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ABSTRACT
The effectiveness of various herbicide treatnents
for season-long control of weeds in three cultivars of

rice (Oyza sativa L) was investigated in 1983 wet and

1983-84 dry seasons at Badeggi (09° 45 N and 06° 30'E,
70.5m above nean sea level) in the Southern Quinea
Savanna ecol ogi cal zone of Nigeria. During the 1986 wet
and 1985-86 and 1986-87 dry seasons, field trials were
conducted to evaluate herbicide conmbinations for the

control of cutgrass (Leersia hexandra Swartz Prod) in

direct-seeded low and rice.

The rice cultivars consisted of FARO 15, FARO 27
and FARO 29 which were tall, short and of nedi um hei ght,
respectively. The rice cultivars had significant effect
on weed infestation at crop harvest and on grain yield.
Plots sown wth FARO 27 consistently had the highest
infestation of weeds in the tw seasons. |In 1983 wet
season, FARO 15 and FARO 29 resulted in simlar grain
yields that were significantly higher than that of
FARO 27. However, in the 1983-84 dry season, FARO 29
produced higher grain yield than FARO 15 and FARO 27
which were simlar in grain yield.

The effect of weed control treatnments on weed
i nfestation, % weed coverage was also significant

as reflected in dry weed weight at 30 and 60 days after
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her bi ci de application (DAH and at harvest. M xtures of
propanil wth highest rate of benthiocarb plus silvex at
3.23 + 1.80 + 0.75kg a.i./ha and butachlor at 1.02 +
3.6 kg a.i./ha resulted in conparable weed dry weight to
the hand-weeded control in the 1983 wet season, while
in the 1983-84 dry season, the forner treatnment caused
significantly lower weed dry weight. Except in 1983-84
dry season when benthiocarb + propanil + silvex at
1.80 + 3.24 + 0.75 kg a.i./ha caused conparable grain
yield to hand-weeding, all the herbicide treatnents
resulted in lower grain yield than hand-weedi ng.

The interaction between cultivar and weed control
treatments was significant on dry wei ght of sedges,
nunber of panicle, spikelets at harvest and grain yield
in the 1983 wet and 1983-84 dry seasons.

In dry-seeded bunded rice, sown in 1986, glyphosate
at 0.5 and 1.0 kg ae/ha simlarly reduced cutgrass dry
wei ght while in 1985-86 and 1986-87 dry seasons, cutgrass
dry weight decreased significantly with increasing rate
of glyphosate* in all the trials, both rates of glyphosate
resulted in significantly higher grain yield and other yield
attributes of rice conpared with no gl yphosate treatnent.
Pre-energence application of oxadiazon at 0.75 kg a.i./ha
resulted in lower cutgrass dry weight and higher rice
grain yield conpared with no oxadi azon treatnment in all
thetrials. post-enmergence applications of mxtures of
propani| wth oxadiazon at 2.0 + 0.75 kg a.i./ha and

di net hanetryn at 2.0 + 0.75 kg a.i./ha applied 14 days
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after seeding (DAS) resulted in simlar rice grain yield
to hand-weeded control in 1986 wet season. In 1985-86
and 1986-87 dry seasons, all the post-energence
herbicide treatnments resulted in significantly higher
cutgrass dry weight and lower rice grain yield than the
hand- weeded control except on plots treated with

gl yphosate at 1.0kg ae/ ha.

The interaction between pre-plant gl yphosate and
pr e- ener gence oxadi azon was significant on cutgrass dry
weight at 60 DAH in the 1986 wet season and on rice plant
hei ght at 56 DAS in 1986-87 dry season. Significant
interaction was al so obtai ned between preplant gl yphosate
and post —energence weed control treatnents on cutgrass
dry weight, growth, and grain yield and yield attributes
of rice in 1986 wet, 1985-86 and 1986-87 dry seasons.
Simlar trend on interaction was obtained between pre-
oner gence oxadi azon and pos-t—energence weed control
treatments on cutgrass dry weight, growh, grainyield
and yield attributes of rice in all the trials*

The major growh and yield contributing attributes
were plant height, nunber of tillers/ha, nunber of
pani cl es/ ha and spi kel ets/panicle. uncontrolled weed
grow h throughout the crop life cycle resulted in
conplete crop loss in 1983 wet season and 90%yvyield

reduction in 1983-84 dry season.
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Chapter 1. INTRODUCTION

1.1. Production

Rice is the most important staple food of about
half of the human race. It ranks third after wheat
and maize in production on world basis (FAO, 1981). In
1980, about 280 million metric tons of rice was producc’
from 245 million hectares all over the world. The most
extensive areas of cultivation are within latitudes
53°N and 40°5 of the equator. The highest yields arc
recorded between 30° and 45°N of the equator in countrice
like Japan, China, South Korea, Pakistan and Spain.

The earliest cultivation of rice in Nigeria was
about 1890 when upland varieties were introduced to
the high forest zone in Western Nigeria (Grist, 1965).
The shallow swamp varieties from British Guiana and
Sri Lanka also replaced the swamp varieties of red rice

(Oryza glaberrima Steud) which was most extensively

grown in the lowland of several rivers in the country
about the same time. In Nigeria, 0.7 million metric
tons of rice was produced from 0.45 million hectares
in 1980, About 0.3 million hectares of wetland is
currently under lowland rice production (Ayotade and
Okereke, 1984). This accounts for about 75% of the
national rice production. The country's potential low-
land area which is between 4.6 m ha and 4,9 m ha is
characterised by annual rainfall of 700 to ..2000mm
distributed over 3 to 7 months with an average of 200mm
per month. In order to maintain high water depth for

rice production, the lowland areas are usually bunded.
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Though Hardcastle (1959) recognised four types of low-
land where rice could be cultivated, only the areas which
are flooded by fresh water from rivers, streams andirainfall
are currently being used for rice cultivation. The
mangrove areas have ne} been develop®d for rice
cultivation because of the high water salinity (Ayotade
and Okereke, 1984).
1.2 Uses

Rice is a universal source of cabohydrates. It is
usually cooked by boiling in water or steaming and eaten
with soup adorned with fish or meat, green vegetables and
spice, Ground rice is also eaten as rice pudding. It is
prepared as rice flakes, puffed and parched rice which is
usually consumed during breakfast. Rice bran which is about
14% of paddy when milled (Purseglove, 1979) is a valuable
livestock feed. The bran oil could be used for cooking
meals, for socap manufacture, a carrier for insecticides
and also as anticorrosive and rust resistant oil. 1In
India, China, Japan‘and Korea, wines, beers and spirits
are manufactured from rice. 1IN the United States of
America (U.S.A.) rice is also used for malting in the
brewing industries. Ground rice is used in the confec-
tionary industry while rice starch is used as laundry
starch, as component in cosmetics and for textile
manufacture.

Rice straw is used as a source of fuel, in the

manufacture of strawboards, for thatching and for making
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hats and mats. The husk is used for fuel for rice mills
and a component for common conerete, for making hardboard

and as building abrasive.

1.3 Nutritive value of rice

The nutritive value of rice depends on the varlety
and agro-ecology in which it is grown. The carbohydrate
content is high, while the fat and protein content is
low but comparable in amount to the quality in wheat
(Grist, 1965). From analysis of ten cultivars of rice
obtained from different parts of Nigeria, it was repogted
that rice contains 75.5% carbohydrates, 8.6% protein,
0.8% fat, 0.7% ash, 0,7% fibre and 13.9% water (Anon.,
1986). The amino acid content of milled rice is
comparable to that of other cereals except that it is
low in lysine (Grist, 1965). Rice grain contains
considerable amount of vitamin E while the fat soluble
vitamins A and D are negligible. vitamin B is present
in high content but the riboflavin is low while vitamin
C is practically absent (Anon, 1965). Rice grain also
contains several minerals including the most essential
ones like iron, iodine and calejum which are present
in sufficient guantity to meet human nutritional
requirements. Paddy rice is usually parboiled before
milling in order to retain most of the nutrients and
vitamins and reduce grain breakage during milling and

for better storage qualities,
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1.4 gConstraints ko rice pgoduction 4in Nigeria

In the lowlands of Nigeria, rice is the major crop
during the wet season. Grain yields under these conditions
have remained low=- 1.2 to 2.5t/ha (Anon, 1983a). A nuﬁber
of factors have been found to be responsible for
inadequate rice production in the country. These include
the use of varieties which are low yielding, non-fertilizer
responsive and are susceptible to pests and diseases.
Cultural practices such as low plant population, low soil
fertlility and inadequate weed control also cause poor
grain yields in lowland rice production in Nigeria.

Losses_due to weed competition in rice

Under wetland conditions in Nigeria, weeds
constitute the major limiting factor to optimum yields
in rice. The hydromorphic conditions which are required
for the establishment of lowland rice favour the pro-
liferation of weeds in rice culture especially where water
control is not completely or only partlally achleved.
The extent of losses due to weed competition in rice
cultivation depends on the moisture status in the soil,
land preparation, rice cultivar and the weed floristic
compositions, Depending on the composition of the weed
flora between 60 and 100% losses in grain yield have
been attributed to weed competition (IRRI, 1965; Noda et
al. 1968; smith and Reynolds, 1965; Smith, 1974; Okafor
and De Datta, 19743 De Datta, 1977c; Sharma et al, 1977;

Okafor, 1982; Anon, 1982; Anon, 1983a; Anon, 1984).




At the Central Rice Research Institute in India, weeds
caused 46% and 20% loss in grain yield of rice sown
directly on dry soil and that sown on puddled fields
respectively (Mana unpublished). Rice grain yield losses
of 90%, 10% and 100% were reported when the weed community
was grass weeds only, sedges and broad-leaved weeds, and
when the weed community was made up of grasses, sedges
and broadleaved weeds respectively (IRRI, 1967). Okafor
and De Datta (1974) reported a yield reduction of 42 to
83% for drilled rice and 67 to 82% for broadcast seeded
rice under upland conditions. The weed community of

annuals and Cyperus rotundus L. resulted in the highest

yield reduction of 83% and 32% under drilled and broad-
cast seeding respectively. Akobundu and Ahissou (1984)
reported that the yield of tall 0S6 which was only
weeded once in a hydromorphic soil was reduced by 39%
while a semidwarf cultivar ANDY 11 suffered a yield
reduction of 63% at the same spacing and weeding
frequency.

1.5 weed control

In wetland areas in Nigeria, the traditional methods
of controlling weeds in rice by hoe-weeding and hand-
pulling are both laborious, slow and expensive. For
instance two labour-intensive hand-weedings and a third
light operation would require 480 to 720 man hours per
hectare for six hour working days or 640 to 960 man hours
per hectare for eight hour working days. At the current

rate of labour cost in Nigeria, this would represent
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about N480.0 to W720.,0 per herctare. 1In addition to
the cost, unavalilability of farm labour at the peak
period of farming activity also poses a serious

problem causing delay in the operation with resultant
crop loss (Schwaar, 1983)., Lowland rice is usually
inaccessible for various operations at the peak of the
rains because of the rising level of flood water.

Being a closely spaced crop, losses could even be
caused by hoe-weeding and hand-pulling operations
through crop injury and stand losses. Okafor (1986)
cautioned on the use of hoe weeding and hand pulling as
weed control measures; since unemerged weeds reappear
soon after weeding. Weeds which have similar morpholo-
gical characteristies as rice plant easily escape
hand=pulling. Since they are found within the crop
row, their competition greatly reduce crop yield. Hoe=-
weeding also helps to aggravate the aggressiveness of
perennial weeds such as Cyperus spp., Speargrass
(Imperata cylindrica L. Beauv) and cutgrass (Leersia
hexandra Swartz Prod) due to their propagation by
underground rhizomes, stolons, bulbs and tubers.

In effect, a less labour-intensive method devoid of
the problems enumerated will be desirable to boost low=-
land rice production in Nigeria. Chemical weed control
is a practical and economical alternative to hand=-
weeding. It was estimated that only 10% of the
areas cropped to rice in Nigeria is treated with

herbicides (Anon., 1982). 1If applied appropriately,
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herbicides would prevent weed competition from planting
to harvesting and promote higher yields by allowing
closer crop spaeing and therefore higher plant popula-
tien. It is economical since a single herbicide
application may replace two or three cultural operations.
The advantages of chemical weed control in increasing
the yields of rice and other arable crops and reducing
the labour cost in the tropics and Nigeria in particular
have been demonstrated (Furtrick, 1970; Parker, 1972;
Akobundu and Fagade, 1978; Lagoke et al., 1982;
Ogungbile and Lagoke, 1986; Lagoke et al., 1987, Lagoke
et al,,1988). 1In tropical Asia and India where rice is
grown under rainfed conditions with fluctuating water
control, the pre-emergence use of herbicides like
benthiocarb, butachlbr and pendimethalin for selective
weed control have given promising results (De Datta and
Bernasor, 1973; Pillai, 1973; Bhan, 1978; Mukopadhyay et
al.»1971; Mukopadhyay, 1978).

In Taiwan, Korea, Japan and Philippines, the use of
herbicides has replaced manual weeding because of high
wage rates and also ameliorated the problem of labour
shortage (De Datta and Barker, 1977).

Herbicide mixtures have been recommended in various
crops for effective control of broader spectrum of weeds
and improved tolerance to the low rates of the mixtures
used (Colby, 1967; Fadayomi, 1979; Lagoke et al.,1981;

Lagoke et al. ,1983). For instance, propanil when used
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alone has no effect on seedlings prior their emergence.
It is therefore necessary to delay the application
until weeds grow to reach 3.0 to 5.0 leaf stage if
sufficlent herbicidal efficacy 1s to be expected by one
applicaticon. Delayed application, allows weeds to grow
without interference for certain period of time,
exposing the rice plant to severe competition at a most
critical period of growth therefore reducing crop yields.

Long term chemical weed control using specific rice
herbicides, poor land preparation and water management
could cause proliferation of certain weed species such

as cutgrass, Oryza longlistaminata Linn, Oryza barthii A.

Chev. and Echinochloa pyramidalis Hitchc and Chase which

are resistant to commonly used selective rice herbicides.
Under high infestation of such noxious weeds, severe
yield losses could result through competition with rice
plants. In an attempt to reduce yield losses through
weed competition the project was therefore conceived
with the following objectives.
1. To evaluate herbicide mixtures for weed control

in three cultivars of rice.
2. To evaluate herbicide combinations for the control

of cutgrass in lowland rice productiocn.



Chapter 2

LITERATURE REVIEW

2.1 Common weeds of wetland rice

Cook (1968) classified weeds of wetland rice into
free floating, emergent and marginal plants. Lawrence
(1366), reported that such plants are adapted to grow
and reproduce under aquatic environment. Akobundu and
Fagade (1978) had earlier identified the common weeds
of African lowland rice ecosystems (Table 2:1). 1In
another report, Akobundu and Poku (1985) observed that
the major weeds of inland valley bottoms and flooded plains

were Cyperus spp, Commelinsspp, Paspalum spp, Cynodon
dactylon Pers Ischaemum ruqosum Salisb Ic Strip,

Echinochloa spp, Sacciclepsis spp, Sphenochlea zeylanica

Gaertn, Ipomoea spp, with Panicum spp and Hyparrhenia spp.

predominating in the savanna regions in the dry season.
Williams (1975) carried out a survey of the common weed
flora in swamp rice at Badeggi in the Southern Guinea
Savanna cecological zone of Nigeria (Table 2.2) while
Okafor (1978) repeated the survey (Table 2.3). There

was a consensus in the classification of the weeds into
broad-leaved weeds, grasses and sedges. The grass weeds
identified by williams (1975) were not included in the
survey carried out by Okafor (1978). Sedge weeds (45%)
and broad-leaved weeds (45%) identified by williams (1975)
were omitted in the survey carried out by Okafor (1978b).
This was an indication of rapid shifts or succession of
weed flora in swamp rice ecology at Badeggi as was later
confirmed by Okeleye et al. (1979) to be due to the effects

of long-term chemical weed control in the flooded rice belt.
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A similar survey carried out by Ckafor (1978B) at
the irrigated lowlands of Edozhigi and Loguma in the
southern Guinea Savanna showed that majority of the
weed species‘which were present at Badeggl were also
present at Edozhigi and Loguma. In the irrigated lowlands
of Kadawa and Bakura in the Sudan Savanna, the survey
carried out by Okafor (1978b)showed that the weed species
were not as many as in the southern Guinea Savanna but

Panicum maximum Jacq, Elusine indica Gaertn. Fruct,

Cyperus esculentus Linn. and Cyperus rotundus Linn.

were of economic importance. At Birnin Kebbi in North-

western Nigeria, Cryza barthii and Oryza longistaminata

were the predominant weeds associated with cultivated
rice under deep water ecolegy (Okafor, 1978b;Nyoka, 1983).
In the mangrove swamps of Southern Nigeria; Cyperus
difformis L. predominates while in the lowlands of

south-eastern Nigeria, Monochoria vaginalis (Burm. F.)

Presl and Digitaria sanguinalis Stapf. are the most

common weed species (Okafor, 1978b). In the irrigated
lowlands of Ngala in north-eastern Nigeria Cyperus

esculentus, Cyperus rotundus and Sorghum aethiopicum

Stapf. were the moest common weeds cobserved by Okfaor (1978b).
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Table 2.1. Common weeds of African lowland rice

ecosSysStems

Amaranthaceae
hzollaceae
Commelinaceae

Cyperaceae

Gramineae

Onagraceae
Pontedariaceae
Polyqgonaceae
Rubiaceae

Sphencochleaceae

Alternanthera sppe.

Azolla spp.
Commelina spp.

Cyperus difformis L.

Cyperus distans L.f.

Cyperus haspan L.

Cyperus sphacelatus Rottb.

Fimbrystilis spp.

Kyllinga spp.
chreus SPpPe.

Mariscus spp.

Brachiaria spp.

Ny
Cynondon datylon (L) Pers )J

Echinochloa colona (L) Link

Echinochlca crus-pavonis Schult.

Echinochloa pyramidalis (Lam.)

Leptochloa coerulescens Steud.

Paspalum spp.
Sacciolepis spp.

Ludwigia spp.
Heteranthera callifolia Rchb. S8 Kanth

Polygonum sSpp.

Pentodon pentandrus (Schum. & Thonn).

Sphenoclea zeylanica Gaertn.
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Table 2.2 The Common weed flora in irrigated lowland
of nBadeqggi im the snuthern Guinea savanna of
Nigeria (williams, 1975)
Grasses Sedges
nrachiara lata (Schumach,) Cyperus difformis Linn
Digltaria debelis Desf. Willd Cyperus incompresus C.B3. Cl.
BEchinochloa pyramidalis Lam Cyperus reduncus Linn
Leptochloa coerulescens
Steud Cyperus sphacelatus Rottb.
Paspalum orbiculare Forsk. Cyperus tenuicumlmis Boeck.

Sacciolepis africana

C.E. Hubbard.

Schizachrium brexifolium
SWe ees ex use

jroad-leaved weeds

Ageratum conyzoides Linn.
Alternanthera sessilis Linn.

Ammannia auriculate willd.
Bacopa crenata (P,

Neauv.)

Celosia trigyna Linn.

C{Epme ciliata Schum.

Corchorus aestruens Linn.

Eichornia natans P. Deauv.

Ipomoea aquatica T.

linifolia vahl.
stenorraphe Brenan

Jussiaea

Jussiaea

Jussliaea

ggpsiaea

Jussiaea suffructiocasa var.

szghaca

lotus Linn.

Eleocharis ocutangula (Roxb,)
Eleocharis e;;cta(Schumach)
Fimbristylis dichotoma(Linn.)
Mariscus alternifolius Vvahl,

Pycreus lanceolatus(Poliret)

Scirpus jacobil C.E. Flsher

reptans Poir

suffructicosa var. brevisepala Grenan
suffructiocasa var. plloso~linearis
linearis (willd.)

Oldenlandia lancifeolia Schumach.

Sphenoclea zeylanica Gaertn.
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Table 2.3 wWeed species of the irrigated lowlands of

Badeggl (Okafor,

197857 .

Broad-leaved weed

Ageratum conyzoides Linn.

Bichhornia natans P. Beauv.
Nymphaea lotus Linn

Sphenochlea zeylanica Gaertn

Bacopa calyxcina Engl.

islternanthera sessilis
R.B. Ktze

Ammania preuriane
Gulll & Pcrr

Hygrophila barbata

Inomoca reptans. Poir

Grasses

Panicum repens Linn.
Digitaria debilis willd.
Eragrostis gangetica Steud

Leersia hexandra Swatz Prod.
Oryza barthii A. Chev.

Sacciolepsis interrupta
Stapt.

Cynndon dactylon Pers.

Sedges
Cyperus difformis Linn,

Cyperus incompressus C.B. Cl.
Fimbristylis dichotoma Linn.
Pycreus lanceolatus (Poiret)

Scirpus praelongatus F.W.T.A.
Cyperus sphacelatus Rottb.
Cyperus tenuispica Steudel

Cyperus rotundus Linn.

Fuirena umbellatus Rottb.

Eclipta alba Hassk.
Euphorbia hirta Linn.

Cleome ciliata Scham & Thenn.
Lindernia diffusa Wettst.

Nymphaea mainlata A. Cheve,
Oldelandia lancifolia Schweinf.

Scoparia dubcis Linn
Stachytarpheta angustifalia Vvahl.
Torrenia specala Engl.
Tenagocharis latifolia Buchenau

Echinochloa colona Link

Echinochloa pyramidalis Hitchc &
Chase.

Elytrophorus spicatus A. Camus
Leptochloa coerulenscens Steud.
Schizachyrium brevifolium Buse

C.B. Cl.
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2.2 wWeed control methods in lowland rice

2.2.1 Land preparation

The obvious benefit of land preparation particularly
of puddling is minimised weed growth (Kupiers, 1963). 1In
Nigeria, local farmers carry out all operations for land
preparation manually using the hoe. Land preparation
procedure depends on the type of rice culture and the
method of planting. A typical land preparation procedure
for dry-seeded rice cultivation consists of ploughing
followed by two harrowings at two weeks interval
(Navasero et al.;1985). In wet-seeded rice, land prepara-
tion consists of two rotavations. Land levelling could be
done manually or by means of a small power tiller.
Levelling provides uniform surface condition which contri-
butes to the efficacy of later weed control practices.
Vargas (1978) working with IR34 and IR36 under three
tillage treatments in broadcast seeded rice found that
as the tillage level increased from one harrowing to three
harrowings dry weed weight decreased. When ploughing was
followed by one harrowing IR34 had dry weed weight of 76g/
m? while IR36 had dry weed weight of 4509/m2. At three
harrowings the average weed weight was 35g/m2 for the
two cultivars.

The use of cultivation alone to control weeds for
example perennial grasses could be very expensive,
ineffective and deleterious to the soil texture when erosion

is not controlled (Lagoke, 1978). 1Its use could also be
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limited by weather and terrain cof the site as is the

case under wetland conditions. However, cultivation could
be used as a supplement to the use of chemicals (Cussans
and wilson, 1970; Ivens, 1973; Lagoke, 1978),., For instance,
when herbicldes are applied on old swards of perennial
grasses they vary in their efficacy (Childs, 1956; Sanar,
1966; Hughes, 1966). A major limitation to the efficacy
of herbicides to control old swards had been attributed

to the presence of large number of dormant buds on the
rhizomes and stolons of these swards, If these buds could
be induced to sprout enhanced herbicidal activity could

be effected. Rotary cultivation for example has been

used to effect rhizome fragmentation and thus encourage
bud sprouting (Fail, 1956; Proctor, 1960). If enough time
is allowed for active regrowth of sprouting buds before
spraying, enhanced effect of the herbicide might occur
(Darting et al., 1972; Lagoke, 1978). The importance of
good land preparation therefore as a control methoed for

cutgrass cannot be cver-emphasised.

2.2.2 Water Flooding

In countries like Japan and the U.S.A. where reqular
water supply is guaranteed, good water management is
recognized as an inteqral part of weed control in rice
(Schwaar, 1983). Many weeds will not germinate under
flooded conditions. Emergence of weeds and types of weed

are closely related to the moisture status of the soll
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and the depth of irrigation water (Yamada, 1965).
Lack of water control is a major management constraint
that increases the labour required for weeding
(Mochaw et al., 1966). Wwhen water flooding is present,
it could be very effective in suppressing grass weeds
in flooded rice (Smith and Shaw, 1966; De Datta, 1973).

In Nigeria, water flooding cannot be used success-
fully by local farmers to control weeds because most
irrigation systems in the developed inland valley swamps
are of the diversion type that supplement exlsting rain-
fall (savvides, 1981). They depend only on available
stream flow whose level is determined by the amount of
rainfall. Sometimes weed infestation is aggravated since
adequate water flooding cannot be malntained for weed
suppression. 1In most wetlands of Nigeria, for example,
Yola along upper Benue river, Jebba along lower Niger
river and Wurno alonq upper Sokoto river, there is
practically no water control (Schwaar, 1983), Floods
move freely into open flat lowlands spreading out in
paddy fields over extensive areas. Sometimes flooding
is delayed which leads to the proliferation of serious
weed problems,

For water flooding to succeed as a weed control
measure in Nigeria, the farmers need guidance and
education on water management and irrigaticn agriculture

(nyotade and Okereke, 1984). The diversion system of
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irrigation could modified to make room for water storage

in the time of excess rainfall. This would provide regular
flow in time of scarcity. The difficulty of maintaining
uniform depth would be eliminated.

2.2.3 Mechanical weeding

The rotary weeder is the most efficient mechanical
tool for controlling weeds in rice (De datta, 1973).
Weeding by mechanical method is only feasible when rice
is planted in rows. The major problem with the rotary
weeder is the inability to remove weeds within rice hills
or close to them (De Datta, 1981). Some modifications
of this basic devise may be needed by rice farmers in
Nigeria (Navasaroc et al., 1985).

Several hand tools, such as double bladed weeding
knives, narrow Spade, cutlass and animal-drawn implements
are being used with limited success in many developing
tropical countries such as Nigeria, Thailand, Philippines
and Burma (Navasero et al., 1985). Mechanical control of
cutgrass could be integrated with chemical control to
reduce the severity of late season competition with

cultivated rice.

2:2+4. Hand—weediqg

Hand-weeding among local farmers in Nigeria comprises
of hoe-weeding and hand-pulling. The degree of hand-pulling

and the problems associated with it is largely dependent
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on the type of rice culture. Hand=pulling in many rice
producing countries has been estimated to require 250 to
780 man-hours/ha depending on the ecosystem, frequency

of weeding, water management and the environmental
conditions during cropping (Dadey, 1973; De Datta et al.
1973; Matsunaka, 1975). For instance, in Taiwan, the
labour requirement for a single hand-weeding 30 days

after seeding is 400 man-hours/ha (Chang, 1968) while in
Korea a single hand-weedinq.at 30 days after seeding
requires 300 man-hours (Kim, 1969). At Dadin Kowa and
Lake Geriyo irrigation projects of Upper Benue River Basin
Development Authority (UBRBDA) in the northern Guinea Savannc
ecological zone of Nigeria, the labour requirement for a
single hand-weéding 30 days after seeding ranged between
240 man-hours/ha and 480 man-hours/ha (Avav, 1987). At
the International Rice Research Institute, Philippines
(IRRI, 1967) it was found that a single hand-weeding done
beyond 42 days after seeding significantly resulted in
grain yleld reduction and increased man-hours for weeding.
Early hand-weeding at 21 days after seeding requires fewer
man—houra-because the weed population at that stage is
lower (Tauro, 1970). Hand-weeding could be effective in
controlling weeds in dry-seeded rice (Bhan, 1978) when
rice is sown in rows but is extremely time consuming,
laborious and expensive where cheap labour is not
available. Economically, hand-weeding could be used

as a supplement to chemical control of perennial weeds

such as cutgrass and where farm sizes are small,
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2.3 Response of rice cultivars to weed management

Etaétice

For years, rice farmers in Nigeria depended on tall,

vigorous, tillering plants to provide weed competition.
With the introduction of modern semi-dwarf rice cultivars
weed problems became more serious and the need for weed
control became more obvious, FPor instance in Sri Lanka
more intensive hand-weeding is generally practiced with
modern than with traditional cultivars both in transplanted
(Hoque et al.} 1976a) and in direct-seeded rice (Hoque

et al., 1976b). Hoque et al., (1978) reported that the
weight of weeds growing in association with dry-seeded i
rice was less for Dharial - a tall traditional cultivar
than BR-3 a short statured modern cultivar. The weed
species growing in association with the cultivars also dif-

fered. Cyperus iria L, Cyperus difformis L and Fimbristylis'

littoralis Gaudich were the major weeds growing in associa-

tion with BR-3 while with Dharial, sedge growth was much

reduced and Echinochloca crusgalli L. Beauv a grass was ithe

dorminant weed. In IRRI,Moody (1977¢c), tested two traditional
cultivars, and several breeding lines of modern cultivars

of various plant height and tillering capacity in a weed
control screening programme and observed a significant

but negative correlatlion between plant height and grain

yield reduction. A close examination of the data did not
show a clear advantage of plant height, because many tall

and short rice cultivars also tillered heavily which

minimised weed growth. Working with the short-statured 1IR30,

semi-dwarf IR 1632-93-2-2 and the intermediate statured
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IR 34, it was reported that the dry weight of Paspalum
distichum L. was lowest in IR 34 plots (IRRI, 1978). This
showed that the intermediate statured variety competed
better than semi-dwarf rice varieties in a difficult weed
situation. IR1632-93-2-2 had the lowest total weed

dry welght because of low infestation of annual weeds
which indicates that the cultivar can suppress late
aqrowing weeds by shading them out.

However, breeders and agronomists usually evaluated
yield potentials of rice cultivars under weed free
conditions often without reference to the ability of the
improved variety to compete with weeds under conditions in
which the farmers will grow the crop. Increased yields
cannot be obtained from use of improved rice cultivars
without ¢fficient weed control methods.

2.4 Chemical control of weeds in rice

At the farmer's level in Nigeria, very little chemical
weed control is practised. Avav (1987) attributed the
low level of chemical weed control to unavailability of
herbicides in the rural areas where majority cf Nigerian
farmers live and the low level of education among Nigerian
farmers., HOwever, research conducted at the National
Cercals Research Institute, Badeggil has identified
both single herbicides and herbicide mixtures which could
be applied pre-emergence and post-emergence to weeds in
different rice cultures in Nigeria. 1In the irrigated low-

land of Badeggi, in the Southern Guinea Savanna of Nigeria,
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-

Fluorodifen at 4.0 kg a.l./ha resulted in grain yield that
was comparable to two hand-weedings and significantly
higher than that of the untreated control{(Anon, 1970).
Propanil at 6.7 kg a.i./ha also resulted in significantly
hinher yield than the untreated control in the same trial,
when the same herbicide was used at the rate of 5.0 kg
a.i./ha, it resulted in comparable grain yield to two
hand-weedings (Anon, 1973a). In another trial at Badeggi,
butachlor at 3.3 kg a.i./ha, nitrofen at 2.6 kg a.i./ha,
fluorodifen at 4.0 kg a.i./ha produced comparable grain
yield to two hand-weedings (Anon, 1971). At the irrigated
lowlands of Bakura, Kanc I and Kano II of northern Nigeria,
fluorodifen applied at 2.0 kg a.i./ha produced comparable
grain yield to two hand-weedings (williams, 1975). Under
flooded rice conditions at Bende, south-eastern Nigeria,
Okafor (1978a)obtained good weed control and high grain
yield comparable to yield from the hand-weeded plots when
propanil at 3 kg a.i./ha and fluorodifen + propanil at
1.0 + 1.5 kg a.i./ha were applied 21 days after weed
emergence. In direct-seeded irrigated rice at Ngala in
the Chad Basin of Nigeria, (Okafor, 1986) found that
thicbencarb at 5.0 kg a.i./ha, propanil &+ bromoxynil
(octanoate ester) at 3.6 + 0.4 kg a.i./ha and propanil +
oxadiazon at 3.0 + 1.0 kg a.i./ha resulted in excellent
weed control with comparable grain yield to hand-weeding.
In the Pecples Republic of China, Zanstra et al.
(1977) found that when thiobencarb plus propanil at
1.5 + 1.6 kg a.i./ha was applied at seven days after

seeding, 90% kill of weeds was achieved when the treatment
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followed a pre-emergence application of chlornitrofen at 2.4
kg a.i./ha on moist soil. Chlornitrofen applied alone was
only 80% effective against annual weeds and it had a
residual effect for 20 days. One supplementary hand-
weeding was essential to obtain optimum yields. Arceo and
Mercado (1980) workinag in the Philippines found in a field
trial in the dry season, that a tank mixture of butachlor
propanil at 1.0 + 3.0 kg a.i./ha applied at 15 and 20 days
after seeding gave better selectivity and weed control than
applications six days after seeding. Manipon et al. (1980)
at IRRI observed that pre-emergence treatments of
butachlor, pendimenthalin and thiobencarb each at 2.0 and
4.0 kg a.i./ha reduced grass weed population in direct-
seeded lowland rice but none gave adequate weed control
but had to be supplemented with hand-weeding 35 days after
emergence.

In Japan, weed control system based on weed
ecology, time of weed emergence and low crop phytotoxicity
was developed for direct-seeded rice (Yamane, 1976). This
consisted of ploughing one month before the application of
paragquat at 10 to 20 days and harrowing before seeding.
After emerqgence a mixture of propanil and thiobencarb
at 2.0 + 2.0 kg a.i./ha and 1.6 + 2.5 kg a.i./ha was
applied at 0.5 to 1.5 leaf and 3 to 4 leaf stage of
rice seedlings, both herbicide treatments gave season-
long weed control.

Other workers who have recommended chemical control
of wecds in direct-seeded rice in various rice growing

regions include (Vega, 19543 Smith and Shaw, 1966;
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De Datta, 1974, 19775, 1977¢c, 1977d; De Datta and
Lacsina, 1974; Moody, 1977a; Shifma et al., 1977; Singh
and singh, 1977; Arceo et al., 1978; Bhan, 1978; Lubigan
and Moody, 1980; Moody, 1980; Akobundu, 1981).

2.5 Integrated control of weeds

Development of integrated weed control practices in
all the different systems of rice cultivation is the goal
of all weed management strategies, because no single method
will control weeds in all rice ecologies (Akobundu and
Poku, 1985). Velasco et al. (1961) reported that the most
feasible and economical schedule for weed control in
direct-seeded rice is one that involves both mechanical,
cultural and chemical practices. The stale seed bed tech-
niques which combine tillage with properly timed applica-
tion of herbicides to destroy the first flush of weeds
following tillage is a good example of'integrated control
of weeds (Castin and Moody, 1981). At the International
Rice Research Institute, (IRRI, 1968, 1973, 1977) experiments
were carried out to test the effect of water management,
tillage treatments and herbicides on weed control and yield
of two rice cultivars. Grain yields were not significantly
affected by water depth and tillage treatments but showed
highly significant differences with weed control treatments.
Tauro (1970) was able to reduce the time of rotary weeding
in transplanted rice from 112 hours/ha to 65 hours/ha when
rotary weeding followed an application of MCPA. Other
workers who have recommended an integrated approach in
the control of weeds in rice include Decomampo and Baker

(1969), Jereza and De Datta (1977), Moody and De Datta
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(1977), Noda (1977), Clarete and Mobbayed (1978).

2.6 The biology and ecology of cutqgrass

2.6.1. Morphology

Cutgrass belongs to the family Gramineae, the
sub-family Panicoideae and the tribe Oryzeae. There are
only two Nigerian genera in this tribe, Leersia and Oryza,
the latter tribe includes the cultivated rice. Cutgrass
is the only Nigerian representative of the small genus
Leersia. It is a straggling aquatic perennial with stolons
rooting at the nodes. It also has slender and upright
stems up to 1m or more high (snon, 1966). This allows the
plants to avoid water suppression during the reproductive
stage. The leaf blade which is linear to linearlanceolate
is stiff, about 15cm long and slightly 1cm broad tapering
gradually to a sharp tip. On the abaxial portion of mid
rib, there are spines which readily lacerates the skin of
exposed leqs when walking through cutgrass infested fields.
The inflorescence is a narrow 5 to 15cm long panicle with
2 to S5cm long branches. The 2 to 4 mm long spikelets are
overlapping, flattened and assymetrical with short spiny
bristles along the margins (Hutchinson and Dalziel, 1931;
Akobundu and Agyakwa, 1987).

The importance of cutqgrass as a lowland weed stems
from its ability to reproduce by means of seeds, underground
rhizomes and surface creeping stolons. The above three
methods of reproduction by cutgrass has made the plant

an agqgresive weed in lowland rice ecclogy in Nigeria,
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The seeds when mature, are easily dispersed by wind, running
water and animals. The rhizomes and the stolons also start
rapid propagation after fragmentation during land pre-
paration. The new buds formed are capable of surviving

on the reserved carbohydrates of the reproductive

propagules while the tough glabrous sheath surrounding

the stolons helps prevent rapid desication of the
reproductive propaqules when moisture is limiting.

Apart from being an aquatic weed which survives under
flood conditions in the wet season, it is also capable of
existing as an upland weed, surviving on residual moisture
in lowland areas in the dry season. The massive root
system surrounding the rhizomes enable the plants to
efficiently utilise underaround water in the dry season.

2.6.2 Distribution

On nearly 40,000 hectares of hydromorphic land in
north-western Nigeria, cutgrass infestation reaches about
0.2 to 20 plants/m2 (Imeckparia, 1983). Okafor (1978b)
reported the presence of cutgrass in the irrigated
lowlands of Badeggi, Edozhigi and Logﬁma in the Southern
Guinea Savanna ecological zone of Nigeria. Hutchinson and
palziel (1931) also reported the presence of cutgrass
in Ikoyi plains, Lagos in the forest zone of Nigeria.

He also reported the presence of cutqgrass in damp places
in Sierra Leone and Guinea on the wWest Coast of Africa,

In Ghana it was found as a waterside grass occurring in

flood and coastal plains. Smith (1981) classified

cutqrass as a weed of world-wide importance especially in
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the lowlands and hydromorphic uplands where rice is

cultivated.

2.6.3 Importance of cutqrass in lowland
agriculture

There is very little published literature on the
importance of cutgrass as a weed of lowland aoriculture
in Nigeria. However, local Nupe farmers at Badeqgi in
the southern Guinea Savanna of Nigeria, have long
recognised cutgrass as a noxious weed which causes
severe yield reduction in rice grain yield at harvest.
It competes with rice for space, nutrients, sunlight and
water. Local farmers claim that it makes hand-weeding
operation difficult since the spines on the back of the
leaves lacerate the skin as the farmers move through
the fields. 1It reduced harvesting efficlency since the
farmers spend more time to select rice plants from cutgrass
tillers in infested fields. As a weed of irrigation
canal and paddy fields it contributes to enourmous loss
of water through transpiration. Like other perennial weeds
it increases the cost of land preparation since the
rhizomes and stolons are capable of rapid propagation.

2.7 Control of cutgrass

2.7«1 Cultural methods

Local farmers in Nigeria control cutgrass and other
weeds of lowland rice before planting by making heaps of
soil about four to eight weeks before planting and
burying the regrowth of cutgrass a few days before trans-
planting. This does not appear to be an effective control

method since the stolons and rhizomes soon start growing
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after the initial operation. The use of various soil
tillage practices aimed at either absolute removal, frag-
mentation, deep burying or exposure of rhizome and stolons
of perennial grasses to dryness (Cussans and Wilson, 1970;
Adegbola et al., 1970) may not be feasible for the
effective control of cutgrass because of the flooded
conditions under which it exist. Slashing, an operation
which 1s occasionally employed by rice farmers using hand-
sickles have been reported by Chancellor (1968) to be

a factor which prevents apical dominance in hAgropyron
repens Linn and causes increase in concentration of the
gibberellic acid content of the dormant buds to induce
their sprouting. Repeated slashing as practised in some
upland crops for the control of speargrass cannot be
successfully used for the control of cutgrass because of
the difficulty of walking under flooded conditions. Rice
being a clesely spaced crop will not allow slashing opera-
tions on a continuous basis after crop establishment.

when done manually, slashing is a very tedious and labour
intensive operation. Rotary weeding as practised by

Asian farmers (De Datta, 1978) does not appear to be an
effective control method for cutgrass since most of the
stolons remain in the mud and germinate later on. Hand~
pulling as practised by local farmers is tedious, expensive
and labour intensive.

2.7.2 Chemical control

various groups of chemicals when applied alone or in

combination with other control methods could be successfully
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used to control cutgrass. Chemicals such as sodium

arsenite (Childs, 1956), aromatic oil (Suwunnamek, 1965),
sodium salt of trichloroacetic acid (Riepma, 1968),

dalapon (Olunuga, 1975), paraquat (Suwunnamek and Parker,
1975) and glyphosate (Lagoke, 1978) have been recommended
for the control of spearqrass under upland conditions.

The prohibitive cost cf application to achieve successful
control and poor weed control efficacy militate against

the successful adoption of some of these herbicides for
weed control in rice cultivation. For instance the use of
sodium arsenite has been banned in several countries bec;use
of allergy problems (Soerjani, 1970). Poor control of
speargrass was reported by Ivens (1973) and Olunuga (1975)
when paraguat at 0.5 to 1.0 kg a.i./ha was used. Sequential
application up to five times at 0.2 to 0.7 kg a.i./ha was
recommended by Seth (1970). Although dalapon provides
satisfactory control of speargrass (Olunuga, 1975; Lagoke,
1978), much time is lost to delay in planting after
application of dalapcn. 1In the irrigated lowlands of
Dirnin Kebbi in the Sudan Ssavanna of Nigeria, significant

reduction in the infestation of Oryza longistaminata was

obtained when glyphosate at 2.0 kg ae/ha was applied
alone compared with the untreated contrel (Anon, 1930).

paspalum paspaloides Linn a perennial weed of wetland rice

in Laguna, Bulacan and Nueva Ecija provinces in the
Phillipines (Lubigan and Mercado, 1977) was successfully
controlled when glyphosate at 2.0 kg ae/ha was applied

alone (De Datta et El.,19?9). Excellent weed control






