insect pést which causes S5erious damage to

losses; one variety may be devastated by a particular
insect pest while another, due to its inherent resistance,
nay sustain minor losses,

The continuing expansion of areas under rice, the
Planting of high yYielding, heavy tillering, and nitrogen
responsive varieties wil] introduce major ecological
changes in the lowland rice fields of Africa. These
changes will bring about a variation in the relative abun-
dance of the insect pests of rice. Pests like 5tem borers
may become more serious, and minor pests, e.g. leaf-
hoppers, blanthoppers, leaf folders and rollers may become
major pests. Indications that this change is already
happening are based on reports from the Ivory Coast where
Yields of 3 t/ha under intensive monoculture of irrigated
rice can he increased by one ton when insecticides are
applied (Breniere, 1969). This loss was considered to be
related to the increase of the area under Cultivation, the
pProlongation of the growing season, and to other factors
which influenced the bopulations of the various insect
bests associated with rice, In Sierra Leone, the use of

- insecticides for control of stem borers increased Yields

by 50% (Morgan, 1973).
Investigations have indicated that intensive rice
Culture and greater use of fertilizers can cause a4 rapid
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buildup of a large number of insects, some of which may be
of economic importance, either as pests or as agents of
biological control (Taylor and Kamara, 1974). Several ex~
periments conducted at IITA have also demonstrated in-
creased yields of 1 t/ha under irrigated and hydromorphic
conditions using granular insecticides. Carbofuran was
effective in controlling the whorl maggot (Hydrellia sp.),
Diopafe, and the white stem borer (Maliarpha separatella
Rag). The yield loss in the control was mainly due to the
cunulative damage caused by these pests throughout the
growth of the rice crop (I1TA, 1974).

Discussion and Conclusion

The need for controlling rice insect pests will be
increased as the pattern of rice cultivation changes from
a low-input to a high-~input rice technology. This will be
necessary in order to achieve the high yields inherent in
the new, improved varieties. It is apparent from review-
ing the literature that little detailed research has been
done on the various insect pests which affect African rice
crops, primarily because there are so few workers in this
field in Africa. This research is essential for the
development and application of control methods.

It is essential to investigate the biology, ecology and
distribution of the various rice insect pests. Emphasis
should be on the several species of stem borers, Diopais,
gall midge, plant bugs, leafhoppers and planthoppers. The
existing situation in farmers' fields in different rice
ecosystems should be carefully analyzed to understand and
determine the important biotic and abiotic factors, which
influence the populations of insect pests. This informa-
tion will aid in determining species which may assume
greater importance with the introduction of new varieties
and more intensive practices.

Many effective chemicals-are available which can be *-
used in granulated or spray.form for field control of rice
insect pests. Beyond the immediate benefits of pesticide
usage, long-term dependence can result in insecticide
resistance, appearance of secondary insects as major
pests, insecticide residue problems, and hazards to humans
and animals. Unbiased evaluations of judicious insec-
ticide use are essential and should be intensified. Tests
conducted by the insecticide industry should be repeated
by pational researchers with no vested interests in insec-
ticide use, and modified with the purpose of an integrated
pest management objective. The decision to use insec-
ticides in farmers' fields should always be compared with
the value of the crop yield and the cost of the control
measure to determine if the proposed measure is economic.

Varietal resistance is the most practical way of
controlling many insect pests. It is essential to estab-
lish and maintain in several locations plant nurseries
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which comprise adapted varieties and segregating popula-
tions under high but realistic insect pressures. OQOne of
the important needs in this area is wider and more stable
varietal resistance to the insect pests and pathogens
which operate in combination. Extensive surveys of virus
diseases should be conducted throughout the rice growing
areas of Africa. The recent findings of pale yellow
mottle virus in Sierra Leone, Ivory Coast, and Liberia
(Raymundo et al., 1376) clearly demonstrates the need for
surveys on other possible virus diseases.
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WEED PROBLEMS OF AFRICAN RICE LANDS
1.0. AKOBUNDU* and 5.0, FAGADE**

*International Institute of Tropieal Agriculture,
EMB 5320, Ibadan, Nigeria

Introduction

Rice yields in Africa are below the world average partly
because of adverse production conditions and partly because
more than half the crop is from dryland culture (IITA,
1974; IRRI, 1975). Rice is grown in Africa in a wide
range of ecological situations, ranging from dryland
through hydromorphic to shallow swamps and flood plains,
Consequently, weed infestation is by many different species
adapted to the specific ecology in which rice is grown.
Weeds have been man's constant companion in agriculture.

The level of agricultural development may be measured by

the extent and way in which farmers control losses caused
by crop pests, especially weeds. Weeds in African farm-
lands have been accepted as the natural consequence of land
clearing ang crop production and because weeds do not
appear to damage crops as much as insects and diseases,
control measures (if used at all) have largely remained the
cld method of hand-pulling. Research workers in weed
science are scarce in Africa. It is therefore not surpris-
ing that weed problems in Africa's farmland have remained
conspicuous and information on weeds and their control is
fragmentary or absent in many parts of the continent. Work
in West Africa has shown that weeds are a major limitation
to rice production in dryland areas where adequate moisture
and good soils are available (Fagade, 1976; IITA, 1974;
Merlier, 1973a, 1973b; Valian, 1967). Weed competition is
most severe in those parts of West Africa where broadcast
seeding is still practised (Armstrong, 1968; Dogget,
1565). Adoption of improved mechanical and chemical weed
control practices in East African rice projects has in-
creased grain yield.

**National Cereals Research Institute, Moor Plantation, EMB 5042,
Ibadan, Nigeria
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Weed Problems

Weeds of African ricelands consist of sedges, grasses
and broadleaves, and can be broadly classified into two
groups according to their adaptation to terrestrial or
aquatic habitats. Some of these weeds viz: Cyperus
rotundus ; Echinochloa spp.; Panioum mazimum Jacq.; Eleu-
#ine indica (L) Gaerth.; " and Imperata eylindrica (L) Beav.
var. afrieana Hubbard have been listed among the world's
worst weeds (Holm, 1969; Holm and Herberger, 1969).

Weeds cof dryland rice

In dryland areas, rice is planted by direct seeding.
ln such situations, weeds germinating with the rice plants
pose the greatest threat to the establishment and sub-
sequent growth of the rice crop, as they reduce rice yield
through competition for moisture, nutrients and light.

Weed problems of dryland rice are similar to those of
other upland crops, and the extent to which yield is
reduced by weeds will vary with local weed flora, growth
characteristics of the rice crop, cultural practices, and
environmental factors at the time of crop production.

Weed infestation in newly cleared forest lands is known to
be mild compared to that of land that has been under culti-
vation for several years (Merlier, 1973b; Moody, 1973a).
Savanna regions and short-term fallews in the forest zones
are characterized by heavy weed infestation that increases
risk and labour requirements to uneconomic levels
(Aryeetey, 1570; Brown, 1969; Cates, 1969; Moody, 1973b;
USDA/USA1D, 1968).

Although dryland rice is raised in ecological zones
from forest through savanna to mid-altitudes, the weed
flora in these zones does not appear to vary greatly
{Table 1). What does vary is the intensity of infestation
and the dominant weed species in a particular habitat.
Rottboellia exaltata L. may be the major weed limiting
rice production in one area while Eehinoehloa eclonum L.
predominates in another area. Ageratum conyzoides
Tridax procumbens L. are broadleaved ephemeral annuals
that are found in stands of maturing rice plants, as they
continue to germinate following dissipation of herbecides
or after the last hand-weeding. Such late infestation has
little effect on crop yield but it interferes with harvest-
ing and the weeds also harbour rodents. Weeds like
kottboellia swaltata L., Commelina spp., Digitaria spp.
and Echinochloa spp. are often resistant to a range of
commonly available herbicides. If these weeds are not
physically removed, competition with rice plants occurs.
Frequently, members of Compositae and Commelinaceae become
dominant in fields where other weeds have been controlled
with preemergence herbicides.

Perennial weeds of drier cleared forest and derived
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savanna zones include Cyperus spp. and Imperata eylindrica.
The perennating rhizomes of these weeds make them more
difficult to control than the annual weeds and control
measures involve costly inputs. Infested areas are gen-
erally fallowed several years before being returned to
cultivation.

Heeds of hydromorphie rice lands

Weed problems on hydromorphic lands are more serious as
weed competition is greater than with dryland conditions.
In addition to the weeds discussed above, weeds adapted to
water-logged conditions like Fimbrystylis Spp., Fehinochloa
Spp., Alternanthera spp., and wild rice {Oryaa spp.) are
common problems of hydromerphic rice. At least three time-
ly hand-weedings are necessary to minimize yield losses
caused by weed competition. Herbicides that give good weed
control in lewland and dryland rice do not persist long
enough to give similar weed control in hydromorphic soils
(IITA, 1978).

Weed problems of lowland rice

Aquatic weeds predominating in this habitat include
sedges, annual and perennial grasses and annual broadleaf
plants. Aquatic weeds with wide distributions are Oryaa
longistaminata, O.breviligulata, Cyperus spp., Pyereus
Spp., Fimbristylis spp., Eleocharis spp., Seirpus spp.,
Eehinochloa spp., Sphencclea spp., and Leptoehloa spp. The
aquatic weeds that are most difficult to control include
Oryza spp. and Ischaemus rogusum Salisb.

Yield Reduction Caused by Weeds

One J% the most labour requiring operations in rice
production is weed control, Hand-weeding in many rice
areas has been estimated to be 250 to 780 man hours per
hectare, depending on the ecosystem, frequency of weeding
and environmental conditions during cropping (Dadey, 1973;
De Datta et ai., 1973; Kim, 1969; Matsunaka, 1975). Poor
land preparation at time of planting is a major factor
affecting the severity of weed infestation (Allnut, 1942;
Dadey, 1973; Merlier, 1973a; Parry, 1974; Smith, 1970),.
In lowland rice culture, another important factor is water
management. Yield reduction of lowland rice caused by
weeds can be minimized by proper water management. Total
crop loss can occur where weed infestation is severe or
where rhizomatous wild rice varieties are the predominant
weeds (Martin and Guegan, 1973)}. Direct seeded rice is
nore susceptible to weed infestation than transplanted
rice, and losses caused by weeds are affected by the method
of crop establishment (Table 2). The absence of water in-
creases the cost of weeding in dryland and hydromorphic
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TABLE 1

Common weeds of Afrioan rice ecoayatems

Common waeds of African dryland rice ecosystems

ANARANTHACEAE

COMMELINACEAE

COMPQS ITAE

CONVOLVULACEAE
CYPERACEAE

EUPHORBIACEAE

GRAMINEAE

LOGANTALCEAE
MALVACEAE

Alternanthera sessilis (L.} R. Br. ex Roth
Amaranthus hybridus L,

A.8pinosus L.

A.viridig L.

Celogia spp.

Commelina benghalensts L.
C.erecta L.
C.dif fusa Burm, f.

Acanthospermum hisptdum DC

Ageratum conyacides L.

Aspilia spp.

Bidens pilosa L.

Chrysenthellum americaram (L.) Vatke.
Emilia spp.

Synedrella nodiflora Gaert.

Tridar procumbens L.

Ipomoea spp.

Cyperus asculentus L,
C.rotundus L. :
C. sphacelatus Rotth.
C.tubercaus Rotth,
Mariscus spp,
Fimbryestylis spp.

Acalypha eiliata Forsk,

Croton lobatus L.

Euphorbia heterophylla L.
Phyllantue amarus Schum. & Thonn

Brachiaria spp, .
Chlorts piloga (L.) Schum.
Eleuaine indica (L.) Gaert.
Digitaria spp,

Lactyloctentum aegyptium (L.) Beav.

Imperata cylindeica (L.) Beav. var. africana
(Anderss.} C.E, llubbard

Panioun masimm Jacq.
Paspalum orbiculare Forst.
fottboellia exaltata L.
Setarta spp.

FPenntgetum spp.

Cynodon dactylon (L.) Pegs.

Spigelia anthelmia L.

Hibiaeus spp,
Sida spp.
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TABLE 1 (conttd)

NYCTAGINACEAE
FAPILIONACEAE

PORTULACACEAE

RUBIACEAE

SOLANACEAE

TILIACEAE

VERBENACEAE
URTICACEAE

Boerhavia diffusa L.

Desmodium spp,
Indigofera spp.

Portulaca oleracea L.
P.quadrifida L.
Talirum spp.

fBorrerta spp.
Oldentandia spp.

Physalte spp.
Solamum nigrum L.

Corchorua spp,
Triumfetta cordifolia A. Rich.

Stachytarpheta spp.
Fleurya spp.

Common weeds of 4frican lowland rtce ecosyatems

AMARANTHACEAE
COMMELINACEAE
CYPERACEAE

i
GRAMINEAE

ONAGRACEAE
PONTEDERIACEAE
POLYGONACEAE
RUBIACEAE
SALVINIACEAE
SPHENOCLEACEAE

Alternanthera spp.
Commelina spp,

Cyperus difformis L,
C.digtans L.f.

C. haspan L.

C. sphacelatus Rottb.
Fimbrystylis spp.
Kyillinga spp.
Mariscus spp,
Pyereus spp.

Brachiaria spp.

Cynodon dactylon (L.) Pegs,
Echinochloa colonum (L.) Link
E.erus-pavonis Schult.
E.pyramidalie (Lam.) Hitch £ Chase
Techaemum rugosum Salish.
Leptochloa ecaerulescens Steud.
Oryza breviligulata A. Chev. § Roehr
0. longistaminata A. Chev. § Roehr
O.punctata Ketschy ex Steud.
Paspalum spp.

Sacciolepsie spp.

Ludwigia spp.

Heteranthera callifolia Rchb. ex Kunth
Polygomum spp,

Pentodon pentandrus (Schum, § Thonn) Vatke
Salvinia spp.

Spenoclea zeylanica Gaert,
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areas.

In dryland rice, heavy infestations of Rottboellia
exaltata L. have been known to cause total crop loss. A
yield reduction of 47% has been reported for Cyperus
rotundua L. and this weed, in association with other weeds,
caused a yield reduction of 82% in dryland rice (Moody,
1573b}. In direct-seeded lowland rice, yield reduction due
to uncontrolled weed growth can be as high as 70 percent
(IITA, 1974). 1In transplanted lowland rice, weeds consti-
tute a serious problem where there is an intermittent
supply of water; they are especially severe 20-40 dayg
afrer transplanting when competition is greatest for light
and nurrients (Vega and Punzalan, 1968).

TABLE 2

Average yteld reduction due to uncontrolled weed growth

% Yield
Rice Culture reduction Source
Dryland
The Gambia 100 (WARDA, 1976)
Ghana 84 (Aryeetey, 1970)
Liberia 39- 87 (Carpenter, 1973; WARDA, 1976)
Rigeria 80-100 (Fagade, 1976; Williams, 1975)
Senegal 48 (WARDA, 1976)
Upper Volta 62 {(WARDA, 1976)
Lowland
(Transplanted)
Liberia 44- 51 (Carpenter, 1973; WARDA, 1976)
Nigeria 33- 75 (IITA, 1974; Williams, 1975)
Senegal 28 (WARDA, 1976)
{Direct seeded)
Ghana 28 {Aryeetey, 1970}
Nigeria 46- B4 -~ - (Fagade, 1976; IITA, 1976;

Williams, 1975)

Control Methods

Increased yields from use of improved rice varieties
cannot generally be realized by farmers until weed control
pracrices are improved. There are several methods of re-
ducing weed-related yield losses.

Culrural practices

For irrigated rice, proper land levelling is necessary
to ensure a uniform water depth, permitting good growth of
rice seedlings. Most aquatic weeds grow best in shallow
water (less than 5 cm deep) and are most troublesome 1in
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improperly levelled rice paddies (Smith, 1970). Water
depth of at least 10 cm when rice is at the seedling stage
helps to contreol many annual weeds. While the application
of nitrogen or phosphate fertilizer directly to rice stim-
ulates growth of many rice weeds, weed competition may be
less severe in fertilized than unfertilized fields
(Williams, 1975). ,

Closer spacing, especially in’hydromorphic rice, is an
important method of increasing the crop's ability to
compete with weeds. '

Early seedling establishment of direct-seeded dryland
and hydromorphic rice is affected by the weed population.
No-tillage techniques using paraquat, dalapon or gly-
phosate can be used to reduce tillage operations in both
direct-seeded and transplanted rice cultures (Mittra, 1968;
Moomaw et al., 1968). Glyphosate, although costly, has the
advantage of being able to control a wider spectrum of
weeds than the other preplant herbicides (IITA, 1976).

Hand~weeding

Hand-weeding is common in Africa and although effective,
it is tedious and best adapted to small holdings (Aryeetey,
1970). Two weedings are usual for dryland and three for
hydromorphic areus. Weeds are allowed to grow until they
are tall enough to be pulled out easily. The hoe is a
faster and more efficient method, but requires line sowing
(Curfs, 1974). The use of improved mechanical methods,
like the push type rotary weeder and motorized rotary
weeders (Athwal, 1972), is essentially not practised in
Africa.

Crop rotation

Eacl? crop has its characteristic weeds, and growing the
same crop continuously on the same land tends to increase
such weeds. Rotation of lowland rice with an upland crop
such as a legume, resulted in reduced infestation of water
tolerant weeds in the rice crop in the Philippines and USA
{(Jereza and De Datta, 1976; Smith, 1967, 1969).

Chamical weed control

Chemical weed control is slowly gaining ground in rice
culture in Africa. Herbicides offer the most practical,
effective, and, in many situations, the most economical
means of reducing crop losses and production costs. In
areas where rice is broadcast, chemical weed control is
the only alternative to hand or hoe weeding., It should be
stressed that herbicides cannot substitute for good land
preparation. Use of the right herbicide, applied.at the
right rate and time, with properly calibrated spray equip-
ment and with the correct nozzles is essential for optimal
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control. Commonly available herbicides used for weed
control in ricé include the phenoxyacetic acids, fluor-
odifen, propanil, molinate, bentazon, cyperquat, butachlor,
thiobencarb and formulated mixtures involving two or more
of these herbicides (Table 3).

Consideration for herbicide use by African rice farmers

Although herbicides when properly used give good control
of weeds in rice, their effectiveness depends partly on
environmental factors at the time of application. Several
herbicides like oxadiazon, molinate and butachlor have
proved effective in Asia and cool climates, but have not
been as effective in tropical Africa. Modifications in
herbicide formulation are needed to reduce wash-off by )
rain soon after spraying. The use of granular formulations
reduces the need for spraying. A need for wide-spectrum
herbicides exists for dryland rice mixed-cropping systems.
However, the herbicides recommended must be tolerated by
species in the mixed cropping system.

TABLE 3

Common and chamiocal names of herbicides mentioned in this paper

Couaon name Chemical name

bentazon 3-isopropyl-l H-2,1,3-benzothiadiazon-(4)
3 H-one 2, 2-dioxide

butachlor N- (butoxymethyl)-2-Chloro-21,61-diethyl-
acetanilide

Cyperquat 1-methyl-4-phenylpyridinium

dalapon 2, 2-dichloropropionic acid

fluorodifen p-nitrophenyl §,§,§-trifluoro-2-nitro-p-tolyl
ether

glyphosate N~ (phosphonomethyl)glycine

molinate S-ethyl hexahydro-1 H-azepine-l-carbothiocate

paraquat 1,1'-dimenthyl-4,4'-bipyridinium ion

propanil 3! ,4'-dichloropropionanilide

thiobencarb §-(4-Chlorcbenal )-N~N-diethylthiol carbamate

Hormone herbicides:

2,4-D (2,4-dichlorophenoxy)acetic acid )
2,4,5-T (2,4,5-trichlorophenoxy)acetic acid
MCPA { {4-chlorv-o-tolyl)oxy)aceric acid
silvex 2-{2,4,5-trichlorophenoxy)propionic acid
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Benefits of Weed Control
Inerease in gratn yteld

Improved weed control can help increase grain yield.
Rice yield in Swazilund was reported to have doubled
following introduction of herbicides (Armstrong, 1968),
Although better weed control may not be solely responsible
for increased crop yield, it can contribute to better
utilization of production inputs. Improved weed control
facilitates the ease of harvesting, reduces harvesting
cost, improves quality, and reduces the incidence of insect
problems (Smith and Shaw, 1966).

Reduetion in labour

A powered rotary weeder decreases the labour requirement
for weeding in rice from 500 man hour/ha for hand-weeding
to 35 man hours/ha (Curfs, 1974). In the irrigated rice
zones, transplanted rice has an advantage over direct-
seeded rice in that the larger transplanted rice seedlings
compete better with weeds (Allnut, 1642). Also, the
spacing in tvansplanted rice facilitates inter-row tillage.
When weeds are properly controlled, direct-seeded iowland
rice yields as well as transplanted rice (De Datta et ai.,
1968). It therefore follows that direct seeding combined
with good chemical weed control should eliminate the labour
required to establish the nursery, to transplant, and to
weed the transplanted rice.

Improved variety performance

New rice varieties for irrigated systems are usually
characyerized by early maturity, high yield potential,
lodging resistance, and upright leaves (Smith, 1970).
These types have greater nitrogen response than the taller,
leafier traditional cultivars. The characteristics of
these new varieties, such as greater light penetration
into canopy and nitrogen response, favour weed growth,
hence their dependence on effective weed contrel (De Datta
et al., 1968). The tall, leafier, older varieties, such
45 03 6 and LAC 23 compete better with weeds, hence their
popularity with African farmers whose weed control efforts
are low,

Conclusion

One of the constraints to higher yield of African rice
is excessive weed growth. Both annual and perennial weeds
are common. Although the farmer may attempt to control
the weeds, his timing is often wrong. This is.partly
because of the farmers' ignorance of when best to weed his
crop, and partly because of other labour demands during
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the appropriate weeding time.

Limited research in a number of rice growing areas in
Africa has demonstrated that grain yield can be doubled by
improving weed control. This is particularly true in low-
land rice cultures, where poor water control, increased
use of fertilizer, and improved dwarf varieties stimulate
weed growth. Weed control in Africa is presently handi-
capped by limited knowledge of the biology and importance
of the different weeds in the various rice ecosystems.

It is necessary to improve the weed control practices
of African farmers in order for them to benefit from
other production inputs, such as improved varieties, use
of fertilizer, and improved land preparation techniques.
Weed control is vital to rice production, and it should be
enhanced with minimum drudgery and maximum benefits for
the African rice farmer.

References

Allnut, R.B. (1942). Rice growing in dry areas. Faet African Agri-
culwural and Forestry Journal 8, 103-108.

Arai, M. (1967). Competition between rtice plants and weeds. Proceed-
ings of Asian-Pacific Weed Contrel Interchange 1, 37-41.

armstrong, K.B. (1968). Weed control on a Swaziland rice and sugar
cane estate. Proceedings 9th British Weed Contrcl Conference,
pp.687-692. -

Aryeetey, A.N. (1970). Rice research in Ghana including weed control.
Proceedings Ghana Agricultural Conference on Rice Production,

py.37-40. _ )
Athwal, DL.S. (1972). IRRIL's current research programme. JIn "Hice,
Science and Man". International Rice Research Institute, Los

Banos, Philippines, 163p.

Brown, F. (1969). Upland rice in Latin America. International Rice
Commisaton Newsletter 18, 1-5.

Carpenter, A.J. {1973). Crop losses affecting rice in Liberia. Paper
presented at Sierra Leone Rice Workshop, 6-8 April, 1873. Njala
University College, Freetown, Sierra Leocne.

Cates, A.H. (1969). Weed control In dryland dnd irrigated rice in the
tropics. Proceedings Asian-Pacific Weed Science Society 2, 84-90.

Chabrolin, R. (1969). Research on rice growing in French-speaking
tropical Africa and Madagascar. L'Agronomie Iropicale 24, 39-50.

Curfs, H.P.E. (1974). Soil preparation and weed control for upland
and irrigated Tice growing. Report on the Expert Consultation
Meering on the Mechanization of Rice Production", pp.79-86. Inter-
national Institure of Tropical Agriculture, Ibadan, Nigeria,

Dadey, C.A. {1973). Plant protection for the rice crop. WARDA
Seminar on Plant Protection for the Rice Crop, 21-29 May, 1973,
West African Rice Development Association, Monrovia, Liberia.

Ue Datta, S.K., Tauro, A.C. and Balaocing, S.N. (1968). Effect of
plant type and nitrogen level on the growth characteristics and
grain yield of indica rtice in the tropics. Agronomy Journal 60,
643-647.

De Darta, S.K., Bernaser, P.C. and Lacsina, R.0. (1973). Weed control

WEEDS IN AFRICAN RICE 191

in flooded and upland rice in the tropics. WARDA Seminar on Plant
Protection for the Rice Crop, 21-29 May, 1973. West African Rice
Development Association, Monreovia, Liberia,

Dogget, H. (1965). A history of the work of the Mwabagole rice state,
Lake Province, Tanzania., FEast African Agricultural and Forestry
Journal 31, 16-20.

Fagade, 5.0. (1976)}. Mechanical and chemical weed control in upland
rice weed culture. International Rice Commission Newsletter 25,
44-45.

Holm, L. (1964}. Weed problems of developing countries. Weed Sctencs
17, 113-118,

Holm, L. and Herberger, J. {1969). The world's worst weeds, Proceed-
ings Asian-Pacific Weed Contrel Interchange 2, 1-14.

IITA, (1974). Annual Report for 1973. International Institute of
Tropical Agriculture, Ibadan, Nigeria.

I1Ta, (1976). Research Highlights. International lnstitute of
Tropical Agriculture, Ibadan, Nigeria.

IRRY, (1975). "Major Research in Upland Rice'". International Rice
Research Institute, Los Banos, Philippines, 25Sp.

Jereza, M,C. and De Datta, 5.K. (1976). Use of cropping systems and
land and water management for shifting weed species. Paper
presented at Annual Conference of the Crop Science Society, Durao
City, Philippines, 10-12 May, 1976, 7p.

Kim, D.S. (1969). An intreduction to weed contrel in rice in Korea.
Proceedings Asian-Pacific Weed Control Interchange 2, 34-42,

Martin, P. and Guegan, R. {(1973). The HFoblem of wild rice in Mali:
Approach to the possible control measures, and results obtained by
IRAT during three annual trials. WARDA Seminar on Plant Protection
for the Rice Crop, 21-29 May, 1973. West African Rice Development
Association, Monrovia, Liberia.

Matsunaka, S. {(1975). Weed control and herbicides in rice culture.
In "Rice in Asia" (The Association of Japanese Agricultural Scien-
tific Societies, eds.), pp.438-457. University of Tokyo Press.

Merlier, H. (1973a). Weed control for upland rice. WARDA Seminar on
Plant Protection for the Rice Crop, 21-29 May, 1973. West African
Rice Development Association, Monrovia, Liberia.

Merlier, H. (1973b). Weed control for irrigated rice. WARDA Seminar
on Plant Protection for the Rice Crop, 21-29 May, 1973. West
African Rice Development Association, Monrovia, Liberia.

Mittra, M.K, (1968). Up-to date progress of minimum cultivation in
rice in Ceylon. Unpublished Progress Report, 17p.

Moody, K. (1973a}. Weeds and shifting cultivation. Paper presented
at the FAO/SIDA Regional Seminar on shifting cultivation in Africa,
2-21 July, 1973, University of Ibadan, Ibadan, Nigeria.

Moody, K. (1973b). Weed control in upland rice. Proceedings Weed
Science Society Nigeria, 9-I4 July, 1973, Samaru, Nigeria,

Moody, K. (1974). Weed control systems for upland rice production.
Report on the Expert Consultation Meeting on the Mechanization of
Rice Production, pp.71-78. International Institute of Tropical
Agriculture, Ibadan, Nigeria.

Moomaw, J.C., De Datta, S.K., Seaman, D.E. and Yogaatnan, P, (1968).
New directions in weed control research for tropical rice,
Proceedings 9th British Weed Control Conference, pp.675-681.




192 1.0. AKOBUNDU and 5.0. FAGADE

Parry, G. {1974). Rice production in Ghana. Paper presented at WARDA
project manager's meeting, February 1974, West African Rice Devel-
opment Association, Monrovia, Liberia.

Smith, R.J. Jr. {1967). Weed control in rice in the United States.
Proceedings Asian-Pacific Weed Control lnterchange 1, 67-73.

Smith, R.J. Jr. (1969). Herbicide management in rice and soybean
rotation. Abstracts Weed Seience Society of America 21.

Smith, R.J. Jr. (1970). Weed control methods, losses and cost due to
weeds, and benefits of weed control in rice. 1st FAOD International
Conference on Weed Control, June 22-july 1, 1970. University of
California, Davis.

Smith, K.J. Jr. and Shaw, W.C. (1966). Weeds and their control in
rice production. United States Department of Agriculture Handbook
292, 64p.

USDA/USALD, (1968). Rice in West Africa.
of Agriculture, Washington, D.C., 196p.

Valian, A. (1967). Chemical control of annual weeds in rice.
Crops 19, 38-44.

Vega, M.R. and Punzalan, F.L. (1968). Weed control in lowland rice at
the College of Agriculture, University of the Philippines,
Proceedings 9th British Weed Control Conference, pp.682-686.

KAKUA, (1975). Large scale mechanized rice production in Northern
Ghana. Case study No. 3. West African Rice Development Associa-
tion, Monrovia, Liberia, 94p.

kARDA, {1976). Annual Research Report, Vol. 2, West African Rice
Development Association, Monrovia, Liberia.

milliams, S.A. (1975). Nitrogen responsiveness of two lowland rice
varieties under five management practices. Federal Department
Agricultural Research, Nigeria, Mimeo No. 112, 9p.

United States Department

World

o

WEED PROBLEMS IN PLUVIAL RICE CULTIVATION IN
IVORY COAST

H. MERLIER

Institut de Recherches d'Agronomiques Tropicales,
B.P. 635, Bouaké, Ivory Coast

Introduction

Herbicide trials on pluvial rice in Ivory Coast were
commenced by IRAT in 1968. However, the yields in herbi-
cide treatments of these trials, when compared with the
corresponding checks with weed infestation were sometimes
variable and contradictory. Tropical weed growth in West
Africa is characterized by strong emergence, often more
than 10,000 seedlings per square metre, and by rapid devel-
opment; some weeds completing their growth cycle within
one month.

1t is usually considered that weeding in cereals should
be done as early as possible. However, in 1973, a weeding
done 15 days late resulted in the best yields, although
the rice at that time had been covered with weeds.

Trials were established in 1974-75 to study the behav-
iour of rice under different durations of weed infestation
and to study the effects of Digitaria horizontalis, a
common weed of pluvial rice fields.

Materials and Methods

The trials were conducted at Bouaké on deep-ploughed
soil (25 cm) which had been fertilized with (kg/ha) 40N,
BOP,05; 80K30. The seedbed was later disc-harrowed.
Planting was done mechanically in lines 25 cm apart, using
60 kg seed/ha of rice variety Iguape Cateto. Supplemen-
tary nitrogen (20 kg/ha N) was supplied 30 days after
planting and again at booting stage.

Treatment plots were 1.25 m x 14 m and were separated
by 1.25 m alley-ways. The treatments were replicated six
times. After planting on clean soil, the plots were left
to natural weed infestation. The first weeding was
followed by complete clearing at increasingly later stages.
The control plot was not weeded throughout the 130 day
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Cycle. Observations on the weed flora and weight were
made at the first weeding. Paddy yield was estimated on
the four centre rows for a 12 m length of the plots.

Results
The weed species whose dry weights were greater than 1%

of the total weight of weeds at the end of weed infesta-
tion period are listed in Table 1. The percentage of each

TABLE ]

Percent and toral weight of weed dry matter
after various infestation periods

Year 1974 1975

Duration of weed infestation in days
3o 60 40 60 B8O 100 130

Major weed species Dry weight of weeds as % of total weed

weight

Eleusine tndicq 66 50 q 4 2 2 -
Digitaria horiacntalis 10 20 8§ 10 12 15 -
Arachiawia lara 5 12 16 18 6 6 -
Dactyloctentum aegyptium 3 5 - - - - -
Total for Gramingeeae B4% 87%  30% 34% 21%  24% -
¥yllinga squumelaty 1 1 -
Celoaia argentea 2 4 1 3 4 6 -
Commalina benghalenstis 2 2 29 32 43 37 -
Triantham porulacastrum - - 11 13 10 15 -
Tridar procumbens 1 1 9 6 5 5 -
Amarantiue viridis 5 1 1 2 -
Boerhgvia diffusa 4 - - -
Sida wurems 1 1 3 3 -
Ipomea ericcarpa ~ 2 4 -
Total of miscellaneous

weeds 16% 13% 70% 66% 79% 76% -
Total wt (r/ha) 2 7 1 1.4 3.8 4.8 11

The control plot was not weighed in 1974 because of
severe lodging. 1In 1975, the total weight of the control
was obtained, but not the weights of individual weed
species. The late weighings gave only an estimate of the
total weed growth, as they did not include those weeds
which had already completed their cycle.

The difference in composition of the weed flora in the

TABLE 2

Lots

% at 10 day witervals, total ratnfall (mn) and paddy yield in clemred control P

Rainfa

Rainfall in 10 day intervals

Total
10 11 12 13 (mm}

(rm)

9

5

4

1

Yield
(t/ha)

Year

523

8

10 7 10 68 165 18 41 44 144

19
27

2.10
4.90
0.80

1973
1974
1975

19 95 86 44 a0 16 3d 550
188 02 40 29 54 758 42 477

69
2

35 35 S
42 218 62

378

The total rainfall in 1975 was between

gation was added, between 15-20 mm.

a) Rainfall to which one irri

552-577 mm,
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tWwo years is due to differences in soil type, the 1974
trial being on soil which was more acidic and gravelly than
the 1975 trial soil.

Kainfall during the 1973-1975 Erowing scasons is shown
in Table 2. The 10-day intervals commenced at the date of
sowing. In the second half of the cycle the decadal evapo-
transpiration was 40 mm. The rice showed visible signs of
5tress when the decadal rainfall was less than 30 mm.

The paddy yield of variety lguape Cateto and the dry
weight of weeds after various periods of infestation are i
shown in Figure 1. The yields in the 1974 control plot
were close to the maximum possible for Iguape Cateto under
good conditions., The effects of the duration of weed
infestation on yield components (panicle weight and number
vf panicles per sqm) are shown in Figure 2. These results
were obtained by counting and weighing a control row 12 m
long.

The damage caused by Digitaria horizontalie relative to
plant density is shown in Figure 3. Various densities of i
Digiraria horizontalis were obtained by hand weeding. Two
treatments consisting of a pure stand of Digitaria hori-
zontalis (10,000 plants/m? at emergence) and a weedy check, !
produced no rice yield. These two treatments produced 7
and 15 t/ha dry matter respectively,

Yield (t/ha)
o

0 20 40 €0 85105
Duronon of weed infestation {gays)

Fig. 1. Yield of variety Iguape Cateto (I.C.) and dry weight of weeds
ufter different periods of infestation,

] B
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3.3]

2
- PqniC'les/m

43 49

34

g/ ponicie [overoge normel

19

5 40 60 80 100 120
Duration of weed infestateon (days}

Fig. 2. Influence of the duration of weed infestation on panicle
weight (average, normal) and no. panicles/m (average, normal)

Discussion

Fertilization of trials was planned in such a way as
not to limit crop yield. However, it was thought that
fertilization may have increased weed damage, There were
important annual differences in both the composition of
the weed flora and the total weight of weeds., Weed damage
was insignificant during the first month, although the
Predominance of Eleus<ine indiea in the 1974 season gave
cause for alarm.

The increasing duration of weed Stress caused moderate
and increasing vield reduction (Figure 1}. 1In 1975, how-
ever, Digitaria horizontalis at S plants/m2 caused 404
harvest loss (Figure 3), which was as great a reduction as
was caused by total natural weed infestation in 1574. In
all cases, the weed damage could be related to the rain-
fall and the density of the rice crop.

Recent work on drought resistance has shown that rice
is most susceptible to drought in the period following
panicle initiation (Reyniers, 1975). For Iguape Cateto,
this occurred at 70-73 days after planting. There was a
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positive correlation between yield and rainfall during the
critical period (80-90 days), although the total rainfall
in the three years was almost the same (Table 2). Rain-
fall during this period was more important for final yield
than that at the beginning or end of the cycle. This was
Clearly illustrated in the rainfall and yield patterns for
1973 and 1975,

Dense planting of rice itself can limit yields, as was
shown by experiments in which rice was thinned to half
density of the control 15 days after pPlanting. The
thinned plots yielded 1.8 t/ha, which was double the un-
thinned control. The control treatments were planted at
the same density as those used for weed infestation
studies (Merlier, unpublished data).

The effects of weeds on rice yields depended largely on
the rainfall during the critical period. If water require-
ments of the rice were satisfied, weeds were not damaging
during the first month of the cycle, irrespective of
whether other conditions were optimal for the rice or not.
Weed damage only became noticeable when infestation per-~
sisted for at least two months. If the water needs of rice
during panicle initiation were not supplied, weed competi-
tion at this time would increase water shortage and reduce
productive tillers of the rice plant. Permanent weed

© Average yield

1/ha

1 Extreme values of six replicales

0 5 6 40
No. plants Digrtaria /m2

Fig. 3. Specific damage caused by Digitaria horizontalis as a runction
of the no. plants/m2,
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infestation caused total yield loss, especially if
Digitaria sp. was present.

In conclusion, these trials on weed damage on pluvial
rice have shown the importance of plant density to yield.
This density, which is used in large-scale cultivation, was
originally chosen to guard against stresses at the beginn-
ing of cultivation. The bplant density chosen also in-
creased the crop's ability to compete with weeds especially
as only hand-weeding was possible and labour was in short
supply. Weeding is essential, especially for mechanical
harvesting, and some suitable chemicals have been identi-
fied.

Further work is in progress on the effects of weed in-
festation in less densely planted rice. Observations
during 1976 suggest that lower plant densities will reduce
the need for nitrogen fertilizer, which is an important
saving in African agriculture.
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WEED CONTROL AND SOIL AND CROP MANAGEMENT IN
RAINFED RICE AT IRRI AND OTHER LOCATIONS IN TROPICAL ASTA

S.K. DE DATTA

International Rice Research Institute, Los Banos, Philippines

Introduction

For the past four years IRRI has been developing technol-
ogy for rainfed upland, rainfed lowland and deep water
rice in cooperation with some national programmes in Asia.
Through IRRI's Genetic Evaluation and Utilization (GEU}
programme, progress has been made in recombining drought
tolerance, recovery ability from drought stress, a range
of maturities, higher yielding ability, tolerance to
adverse soils, tolerance to extreme temperatures, and
resistance to different pests, to meet specific needs of
diverse eco-edaphic environments under which rice is Zrown
in Asia. Many constraints that 1imit upland rice yields
in Asia probably also operate in Africa.

Upland Rice
Competition from weeds

Flooding has been recognized for many years by
researchers as an effective weed-control method, a method
unavailable under upland rice culture {Cralley and Adair,
1943; De Datta, 1976). More weeds grow under upland than
under lowland rice conditiaons and they may prevent any
grain yield in both systems (Vega, 1954; Vega et al.,
1967; De Datta, 1672). Potential rice yield losses in
upland rice in the Philippines were reported to range from
41 to 100 percent (Madrid et al., 1972). The perennial
weed purple nutsedge (Cyperus rotundus L.) caused increas-
ing reduction in rice grain yield with increased density.
Reduction in the light transmission ratic was preater at
higher nitrogen levels during three seasons (Okafor and De
Datta, 1876b). Jayasekere and Velmurugu (1964), from Sri
Lanka, reported that early competition reduced grain
yields by 50 percent.

In West Africa, once land-clearing had been accom-
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plished, weeds were considered the most important problem
(USDA/USAID, 1568). 1In the absence of efficient weed
control, other inputs such as high-yielding disease- and
insect-resistant varieties and fertilizers were considered
uscless (Ladey, 1973), Moody (1975) reported that present
weed-control wethods are unsuitable for continuous or
large-scale farming. In shifting-cultivation areas, once
weeds become oo great a problem, the land is abandoned to
forest; that is a cheap and effective means of weed
control. Moody further stated that highest priority
should be given to research that is aimed at finding chem-
icals that are economical and effecrive.

Suitable weed control practices including the use of
herbicides would Play an important role in increasing rice
production in present and potential upland areas.

Kinimizing veed infestation

Pande and Bhan {1964) considered that chemical weed
control was a remote possibility. Others have considered
that chemical and mechanical methods and other cultural
practices were the most feasible.

Recent IRRI studies indicate that chemical weed control
in upland rice is effective and economical (De Datta,
1574; De Datta ez al., 1974a), Hand-weeding often takes
from 350 to 600 man-hours per ha. Moreover, several hand-
weedings are necessary to remove weeds completely, so
chenical weed-control may be essential for successful up-
land rice cultivation anywhere in the world (De Datta,
1974).

On experiment stations and farmers' fields in the
Philippines, the following herbicides were effective as
pre-emergence sprays at the rate of 2 kg active ingredient
{a.i.)/ha: Butachlor, fluorodifen, benthiocarb, oxadiazon,
AC 92553 (a coded compound), dinitramine, and the combina-
tion herbicide piperophos plus dimethametryn (C-228) (De
Darta, 1976).

Although propanil alone or in combination was found
effective in controlling weeds in upland rice in India
{Mukhopadhyay ez al., 1571}, and in West Africa {Aryeetey,
1973}, results in the Philippines have been inconsistent
(e Datta, 1976). Experiments during the 1976 wet season
showed that propanil gave poor weed control at:IRRI but
fairly good weed control on farmers' fields in Batangas,
Philippines, indicating that pPropanil does not provide
consistent weed control under monsoon conditions. Other
herbicides in the sanme trials, such as AC 92553, butralin,
dinitramine, and RH 2915, gave yields statistically
similar to the 2.5 t/ha grain yield obtained with two
hand-weedings.

In a farmer's upland field experiment in Batangas prov-
ince, Philippines, the predominant weed species were
£ehinochloa colonum, (elosia argentia, C.benghalensis,
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Commelina diffusa, Ageratum conyzoi@es,_ﬂi@ens pilosa,
Cyperua tria, C.rotundus, and Eleusine ?ndzca
In another experiment where new herb1c1des.were tested
for the first time with rainfed rice.culture in the
Philippines, heavy weed-infestation included E,colonum,
C.iria, C.rotundus, Portulaca oleracea, Ipomea trilcha and
C.benghalensis. SL 55, NTN 6867, and EXP 3316 were prom-
ising, giving yields comparable to that of the hand-weeded
control (Table 1). EXP 3316 was moderately toxic to rice.
Where nutsedge (Cyperus rotundus) is a major problem,
mechanical cultivation during land preparation increases
the number of infestations by separating dormant tubers
and stimulating them to sprout. ¢C.rotundus germinates and
grows with the rice crop, complicating control (Okafor and
De Datta, 1976a). Various attempts to control €.roiundus
in upland rice have been reported (De Datta, 1974; De
Datta et al., 1974a). Recently, Okafor and De Datta (1976a)
reported that K-223 /N-(a-a-dimethylbenzyl)~N'-p'-tolyl
urea/ gave good control when broadcast sprayed at 8.0 kg
a.i./ha in the dry season and at 10 kg a.i./ha in the wet
season, immediately mixed into the soil just before drill-
ing. ]
gOther cultural practices, such as land preparation,
timely hand or mechanical weedings (Moody, 1975), use of
appropriate rice varieties, seeding rates, and fgrtlllzer
management complement or may substitute for chemical weed
control in upland rice (De Datta, 1976).

Management of N fertilizer

Most upland rices respond to nitrogen fertilization
with increased blast and lodging. There seems to be a
trade-off between plant-type requirement for drought tol-
erance and shading of weeds with semi-droopy leaves with
that of lodging resistance. Many varieties with intermed-
iate stature and high tillering ability will lodge under
heavy rain. On the other hand, such rices fare better
than short-strawed varieties under conditions of less
favourable moisture, and in weedy areas. Fortunately,
loss from lodging is less severe under upland copdltlons.

Regardless of varietal type, split dose§ of nitrogen
minimize lodging and maximize fertilizer-nitrogen effi-
ciency. Banding fertilizer close to the seed (10 cm deep}
greatly increases nitrogen efficiency in upland rice.

In the 1976 wet season at IRRI, an early-maturing inter-
mediate-statured variety (IR9575) and a medium-maturing
semidwarf (IR2035-117-3) responded Similarly to treatment-
combinations of sources, times and methods of N applica-
tion. Mean grain yield for the two varieties was highest
(3.7 t/ha) with ammonium sulfate at 60 or S0 kg N/ha
applied in three equal split doses at planting, 30 days
after emergence, and at panicle initiation. Sulfur-coated
urea (SCU) at 60 or 90 kg N/ha, applied at planting, in
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bands, broadcast or incorporated gave lower yield. Urea

or ammonium sulfate, which are relatively cheaper than Scu,
are equally good sources of N in upland rice if their app-
lication is timed properly.

The effact of mulcheng

Very few studies have been made of the effects of
mulching on moisture conservation in upland rice. Studies
at the International Institute of Tropical Agriculture,
Nigeria, showed that moisture retention was improved by
mulching (IITA, 1973). A surface mulch of 2 t/ha was
found to be more effective in increasing soil moisture
retention than the same organic matter 10 enm deep.

Rainfed Lowland Rice
Competition from weeds and weed control

In Asia, water accumulates in bunded fields as the rice
crop grows. The crop starts as an upland crop and finishes
as a lowland crop. In other situations, the Crop starts as
a lowland crop and finishes as an upland crop. With such
uncontrolled water conditions, weeds generally occur in
larger numbers and with greater diversity of species than
with puddled soil under good irrigation,

Bach year, IRRI screens herbicides under rainfed bunded
conditions to identify safe and effective herbicides for
transplanted and direct-seeded rice, During the 1976 wet
season, several new herbicides looked promising for trans-
planted rainfed rice. Of the herbicides tested for the
first time, NTN 5810/2,4-D, EXP 3316, and prodotto D75,
applied 4 days after transplanting and before weed emey-
gence, gave yields similar to those of a hand-weeded
control (Table 2). Prodotto and X-150 also adequately
controlled weeds at the 3- to 4-leaf stage. Because there
was no standing water in the plots for 20 days after trans-
planting, granular 2,4-D failed to control the weeds, The
important weed species in the test plots were the annuals
E.crus-gullz, L. erug-pavonis, Leptochioca chinensis,
Fimbryastylis littoralia, C.difformeis, C.iria, and the
perennials P.diatiehum and S.maritimus. Infestation of
the broadleaved M.vaginalis and S.zeylanica was low.

Most new herbicides adequately controlled the predom-
inant weeds E.oeruo~galld, E.crug-pavonis, M.vaginalis and
C.difformis in a direct-seeded rice EXperiment. Herbicides
X-52/2,4-D, MT-101 and NTN 5810/2,4-D gave high yields
compared with the standard controls (Table 3). Prodotto
D75, which performed well in transplanted rice, showed
promise for application at late Post-emergence of weeds ip
direct-seeded rice. The plots were almost continuously
flooded by heavy rains and most of the herbicides were
toxic to 7-day-old rice seedlings.
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Fercilizer N efficiency

Seldom is more than 30 to 40 percent of applied N re-
covered in farm rice crops (De Datta, 1974b). The low
efficiency of fertilizer nitrogen is more serious with
rainfed lowland rice than with irrigated lowland rice,
Therefore, the challenges for soil scientists and agronom-
ists lie in bettver understanding of the fate of fertilizer
nitrogen in rainfed lowland rice and in developing
improved practices to achieve the maximum rice yields
possible with low rates of nitrogen.

Among the basic issues we looked at were the effects of
changes in flood water pH on ammonia-volatalization losses
from flooded soils. Application of nitrogen in flood water
caused an increase in pH (up to 9) and a decrease in the
€Oz concentration (O ppm), thereby causing an increase in
ammonia-volatalization. Deep placement of nitrogen, or
broadcast and thoroughly incorporated, greatly minimized
the losses of volatile ammonia from flooded N-fertilized
rice fields (IRRI, 1977).

During the 1576 wet season, a nitrogen-efficiency trial
was conducted under rainfed conditions using the intermed-
iate-maturing variety IR26 and an early-maturing variety
1IR36. In general, grain yields were similar with different
application metheds. However, 28 kg N/ha band-placement,
using a urea solution, gave significantly higher grain
yield (average of 2 varieties) than split applicution and
supergranule placement at the same rate of application
{(Table 4).

Effects of dry scil mulehing on moisture conservation

A field experiment was conducted at the IRRI farm during
the 1976 dry and wet seasons to test if soil mulching con-
serves s5o0il moisture; determine whether soil moisture was
conserved because of weed control or the generation of a
dry so0il mulch; determine if soil nitrogen was also con-
served; and to compare the time that might be saved by the
early sowing of a dry-seeded rice crop into dry seil mulch
over using a transplanted crop following traditional low-
land tillage at the beginning of the wet season.

1In plots where land preparation was completed at the end
of the previous wet season, a dry soil mulch existed from
February to the first week of May. The soil-moisture
tension under this mulch did not exceed 0.3 bars, even
though the water table was below one meter during the whole
period. In contrast, Ssoil-moisture tension in weedy,
fallowed plots rose Tto 5 bars and in the weed-free sites to
3 bars. This suggests that by having the site weed-free
during the dry season, some moisture is conserved, but not
as much as by dry soil mulching; also land-preparation,
time and number of tillage operations were halved, and 10
days of growing time were saved. However, the study was
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conducted on a deeply cracking clay soil (vertisol with
montmorillonite). With a soil type that does not crack,
results may be different.

TABLE 4

Effects of different methods of nitrogen application on the
grain yield of IR26 and IR36 rices. IRRI, 1976 wet season (rainfed)

Grain yieldd (t/ha)

Method of nitrogen application IR26 IR35 Mean
No nitrogen 2.9 1.9 2.4 G
28 kg N/ha
Split application, ureab 4.6 3.4 4.0 EF
Band placement (urea solution) 4.8 4.5 4.7 BCD
Mudball placement 4.9 4.1 4.5 CDE
Super granule placement 4.3 3.6 3.9 F
Sulfur-coated urea, broadcast
and incorporated 4.9 3.0 4.3  DEF
56 kg N/ha
Split application, ureab 5.3 4,6 5.0 BC
Band placement (urea solution) 5.2 4.9 5.0 B
Mudball placement 4.3 5.3 4.9 BC
Super granule placenent 5.0 4.9 5.0 B
Sulfur-coated urea, broadcast
and incorporated 5.2 5.0 5.2 B
80 kg N/ha
Split application, ureal 5.9 5.3 5.6 A

a) In the colwm, means followed by a common letter are not signif-
icantly different at the 5% level, b) 2/3 basal + 1/3 5 to 7 days
before panicle initiationm.

When the tillage was delayed until June for traditional
lowland preparation of puddling, the soil moisture tension
values at the end of the dry season rose to 4 bars at
depths of both 15 and 30 cn. Further, with transplanted-
Crop cultivation, at least three weeks of growing time were
lost. Yields were similar with the three systems of land
preparation (Table S5). The yield from the transplanted
rice crop was very low due to poor estublishment and subse-
guent weed competition,

It is apparent that in areas with a distinct dry season,
the generation and maintenance of a dry soil mulch would be
useful for securing early establishment of the dry-seeded
rice crop (Bolton and De Datta, 1976).
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TABLE §

Effect of methods of land preparation and crop establiglment
on fertilizer response of IR36. IRRI, 13976 wet season

Grain yield3 .
Land prepararion and crop Fertilizer rate (kg/ha N) Tillage
€stablishwent wethod 20 40 60 80 mean

3 Rotovations (Feb.)

+ 1 harrowing (Apr.);

dry seeded: 20th Apr.

(dry soil milch) 3.0 3.3 3.7

3 Rotovations + 1

harrowing (Apr.}; dry

seeded: Yth May

(weedy fallow) 3.3 3.6 3.7 4.1 3.7 A

1 Rotovation + |
harrowing (Apr.); dry
seeded: 30th Apr.

4,2 3.5 A

(weed-free fallow) 3.4 3.9 4,2 4.5 4.0 A
2 Ploughings + 2

harrowings (June);

Iransplanted: 1st July

{transplanted control) 1.1 1.2 1.5 1.4 1.3 8
Fertalizer rate scan 2.70 3.0L 3.3 B 3.5 aA

8) Average of three replicates. Any two means in a row or column ‘
followed by the same letter are not significantly different at the 5%
level.
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THE RESEARCH PROGRAMME OF THE WEST AFRICAN
RICE DEVELOPMENT ASSOCIATION (WARDA)

H, WILL

West African Rice Development Asgoeiation, Monrovia, Liberia

Introduction

The West African Rice Development Association (WARDA) was

' established in 1972 to assist the 13 member countries
(Peoples' Republic of Benin, The Gambia, Ghana, Ivory Coast,
Liberia, Mauritania, Mali, Niger, Nigeria, Senegal, Sierra
Leone, Togo and Upper Volta) to attain self-sufficiency in
rice. WARDA is headquartered in Monrovia, Liberia, and is
currently funded by the United States Agency for Inter-
national Development (USAID), the Consultative Group on
International Agricultural Research (CGIAR) and France,
Switzerland, Belgium, Saudi Arabia, Japan and member
African countries. This paper outlines the WARDA research
programme and the results of coordinated trials,

In West Africa in 1975-76, a record production of
approximately 2.5 million tons of paddy was obtained by the
13 WARDA member countries, an increase of five percent
above the preceding year but reaching only 77 percent of

T that required in the region,

It is estimated that there are about 700,000 rice farm-
ers in West Africa, of a population of 120 million. The
current production of 2.3 millieon tons of paddy gives an
average yield of 1.4 t/ha from a total area of 1.6 million
hectares. Per capita consumption, presently 13.2 kg, 1is
increasing at an average of 4.2 percent per annum, versus
population growth of 2.9 percent, In 1974, the deficit
created was bridged by a total importation of 550,000 tons,
costing US$218 million. In view of the regional per capita
Gross Domestic Product of US$54 - $294, it is clear that no
effort should be spared in accelerating rice production in
the region.

Compared with most Asian countries, rice is a new crop
in West Africa, and population density, which to a large
extent dictates the intensive Tice production methods found
in Asia, is much lower in West Africa. The ecological
variability in West Africa makes the development of a uni-
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form system of rice production for the whole area difficult.
It would appear, both from the socio-economic viewpoint and
the low level of West African technology in rice production
that capital- and labour-intensive production methods prac-
tised in other parts of the world are not Yet appropriate,
Therefore an indigenous rice technology is needed for the
region.

Rice production in the region fluctuates from year to
year because the major part of the c¢rop is highly dependent
on rainfall. Irrigation water fluctuaztions and other
production stresses also affect production stability.

Ecological Background for Rice Cultivation

The environmental potential for rice growing in West
Africa is set primarily by the climate and the soils. The
soils themselves reflect the influence of climate. The
classification adopted for the various ways in which rice
is grown in West Africa is based largely on how water is
made available to the crop.

In designing coordinated trials, one should take into
account rainfall distribution pattern and evapo-transpira-
tion, solar radiation and temperature pattern, soil types
and types of culture, level of management, characteristics
of varieties utilized, and incidence of pests and diseases.

The WARDA region can be broadly divided into a) areas of
short summer rains (monomodal) as found mainly in the north
of the region, often associated with long periods of hot,
dry weather and a cold season with long sunshine hours;

b) areas of two rainy seasons (bimodal) separated by a
short dry spell and a longer dry season during the northern
winter; and c) coastal areas of heavy and long periods of
rainfall.

Sunshine, rainfall and temperature regimes in more
southerly (Rokupr} and northern {Richard-Toll) locations of
the West African rice growing region are illustrated in
Figure 1. These illustrate the great environmental differ-
ences and the potential differences in incidence of pests
and diseases and in yields. One of the major objectives of
the WARDA programme is to develop varieties that fit within
the prevailing ecological situation and to adopt production
methods suitable for the existing conditions.

WARDA Research

The aims of WARDA research and development are:

a) Improvement of rice quality;

b) Encouragement of production and use of varieties
suited to West Africa;

¢) Development, introduction and extension of production
methods adapted to the prevailing conditions;

d) Promotion and implementation of measures for effec-
tive phytosanitary controls;
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e) Encograging, coordinating, and undertaking basic and
applied research pProgrammes in the scientific
technlcel, economic and sociological fields; ’

f) Collecting, analysing and disseminating information
on methods, experience, and results obtained both
w1th1p and ocutside West Africa;

g) Organizing conferences, seminars and training facil-
1t1es,.secgr1ng of fellowships and establishing, or
assisting in the establishment of advisofy services
and training and extension facilities;

h} Providing appropriate regional rice research and

' development facilities;

i) Promoting any measures at the regional or the na-
tional level, as determined by the Governing Council
for the purpose of developing rice production and '
marketing in West Africa.

WARDA attempts to approach these aims by organizing co-
ordlnateq variety and crop protection trials at a network
of }ocat}ons; by developing special research projects on
varlety improvement, soil fertility and Crop protection, in
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collaboration with national programmes or international
institutes; and by conducting research training in seed
processing, plant protection and production.

fesearch ecoordination and support

Many research stations in the region are poorly staffed
iand equipped, and national boundaries and language problems
often limit free flow of information and experimental re-
sults. It is WARDA's task to overcome these problems and
make maximum use of existing manpower and facilities. Use
is made of the infrastructure available at national centres
such as Bouaké (Ivory Coast), Richard-Toll (Senegal), Mopti
{Mali) and Rokupr (Sierra Leone) and of international
organizations Iike IRAT and IITA.

WARDA conducts an annual research review meeting which
2ives scientists and delegates an opportunity to review
critically the overall programme. It has been proposed
that all research activities on rice in the member coun-
tries should be published annually after the meeting.
Seminars on specific topics are held during the year.

Coordinated trials are designed to obtain rapid and
reliable results on varietal performance and plant protec-
tion measures under various rice-growing conditions. The
first coordinated trials on varieties and fertilizers were
conducted in 1573 at 27 locations.

Initial evaluation tests enabling screening of a wide
range of lines are now conducted at fourteen locations re-
presenting different agro-climatic zones of West Africa
{(Table 1). Promising materials are advanced to the second
stage. The initial evaluation is now being conducted in
association with the International Rice Testing Programme
(IRTP) of IRRI.

Coordinated variety trials are classified according to
the needs of the region: Upland, irrigated, deep water/
mangrove and floating conditions. The trials are further
classified into short, medium and long duration trials.
From 77 to 90 such trials were conducted during the main
season of each year from 1974 to 1976. Average yields for
1975 main season variety trials were (kg/ha) 2200 for man-
grove, 2800 for rainfed, 4500 for deep flooded and 4600 for
irrigated. The better varieties for rainfed, short dura-
tion were I Kong Pao, SE302G and 1R442-2-58; for rainfed
medium duration, ROK 1 and ROK 2; for irrigated short
duration IR1529-677, IR630-27, IR20, I Kong Pao and CICA 4;
for irrigated medium duration IR1529-680-3, IR269-3-3-3,
IRS, Vijaya, Jaya and 1R442. The best variety for yield
and adaptability was IR1529-680-3. However, most varieties
had a narrow spectrum of adaptability.

Insecticides and herbicides are tested at 13 locations.
Furadan produced significant yield increases under irri-
gated conditions at several locations.

Recently, WARDA has decentralized its coordinated prog-
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ramme and divided the region into five sub-zones, in each
of which will! be posted a trial coordinator.

WARDA's efforts towards improving national research
programmes and their participation in_regional research
programmes presently takes the following forms: Training
of national research personnel; providing relevant equip-
ment for national research activities with particular
emphasis on the WARDA trial points; conducting trials on
farmers' fields; and assisting in developing plans for
national research programmes.

Spectal research projects

Plans are being developed for special research projects
ip variety improvement at Mopti (Mali) for deep water and
floating rice, at Rokupr (Sierra Leone) for mangrove swamp
rice, and at Richard-Toll/Fanaye in Senegal for irrigated
rice. Research on insect pests, diseases and weeds is
conducted in conjunction with varietal improvement at
these locations. Data and lines from these locations are
to feed into the coordinated testing programme

S5¢ed etorage

The WARDA seed storage and processing laboratories _
receive, treat and distribute rice seeds for WARDA variety
trials. "It has facilities for testing for purity, germina-
tion, insects and diseases and includes segd cleaners,
fumigators, drying and quality testing equipment.

Strict plant quarantine regulations in West Africa and
the limited facilities at the Regional Plant Quarantine
Station at Ibadan, Nigeria have hampered WARDA's programme
on variety improvement. To overcome this dlff%culty and
to ease the introduction of foreign rice materials into
the region, the plant quarantine facilities at Ibadan have
been expanded by WARDA to enable it to cope with the addi-
tional materials introduced. _

A nursery farm has been started at the Suakoko Experi-
mental 5tation in Liberia for first stage study of intro-
duced varieties and for preliminary variety tests and vari-
ety demonstration plots. Seed multiplication for coordi-
nated trials and maintenance of seced stocks for the germ-
plasm bank and seed laboratory are also fupctiops.of
WARDA's Suakoko nursery. In addition, it is utlllged for
training purposes for production specialists and field
assistants.

Training

Field assistant training is conducted mainly in support
of the coordinated trials. Additionally, there is train-
ing of senior research personnel for special research pro-
jects or for national research needs. A training centre
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has been established at ‘Johnsonville, lLiberia and training
is conducted in French and/or English, with interpretation.

Management practices

Problem soils in the region, such as halomorphic coastal
scils (Senegal, The Gambia and Nigeria) and those with iron
Oor aluminium toxicity problems (Liberia, Sierra Leone and
Ivory Coast)} need good management particularly with regard
Lo proper water control, and the use of resistant vari-
eties. Soils on which rainfed rice is produced are the
least productive mainly due to Poor nutrient status and
their vulnerability to drought conditions. This type of
cultivation is also vulnerable to pest and disease attack.
Coordinated fertilizer trials are attempting to solve some
of these problems.

Deep water or floating rice cultivation is character-
ized by uncertainties of flood waters as related to plant-
ing time, damage due to heavy floods and loss of grain
during harvest.

Management practices often reflect the historical
development of rice culture in the countries. In most
parts, rice cultivation is primitive and intensive Tice
Cultivation, either with irrigation projects or large-scale
land preparation by machines, is new.

Support to national research

There is no doubt that the WARDA regional coordinated
trials will only have lasting impact in the region if the
national research programmes are strong enough to support
the trials properly and absorb relevant results obtained.
Increased level of support to the coordinated trial sites
will help in some ways to raise research capabilities of
member states.

The assessment of the research needs of member states
and how to overcome those needs is an important area of
activity. A method for relaying research results from
regional research activities such as the coordinated trials
and special research projects to national rice production
activities, needs to be established.

As part of the future activities at the international
level, more cooperation with the international centres will
be expected in the collection of African rice germplasm;
in the conduct of IRRI-IRTP; in joint monitoring tours and
in the training of senior research staff for national prog-
Tammes .,
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RICE RESEARCIL IN SIERRA LEONE
R.A.D. JONES, I.C. MAIAPATRA and S.A. RAYMUNDQ

Rice Hesearch Station, Rekupr, Sierva Lecne

Introduction

The rice research station at Rokupr, Sierra Leone, was
established in 1934 and is the oldest rice research station
in West Africa. In 1953, it was expanded in order to deal
with rice research for all the British West Africa col-
onies. Since 1962, however, it has concentrated its
efforts on rice improvement in Sierra Leone.

As a result of adaptive research at various ecological
sites in Sierra Leone, nine varieties were released by the
Rice Research Station Letween 1971 and 1974. These are
BD 2 and CP 4 (Will, 1971) and ROK 1, through ROK 7 (Will
and Janakiram, 1975; Jones et al., 1976a).

Varietal Improvement
Rainfed upland cultivation

ROK 1, ROK 2 and ROK 3 yielded as much as Anethoda, the
former recommended variety (Table 1). However, the latter
Was susceptible to lodging and had red grains, in contrast
to the lodging-resistant, white grained ROK varieties.

These three varieties have shown yield stability within
Sierra Leone (Janakiram, 1975), although ROK 1 can be
damaged by pale yellow mottle virus (Raymundo et al., 1976¢).

The adaptability of ROK 1 and ROK 2 to the West African
repion has been reported recently by Das Gupta and Will
(1976). Diarra (1976) identified ROK 1 and ROK 2 as the
most promising varietices for upland cultivation under
conditions in Mali, both yielding approximately 2500 kg/ha.

Mangrove swamp

Varieties ROK 4 (3877 kg/ha) and ROK § (4179 kp/ha)
consistently out-yielded the standard variety, BD 2 (3758
kg/ha) and the local variety, Pa Bunch (2124 kg/ha) over
four years. BD 2 and ROK 4, however, are susceptible to
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lodging. In terms of adaptability to the West African
' yegion, BD 2 and ROK 5 have been ranked the best two vari-
" eties for mangrove swamp cultivation

Inland vallsay swamp

Better varieties for the inland swamps when fertilized
with NgsP,sK, were ROK 5 (4665 kg/ha) and RH 2 (4425 kg/ha),
and the Rokupr hybrids C13.H.3, CJ.5.2, AASA.

Pgrformance of varieties on farmers' fields

The value of a variety released by a research station 1is
finally judged by its performance on farmers' fields., A
series of farmers' field trials were conducted between
1973-1976. ROX 1, 2 and 3 on upland averaged from 1550 to
2160 kg/ha, which ranged from 35-50% above the local check.
Farm trial yields were less than experiment station yields
by approximately 15%.

Hybridization

In an effort to improve growth duration, grain yield,
blast and pale yellow mottle virus resistance, a series of
crosses was made in 1574. In terms of blast and pale
yellow mottle resistance, the following crosses were made:
Fossagbe x CP 4, 05 6 x ROK 1, Fossagbe x ROK 7, LAC 23 x
Mange 2, Moroberekan x Mange 2, Gbongay x Mange 2, Dorado
Precoce x Mange 2 and Juma 1 x Mange 2.

TABLE 1

Mean grain yield (kg/ha) and % respomse of some upland rice
varieties to fertilizer applieations at different locations
after four years cultivation in Sterra Leone

o Yield?d Mean
Variety Fertilized? Unfertilized response % response
ROK 1 23712 1424 948 66
ROK 2 2266 1441 g§25 57
HOK 3 2436 1549 854 55
TRAD (pabdy type) 1342 7od ol3 80
Anethod4 2371 loos 708 42
Gbengbeh (local) 1131 955 374 39

8) kg/ha; b) Fertilizer: Ng7PysKo

» Crop Protection

Yield of improved varieties is adversely affegted by the
vagarles of the weather, and disease or insect attack.
Since the weather cannot be controlled, intensified efforts
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have been made to control disease and pest attack.

Plant pathology

Results obtained over the past three years show that of &
1526 lines or varieties screened for leaf blast, 30% were
classed as resistant. Based on multi-locational disease
testing, the following conclusions have heen drawn:

a) ROK 7, a station bred variety, has good resistance to
leaf and neck blast; ROK 2 has good resistance to
neck blast. Among the promising varieties, Ebandiou-
laye, G.C.23, G.C.28 and U 4 have general resistance
to leaf blast; LAC 23, Fossagbe and Gbongay (a local
variety) have general resistance to neck blast.

b} All station-recommended and promising varieties have
intermediate to susceptible reactions to leaf scald.

c) Of 1180 introductions and collections, 161 were
selected as promising on the basis of disease reac-
tion, good plant type, desirable agronomic traits and
yield potential (Anon, 1977a).

d) A previously unrecognized rice virus disease was
described and named pale yellow mottle (Raymundo and
Buddenhagen, 1976; Raymundo et al., 1976); proof of
its beetle - and mechanical - transmissibility were
demonstrated; limited information on the properties
of the virus, which is probably identical to RYMV
described from Kenya, are now known (Anon, 1577a;
Raymundo et al., 1976).

e) A reliable method has been developed to screen for
resistance to pale yellow mottle. By this method, 21
varieties or lines have been rated resistant or
moderately resistant.

f) It has been confirmed that potassium deficiency is
involved in the brown spot-akiochi complex on upland
soils (Anon, 1977b).

g) A suspected virus disease, designated "crinkle", has
been observed and investigated. Its cause is not yet
determined (Anon, 1977a).

Entomology

Recent surveys indicate that Stenocoris spp., grass-
hoppers, 5i5ps<s spp. and I52rfs spp. are the most wildely
distributed rice pests; Cagetsenema Spp., Azzartd 3pp.
and EpZlaehna spp. are less common, Epilachna S$pp. Cauled
much damage at certain locations; this was also true for
the caseworm. The beetle, Chaetocnema spp., is a vector of
the newly described pale yellow mottle virus disease.

Preliminary findings indicate that Gantang and G.C. 14.3
appear to be more resistant to rice bug damage (Stenoecoris
spp.) than BP 24 and Nachin 11. CP 4, Faro 7, C.J.5.2,
G.C. 23, Colombia 2 and Jaya appear to be more resistant to
stem borer (Diopsts spp.) damage than Nachin 11, Par Com
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En, RH 2, Ratna and TOS 2405. [IR442 was found to be
particularly susceptible to the rice bug. ROK 6 was
obsgrved to be quite susceptible to caseworm. The local
variety, Flajueh, was found to be particularly susceptible
to the army worm. Juma I, ROK 7, CP 4 and Mange 2 were
found to be more resistant to Loeris spp. than H.T. Moro,
LAC 23, 0S 6 and Moroberekan.

Preliminary results indicate that groundnut oil is
superior to palm kernel o0il, palm o0il and coconut oil in
controlling rice storage pests. Furadan was effective in
controlling Diopsis spp. and borer damage.

Agronomy

Upland rice in Sierra Leone is grown on different types
of terrain, including sloping land. Under the latter
condition, erosion of seil is quite common. In 1976 an
experiment was conducted to determine the effects of soil
and‘water conservation measures on the yield of upland rice
variety ROK 1 grown on sloping terrain. The soil and water
conservation methods were bunding of plots, stumping and
deep tillage. The data in Table 2 show that these soil and
water conservation measures increased the yield of rice in
the order of 280%.
~ Inland swamp rice production is severely hampered by
iron toxicity. While recognizing the fact that a permanent
solution to this problem may rest on varieties resistant to
iron toxicity, interim measures must be found. 1In this
regard, a series of experiments was conducted at Kenema and
Magbolontor to observe the effects of soil amendments on
the yield of two susceptible varieties.

TABLE 2

Gratin yteld (kg/ha) of ROK 1 as influenced by soil and water
conservation measures adopted under upland conditions, 1978

Without soil § water
conservation methods
% increase

With soil § water
conservation methods
% increase

Treatments Yield over control Yield over control
NoPaKp 695 - 222 -
Nyo 945 36 269 21
NyoPzo 1316 89 401 81
Ny aPypKap 139% 101 525 136
Ngp 1310 89 586 164
NaoPy g 1563 125 518 133
NapPuoKup 1877 170 705 218

Liming improved yield (Table 3); the effect was more
pronounced during the wet season at Magbolontor in soil
where straw was removed; 1in contrast, the best yield
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response at Kenema was obtained with soils in which stray
was burned.

Fertilizer application at NggP,oK,o in the presence of
lime gave the best results at both sites. Of the three
types of straw treatments, straw ploughed gave the lowest
response in the presence of NggP,gK,g. Application of
balanced fertilizer (NPK) in the presence of lime would
improve rice yields from inland swamps during the wet
season.

In an accompanying pot experiment, the effect of various
water regimes and fertilizers on iron toxicity was invest-
igated. The results showed that waterlogging reduced yield
markedly, whether or not phosphorus was applied.

TABLE 3

Mecn response of rice to soil amendments (straw and liming)
and fertilizer treatmenta, under inland valley swamp conditions

Treatment Straw removed Straw ploughed Straw burned
Lo* Ly Lo Ly Lg Ly
NgPpKg 1497 1878 1465 1851 1598 2117
Ngo 1671 2163 1534 2392 2076 2502
NagPuyp 1891 2426 2319 2371 2296 2603
NgoPyoKyp 2182 3121 2472 2624 2489 2965
Mean 1810 2397 1948 2296 2115 2547

*|.p = without lime, L, = with lime.
Sounces and leveles of phosphorus fertilizer

Combined results of experiments in 1975 and 1976 at
different locations for each agro-ecological condition
showed that yield return from application of 22.5 kg/ha
P,05 was not different from that obtained from twice that
level {(with the exception of basic slag and Christmas
Island rock phosphate in mangrove swamps). It is therefore
concluded that, on continuously cultivated soils, a level
of not more than 25 kg/ha P05 may be applied (Jomes,
1976a). The data also suggest that all sources of phos-
phorus are equally good. Because of their soil ameliora-
ting properties and cheaper prices, it is recomnended that
rock phosphates and/or basic slag replace the currently
used single super-phosphate for rice cultivation.

Sources and levels of nitrogen fertilizer

Nitrogen sources having different dissolution rates were
compared: Watersoluble ammonium sulphate (AS), urea (U),
and four slow-release sulphur coated urea (SCU) mixtures.
The trials were conducted on all agro-ecological rice
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TABLE 4

Gratn yield (kg/ha) in relation to source and leval of nitrogen on
inland valley swampe and bolilanda

Level of nitrogen (kg/ha}
4

Ecology Sourced 34 67 12 Mean
Inland Valley Asb 2140 1850 1480 1920
ub 2500 2220 2520 2410
SCU-10 2270 2660 2920 2620
5CU-16 2580 2560 2440 2530
SCU-20 2580 2550 2770 2630
SCU-32 2730 2680 2520 2640
Mean 2470 _ _ 2420 2600 _
Bolilands Agb 2020 1780 1700 1830
ub 1750 1830 1690 1760
SCU-10 2540 3160 2390 2700
SCU-16 2270 2230 2250 2250
SCU-20 2210 2340 2530 2360
SCU-32 1890 1900 2260 2020
Mean 2110 2200 2140

a) AS, Ammonium Sulphate; U, Urea; SCU, Sulphur-coated urea.
b) AS and U were applied in three split doses; - all other were applied
basally,

situations occurring in Sierra Leone. The results of
inland swamp and boliland trials are shown in Table 4.

These results show that for inland valley swamps,
apmonium sulfate is not as effective as the other sources
of N. Among the slow release sources, there is no apparent
difference. However, SCU-32 gave the highest mean yield
(2643 kg/ha).

On the bolilands, the slow release nitrogen sources
contributed to-yield more efficiently than the soluble-
nitrogen sources. Among the SCU's, SCU-10 produced the
highest yield at 67 kg N/ha.

The above results indicate that SCU could have a prom-
ising future in inland swamp and boliland rice cultivation.
SCU, however, is about 20% more expensive than the conven-
tional water-soluble nitrogen sources and studies on longer
term residual effects would be required before it could be
judged to be economical.

To date, SCU has not been as effective as ammonium
sulfate or urea on the uplands. Results in the mangrove
swamps have been inconclusive.

Nioronutrient studiss

To date, no significant responses have been obtained to
S, Cu, Mn or Zn applied at various levels (Jones, 1976b).
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However, In deficiency has been observed at an upland site
cultivated for three consecutive years. Application of In
at 5 kg/ha relieved this deficiency within a week.

Wead control

A major factor depressing rice yield is weed infesta-
tion; weed control trials have centred around the screen-
ing of herbicides since hand-weeding is time-consuming and
costly. Weeds are particularly damaging to rice on boli-
lands and inland swamps. Weed control trials conducted in
1976 at Kenema inland swamp showed that application at 2-8
days after transplanting, of Propanil (1.2 kg a.i./ha) and
Piperidine plus Triazine (0.6 kg a.i./ha) have yields of
approximately 2800 and 2500 kg/ha, compared with 2300 from
hand-weeded plots and 1800 kg/ha from unweeded plots. An
ultra-low volume sprayer was used, enabling the dose to be
reduced to 25% of that recommended.

Weeds common in rice fields are:

Upland
Ageratum conyzoides
Paspalum acorbiculatun
Panicum Luxum
Eleustne indica
Pennisetum sp.
Beliland
Pennisetum subangastun
Cyperus articularis
Imperata cylindrica

Mangrove swamp

Paspalum vaginatum
Imperata eylindrica (marginal)
Cyperus iria
Sphenoelea sp.

Inland awamp
Digitaria longiflora
Cyperus spp.
Penntsaetum subangusetum
Cyperue artioularis

Dry season cultivation of mangrove swamps

In an attempt to grow a dry season crop of rice on man-
grove swamps, six-week old seedlings of salt-resistant
varieties BD 2, ROK 4 and ROK 7 were transplanted on seven
occasions, at two week intervals, commencing January 6,
1976. Chloride and pH values were determined throughout
the experiment. Seedlings transplanted on January 6 and
20 respectively flowered and produced grains. Seedlings
of BD 2 and ROK 4 transplanted on February 3 flowered but
produced empty grains because the salt concentration was |
high at that time. Seedlings of all varieties trans- i
planted after February 3 were severely affected by the salt
concentration and many died, For successful cultivation |
of a dry season crop on mangrove swamps, seedlings must be
transplanted before the third week of January. There are
about 12,000 hectares of mangrove swamps in Sierra Leone.
Thus, if all were double cropped, an extra 24,500 metric
tons of paddy could be realized (Jones et gl., 1976b).
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TECHNOLOGY TRANSFER IN NIGERIA AND SIERRA LEONE
A.T. PEREZ* and I.C. MAHAPATRA**

*International Institute of Tropical Agriculture,
PMB 5320, Ibadun, Nigeria

Introduction

Although Nigeria and Sierra Leone are among the major rice
producers in West Africa, they are not self-sufficient in
rice and both countries import substantial tonnages. Rice
is grown by 85% of Sierra Leonean farmers and it is the
most important staple food (Anon, 1972). Demand presently
exceeds supply and an annual growth rate of 6.5% in produc-
tion has been sugpested in order to achieve self-suffi-
clency (Anon, 1974a). In Nigeria, rice is the ninth-ranked
food crop, but demand is increasing and it has been sug=~
gested that production should be increased by 11% to satis-
fy future needs (Anon, 1974b).

To overcome the widening gap between anticipated rates
of growth in production and demand, Nigeria and Sierra
Leone have initiated projects aimed at developing a field-
tested, economically viable package of practices for rais-
ing rice yields.

The major constraints to high rice yields in Nigeria and

Sierra Leone are:

1. Poor soils and poor management of fertilizer;

2. Poor weed management;

3. Poor water control under lowland conditions;

4. High labour requirement limiting all good crop hus-
bandry;

5. Low availability of inputs such as fertilizers, pest-~
icides, and credit;

. Inadequate land preparation in swamps;

Minor element toxicities and deficiencies;

Low plant population due to wide spacing, low seed

rate, and scattered or random planting;

o~ Ch

**IITA/5terra Leone Rice Project, Rice Reasavrah Station, Rokupr,
Sierra Leone.
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9. Diseases and insect pests;

10. Low yield potential of locally adapted varieties,

The National Accelerated Food Production Programme
(NAFPP) in Nigeria is assisted by IITA, earlier under us/
AID financing and now with Nigerian financing. It is divi-
ded into two phases. During the pilot phase improved vari-
eties and cultural practices are tested on farmers'® fields,
and agencies to supply the required production inputs,
storage and marketing facilities are developed. The imple-
mentation phase begins with an accelerated production
Campaign, during which seeds of high-yielding varieties,
fertilizers, pesticides, and credit are made available to
farmers.

In Sierra Leone, the "All Sierra Leone Coordinated Agro-
nomic Trials on Farmers Fields" began in 1975 under the
Joint auspices of the I1TA/Sierra Leone Rice Project and
the Ministry of Agriculture and Natural Resources (MANR) .
The parent project is financed by UNDP/FAO. The objectives
a&ré to test recommended varieties against the local vari-
eties under traditional and improved methods of cultivation
and to develop fertilizer recommendations for various rice
ecosystems. Also, the profitability of the traditional
VErsus recommended methods of rice cultivation are being
compared.

Unique Features of the Two Projects

~ Two important features distinguish the Nigerian and
Sierra Leonean approaches from the conventional approach to
research and extension. These features are an effective
feedback of information linking researchers, extension
workers and farmers through farm-level testing of varieties
and other practices, and a crop-oriented training component
for participating staff.

In both countries, the trials are supervised by exten-

Resources who have received intensive training in improved
methods of rice production. On-farm trials provide
researchers with a direct view of the Practicability of
their research, as a guide to future research, and for the
adaptation of practices to meet the requirements of specif-
ic locations.

The main difference between the pProgrammes of the two
countries is that in Nigeria the on-farm work both tests a
package and at the same time promotes it, whereas, in
Sierra Leone, the on-farm testing is primarily research-
oriented, with no organized promotional component. Thus,
in Nigeria, packages are developed on expsriment stations
and taken directly into farm minikits and production kits*
10 & two-step process. In Sierra Leone there are three
steps to the process, which are: 1) experiment station
| research; 2) on-farm research; and 3) promotion of on-
farm tested research findings.
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There are advantages to both approaches, but where ex-
periment stations do not represent the farm Situation, the
danger is that promotional attempts are made with packages
which are not sufficiently superior at the farm level,
This has happened in the case of "improved" dryland pack-
ages in Nigeria. Also, in Sierra Leone the on-farm trials
are revealing that no simple package is good for all areas
and that considerably more on-farm research testing is re-
quired. The finding that experiment-station dryland rice
research recommendations are not appropriate for ready use
at the farm level has resulted in the development of new
applied research activities aimed at solving the newly
identified problems limiting dryland rice farm yields.

For irrigated and swamp rice, in Nigeria, however, the
packages of practices were found superior to and more
profitable than farmers' practices under farm conditions
and they are generating considerable farmer interest,

Nigeria

The Nigerian NAFPP rice programme has completed three

years of activities which included:

1. Testing of varieties, fertilizer levels, plant spa-
cing or method of planting, and herbicide applica-
tion through minikit trials in 15 states;

2. Testing for optimum profitable yield of selected
minikit varieties in production kit plots;

3. Training of extension workers and farmers;

4. Providing feedback and direction for new applied
research needs;

5. Establishing and guiding State steering committees;

6. Reviewing the results of the NAFPP trials at the end
of the crop season and assisting the states in plan-
ning their programmes;

7. Multiplying seeds of minikit varieties;

8. Organizing an agro-service centre system to support
the accelerated production campaign.

*{opposite page) Minikit trials are simple, non-replicated trials
conducted by farmers on their own farms. In the variety minikit
trials, five varieties are compared to farmers' best variety under a
set of recommended practices. Plot size for each variety is 10m x 5m.
All inputs are provided free-of-charge to farmers. Varieties and prac-
tices found superior in minikits are tested in production kit plots
{1,000 sqm size) which are expected to demonstrate to farmers the op-
timum yield they can obtain. The inputs are sold to farmers at a min-
imal cost,
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Swamp rice

Yarieties. The results of 340 swamp rice variety minikit
trials conducted in 1975 and 1976 showed that four swamp
rice varieties, TOS 78, IR8, TOS 42, and FARO 15, were
superior in most locations to the standard variety SML 140/
10. The trials were conducted under irrigated and non-
irrigated shallow flooded swamps in four States: Benue,
Plateau, Kwara and Niger. Earlier, in 1974-75 dry season,
IRB and TOS 78 out-yielded SML 140/10 while in the 1975-76
dry season, IR8 and IR20 (TOS 490) out-yielded the standard
variety in one of two locations.

Of eight varieties tested under deep-flooded swamp
conditions in 1976, FARO 15 out-yielded the standard vari-
ety FARO 8 (MAS 240l) in seven locations in one riverine
State in the south.

The first 20 production kit trials conducted in 1975
generated great enthusiasm among farmers, cenvineing them
of the economic superiority of the improved package of
practices. Farmers obtained average paddy yields ranging
from 3.8 t/ha (TOS 78) to 4.5 t/ha (TOS 42). The average
gross margins obtained per hectare were K823 (US$1316) for
TOS 78 and W1030 (US$1648) for TOS 42.

The 1976 results from 44 proeduction kit trials conducted
in three States under irrigated and non-irrigated shallow-
flooded fadamas confirmed the profitability of the NAFPP
swamp rice package of technology, with yields averaging 3.9
to 5.2 t/ha in two irrigation schemes and 2.5 to 5.6 t/ha
in non-irrigated fadamas.

Partilizer trials. The two varicties tested in the fert-
ilizer minikit, TOS 78 and FARO 15, showed positive
¥esponse to increasing nitrogen fertilizer levels up to
120 kg N/ha (Table 1). The currently recommended fert-
ilizer rate is 80-30-30,

TABLE 1

Grain yields (kg/ha) of two varieties in 16 swamp rice
fertiliser minikit trials in three States, Nigeria, 1976

No. of Fertilizer level (N-P-K) kg/ha
State Varieties trials 0-0-0 40-30-30 80-30-30 120-30-30
Plateau TOS 78 5 2315 3092 3318 4652
Benue TOS 78 5 34606 4838 5321 6459

Gongola FARO 15 6 2437 2788 3697 4113

Method of planting. Farmers compared the traditional
method of dribbling seeds at random against dribbling in
straight rows and against transplanting seedlings. Higher
yields were obtained by using the two new methods of plant-
ing; 3.8 t/ha with transplanting, 3.3 t/ha with dribbling
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seeds in straight rows. K Traditional dribbling at random
gave 2.3 t/ha yield. Evaluation of the economics of the
different methods is still needed.

The high yields which can be attained by growing rice on
hydromorphic soils were shown during 1974 when IR20 aver-
aged 5.9 t/ha and SML 140/10 averaged 3.3 t/ha in ten loca-
tions in western Nigeria. A great potential exists for in-
creasing rice production in Nigeria by bringing under cul-
tivation large tracts of unused hydromorphic lands
(Moormann, Perez and Veldkamp, 1976).

Upland rice

Varieties. Results from 298 upland variety minikit trials
conducted between 1974 and 1977, in seven Nigerian states
showed that the standard variety 05 6 remained the best and
most stable variety. However, in a few locations, FAROX
56/30, TOS 2300, TOS 2583, TOS 4020 and TOS 2578 gave
higher yields than 05 6. 0% 6 came originally from Zaire
and is a cross between a Malagasy variety and a local vari-
ety from Zaire.

Fertiligzer triale. Results of four upland rice fertilizer
minikits conducted in 1976 in two States, Benue and Bendel,
showed that the highest yields were obtained with the
medium fertilizer level tested of 40-20-20, for varieties
TOS 4030 and TOS 4019.

Plant spacing. In the rainforest zone of Nigeria, the
pPlant-spacing recommended for 0S 6 is 30cm x 30cm. Results
from five spacing minikits conducted in Benue, Ogun and
Ondo State confirmed that this spacing was optimum for 05 6
in the two States, Ogun and Ondo, which are situated in the
rainforest zone. However, in Benue State under savanna and
hydromorphic conditions, yields were increased by 400 kg/ha
with a closer spacing of 25cm x 25cm.

Herbietdes. Limited tests suggested that Propanil (STAM
F-34) effectively controls weeds in upland rice in Nigeria.

Praining/Communication

Rice production specialists were trained at IITA in
Ibadan, at the National Cereals Research Institute, also in
Ibadan, at the West African Rice Development Association,
Liberia and at IRRI, Philippines. State extension special-
ists were trained in the new production technology.

Farmers were introduced to the new varieties and techniques
through a series of field days.

Special record books for each type of minikit and
production kit trial were developed and printed. These
record books contain simple, step~by-step instructions on
how to conduct the trials and what data to record.
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Research workers were encouraged to visit NAFPP trials
to discuss yield constraints and identify areas for further
research. Annual workshops were held at the end of each
cropping season to review the results of NAFPP trials
throughout Nigeria and to discuss research findings which
may result in additional or amended recommendations for the
NAFPP production kits.

Sierra Leome

In order to test the performance of varieties and suit-
ability of production technology developed at the Rice
Research Station at Rokupr on farmers' fields, four basic
types of experiments were conducted in 1975 and 1976 in all
13 districts of Sierra Leone. These were:

1. Varietal trials to study the relative performance of
recommended rice varieties under traditional and
improved methods of cultivation;

2. Fertilizer trials to study the response of rice to
nitrogen at optimum level of phosphorus and potassium;

3. Fertilizer trials to study the response of rice to
potassium at optimum level of nitrogen, and

4. Fertilizer trials to study the response of rice to
nitrogen, phosphorus and potassium in combination.

Upland rice

Cultivation methoda. Newly recommended high yielding vari-
eties were tested under improved and traditional cultiva-
tion practices in farmers' fields. The improved practices
consisted of line sowing, application of uniform dose of
60-40-40 NPK and plant protection.

At a site near Rokupr, in the rainforest zone, the aver-
age yields in two years under improved practice were much
higher than those under traditional practice (Table 2).

The variety 05 6 out-yielded all others,.and in the first ..
Yéar showed a four-fold increase in yield under the
improved practices. In the second Year, there was a
reduction in yield of all the varieties under both prac-
tices. This may have been due to depletion in soil fert-
ility and greater weed, pest and disease problems. Tradi-
tional practices in the second year resulted in very low
yields, magnifying the comparative increase with improved
technology.

Fertiliaer trials. Response of upland rice to nitrogen:
Various N levels were applied at individual sites for two
years. Without N application the yield levels declined in
the second year by about 33%. Responses to nitrogen appli-
cation in the first year ranged between 658 kg/ha for 20
kg/ha N and 1331 kg/ha for 100 kg/ha N.

Responses to corresponding levels of nitrogen in the
second year were less than half of those in the first year,
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TABLE 2

Yield (kg/ha) of upland rice varieties under local and
tmproved methods of eultivation grown on the same site
for one or two successive yeara, Sterra Leone

Bush Fallow-Rice 1975 Rice-Rice 1976

Traditional Improved Traditional Improved
Variety practice practice practice practice
ROK 1 682 2465 153 700
ROK 2 1079 2788 198 1557
ROK 3 403 1945 - -
05 6 771 3256 188 787
LAC-23 - - 148 1489
A X BG7.3 1015 2955 196 1033

with diseases influencing and compounding direct effects,
Higher N levels were necessary to maintain productivity in
successive years. Under bush fallow-rice, a response of 9
to 16 kg of grain per kg of N was obtained for levels ran-
ging from 20 to 60 kg/ha N. Under rice-rice systems,
although the average yield without nitrogen declined by
43%, responses to nitrogen were higher, ranging from 11 to
17 kg grain per kg of N applied at 20 to 80 kg/ha N.

Response of upland vice to balanced application of N, P and
K: The results for bush fallow-rice, rice-rice, and rice-
rice-rice cropping systems showed that although yield of
unfertilized plots declined in the second year, fertilizer
applications continued to give yield response. For example,
responses to 80-40-0, 80-80-0, 80-40-40 and 80-80-80 fert-
llizer levels were higher by about 400 kg/ha or more in the
second year compared to the first year, With third year
Trice, responses to different fertilizer levels declined

- somewhat. Further research is needed if rice productivity

is to be maintained year after year on upland soils.

Inland swamps

The average yields of almost all varieties showed that
fertilizers and close spacing raised yields significantly,
Yields of CP 4 ranged from 1800 to 6000 kg/ha depending on
location. RH 2, ROK 4 and ROK 6 also yielded well at more
than one site. Generally, NPK at 40-40-0 or 40-40-40 gave
as good a yield as 80-40-0. Higher levels of N, without
also providing K, were not effective.

Boliland

All the varieties tested at three sites gave signific-
antly higher yields under improved methods of cultivations
than under traditional methods. The difference in average
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yields under local and improved practices for different
varieties varied from 700 to 1300 kg/ha in Kenema from
2100 to 2900 kg/ha in Kono and from 1150 to 1450 kg/ha in
Tonkolili. The local variety was as good as some of the
improved varieties under both practices.

No significant differential response between 80-0-0 and
40-40-0 was observed in any district. 1In two districts
application of 40~40-40 was found beneficial over that of
80-40-0. Potassium applied with higher levels of N and P
enhanced the yields significantly at four sites. The
application of N alone at 40 kg/ha showed significant
responses in one district only. However, when N was in-
creased to 80 kg/ha, significant responses were observed
in four districts.

Nangrove swamp

All the varieties tried in Mayamba district gave higher
yields under improved cultural practices than under tradi-
tional practices. The additional yield was approximately
1000 kg/ha for the local and ROK 5 varieties while SR-26
and ROK 4 recorded incremental yields of about 1400 kg/ha.

Significant differences in responses to NPK at 80~0-0
-and 40-40-0 were not obtained. Addition of potassium to
nitrogen and phosphorus enhanced yields significantly. A
dose of 40 kg/ha K added to 80-80-0 increased yield by
about 1100 kg/ha, while 80 kg/ha K added, increased yield
by about 2000 kg/ha. Interestingly, there were no signif-
icant responses when nitrogen was applied alone at 40 and
80 Xkg/ha.

Eaonomics

Economics of improved practices of rice eultivation. A
rapid way to increase rice production is by adoption of
improved agronomic techniques, especially fertilizer
application to responsive varieties. However, it should be
ensured that by adoption of improved techniques the farmer
gets profitable returns on his investment. It is
considered that a minimum benefit cost ratio (BCR} of two
would be required before an African farmer might adopt
improved measures. An economic study of data collected
from on-farm trials is reported here, For calculating the
benefit-cost ratio, the price of one kg each of N, P,05 and
K,0 was taken as 40 Leone cents, 50 cents and 25 cents,
respectively. The price of one kg of rice paddy was taken
as 20 cents, which is the average procurement price of rice
by the Rice Corporation in Sierra Leocne. The cost of in-
puts of fertilizers was deducted from the gross return (in
the form of extra paddy) to obtain the incremental gross
return.

The results presented in Table 3 show that under bush
fallow-rice as well as under rice-rice cropping systems,
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TABLE 3

Economice of improved technological practices over traditional
practices under bush fallow-rice and rice-rige cropping systems,
Sierra Leone, 1976

Bush Fallow-Rice Rice-Rice
Variety Extra IGRE BCRD Extra IGR BCR
yield Leones®© yield Leones
(kg/ha) (kg/ha)
Local 732 104 2.4 739 106 2.5
ROK 1 736 105 2.5 1244 207 4.9
ROK 2 857 129 3.0 1549 268 6.3
ROK 3 1180 194 4.6 1179 194 4.6
LAC-23 1358 230 5.4 1187 195 4.6

a) Incremental gross return; b) Benefit/cost ratio;
c) One Leone = US$0,85.

the farmer obtained a benefit cost ratio ranging from 2.4
to 6.3 by adopting improved methods of cultivation. The
ratic increased with the use of improved recommended vari-
eties. Results also clearly indicated that it was highly
profitable to grow a crop of rice in the subsequent year.
Indeed, if expenditure in clearing the bush in the first
year were taken into account, the comparative return in
the second year under rice-rice cropping system should be
even higher than that obtained in the first year. Among
the cultivars, LAC-23 showed the highest benefit cost of
ratio of 5.4 Leones for every Leone invested in the first
year.

Economios of nitrogen application. Under the present
price structure, even a small dose of 20 kg/ha N applied-
in any one of the three cropping systems enabled the
farmer to obtain a net return of five Leones and above for
every Leone invested in nitrogen. The net return with
higher levels was &.6 for 40 kg/ha N, and it ranged from 3
to 7 for 80 kg/ha N and from 1 to 6 for 100 kg/ha N. In
conclusion, it can be said that farmers can get a profit-
able return on improved recommended practices even if rice
is grown successively for two years under upland condi-
tions and even with as small a dose as 20 kg/ha N,

Economice of balanced application of ¥, P and kK. The
results obtained under upland conditions with different
levels of N, P and K applied alone and in combination
showed that nitrogen alone gave an incremental cost benefit
ratio of 8.7 under rice-rice system as compared to 5.3
under bush fallow-rice system in the Rokupr area. The
dose of 40-40-0 NPK was as good as B0 kg/ha N except in
rice-rice~rice system, Application of 40-40-40 NPK gave a
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minimum benefit cost ratio (BCR) of 2.0; 80-40-0 gave less
than 2.0 in the first and third year. With other fertili-
zer levels, BCR was Comparatively low, although response
was high. The most suitable fertilizer doses to give at
least a minimum BCR of 2.0 are 40 kg/ha N where P and K are
not deficient; a dose of 40-40-0 NPK where K is not defi-
cient; and a dose of 40-40-40 NPK where all three are
deficient.

Discussion

The Nigerian NAFPP rice project has completed three
years of activity while the Sierra Leone Co-ordinated Agro-
noeic Trials have been conducted for two years. During the
initial testing phase, important information has been
obtained which may be relevant to countries in tropical
Africa contemplating similar agricultural projects.

l. On-farm trials are essential to test the practic-
ability of research findings and to identify econom-
ically viable package of practices, The results
should enable governments to decide whether or not
to launch accelerated production campaigns, based on
available knowledge and expertise.

2. On-farm trials provide researchers with feedback to
influence their research priorities. This is
probably one of the most valuable aspects of the on-
farm testing and promotion conducted to date. These
trials effectively link researchers, extension
workers, and farmers.

3. Progressive farmers are provided opportunities to
test on their farms the recommended cultural prac-
tices developed at research stations. In turn they
themselves serve as agents of change in dissemina-
ting to other farmers field-proven cultural prac-

: tices.

4. To assure the success of farm trials at many sites,
there is a need for good planning, organizational
and budget support, and above all, political support
and commitment.

5. On-farm testing research should be developed,
financed and controlled by a research organization
and not be dependent upon multi-organizational agree-
ments and committees.

6. The degree of success in obtaining accurate results
depends upon the agricultural extension workers
being well-trained and dedicated, and upon close
supervision by the state and national staff., 1In
addition, extension workers must be able to devote
full attention to the project. As was experienced,
most extension workers were not assigned on a full-
time basis and most were responsible for many pro-
Jects. Thus, trials were often poorly .supervised.

7. Intensive crop-oriented courses are a necessary
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Component of on-farm trials. They must include some
theory as well as practical details of how to conduct

. trials and record data.
With these Provisions, a successful programme which will
result in higher national rice production and higher yields
per hectare becomes a feasible proposition
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FLOATING RICE IN MALI
G, VALLEE and H.H. VUONG

Institut des Recherches d'dgronomiques Tropicales,
BP 438, Bamako, Mali

Introduction

Today rice is second in importance to sorghum and millet in
Mali, in both tonnage and value. Approximately 195,000 ha
are cultivated, of which 150,000 ha are floating rice in
the central Niger delta in the Sahel, 1In order to increase
the average yield of floating rice, better land management
is required. The aim is to increase yields from 0.9 t/ha
to 1.9 t/ha by 1982. A project with this objective has
been undertaken in the Mopti area, where approximately
25,000 ha have been developed since 1972, and it is planned
to develop a further 6000 ha by 1982. The highest and
lowest flooded areas where successful cultivation is poss~-
ible have been established.

Methods for Floating Rice Cultivation

The traditional methods for cultivating floating rice
are hazardous because of their dependence on natural condi-
tions, especially regular rainfall at the beginning of the
season and flooding conditions with appropriate arrival,
flow rate, magnitude and departure of flood waters. Farm-
ers cultivate many plots at different sites to minimize the
effects of these topographic irregularities.

Ploughing is a common practice, having first been intro-
duced into the Mopti area about 1930. Ploughs were
essentially the only equipment used prior to the Mopti Rice
Project in 1972, Ploughing is done from early April to
late July. 0.glaberrima is broadcast in late June in low
lying areas. In higher areas, where 0.sativa {variety
Indochine blanc) is found, sowing continues until early
August. Bird damage is severe at this time; the seed is
not completely covered.

The floods usually commence in August in the low lying
areas. The water level continues to rise until October-
November, with the maximum level being reached between
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October 15 and November 15.

A single hand weeding is usually done before flooding
and large weeds are again removed after flooding. The
major weeds are the indigenous rices, 0.breviligulata and
0. longistaminata. Because of these rapidly growing weeds
most fields must either be abandoned after several years or
cleared of the wild rices.

In low lying areas, harvesting is done from a canoe or
is delayed until after the floods recede. In the latter
case, the yield is reduced because 0O.glaberrima is suscept-
ible to shedding. Threshing is done in Decemhber-January in
the high areas and up to March in the low lying areas,
where it is necessary to wait until the soil is dry.

There are a number of factors which limit yield under
these conditions. They include climatic factors (e.g. late
rains combined with early flooding); damage by herds of
animals, rice-eating fish, birds and rats; insect damage
by borers (Maliarpha eeparatella and Chile zaeconius) and
. leaf-feeding bugs (Brachmia sp.); fungal diseases, espe-
cially blast, caused by Pyricularia oryzae, bacterial
streak, caused by Yanthomonas translucens f. sp. oryzicola,
weeds, particularly the wild rices 0.longistaminata and 0.
breviligulata, and poor land management. Also, the tradi-
. tional O.glaberrima varieties are low-yielding and do not
respond well to nitrogen fertilizers. However, they do

have good drought resistance and elongate rapidly during
fleoding. Their average yield is 800 kg/ha.

The flooding of the Niger and Bani Rivers is controlled
by embankments to isolate the river from the plain, and by
devices to delay the arrival of the flood into the rice
fields. Flow is regulated to rise 5 cm/day, to a pre-
determined level and its fall is delayed later in the
season.

Improvement Programme

Agronomic research has played an important role in de-
vising techniques to improve floating rice cultivation. A
research station to deal with flecating rice was estab-
iished at Ibetemi, near Mopti, in 1952. In 1962, IRAT-Mali
‘commenced its research programme. Its aims were to restore
the purity of seed for multiplication; select white- )
grained, high-yielding varieties adapted to floating condi-
tions, and conserve a collection of floating species of
0.glaberrima for further crossing. Projects which were
added in 1971 were for improving cultural practices and
identifying insect pests.

Varietal improvement
Varieties of 0.sative suitable for flooded conditions

have been introduced since 1962 from Thailand, Vietnam,
Pakistan, and more recently from Philippines (IRRI),
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Nigeria (IITA) and Liberia (WARDA). After further tests at
Mopti, a series of varieties adapted to various flooded
areas in the delta have been identified. Their character-
istics and yield potential are given in Table 1.

Crosses have been made between erect and floating types,
such as D52-37 x Malobadian and Mali sawn x Phar Com En.
The hybrids obtained have retained their floating
characteristics, grain quality and the productivity of
their parents. '

Recently, varieties which have been grown since 1962,
such as Malobadian, Nang kieu, Khao gaew, and Mali sawn,
have been attacked by blast disease and borers in the Mopti
basin, Resistance to these two factors is necessary for
increased productivity since varieties already exist which
yield well (4-5 t/ha) under good climatic conditions and
fertilization.

Cultural techniques

Tillage is usually inadequate and this can significantly
depress yield. S5o0il tillage may be done at the beginning
or end of the crop season. The best results are obtained
with tillage at the end of the crop, as soon as possible
after harvest. This gives good control of 0. longistaminata,
the rhizome-forming wild rice, and allows the first rains
in the following season to be conserved in the soil. This
tilling may be supplemented by a second one at the beginn-
ing of the next season. Alternatively, all the tilling may
be done after the first rains, just before planting. This
is acceptable in areas without 0.longtstaminata.

A Tough seed-bed is preferable to a fine one because it
reduces the rate of overland flow and thus gives better
water retention at a critical period. Shallow seeding
(2 cm) is best on clayey soils., Depth of seeding is not as
important on sandy soils. Hoe-weeding may be done prior to
flooding in August. Weeding in water at the heading stage
of wild rice, in October-November, is also desirable.
Various machines for ploughing, seed-bed preparaticn,
tilling, planting, hoeing and threshing have been compared
and desirable modifications made, A Canadian-designed
harrow was particularly useful.

Production Systems

Laboun

The average family size in the Mopti area is ten mem-
bers. More than 60% of the families have only one single
couple. Thirty percent of the families have only one man.
Since women are not involved in rice cultivation and chil-
dren only help with tilling, the working population (men
from 15-59 years of age) is 26% of the total. Many of the
farmers are in the 40~70 age-group, and are somewhat
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resistant to change. Extra labour is employed for harv-
esting and threshing. However, there is a labour shortage,
which makes it difficult to obtain adequate weed control.
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' A socio-economic survey in 1975 characterized the exist-
f ing system. The average farm size was 2.8 ha with 1.2 ha

l dry cropped. About 50% of the farms had ploughs, 6% had

! harrows. Mopti South had larger farms and lower yields

| than Mopti North. Equipment for seed-bed preparation is
aaa ! not widely used. The calendar of cultural operations in
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FOEEZTOG the Mopti area is given in Table 2.
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i O systems. In the traditional system, the only equipment
Ao used was a plough, all other work was done by hand. In
Mopti South, the average farm size of 4.0 ha was too large
for the two men who worked on it. The time spent on vari-
ous operations was: Tillage, 22 days {often done by chil-
dren); weeding, 52 days (poorly done without extra
labour); harvesting and threshing, 121 days (with extra
labour}. In Mopti North, the farms were smaller, but
weeding was inadequate and invasion by wild rices was a

! problem.
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TABLE 1
Origin
Guinea
Thailand
Mali
Vietnam
Vietnam
WARDA
Thailand
Mali
Thailand
Vietnam
Thailand
Thailand
Thailand
Thailand

1

i Two systems had previously been recommended in the area.

! In System 1, double tillage, with one tilling late in the

' season was recommended to control wild rices. Two harrow-

] ings were recommended, one before and one after planting.

. Harvesting and threshing were mechanized. Extra labour was
required for tilling and harvesting.

l In System 2, mechanical sowing was done, which elimina-

ted one harrowing. Two weedings were made and urea fert-

ilizer was added. However, farmers found it difficult to

complete the recommended two weedings and still have suffi-

cient time for harvesting and other ocperations.

The system recommended by the Research Station reduced
the number of working days by replacing the second tillage
with a harrowing, using a Canadian-designed harrow and by
- the introduction of mechanized hoeing which gave better
P control of wild rices. However, even with this system, the
oy ! farm size in Mopti South was still too large to enable all

Cyclie
{days)
145
150-155
155-165
165-175
175-185

{
Ruannnandaﬂ‘flaating lce
!

| Footnote to Table 1 (opposite)

; a) SH = shallow water depth (less than 40 cm), M = medium (40-BO em),
: D = deep (80-150 cm); b} HS, S, M5 = highly susceptible, susceptible
and moderately susceptible; c¢) Borer, 1 = slight, 2 = moderately
susceptible. ’

Malirat MSP 11
{or IRAT 16)
Khag nahng nuey

Malirat MSP 10
Khao gaew

Malirat DM 17
Indochine blanc
FRRS 43/3
Puang N'Gern

Malirat DM 16
mediun

Malobadian
Meliong
(IRAT 17)

T 442 50

T 442 36

late

Nang kieu
Neang kheaw
Mali sawn

Cula

very early

Veriety
very late

early
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TABLE 2

Calendar of cultural cperations tn Mopti area

Work Month J F M A M J J _A 5 0 '

Harvest

Threshing

Transport

Sale

Burning

Ploughing

Harrowing

P application

Sowing

1st weeding and hoeing
Urea application

Znd weeding and hoeing :
Weeding in warer :

——
. . .
——
——

-
[ S——
-— .

[ —

——

—r— !

[ P

operations to be conducted at the appropriate time. It
was recommended that the farm size should be reduced for
greater efficiency. The system was practical for Mopti
North, with the addition of extra labour at_the end of the
season for ploughing, harvesting and threshing.

Conclusion

Fleating rice cultivation is important in Mali both in
terms of the area under cultivation and the developmgnt
work in progress. Suitable varieties have been provided
for farmers. Various production schemes have been devised
to utilize the available labour to best advantage._ The.
major constraints are labour shortage and competition with
weeds, mainly wild rices. The systems which incorporate

two ploughings and hand-weeding are time-consuming and_are . .

" unlikely to be widely adopted. The wider adoption of
simple equipment, such as the Canadlan—Qe51gned harrow,
should give better weed control and so increase yields to
the level of 2.0 t/ha planned for 1982.
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RICE CULTIVATION UNDER HYDROMORPHIC CONDITIONS ON THE
SANDY GREY SOILS OF THE LOWER SLOPES IN BENEGAL

R. BERTRAND*, P, SIBAND**, F. GANRY**, and S. GUILLOBEZ*

*Institut de Recherches Agronemiques Tropicales,
B.P. 5035, Montpellier, France

Introduction

The grey soils of the lower slopes in Casamance, Senegal
have unfavourable physical and-chemical properties, such
as coarse texture and low nutrient status, which seemingly
offer severe restraints for rice cultivation. Neverthe-
less, rice is traditionally cultivated on these soils in
Senegal although yields are generally low. It has been
shown, however, that it is possible to obtain relatively
high and stable paddy yields on these soils, i.e. from 2-5
t/ha (Bertrand, 1970; Seguy, 1970; Valléhe, 1971). This
is related to the presence of temporary shallow ground
Wwater at the end of the wet season (Bertrand, 1870, 1973;
Bertrand and Forest, 1973; Guillobez, 1973).

. Similar hydromorphic grey sandy. so0ils of the depress-
‘lons are common throughout tropical Africa, both in
regions dominated by arenaceous sedimentary formations
(Senegal, Guinea-Bissau, Mali and Niger), and in Pre-
cambrian basement complex regions, dominated by acid and
intermediate crystalline rocks, such as granitic gneisses
(Ivory Coast, Cameroon, Kenya, etc.).

Hydropedological Characters
The grey soile should be defined in the framework of

their position in a toposequence, rather than by the study
of an isolated soil profile or pedon.

**Institut Senegalats de Bechevches Agricoles, Centre National de
Recherches Agronomiques de Bambey, Senegal *
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Pgdological eharaoteriatios

On the higher parts of the landscape under study,
slightly desaturated ferrallitic soils (Ferralsols*) and
redish, hydromorphic, ferruginous tropical soils with an
argillic horizon (Gleyic, Luvisols) are observed. On the
slopes, outcrops of ironstone pans (Petroplintic Regosols)
ire found, as well as slightly desaturated brown *ferrall-
itic soils (Ferralsols), followed by sandy grey albic
soils with deep gley (Gleyic Podzols) and lastly, clayey to
loamy hydromorphic soils with gley at shallow depth
(Drystric Gleysols).

Soil profiles of the sandy grey soils often show the
following horizons:

a) Sandy to sandy loam horizon, low in organic matter

with signs of reworking due to surface colluviation.
b) Sandy white albic horizon with massive single grained
Structure, analogous to an A, horizon of a Podzol.

€) Sandy, reddish, often discentinuous horizon, similar
Lo a B, horizon sometimes passing laterally to a
discontinuous iron or iron-humus pan (Placic horizon).

d) Underlying medium textured (coarse to fine loamy),

mottled material.

The physio-chemical properties of the soils are:

Bulk density : 1.4 - 1.5

Real density : 2.6 - 2.7

Porosity : 40 - 45%

Clay : 1 - 15%

CEC : 0.5 -~ 2 me/l00 g soil
pH : 4.5 - .

C : 0.3 - 1.0%

N : 0.03- 0.11%

| Bydrological characteristics

; The hydrology of the grey soils was studied by series

1 of piezometers at Karcia in Casamance placed along fifteen
toposequences. Hydrological profiles were determined, and

~ associated crop test plots were established.

' Dynamics and origin of grounduater

‘ The study showed that a strongly oscillating ground-

;* water level existed in the grey sotls. This level rose
abruptly a few days after heavy rains (Figure 1). The
"study of the hydrological profiles showed that the ground-
Water rose without being directly fed by the vertical
infiltration of rainwater. The groundwater increase may

*Classification according to the FAO/UNESCO soil map of the world;
Jegend is given in brackets.
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Fig. 1., Rainfall and depth of groundwater ar different times and
distances from the river ar Casamance, Senegal,

reach three times the volume of the rainwater at a time
when the wetting front in the higher part of the grey soils
was still considerably above the piezometric level. After
the end of the rains, the groundwater level fell slowly and
regularly at the rate of about 1 cm/day.

This localized rapid rise in the general groundwater

level appeared to be fed by an important lateral interflow
through permeable horizons of ironstones (petroplinthites)
and the Bpg horizons (plinthites) associated with them.
The interflow water most likely came from the rapid infil-
tration of rainwater through the permeable, gravelly hori-
zons of the iron pans situated at the border of the higher
plateau.

Dynamics of the groundwater table and rice cultivation

The soil association which, in this paper, is comprised
under the term grey soils includes from the side of the
valley to the valley bottom respectively, the soils named
brownish slope soils, the sandy to coarse-loamy grey soils
(sensu stricto) and the fine loamy to clayey soils which
are pleyed throughout. According to the topographic posi-
tions in the cross section of the valley, and to the nature
of the grassy vegetation (Merlier, 1973), in particular
rice, the following zones can he distinguished (Figure 2):
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Agronomic Characteristics and Utilization of the Grey soils
Performance of rice

Traditional rice culture of these soils is Very exten-
sive, but inp general, the yields are low. However, with
i good cultural Practices, yields ip this low zone are higher
than those on the neighbouring Plateau soils (3-6 t/ha
Versus 2-3 t/ha},
! It has been shown that there was a distinct yield grad-
ient associated with the depth of the groundwater, In the
00 Melres from river high zones, there was complete crop failure (Bertrand,
i 1 1973; Bertrand and Horest, 1973, Guillobez, 1873). The
B 4 B2 99 5 8 5 4 21 Piezometers yields were Tegular in the lower zones in which rice was
Lbaunabis for{  Swioois Ior pusidl ncatand | Suitobe for phradlsc or Suilable for Nusio) not subjected to drought stress.
~nsiany l ftiomorpc ccaiand | of irigored rcsiond There was high production under favourahije hydrological
i conditions, even without dpplication of fertilizers, Fert-
Fig. 2. Dynamics of groundwater levels at Karcia, Senegal {Schematic;: ilizer responses were, however, significant, as shown in
Horizontal scale 1:2000, vertical scale 1:50). ] Table 1 (Sibang and Diatta, 1974), Undoubtedly there is g
t distinct interaction between Eroundwater and spi] fertilicy.

L7

Relotive slevohion in metre
[

s

- @ higher zone, where the groundwater level is always
too deep, even during heavy wet seasons, to be i TABLE ]
within reach of the rice roots. This zone with

)

P fetative effect of y, p and K tn grey sotls and 80Lls of the
ized by a plant association with Andror__;ogon pseud- . ! prlatean on pice yields, (in kg/ha at 152 water content of the grain)
apricus, Loudetia annua, Oldenlandiq bPtnearts, Seleris !

pergracilis. Rice cultivation is not advisablg; : Soil area Response To N Responss tg P Response To K
- intermediate zone with shallow groundwater in the 073“_37.5 N 5P 30P,0: G E 0k 30

ra duri d 11 Th ffect of 2

rainy season, even uring dry spells, € etfect o ! . .

capi{lary water is continuous in the rooting zone and ; SIL{ ﬂﬂibll_ 3328 ngg fggg ;ggg gggg gggg

rice is thus not affected by rainless pericds towards ateau soils

availability of groundwater is characterizeq by a
plant association, comprising Parahyparrheniq _
perennts, Schizachirium brevifolium, Sorghum pinnatum,

+
!
the end of the growth cycle. This zone of moderate i
1 Analysis of agronomie characteristics

The grey sciis are heterogeneous, but frequently sandy

Spilanthes uliginosa. The zone has a good potential and of too low nutrient status i.e. 1oy 1n organic matter
for rice cultivation, giving regular yields; and mineral reserves and with a low pH (Bertrand, 1973,

- a4 low zone of more clayey 50ils, where groundwater Siband, 1976). Studies on mineral deficiencies showed
remains at the surface or at shallow depth from the them generally to lack P, K, Ca, Mg and minor elements
beginning of the booting stage of the rice, when ! (Siband and Diatta, 1974). They had a 1low waterholding

regular water supply is most essential, Here, no ; Capacity and a rapid bermeability. Undery these conditions,
i the soils tended to behave a5 an inert growth medium with

little power to Provide plant nutrients, but with virtually
lower than average rainfall, while temporary shallow complete availability of introduced water and nutrients.

flooding occurs in wet years, due to rising ground- Undoubtedly, the presence of the groundwater is essen-
water. These rice fields with complete water satura- i tial for water supply and

tion towards the end of the rainy season, can mostly : Supply, because it eliminap
be direct-seeded. The zone of high availability of growth cycle, and it peTmits
water is characterized by plant association with i ;

Byptia spicigera, Techaemum rugosum, Jussiaea Ztn?—

Folia, Paspalum aderobiculatum. The zone has a high
potential for rice, with an assured, regular yield.

be obtained. No submergence occurs in years with a
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The groundwater also helps to increase the availability
of mineral elements, especially K, by improving the solu-
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TABLE 2

Lomparative efficiency of N, Pand K on grey soile and soils
of the plateau

Production of dry matter per kg of:

So0il area N P205 K20
i 83

Grey soils 143 396

Plateau soils 122 3r 8s

tion/colloid relationships and the rooting, especially in
the thick capillary zone. It can also reduce the hazards
of toxicity caused by A13* and Mn2*, soluble at low pH
values. ) o

With the lowering of the redox potential, the COﬂlelOHS
approach these in flooded rice f1elds, which, inter atia,
explains failures of crops such as malze, susceptible to
lack of oxygen in the soils. Manggnesg uptake is reduced,
while non-symbiotic nitrogen fixation in the root zone is

ced, )
enhazpid percolation of the groundwater depletes the soil
and soluble nutrients are not retained. Thus, for example,
there is no residual effect of applied N. However, the
same rapid percolation causes an inflgw of nutrients from
the higher parts of the landscape by interflow and this may
explain the satisfactory crop performance even when no
fertilizers are applied. )

The seasonally variable nature of the groundwgter in the
root zone creates an environment in which the so%l fert-
ility varies during the growing season. Grey soils are
therefore seasonally fertile, and the agronomic gharacter-
istics of the soils as a whole are mainly determined by the
groundwater rather than by soil properties per se. Crop
choice, production constraints, and management aspects, are
determined by these hydrological characteristics,

Management and land use on grey sotls

Periodic water saturation is the reason why most dryland
crops tried on the grey soils failed and why monoculture of
rice proved to be a superior Crop for utilization of thls
type of land. Soil productivity increases in the years
following the establishment of the rice fields. This may
be due to an increase of mineralizing organic matter, asso-
ciated with the establishment of a microflora favourable to
rice, and an increase in N fixation (Table §). _

Rice growth is initially dependent on rainfall, until
the groundwater has increased, and this can be hazarqoys:
So0il mapnagement practices, which can overcome these initial
bazards include suitable seedbed preparation, (which how-
ever remains to be defined) and the application of organic
matter in the surface horizons (S5eguy, 1970).
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TABLE 3

Rice ytelds, as related to duration of cultivation
{no ¥ applied)

1973 1974 1975
uration of ! year 2 year 1 year 2 year 1 year 2 year
cultivation .
Yield in kg/ha 2348 3940 2045 2810 2000 2300

The beneficial effect of adding straw may be due to the
stimulation of biological activity, regularisation of the
mineral supply and increase in water holding of the soil.
Nevertheless, initial application of N will significantly
increase yields.

Early weeding is important in a soil with abundant
weeds and low moisture. The second weeding should not be
too early, as this would allow further weed growth before
the crop can cover the ground. Early Planting is less
indicuted on the freely drained soils of the plateau, be-
cause harmful drought stress may occur in the period be-
fore the rainfall becomes reliable (Siband, 1976).

The question of split application of N, common in rice
cultivation, and K, has been raised in view of the danger
of losses and it was shown to be beneficial, However, N
application at planting is essential. It appears that the
rice, once established, can utilize additional sources of
N. Single application of N at Planting can give yields
from 3.1 to 3.2 t/ha, while split applications can in-
Crease yields up to 3.8 t/ha. On the other hand, yields
of over 4 t/ha on land, cultivated to rice for 5 years
without N fertilization have been observed with a single
application at planting of 15 kg N/ha.

As shown by Gouzes (1961), the groundwater in the
region contains measurable quantities of nitrates. The
NO3 content may be 150 mg/1, sometimes increasing to 600
mg/l at the end of the rainy season. Under these condi-
tions it might be assumed that, early in the growth cycle,
rice roots take up the s0il N and the N provided by the
early fertilizer application. Once the water table has
reached the root Zone, nitrogen is taken up directly from
the capillary water. The origin of the N in the ground-
water is undoubtedly related to N leaching from the soils
at a higher elevation, from where the groundwater is fed
by interflow.

A further study of the different sources of N should be
carried out, i.e. N provided by groundwater, N available
in the soil {very restricted) and N pProvided by fixation
which is dependent on the organic matter status and the
microflora of those soils,

In 1976, it was found that a split application of X
gave an increase of approximately 1 t/ha over a single
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3 applicaction at planting. No signifigant'differgnces were
", found between several methods of split applications.

h The agronomic constraints of the grey scils are differ-
ent, but less severe than those of the freely drained soils
of the Casamance plateau. On the grey soils, possibilities
exist for the introduction of highi-yieldipg varieties,

i adapted to better soil water availability'and to the

% . dynamics of N supply. P )

B Nevertheless, various production determinants remain to
s be studied, such as long-term development of nutrient )
deficiencies, increase of weed growth, use of herb101Qes in
seedbed preparation, etc. Cultivation of the grey soils
has now been continuous for eight 'years and apparently has
‘not had major deleterious effects. .
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KY' OF FLOODED SQIL IN MARINE ALLUVIUM OF THE
GE, SENEGAL, AND ITS RELATION TO RICE GROWTH

M. TOURE and G. ARIAL

fn§¢i§u§‘sénegalais de Recherches Agricoles, Djbelor, Senegal

Introduction.

This paper describes the cliemistry <of soils in the coastal
Plain of the lower Casamance river estuary in Senegal.
Previous studies (Vieillefon, 1974) have revealed close Te-
lationships between chemical characteristics of the soils
and their location in the landscape. Two variables, hydro-
morphism and salinity, are of great importance for a better
understanding of soil conditions, and consequently for the
introduction of improved agricultural management techniques.
Lack of knowledge of the edaphic environment has led to
serious failures in land development, especially for rice.
The present paper analyses the variations in physical and
chemical soil conditions due to seasonal flooding and the
importance of these variations for the growth of rice,

Materials and Methods

~The studies were carried out by means of pot experiments,

"dsingfthe 0-20 cm soil layer from selected soil sites,
—.according to the landscape {Figure 1). This figure sum-

marizes the various landunits which together form the land-
scape of the area studied.

In the toposequence, profile site Dj 1 represents a well
drained soil on Plio-Pleistocene terrace sediments ({conti-
nental terminal); it is outside of the recent alluvial
plains.

Profile site Dj 2 is situated on the transition between
the plateau and the valley; this soil is developed on old
alluvial and colluvial sediments., The soil is somewhat
hydromorphic;™ ’

The profile sites Dj 3 to 7 are situated in the recent
alluvial plains, in which two vegetation faeies can be
distinguished, i.e. a saltflat (tanne)* facies, high in

*We use the word "famme" for this physiographic unit throughout this
paper,
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Fig. ), Schematic cross-section of the landscape.

salinity and strongly acid, and a mangrove facies,

Profile site Dj 3 represents the higher and oldest part
of the tanne, presently in use for riceland. Soils are
strongly acid and retain some salinity.

_ Profile site Dj 4 is on a transitional type of tanne
with a vegetation of Cyperaceae and Graminae. Soils are
acid sulphate soils, with a high NaCl content.

Profile sites Dj 5 and Dj 6.are on bare tanne. In
order to evaluate the influence of rains on the level of
salinity, samples were taken at the beginning and end of

L
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the rainy season (samples Dj 5 and Dj 6 respectively). The
scils are characterized by a very high NaCl content, but
under field conditions, they are less acid than the soils
at site 4, and have a lower sulphate content,.

- .+Profile site Dj 7 is representative for the mangrove

ae ;77 in the particular site, Avicenta nitita is dom-

tv" . The Zn-gitu soil is only slightly acidified, while
the salinity is distinctly lower than in the adjacent bare
tanne area. These soils are hydromorphic and  predominantly
sandy.

Analytical data of the sampled soils, except Dj 6, are
given in Table 1; it should be noted that the drying of
the samples has led to a certain degree of acidification
and a change in salinity, as compared to field conditions.
Soil analysis on the samples were carried out, using con-
ventional methods (Black et al., 1975; IRRI, 1973). Ten
kilograms of each sampled soil were placed in plastic pots
which were provided with a drainage tube, from which
samples of the so0il solution were obtained under a nitrogen
atmosphere at regular intervals, Pots were submerged with
demineralized water and placed in a waterbath to maintain
a constant ambient temperature for all soils. Each pot
received a fertilizer treatment, ‘equivalent to 100 ppm N,
P, and K, while additicnal doses of 30 ppm N were applied,
one month after planting and at booting state., The pots
were planted with 21 days old seedlings of IRS.

Analyses of the so0il solution included:

-~ pH and Eh under N atmosphere with a Pousel pH meter

- EC, measured simultaneously, with a CENCO conductivity

bridge

- Iron, manganese and zinc by atomic absorption spectro-

photometry (P.E. 304)
- Aluminium by colorimetry (Eriochrome method)

.7 o~0xidizable and reducing substances by the American

. Public Health association method, modified by

- Ponnamperuma et al, (1966)°

- Bicarbonates and organic acid by titration

- Sulphates and phosphates by turbidometry and colori-
metry (spectro-photocolorimeter stand)

- Total and ammoniacal nitrogen

- Silica by colorimetry, medified ORSTOM method. Plant
tissue analyses of the flag leaf at booting and 50%
flowering were carried out, determining Fe, Zn, N, P,
and Si according to Yoshida e¢ al. (1971). The same
determinations were made on straw and grains at
harvesting.

Results and Discussion

Kitnetics of electrochemical properties under flooding pH.
In general, submersion leads to an increased pH with time,
(Figure 2b). The least increase upon flodding is noted
for the soils on old alluvium and colluvium (Dj 1 and
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described extensively by van Breeman (1976). pH levels in
samples Dj 5 and Dj 6 remain reasonably constant after
flooding because of the stabilizing influence of compounds
such as jarosite and aluminium sulphate. In the more devel-
pped soils of the tanne (Dj 3 and Dj 4), the kinetics of
the pH is transitional to those of the older soils (Dj 1
and Dj 2) which corresponds with data from the literature
(¢.g. Ponnamperuma, 1955). The soils on old sediments
(Dj 1 and Dj 2) are less acid because of absence of acid-
ifying compounds such as FeSj;.

Redox potential. Generally, the redox potential shows a
considerable drop after flooding (Figure 2a). The initial
drop is rapid, reaching its lowest level within 2 weeks for
the Dj 2 and Dj 3 samples, and is least pronounced on the
two samples of the bare vanns (Dj 5 and Dj 6). Various
" mechanisms for the differential behaviour of the Eh in the
- different soil samples should be considered; one of the
_ moye important is the variation in micro-biological
processes and the difference in initial levels of ferric
oxides and organic matter.

A significant negative correlation exists between pH and
Eh values, except for sample Dj 6.

EC. Under field conditions, the EC increases from the
plateau soil (Dj 1) to reach a maximum in the bare Zanne
sample (Dj 5), taken before the beginning of the rainy
season. The range is from 2.5-5 m ohms/cm at 250 (samples
Dj 1 and Dj 2) to 120-136 for the bare tanne (Dj 5) with a
slight drop to 105-120 in the mangrove (Dj 7). Under sub-
mergence, a distinct lowering of the EC values takes place
in all soils, The decrease in EC values is gradual in the
not or slightly saline soils (Dj 1, Dj 2, Dj 3). For most
soils, a significant positive correlation exists between
EC values, and Eh. However, the correlation coefficient
was not significant for sample Dj 6.

their kinetics, the division of the area into two different
zones is clear. Interpretation of the data on electric
conductivity allows separation into a non-saline zone with
sails on older sediments and a saline zone with soils on
recent marine or fluvio-marine sediments. The area where
rice is grown at present is largely limited to the non-
saline zone, and extends in the landscape only to the point
where neither salinity or soil acidification are severe
environmental constraints.

Reduction and development of toxieities

Evolution of sulphates: Sulphates are present in the lower
part of the landscape, starting with profile site Dj 3.
Evolution over time in the experiment are given in Figure
3; in all cases an initial increase of sulphate concen-
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Fig. 3. Evolution of sulphates {(ppm) with time, at different sites
(Dj 1-7).

tration in the soil solution is followed by a more gradual
decrease. The decrease is partly due to uptake by plants,
precipitation and absorption, and partly to reduction of
sulphates to sulphide compounds. The latter is proncunced
in the mangrove soil, Dj 7 (Vieillefon, 1974); simultan-
eously the bicarbonate content of this soil increases.

Reduction of iron and manganese: The evolution of the
Fe2+ content in the soil solution over time is presented in
Figure 4.

Two types of curves occur. In one, the increase of Fel*
is gradual and continuous, but remains at a low level
(samples are Dj 1 and Dj 2 from the oxidized older forma-
tion, and sample Dj 6, from the bare tanne). In this
latter case, the majority of the iron is present in the
compound jarosite (van Breemen, 1976). The s0ils near the
plateau are low in free iron, which is related to the fact
that Eh values in these soils remain relatively high during
the whole submersion period (Figure 2b).

The second type of curves, valid for all other samples,
shows an initial increase of Fe?* which is most pronounced
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for the samples Dj 4 and Dj 3, from tanne with a gramineae~
d¥peraceae vegetation and from a tanne in use for rice
fields. The increase is followed by a decrease. The
i behaviour over time of Fel+ in the soil solution in the

- samples of the second type follows the model described by
Ponaanperuma (1955) and Ponnamperuma et 1. (1966).

' Soluble manganese in the soil solution was negligible
Xor all) samples, except those from the bare tanne, but even
here, values did not exceed 17 ppm initially after flood-
ing, with a marked tendency to decrease with time,
From a practical point of view, it can be concluded that
the chemical composition of the soil solution is favourable
for the growth of rice for the higher soils of the
Sequence. 1n the younger alluvial portion of the sequence,
the soil solution is much less favourable because of high
S ionic charge and because of reducible products, competing
iwith the roots for oxygen,

Fet+

/]
O 2 4 6 8 10 12
Tims {weeks )

%g. 4. Evolution of Fe** (ppw) with time at different sites (Dj 1-7)!

Bitrogen: The evolution of the total mineral N content

¢ under flooding is given in Figure 5(a). Under flooded con-
1s mainly present in the ammoniacal form. Due

e microbial activity the initial increase in N is
: highes: in the non- or slightly saline soils (Dj 1, Dj 2

H
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and Dj 3), but the subsequent decrease is most marked in
the same soils, This strong decrease may be related to NHy
volatilization or to denitrification. The low N mineral-
ization rate in the bare tanne s0il (Dj 5 and Dj 6) is to a
large extent related to the high acidity and the high
content of soluble salts, which suppress the microbial
activity. 1In this respect, it was found (Tusneem and
Patrick, 1971) that a high sodium content slows the min-
eralization of organic matter and, consequently of organic
nitrogen.

Soluble phosphorus: In general the P level in the soil
solution is low, which agrees with the overall lack of
available phosphorus in the various parts of the landscape,
as determined by field experiments. Highest initial levels
were found in the least saline soils (Dj 1 and Dj 2), under
cultivation. The decrease of the P content in those soils
is, however, more rapid due to removal by crops. The man-
grove soil (Dj 7) is the only one in the sequence that
maintains a relatively high soluble P content during flood-
ing; this is probably related to slow release from decom-
posing organic matter.

The evolution over time of K* in the
so0il solution is given in Figure 5(b). The decrease over
time is clearly related to the generally sandy texture and
the low cation exchange capacity (CEC) of the soils. The
sandy soils in the higher aspects of the sequence (Dj 1,

Dj 2 and Dj 3) have the lowest initial contents, while the
bare tanne soils and the mangrove soil (Dj 5, Dj 6 and Dj
7) are richest. This may be explained by the presence, in
the younger soils on recent alluvium, of K-rich components,
notably jarosite (K[Fez(S04) 3] (OH)g (van Breemen, 1976),
which produce K* upon hydrolysis. In terms of rice culti-
vation, the higher soils of the sequence are poor in avail-
able K, while the lower ones are not deficient in this ele-
ment.

Soluble stilica: The evolution of silica in the soil solu-
tion is given in Figure 5(c). Lowest contents, and’
greatest decrease over time are noted for the higher mem-
bers of the sequence (Dj 1, Dj 2 and Dj 3). The consist-
ently higher values in the so0ils on more recent alluvium
may be related to hydrolysis of quartz and kaolinite. The
latter may be dominant in soils with high acidity (van
Breemen, 1976).

Soluble stne; No definite relationship could be estab-
lished between Zn2?* in the soil solution as compared to
time of flooding and location. After § weeks of submersion,
low values (less than 1 ppm) were measured for all samples.
It is possible that under prolonged flooding, Zn deficiency
may occur.

D
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Fig. 5. Evalution of total mineral nitrogen (a), soluble potassium (b}
4nd silicates (c) at different sites (Dj 1-7).

In conclusion, it can be observed that of all the ele-
ments studied, nitrogen as provided by mineralization of
organic matter seems most closely related to microbial
activity, and hence seems to vary most with the dynamics
of s0il acidity and salinity of each particular soil. The
very low.phosphorus contents are-related to the minute
quantities of soluble phosphates in the parent materials
*of the soils. The inherent or natural fertility of all
soils is low, and a further lowering of this level may be
expected under the influence of cultivation and, probably,
- of leaching.

-, Potentials and Constraints for Rice

A review of the data from the present experiments and
7 information previously collected in gitu {Beye, 1972;
‘Marius, 1976; Vieillefon, 1974), permits the following
© generalisations regarding the suitability of the various
* Jandscape for rice cultivation.

+ Ripened mangrove 8oils: These soils are relatively rich
 in plant nutrients, but they are subject to rapid acidifi-
- cation when reclaimed and drained. Use for rice requires

"sulphates may lead to Fe toxicity.

RICE ON FLOODED SOILS: CASAMANCE 267

the availability of non-saline water for irrigation, sup-
pression of salinity and avoidance of acidification.

Bare tanne soilg: Because of natural drainage and oxida-
tion, these soils have become very acid while, at the same
time, their salinity is the highest of all scils of the
sequence. Under flooding, these soils maintained high
levels of acidity, while the toxicity level of sulphate re-
mained too high for rice growth. Irrigation with fresh
water in sufficient quantities, and liming to counteract
actual and potential acidity would be required if these
soils are to be used for rice.

Tanne eoile with vegetation: High salinity and acidity are
still unfavourable and a restraint for rice production.
Flooding improves conditions, but not sufficiently for
optimum production. As in the case of the bare tanne
soils, drainage, irrigation and liming are required if rice
cultivation is to be introduced.

Tanne sotls with rice cultivation: These soils in their
present stage are cultivable, but do not present an optimum
environment for rice. Flooding in the presence of
Improvement of hydro-
logical conditions and appropriate cultural techniques, in-
cluding incorporation of organic matter such as straw are
required for improved production.

Hydromorphic soils of the trangition zone: These are the
best soils of the sequence for improved rice production,
since they are without toxic conditions. In view of a low
inherent fertility, the main requirement is for appropriate
fertilization.

Well drained soilas of the slopes (Ferruginous tropteal
soils ~ Alfisola): The chemical characteristics of these
soils are almost identical to those of the higher plateau
$0ils. The inherent fertility level is low and fertiliza-
tion is required, including the use of organic manures.
These soils are suitable for pluvial (upland) rice cultiva-
tion.

Experimental results

The results of a pot experiment, using IR8 as an indi-
cator variety emphasizes the land evaluation conditions,
outlined above. Plant growth was completely impeded, and
no maturity of the crop was reached in all lower soils of
the sequence. For the three upper members, the following

results can be noted:

- on the Dj. 1 soils, crop growth in the experiment was
normal, but signs of early senescence and of N and K
deficiencies were noted;

e
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- on the Dj 2 soils, plant development was generally

better, but tillering was less and ripening was later;

- on the Dj 3 soils, initial plant establishment was

difficult because of salinity and acidity during the
early growth stage. Excess salinity is indicated by
the light colour of the centre and tips of the leaves
which disappeared readily, and was replaced by a light
degree of bronzing. Tillering was best, indicating
the transient character of the constraints.

Foliar analysis at different stages of plant growth
revealed that little correlation existed between these
analytical data and the indications provided by the chem-
ical and physio-chemical analysis of the soil solution.

Conclusion

The present study of the chemical and physio-chamical
kinetics of the s0il solution, have led to a better under-
standing of the potentials and restraints of the different
land types in the landscape of the marine plain and the
adjacent uplands. In respect to rice cultivation, the
higher soils (Dj 1 and Dj 2) are suitable for rice cultiva-
tion, with appropriate soil fertility management. The part
of the tamne with cultivation and vegetation (Dj 3 and
Dj 4) shows restraints due to excessive salinity and acid-
ity. Elimination of these restraints is possible, with the
availability of non-saline irrigation water, drainage and
liming. Similarly for the acid halomorphic soils of the
bare tanna (Dj S and Dj 6), but investments for their
amelioration would be considerably higher. The ameliora-
tion of the mangrove zone, submitted to tidal influences is
difficult without complete and expensive water control and
subsequent soil improvement,
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Plate 22, Uneven stand of broadcast rice with variable water depth
from uneven land preparation mechanized culture, Nigeria,

7

1

LAY

Plate 23, Drought-dama

ged rice on the flood plain of the Niger River
in central Nigeria,
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EVALUATION OF RICE VARIETIES FOR DROUGHT AVOIDANCE
AND DROUGHT ESCAPE MECHANISMS

K. ALLURI, R.S. VODOUHE, K.J. TREHARNE and I.W. BUDDENHAGEN

International Imstitute of Tropieal Agriculture,
PMB 5320, Ibadan, Nigeria

Introduction

Upland rice scils of West Africa may be divided into two
major categories, according to the nature of the water
supply. They are either freely-drained soils where rice is
entirely dependent on direct rainfall, or soils with
‘hydromorphic' characteristics which also receive water
from outside sources. ‘

The distribution of hydromorphic soils is related mainly
to topographical features of the land and/or impeded drain-
age. The determining factor for hydromorphism is the
groundwater table, which is either at a shallow depth or at
the surface during part of the year.

Sequential-testing along a toposequence from hydro-
morphic to dryland conditions has indicated a strong corre-
lation between depth of groundwater and Tice yield (Moor-
mann and Veldkamp, 1978). Comparisons of rice varieties

: indicated that typical upland types (0S 6) showed more
o B : s drought tolerance than lowland types such as IR20. Upland
rice varieties with thick and deep root systems, can ex-
Ploit water supplies in the deeper soil horizons and thus
are better fitted to survive or avoid drought than shallow~
rooted varieties. This is especially important in West
Africa, where many upland soils have water holding capaci-
ties of only 3 to 5 ¢m/30 cm depth (Moormann et al., 1975},
Short growth-duration varieties escape drought by com-
Pleting their growth cycle before the rains stop.

The phencmenon of drought "resistance" is not clearly
understood. The situation is particularly complex for rice
where drought avoidance, recovery from drought effects, and
drought tolerance, all of which contribute to drought
resistance, appear to be associated with different 'types'
of rices. Low tillering, traditional upland types with a
larger proportion of long and thick roots avoid drought
{Chang and Vergara, 1975); high tillering, improved semi-

i
1
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2
dwarf, lowland types have better ability to recover from
drought (Alluri, 1975); and seedling drought-tolerance is
more comeonly observed in deep water rice varieties. It is
to be hoped that innovative varietal improvement efforts
can combine characteristics of avoidance, escape, recovery,
and physiological tolerance per se.

Field screening for varietazl performance in upland con-
ditions is difficult since site and seasonal variabilities
are usually high and experiment station conditions often do
not adequately reflect the farmers' field situation.
Previous screening for adaptability to upland conditions
has given confusing results since dryland and hydromorphic
conditions were not distinguished, confounding the evalua-
tion.

Methods

Evaluation of rice varieties for drought avoidance was
conducted using a transect screening technique in which
single plots ranged linearly in a continuous function from
dryland to hydromorphic conditions. Time of planting for
different growth-duration varieties was adjusted such that
drpught stress occurred during both the seedling and post-
flowering growth stages. Seventeen rice varieties were
S5omMn across the transect in rows 30 cm apart. The rice was
under drought stress for four weeks shortly after sowing,
and again between 80 and 100 days after sowing. The tran-
sect was divided into dry, semi-dry, semi-wet and wet
zones, on the basis of drought symptoms. Towards the end
of the second dry period, soil moisture contents at 10-20
cm, were 2%, 3~-5%, 13-21%, and 26-41% respectively, for the
four zones from dry to wet. Severe drought stress symptoms

Results and Discussion

Significdnt varietal x zone interaction in growth
performance was observed, according to the location along
the transect in relation to groundwater and soil moisture.
Except for the early-duration variety, IAC 25, from
Brazil, which escaped the most severe second drought,
virtually no yield was obtained for the varieties in the
dry portion (Figure 1). IAC 25 also had a large proportion
of long and thick roots. Thus, in severe drought condi-
tions, escape and avoidance through use of early varieties
and a lomg root system with thick roots appear to be
necessary. Panicle number was severely reduced in the dry
zone in all varieties except IAC 25. However, there was no
consistent relationship between panicle number and yield.
Reduction in straw weight and plant height in response to
drought were highly correlated with reduction in grain
yield.

Under the more favourable moisture regimes of the lower

were apparent only in the upper dry portion of the transect.
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Fig. 1. Performance of different rice varieties across a transect from

dry to wet soil conditions, and mean yield (bars) across all condi-
tions,

portions of the toposequence transect, the traditional med-
ium duration varieties, 0S 6, 63-83 and Iguape Cateto were
higher yielding than the short-duration types, such as IAC
25 and the dwarf IET 1444, The mean yields across all
portions of the transect are shown in Figure 1. The major
disadvantage of the traditional varieties, however, is
their tendency to lodge under good moisture conditions or
fertile soils.

The results indicated that reduction in straw weight
and plant height are suitable indices of drought stress.
The transect toposequence approach provides a simple
evaluation of varieties for response over a range of soil
moisture conditions for selection of materials with good
drought avoidance and escape mechanisms. These can then
be combined with good agronomic traits and high yield
potential for improving rice for African upland conditions.
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SCREENING RAINFED RICE VARIETIES FOR ROOTING DEPTH
BY A P32 ABSORPTION TECHNIQUE

F.N. REYNIERS* and T. BINH**

*Institut de Recherches Agronomiques Tropicales, BP 634,
Bouake, Ivory Coaat
**IRAT/Gerdat, BP 5035, Mont ellter, France
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Introduction

One way pluvial rice can avoid drought stress is by having
a deep root system which is active in absorption even
during flowering and grain filling stages. Our aim was to
develop a simple method to measure the effective root zone
of varieties, and especially to identify varieties with
deep root systems of 50-100 cm. Radiocactive P32 was chosen
as the potential indicator, and techniques of soil applica-
tion and isotope recovery which would indicate uptake were
investigated. Varieties were then screened for deep-
uptake.

Methods

The basic method was to place the radioactive tracer
around the plant at different depths and to remove either
leaves or spikelets after several days and measure their
radioactivity. The presence and amount of radioactivity
was considered to be indicative of active roots at the
depth at which the tracer was placed in the soil,

Holes were made with a steel rod and the tracer was
injected through a teflon tube protected by a copper tube.
A hypodermic needle was attached to the base of the teflon
tube and an automatic distributor to the top. This ensured
injection of a constant amount of tracer at a predetermined
depth, Entirely hand operated, this equipment enabled two
workers to make 125 holes per day up to a depth of one
meter in a moist gravelly soil. The holes were arranged in
a circle of 10 cm diameter, around the plant, and made to
either 40, 60, 80 or 100 cm. The numbers of holes per
plant ranged from 1 to 6&.

The radioactive solution consisted of 25 millicuries of
P32 per ml and 500 mg of P per ml, the latter acting as a
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carrier. Two milliliter of this solution were injected per
hole. In different experiments different numbers of holes
were used per plant and the depths of injection were varied.
Radioactivity in leaves was measured 11 and 25 days
after tracer placement; that in spikelets at 5, 10 and 15
days. A Geiger Muller counter with a mica window was used
to count beta radioactivity. The counter's background
activity averaged 80 counts/100 seconds. Plants giving an
activity higher than that of the background plus three
Limes the value of the standard error were considered to be

radioactive.

Results

An initial experiment was conducted with the variety
Moroberekan at 120 days after seeding. Different numbers
of holes and placements were tested at different depths,
and radioactivity was measured in spikelets. It was found
that after flowering the spikelets contained the greatest
amount of radioactivity but that radioactivity varied among
spikelets from different tillers. It was considered ad-
equate to take 10 spikelets from among several panicles.

By mesans of autoradiographs it was found that the volume of
redioactive soil induced by the methods of application was
a4 sphere three cm in diameter. )

It was found that the percent of radiocactive plants in-~
creased with the numbers of placements per plant and de-
creased with deeper placements (Table 1}. A similar trend
occurred for levels of specific activity. It was concluded
from these initial experiments that for screening vari-
eties, five placements per plant would probably be suffi-
cient, ensuring a 60% probability of finding active roots
in the deep-rooted varieties.
TABLE 1

Parcantage of radicactive Moroberekan and specific activity in
oounts/100 aec per 10 spikelete in relation to the rumber and deptha
of tracer placement

Number of placeiments per plant

1 3 6
Depth {cm) 40 60 80 40 60 80 40 60 80
i of radiocacrive
plants 67 50 33 100 50 33 100 83 67

Bpecific activity 344 115 194 365 102 130 611 269 166

In a second set of preliminary experiments, uptake was
determined for three varieties at different growth stages
and from different depths of placement. Radioactivity was
measured in leaves taken 11 and 25 days after placement,
and then dried. It was found that the percentages of
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radicactive plants among varieties varied but that no con-
sistent difference occurred between plants 63 and 77 days
old (Table 2}. The percent of radicactive plants ranged
from 16 to 100 depending on variety and depth of placement,
with higher recovery from 50 cm than from 80 cm. Specific
activity increased greatly in leaves taken 25 days after
placemeht compared with those taken after 11 days. From
earlier experiments it was found that varietal differences
in depth of rooting are eéxpressed at the reproductive stage
which is also when the need for water is greatest. Thus,
for varietal screening for deep, active toot function it
was judged best to have plants in the reproductive stage
and to measure uptaké from 95 cm depth,

Fifty varieties were tested, representing a wide range
of variability in origin, morphological type and growth
duration. Five of the lines were Oryza glaberrima. The
varieties ranged in height from 55 to 140 cm and in dura-
tion to heading from 72 to 121 days. Tillers per square
meter ranged from 100 to 500. The experiment was a thrice
replicated Fisher block design with 30 x 15 cm spacing and
standard pluvial rice cultural practices, Sowing of indi-
vidual varieties was staggered to obtain flowering at
approximately the same time. Two plants were sampled per
variety per replicate and five pPlacements were made per
plant. A sample of 10 spikelets was taken from several
panicles of 5, 10 and 15 days after placement.

Results showed clearly that varieties differ markedly in
presence of functioning roots at 95§ cm depth after flower-
ing (Table 3). They differed in both the proportion of
plants showing some P32 uptake and in the amount taken up
a5 measured by specific activity. Varieties with 5-6
plants of the 6 tested showing uptake were considered
'deep rooted'. The amount of specific activity was con-
sidered to reflect either root density or function or both.

Four varieties had activity considerably higher than any
others., These were Pratao, LAC 23, IAC 1246 and 63-83,
Surprisingly, three varieties with stable pluvial yield,
Moroberekan, IRAT 13 and IRAT 8, had low frequencies of
recovery of P32, Of the 0.glaberrima lines, only CG 9 had
a high frequency of plants with deep root function, but
their activity was low.

Discussion

This method of screening rice varieties for drought
tolerance has two main advantages over traditional methods
of digging and weighing the root mass. It is a simple
technique, hence many varieties may be routinely evaluated
under various edaphic conditions. In addition, this method

" measures only root activity and thus eliminates confounding

of non-functioning roots. Studies are also being conducted
to correlate phosphorus uptake with root mass and water
absorption.
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ol m8 §F TABLE 3
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g ~ © o -o Deep root function after flowering of 80 varieties as measured
= o Y@ ®§ by frequency and amount of P32 uptake from 95 cm depth
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3y H L] 45} .
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TABLE 3 (cont'd)
IRAT B 1 11
IRAT 10 1 11
Zakplae {0.glabersrima) 0
Cas Vb 0
96 (0.glaberrima) 3]
T1 0]

a) P32 was placed at a depth of 95 cm around 6 plants per variety,
b) Measured 10 days after p32 placement in counts per 100 5/10 spike-
lees.

The technique of placing P32 at a given depth in the
$0il allowed the presence of active roots at that depth to
be determined. The technique is simple and useful for
classifying rainfed rice varieties according to their depth
of rooting and degree of deep-root function. Measurement
of radioactivity in the spikelets indicated varietal differ-
ences in phosphorus absorption activity of these Toots. We
acknowledge the support for these studies provided by a
grant from the International Atomic Energy Agency, Project
IVC 5/05 1976,
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TECHNIQUES FOR SCREENING RICE VARIETIES FOR
DROUGHT TOLERANCE

R. LAL* and J.C. MOOMAW**

*ﬁhternational Institute of Tropical Agriculture,
PMB 5320, Ibadan, Nigeriq

Introduction

A considerable proportion of rice grown in West Africa is
cultivated on upland soils under rainfed conditions
(Abifarin ez al., 1972)}. Rice yield under these conditions
is unpredictable and low. While suitable soil type for
rice cultivation is an important criterion in drought-prone
areas the importance of a variety with characteristics to
avoid drought cannot be minimized. Chang et ql. (1972),
observed that low tillering potential and slight reduction
in leaf area are desirable varietal characteristics for
conditions of severe moisture stress. Though the number of
leaves and leaf elongation rate may be low, total leaf area
of upland varieties has been observed to be high. The
ratio of leaf-sheath to leaf-blade length may also be high
for certain upland varieties (Hasegawa, 1963), Various
researchers have considered lower tillering capacity and
deeper root system development to be a desirable character-
istic for varieties for upland conditions (De Datta and
Beachell, 1972; Hasegawa, 1963: Nicou et ail., 1970;

Krupp et ai., 1572). An important selection criterion for
drought tolerance may be the energy status of water in the
rice plant relative to the Energy status of water in the
soil-plant-atmosphere continuum. There is a little inform-
ation on this aspect of Tice. An understanding of the
energy concept in a soil-plant—atmosphere continuum may
help in selection of rice varieties superior under a range
of adverse conditions of drought stress.

**Astan Vegetable Research and Development Centre, Pop 42, Shanhua,
Tatinan 741, Taiuan,
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Leaf Water Status in Relation to Drought Stress
Wilting range

Wilting range is defined as the difference in moisture
coantent of the soil between 'wilting point' and the
'ultimate wilting point'. Wilting point is the moisture
content at which growth ceases, and the ultimate wilting
point is the soil moisture content when the plant can no
longer maintain 1jife (Arnon, 1972). By analogy, the same
concept can be applied to the Plants. The difference in
the moisture content of the leaves at which they indicate
initial rolling from that at which the leaf cannot recover
may be an important criterion for screening rice varieties.

Resistance to water flow

The energy status of water in the plant is a more
important criterion than the actual amount of water itself.
. Both the amount and the énérgy status of water in the plant
‘v depend upon many factors (Gardner and Nieman, 1964): aj
resistance to water flow from s0il to Toots; b) resist-
~. ance to flow from and among other tissues; and ¢} resist-
ance to flow from the stomata into the atmosphere.

: There can be significant varietal differences in terms

of these resistances. A variety that offers more resist-
ance to flow from the stomata into the atmosphere has a
beneficial trait towards drought tolerance (Kanemasu et
al., 1969).

The resistance to vapour flow from stomata into the
atmosphere (e.g. leaf diffusive resistance)} was measured
for IR20 and 0S 6 grown at different soil moisture regimes
{(Table 1)}.

05 6 had higher resistance to diffusion than IR20 both
. With no stress and at all levels of soil moisture stress,
- The apparent randomness of significant differences in the

ture, which in turn is a function of atmospheric conditions
and transpiration rate. This technique of leaf diffusive
resistance can also be used for computing total flux (qy)
of water vapour or the transpiration rate of a leaf in a
finite time interval (at) according to the equation:
Aw = (C2 ~Cy) v/Aat. (1) (Siavik, 1974)

" :

-tions of the air in the cup of the diffusion porometer, v
:As the total volume of the cup, and A is the leaf area en-
closed.

LRergy atatus of wvarer in the rice plant

Total leaf water potential (¥y) is the total specific
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kot Eaa i Lo ko L e R I g :

Y
i

DROUGHT TOLERANCE SCREENING 287

free energy of water in the leaf tissue relative to the
free water surface. When leaf water potential is expressed
In terms of pressure, the numerical value is analogous to
the diffusion pressure deficit (DPD). Total leaf water
potential is: yy = Ys + ¥p + ¥p «-tac (2}, where osmotic
potential is (v¥.), the Pressure potential is (Yp) and the
matric potentiai is (¥y). Matric potential is:the most
lmportant component in Eq 2, representing the component of
specific free energy of water which is associated with

water status on interfacial borders in the leaf tissue.
TABLE 1

Diffusive reatatance in IR20 and 0S € at grain filling
gtage with different soil moteture regimeg

Leaf diffusive resistance (Sec. cm'l)

Soil moisture regime IR20 0S 6
Continuous submergence 3.43 4.57
Saturated 50il, no submergence 3.53 4,11
Zero suction at 15 ep depth 3.01 4.60
25 cm suction at 15 cp depth 3.26 4.19
S0 em suction at 15 em depth 3.27 4.27
75 em suction at 15 cp depth 3.79 4.15
100 cm suction at 15 cm depth 3.93 4.64
250 cm suction at 15 cm depth 4,34 4,29

LSD (.05): Moisture 0.48, Variety 0.64.

until a pressure is reached at which Xylem sap just appears
at the cut end of the shoot (Scholander et al., 1964, 1965,
1966; Bium ez al., 1973). The Pressure applied equals
total water potential minus osmotic potential which is at
zero when the sap appears at the cut end of the leaf. Leaf
water potential of two rice varieties, IR20, a lowland, and
05 6, an upland variety, was tested under different scil
moisture regimes, Variety 0S 6 maintained higher leaf
Water potential than IR20 for scil moisture Suction ranging
from O to 250 cm of water at 15 cm soil depth. Generally
high Wﬁ is considered to be a desirable trait. However,
ave been examples where high vy has not Proven to he

advantageous,

Leaf water potential monitored at the grain filling
Stage was significantly correlated with grain yield and

by an inteyaction between soil moisture stress and the
level of nitrogen application, or the fertility status of
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TABLE 2

Coefficients of linear correlation between leaf water potential
{-bars) at grain filling stage and performance of two rice varieties

Yield Parameter Correlation coefficient

Grain yield 0.70%*
Straw yield 0.71**
Grains/Panicle 0.48*
Panicle weight/plant 0.63%*
Unit grain weight 0.70*~

*Bignificant at 0,05 level; **significant at 0.0l level

phe soil {Tab}e 3). For a soil water suction of 250 cm, an
lncrease 1in nitrogen application sipgnificantly decreased
leaf water potential. For submerged soil it did not, and

for 100 cm suction the change was moderate,
TABLE 3

Influence of level of nitrogen on leaf uater potential
measured at 50% flovering (-bars)

Nitrogen rate (ppm)

Soil moisture regime 100 200 300 400
IR20
Subserged 20.3 18.4 17.2 20.3
100 cm suction 17.7 20.6 19.3 23.1
250 cm suction 21.5 22.7 24.7 20.6
5 &
Svhaerged 17.0 16.9 16,1 15.2
100 cm suction 15.8 14,5 20.3 18.0

250 ca suction 16.2 15.8 19.1 26.9

4 reckmigue for expressing tensiometrie results

An improved technique for investigating influence of
s0il moisture regimes on rice varieties involved monitoring
s0il moisture suction either by tensiometers or with gypsum
blocks. Irrigation is withheld until soil water suction
reaches a predetermined value.

A known quantity of water, generally calculated from the
inforamation on soil moisture characteristics, is then
applied either on the surface or through sub-surface irri-
gation. No sooner is the irrigation water applied on the
50il surface than soil moisture suction approaches zero.
The soil moisture suction therefore fluctuates between zero
and the predetermined value specified for the given treat-
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ment. It is, therefore, difficult to express results in
terms of a fixed value of soil moisture suction. Many
researchers have attempted to overcome this problem by de-
signing an auto-irrigation system (De Datta et al., 1975).
There are many problems involved in this system. One such
problem is based on an expenential decline in the hydraulic
conductivity with an increase in soil moisture suction.

The suction around the source of water is close to zero;
the values are much higher farther away. Also, the plant
roots cluster around the water source.

This problem may be overcome by integrating the area
under the curve of diural changes in soil moisture suction
for the entire growth period, obtaining a numerical value
for the cumulative soil moisture stress.

Cumulative soil moisture stress {cm-days) can be
expressed as

ta
S = [y . dt

soil
t1
where t is time (days), dt is the rate of change from t; to
tz. This value of soil moisture stress may apply for a
given depth.

Weighted mean average soil moisture stress (Sm) can be
obtained by integrating the suction values for different

depths (z): Weighted mean stress
Zy

‘Sm' = ("dz
Z;

where dZ is the rate of change from Z, to Z,.

Grain yield of the two varieties was plotted against
such weighted means of cumulative soil moisture stress
(Figure 1). Different slope gradients between cumulative
stress and grain yields were obtained between varieties.
At equal levels of cumulative stress 0S 6 produced higher
levels of grain.

Water use efficiency of rice variteties

Water use efficiency may be expressed in terms of
'energy equivalent' using 4000 cal g-! as an average for
different kinds of plant materials (Penman, 1971). Accord-
ing to this system water use efficiency can be expressed
as: Qy = CRy where Q is the heat of formation of plant
material (4000 cal g“!), Y is the yield in g cm™2, C is a
constant, and Ri is the radiation income (in cal g-!). If
soil moisture becomes a limiting factor, the evapo-transpi-
ration component can be added: Qy = BErx where E; is the
cumulative potential transpiration for the period in cm, A
is the latent heat of vaporization (590 cal g~!) and B is
‘a constant for a particular variety. By substituting the
values for heat of evaporation and heat of formation of
plant material, the equation becomes Y/ET = (00,1475 B.
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This equation can be used to evaluate rice varieties for
their performance under different conditions of evapo-
transpiration.

90¢

$

Groin yisld {g/pot)
g & d

:

&

. , - IR20 056
O 5 10 15 20 25 30 35 40 45 50 55 &0
Cumulafive soil moisture stress {cm /days x 10%)

Fig. 1. Effect of cumulative soil moisture stress on grain yield of
two varieties.

A teohnique for soreening rice varieties for drought tol-
;.. eranoce

A breeder concerned with drought tolerance may wish to
“have information on potential parents regarding plant~water
* relationships and water-use efficiency. To obtain reliable
information, the techniques empleyed must not be influenced
by soil heterogeneity. It is important that the depth of
the active root zone and the distribution of moisture

| potential from the soil—to-plant-to-atmOSphere is precisely
‘determined. The actual eévapo-transpiration must also be
known. A schematic sketch of an experimental set-up for
btaining useful data on soil plant water relationship is
routlined in Figure 2. Uniformly mixed soil is packed at a
known density in a circular trench 2-3 metres in diameter
;and 50 to 75 cm deep. The main soil body is lined with
porous blocks, so as to permit free diffusion of water
laterally into the soil. Outside of the lining is an open
‘trench of 30 cm width for water. The depth of water in
this trench can be regulated. A series of tensiometers and
neutron~probe access tubes installed along the radius can
"be used to monitor soil moisture potential and soil moist-
ure coatent at different distances from the water source

- and at different depths. From knowledge of the hydraulic
_conductivity, and of the potential gradients at steady
Atate, ane can calculate the flux at different radial

. - " . - e . q L L R LT SR
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distances from the water source,

Varieties to be tested for their drought tolerance.can.
be planted along radii in an arc segment. Plant spacing is
varied from the periphery to the centre to prevent in- )
creased plant competition towards the centre. Plant vari-
eties can be grown to maturity, and new sets of varieties
replanted in the same set-up without additional soil
disturbance.

In addition to agronomic observations, measurements of
the leaf diffusive resistance, leaf water potential, )
transpiration rate, and water use efficiency, will provide
information for selection. Measurement of solar radiation,
ambient temperature and humidity should also be done to
enable comparison of different sets grown at different
times,

Free water surfoce

Wall made of porous
blacks

Filled in uniform
soil moss

b Tensiometers

Neutron probe
access fube

J
v

Fig. 2, Technique for screening rice varieties for drought stress.
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TRADITIONAL AND BROADCASTABLE SEEDLINGS IN RELATION TO
METHODS OF FERTILIZER APPLICATION

K. ALLURI

International Institute of Tropical Agriculture,
PMB 5320, Ibadan, Nigeria

Introduction

In West Africa in the early 1970's the actual average yield
of swamp and flooded rice were about 1.0 t/ha, while upland
rice, which remains the major part of the rice production,
yielded only some 0.5 t/ha (Abifarin et al., 1972).
Although higher grain yields can be obtained with con-
trolled irrigation, labour-intensive operations, especially
transplanting, limit expansion of paddy-rice culture in
this region. However, the advantages of transplanting over
direct sowing are many: Less water is required during
seedling stage, as the area for the nursery is usually one
twentieth of the main field; the duration of growth in the
main field is reduced, which is important for double
cropping; the weed problem is less since transplanted rice
competes better with post-emergence weeds; and land
levelling requirements are less critical. To retain these

- advantages while also eliminating the tedious process of

transplanting, Matsushima (1975) proposed the use of broad-
castable seedlings, potted in seedling boxes. In Eastern
India where rice is broadcast in rainfed areas, similar but
less sophisticated practices are used to redistribute seed-
lings and achieve better stand uniformity, simply by trans-
planting seedlings with a lump of soil attached to the
roots. Also, in deep water areas, tall seedlings (6-8 weeks
0ld) are uprooted with soil attached and broadcast from
boats. In the Matsushima method, seedlings are grown in
soil in divided plastic trays and when ready for trans-
planting the seedlings are easily pulled from the pots with
intact roots in a soil-root clump. When the seedlings are
thrown onto the paddy field they fall inclined, but with
their roots downwards, and quickly become established.
Since the seedlings are placed practically on the surface,
they are comparable to shallow or surface plantings which
results in an easier physical emergence of tillers.
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It is apparent that for traditional types of transplant-
ing, deep placement of fertilizer is beneficial because of
the proximity of the fertilizer to the roots, with less
loss of nitrogen by volatilization. 1In a rich clay soil
with high cation-exchange capacity in

corporated, top-dressed or foliar-spray application (IRRI,
1975).

Experiments in paddy at Badeggi, Nigeria indicated that
run-off and denitrification were the major ways in which
fertilizer N is lost from the soil. Deep placement through
mud balls or deep incorporation of the fertilizer minimized
theaN losses and resulted in higher grain yields (Ayotade,
1578).

The fertility of West African soils tends to be 1low,
with generally low levels of clay. Soil organic matter
content is also low because of the climate. As a result,
the soils have a limited cation-exchange capacity. Amounts
of organic nitrogen, phosphorous and sulphur mineralized
annually are often well below the requirement for satis-
factory crop yields (Jones and Wild, 1975). Thus these
soils differ greatly from the paddy soils of Asia. There-
fore, the agronomic practices for proper utilization of
. these so0ils need to be evaluated carefully for profitable
: rice production.

) Broadcastable seedlings were compared with traditional

. wet-bed seedlings of cultivar BG 90-2 under three methods

- of fertilizer application at IITA. The wet-bed seedlings

~ wWere transplanted at a depth of 4 to 6 cm, while the

i broadcastable seedlings were placed (not broadcast} on the

. surface at the same Planting density. Basal fertilizer

i NPK, each at 60 kg/ha, was applied either incorporated with
a power tiller for deep incorporation, raked in for shallow

~ incorporation, or applied immediately after transplanting
for surface application without incorporation. At the time

-.af panicle initiation, a further 30 kg of N was applied,
placed either deep between 4 hills, shallowly incorporated

by hand, or applied on the soil surface for the respective

fertilizer treatments.

i Higher yields were obtained with broadcastable seedlings

" for all three methods of fertilizer application (Table 1).

Panicle number and degree of grain fill were similar for
all treatments, The higher grain yield with broadcastable
seedlings resulted from a more efficient distribution of
dry matter, with a greater number of productive panicles
and higher panicle weight,

3 No effect of fertilizer Placement was observed for the

traditionally transplanted seedlings. However, for the

‘broadcastable seedlings there was a distinct negative
relationship between depth of fertilizer placement and

.- yield. Deep placement of fertilizer resulted in lower
yields from broadcastable seedlings. This Telationship is

L
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TABLE 1
Comparison of traditionally planted (A) and broadeastable

seedlings (B) of rice eultivar BG 90-2 under diffevent
fertilizer placement methods

Fertilizer placement

Deep Shallow Surface
Planting method A B A B . A B
Grain yield (t/ha) 6.1 6.8 6.1 7.1 5.8 7.4
% productive tillers 79 87 86 92 81 g8
Panicle weight (g/hill) 29 33 30 32 28 34

probably due to the broadcastable seedlings having a larger
"surface" root system than the traditionally transplanted
seedlings. The greater ability of broadcastable seedlings
to utilize top-dressed fertilizer (the common and most
convenient farmers' methods) points to their advantage, )
particularly when combined with the labour-saving in avoid-
ing the tedious process of transplanting. An economic
evaluation of the method is considered to be merited for
African conditions. The author wishes to thank Dr. S.
Matsushima for his valuable advice on the method of prepa-
ring broadcastable seedlings and for his cooperation in
trials during 1976.
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OPTIMAL RATE OF SEEDING FOR PLUVIAL RICE
AND NITROGEN UTILIZATION

P.F. CHABALIER and J. POSNER

Institut de Recherches Agronomiques Tropicales,
B 635, Bouaké, Ivory Coast

Introduction

For each ecological zone, there is an optimal rate of
seeding which will result in the highest yield. The aims
of the presently described work were to determine the
optimal rate of seeding for pluvial rice, growing under
good conditions in the Ivory Coast and to determine the
relationship between plant density and the use of fert-
ilizer by the plant.

Methods

The variety IRAT 13 was grown at four different seeding
densities: Pocket drilling, 30 x 60 cm (6.3 kg seed/ha);
Pocket drilling, 30 x 30 cm (12.6 kg seed/ha); Drill
seeding, 15 x 15 cm (25 kg seed/ha); Drill seeding 30 x 3
cm (42 kg seed/ha). Each treatment plot was 22.5 m?
and was replicated four times. Samples were taken period-
ically to estimate dry matter production at various stages
in the prowth cycle.

The basal application of fertilizer was 200 kg/ha of
10-18~18 complete fertilizer, supplemented by the addition
of urea containing 20 nitrogen units at 30 and 90 days
after planting. The seeds were planted on June 17, 1976,
Rain and additional irrigation provided optimal water
supply.

Data were collected on the growth, ground cover of the
vegetation and nitrogen nutrition of the plant. To test
the last factor, two seeding rates (30 x 30 cm and 30 x 3
cm)} were treated with N!'® at 5% on a sub-plot basis. This
methed allowed the actual use of fertilizer at each date
of application to be determined.
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Results

. Grain yields exceeded 5 t/ha in each case, without sig-
nificant differences among the treatments. Dry matter
produced was 10.2 t/ha without a highly significant differ-
ence among the treatments. However, the shape of the
giowth curves differed among the treatments (Figures 1 and
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Fig. 1. Dry matter development on variety IRAT 13 in relation to
spacing, Bouake.
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Fig. 2, Tillering density in relation to spacing density and arrange-
ment with time, variety 1RAT 13, Bouake.
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With 30 x 3 cm seeding, the rice grew more rapidly, so
that the dry matter produced at 60 and 85 days was 50%
higher than that of 30 x 30 cm treatment. However, at
harvest (140 days), there was little difference between the
treatments (1090 g/m2 for 30 x 3 cm and 1026 g/m2 for the
30 x 30 cm}.

Although growth was slower under the other treatments,
it continued and made it possible to obtain maximum yield
potential of the variety at harvest. Under good growing
conditions and adequate water supply, drill seeding at
30 x 3 cm appeared to be the optimal rate of planting.

The mobilization of N on different treatments was
compared, differences similar to those observed for dry
matter were noted. Mobilization of N on the 30 x 3 cm
treatment was more important during the growing season, but

at harvest, there was no significant
30 x 3 cm and 30 x 30 cm treatments.
fertilizer application accounted for
mobilization (120 units)} of which 70

difference between the
At harvest, N from
only 15% of total
units (58%) were

mobilized by the grains. The use of the supplementary
fertilizer remained low: 33% of the application made at

30 days and 57% of the 90 day application. The second
application was used mainly to form grain proteins (Figures
3 and 4).

Discussion

Most of the mobilized nitrogen was provided by the soil.
Also, the fertilizer supplied at seeding is less used than
that applied later as supplementary fertilizer.

S0il provided 100 units N during the growing period,

whereas out of 60 units N supplied, only 20 were directly
used by the rice, irrespective of the rate of seeding. A
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large proportion of the N fertilizer has been reorganized
within the organic matter in such a way as to favour min-
eralization of soil nitrogen. In this way, fertilization
_ piays an indirect role in the nitrogen nutrition of the

i plant.

The mobilization of the nitrogen by the plant develops
in the same way as does the accumulation of dry matter.

- At heavy planting densities, the amount mobilized is more
i lmportant to 70 days after planting but it is the same on
'all treatments at 140 days. There is a slow but contin-
- wous absorption of N on treatments with low rates of
seeding.

A high rate of seeding (30 x 3 cm) was considered to be
the best method under favourable growing conditions because
it favoured rapid growth of the plant to allow it to reach
maximum yield. At lower seeding rates, similar yields were
obtained by slow, continuous growth to maturity. Under un-
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favourable growing conditions (e.g. poor water supply), a
lower rate of seeding (30 x 30 cm) is considered to be
preferable since this allows the plant to regulate its
growth during the growing cycle and still attain acceptable
yields.

Summary

Several plant densities have been tested on an improved
variety of rain-fed rice under optimal growth conditions.
The highest density (lines of 30 x 3 cm) gave the best
results during cultivation because it favoured rapid growth,
Lower densities are linked with slower but continuous
growth until maturity, which enables the plant to attain
the same yield,

For 120 units of N used by the plant, only a small part
came from the N-fertilizer, about 20 units, of a total of
60 units applied, N-fertilizer applied at 90 days was most
efficiently used by the plant. At maturity, no difference
appeared between the treatments (30 x 30 cm) and (30 x 3 cm)
concerning the N mobilization, although N mobilization
during the cycle was slightly different.
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NITROGEN FERTILIZER UTILIZATION IN A TWO-YEAR ROTATION
OF RICE~MAIZE~COTTON IN CENTRAL IVORY COAST

P, CHABALIER and J. PICHOT

Institut de Recherchea Agronomiques Tvopicales,
BP 635, Bouake, Ivory Coast

Introduction

Nitrogenous fertilizers are indispensable for obtaining
high rice yields but the factors that control nitrogen
efficiency in the African tropics are not understood clear-
ly. The aim of our project was to study the mechanisms of
mineralization, the different possible losses of N-fert-
ilizer under upland rice growing conditions and its absorp-
tion by plants. N!5-labelled fertilizer was used as a tool
to trace nitrogen in the soil-plant system and tc measure
the different transfer flows between the system's compart-
ments.

Methods

Field experiments with N!%-labelled urea were conducted
in 1973 and 1974 at Bouaké Station on the site where a soil
fertility experiment was commenced in 1969, to study the
effects of prepeated applications of N and straw on long-
term soil fertility and leaching losses.

The so0il was a moderately desaturated ferrallitic soil”
(B.S8. = 50% - CEC 6 meq/100 g soil) derived from acid
crystalline formations of the basement complex.

The climate is characterized by a bimodal rainfall of
1200 mm and a mean growing season temperature of 250C. The
biennal rotation was, year 1l: rice {June-Oct.}, year 2:
maize ({April-July), cotton {Aug.~Dec.). Upland rice cul-
tivar Iguape Cateto, hybrid maize H507 and cotton cultivar
Allen, were used. The experiment was laid out in a ran-
domized complete block design of 6 treatments of 0, 60 and
120 t/ha elemental N (Ng, Ny, Np) each with (M;) or witﬂ:-

*Qxic Paleustalf
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out {My)} an application of 5 t/ha of straw. Nitrogen fert-
ilizers were applied as urea in 2 applications, half at
soming {5) and half at booting (B). Each plot was divided
into sub-plots receiving urea or labelled urea. Periodic
sampling of both the soils and plants was done to follow
the N dyramics in soil and the N absorbed by the plants.
Leaching losses were measured, using ten lysimeters with
undisturbed soil.

Results
¥-fertilizer utilitsation and N-nutrition of plants

N-fertilization increased N uptake by the plants and
slightly increased grain protein content. The nitrogen-
supplying power of the unfertilized plots of rice was
equivalent to 60 kg/ha during the growing season. The re-
lease was fairly slow, reaching a maximum of 1 kg/ha/day
during flowering. With fertilizer additions of 60 and 120
kg/ha, total N uptake increased to 100 and 140 kg/ha and
2.8 kg/ha/day, respectively. Total N in the p}ant was
reduced between flowering and maturity, which was correla-
ted with a prolonged dry period.

The apparent utilization coefficients were always higher
than the real coefficients; added N favoured mineraliza-
tion and turn-over. Nitrogen utilization by upland rice
was low, ranging from 35~55%, with less at maturation
stage. The addition of 5 t/ha of straw had a favourable
effect on yields; during one cycle about 15 kg/ha of N
{354 of the total N content of the straw)} were released.
Its action was also important in the K nutrition and on
soil saturation. Moreover, straw modified the acidifica-
tion effects of repeated N-fertilization. Mineral N
dynamics in the s0il showed the natural N mineralization
and the evolution of the N-fertilizer. It was demonstrated

that. the first N application was available in mineral form .

for approximately one month and disappeared progressively,
while the second application, during the growth stage,
disappeared more rapidly. In the no-fertilizer treatments,
the mineral N quantities were very low except during the
first rains. After cultivation, small quantities of
mineral N derived from fertilizer were in the mineral pool.
Rice seemed to take up the ammoniacal form preferentially.
The buried straw was not shown to have a very clear effect
on the N-dynamics and its absorption by the plants.

Leaching losssas

Under rice, for 60 kg/ha application, 60 kg/ha were
consumed by the plant and less than 1 kg/ha of N-fert-
ilizer was leached. For 120 kg/ha application, 70 kg/ha
were consumed and 4 kg/ha of N-fertilizer were leached.
The second year, leaching losses of labelled residual
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nitrogen under N-fertilized maize and cotton were of the
same order.

Balance sheet

In establishing a nitrogen balance sheet, with moderate
fertilization all the N!5 was accounted for. With heavy
nitrogen additions, up to 30% of the labelled N was lost to
the system. It has been shown by computer simulation that
chemical denitrification losses can be very important (up
to 40% losses) in a tropical acid soil during a drying
cycle {Table 1}. These conditions were for heavily fert-
ilized soils of pHS5,

A phenomenon which seems to be important to these soils
is the immobilization of N in the organic matter. The
utilization by the microorganisms of the soil was superior
to uptake by the plants. There was a preferential incorpo-
ration of N into a special hydrolysable fraction correspon-
ding to amide-N equivalent of 50% of N-fertilizer. This
indicated that the residual effect of N-fertilization was
relatively important to the plant but, on the other hand,
leaching losses were of the same order the second year as
in the first year of application.

TABLE 1

Balance sheet of N-fertilizer in kg/ha on rice in dryland fields

Ist 2nd 1st 2nd
Application of N 30 30 60 60
Uptake by plant 7 13 11 21
Mobilization so0il 0-25 19 15 18 20
Mineral form 0-25 em 1 1 2 1
Leaching 0.5 Q 3 1
Total ) 27.5 29 34 42.5
Losses % 7% 3% 42% 28%

Summary

In Bouaké, Ivory Coast, field experiments were conducted
to study N-fertilization in the tropics in which N1!5
labelled fertilizer was used during two years on a rotation
with rice-maize-cotton.

The N-uptake by rice seemed to reach a maximum at
[lowering. The real utilization coefficients were low and
they varied with time and quantity of application. The
second application, at booting, was better utilized than
the first, at sowing.

In all cases, N-fertilization distinctly increased N-
protein content. The storage in organic matter was import-
ant. N-fertilizer was transformed to amide-N in the soil,
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but a certain quantity of this N source could be re-
utilized by the plant. The leaching losses of N-fertilizer
were not heavy and N lasted several years. The chemical
denitrification losses could be important in the case of
acidified soil and prolonged drought. Incorporating the
Straw is an interesting practice; it had a positive effect
on yield and on soil fertility because of its N and K
production and of its modifying action on acidification due
to N-fertilization. It had no effect on the N mineral
dynamics in the soil nor on its absorption by the plants.
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IDENTIFICATION OF RICE YELLOW MOTTLE VIRUS IN IVORY COAST

C. FAUQUET and J.C. THOUVENEL

Office de Recherche Scientifique et Technique Outre-Mer,
BPV 51, Abidjan, Ivory Coast

Introduction

A virus disease has been found in irrigated rice in several
areas of Ivory Coast, notably Gagnoa, Lam-To, Yamoussoukro,
Katiola, Odienne and Tabou. The characteristics of the
disease and the virus itself were studied in order to iden-
tify the disease and assess its importance.

On young leaves, the disease appeared as a yellow and
green mottle. Older leaves were yellow at the base and
orange at the tip. In an infested field, yellow-orange
discolouration of leaves was seen on plants scattered
throughout the field, but such plants were more prevalent
at field margins. Symptoms occurred at any stage from
transplanting to booting. Plants infected at an early
stage were stunted. The disease has been observed under
irrigated conditions on the varieties IR8 and Jaya, with
symptoms more proncunced on IRS.

- Transmission and lHost Range

The rice yellow mottle virus (RYMV) was successfully
transmitted by mechanical inoculation of leaves previously
dusted with carborundum. The inoculum was prepared by
grinding in a mortar at 09C, 0.5 cm pieces of infected
leaves in 0.1 M phosphate buffer at pH 7.1, containing
0.25% bentonite and 0.35% cysteine hydrochloride. The
symptoms after inoculation were similar to those seen in
the field. Plants less than 14 days old were killed by the
disease. The distribution of the disease in the field
suggested that an insect vector may be involved, but this
has not been investigated. The disease was not observed in
6000 seedlings grown from seed from infected plants.

The virus was mechanically transmitted, as evidenced by
symptoms of a mottle, to 15 varieties of 0.sativae from the
IRAT collection at Bouake: C 463A; Carreon; CICA 4;
Iguape Cateto; IR5; IR8; Jaya; LSX 104 x 144 B9;
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Moroberekan; Mutant 50; 0S5 5; 0S5 6; Tetep; Zenith;

and 1487/9/5. The 15 varieties were inoculated mechanical-
ly at 15, 30 and 45 days after transplanting. The effect
of the virus on growth, development and yield was much
greater with earlier infection, and this depended on vari-
ety.

’The virus was mechanically transmitted to other Oryza
species (Table 1), but not to the following species:
Chanopodium amaranticolor, Datura inmnoxta, D.stramonium,
Fleusina coracana, E.indica, Niecotiana glutinosa, N. tabaosum
v.samsun, Physalis alkekengiti, P.floribunda and Zea mays.

Virus Characterization and Concentration

The characteristics of the virus were investigated using
sethods described elsewhere (Fauquet and Thouvenel, 1977).
Juice extracted from six-week old leaves of yariety IR8
which had been infected twWo weeks previously?lor purified
preparations, were used. The virus was purified from 30 g
samples of frozen IRB leaves, using the method of Bakker
{(1974) for rice yellow mottle virus. Using an absorption
coefficient of 6.5, yields were obtained of 400-600 mg
virus per kg of extracted leaves. The virus was shown to
be 28-30 nm in diameter and to be stable (Table 2).

TABLE 1

Symptams of rice yellow mottle virus on Oryza species

Species Symptoms
0.sativa (FK 135)
0. aattvra (Pacita)
O.sativa (TN 1)

Mosaic, strong mottle
Light mottle, yellow discolouration
Apical necrosis

O.alta Mottle on young leaves

O, mavraliensis Chlorosis

0, barthii : Mottle

0.glaberrima Yellowing

0. latifolia Slight mottle

O.mnivara Chlorosis

0. rufipogon subsp. balunga Chlorosis

O.rufipogon subsp. cubensis Chlorosis

0. mufipogon (Taiwan) Strong mottle
Necrosis

0. spontanea

Variety LRAT 2 was grown in the greenhouse and inocula-
ted mechanically at weekly intervals from two to six weeks.
The virus concentration in the plants was estimated by
harvesting the tip of the last leaf and measuring the
dilution end-point by inoculating the sample dilutions onto
young IR8 plants. It took four weeks for the virus to
reach maximum concentration. The virus concentration was
much greater in plants infected earlier than later in the

——— e ot
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season. For IR8, loss in plant weight caused by the virus
was estimated at regular intervals and the virus present in
the leaves was purified and weighed. The maximum virus
concentration occurred 10-14 days after inoculation. The
g;owth was retarded maximally 21 days after inoculation.
Virus concentration at the end of the growth cycle was I5%
of its maximum value.

TABLE 2

Phyaical characterietics of rice yellow mottle virus from Ivory Coast

Characteristic Value
Dilution end-point 10~6 (variable with inoculum source)
Thermal inactivation peint 700C
Longevity at 209C 34 days
Longevity at 49C 84 days
Particle shape and size in dip
preparations spherical, 28-30 nm diameter

U.V, absorbance maximum at 260 nm; minimum at 243

nm, which gave the following

ratios: Esgo/Eogg = 1.46%0,02
Emax/Emin: = 1.29£0.03
Isoelectric point 6.0 + 0.2
Density in CsCl 1.36 g/cm?
Molecular weight virus protein
subunit 27,000 = 1000 daltons

Serology

The antiserum produced by this virus reacted specific-~
ally with crude sap up to a dilution of 1/1024. It also
reacted with RYMV isolated in Kenya by Bakker {1974) up to
a dilution of 1/512. RYMV antiserum from Kenya (titre,

V//1/1024) reacted against the virus from the Ivory Coast up

to a dilution of 1/512. "The presence of a spur between the
two viruses indicated that -the isolates were different.

Cross reactions between antisera of RYMV from Ivory
Coast and Kenya and comparison of the characteristics of
the Kenyan isolate (Bakker, 1975) with that of the Ivory
Coast suggest that different strains of the same virus
occur in these countries. An identical or similar virus
disease has been reported from Nigeria, Sierra Leone and
Liberia (Raymundoc and Buddenhagen, 1976}, so apparently
rice yellow mottle virus is widespread in Africa. To date
it is the only rice virus which has been isolated and
described from Africa.

The provision of a rice yellow mottle virus antiserum
by_Dr. D. Peters, Virology Laboratory, Agricultural
University, Wageningen, The Netherlands, is gratefully
acknowledged.
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CMI/AAB Descriptions of

R ST TION

P{ate 24, Recent development of steep paddy culture in the mountains
of West Cameroon, 'Slash and burn' upland rice cultivation on the
hills in the background.

Plate 25, Inland valley swamp rice of the peasant farmer in the high
rainfall area of liberia,
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CAMEROON

J.M. AYUK-TAKEM

The country's ecological conditions are amongst the most
diverse in tropical Africa, ranging from mangrove and rain
forests to deserts and from sea level to 4000 metres.
S50ils range from rich, recent volcanics to old leached red
laterites, to black cotton soils. Rainfall ranges from
600 mm to more than 3 metres per annum.

Rice production is about 40,000 tons of paddy from both
upland and irrigated fields. Irrigation projects exist in
the dry north along the Logone River (47% of national
production), and in the central-south along the Sanaga
River. Irrigated rice is now grown by peasant farmers in
small developments in the mountains of the northwest,
following introduction of techniques by the Taiwanese. A
more recent effort to develop peasant farmer paddy rice is
underway in the Ndop plain, at an altitude of about 1000
metres. These peasant farming programmes involve over
8,000 farmers and comprise 20% of the national production.
Paddy rice yields average abour 2.3 tons/ha.

A large upland rice project has been developed in the
Mbo plain on volcanic alluvial soils, where soil conditions
range from inundation to hydromorphic to pure dryland. The
rest of the upland rice in the country is of the shifting
forest agriculture pattern by peasant farmers and it is
restricted to a few regions. Upland rice yields are about
0.9 tons/ha under shifting agriculture but over 4 tons/ha
have been obtained under dryland conditions in the Mbo
project.

Researeh

Some research dates back to 1953, conducted first by
the Ministry of Agriculture then by a commercial develop-
ment association near Yagoua in the north. In 1967, IRAT
assumed responsibility for research on rice and other f{ood
crops. In 1974-75, this research was transferred to the
Cameroonian organization of IRAF (Institute of Agricultural
and Forestry Research) which is under the National Office
for Scientific and Technical Research {ONAREST) .

Research on rice is as yet in its infancy, but varietal
screening and various agronomic trials have been conducted.
Agronomic trials have been mostly at commercial projects
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and have covered fertilizer, rotations: and herbicides.

Varietal screening for commercial upland conditions has
been mostly of varieties developed by IRAT in Ivory Coast
or of traditicnal African upland varieties and Brazilian
upland types. Several IRAT mutants (M 45, IRAT 13, M 5)
and lines from the cross IRAT 13 x Moroberekan, are high
yielding and well adapted.

The traditichal upland variety 63-83 from Senegal and a
Brazilian IAC line were adapted to peasant upland condi-
tions.

Varieties being grown in peasant irrigated areas in mid-
altitude sites (up to 1200 mettes) are Tainan 5, Manga-
keley, and two varieties labelled IR42 and IR288, both of
which require clarification for correct designation and
origin. In the large northern irrigation scheme, varieties
IR8 and IRZ4 are grown commercially but problems of cold
tolerance and blast occur. The peasant farmers grow D-114-
4 and Neang Veng under less intensive irrigated conditions
in the same area.

The major problems known which require research are
blast disease for both paddy and intensive upland culture,
and the maintenance of soil fertility for upland condi-
tions. Considerable more varietal screening work or even
breeding, could be useful., Intensification of rice culture
will require greater research efforts since other pest and
disease problems can be expected to increase.

CHAD

M. N'DOUBA

Indigenous rice species, especially 0.breviligulata, occur
around Lake Chad and have been harvested since ancient
times. O.sativa 1s more recent, having been first intro-
duced during the colonial period. However, the major ex-
pansion of rice cultivation occurred after 1940, with
introduction of seeds from Camercon.

Production

Rice culture over the past 20 years has extended from
8-11°N, in the 1200-800 mm annual rainfall belt., The
length and duration of the rains govern the flooding of
the rivers and the inundation of the plains and river
basins where rice is cultivated. The types of rice culture
encountered are:

a) Pluvial: On lowlands; requires 1200 mm annual rain-

fall, from June to Octecber, and occurs in the Moyen-
Chari and Mayo-Kebbi regions.

b) Flooded without water control: Depends on the depth
of the fleoeds in the rivers and streams, occurs in
Tandjile and Mayo-Kebbi areas.

c) Flopded with partial water control: Semi-pluvial,
irrigated by controlling the arrival and departure
of the flood waters in Satégui-Deressia plain.

d) Irrigated with total water control: Dams, pumping
stations and irrigation canals, in Bongor and Deba
regions.

The area of rice cultivation over the past ten years has
varied from 30 to 40,000 ha, apart from a peak period of
approximately 50,000 ha in 1971-72. The average annual
preduction is 37,000 tons, with a peak of 50,000 t in 1971.
Average yield is 0.9 t/ha. Production is insufficient to
meet national needs and is supplemented by imported rice.

There are several reasons why production and average
yields have not increased in recent years: irregular rains
which resulted in reduced flooding along the Logone and
Chari Rivers; a severe drought in 1973; poor maintenance
of equipment for water control; use of poorly-adapted,
long-duration varieties which are low yielding; lack of
fertilizers and appropriate cultural techniques. A low
official price (25 CFA or US$0.10/kg paddy) encourages
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farmers to sell in neighbouring countries at a better
price, on the black market.

Rice has long been grown in the basins of the Logone and
Chari Rivers. It is now extending into the basfonds (low-
lands) of southern Chad where it is an additional crop to
cotton.

There are two major alternatives for future rice devel-
oprent in Chad. One is for large-scale-irrigation schemes
with complete water controlsis«while .the dther is for pluvial
rice with semi-controlled -flooding.  The former allows two
crops per year and should givéNincreased yields. However,
it requires large capital investment and costly irrigation
equipment which is difficult to maintain. Because of the
cost, most of the potential rice land is unaffected by the
schemes. The partial water-control schemes require less
management and expense and can reach many more farmers.
They should result in a more rapid increase in national
rice production.

Resgarch

.The first rice research station was established at
Bounio in 1952. Stations have subsequently been estab-
lished at Bongor (1958), Lai-Kelo and Satégui-Deressia
(1975). The early work resulted in the release of the
varieties Maroua S.M. and Bentoubala B., which are still
cultivated in some areas today. Maroua yields 2.5-3.0
t/ha. Of 183 introductions between 1950-69, five (D 52-37,
Bentoubala B., Puang Ngeon, Nedng Veng and Dissin 14) were
released to farmers. Many varieties have been introduced
during the 1970's and some of these, such as IR8, IR20,
IR22, and Sintana Diofor out-yielded the older varieties,
such as Puang Ngeon, Bentoubala B. and Maroua S.M. by 7 -
304. Variety D 52-37 and IR24 yielded similarly to the
check varieties (2.0-2.5 t/ha), whereas CICA 4 and Tainan 5
yielded-lesst o -

"Agronomic research has been concerned with devising an
appropriate calendar of cultural operations, fertilizer
recomuendations, and improved cultural techniques. Blast
disease occurs on some varieties, as do Cercospora and
Helminthosporium leaf spots. Little is known about insect
pests.

Future research could profitably concentrate on the
selection of high-yielding varieties adapted to the vari-
ous zones of rice culture. The éstablishment of a compet-
itive price for paddy producers is also important for the
future development of rice production in Chad.
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EGYPT

A.F. EL-AZIZI

Rice in Egypt lies outside the tropics at about 309N lati-
tude and this, plus the exclusively high water control
irrigation in a desert climate, make for a very different
situation from rice in tropical Africa. Rice is grown on
about 500,000 hectares and it is the country's second ex-
port, after cotton. The area under rice has doubled in
the last 20 years, mainly due to the Aswan dam. Yields
have risen from 3.3 to 5.3 tons/ha, largely due to an
improved variety, Nahda (Selection 47), which was locally
selected from a Japanese introduction. Rice is a summer
crop, in rotation with winter crops and is restricted to
the northern half of the delta where a special irrigation
regime is guaranteed. Rice occupies approximately 18% of
the summer crop land area of the country,

The rice soils are alluvial and are grouped into six
Classes on the basis of salinity, alkalinity, need for
drainage and texture. The scils have deteriorated in
general, due to perennial irrigation and poor drainage
with concentration of salts, and gypsum formation.

Rice is transplanted, saving seed, water, land area,
and decreasing weeds, blast, insect pests, resulting in
increased yield. However, broadcasting is done on saline

-s0ils. The net profit.from rice on an area basis is about

double that of either maize or cotton.
Researoh

Rice research is conducted at four staticns admin-
istered through the different institutes of the Semi-auto-
nomous authority, 'Agricultural Research Center', of the
Ministry of Agriculture. The main station is at Sakha in
Giza. Research covers varietal improvement, cultural
practices, soil and water management, diseases, pests,
weeds and economics. It is conducted by 25 PhD level and
20 MSc level scientists along with 40 BSc graduates and
150 supporting staff in engineering and administration and
as technicians and labourers. Other research on rice is
carried out at the agricultural colleges of the univers-
ities. Cooperation with the Egyptian milling organization
enables large-scale milling tests of new varieties.

Linkage with IRRI was established in the late 1960s and
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has resulted in introduction of much germplasm and litera-
ture and the training of Egyptian rice scientists and ex-
tension men. :

Varietal improvewment began in 1917 and up to 1554, vari-
eties Yabani 15, Yabani Lolo, Giza 14 and Nahda were Te~
leased for norwal fertile soils. Nahda has remained
popular for more than 20 years. For saline spils, Nabatat
Asmar, Agami 1, and Giza 159 were released. In 1967 Giza
169 was released to share the major area with Nahda and
now Giza 171 and 172 ate_scheduled for release to replace
these. All are japonieca type.

More than 2000 lines have been introduced from IRRI.
Only IR579-48 has been released but for various reasons
farmers have not been willing to shift to the indiea type.
Nevertheless, a breeding aim is to develop an indica type
suitable for Egyptian conditions utilizing IRRI material
in the parentage. Many crosses are underway. The indica
type would be especially useful for the LEuropean export
market.

Other objectives of the breeding programme are to im-
Prove resistance to blast, brown spot, the stem borer Chilo
agamemnon, and salt tolerance. High milling recovery,
grain appearance and nutritional value are other characters
of concern - all in varieties of 120-130 day duration.

Some induced mutation work is conducted, as well as genetic
studies of various traits.

Agronomic research has established optimum seed rates,
planting dates and age, spacing, harvesting time and weed-
ing methods. The major weeds are barnyard grass and sedges
and most weeding is by hand but Ordram and Stam F34 are
recommended for the seedbeds. Optimum fertilizer is
usually 50-75 kg N and 36 kg P,05; zinc has been determ-
ined to be deficient.

Blast disease is destructive, causing an estimated § -
101 or more loss depending on weather, soil conditions and

nitroggn,lggglsﬂdwﬁng_dingqunwresistance is' pursued--but-— -
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more research is needed to understand how to do this
better. Hinosan is recommended for spraying in farmers
fields.

Insect pests are mainly chilo agamemnon which may cause
up to 101 loss. The variety Nahda is quite resistant.
Research on insecticides has been conducted but it is
hoped that further studies of overwintering might lead to
population control by other means. Bloodworms, a dipte-
rous larva (Chironomus sp.) cut and destroy young seed-
lings in saline and stagnant water. These may be con-
trolled by Diazinon or Sevin or by draining the seedbeds.

Considerable research is conducted on rjice quality,
nutrition, factors affecting protein levels, cooking
behaviour and parboiling methods.

Constraints to research are organizaticnal, in that
rice research is carried out within the Ministry of Agri-
culture in five different institutes. This leads to

~r
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isolationism. Another constraint is the slowness of
advancing breeding generations by only ocne per year and the
cost and distance of sending seeds to IRRI for this '
advancement in the off season. A closer site for growing
alternate generations is needed. Insufficient'wo?k.on the
genetics of physioclogical resistance to blast inhibits
progress. There are several political and non-technical
constraints which inhibit the necessary continuous flow of
communication and materials for progressive resgarch
accomplishment. Other constraints are insufficient labor-
atory equipment, transportation and social facilities at
most of the experiment stations. ) ]

There is a complex structure of extension, anq village,
district and governorate organization through wh1ch.use§ul
research results can pass to farmers. On-farm testing 1s
carried out on a 10 acre field in each district. An indi-
vidual farmer extension field programme also operates, in
which a single farmer employs all of the research recommen-
dations for the crop. The increased productivity of such
tarms has attracted much attention among other farmers,
and has led to similar group projects. . )

The varietal improvement work has played a big role in
the development of improved technology in general. A seed
programme is geared to supplying farmers with new certified
seed every other year., This is produced by growers under
contract with the seed board and it follows steps from
breeders' seed to foundation seed to registered seed.
Certified seed is distributed with a 20% subsidy.

The results of a combination of climate, resegrch and
extension in Egypt place it among the top countries of the
world in rice yields.
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GHANA

W.K. AGBLE and A.G, CARSON
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Although possibly of ancient culture in the north, rice
received its first government support in Ghana (then the
Gold Coast) in 1920, with the provision of a milling facil-
ity. Support for rice production was given again during
the Second World War but this was not sustained until 1963,
when production was about 21,000 tons. By 1974, production
was about 70,000 tons on about as many hectares., Rice is
rajised on a few irrigated schemes in the south, but mostly
as upland or hydromorphic rice in the savanna and fadama
areas of the central and northern regions,

The government has encouraged production by a guaran-
teed minimum price; provision of mills; extension
services; encouraging bank credit; subsidizing land
clearing, fertilizer and seed; encouraging machinery im-
ports. There are many socio-economic constraints to
production. Some of these are: Credit problems; distri-
bution difficulties for inputs; marginal land use for rice
stimulated by mechanization; diversity of country origin
of machinery; 1labour shortage; bush fires.

The government is attempting to increase land under
irrigated rice and this is expected to rise to some 3,000
hectares by 1980.

‘Kesearch - e e N
Rice research is conducted at Nyankpala near Tamale in
the savanna region for upland rice and at Kpong in the south
for irrigated rice. The research on rice is not extensive,

with rice being handled as only one of several crops by
various research officers. In the north, the West German
Government contributes staff and funds to savanna research,
which includes rice. Various types of rice trials are
conducted in collaboration with international and regional
institutes. Varieties have been released, after screening,
such as C4-63, IR5, IR20, IR442, D 52-37, D 99, IRAT 10 and
IRAT 13. Several of these have been abandoned, largely due
to blast susceptibility or poor milling quality. Agronomic
Tesearch has established optimum seeding rates), planting
dates, fertilizer rates, etc.

Constraints to research accomplishment include lack of a
modern research centre with sufficient funding, equipment
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and staff to undertake multi-disciplinary research. Remun-
eration and incentives to researchers are insufficient to
prevent a drift to other positions.

The linkage with extension and on-farm testing is pro-
vided mainly through the German project in the north. The
Grains Development Board and the Extension Services also
provide useful services. Meetings are held periodically
amongst the various agencies to accelerate research and
technology transfer.
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Rice culture is very important in Guinea-Bissau, being
practised by almost all peasant farmers. In some ethnic
groups it is the only cultivated crop, and as such, is
grown as a cash as well as a food crop.

Production

In 1953, the total area under rice cultivation was
158,000 ha, about 45% of the total arable land., Total
production was approximately 100,000 tons, which was a
little less than the country's requirements at that time.
Buring the war of liberation, large areas of rice culture
were abandoned and irrigation controls were destroyed. As
a result, rice imports increased drastically between 1963
and 1974, reaching 30,000 tons per annum. In 1974, the new
government introduced measures to increase production
rapidly. They included the resettlement of refugees, an
increase in the paddy price, distribution of improved seed
and appropriate technology including insect control. These
resulted in an immediate reduction in rice imports in the
following year. Imports in 1976 were 11,000 tons.

The types of rice culture are:

a) Aquatic: Occupies 80% of the total rice area L
"7 7 (115,000 gut Bf 125,000 ha). OFf this,”75% is in man-

grove swamps, where salinity and acidity are prob-
lems. The remainder is lowland rice on hydromorphic
soils. Average yield of mangrove rice is 1.5 t/ha,

b) Upland: Approximately 28,000 ha; average yield

300-600 kg/ha.

Some current problems which limit yields are insects,
especially borers and leaf-feeding beetles: low-yielding
varieties; annual fluctuations in rainfall; high labour
requirements for mangrove rice; difficulties of mechaniza-
tion or animal traction required for upland rice; and the
difficulties and expense in reclaiming land from the sea.

Since full independence in 1974, the aim of the Govern-
ment has been to attain self-sufficiency in rice production
as quickly as possible. To this end, the Government has
doubled the paddy producer price to 38 CFA (US$0.15) /kg;
organized insect control programmes, distributed improved
seed of the variety Ikong Pao for lowland culture, and
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initiated projects for the reclamation of nangrove swamps
and water management along the Geba River basin. A four-
year rice improvement scheme has been commenced in co-
operation with FAO. In addition, two rice research stations
have been established, one for mangrove and one for irriga-
ted and upland rice. A station concerned with mechaniza-
tion, training and extension has- also been established.

The staffing of these stations is severely limited by the
lack of suitably trained personnel.

Regsearech

The most important problems of mangrove rice are salin-
ity, iron toxicity and low pH. It is necessary to identify
varieties and cultural techniques suitable for these
adverse conditions. Insects are a severe problem and
better control methods are being sought. Seeds of some
promising new varieties have been distributed to farmers
recently: e.g. Ikong Pao and IR422 for upland and lowland;
ROK 5 and RH 2 for mangroves.

Guinea-Bissau is a member of WARDA and receives trials
from this organization. There is also exchange of informa-
tion with the rice research stations at Djibelor and
Richard-Toll in Senegal. .

The major problems presently limiting the expansion of
rice production in Guinea-Bissau are the lack of Suitably
trained people and appropriate varieties. The solutions
to these problems are essential for the Ffuture development
of rice production in the country.
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later; in central Kenya, transplanting could be done to
mid-April, Low yields with later pPlantings were attributed

station yields. Many social and management factors appear
KENYA - - : - b o 5
to be involved. Little is known about rice possibilities
J.M. MUNYUA in the coastal areas of Kenya,

Production

Rice is grown on about 7,000 ha in Kenya, as a transplanted
crop in Irrigated Settlement Schemes. These schemes are
managed by a National Irrigation Board, a Statutory board
of the government. Mwea, the oldest (1960), largest
{5,600 ha), and most productive scheme (5.6 t/ha) is in !
central Kenya and the others are in western Kenya near Lake :
Victoria. By having the bulk of its small rice production }
in these irrigated, managed schemes, Kenya has the highest ‘
average country rice yield in tropical Africa, (A small
but unknown amount of upland rice has not reached the
statistics.)

The irrigation schemes are at about 4000 feet altitude
and on soils ranging in pH from 6.5 tg 7.9, Soils around
the lake are heavy montmorillonitic vertisols. Large
hectarages (40,000) could probably be developed for rice in
the future in this region.

Research

Research is conducted at small stations in each rice
development scheme. Some of this research has been done
by the Internatidnal'Land”Dévélopment"Consultants (ILACO
EUROCONSULT) with backing from FAO/UNDP. The research has
concentrated on fertilization practices, time of planting
and spacing experiments. Nitrogen is generally the only
element required, but only at 26~52 kg/ha. In some local-
ities phosphorous and lore rarely, potassium, is deficient. i
Some variety trials have been conducted, especially in the 4
west where blast has necessitated a change of variety
three times in the last five years. In central Kenya,
bowever, the 'local’ variety, Sindano, has been grown

s successfully for 15 years. A routine spray Programme was
/ developed for contrelling the paddy borer, Maliarpha

asparatslla. It was in the central Kenyan irrigated rice

scheme that the first African rice virus (rice yellow i

mottle) was first found and studied. i
in most places, research has shown that planting

early in the rainy season gives higher yields, 1In the

west, yields dropped if transplanting was in March or
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v S.S. VIRMANI, A.F. TUBMAN and P.M. WORZI

Rice is the major food for the country's 1.5 million people
and it is grown on 25% of the cultivated area. Rice area
has increased by 60% during the last 17 years; per hectare
yield has increased 34%, with total production increase
being 110%. The major jump in yield since 1965 is due to
the increase in area of improved swamp rice culture, a
system giving 50-150% higher yield than upland culture.

Liberia is a low-lying coastal country of gently )
rolling, low-forested hills. The northwest is a low dis~
sected lateritic plateau, now a man-made savanna. The
climate is uniform and warm with rainfall of 4,600 to
2000 mm, with a short dry season. ' ) )

The approximately 200,000 hectares of rice is 95% uPland
and ‘51 swamp, the latter of which is either improved with
some water control or unimproved. About 120,000 hectares
of poorly drained swamps and 4,000 hectares of level allu-
vial terraces could be developed over time, for rtice
production. About half the existing rice is produced in
the wet forest zone and 40% in the secondary forest zone.
Little is produced along the coast. )

Upland rice is grown by peasant farmers after cutting
and burning the forest on a shifting pattern of only one or

two_crops before_either growing cassava or abandoning to
" forest. The crop is broadcast, with no inputs; weeéding is
done by hand. It is a primitive but stable and effective
method of food production at a low return per unit area
{about 1200 kg/ha) but a high return for investment and
effort. Yields are low because of low nutrients (N and P}
combined with low populations of the tall, old varieties.
Weeds, groundhogs, rats and birds cause losses. Under this
system with o0ld, adapted varieties, losses due to insects
and diseases appear to be minimal. o

Swamp rice culture is either very primitive or modern-
ized to the extent of hand-dug drains and hand construction
of small paddies. Land is worked with a hoe. Yields are
low due to poor soils of low N, P and K, iron toxicity,
diseases of blast, sheath blight, sheath rot and the
insects, caseworm and Diopsie.

S0ils are sandy ferrasols, from yellow to red, which are
badly leached, with very low cation exchange capacity.
Sunlight during the growing season is low and skies are
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overcast much of the time.
Government PoltZoy

Liberia is about 80% self sufficient in rice; self
sufficiency would require a minimum of 25% increase of
present production. This is a very difficult task requi-
ring motivation and implementation involvipg many people
and organizations. The short-term strategy is to increase
land area and yield of upland rice. The long term strategy
is to encourage farmers to develop permanent lowland or
swamp Ttice culture. :

For upland rice, farmers in preoject areas are provided
with fertilizers and seeds of LAC 23, a locally selected,
adapted tall variety. This programme involves 2,500 far-
mers. In addition, there have been several attempts to
develop upland projects with large equipment for use by
farmers organized in cooperatives. These have not proved
very successful, with soil erosion and deterioration being
major problems. )

For swamp improvement, teams identify areas suitable for
paddy cultivation and some credit and other assistance are
provided to farmers. This is slow work, with about 600
hectares added under this programme to date. In addition,
a rice corporation has been established (LIRICO) by the
government for development of commercial paddy rice in the
few areas along rivers where this is feasible. The largest
one in progress is along the Cestos River in eastern
Liberia. More recently, integrated rural development pro-
jects, backed by the World Bank, have begun in various
areas, with rice and tree crops as the production base.
Social services, health and education are essential
aspects. Some 15,000 farm families are involved in the
first two projects under development. Much infrastructure
is lacking in the country to support a massive change in
productivity which would involve thousands of farmers and
cover everything from supplies to machines, to credit, to
transport, storage, milling and marketing.

Research

Rice research is conducted mostly at the Central Agri-
cultural Experiment at Suakoko, under the Ministry of Agri-
culture. The major scientific expertise has been provided
under FAQO/UNDP, USAID, and IITA contracts. Some rice
research is conducted by FAO/UNDP experts at the University
of Liberia. Chinese projects contribute simple experiment-
ation on fertilizers and on a few varieties. A major
problem is coordination of these various rice research
activities., There is one full time PhD level researcher
(breeder), frem an IITA, IDA bank/Government contract on
rice research. Two Liberian staff with BSc¢ level training
are also assigned full time to rice research, Research
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facilities are inadequate. ) ) _

Although the research support is inadequate in consider-
ation of the importance of rice productlop to the country,
considerable progress has been made. Varieties resistant
to iron toxicity have been identified. A variety has been
developed from Malaysian material and recently released as
Suakoko 8 which~#s adapted to iron toxic swamps. Lines
have been identified which are productive in swamps whp;e
disease problems, including blast, are severe. IR1416 is
one line which has remained blast resistant for several
years. For upland rice, a white-grained version of the
superior tall, LAC 23 has been identified. Many new breed-
ing lines, developed with IITA liaison, are under final
stages of test.

Many agronomic trials have been conducted and these
indicate that fertilizer needs on experiment stations and
on farmers' fields are different, with rather.low 24-40
kg/ha additions of both N and P being worthwhile under
farmers' conditions. Standard agronomic trials have been
conducted on seeding rate, spacing, time of planting, weed
control etc. .

Increased research on rice could contribute greatly to
the country. A base of five scientists would be required,
covering breeding, agronomy, diseases, insects and soils
and working as a team under strong leadershlp: Consider-
ing the importance of rice to the country, this should be
a viable goal.

MALAGASY
R.J. RAKOTONIRAINY

Rice is the staple food for the Malagasy people, who
originally brought rice and rice culture from Indonesia
about 2,000 years ago. Rice is cultivated by the bulk of
farmers and plays an important role in the economy. Total
production, of some 1.8 million tons can be compared with
2.8 million tons for all the rest of tropical Africa.
Despite this large production, some 100,000 tons are now
imported. The Country also depends on quality rice exports
to assist in the balance of trade. With a population in-
crease of 3% per year, rice preduction must be increased by
22,000 tons per year. Government efforts are directed to
solve the deficit problem through investment in many activ-
ities designed to increase rice production in both irriga-
ted and upland situations. Production increase is no
longer the business of a single ministry but of the whole
government, through a commission called "Bataille du Ris'
headed by the Ministry of Rural Development and Land
Reform.

The majority (70%) of rice is grown in the second, or
rainy season, from November ‘to Marech. Of this, 70% is
irrigated, 9% is upland, and 21% is tavy (burnt upland)
Tice. About 27% of the total rice land is utilized in the
first season from June to September. The yields in the
first season average 1.4 tons/ha, and in the second, 2.0
tons. Tavy rice averages 0.8 tons/ha. Irrigated rice is
often in terraced paddies in this Mountainous island lying
at 120-2508 latitude, 500 kilometres east of the African
coast,

Irrigated rice is usually, but not always, transplanted.
Upland rice is grown in lowlands of the northwest and
especially in the highlands (800 m) of the mid-west of the
island.

Constraints to high production are poor water control,
inefficient use of fertilizer, diseases (blast, brown spot,
seddling rot, nematodes), weeds, borers and other insects
and rats. Neither viruses nor bacterial diseases are
known.

The government attempts to increase production through
improving staff in key positions, maintenance of irrigation
infrastructures, integration and control of all rice activ-
ities by the state, establishing tractor pools, subsidies
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for village group projects, road improvement, double crop- which, when more completely utilized, can further increase
ping, fertilizer production, provision of extension national production. More efforts are needed on pluvial
services which include farmer pure seed awareness and seed rice,

production.

Resaarch ~_

The National Centre for Applied Research to Rural
Development {CENRADERU) has been responsible for agronomic
and other research since 1974. French institutes (IRAM,
CTFT, IEMUT, etc.) were formerly responsible for research
activities. Staff is generally young and in need of
further specialized training. Research is in 6 divisions:
Agronomy, Genetics, Soil Science, Phytopathology, Entomol-
ogy, and Technology. There are 30 testing stations for
rice trials scattered throughout the island. The only
areas excepted are the deep south and regions above 2000
metres.

CENRADERU 1links with various national institutions and i
with GERDAT, IRRI, IITA and other centres in Africa, India,
Indonesia and China. i

Varietal improvement work is detailed elsewhere in this
volume by Arraudeau. A great deal of work has been done in
this area for many different ecological situations and
excellent varieties with high yield have been developed or
selected.

Experimental results at four main stations have numbered
from 1800 to 4500. A fair number of entries have attained
8-10 tons/ha, with some up to 12 tons. The highest yields
have been obtained in the higher altitudes where sunshine
is high, temperatures are cooler and the growth duration
prolonged. Of interest is that breeding for red grain ‘
rices is also conducted since the Malagasy people like such !
types. In addition to conventional breeding, mutation
-pbreeding-has been--dene,-with 21 useful-mutants produced.- A~ - - -
total of 465 new varieties have been produced from 53
parents, from a total of 738 crosses. Work with pluvial
rice is being intensified. Line 1490 is now grown on a
large scale in the Sakay region of the middle west, where
it yields some 4 t/ha.

Many agronomic trials have been conducted in all
regions, with emphasis on fertilizers and weed control; |
studies on resistance to blast are also conducted.

Constraints to research include the few researchers and
their inexperience, the diversity of ecological zones, and
the modest financing of research.

Extension of research results is carried out by exten-
sion centres, and extension trials are conducted by the
farmers themselves. Within CENRADERU, a division of field
economics evaluates the impact of research on rice produ-
cers, through socio-economic and regional agro-economic
inventory analysis.

It is considered that reliable progress has been made
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A.S. KUMWENDA

Produoction

Rice is the second major cereal in Malawi, after maize and
is largely a cash crop rather than a staple food. Rice was
probably introduced during the slave trade period but until
1964 only the variety Faya was grown. Rice is becoming
increasingly popular and is grown along the Malawi Lake
shore plains at 480 metres, near Lake Chilwa at 600 metres
and in the Lower Shire River valleg at below 200 metres.
These areas, ranging from 10 to 1705 latitude receive 1500
to 800 mm rainfall in the warm, humid, rainy season of
November to April. The soils are derived from alluvium and
range from heavy vertisols to very light sandy loams,

Rice is grown by over 3,700 smallholders in 14 irriga-
tion schemes, encompassing about 3000 hectares, and as a
rainfed crop on possibly 50-60,000 hectares. On the irri-
gation schemes the variety Blue Bonnet is grown as a trans-
planted crop, of 125-130 days, mostly in the rainy season
(with drying problems at harvest). It is also grown in the
dry season where river flow exists, Yields have risen to
3-4 tons/ha, with intensive extension and credit services.
Three-fourths of the country's rice is from rainfed crop.
The rainfed category includes bunded and non-bunded, dry-
land and hydromorphic, high-water table conditions-,- with- -
yields from 0.8 to 2 tons/ha in 155-160 days,

Rice is purchased by the Agricultural Development
Mirketing Corporation; a network of depots exists and five
mills have been erected, some with parboiling plants. Some
rice is exported, mostly to nearby countries and the compe-
tition dictates long and medium grained Zndica rice of
excellent quality, which Malawi has been able to supply.

Hossarah

Research is conducted by the Ministry of Agriculture
and Natural Resources on a project basis, and reported at
an annual gathering which includes extension staff. The
first organized rice trials were conducted in 1967/68,
although some records go back to 1935. Current objectives
are to improve yields and quality of the local Faya vari-
ety and to evaluate new introductions. About 200 varieties
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have been evaluated as irrigated varieties with the aim of
maintaining Blue Bonnet quality but improving on cool-
temperature performance, yield and blast and brown spot
resistance.

Nile 11 has been released and others are promising: SML
Temerin from Surinam, Nilo 1 from El Salvador, RD 1 from
Thailand and Basmati (for quality). Varieties have not
been found sufficiently resistant to cool temperatures and
to performance above 625 metres. ‘

For rainfed, much selection from Faya, a mixture of
types, has been conducted, to stabilize the long grain and
aromatic quality with higher leaf spot, lodging and
shattering resistance. These latter characteristics have
been difficult to find.

Agronomic research has determined an economic range of
nitrogen for irrigated Blue Bonnet to be 75-100 kg/ha in
split doses and for rainfed Faya, 30-45 kg/ha. Little
response has been obtained to P and K. Chemical weed
control has not proved practical.

Little work has been conducted on insect pests. Borers
and beetles occur in the field but stored product pests
seem more damaging at present.
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problems.
Su1tab19 varieties and appropriate cultural techniques
have been identified for irrigated rice. The major factor

is weed control, especially of wild rice. Cold tolerance
15 also necessary for the Sahel. A more detailed dis-
“ MALI cussion of rice in the Mopti region is presented in this
' volume by Valee and Vuong-Hu-Hai. ‘

M.F, TRAORE

Production

In the past, Mali has been' the-granary of French West
Africa, exporting many cereals, including rice, to neigh-
bouring countries and supporting them during drought years.
However, in recent years, Mali has been importing rice.
Total production is approximately 142,000 tons which is
grown on 166,000 ha, giving an average yield of 0.8 t/ha,
Since 1965, three government-sponsored schemes involving i
close-supervision of peasant farmers have been initiated in
order to bring the country to self-sufficiency and eventu-~
ally attain exportation again. These schemes are at Segou,
Mopti and Sikasso. They complement the work of the
L'Office du Niger on the irrigated lands of the inland
Niger delta at Niono.

The types of rice culture are irrigated rice; floating
rice (inland Niger river delta); and lowland rice
(Sikasso; Segou).

Besearch

Rice research is conducted by the Malian Government and
by IRAT. Priorities are determined by the Comité National
de la Recherche Agronomique. The work at Kogoni station
has been concerned with varietal improvement, fertilizers
and cultural techniques.

The main objectives of the varietal improvement prog-
ramme are to identify varieties with high yields, long,
translucent grains and resistance to drought and diseases
by the evaluation of promising local varieties, foreign
varieties and hybrids. Promising irrigated varieties are
D52-37, Gambiaka Xokum, BH 2 and DK 3 which have a poten-
tial yield of 5-6 t/ha. Some of these have been used as
parents in crosses with IR20, IR22 and IR442.

Agronomic trials have shown that the lack of adequate
fertilizer is the major limiting factor to yield. Short-
strawed varieties such as IRB require 70-80 kg N/ha,
preferably applied as a split dose. The irrigated areas
of the inland Niger delta lack phosphorous. Work on cul-
tural techniques has been concerned with labour require-
ments, optimal rate of seedling and weed, rat and bird
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Although Nigeria is one of the largest rice producers in
West Africa, with production of around 400,000 tons, rice
is only the 5th or 6th most important food crop. Estimates
of rice area range from 3- to 400,000 ha. In spite of this
production, imports were probably over 200,000 tons in
1976. Total production has probably quadrupled since 1960,
Rice is raised in scattered locations in all areas of
Nigeria, from the dry north to the very wet southeast.
Accurate figures are not available but the types of rice !
culture cover four ecological situations: 1} naturally
inundated flood plains or swamps, 2) rainfed upland,
either with or without additional groundwater, 3) irriga-
ted with controlled water and 4) mangrove swamps. The
flood plains and swamps probably constitute the largest
production area and are made up of seasonably flooded
fadamas in the drier north where the indigenous Oryza
glaberrima is a major component.and of areas along the
Niger and Benue and other smaller rivers in the south and
east, where 0.sative is grown. In the north the water
depth may go above one metre and floating rice types exist.

The irrigated rice culture is of recent development, usu- J

ally on state-backed projects which are run by state agen-
cies or by companies and which sometimes involve small
farmers as well. Such areas are small as yet. Upland rice
culture of the dryland type is scattered across the forest
zone of parts of the south. )

The Federal Government is stressing self sufficiency and
has projected a target of 1.1 million tons by'1980. This
will require mwuch greater development of services and in-
put availability. A major constraint is that nearly all
the rice is produced only with the aid of a hoe and a cut-
lass. Other constraints are land tenure, poor marketlng
systems, lack of storage facilities, tardy and insufficient
credit, lack of water control. Major irrigation projects
are to be built in the northern part of the country.

Research

Rice research is conducted under the Federal Department
of Agricultural Research at the main rice station at
Badeggi in central Nigeria, at Moor Plantation near Ibadan
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and at several other stations in different parts of the
country. The International Institute of Tropical Agricul-
ture also conducts rice research near Ibadan and at other
locations. The rice research station at Badeggi was estab-
lished in 1953. (A more detailed discussion is presented
in this volume by Virmani et al.)

Up to 1969 the varieties released were varieties intro-
duced from other countries that were evaluated for three
years before final selection. Variety 0S 6 which came from
a breeding programme in Zaire (then the Belgian Congo) has
remained the most popular and stable upland variety in the
country, and is a base for hybridization.

From 1965 onwards, intensive hybridization was carried
out with dwarfs from IRRI and elsewhere and local hardy
varieties. Various releases have been made of which Faro
15 (BG 79 x IR8) is most significant. A good parent has
been the tall rugged variety Tjina, for both swamp and up-
land rice.

Many experiments have been conducted on all aspects of
agronomic practices and soil fertility. The diverse rice
growing situations make accurate generalizations from these
experiments difficult. It can be considered, however, that
for the experiment station locations the optimum for most
of the customary cultural practices has been established,
covering spacing, fertilizing, seeding rates, planting
time, transplanting age, weeding, mulching, etc. An
especially interesting point was the finding that at
Badeggi the irrigation water contains sufficient K to pro-
vide about 30 kg/ha to the crop. Also, it was determined
that both July and October plantings yielded best. 1In each
case, ripening and harvesting occur during periods (Novem-
ber and February) of dry weather and high solar radiation.
Research has been conducted on blast and brown spot and on
the three genera of stem borers. Quality, milling and
acceptability tests are also conducted as well as economic
studies and some work on mechanization.

Except for the fadama flooded areas in the north, rice
is essentially a recent crop in Nigeria. Thus there is a
large gap between the conducting of research and the devel-
oping of advanced rice culture by the farmers. Much effort
is given to extension, through state extension services,
the extension and research liaison service of research
institutes, and now the NAFPP (National Accelerated Food
Production Project). Since there is little backlog of rice
experience, however, and since the officers themselves have
seldom come from a rice culture, education and training in
depth remain major hurdles.

in research itself some major areas remain: a} study of
soil-water-plant relations in rainfed and irrigated rice;
b) study of complex relations of production factors; c)
breeding for salt and cold tolerance; d) herbicide
research and e) the development of profitable rice-based
cropping systems.



Rwanda is situarted in Central Africa between 1 and 39 south
latitude and the country is of moderate altitude. The
toral rice area in the country is only 1000 ha, with an
average yield of 2.3 t/ha. Rice culture has been known for
some time in the southwest, but the present 1lmportant rice
culture began in 1964 following cooperative agreements with
countries experienced in rice culture, such as China,

Two crops of irrigated rice are grown per year, with the
first season planting in November and the second season
planting in June. The traditional varieties are Kihogo and
Bungara from Tanzania and Sifara from Zaire. These are of
150-170 days duration, with long, fine grains gnd they are
generally resistant to diseases. Sifara occupies the
largest area. Eighty varieties were introduced recently
from Taiwan, but, unfortunately, most were susceptible to
diseases, except the variety Malgache. More recently, 22
varieties were introduced from the People's Republic of
China. Many of these are high yielding and warrant further
testing and possible adoption.

There are few serious rice diseases in Rwanda, although
there are several of minor importance. These could become
more important if the varieties change in the future.

Birds are the most important pest. Another problem is low
temperature, which can be sufficiently low at flowering to
cause sterility. ) .

Future research could profitably deal with the identi-
fication of varieties adapted to various ecological zones,
with appropriate growth duration, good yield and quality
and resistance to pests and diseases.

SENEGAL

M. TOURE

Productton

Rice, the third most important cereal crop in the country
is grown on approximately 60,000 ha, or 3.5% of the total
arable land. An average annual yield of 1.25 tons per
hectare is obtained and 90,000 tons is produced, represen-
ting 14% of the total cereal production. There was a
period of expansion between 19560-67, followed by a decline
which was largely due to a period of drought. Importation
of rice in recent years has been around 340,000 tons p,a.
Government policy is directed towards increasing internal
production, decreasing imports, and reorganizing the
commercial tice structure. These objectives rely on the
development of regional organizations and reclamation pro-
jects, incentives for production and enhancing research.

There are three regions of rice cultivation, Casamance
in the south with 80% of the total, including the plateau
region with pluvial, flooded rice in the southeast, the
northern area of irrigated rice along the Senegal river
and the central region with marginal production.

The types of rice culture include strictly pluvial in
the southeast, with dwarf short cycle varieties, hydro-
morphic (phreatic) rice in Casamance, aquatic rice with
controlled or non-controlled flooding. The major irrigated
rice is along the Senegal River but a small amount exists
in the central region and in Casamance. Flooded rice and
basfond rice is mainly in Casamance. Mangrove rice also
occurs along the coast in Casamance, on a small scale.

Research

The Institut Senegalats des Recherches Agricoles [ISRA)
is the agricultural research organization of the country,
and it includes three stations where rice research is con-
ducted. The Richard-Toll station in the north deals with
irrigated rice and its research is assisted by WARDA staff.
In the south are stations at Lafa for pluvial rice and
Djibelor for flooded rice, the latter having two breeders,
and one each in pedology, chemistry and entomology.

Liaison is maintained with other national stations and with
various international organizations. ORSTOM conducts
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research on rice in Senegal in the fields of microbiology
and nematology.

Breeding has resulted in early dwarf varieties for up-
land, such as Se 3026 and Se 314g derived from the cross
TN 1 x Tunsart. A line 144B-9 from Bouaké does even better
in areas of more erratic rainfall. The Chinese variety,
Tkong Pgo, is suitable for hydromorphic areas. Good vari-
eties for-basfond are IRB, Vijaya and IR269, and Apura for
the deeper sites. In the acid plains, variety DJ 684D is
best. For irrigated rice, tall varieties D52/57, D9/9 and
L5-26 are utilized. Where water control is good, IRS,
Ikong Pao, TN 1 and IR269 are utilized.

_ Studies in crop protection have covered various aspects

‘of insect control, herbicide research and blast resistance.
The water requirements of different rice cultures have been
studied as well as the pedology of different areas. Agro-
meteorological research and soils research is conducted,
(Eee papers in this volume by Bertrand et al. and Toure and
Arial.) Considerable research has been conducted on fert-
ilizer dosages and practices,

Socio-economic constraints are land tenure, low paddy
producer price, absence of infrastructure for inputs and
distribution of production, primitive nature of peasant
rice production and the difficulty of changing traditional
ways with minimal extension efforts.

.

SUDAN

G.I. GHOBRIAL

Although rice varietigs were introduced into the Sudan in
1905 for possible production in the wetter southern areas,
by 1942 rice production was considered teo be unecenomic.

in 1960 the Ministry of Agriculture planned a mechanized
rice project in Bahr E1 Ghazal but internal political prob-
lems interfered until 1973, From 1974, rice was given more
attention in the Sudan and it was then first grown on a
small scale in the Gezira irrigation project. In 1974 the
country produced about 7,000 tons and imported about 10,000
tons of rice.

Rice is now grown in the Gezira irrigation scheme (the
largest irrigation scheme in the world) in the north, as
swamp rice in the Bahr E1 Ghazal, and as an upland crop in
the equatorial province of the far south. These areas
differ greatly in ecological conditionms, with 350 mm rain-
fall in Gezira, 950 in Bahr E1 Ghazal and 1500 in the equa-
torial south. Temperatures are lower in the south, with a
monthly maximum in June of 309C versus 400C for Gezira., In
the Gezira, soil is of heavy clay of pH 8.5 and rice is
rotated with cotton, wheat and groundnuts.

Research

The Chinese technical team for rice popularization
started work at Gezira a few years ago. They demonstrated
paddy rice growing techniques and found that the Chinese
varieties, Chen Chu Ai 11 and Kuang Chu 15 could yield
about 6 tons/ha. The Agricultural Research Corporation at
Wad Medani (Gezira) began rice research in 1974 and has
found that IR22 and breeding lines such as IR2053-206-1-3-6
yield as well or better. Weed control is essential and the
common weeds are in the genera Brachiaria, Dinebra,
Phyllanthue, Ischamum, Cyperus, Cynodon, Oeimum.

Both nitrogen and phosphorus are required. Although
experimental yields are relatively high, expanded and long-
term production in the Gezira would require concern for
very high temperatures and aridity, very high evapotranspi-
ration and water requirements. In addition, the already
high pH with the risk of salting the soil and the integra-
tion of rice in a suitable rotation currently dominated by
other crops, would be important considerations.
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. Ia the Bahr E1 Ghazal (Aweil area) considerable poten-
tial for swamp rice exists but the Dinka tribe are herdsmen
who look down upon crop culture. The lack of infrastruc-
ture is also a severe limitation. An FAD agronomist con-
ducts some agronomic and varietal trials in this area.
Earlier, varieties such as Zenith and C20 were grown.

BG 45, BG 110 and IRB have been shown to rival or surpass
the older varieties.

In the upland cultivation in the far scouth, the local
people have learned rice culture from the farmers in the
neighbouring countries and little is known about this rice
culture.

PR S et D p
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TANZANIA

J.H. MONYO and Z.L. KANYEKA

About 180,000 metric tons»of paddy were produced on 112,000
hectares in Tanzania in 1976. An additional 70,000 tons of
rice was imported. Rice isggroduced in very different eco-
logical situations in the re ions of Mbeya, Tabora, Coast,
Shinyanga and Mwanza. Most of the crop is peasant-grown,
especially along river valleys in the Rufiji basin, the
Kilombero valley, the Great Ruaha, and in low lying areas
around Lakes Victoria and Malawi. There are a few large
irrigation schemes, the most developed being the Mbarali
scheme in the southern highland region, developed with the
aid of the Chinese. Others are Kilangali and Ruvu.

Peasant swamp and flooded rice is transplanted and the
rainfed upland rice is broadcast. The large irrigation
schemes drill or broadcast the crop. A small amount of
upland rice is grown on the eastern slopes of the Uluguru
mountains, the Usambara mountains in the northeast and in
parts of the southern highlands. In parts of the coastal
region, rice is interplanted under coconuts. Rice in this
rather arid country occurs essentially where either oro-~
graphic or coastal rainfall is sufficient for dryland rice
culture or where surface flow or groundwater-soil relation-
ships enable hydromorphic, flooded, or irrigated rice to be
grown.

The island of Zanzibar is a separate case and rice
production is being stimulated by an FAC programme which
concerns varietal evaluation for both irrigated and upland
rice, and the development of inland valley water resources
for irrigated paddy in small peasant-self-help programmes.
7anzibar has sufficient frequent rain to provide good
moisture for upland rice in season.

Research

Research on rice has been limited and conducted by staff
of the Ministry of Agriculture at Ifakara and Ilonga, by
staff at the parastatal irrigation project at Kilombero and
by staff at the Faculty of Agriculture, University of Dar
Es Salaam, located at Morogoro. Varietal improvement con-
ducted at Morogoro at first involved selection of higher
yielding adapted types with long grain of good cooking
quality from local strains of Afaa Nwanza, Kihogo, Afaa
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Kilombero, and others. Then, exotic germplasm was intro-
duced and dwarf varieties such as IR8 were found to be high
yielding under irrigated conditions but lacking in quality.
Recently, Tanzania has obtained many new lines from IRRI's
international testing programme.

Some mutation breeding has been done with assistance
from the International Atomic Energy Agency, with the
objest of improving on stature and protein of adapted vari-
eties Faya Theresa and Xihogo Red. Hybridization has been
done on a limited scale since 1971, between local adapted
types and dwarf varieties from IRRI.

Agronomic studies have concentrated on seeding rate,
weed control and fertilizer practices.

UPPER VOLTA

C. POISSON

" Production

T —

Rice is grown on 41,000 ha with an average yield of 1 t/ha.
Production is limited by factors such as erratic rainfall,
poor water control, the low paddy producer price and the
cost of water control.

Recent demographic changes have resulted in an increase
in the urban population; changes in eating habits have 1n-
creased the demand for rice and attracted Government inter-
est in increasing rice production. In the second develop-
ment plan (1972-76), the proposed methods to increase rice
production included:

a) Expansion of the irrigated area with complete water

control;

b) Improvement of traditional rice culture by better

management of the lowlands; )

c) Establishment of a research station to deal with rice

research and with the introduction of pluvial rice;

d) Construction of a rice mill, with two units, each of

7,500 tons annual capacity.

Research

Prior to 1973, all research was done by IRAT. Since
then there has also been a UNDP/FAOQ/CERCI project, involv-
ing the national rice research station, Irrigated rice
with complete water control is currently limited to 2000 ha
but will increase in the future. The first priority is to
improve on IR8 which is susceptible to various fungal
diseases and of only fair quality. Many varieties have
been introduced through WARDA, and IR1529-680-3 and Vijaya
appear promising.

Various agronomic trials have been conducted to determ-
ine appropriate fertilizer levels and suitable rotations.
Several insect problems are serious, including gall midge,
Chilo, Dtiopsis, Maliarpha and Sesamia. The systemic
insecticide, Furadan, has been used to control these pests.

Strictly pluvial or basfond (lowland) rice occupies the
largest area of rice culture in the country. For basfond
with a short moisture period, the three-month variety,

C 74, is satisfactory, apart from its susceptibility to
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neck blast. For basfond areas with a longer moisture
11?;159n,-£8;529—680»3 appears satisfactory. For strictly
“*pluvial rice; selection is in progress from 630 lines from

‘12 crosses made~by TRAT in Ivory Coast. IRAT 10 was

selected from a cross of 63-104 x Leung Sheng. More

rocently, :lines of IRAT 10 x IRAT 13 appear promising, as
do mutants of JAC 25 x 64. The latter mutants appear, ! LALRE
adapted to drought stress and they resist blast under con- ! B. RUTEBUKA

" ditions where most varieties are attacked. It is hoped .
~,._~ - that this pragramme will enable a new, superior varietal ¢
release. before 1980.

Rice was possibly first introduced into the Congo basin by
i the Arabs around 1840. The first Zairian rice farmers were
4 the peasants who had contact with them, and they remained
the only rice producers until after 1945. A mixed group of
\ varieties was grown, which were of low commercial value,
being mainly red-grained and low-yielding.

Rice research was commenced by the Belgium research
organization, INEAC, in 1932 with the selection and purifi-~
} cation of local varieties. Amongst those released were Y 3
i (600 kg/ha), R2 111/1 (1000 kg/ha) and MLE series (1750 kg/
f ha). Later, crosses were made between local varieties and
i introductions, resulting in many useful varieties, includ-

: ing R 66 and 0S 6, which are still wildly.grown. R 66, a
i medium duration variety (120-135 days) yields on average
! 2.5 t/ha.

Production

The main areas of rice cultivation are Bumba in equato-
rial province, Maniema in Kivu, and Sankuru in west Kasai,
¢ Total rice area in the country is approximately 250,000 ha,

of which most is pluvial rice grown as a peasant crop with

R - © e - . R ! little technology. There are 1000 ha of irrigated rice in
) the Ruzizi Valley, Bumba and Lodja regions. Average annual
3 production is 200,000 tons, with an average yield of 0.8
| t/ha.
; Pdeﬁ;tion is limited by erratic rainfall, unstable
| prices

| o the producers, the high labour input required for
| land preparation in the forest zones, poor cultural methods
£ including mixed cropping and lack of fertilizers; and a
: lack of infrastructure in the irrigated areas. The govern-
\ ment has recently enlisted Chinese assistance in rice pro-
’ jects.
.

Research

The years following independence were characterized by
chaos, which interfered with agronomic research. The
Inatitut National pour L'Etude et la Recherche Agronomiques
| (INERA) and the Department of Agriculture established a

project for rice research in 1975. Four Zairian agri-
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culturalists are employed to work on breeding, plant pro-
tection and extension. Initially, they have been purifying

seed of varieties previously held in collections. The aims i
of the varietal improvement programme are to find varieties

which are high yielding and have good agronomic characters

and resistance to the major diseases, blast and Heimintho- ZAMBIA
sporium leaf spot, The well established variety R 66 needs

to be shorter and to have greater disease resistance. The

collection presently contains 80 varieties of irrigated

rice, 40 of pluvial rice and 20 of recent introduction from '

)ERAT and Italy.

R, CRAUFORD and R.M., LEMBELA-

! Accurate figures on rice production are not available but

estimates are 1,700 tons for 1975-76. Rice imports are

; controlled and do not reflect real demand. These were

F about 4,500 tons in 1974 and might have been about double

f if unrestricted. The third national development plan pro-

‘ jects a target of 18,000 tons production by 1983.

¢ Rice is largely confined to the valleys of the Zambesi,
Luapula, Luangwa and Chambeshi Rivers. It is also grown

& on the plateau, but below 1,300 metres. Existing varieties

| show cold damage at flowering above this altitude. The

! normal season is October/November to April/May and the bulk

: of the crop is sown as dambo (swamp) rice. Dambos are
flat, treeless areas which collect drainage from the adja-
cent upland. There is usually a drainage line leading to
a river. In a general way they correspond to the bolis of
Sierra Leone or the fadamas of northern Nigeria. The
dambos vary greatly in soil and water conditions from-pure

; sand to fairly thick peats and from surface dampness to

! fairly prolonged shallow flooding. This variation influ-
ences yield. The main constraint to higher yields appears

L to be slow adoption of simple practices of row-sowing,

: weeding and fertilizer use, which can change yields from

i 1000 to 4000 kg/ha.

i Regearch

Dacumentation of production exists only for Luapula
| provinewhere the French organization, SATEC, promoted
! rice production. Average yields are 1300 kg/ha but 3- to
" 4000 kg are well within the farmers capability. General
. recommendations are a basal N:P:K:S {N at 50 kg) plus 34
| kg/N top-dressed at 8 weeks. Recent surveys in two areas
{ have shown that farmers under-fertilize. SATEC has intro-
! duced one row weeders and two and three row seeders from
Malagasy, which have proved useful. Both brown spot and
blast occur, but surveys have not been conducted to assess
the importance of these or of stemborers.

Varietal improvement has been to find one or two vari-
eties suitable for Zambia as a whole. Existing varieties
are three numbered lines brought by SATEC from Malagasy,
plus Sindano, from Tanzania. None are considered wholly
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satisfactory. Cold monthly minimum temperatures of 15°C

at flowering in March/April in the higher altitudes cause
sterility. The germplasm base of about 50 lines has been
too limited. A Chinese team is establishing rice above
1300 metres in the central plateau and they are examining
4 collection of varieties, -

Although rice is a minor crop, the trained research
staff is far too limited to cover the range of conditions
in the country. There are also many logistic constraints
which reduce effective liaison with extension and farmers

d limit feedback to research.

The utilization of research results must come from a
system which can distribute seed, fertilizer, insecticide
etc., and which can provide these and credit on time. All
this requires an infrastructure and it must be underpinned
by education of the farmers and of all who provide
services. Many challenges and much work remain in these
areas.

Additionally, much more contact with outside institu-
tions should enhance rice research and production in
lambia.

——— L —
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floaring rice in Mali, 243-248
¢ - yarieties, 246
rice ecosystems, 19-23, 101, 131
common weeds of, 184-185
definition, 11
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tropical African, 13
virus diseases, 225
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WARDA, see West African Rice
Development Association
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irrigation, 72, 141
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