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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
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with high grain yield was obtained when this treatment
was followed by plowing in the same trial. Paraquat

alone caused the proliferation of Paspalum paspaloides L.

after the initial control. A combination of glyphosate at
1.0 kg ae./ha, followed by paraquat at 1.5 kg a.i./ha

was however, effective compared with the untreated control.
Effective control of cutgrass could be obtalned if cultural

contreol is integrated with chemical control.

2.8. Selective rice herbicides

2.8.1 Oxadiazon

Oxadiazon belongs to the group of compounds called
oxadiazole., The chemical structure is as shown below.

The molecular weight is 345.2

41 YV jokrys
o “K\ é)“‘rﬂ""”?4
c1

3-/Z, 4-dichloro-5- Cl-methylethoxy) phenyl7
-5-(, 1-dimethylethyl) ~1, 3, 4-oxadiazol-2(3ch) one.

It is soluble in methanol, ethanol, acetone and
benzene. At 20°C it is practically insoluble in water.
it is formulated as an emulsifiable concentrate and is
stable in excess of two years. It is of very low order
of mammalian toxicity but toxic to fish. The acute cral
LDS0 rats is greater than 8000mg/kg (Anon, 1983b).

It is readily absorbed by foliage but the site of up~-
take is through the emerging shoot. 1In very susceptible

species such as annual grasses and some broad-leaved weeds,
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the compound may be translocated to the roots when applied
pcst-emergence. It ?s rapidly diffused to the apical
meristem when weeds are young and actively growing. It
acts by contact activity on susceptible weed species as
it grows through the treated zone in pre-emergence
application and by complete goveraqe in post-emergence
application. /chhireddy et al. (1985) reported that
the mode of action of oxadiazon is the inhibition of
C02 fixation and the export of fixed carbon from the
source leaves to the arowing points in susceptible weeds.
It causes stunted growth and death of such plants.
Selectivity of this compound is as a result of many factors.
hudus (1976) reported that the 3e1ectivity of oxadiazon is
based on the low solubility of the compound causing it
to be adsorbed on the soil colloids. /Achhireddy et al.
(1985) attributed the tolerance of rice to slower penetra-
tion of oxadiazon into the leaf tissue of the treated
reqgion of rice plants than that of the susceptible weeds.
Other workers who have reported differential uptake of
herbicides by susceptible species and tolerant species
as responsible for specles selectivity are (Smith and
Sheets, 1967; Hoque and warren, 1968; Roeth and Lavy,
1971; Strang and Roqgers, 1974). Differences in transe
location after uptake have also been speculated as one
of the factors responsible for the selectivity of
oxadiazon in rice and susceptible weeds. (Frank and
switzer, 1969; Stroller, 1570; Binghan and Shaver, 1971).

Ishizuka et al. (1975) found that seven days after
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application of 14C oxadiazon to leaf blades or leaf shoots
of rice plants translocation was mainly to the shoot and
no translocation occurred to the roots or tillered shoots.
Richard and Street (1984) in a three year field study
in the Mississippi delta of U.S.A. reported good to excel-

lent control of barnyardgrass (Echinochloa crus-galli (L)

Beauv.,) hemp sesbania (Sesbania exaltata (Ruf). Cory,)

tall morninaglory (Ipomoea purpurea (L) Roth.) pitted morne

ingglory (Ipomoea lacunosa (L)) and tighthead sprangle top

(Leptochloa panicoides Presl. Hitch) with high grain yield

when oxadiazon alone at 1.1 kg a.i./ha and in mixture
with propanil at 0.8 4+ 3.4 kg a.i./ha was applied early
post-emerqgence to the weeds. In field evaluation trials
in the vhilippines, excellent weed control with high
grain yield was cobtained when oxadiazon was applied pre-
emergence to weeds at 1.0 and 0.75 kg a.i./ha (IRRI, 1978
and 1972). In Taiwan (Chang, 1973a) and Japan (Chisaka and
Noda, 1981) oxadiazon is recommended as one of the rice
herbicides for commercial usage nation-wide. Okafor
(1979) working at the irrigated fields of Lake Chad Basin
Nigeria, found that oxadiazon at 0.5 kg a.i./ha resulted
in comparable grain yield to two hand-weedings. 1In a
field trial conducted at Ibadan, south-western Nigeria,
pre-emergence oxadiazon at 0.5 kg a.i./ha and prst-
emergence oxadiazon plus propanil at 0.5 + 2.4 kg a.i./ha
were found to be more effective in reducing weed infesta-
tion compared with propanil alone at 4.5 kg a.i./ha and

two hand-wecdings (Anon, 1981).
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2.8.2 Butachlor

Butachlor belongs to the ol chloroacetamides.

The chemical structure is as shown below.

N-(butoxymethyl)-2-chloro=-N~(2, 6-diethylphenyl),

acetamide.
C.He CH.ar
._..._._---—-'*\_/f Lo o ~ 2C-—aH’
/ N
i - COCH

It has a molecular weight of 311.8. At 20°% its
solubility in water is 20ppm. It is soluble in ether,
acetone,benzene, alcohol, ethylacetate and hexane at room
temperature. Butachlor is slightly toxic by ingestion and
practically non toxic by dermal applications. The acute
oral LDSO rats is 2000 mg/kg and the dermal LDSO rabbits
is greater than 13000mg/kg (Anon, 1983b). It is not
readily absorbed by roots but the site of uptake is through
the emerging shoot. Translocation is throughout the

whole plant with high concentration in vegetative parts
than in reproductive parts. The major site of action is
the vegetative part of plants, there is less action in the
reproductive parts. The mode of action of butachlor is
that of inhibition of growth of shoots, roots as well as
inhibition of mesocotyls' development. This could be
attributed to inhibition of auxin induced cell expansion.
It also inhibits protein synthesis possibly by preventing
the transfer of amino-acids from amino-acyl-t-RNA to the

polypeptide chain. Nucleic acid synthesis alsc appears to
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be inhibited. It is broken down in plants to glycolic acid
and probably diallylamine before further metabolism to
normal plant constituents (Ashton and Grafts, 1973),

The basis of selectivity of butachlor in rice is
physiological. Tolerant crops are capable of deqrading
the herbicide into non-phytotoxic components at
recommended rates. Another basis of selectivity is by
conjugation. The chemical forms conjugate with some
natural products which are non-toxic and non-translocat-
able (Anon, 1983b). Butachlor does not persist in the soil
from one season to the next in sufficient quantity teo
injure sensitive crops when applied at recommended rates.

A residual efficacy period of 20 to 60 days was reported
in field trials in Taiwan (Anon, 1581). The rate of
application was 1.5 to 2.0 kg a.i./ha. Beestman and
Deming (1974) pointed out that microbial decomposition
was the major avenue of degradative dissipation from soil.
Another avenue was photo-decomposition (Chen and Chen,
1979)%

Richard and Street (1984) working at the Mississippi
delta of U.S.A. reported excellent control of barnyardgrass,
tighthead sprangle top, tall and pitted morningglory and
hemp sesbania when butachlor plus propanil was applied
at 4.2 + 3.4 kg a.l./ha. De Datta and Lacsina (1574)
reported that butachlor alone, when applied at 1.5 kg a.i./
ha before weed emergence resulted in excellent control

of Scirpus maritimus L. compared with the untreated

control. Chang (1973a) working in Taiwan reported that the

performance of butachlor alone in flooded rice culture
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depended on the time and rate of application. He found
that butachlor at 1.0,‘1.5 and 2.0 kg a.i./ha resulted
in good weed control up to 30 days after application when
herbicide treatments were applied at 15 days after trans-
planting but weed control was maintained up to 60 days after
application when butachlor was applied at six days after
transplanting. He also reported that when butachlor was
applied at 2.5 and 3.0 kg a.i./ha alone, excellent weed
control was achieved throughout the crop life cycle when
applications were made at 6 and 15 days after transplanting.
Chang and De Datta (1974) found that butachlor at
1.5 kg a.i./ha alone was ineffective in the control of weeds
under high infestation of broad-leaved weeds. The grain
yield obtained was not significantly different from the
untreated control. They also found that butachlor at 1.5
kg a.i./ha was moderately toxic to rice, resulting in yield
reduction byt there was only slight toxicity when the
treatment was carried out at 12 days after seeding. At
Ibadan, South-western Nigeria, butachlor applied alone
at 3.0 and 4.0 ko a.l./ha at 14 days after seeding caused
high weed infestation throughout the crop life cycle with
comparable qgrain yield to the untreated control (Anon, 1920)
2.8.3 Propanil
Propanil belongs to the amide-type of herbicides.

The chemical structure is shown below
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It is a light-brown to greyblack solid with a water
solubility at 20° of about 500ppm. It is formulated
as an emulsifiable concentrate with an acute cral LD50 rates
of 1200mg/kg. It is highly scluble in most common organic
solvents such as toluene, xylene, isopropyl alcohol,
isophorone and methylethyl ketone (Anon, 1983b). Propanil
is absorbed by leaves when it is applied post-emergence
in rice to control several annual grasses and a limited
number of annual broadleaved weeds and sedqges.
Translocation within the leaf or from the treated leaves
to the rest of the plants is very limited (Yih et al., 1968a)
The site of action is the foliage of treated leaves.
Propanil inhibits the Hill reaction in plants (Good,
1961). It causes chlorosis followed by necrosis to the
leaves of susceptible species. The basis of selectivity
is biochemical. An enzyme aryl acylamidase in the leaves
of rice plants rapidly detoxifies propanil by oxadative
metabolism and hydrolysis to 3, 4-dichloroaniline (DCA)
and propionic acid (Fear and Stil}, 1968). Young
rice leaves contain approximately 60 times as much aryl
acylamidase as young barnyardqrass leaves. Roots of rice
and barnyardgrass contain the same low concentrations of
the enzyme. In propanil treated rice, the 3, 4-dichloro-
ancline becomes tightly bound in carbohydrate and lignin
consistituents of the cell walls of the rice plants, from
which it can be released only by extreme caustic treat-

ment (Still 1968aj Yih et al.,1968b). Dichloroanaline was
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found at higher concentrations in the straw than in the
grain. The propionic acid formed by the hydrolysis of
propanil is further metabolised to carbon dioxide and
water by beta-oxadiation (still, 1960b).

A number of workers have reported successful use of
propanil either singly or in mixture with other herbicides
to control weeds in rice. Smith et al. (1971) working in
Stuttgart Ark. in Southern U.S.A. found that propanil
applied at 3 to 5 kg a.i./ha controlled barnyardgrass at
1 to 4 leaf stage of growth with little or no injury to
rice. He also reported that propanil was ineffective as
a pre-emergence application or when it was applied to
barnyardgrass in the tillering stage of growth or later.

Other weeds that were similarly controlled were Sphenoclea

zeylanica, Ammania auriculata wWilld. Eleocharis spp,

Leptochloa spp 4cta tall, Setaria glauca (L) Beauv. Poor

control of Ipomoea spp about S5cm tall was reported.

Smith et al. (1971) also in sStuttgart Ark. U.S.A., Richard
and Street (1984) in the Mississippi delta of U.S.A.
reported excellent broadspectrum weed control and high grain
yield when preopanil was applied in two splits at 4.0 + 3.0
kg a.i./ha and at 3.4 + 3.4 kg a.i./ha respectively. 1In

the southern Guinea Savanna ecological zone of Nigeria,
where good water management is non-existent, mixtures of
propanil with butachlor, benthiocarb, fluorodifen and
oxadiazon applied post-emergence to weeds at 2 to 3 leaf

stage controlled grass weeds, broadleaved, aquatic and



37

sedge weeds that have emerged at treatment and those
that would germinate four weeks after treatment
(Akobundu, 1981; Anon, 1983a). Its mixture with
dimethametryn and piperophos was essential to obtain good
control of weeds that have become resistant to single
application of propanil with acceptable grain yield in
the irriqgated lowlands of Edozhigi in the southern

Guinea savanna of Nigeria (Anon., 1984).

Rice may be injured when carbamate and organophosphate
insecticides such as carbaryl, carbofuran, parathion are
applied with propanil or within a few days of each other
(Bowling and Hudgins, 1964; Bowling and Flinchum, 1968).
2.8.4 Bentazon

Bentazon belongs to the thiadiazine group of
compounds, the structural formular is as shown below.
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3-Isopropyl-1H-2, 1, 3-benzothiadiazin-
4(3H)=-one-2, 2-dioxide.
It is not soluble in water but is soluble in organic
solvents like acetone, benzene, chloroform, cyclohexane,
ethanol, ether-ethylacetate and olive o0il. Results of
the toxicity seudfes show that bemntazon has a relatively
low toxicity to mammals, oral LDS50 rats is 850mg/kg
body weight, while the dermal toxicity LD50 rats is

greater than 2,500mg/kg body weight. The formulated
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product is less toxic. It is tolerated by fishes; the
LC50 is 510ppm. It is absorbed mainly by green plants
cince it is a contact type of herbicide. For good control,
both the leaves and the stem of the treated plant must be
adequately wetted with the spray mixture. The active
ingredient is absorbed by the foliage and could be trans-
located tc the roots (Anon, 1973b)«. The amount absorbed
and tie direction in which it is translocated could be
affected by temperature, relative humidity, soil moisture
and the weeds controlled (Anon, 1973b). The pre-emergence
activity of bentazon is weak. The basis of selectivity
of bentazon in rice is physiological. The active
ingredient is bound to structural elements of the plant
(anon, 1983b). Recent investigations show that the
complexes are conjugates of mono - or cligosaccharides
with bentazon molecule hydroxylated in the aromatic ring.

Bentazon applied alone and in combination with other
herbicides is used for weed control in lowland (Okafor, 1981)
and upland rice culture. De Datta and Lacsina (1974) reportec

excellent control of Scirpus maritimus with bentazon at

2.0 and 3.0 kg a.i./ha when applications were made at 20
days after transplanting. Okafor and De patta (1976) in

a field evaluation trial in the Philippines reported poor
weed control with poor grain yield when bentazon alone at
2.0 kg a.i./ha was applied seven days after crop emerqgence.
In the same trial, bentazon at 2.0 kg a.i./ha in combi-
nation with butachlor at 2.0 kg a.i./ha and dymrone at

3.0 kg a.i./ha combined excellent broadspectrum weed
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control with comparable grain yield to two hand-weedings.
In a dry season trial under a mixed population of

burnyardgrass and Scirpus maritimus, bentazon at 1.5 kg a.i./

ha resulted in excellent control of Scirpus maritimus

but control of barnyardgrass was unsatisfactory (IRRI,
1975). 1In a field trlal at Edozhigl Okeleye et al. (1979)
found that bentazon at 4.7 kg a.i./ha caused the prolifera~
tion of grass weeds but control of sedge growth was
satisfactory. The efficacy of bentazon at 4.7 kg a.l./ha
to control broadleaved weeds could not be proved in the
trial because of the low infestation of broadleaved

weeds in the untreated control plots.

2.8.5 Dimethametryn.

Dimethametryn belongs to the group of herbicides
called triazines. The chemical name is 4-(1,2-dimethylen-
propyl-aminc)-2-ethylamino-6-methylthio-s-triazine. It is
a solid at room temperature, with a water solubility of
SOmg/litre. It is highly soluble in organic solvents.

Its melting point is 65°C while the boiling point is
151-153°% at 0.5 mm Hg. By oral and dermal administration
dimethametryn is slightly toxic to mammals. The oral
LD50(rat), is 3000mg/kg body weight while dermal LDS50 (rat)
is greater than 2150mg/kg body weight. Dimethametryn

is devoid of any oncogenic, carcinogenic or mutagenic
potential in the studied species. 1In laboratory trials
dimethametryn is toxic to trout but slightly toxic to

crucian carp and channel catfish (Anon, 1985).
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Dimethametryn enters the plant through the treated
root and leaf in pre- and post-emergence application. The
mode of action is the inhibition of the Hill reacticn of
photosynthesis in susceptible plants, thereby causing
depressed growth and subsequent death of the treated
plants (Audus, 1964), The basis of selectivity in rice
plants 1s physiclogical. Rice plants are capable of
converting dimethametryn to harmless metabolites which
form some conjugates with plant constituents.

There is very little published information on the use
of dimethametryn alone for weed control in rice. However,
dimethametryn in mixture with other herbicides such as
piperophos, propanil, bentazon and MCPR is used with varying
degree of success 1in many rice growing regions of the weorld
(Anon, 1985). Dimethametryn was reported by Martins
and Worthing (1974) to be effective against broadleaved
weeds in rice. 1In a site infested with Cyperus spp,

Monochoria vaginalis and Echinochloa spp., it was reported

that dimethametryn mixture with piperophos at 0.5 + 045 kg
a.i./ha applied four days after transplanting rice during
the wet season, gave yield similar to the hand-weeded

check. At Ibadan in the southern Guinea savanna of Nigeria,
satisfactory weed control with high grain yield was obtained
when dimethametryn plus piperophos plus propanil was applied
at 0.2 + 0.8 + 1.8 kg a.i./ha (Anon, 1986). The weed

infestation consisted of Euphorbia heterophylla Linn.,

Digitaria horizontalis willd, Brachiaria spp. and Ageratum

conyzoides. L. Similar results were obtained at the

irrigated lowlands of Edozhigi (Anon, 1984).
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2.8.6 Benthiocarb

Benthiocarb belongs to the group of herbicides called

carbamates. The chemical structure is as shown below.
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S-(A-chlorobenzyl)=-N, N-diethyl thiolcarbamate.
It is an oily liquid with pale amber to light yellow colour.
At 20°C and pH 6.7, its solubility in water is 27.5ppm.
It is soluble in xylene, alcochols, acetone and sparingly
soluble in glycerol. Benthiocarb ishﬁf low cral toxicity
in mammals LDSC rats is 1289mg/kg; likewise in fish TLM
48 Carp is 3.4ppm. Absorption in pre-emergence treatment
is through the mesocoytl, coleoptile and the first leaf
as the foliage passes through the treated layer, In post-
emergence application, absorption is through the roots,
leaves and stem. Translocation of benthiocarb is mostly
in the upward direction and partly in the downward direction
in the symplast (Anon. 1977a). Mode of action of benthiocarb
is inhibition of protein synthesis of plants. It is also
classified as a growth inhibition type of herbicide. It
inhibits the biosynthesis of gibberellin-induced -
amylase in aleurone layer of germinating seeds. The
morphological changes induced in plants depends on the
rate of application. For instance in barnyardgrass, at

low dosaqes the qgrowth of leaf blade and leaf sheath is
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slightly checked while at higher dosages,elongation of
first leaf is inhibited before the weed is eventually
induced to death (Anon, 1977a). The selectivity of
benthiocarb in rice plants 1s physiological. Rice plants
are capable of metabolising benthiocarb into non-toxic
metabolites while susceptible weeds detoxify benthioccarb
much more slowly. Differences.in absorption and trans-
location of benthiocarb by susceptible weeds and rice
plants is apother factor for species selectivity.

In Taiwan, Chang (1973b) reported excellent weed control
when benthiocarb alone was applied at 2.5 and 3.0 kg a.i./
ha in transplanted rice. Chang and De Datta (1974) working
in Taiwan also reported good weed contrel when benthiocarb
alone was applied at 1.5 kg a.i./ha under ‘@ high population
of broad-leavoed weeds. Excellent weed control with high
grain yield was cobtained when benthiocarb at 3.0 kg a.i./ha
was applied alone in dry seeded rice (IRRI, 1977). At Ibadan,
unsatisfactory weed control was obtained when benthiocarb
alone at 4.0 kg a.i./ha was applied pre-emergence to
weeds and the grain yield obtained was not significantly
different from the untreated control (Anon, 1980). Okeleye
et al. (1979) in a field trial at Edozhigi reported
satisfactory control of sedges with benthiocarb at 3.0 kg
a.i./ha but control of perennial grasses and broad-leaved
weeds was unsatisfactory. Richard and Street (1984) at the
Mississippi delta of U.S.A. reported poor control of hemp
sesbania and morningglory when benthiocarb alone was applied

at 4.5 kg a.i./ha. 1In the same trial excellent control of
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sprangele top and barnyardgrass was obtained. Okafor
(1979) reported excellent weed control with high grain
yield when bentiocarb alone was applied pre-emergence
at 6.0 kg a.i./ha at the Lake Chad Basin of Nigeria. The
weed composition was made up predominantly of sedgese.
Benthiocarb in mixture with propanil, 2, 4-D-IPE
and sllvex have shown promising results when applied post-
emergence to weeds in variou$ rice growing regions in the
tropics (Anon, 1977a; Anon, 1980; Richard and Street, 1984).
Since benthiocarb in mixture with propanil controls weeds
residually, it is effective for weed control in rice grown
on problem soils and in areas where flooding immediately
“fter Lreatment is none existent.
2.8.7 Molinate.
Molinate belongs to a group of herbicides called

thiocarbamates. The chemical structure is shown below.
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S—ethylhexahydro-l H-azepine-l-carbothicate.
It is liquid at room temperature with water soclubility
of 880ppm. It is highly soluble in common organic solvents
such as kerosine, xylene and methyliobutyl ketone.
Technical molinate has an acute oral LDS0 (rats) of 750kg/
kg body weight which is low. The dermal toxicity LDSO
(rats) is greater than 4640mqg/kg body weight (Anon, 1983b).

Molinate may be absorbed by weed seed during the early
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stages of germination, Seeds that are not germinating
apparently do not absorb molinate. It may also be
absorbed by roots, coleoptiles and basal shoot tissue,
Once molinate is absorbed, it is readily translocated in
the apeoplast system throughout the whole plant. The site
of action is the meristems of root and shoot where it
accumulates in large quantity. It is rapidly metabolised
in plants and scils (Fang, 1969; Mueller and Oelke, 197S5).
The carbon dioxide metabolites are assimilated in natural
plant consistituents such as organic acids, carbohydrates,
cellulose, amino-acids and proteins. 1Its persistence in
soil is relatively short, usually less than one month
(Klingman et al., 1975).

The mode of selectivity of melinate in rice 4s on the
basis that some plant species detoxify molinate more
rapidly than others. For instance, in experiments in
California U.S.A., it was found that molinate at 0.3ppm
reduced the length of barnyardgrass shoots 29%, but
7ppm reduced the lenqgth of rice shoots only 30% (Oelke
and Morse, 1968). Another basis of selectivity might be
due to the fact that susceptible weed coleoptiles absorb
molinate more than rice coleoptiles (Chem et al., 1968).

Molinate is used for the selective control of annual
grasses in rice (Klingman et al., 1975), Smith (1970a) in a
field evaluation trial at Stuttgard Ark, U.S.A. found that
molinate at 4.0 kg a.il./ha applied pre-emergence to weeds

in drill-seeded rice resulted in satisfactory control of
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barnyardgrass with high rice grain yield which was signi=-
ficantly different from the untreated control. Similar
results were obtained when applications were made at 3-4-
leaf stage of barnyardgrass. In experiments at Biggs
California U.S.A., molinate at 3.0 kg a.i./ha applied
pre-emergence to weeds controlled barnyardgrass effectively
with high rice grain yield, which was significantly diffe-
rent from the untreated control (Smith, 1971). 1In other
rice growing reqgions of U.S.A. sequential treatments of
propanil and meclinate control barnyardgrass better than
other herbicldes applied alone (Smith, 1970b). 1In Japan
herbicide mixture of molinate, MCPDQ and simetryn are used
for foliage and scil treatment in order to obtain broad-
spectrum weed control (Takematsu and Takeuchi, 1981).
2.8.8 Silvex

Silvex belongs to the group of compounds called

synthetic growth regqulators. The chemical structure is

as shown below.
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2-(2, 4, S5-trichlorophenoxy) propionic acid.
Its solubility in water is 180ppm at 25°% (Klingman et al.,

1975). The acute oral LD50 rats is 650mg/kg body weight.
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Silvex is absorbed by roots and/or leaves and is distri-
buted throughout the whole plant in the apoplastic and
symplastic systems of the plant. Growth symptoms in
broad-leaved weeds consist of crinkled strap shaped
leaves while the treated plants are stunted and malformed
(Anon, 1983b). The leaf veins are cauged to be parallel
rather than netted. 1In mcst cases stems are crooked and
brittle with shortened internodes. 1In grasses, the leaves
are rolled near the base of the petiole in an onionelike
fashion. The tip of terminal leaf is free and flaglike in
appearance, The mode of action of silvex is not the
result of any single factor but plant death results from
the effect of a number of disturbances in the treated
plants. Silvex causes growth responses similar to those
of natural growth requlating substances called auxins, It
causes cell division and respiration rates to increase
while photosynthesis decreases. This mechanism completely
exhaust the food supply of the treated plants leading to
eventual death. Roots of treated plants lose their
ability to take up soil nutrients and tissues of the stem
fail to move food effectively through the plant (Anon,
1983b). The selectivity of silvex in rice is physiological.
Susceptible plants absorb and accumulate silvex while
tolerant plant species degrade it to non-toxic molecules.
The degradation is a process of decarboxylation, demethyla-
tion of the side chain as well as dechlorination and

hydroxylation of the ring (Klingman et al., 1975).
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Silvex 1s used for the control of emergent agustic
weeds, submerged aquatic weeds in still water and 2,4-D
tolerant weeds (Anon, 1983b). De Datta and Lacsina (1974)
in a field evaluation trial in the Philippines reported
that silvex at 1.5 kg a.i./ha applied after weed emergene=

resulted in complete eradication of Scirpus maritimus in

wetland rice. Trials conducted in some of the rice growing
regions of U.S.A. showed that silvex is effective in the

control of purple ammania, Eleocharis spp., Cyperus Spp.,

Ipomoea spp., Fimbristylis spp., hemp sesbania and

Sphenoclea zeylanica.

2.9 Non-selective preplant herbicide
2¢9.1. Glyphosate

Glyphosate belongs to the group of compounds <alled

aliphatics. The chemical structure is as shown below

? ¢y O

| [

HO—-(C—CH 2*-!}4“‘&- HZ"‘*T*—-—-OH
H OH

N-(phosphonomethyl) glycine
The molecular weight is 169.1. 1t is a white solid
which is soluble in water. At 25°C its solubility in
water is 1g/100g (Anon, 1983b). Glyphosate is relatively
non-toxic to mammals. The acute oral toxicity LDSO rats
is 4900mg/ka while acute dermal toxicity LDgq rats is
greater than 7940mg/kg. The compound is a follar absorbed

herbicide which is easily translocated from vegetative
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parts to underground roots, rhizomes, stolons and tubers
in the photosynthate (Anon, 1983b). 1Its knock-down effect
is slow compared with paraquat but fairly rapid when
compared with amitrole. Translocation of glyphosate in
treated plants can be affected by various factors, such
as drought stress, growth and vegetative stage of weeds
to be destroyed, method of application, soil cultivation
before and after treatment. Visible symptoms develop
progressively for several days. Symptoms are a gradual
wilting and yellowing of the plant, seven to 14 days after
spraying which advances to complete browning or dessication
of above-qground growth and similar deterioration of under-
ground plant parts within 30 days of application (Anon,
1983b). Jarworski (1972) suggested that the mode of
action of glyphosate is the suppressicon of the biosynthesis
of the essential amino-acids phenylalanine more specifically
with the metabolism of chorismic agid in the aromatic amino-
acid biosynthetic pathway. It is essentially non-selective
and therefore it is not used in crops except where it can
be kept off the crop through directed application. The
propensity of glyphosate of binding to soil particles
combined with biodeqradation in the soll (Sprankle et al.,
1975) contributes to a virtual total lack of activity in
the soil. Antagonistic effects of glyphosate when mixed
with other herbicides like alachlor, atrazine and simazine
have been reported by Baird et al., (1971) and Somabhi
(1975).

Akobundu (1977) working at Ibadan in south-western

Nigeria found that glyphosate at 1.0 kg ae./ha was a
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better broadspectrum pre-plant applied herbicide than
paraquat at comparable rates. For instance Paspalum

orbiculare Forst, Panicum maximum Jacq, Talinium

triangulare Jacq willd and Commelina spp partially
controlled by paraquat at 1.0 kg a.i./ha fully

recovered in about four weeks after treatment. Glyphosate
was found to be generally more effective when applied pre-
plant followed by sequential application of either
alachlor or atrazine than when each of the two so0il
residual herbicides was mixed with glyphosate and applied

pre-plant. Good control of Pannisetum purpureum Schamach

in no tillage maize using glyphosate at 4.8 kg ae./ha
and 6.0 ae./ha was obtained by Mighieka and Akobundu
(1979) in trial conducted in Bendel State, South-western
Nigeria.

Lagoke (1978) found glyphosate at 4.0 kg ae./ha to be

a better systemic herbicide compared with dalapan at

15 kg a.i./ha in the control of speargrass in trlals
conducted at Ilaro, south-western Nigeria. He also
reported that ploughing before and after applicétion
resulted in better performance of glyphosate in the control
of speargrass. De Datta and Lacsina (1974) reported

significantly better control of Scirpus maritimus L. when

glyphosate was applied at 0.75 and 1.0 kg ae./ha compared
with the untreated control. Glyphosate at 0.75 kg ae./ha
was comparable in performance to bentazon at 3.0 kg a.i./ha
both in efficacy of control and subsequent effect on

grain yield. At Birnin Kebbi in the northern Guinea

savanna of Nigeria, glyphosate at 2.0 kg ae./ha was
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more effective in the reduction of weed dry-weight
compared with paraquat at 4.8 kg a.i./ha and dalapon

at 10 kg a.i./ha (Anon, 1980). Claus and Behrens (1972)
reported greater kill of taller quackqrass (Agrogxron
repens Linn) ~lants by glyphosate at 0.28 to 1.12g ae./r
when applied cn 55cm, 25cm and 12.5cm tall plants. Thev
further observed over 80% control of quackgrass when
1.68kg ac./ha of glyphosate was sprayed on 20cm tall
plants as against 51% control when 12.5cm tall plants
were treated. Various other workers such as Brockman
et al. (1973) working with quackgrass, Connel and
serting (1973) and Derting et al. (1973) working with

Johnsonqgrass Sorghum halepense Stapf attributed better

control of actively agrowina and older stages of these
nerennial arasses with glyphosate to (1) greater
rhizome commitment (2) more active basipetal
translocation of glyphosate with the photosynthate and

(3) greater foliaace interception of the herbicide.
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Chapter 3 MATERIALS AND METHODS

The field experiments were conducted on the farm of
National Cereals Research Institute, Badeggi (longitude c
07'E and latitude 9° 45'N, 70.5metres above mean sea l-ve.)
in the Southern Guinea Savanna ecological zone of Nigeri:
to evaluate herbicides for weed control in rice cultivar:
In 1985 wet season, a preliminary experiment was conduct
in the greenhouse tc evaluate some herbicides for the
contrcol of cutarass. Details of the methodology of each
experiment are contained in the appropriate subsection.
The soil at the experimental sites was fine sandy loam.
Details of the physico-chemical properties of the soil anc
common weed species at the experimental site are contained
in Tables 3.1 and 3.2 respectively. Records of meteoro-
logical data viz temperature, rainfall, relative humidi .-
and sunshine hours which were obtained from the meteoro
gical station at Badeqqi in the years of experimentatio
are contained in the Appendix.

3.1 Experiment 1. Chemical control of weeds in three

rice cultivars.

The experiments were conducted durino the 1983 we:
and 1983-84 dry seasons.

3.1.1 Cultural practices

For the wet season trial, the land was ploughed anc
disc-harrowed two weeks later. 1In the dry season trial
the experimental site was flooded and nuddled by a
rotavator before levelling which was done manually usin~
the hand hoe. 1In the two trials, all the plots were
aiven a blanket application of molinate at 4.0 kg a.i./.

three days before seeding.
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Table 3.1 Physical and Chemical analysis of soil samples taken at two depths from
experimental sites at Badeggl.

_ Exchangeable catlgns CEC
pepth Sand 5ilt Clay pH in 0.01M Orga= Total Bray Meg/
{cm) % % % water KCl Mwm M WIP \ {Meq/100g) 100g

oo ca’*t  mg?t «* Nat  a1d* pt

1983 wet Season h
0-15 71.51 17.49 11.00 4.75 4.21 0.84 0.16 4.14° 0.96 0.96 0.04 0.04 0.68 0.05 2.18
15-35 qumw 1162 11.10 4.70  4.22 0.41%1 0.09 2.20 0.65 0.08 ©€.02 0.01 0.16 1.01 0.93
1983-84 Dry Season

.wam 70.00 20.00 10.00 4.80 4.5C 0.88" 0.13 4.00 0.98 0.14 0.03 0.06 0.74 0.06 2.01
15~-35 B82.00 12.00 6.00 4.60 4.71 ©.41 0.05 0.17¢ ©0.74 0.04 0,04 0.01 0.41 0.02 1.26
1985 wet Season :

0-15 70.60 18.40 11.00 4.72 4.16 0,88 0.17 3.56 0.90 0.20 €.11 C.07 0.80 0.06 2.14
15-35 75.11 16.00 8.99 4.72 4.00 0.42 C.C4 1.80 £.84 0.06 0,06 0.04 0.35 0.00 1.35"
1986 wet Season

0-15 74.00 w.uw 11.65 4.81 4.62 0.84 0.18 4.02 1.60 0.18 ©0.09 0.06 0.91 0.68 2,92
15~35 78.21 12.65 5.14 4.70 4.22 0.48 0.03 0.95 .74 0.04 0.04 0.01 0,53 0.01 1.37
1986-87 Dry Season

0-15 78.61 10.33 11.06 4.90 4.50 0.82 0.14 4.33 0.94 0.11 0.10 0.04 0.76 0.09 2.04
15~35 78.80 14,20 7.00 4,72 4.22 0.50 ~0.06 ¢.15 . 0.72 .09 0.02 0.01 0.14 0.00 0.98
Textural class, fine sandy lcam.
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Table 3.2 wWweed species at the experimental sites and their levels of infestation

Infestation level

Classification scientific name _nlwmmm. pNMu pmmwmmh H_wmm Mwmwmmq
Grasses pigitaria debilis willd. Annual H M L L
Eragrostis gangetica Steud Annual H H L L
Leptochloa coerulescens Steud Annual H H L L
Echinochloa pyramidalis Hitchc & Chase Perennial L L - -
Leersia hexandra Swartz Prod Perennial L L H H
Panicum proliferum var. Longijubatum . -m.
Stap Perennial L L - -
Sacciolepis africana Hubb et Snowden Perennial H H - -
Sedges Cyperus difformis Linn Annual H H - =
Cyperus compressus Linn Annual L L - -
Fimbristylis dichotoma Linn vahl Annual L L - -
Scirpus cubensis Peoppig & Kunth Perennial L L - -
Cyperus sphacelatus Rottb Annual L L - -
Broad-leaved Sphenochlea zeylanica Gaertn Annual M M - -
Ipomoea aquatica Forsk Annual L L - -
Heteranthena callifollia Rohb & Kunth Annual L L - -
Celosia trigyna Linn Annual L L - -

H = High infestation (60-90%); M = Moderate infestation (40-50%); L = Low infe:tation (10-39%)
zwwuﬁmdmmanvimuimnwmwmos“Umncn<mmmm03.
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In the two experiments, rice was planted on June 8,
1983 and December 6, 1983. 1In the wet season trial,
the three cultivars FARO 15, FARO 29 and FARO 27 were
drill-seeded at an inter-row spacing of 30cm at a depth
of 2cm giving a seeding rate of 80kg/ha. 1In the dry
season trial pre-germinated seeds were drilled on moist
surface at the seeding rate and spacing indicated for
the wet season.

A basal application of 40kag P205 and 40kg K20/ha
using single super phosphate and muriate of potash was
done by broadcasting before seeding in the two trials.
Urea at the rate of 80kg N/ha was broadcast in all the plc:o-
at four weeks after seeding. The experimental area was
bunded and each plot was also seperated by bunds. 1In the
wet-season trial, uniform water depth of 15cm was maintaine
throughout the crop life-cycle by supplementary irrigation.
The water depth was monitored with a metre rule. 1In the
dry season trial, shallow water depth of 3cm was maintain=o
throughout the crop life cycle also by supplementary
irrigation.

3.1.2 Experimental design and treatments

The experiment was laid out in a split-plot design
with rice cultivars in the main-plot and weed control
treatments in the sub-plot. All the treatments were
replicated four times. The main plot whose gross size
was 40m long by 5.1m wide consisted of eight sub plots,
while the sizes of the sub plot were 5m long by S5.1m wice

and 4m by 3m wide for the gross and net sub plots.
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The main treatments evaluated were three rice
cultivars FARO 15, FARO 29 and FARO 27 whose seeds were
collected from National Cereals Research Institute seed
store, A brief description of the cultivars is given
below.

FARO 15 which is derived from the hybridisation of
FARO 1 (BG 79) and IR 8 at the National Cereals Research
Institute, Badeggi grows under shallow irrigated conditions
The plant whose leaves are short, erect and thick is of
intermediate height (120 - 130em) and high tillering
ability. It responds to high nitrogenous fertilizer
application and has an average yield of 4 to 5t/ha. FARO °
is a late maturing variety with a maturity time of 140 to
150 days. The grain is bold with a length to width ratio
of about 2.0 to 3.0.

FARO 29 whose origin is Ceylon grows under shallow
swamp and irrigated conditions. It has a medium plant
height of 100 - 106cm, with moderate tillering ability. I
responds to high nitrogen fertilizer and has an average
yield of 4 to 5t/ha. It is an early maturing variety with
a maturity time of 110-120 days. The grain is bold, with
a length to width ratio of about 2.0 to 3.0.

FARO 27 which was developed at the International Rice
Research Institute(IRRI), Philippines grows under
shallow water conditions with medium plant height
(90-95cm) and tillers moderately. It responds to high
nitrogenous fertilizer application, producing an average P

yield of 4 to St/ha. It is an early-maturing variety
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with a maturity time of 100-110 days. The grain is
slender, with a length to width ratio of about 3.0.
The sub-plot treatments consisted of variable rates
of herbicide mixtures (Table 4.1).

3.13 Herbicide application

Herbiclides were applied with a knapsack sprayer
using a deflector nozzle at a pressure of about 2.1 kg
::rn;‘> and in a spray volume of 200 litres/ha. The plots
were drained to expose the weeds before herbicide
application and again flooded with water three days
after herbicide application, o

3.14 Observations

- Weed dry matter

wWeed samples were taken from an 0.5 x 0.5m guadrat
at 30 and 60 days after herbicide application (DAH)
and at harvest. The weed Samples.which were cut at grount
level were oven-dried at 70°C for 48 hours for dry weigh.

Weed cover (%)

 percentage coverage of weeds was taken with visual
observation of all the plots using a 0 to 100 scale
where 0 = no weeds and 100 = completc weed cover,

" 3.2 Evaluation of haorbicides for the control of
cutgrass in the greenhouse

" Phe experiment was conducted between July and October.
1985 in the greenhouse of National Cereals Research
Institute, Badeggi to identify treatments for field
evaluation against cutgrass in rice. During the period

of experimentation the dally minimum and maximum
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temperature were 23 i+ 2 and 31 4 3°C while the relative
humidity was 84 4+ 10%. |

3.2.1 Greenhouse practlce

The s50il1 which was used for the experiment was a
fine sandy loam obtained from the top 15cm profile of
the north field of the experimental farm of the Institute.
Letails of the physico-chemical characteristics of the
soil are contained in Table 3.1. Pertilizers were mixed
thoroughly with the dry soil at the egquivalent cof 80kao
N/ha, 40 kg K20/ha and 40 kg P205/ha using urea, muriate
of potash and single super phosphate respectively. The
soil was then used to fill one-half the volume each of
the 15=litre plastic pots. The s50il in each pot was
saturated with water before cutgrass plant whose apical
shoot had been removed to stimulate lateral shoot growth
was planted. The length of each planting material with
four nodes was 12.0cm. The soil in each pot was kept
water saturated by reqgular dally watering to enhance
successful establishment of cutgrass plant.

3.202 Experimental design and treatments

The pots were arranged in a randomised complete
block design in four replicates. There were eleven
‘herbicide treatments and an untreated control. The
.herbicides tested included glyphosate, oxadiazon and

combinations of herbicide treatments applied on repidly
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growing tillers, at bud initiation and at 2-3-~leaf staae
of regrowth of cutqrass respectively. Detalls are
indicated in Table 4.21.

3.2.3. Herbicide application

Herbicides were applied with a knapsack sprayer
using a deflector nozzle at a pressure of gbout 2.1kg/cm2
and in a spray volume of 200 litres/ha. Pre~emergence
herbicides were applied at bud initiation while early
post-emergence herbicides were applied at 2 to 3 leaf
stage of cutgrass. Glyphosate, a foliar translocated
herbicide, was applied when the tillers were rapidly
growing about three weeks after planting. During applic-
ation a2ll1 the pots constituting a treatment were arranged
in a marked out area 1m wide by 10m long and sprayed at
the same time, After each application, all the pots
were roeturned to the greenhouse and subjected to regul:ar
flooding. |

3.2.4. Obhservations

vVisual control rating

control ratings of cutarass based on obsgervation
were made at one, two, four, eight and twelve weeks
after herbicide application using a scale of 0 to 100
where 0 = no control and 100 = comnlete control,

Tiller number of cutqrass

Tiller number of cutgrass was taken per pot at 30 an”

60 days after herblclide application and at maturity.
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Plant height of cutgrass

Plant height of cutgrass was taken at maturity from
the base of the plant to the tip of each tiller. Six
tagged tillers were used per pot for height determination.

pry matter production

The shoots, rcots, and rhizomes in each pot were
harvested at 12 weeks after planting. The roots and
rhizomes were washed free of soij. All the plant parts
were oven-dried at 70°C for about 48 hours to constant
welght.

3.3 [Evaluation of herbicide combinations for the
control of cutgqrass in rice in the field

3.3.1. Description of experimental site

The field trials were conducted on the sites of the
farm of National Cereals Research Institute, Badeggi that
were highly infested with cutgrass during the 1985-86 and
1986-87 dry and 1986 wet seasons. Details of the physico-
chemical properties of the soil are contained in Table 3.1.
Records of meteorological data, temperature, rainfall, and
relative humidity were obtained from the meteorological
station at Badeggi (Appendix 1 - 13).

3.3.2 Cultural practices

tand preparation was carried out in the wet and dry
season trials as reported for experiment 1. Cutgrass
plants were allowed to sprout from basal underqround
rhizomes, stolons and seeds. The averaqge height attained
before herbicide application was B to 12cm. The three

trials were established at Badeggi on Novermber 6, 1985,
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June 21, 1986 and October 20, 1986 by dibbling rice
seeds (cv FARC 29) at a spacing of 20cm by 20cm. Ferti-
lizers were applied as described for experiment 1.

3.3.3 Experimental design and treatments

Design and layout

The experiment was laild out in a split-split-plot
design with levels of glyphosate as maineplot treatment
and pre-emergence oxadiazon as sub-plot treatment and
the post-emergence herbicide treatments assigned to sub-
sub-plots. The whole experimental unit was replicated
four times. The gross and net sub«sub-plot sizes were
4m by 3m and 3m by 2m., The routine samples were taken
from the remaining outer rows. The gross main plot size
was 32m by 6m while the sub-plot was 32m by 3m. |

Treatments

The main plot treatments were three levels of foliar-
‘applied glyphosate at 0.0, 0.5 and 1.0 kg ae./ha
while the sub-plot treatments were pre-emergence oxadlancn
at 0, 0 and 0.75 kg a.i./ha. The sub-sub-plot treatment:c
were post—emergence herbicide mixtures (Table 4.25)

3.3.4 Herbicide application

Herbicldes were applied with a knapsack sprayer usine
a deflector nozzle at a pressure of about 2.1 kg/cm2 and
in spray volume of 2001/ha. Glyphosate was applied on
12cm regrowth of cutgrass and 21 days after application
the plots were levelled with hand-hoe in 1986 wet and in
the 1985-86 and 1986-87 dry seasons the plots were
flooded and puddled manually. Pre-emergence oxadiazon

was applied before weed emergence but three days prior to
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seeding to eliminate crop toxicity on fine éandy leam soil.
The post-emergence herbicide mixtures were applied 14 dave
after seeding.

3.3.5. Observaticns

Cutgrass infestation

Plots were scored Qisuélly foélcﬁtqrass using
a scale of 0 to 100 whepe 0 = no cutgrass and 100 =
complete cutgrass cover. Cutarass plant parts above
the ground were cut from 0.5 x 0.5m gquadrat srea, each
from two random spots a£ Opposite ends of each plot.
The sampled weeds werc ;ven—dried at 70°C until dry
welght was constant which usually took about 48 hours.
Rice crop.

Data were obtained on the following crop parameter:
plant height of rice at 28, 56 and 98 DAS, tiller
number 30 and 60 DAS, number of panicles per ha, number
of spikelets per panicle, percentagoe of unfilled grains
and arain vyield in 1986 wet and 1986-87 dry season trial:s
(Tables 4,45=4.63). 1In the 1985~-86 dry season trial
(Table 4.60) only the grain vicld was determined becaus:
it was a preliminary trial. Plant height of rice was
measurcd from the base of the plant to the uppcermost
growing tip. Tiller number of rice was taken from O.Sm2
sampling area and later converted to m2. Number of
panicles was taken from plants sampled at harvest from

area of O.sz. Spikelets were counted per panicle from

the panicles sampled.
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Percentage of unfilled gqrains was determined by
taking a count of both total grains and unfilled grains
and the latter expressed as a percentage of the former.
veights of 1000 grain of each plot harvest was also
determined. Grain was harvested at 14% moisture contert
from the net plot and the yields converted to tons/ha.

3.4 Analysis of data

All data were subjected to statistical analysis.
Regression analysis was also done on some variables.
Treatment means were compared using Duncans Multiple
Range Test (DMRT). Only data of obhservations whose
F value differed in significance from the original data
when transformed had the treatment mean comparison based
on the transformed data. Otherwise the original data
were used for treatment comparison. The type of

transformation varied with the distribution of the data.
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RESULTS

4.1 Chemical control of weeds in three rice
cultlivars

4.1.1 Plant height

Cultivars differed significantly in plant hcight =t
28, 56 and 98 days after sowing (DAS) in tho 1983 wet ond
1983-84 dry season trials. At 28 DAS In the wet and drv
seasons, FARO 27 plants were significantly shorter than
those ©of FARC 29 and FARO 15 which were comparable in
height. At 56 DAS in thce wet and dry season trials,
Plants of FARO 15 were significantly taller than those f
FARO 29 and FARC 27. FARC 27 was however the shortest
variety in the dry season trial. The results obtained a-
98 DAS in the two trials were similar to that obtained ot
56 days in the dry season trial (Table 4.1)}.

The effect of weed control treatments on height of
rice was also significant at 28 and 56 DAS. At 28 and
56 DAS, plants in the hand-wceded plots were sianificantly
taller than those of the herbicide treated and unweeded
control plots in the wet and dry scasons, At 28 DAS in
the wet season, among all the herbicide treatments, only
butachlor plus propanil at 3.6 + 1.02 kg a.i./ha
resulted in significantly taller plants than the unweedsd
control while all the herbicide treatments rcesulted in
taller plants in the dry season. The mixture of
benthiocarb + propanil s silvex at 1.8 + 3.24 + 0.75
kg a.i./ha, however resulted in shorter rice plants than
the other herbicide treatments in the dry season. At
56 DAS in the wet and dry seascon trials, benthiocarbh +

propanil + silvex at 1.8 + 3.24 ¢+ 0.75 kg a.i./ha resultod
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in shorter plants than those of the same mixtures at 1.0°
1.44 + 0.45 kg a.i./ha and 1.44 4 2.5 + 0.6 kg a.,i./ha :nd
all the mixtures containing butachlor only in the wet
season. In the dry season trial, plots treated with
butachlor + propanil at 1.8 + 2.04 kg a.i./ha had the
shortest plants among herbicide treatments.

At 98 DAS in the wet season, plots treated with
butachlor plus propanil at 2.4 + 1.7 kg a.i./ha and
3.6 + 1.02 kg a.i./ha and benthiocarb + propanil + silwv
at 1.44 4+ 2.5 4+ 0.6 kg a.i./ha had plants with comparar’
height to those of the hand-wecded control. rixtures
bentiocarb with propanil and silvex resulted in the
shortest plants in this trial. In the dry season, no
significant differences were observed in plant height
between the herbiclde treatments,

The interaction of cultivar and herbicide treatment.:
on plant height at maturity was significant in the two
trials (Tables 4.2 and 4.3). 1In both trials FARO 15
consistently produced taller plants irrespective of thc
herbicide mixtures comparcd with FARO 29 and FARO 27.
the wet season, under FARO 15, benthiocarb + propanil +
silvex at 1.08 + 1.44 4+ 0.45 kg a.i./ha and butachlor +
propanil at 1.8 + 2.04 kq a.i./ha resulted in signifi-
cantly shorter rice plants than the hand-weeded control
while all the weed control treatments including hand-
weeding resulted in similar plant heights in FARC 27.
Except butachlor + propanil at 1.8 + 2.04 kg a.i./ha,

all the herbiclde treatments resulted in comparable plant
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height to hand-weeding under FARC 29 (Table 4.2).

In the dry season under FARO 15 and FarO 27, all
the herbicide treatments resulted in comparable plant
height to the hand-weeded control (Table 4o2). FARO 27
rice plant height at maturity for all the weed control
treatments, including hand-weeding, were similar in
the trial, However under FalU 29, benthlocarb + propanil +
silvex at 1.08 + 1.44 + 0.45 kg a.il./ha caused significantly
shorter plants than hand-weeding.

hele2 Liller number at 30 and 60 DAS

In the wet season, at 3v DAS, YARO 27 prouuced
significantly higher number of tillers than FARO 29 and
FARO 15 which had similar values (Table 4.4), 1In the
dry season, FARU 15 produced significantly highicr number
of tillers than FARO 29 and FARO 27, ¥ant0 29 also produced
higher tiller number than FARO 27 in the same tiial (lable 4.4)
However, cultivar did not differ significantly in tiller
production at 60 LDAS in both the wet and dry seasons.

The effect of weed control treatuments on Liller number
at 30 and bu DAS was signitficant in the two irials. At 30
DAS in the wet season trial, among the herbicide treatments,
only benthiocarb plus propanil plus silvex al 1.00 + 1,94 +
Q.45 kg a.i./ha resulted in comparable tiller number to
the hand-weeded control. Conversel; butachlor plus _
propanili at 1.8 + 2.04 kg'a.i./ha ‘caused the

least tiller production which was significantly




66

rakle 4.1 Effccts
t

ltivars and weed

control treatmcecnts on plant heicht in

direct seceded lowland rice at Badeqggi, 1983 wet and 1983-84 dry seasons
Treatments ) Plant height (cm)
Rate Time Days after seeding
(K3 aei./ha) DAS 56 98 28 56 98
Wet Season Dry Season

Cultivar
FARO 15 o - 29.6a 77.7a 102.6a 30.5a 73.0a 105.5a
FARO 27 - - 25.9b 74.6b 84.6¢c 30.1c 64.1c 83.7¢
FARO 29 - - 28.9%a 74.7 b 92.6 b 31.3 a 67.1 Db %0.8 b

SE+ Cultivar - - 0.24 0.49 0.66 0.21 0.60 1.53
Weed Control
Benthiocarb 4+ propanil +

silvex 1.08+41.4440.45 14 27.8bc 77.4 bc 103.6 bc 31.0 b 71.4 b 105.5 a
Benthioccarb 4+ propanil
Benthiocarb 4+ propanil +

silvex 1.8+3.244+0.75 14 27.0 bc 71.6 d 108.2 ¢ 29.6 ¢ 62.5 ¢ 108.7 a
Butachlor + propanil 1.8 + 2.0 14 27.2 bc 76.3 bc 103.7 be¢ 30.3 b 58.7 d 105.7 a
mCﬂanMo.—.‘ + vﬂ.OmuWJHH Mt.ﬂ 4+ HI.N Hb N.Now Un .Nm_o.u. U Ho.wbm a wo-q Hu qo..w U @O@.N a
Butachlor + propanil 3.6 &+ 1.02 14 28.9 b 77.5 bc 107.6 a 30,9 b 71.7 b 105.7 a
Handweeding twice at - 20 & 40 33.1 a 84.8 a 108.5 a 38.3 a 80.4 a 108.9 a
Unweeded control - - 26.2 ¢ 65.2 e 65.2 d 24.1 d 48.0 e 48.0 b

SE+ Weed control - - 0.61 0.94 1.12 0.69 0.75 1.34
Means followed by the same letter(s) within a2 treatment column are not siqnificantiy
different usina DMRT at 5% livel of srohatility.
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Tabhle .2 Inceractior f cultivars and
direct-seeded lowland rice

98 DAS in

weed control treatomints

at Badeggil, 1983

plant height at
wet season

Treatments

Banthiocarb + propanil 4+ silvex
Benthiocarb + propanil & silvex

Benthiocarb + vnoum:wM + silvex
Butachlor + propanil
Butachlor &+ propanil
Bytachlor 4+ propanil
Handweeding twice at

Unweeded control

Application
1 Rate Time
(kg a«.i./ha) (DAS)
1.08 + 1.94 + 0.45 14
1.44 + 2.5 + 0.6 4
1.8 + 3.24 + 0,75 14
1.8 + 2.04 14
2.4 + 1.7 14
3.6 + 1.02 14
- 20 & 40

SE+ Cultivar x Weed control treatments

Plant height at 98 DAS (cm)

FARO 15

110.7 b
118.7 &

119.8 a
111.0 b
118.5 a
119.8 a
123.0 a

0.0 g

EARO 27 [EARO 29

94,9
97.3

98.0
93.9
100.0
96.6
96.0
0.0

1.93

ef

def
f
f

g

105.3 bed
104.5 cde

107.0 bc
100.0 def
104.4 cde
106.5 bed
106.7 be
0.0 g

1 DAS = Days after seeding

Means followed by the same letter(s) within a column are not significantly different
using Duncans Multiple Range Test (DMRT) at 5% level of probability.
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.H-WW...H»W .uow

Interaction of cultivar and weed control treatments on plant hcight

at maturity in direct-seeded lowland rice at Badeagi, 1903-04 dry season.

Treatments

Benthioccarb 4+ propanil &+ silvex
Benthiccarb 4+ propanil &+ silvex
Benthiocarb + propanil + silvex
Butachlor + propanil

Butachlor 4+ propanil

Butachlor + propanil
Handweeding twice at

Unweeded control

Rate
nmﬂ a.i./ha)

1.08 &+ 1.94 4+ C.45
HIA& - le + O.m

1.8
1.8
2.4
3.6

+

+

$

+

SE+ Cultivar x weed control treatments

3.24
2.04
1.7

1.02

+ Olm

Time of
mﬁbummmﬁ»o:

DAS

14
14
14
14
14
14
20 & 40

Plant height at 58 DAS (cm)
FARO 15 FARO 27 FARO 29
120.8 a 97.3 cd 98.5 c¢d
123.7 a 92.7 d 103.7 bec
126.0 a 95.0 ¢d 105.2 b
118.7 a 94.5 cd 104.0 b
118.5 a 97.0 cd 103.2 bc
119.2 a 94.5 cd 103.6 bc
120.0 a 92.5 cd 108.3 b
0.0 e 0.0 e 0.0 e
2.66

DAS = Days after seeding

Means followed by the same letter(s) within a column are not significantly different using
puncan's Multiple Range Test (DMRT) at 5% level.
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Table 4.4 Effects of cultivar and weed control treatments on number of tillers

in direct-seecded lowland rice at Jadeagi, 1983 and 195493-11 wet and dry
seasons.
Rate Time of Tiller (number/ha x 10,000)
Treatments kg a.i./ha application
30 DAS 60 DAS
Cultivar WS P WS’ bM
FARO 15 323 b 418 a 306 a 321 a
FARO 27 44 a 336 ¢ 325 a 371 a
FARO 29 318 b . 39 b 308 a 366 a
SE+ Cultivar 6.08 80 6.30 3.42

Weed control
Benthiocarbs+propanilssilvex 1.08+#1.944+0.45 14 385 a 422 b 315 ¢ 365 d
Benthiocarbs+propanil+silvex 1.4442.54+0.6 14 350 bc 403 bc 3286 c 373 d
Benthiocarbsprovanilssilvex 1.8436244+0.75 14 307 d 337 e 400 a 472 b
Butachlor + propanil 1.8 &+ 2.04 14 294 e 327 de 33¢ ¢ 354 d
Butachlor 4+ propanil 2.9 + 1.7 14 334 ¢ 374 cd 361 b 373 d
3utachlor 4+ propanil 3.6 &+ 1.02 14 355 b 427 b 374 b 440 ¢
Hand-weeding twice at 20 & 40 373 a 466 a 383 ab 511 a
Unweeded control X 218 f 292 £ 100 d 59 e

SE+ Weed control 6.85 .0 6.85 1057

Means followed by the same letter(s) within a column are not significantly different
using Duncant's Multiple Range Teést DMRT at 5% level.

WS = Wet ssason; DE = Dry season.
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lower than those of the other herbicide treatments. 1In

the dry season, none of the plots treated with herbicide
produced comparable tiller number to the hand-weeded contr-:-l
Benthiocarb plus propanil plus silvex at 1.8 + 3.24

0.75 kg a.i./ha and butachlor plus propanil at 1.8 &+ 2.0<

kg a.i./ha resulted in lower number than the other herhici’c
treatments. Butachlor plus propanil at 2.4 + 2.7 kg a.i./
ha also caused lower tiller number production than the
mixture wigh the higher rate of butachlor and benthiocarb
mixtures at 1.08 + 1.94 + 0.45 and 1.44 + 2.05 4+ 0.6 kg
a.i./ha respectively.

At GO DPAS in the wet season, mixture containing
benthiocarb at the hiohest rate resulted in the highest
tiller number which differed significantly from those
of the other weed control treatments including hand-
weeding. MNixtures with lower rates of the same heq’icide
and lowest rate of butachlor however, caused lower
tiller number compared with hand-weeding.

In the dry season none of the herbicide treatménts
resulted in comparable tiller number at 60 DAS to the hand-
weeded control. Mixtures containing the highest rate of
benthiocarb and butachlor however resulted in significantlv
higher tiller number than the remaining herbicide treatments
While the corresponding mixtures containing the lowest and
medium rat~s of the herbicide caused similar tiller number.
with butachlor plus propanil, tiller number increased
significantly with the rate of butachlor in the mixtures.

4.1.3 Panicle number per hectare

Cultivars differed significantly in the number of
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Table 4.5 Effects of cultivar and weed control treatments on the number of panicles

and spikelets and % unfilled grains in direct-seeded lowlénd
rice at Badeggi, 1983 wet and 1983-84 dry season.

Rate Applica-
(kg a.i./ha) tion(DAS)

Cultivar = .

FARO 15 S -

FARQ 27 . - -

FARO 29 S -
SE+ Cultivar IR

weed control

Benthiocarbwpropanil+

silvex . 1.08+1.94+0.45
Benthiocarb+propanily
Benthiocarb+propanils+

silvex 1.8+3.244+0.75
Butachlor + propanil 1.8 + 2.0
Butachlor++ propanil 2.4 + 1.7

Butachlor + propanil 3.6 + 1.0
Hand-weeding twice | -
Unweeded control -
SE+ Weed control treatments

14

14

14
14
14
14
20 & 40 -

-—

Panicles Spikelets ©
{no/hax10000) (nc/ha x 10)
WS D3 WS DS
274 a 353 a 396 b 340 c
208 b 329 b 400 b 440 b
275 a 32¢ b 453 a 582 a
8.02 6.16 3.41 12.54
202 e 295 4 332 £ 336
281 ¢ 345 cd 459 d 444 d
373 a 456 a 618 a 623 a
240 d 319 ¢ 391 ¢ 391 e
254 d 358 b 417 e 452 ¢
354 a 398 ab 591 ak 519 b
311 b 452 a 517 ¢ 614 a

0Of 70 e 0g 41g
6.69 11-.11 9.37 124 .42

Unfilled grains

(%)
Ws DS
21.5 4 31.8 a
20.3 & 12.0 ¢
18.C b 21.0 b
0.57 0.61

\.-..Hl_m a Nm-v.w a
8.7 bcd 22.3 b

7.0 d 15.3 d
10.0 ab 23.7 ab
9.8 ab 22.5 ab
7.3 ¢d 1%.0 ¢
5.0 e 15.0 d
0.0 f 25 a
0.64 .71

Means followed by the same letter(s), Within a column are not significantly Jifferent using
puncans Multiple Range Test (DMRT) at 5% level of probability

wS = Yet 3eason; DS = Dry Season.
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Table 4.6. Interaction of cultiver and weed control treatment on the number of
Panicles in direct-seeded lowland rice at Badeggi, 1903 wet season.

Treatments amwwm.p.\smv WWHWHmmf»o: Panicles (number/hax10,000)
Nmﬂu FARO 15 EARO 27 FARO 29
Benthiocarb + propanil + silvex 1.08 + 1.9440.45 14 210 fqg 173 ah 226 f
Benthiocarb + propanilssilvex 1.4342.54+0.6 14 312 de 208 g 324 de
Benthiocarb + propanil + silvex 1.843.2440.75 14 2223 a 311 de 33C b
Butachlor + propanil 3 + 2.04 14 266 f 142 h 312 de
Butachlor + propanil 24 + 1.7 14 274 e 205 f 284 e
Butachlor + propanil 3.6 + 1.02 14 370 be 328 g 372 be
Hand-weeding twice at 20 & 40 332 cd 300 de 302 de
Unweeded control 0.0 i 0.0 i 0.0 {
SE# Cultivar x Weed control treatments - 13.48 -

Means followed by the same letter(s), within a column are not significantly Jdifferent
using Duncan's Multiple Range Test (DMRT) at 5% level

DAS = Days after seeding.
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panicles produced per hectafe in the wet and dry seasons.
.In the wet season, FARO 15 and FARO 29 produced similar
number ©of panicles per hectare which were significantly
higher than that of FARO 27. FARC 15 alsoc produced
signtficantly higher panicle number than the other two
cultivars in the dry scason. | ) o

Herbicide treatments result;d in siénificantly
hiqher number of panicles than the untreated controel in
the two seasons. In the wet season, the plots treated
with the highest rate of benthiocarb plus propanil plus
silvex at 1.8 & 3.24 4+ 0.75 kg a.i./ha and butachlor
plus propanil at 3.6 + 1.02 kg a.i./ha produced signi-
ficantly higher number of panicles than those of other
herbicide treatments and those hand-weeded twice, 1In
the dry season, bénthioccarb + propanil + silvex at 1.8 +
3.24 4+ 0.75 Ko a.i./ha and butachlor plus propanil at
3.6 + 1.02 kg a.i./ha resulted in panicle numbers that
were comparable to that of hand-weeding (Table 4.5).

The interaction of cnltivars and herbicide treatmants
on panicle number of rice was significant in the two
trials. 1In the wet season under FARO 15, banthiocarb +
propanil 4+ silvex at 1.8 + 3.24 + 0.75 kg a.i./ha causad
significantly higher number of panicles than the other
herbicide treatments and hand«weeding. Uunder this varl ty,
panicle number increased with the'rate of benthiocarb in
the mixture. However, butachlor plus propanil at 3.6 +
1.02 kg a.i./ha caused comparable panicle number to

hand-wecding while other treatments resulted in
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Table 4.7, Interaction of cultivar and weed cOntrol treatment on the number of
panicles in direct-scoded lowland rice at Badeggl, 1983- 84 .dry season

Panicles (number/ha x 10,000)

Rate Time Of FARO 15
% o ol m (kg a.i./ha) mlqllm.rmnmﬁu.cj FARO 27 FARO 29
Benthiocarb + propanil + silvex 1.08 + 1.9440.45 14 300 e 280e 305 e
Benthiocarb + propanils silvex 1:444+2.54+0.6 14 374 cd 308 e 354 de
Benthiocarb+propanilsesilvex 1.843.244+0.75 14 462 a 43€ ab 470 a
Butachlor + propanil 1.8 + 2.04 4 304 e 314 e 280 e
Butachlor + propanil 2.3 + 1.7 14 395 bed 366 cde 314 e
Butachlor &+ preopanil 3.6 + 1.02 14 *13 abc 400 bcd 37€ cd
Hand-weeding twice at 20 & 40 320 abc 468 a 168 a
Unweeded contrcl 92 £ 65 f 60 f
SE+ Cultivar x Weed control treatments 19.03

Means followa. by the same letter(s) within a column are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

DAS = Days after seeding.
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significantly lower values. WwWith FARO 27, benthiocarb
propanil + silvex at 1.8 4+ 3.24 + 0.75 kg a.i./ha and
butachlor 4+ propanil at 3.6 + 1.02 kg a.i./ha resulted in
significantly higher number of panicles than all the oth'r
herbicide treatments and was comparablc to the hand-weed:~
control. Under this variety, the least number of paniclcs
was produced with the mixture containing the least amo.unt
of butachler. Under FARO 29, the mixtures of propanil
with the highest rates of benthiocarb plus silvex and
butachlor resulted in similar panicle number that were
significantly higher than that of the hand-weeded control.
The plots treated with the mixture of propanil with the
lowest rate of benthiocarb plus silvex at 1.94 &+ 1.08 &
0.45 kq a.i./ha under this variety produced the least
number of panicles (Table 4.6).

In the dry season, under FARO 15 plots treated witl,
benthiocarb + propanil + silvex at 1.8 + 3.24 + 0.75 ka
a.i./ha and butachlor 4+ propanil at 3.6 + 1.02 kg a.i./h:,
produced comparable number of panicles to the hand-weedcd
control while with FARO 27 and FARO 29 only those plots
treated with mixture of propanil with the highest rate cof
benthiocarb plus silvex produccd similar number of
panicles to hand-weeding (Table 4.7).

4.1,4 Number of Spikelets per hectare

The effect of cultivar on the number of spikelets
per hectare, was significant in the wet and dry seasons.
FARO 29 produced sianificantly higher number of spikelets
per hectare than the other two cultivars in both trials.

In the dry season, FARC 27 resulted in significantly
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Table 1.%9.

spikelets/ha in direct-seeded lowland rice at Baleqgi, 1933 wet season.

Interacticon of cultivar and weed contrul treatments on the number of

Rate
Treatments (kq a.i./ha)
Benthioczarb+orocpanils
MHH<C.X . .HQOD + HU.H + Oorﬂm
Benthiccarkspropanils+
silvex 1.44 ¢ 2.5 &+ 0.6
Benthiocarbsdr panils
mMH<,ux .Ho‘bL - WiN...\. + Ooqm
Butachlor + propanil 1.2 + 2.04
Butachlor + prcpanil 2.4 + 1.7
Butachlor + propanil 3.6 + 1.02

Hand-wegading twice at
Unweeded control

SEe Cultivar x weed control trcatments

Time

application

of

Spikelets (number/ha x 10°)

{D/.S)

14

14
14
14
20 &

A

0

FARO 15

302

i

[Fe]

ahc

FAROC 27

375 h

399 h

$95 bHed
230 i
393 h
€29 ab
576 cde
0.0 3}
15457

FALRO 29
370 h
531 e
642 A
511 cf
%65 fo
510 akc
+95 efc
0.0 j

Means followed by the same letter(s) within column are
using Duncan's Multiple Range Test (DMRT) at 5% level.

DiS = Days after secdino,

not significantly different
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higher number of spikelets than raiU 15 while both were compara-
ble In the wet season (Table 4.b).

All the herbiclde treatments resulted in si nificantly
hijher number of spikelets than the untrealed conirol in the
two trials. 1In the wet season, the mixture of . 1'opanil plus
benthlvcarb plus silvex at .24 + 1.8 + V75 kg a.le/ha
resulted in significantly higher number ol spikelels than the
hand-weeded control and all the other herblelde treatments
except butachlor + propanil at 3.0 + 1,02 kg a.l./ha.

However, in the dry season, thz former was cospriviblce to

the hund-weeded control, In the two trials, the number of
spikeletls lnerecased as Lhe rate of benthiocurb and bulachlor
increased in their respective mixtures, In all cases, among
the herbicide treatments, the least number of splhielets
pccurrecd with the mixture containing the least rate ot benthio-
cat'b at 1.08 + 1,94 « 0,45 kg a.i./ha (Latle 4.9).

Significant interaction between cultivar and herbicide
trecatuents was observed on spikelet number in the two trials
(fables 4.8 & 4,9). In both trials, under FARO 15, the mixture
containing the highest rate of benthiocarb cuused significantly
higher number of spikelets than all the other weed control treat-
ments including hand=-weeding. In the wet season, under the same
variety, the other herbicide treatments resulted in significantly
lower number of spikelets than the hand-weeded control. In the
same season under FARO, 27, plots treated with uulichlor in mixture

with propanil produced the highest numbi: of splkelets which was
signiticantly higher than that ot the nand-uceded control but.
compurabie to that of benthiocarb + propanil + sllvex at "1.8+43.24+

0.75 ki a.i./ha. !'n the dry scazon, onl, benthiocayt + propanil +
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Table 4.%9. Intzraction of cultivar and weed control treatments on thz number of

spikclets/ha in direct-seeded lowland rice at Badeggli, 1203-84 dry season.

P reatments .M _ %WW%&.».\?mv MWB%HWM .Mwwwmwmﬁm (number/ha x pomw

| | SETon DAS  FARO 15 FARG 27 FARO 29
Benthiocarbs+propanil+silvex 1.02 + 1.94 + 0.45 14 - 288 m”uuwmumuo 4 489 ca
Benthiocarbipropanilssilvex - 1.44 + 2.5 + 0.6 14 359 e 400 e 566 ¢
Benthiocarbspropanilsesilvex 1.3 + 3.24 + 0.75 14 @9t ed mmmc 790 a
Butachlor &+ propanil 1.3 + 2.04 :. 14 _ 349 m S 376 m.. 448 d
Butachlor s propanil : 2.4 + 1.7 _ 14 _ 330 e L. 475 d 502 cd
Butachlor + propanil 3.6 & 1.02. 4 201 e . 520 cd 632 b
Hand-weeding twice at | _ 20 & 40 412 de 655 b 775 a
Unweedad contrcl __ o : | 40 g | 36 g 42 g

SE+ Cultivar x Weed Control treatments 28.52

—

Means followad by the same letter(s) within a column are nobt significantly Jifferent
using Duncan's Multiple Range Test (DMRT) at 5% level.

DAS = Days after seeding,

*
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diver at T8 + 3.246 ¢+ 0.79 kg a.i./hia was coup: itable
O Lhe bhand=weeded control, However, under .G 09 in
boLn the dry and wet seasons, only benthlocarb + plropanil
+ sllvex at 1.8 + 3.24 + 0.7/H kg a.l./ha resullcd in
comparable number of spikelets to the hund=wecded control.
vader FARLU 19 and FARO 29 in the wet season and FaidU 1% and
F.ku 27 in the dry season, spikelet number inc.cased with
the rate ot bentniocarh in the mixture. Under Fa.w 27
in the wet seuson, the least was obtained witi: .utlachlior +

propunil at 1.8 + 2.04 kg a.i./ha (lable 4.Y).

Geleb w Untilled pgrains

Cultivars dittered significuntly in the Jrouuction of
» untilled grains in the two seasuns (Lable 4.%), in the
wet scasor, FARU 29 had significantly lovier » u.. illed
Jrains than the other two cultivars which nud con wrabde
values. In the dry season, % unfilled grains uccreased
witi: cultivar in the order of FARC 15, FARU 2u v Falll 27,
respectivelye.

In the wet and dry seasons, weed conilrol .routients
had significant eftfect on the % unfilled grains. ail the
herbliclide treatmentsresulted in higher w unflillca ralus than
trne hand=-weeded control in the wet season trial. 1n the dry

season, benthiocarb plus propanil plus silvex at 1,8 +
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3.24 + 0.75 kg a.ie/ha rosulted in lower % unfilled qgrains
than the other herbicide treatments and was comparable t°
the hand-weedced check. Qutachlor plus propanil at 3.6 +
1.02 kg a.i./ha also resulted in lower % unfilled grains
than the remaining herbicide treatments.

+e1e6 1000 grain weight

Rice cultivars dJdiffercd siqgnificantly in grain
size in the dry scoson trial when FARO 15 produced higher
1000 qrain weight than FARC 29 and FARO 27 which were
similar.

Weed control treatments did not however, differ
significantly in their effect on grain size in the two
trials (Tablc 4.17.).

4.1.7 Grain yield

Cultivars diffzr.d significantly in rice grain yield
in the two trials. In the wet season trial, FARO 27
produced siqgnificantly lowcr grain yield than FARO 29
and FARO 15 which had similar values (Table 4.10.).

In the dry season trial, FARO 29 produccd significantly
higher grain yicl? than FARO 15 and FARO 27 which were
also similar in grain yield (Table 4.10.).

All the weed control treatments resulted in sig-
nificantly higher grain yicld than the untreated control
in the two seasons (Fig. 2). In the wet season, nonc of
the herbicide trcatments roesulted in comparable grain
yield to the hand=-weeded control. Benthiocarb &+
propanil + silvex at 1.8 + 3.24 + 0.75 kg a.i./ha and
butachlor + propanil at 3.6 + 1.02 kg a.i./ha, resulted

in similar qrain yicldgthat were significantly higher
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Table 4.10. Effects of cultivar and weed control treatments on graln yield and size of
direct-seeded lowland rice at Badeggi.

Rate Time of Grain vield (t/ha) weight of 1000 grains
Tkg a.i./ha) application 1983 158384 1983 1583-84

Treatments DAS WS . L3 WS DS
Cultivar
FARO 15 : 3.4 a 2.8 b 25.4 a  28.4 a
FARO 27 2.6 b 2.6 b 25.2 a 27.92 b
FARC 29 3.2 a 3.3 a 25.6 a 27.9 b

SE+ Cultivar o 0.09 0.06 0.25 0.06
Weed Control
penthioccarb+propanil+
silvex 1.0841.9440.45 14 2.1 e 1.8 e 29.5 a 28.1 a
Benthiocarbs+propanils+ .
silvex 1.4442.54+0.6 14 3.0 ¢ 2.9 ¢ 29.4 a  28.0 a
Benthiocarbspropanil+ .
silvex 1.843.244+0.75 14 4,9 b 4.6 a 29.6 a 28.1 a
Butachlor s+ propanil 1.8 + 2.04 14 2.1 e 2.3 d 29.0 a 28.0 a
Butachlor 4+ propanil 2-4 + 1.7 14 2.5 d 2.% ¢ 28.4 a 28.0 a
Butachlor + propanil 3.6 + 1.02 14 - 4.7 b 3.8 b 28.5 a 28.1 a
Hand-weeding twice at 20 & 40 5.4 a 4.7 a 28.8 a 28.0 a
Unweeded control 0.0 £ 0.4 f 0.6 b 27.9 a
SE+ Weed control 0.10 .09 0,87 0.10

DS = Dry Season; WS = Wet season

Means followed by the same letter(s) within a mnmmwam:w column are not significantly different
using DMRT at 3%.
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than Lhoge ot the other herbicide trealments. 1In the wet

seasul, grain yleld incregsed signitficantly as Uic rate
of benthiocarb and Lutachloer increased in their vspective
midtwres, Uncontrulled veed grosth tnroughout the crop lite-
cucle resulted in complete crop loss in the wet season (lable 4,10)
In tne dry season, teuiwnsocar'h + propanil + silvex at 1.8+3.24+
0.7 kg a.l./ha, resulted in comparable yrain yleld to the
hand-weeded contrel, Butachlor + propanil at 5.0 + 1.02 kg
a.l./ha also caused signillicantly higher grain production
than the other herbicide treatments. As observed in the wet
seascn, grain yield increased as the rate of butachlor and
benthiocarb increa.ed in the mixtures (lable 4.10),

the interaction between cultivars and herbiclde treatments

was significant on grain yield in the two seasons (Tables 4,11
and 4.72), Both in the wet and dry seascns under FARO 15 and
FARO 29, benthiocarb + propanil + silvex at 1.8 + 3.24 + 0.75
kg a.l./ha resulted in comparable yrain yield to the hand-weeded
control, In the dry season, the same herbicide treatment also
resul led in comparable grain yield to tane Lianl-weeded control
under FARO 27 (Table 4.12). Similarly under FadV 27 and FARO 29
in the wel scason, grain yields obtainced with butachior plus
propenil at 5.0 + 1,02 kg a.i./ha did not divfer cipuificantly
from that of the hand-weeded control (Tlable 4,11), In the dry
seasou, under the three cultivars, the same herovicide treatment

resul ted in lower grain yield than hand-weedinug,
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Table 3.11. Interaction of cultivar and wees control treatments on orain yield
in direct-seeded lowlan< rice at Badecgi, 1903 wet season

Rate Time of Grain yield (t/ha)
Treatments (kg a.i./h Tication
CHR DAL 2 cation  piro 15 FARO 27 FARO 29

Benthiocarbspropanils x
silvex 1.00 + 1.92 + 0.45 14 2.2 ef 1.6 gh 2.6 def
Benthiocarbspropanils
silvex 1.44 &+ 2.50 4 D6 14 3+5 ¢d 2.4 ef 3.1 4d
Benthiocarb+propanil+
silvex 1«3 + 322 % 0.75 4 5.4 ab 7.0 © 5.4 ab
Butachlor &+ propanil 1.8 + 2.04 14 2.9 de 1.2 h 1.2 gh
Butachlor &+ propanil 3.6 + 1.02 14 4.8 b 4.7 b 1.7 b
Hand-weeding twice at 20 & 40 S.7 & 5.1 ab 5.4 ab
Unweeded control G.0 1 0.0 1 0.0 i

SE+ Cultivar x eed control treatments D.2C

Means followed by the same letter(s) within a column are not significantly different
using Duncan's Multiple Range Test (DMRT) at 5% level.

DAS = Days after seeding.
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Table <.12 Iintzraction of cultivar and weed control treatments on grain yizld
in direct-seeded lowland rice at Badeggi 1923-34 dry seascn.

Rate Time of srain Yield {(t/ha)

(kg 2.i./ha) application ., .o 45 FARO 27 FARO 29
Treatments : DAS)
Benthioccarbipropanils: _ T _
Benthiocarbspropanilse | . : : _ - o
2enthiocart+propanils+
stlvexn S 1.2 4 3,24 4+ 0075 14 4.2 ¢ 4,0 ab 5.0 a.
3utachlor + propanil 1.7 ¢ 2.04 , 14 2.0 £ 1.2 fg 2.9 e
Butachlor & provanil 2.4 + 1.7 _ 14 3.0 e _ 2.2 f 3.4 4
Butachlor + propanil 3.5 ¢+ 1.52 _ F 14 3.7 d o 3.2 d Aei be
Yandweeding twice at . _ - 20 & 40 4.5 b _ 4.5 bc _ 5.7 a
Unweeded control _ : 0.7 h ) c.141i c.3 1
S5E+ Cultivar x weed control treatments J.16 . . -

Means followed by the same letter(s) within a column are not significantly different
using Duncan's Multiple Range Test (DMRT) at 5% level,

Di5 = Days =fter Seeding
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In the wet season, under FARC 15 and FARO 27, and
in the dry seasan under FARO 27 and FARO 29, grailn
vield incraascd with increosing rate of butachlor and
benthincarh in their respectiveo mixtures. In the woet
seosan under FARC 29, and in the dry season (Table 4.12)
under FARO 15, grain yield increascd snecifically only
with increagses in the rate of butachlor in the mixture.
In hoth trisls, the mixture containing boanthioceark ot tiw
two low rates had comparable grain yields. In the wet
season (Mige. 1), uncontrolled weed growth resulted in
complata crop loss in the three cuitivars. Iin the drey
season, FARO 27 was apparently most affected by weed
comﬁetition among the varietles (Fig. 1). Uncontrolled
weed growth throughout the crop life cycle caused 84,4%
grain yield reduction in FARO 15, 97.7% in FARO 27 and
24% in PARC 29 in the dry season trial (Table 4.12.).

d.1.8 L woed cover

Cultivar only had significant effect on % weed
coﬁér in the wet season trisl at 8 WwaH and at crap
harvest, and in the dry season trial at 4 and 8 wWAH.
In the wet seoson trial, FARO 27 had significantly bhigher
Qeéd coveraqge than the cther two cultivors which had
similar coverage. Raesults of % weed coverage at 4 WadH in
the dry season was also simil-r while at 8 WaH all the
variaties differed significantly from e¢ach other. The
least coverage was Obtalned with FARO 29 and the highest
nccurred on plots sown with FARO 27

In tha two trials, the weed control trentments,
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Table 4.13 Effects of cultivar and weed control treatments on % weed coverage in
direct-seeded lowland rice at Badeagi, 1983 wet and 1983-84 dry seasons.

% Weed coverage (WAH)

Rate Time of

ammmnam:nu Tkg a.i./ha) mmmwmmmmv " uu a "
Qultivar ws®  ps” us Ds s DS
FARC 15 24.8a 17.9 21.2b 29.%a 18.0b 30.4a
FARO 27 25.5a 23.0a 23.4a 28.3b 19.4a 30.3a
FARO 29 23.5a 18.0b 20.8b 25.5¢ 17.5b 30.1a

SE+ Cultivar 0.23 0.08 0.17 0.17 0.22 0.43
wWeed control
Benthiocarbs+propanils
silvex 1.084+1.944+0.45 14 24.0b 15.0b 20.7b 31.0b 13.3b 35.3b
RBenthiocarbspropanils
silvex 1.4442.54+0.6 14 15.0d 10.0d 11.0d 15.0d 7.3d 26.5c
Benthiocarbs+propanil+
silvex . 1.8+3.2440.75 14 8.0 g 5.0 g 3.0 £ 7.7 h 2.0 g 10.0d
Butachlor s+ propanil 1.8 4+ 2.04 14 21.7¢ 12.0c 17<5¢ 27.3c 14.0b 32.0b
Butachlors+propanil 2.4 + 1.7 14 13.7e 6.0f 12.0d 14.0e 7.0d 19.7¢c
Butachlor + propanil 3.6 + 1.02 14 9.3f 7.0e 7.0e 12.0f 4.0e 12.7d
Hand-weeding twice at 20 & 40 5.0h 2.0h 3.0f 6.0g 2.0g 6.3e
Unweeded control - - 100.0a 100.0a 100.0a 100.0a 100.0a 100.0a
SE+ weed control 0.31 0.24 0.32 0.43 0.34 1.04

1 WAH = Weeks after herbicide application; 2 WS = Wet season;j 3 DS = Dry season;
Means followed by the same letter(s) within a treatment column are not significantly
different using DMRT at 5% level of probability.
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including nand-weeding resulted in significantly lower %
wead cover tnan the untreated control throughout
the crop life-cycle (Table 4.13.). Amona the herbicide
treatments, benthiocarb plus propanil plus silvex at
1.8 ¢+ 3.24 + C,75 ka a.i./ha resulted in similar %
weed coverecc at 8 wWAH and at crorn harvest to the
hand=-weecded control in the wet season trial. nNo
herbicide treaetment caused comparable % weed cover to
hand-wceding in the dry season.

Althiouah “ weed coveraoe with herbicice treatments
was higher in the wet season than in the dry season, at
4 WANH, hicuer coverage occurred nenerally in the dry
season and at the later stage of crop qrowth. In the
wet season trial, % weed coverare with the herbicide
treatments were 8 to 24 at 4 'AH, 3 to 20 at 8 WAH and
2 to 14 at harvest, while the correspending values in

he dry seascon trials were 5 to 15, 8 to 31 and 12 to 3¢
respectively. The least ¥ we=d covrrage was obtained wit
benthiocarb + propanil 4+ silvex at 1.8 + 3.24 + 0.75 ka
a.i./ha in the two trials throughout the crop life cycle
except at harvest in the dry seascn trial where % weed
coverage witi: butachlor + propanil at 3.6 + 1.02 ka a.i./n
were similer in velue. Aenerally, % weed coverane
decreascd significantly with increase in the rate of
butachlor and benthiocarb in esch mixture throughout

the crop life cycle in the two trials, except at 4

WwiH in che dry season trizal.
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. 1eY ¥eed dry matter production

Weed samples collected at crop harvest in the two
Aluls were separated into three main categorics, viz: grasses,
sedpes and broad-leaved weeds,
uIasses

Higher grass weed weight was obtained in Lhe dry season
than in the wet season. In the two seasons, hijher grass
weed weignts were obtained under FARO 27 than Fail 15,
nituough FARO 29 had lower weed weight in the wet season,
Lt was comparable to FARO 15 (Tables &4.14 and 4.19).

ireatments ¢f herbicide mixtures significantly
reduced the infestation of grasses in the wet and the dry
seasons compared with the untreated control (#ig.j). 1n the
et season trial, benthiocarb + propanil + silvex at 1.8 + 3.24
+ De7% Kg a.i./ha had significantly lower infestation of
irasses than all the other weed control treatments including
tne hand-weeded control. In the same wet seasun, grass weed
woight decreased with increasing rate of bentiilocarb in the
mixture while only the highest rate at 1.8 kg 2.i./ha was
significantly lower than the other two rates in Lhe
puctachlor mixture. In the dry season trial, all ihe herbicide
treatments resulted in higher grass woqd weight than the the
hand-weeded control. In the saaasﬁ, grass weed weight
decreased with increasing rates of benthiocarb and butachlor
in their respective mixtures. Also benthiocarb + propanil +
silvex at 1.08 + 1.94 + 0.45 kg a.i./ha resulted in comparable

rass weed weight to butachlor+ propanil at 1,8+2.04 kg a.i./ha,
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i o mlueaaved wetus

rond=leaved weed welpght was nigcher in the wet scason
toon in the dry season. Cultivars only had s llicant
eflc¢ct on broad-leaved weed weight in the dry uscuson trial.
FALU 29 had no broudleaved weed infestation and was
sinificantly lower than FARO 15 and YARO 27 whiclh had
cimilar welights.,

Weed control treatments had si nificant eilect on
broud-leaved weeds at harvest in bota trials (lnuies &,1b
a1 4,15), Wnile the highest broad-leaved weed .c¢i_ht was
ot cained with the untreated control in the wet scusun,

n. wroud-leaved weed was observed with the troeovacnt in

Liivc dry season. Among the herbicide treatments, uventhiocurb
plas propanil plus silvex at 1.0 + 1.24 + 0.45 undl 1,44 + 2,504
U.. K5 asl./ha resulted in significantly higher urvud-icaved
wioed selght than the hand-weeded and untreatea controls 1in
Li.e dry season trial. 1ln the dry season, the ..i_hcest
vro u-leaved weed weight was obtained with the wiiture
conc.-tiing benthiocarb at 1.08 ¢ 1.24 + 049 K,, @eie/ha.
dith tids mixture, broad-leaved weed weight decreunced
5..uiticantly as the rate of benthiocarb increaced. 1In the
we L ueason, broad-leaved weed weight significantily
decreased as the rate of butachlor and benthiocarb increased
in their respective mixtures. Mixtures containing the
highest rates of these herbicidis were however comparable

in broad-leaved weed welght in thic season,
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Table <.li.

Bffects «f cultivar and we.d control treatments on weed dry matter
Freductisg in direct-seeded lowland rice at BazZerqgi 1533 wat s=ason.

Trezatments.

Cultivar

FiaC 15
FLRO 27
FARO 25

SE+

Weed Contr-al

Baenthiccarbsrnropanilesilvex

Benthincarb+propanilesilvex
o

Benthioscarbspropanilisilivex
3utachlcr cropanil
Autachlor nropanil
Butachlcr prcopanil

Hand-wesding twice at

Unweedes control

SEy Wead control

Rate
(kg a.i./ha)

1.08+1.944+0.45
1.54+2.50+C.6
1.204+3.22+0.75
1.2 ¢ 2004
2.% + 1.70
3.6 + 1.752

Time of
aprlication

DAS

Dry weed weicht at harvest
{kg/ha)
Grasscs Sedges groad-
- leaved
33£4.7 b 2182.2 b 301.0 a
27304 2 321.5 a 2120 a3
3¢2.4 h 241.% b 321.5 a
12.71 32.30 19.73
312.5 b 237.7b 332.0 ¢
J1.6 2 137.C ¢ 223.6 &
26.7 e 70.0 cd 21.4
327.3 hc 163.C ¢ “1%.3 b
43.3 ¢ 52.0 cd 285.3 &
92,0 4 25.5 d 120,3 f
76.5 & 0.0 4 5.3 g
2196.6 a 1286.2 a 274.3 a
15.51 n.60 15.52

Mezans 011 owed
M fforont

=3

e letter(s) within a troatment column are not si7nificantly
lzval,
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Effects of cultivar and weed control treatments on weed weight in
direct-seeded lowland rice at Badeggl, 1983-84 dry season.

Treatments

Cultivar
FARO 15
FARO 27
FARO 29
SE+ Cultivar
Weed Control
senthiocarb+propanils+silvex

Benthioccarb+propanilssilvex
Benthiocarb+propanilisilvex
Butachlor » propanil
Butachlor + propanil
Butachlor + propanil
Hand-weeding twice at
Unweeded control

SEy Weed control

Rate _
(kg 2.1./ha)

1.0841.944+0.45
1.44+2.5+0.6
1.8+3.2440.75
1.8 + 2.04

2a4 ¢ 1.7

3.6 + 1.02

Time of
mvﬁwwnmnmoa
(DAS)

14
14
14
14
14
14
20 & 40

Dry weed welght at harvest
Grasses Wmmmmw Broad=
leaved
1021.0 ¢ 158.5 b 56.6 a
1344.0 a 253.8 a 55.2 a
1200.0 b 178.4 b 0.0 b
32,10 6.20 - 9.40
1430.0 b 223.3 b 116.1 a
790.0 < 175.8cd 91.0 b
500.0 4 7.5 e 33.0 ¢
1340.0 b 251.3 b 0.0 d
860.0 c 124.2 4 323.0 ¢
440.0 d 41.9 e 30.7 c
250.0 e 40.3 e 21.0 cd
3850.0 a 664.0 a 0.0 d
6£6.60 11.11 9.69

Means followed by the same letter(s) within a treatment column are not significantly

different from sach other using DMRT at 5%

level.



coumpletely,
sedjies

Although the differences were less dramulic than
was cbuerved with the broad-leaved wceds, sedye weed
weight was higher in the wet season than in the dry season.
Significantly higher sedge weed weight was observed under
FARO 27 compared with FARU 15 and FARO 29 whica Lod similar
sedge weight in the wet and dry season trials (Yubles 4,14
and 4,15) .

All the herbicide treatments significantly reduced
the infestation of sedge weeds compared with the untreated
control in both trials (Fig. 3). In both triuls, venthiocarb+
propanil+ silvex at 1,8 + 3.24 + 0,75 ki a.i./ha and butachlor
+ propanil at 3,0 4+ 1.02 kg a.i./ha resulted 1u sedge weights
that were comparable to that of the hanud-weeded control,
Sedge weignts with tne mixtures containing the lowest
rates of butachlor and benthlocarb vere siganificantly
higher. 1n the wet season, butachlor &« propanil at 3.6 +
1.02 kg a.l./ha also resulted in dry weight ol sedges that
were comparable to the hand-weeded control (Table 4.,16) .
In the dry season, sedge dry weight decreased as the rate
of butachlor and benthiocarb increacscd la thelr respective
mixtures,

'f:e interaction belween cultivar and herblicide
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interacticn of cultivayr and weed control wﬁmmwam:nm on sedges at harvest
in direct-seeded lowland rice at Badeggi, 1983 wet seascon.

rate N Pime of Dry imwoww of sedges at harvest

Treatments kg @.../ha ©.. appiicaticnh (kg/ha) o

. : (DAS} . FARO 15 FARC 27 FARC 29
Benthiocarbs+propanils+ _ RN o o o
silvex 1.08+1.9440.45 4 . - 168.0 cd 500.0 ¢ - 228.0 cd
Benthiocarb+propanils+ o - s .
silvex 1.4442.540.6 14 : 2c.50¢ 300.0 cd - 90.0 d
Benthiocarbspropanilas . o S
silvex . 1-8+3.2440.75 14 . - Cu8a - - 100.0d . 110.0 4
Butachlor + propanil 1.8 &+ 2.04 - 14 - 1%0.0 cad ’ 420.0 4 . 183.0 cd
Buitachlor ¢+ propanil ~ 2.4 + 1.70 B I h . 20.0 d 160.90 d 25,0 &
Butachlor 4+ propanil 3.6 4 1.02 14  o.oa 5G.0d " 5.04
Hand-weeding twice at’ 20 & 40 0,04 S nLoa - 0.0d
Unweeded contrel . . - 126e8.0 b 1890.0 a 1300.0 b
SE+ Cultivar x Weed control treatments : . 3 18310 DA

" Means fcllowed by the same letter(s) within a nOHCBs are not significantly different

using Duncan's multiple Range Test (DMRT).-



Tablc 4«17 Interaction of cultivar anc weed contral treatments on sedges at harvest
in direct-sccded lowland rice at Dadecgl 1923-04 dry seascon.
nate Time of Cry weight Of sedges at harvest
Treatments ko a.i./ha application {ka/ha)
(D..S) FARO 15 FARO 27 FHRO 23
Benthiccarbhspropanils
silvex 1:0841.944+0.,45 14 0.Cg 16C.0 ce L8] Qe
nenthiccarkbspropanils
silvex 1.4442:540,.6 14 3215 ¢d 2Cs.0 Ze "C.Cg
enthiccart: + propanils
H...HJ(_r.u} ‘m.qnl.?.w'\rdnrqdlﬂ«lh.\ 14 .cm olom “Mlm .un....
sutachler + Drcponil 1.8 + 2.04 14 175.0 Z&-c 31€.0 c2 5.0 fo
Sutachlor + propanil 2% + 1.7 14 0Cs9 fg 132.5 cfy 14.C fg
3utacnlor ¢ zZropanil xR 3 5 1 2.5k 58,65 3.5 fg
Hand=wzeding twice at 2T & 4 57,018 30,053 3:.0 fg
Unweadssd control 5.7 b 960.0 a L27 ,0c
SE+ Cultivar x YWeed contreol treatments 55,66

Means followed by the samc letter(s) within a column are nct significantly Sifferent
using Duncan's Multiple Range Test (DMRT) at 5%.
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treotments on dry weight ot sedges was signific:nl in the two
triale (Tabies 4.16) and 4.17)« In wet season al though all
the herviclide treatments resulted in dry welzght ol sedges 4
thhat were comparable to that of the hand-weeded check under
FARO 15 and FARO 29, benthiocarb plus propanil uplus silvex
al 1.08+1.94+40.45 kg a.l./ha resulted in higher welght of
sedges under FARO 27, In the dry season trial, plots
of I'ALU 27 had higher infestation of sedges than the other
two cultivars irrespective of the ralte ot butuchilor in the
trial. tHowever, benthiocarb+propanil+silvex al 1.8+43,2440,75
kg a.i./ha and butachlor+propanil at 5.6 + 1.02 kg a.i./ha
resulted in dry weight of sedges comparable to hund-vweeded
control, Under FAROC 15, beuthiocarb + propanil +silvex at
1,08 + 1,94 + 0,45 kg a.i./ha also had no sedge infestation
while similar situation was observed with benthiocarb.at
1.44kg asi./ha under FARU 29(Table 4,17),
Total weed dry weight

Higher weed dry weipht was cobtained in L ¢ dry season
trizl than in the wet season trial. lice cullblivars had
signiticant ettect on weed dry matter production ol harvest
in the two triais, In both trials, the Ligheost ueed dry matter
production occurred under FARU 27, hi e simil:r veed weights
were obtained with the other two cultivars in ilhe vel season,
higher weight was produced under FARO 29 compuced with FARO 15
in the ary season.

The weed control treatments nad significant virect
o the total weed dry mutter produgtion (Tabte /,19),

Weed dry weight was significantly reduced by all weed
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coutiol wreituents At 50 and Y0 DAL dnq\a_ :f:].'.l;l\'";.f(a‘fit compared
with chiv untreated control in the two trials, Lo the wet season
trrlal at 20 DAM, benthiocarb plus propanil plus silvex at 1.44 w
2+50 + 0160 and 1.80 + 3,24 + 0.75 kg a.Ll./ha sid butachlor
plus prdpanil at 3.6 + 1,02 kg a.i./he resulted i comparable
wveed dry weight to the hand-weeded check and lover than the
mixtures containing the lowest rates of veathlocarb and butachdor,
in thg dry segson trial, uone of the hurhicide trreatments resulted
in comparable dry weed weight to the handnwnednd control throughout
the crop life cycle, DMixtures contaiﬁing'tne hishest rates of
butachlor and benthiocart however caused lower weed dry matter
production than the other herbicide treatments, Similarly,lin
the two trials, dry weed welghts with the unlxtwes of the lowest
rates of butachlor and benthiocarb were sinificuntly higher than
thoge of 1.8 4+ 2.04 and 1.08 4+ 1.94 + 0.45 %5 a.i./hg, respectively.

AT 60 DAH, in additlon to the mixtures with the highest
;étéé ot butachlor and benthiocart, correspond by ?espect%ye
rates at 2.4 + 1.7 aud  1.84 + 2.50 + 0,50 R -.-‘1..1.,/"1'151.?."._
also had similar weed dry welght {o fhe nand-waeded con£r01
in the wet season trial. Weed dry welpght witlh bﬁnthiQCQTb plus
propeull plus silvex at 1.08+1.,9440.45 kg a1,/ was ﬁignificantly
higher than those of otner nerbicide treatwents 1o the trial, In
the dry segson ftrial, the mixtures containin the highest
rates of. butachlor and benthiocarb resulbed In lower
dry matter production compared with the other

PR



Table 4. 1C.

wffects of cultivar and weed control treatments o weed dry matter

production in direct-seeded lowland rice at Badeqgi, 1983 wet and
1983-84 dry seasons.

Rate Time wn< weed weight (kg/ha)
Treatments Tka a.i./ha) wwmn 30 DAH at 60 DAH Harvest
ws oS ws® oS’ ws s
Cultivar
FARO 15 1488.0a 798.0a 1000.9a 1345.0a 907.0b 1236.1c
FARO 27 1499.0a 792.0a 1248.0a 1437.0a 1114.0a 1653.0a
FARO 29 1469.0a 737.0a 1190.0a 1299.0a 910.0b 1378.0b
SE+ Cultivar 30.10 44.50 122.70 32.53 42.50 35.80
weed control
Benthiocarb+spropanils
silvex 1.084+1.9440.45 14 1423.0b 896.0b 1176.0b 1606.0b 9439.5b 1769.4b
Benthiocarb+propanil+ _
silvex 1.4442.504+0.60 14 569.0cd 568.0cd 286.0d 920.0d 458.2de 1056.8c
Benthiocarbs+propanil+
silvex 1.804+3.244:0.75 14 268.0d 223.0e 200.0d 426.0e 178.1ef 540.5d
Butachlor + propanil 1.8 + 2.04 14 1419.0b 740.0bc 1054.0bc 1500.1c 888.66c 1591.3b
Butachlor + propanil 2.4 + 1.7 14 777.0c 548.04d 502.0cd 951.3bc 602.6¢cd 1017.0c
Butachlor + propanil 3.6 + 1.02 14 390.0d 259.0e 218.0d 444.0e 232.0ef 512.6d
Hand-weeding twice at 20 & 40 195.0d 49.0f 161.0d  240.0f 141.8f 311.3e
Unweeded control 6839.0a 2923,3a _mmmq.om 4810.0a 4556.9a 4514.0a
SE+ Weed control 78.64 72.40 174.80 115.10 95.61 71.30
1. DAH = Days after herbicide; 2. WS = wet Season; DS = Dry seasonj; e S = Days after
seadina Faons followed by the s:ne letters within a tkeatmont column arc net significeontly -

different gsing DMRT at 5% level,
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herbigide treatments, Weed dry weight significantly
decreased as the rate of butachlor or benthiocarb
inereased in the mixture at 60 DAH in the same trial.

At harvest in the wet season trial, bénthiOCarb +
propanil + silvex at 1.8 + 3.24 + 0.75 kg a.i./ha and
butachlor + propanil at 3.6 + 1.02 kg a.i./ha, reduced
weed infestation similarly and were comparable to the
hand-weeded “cengfol. The herbicldetreatments indicated
also resulted in significantly lower weed dry weight
than the miskures with the lowest rates of butachler and

' benthiocarb. The same trend dceurred in the dry season
"~ trial except %haﬁ hand-weeding resulted in the least dry
" weed weight among weed control treatments.

4.2 Correlation studies 1983 and 1583-84
o  'In the 1983 wet and 1983-84 dry season trials,
number of tillers per ha at 30 DAS and at crop harvest,
plant height at maturity, number of panicles and spike-
; lets'per ha and grain yield were significantly negatively
correlated with dry weight of grasses, sedges, broad-
leaved weeds and total weed dry weight per ha at harvest
“(Tables 4.19 and 4.20). Percentage of unfilled grains
was significantly positively correlated with total weed
dry weight per ha at harvest (r = 0.97) in the 1983 wet
and (r = 0.86) in the 1983-84 dry season.

However, grain yield was significantly positively
correlated with the number of tillers at 30 DAS (r =
0.49; 0.43) number of panicles per ha {(r = 0.,86; 0.,85)
and number of spikelets per ha_(r = 0,84; 0,86) in the

1983 and 1983-84 wet and dry season trials respectively.
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Table 4.15. mmwmwwo:m:wv between yield, crop growth and weed weight as zffected by
chemical weed control in direct-seeded lowland rice at Badeggi,

1983 wet season

Crop growth

Weeds at harvest

| Spike- g un.  panicle Tiller  Tiller Plant .
Grain Grain let filled (number/ (number (number height Grasses Sedges Broad- Total
vield yield {(number grains ha) at 30DAS/ at ma- at mat- leaved weed
/ha). _ ‘ ha). turity/ urity weeds weight
ha
Grain Yield 1.00 ° 0.85* -0 68* D.86* 0.82% 0.82* J0.45* -0.80* =0.72*% -0,65* -0.,74*"
Spikelet{numbersha) 1.0 - =0.85" 0.93* .. 0.55* .87 0.40% =0,87% =0.82°* ~0.78% 0,86+
% Unfilled S |
grains B .;ﬂcoom. 0.54 0.47 0.34 -0.31 Q.97 (.80 0.86* 0,93=
Panicle(number/ha) T 1.00 0.50 0.83 0.44% «0,085%* -G.85 ~0.,79 <=0,085"
Tiller (number at - . .
30 pas/nha) 1.00 0.835% 0.21 =0.68* ~-C.60* =D.60% -0,67*
Tiller {number at
at maturity/ha)l. 1.00° 0.53* ¢.93* 0,80 -0.84 -0.91*
Plant height
- at maturity : 1.00 «0.55* ~0.86* <0.70% -0.90+
~ Grasses at harvest 1.00 =0.25 =5.20 2,79
" - Sedges at harvest 1.00 =0.30 0.48¢
Broadleaved weeds at harvest = 1.00 0.67*
Total weed welght at harvest | ; 1.00
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Table 4.29. elaticnship between yield, crop growth and weed dry weight as affected by
chemical weed contrcl in direct-seeded lowland rice 1383-84 dry season

at Badeggl.

Crop growth

Weeds at harvest

Grain
yield Spike- % un- Panicle Tiller Tiller Plant Grasses Sedges Broad- Total
let filled (number/(number number height leaved weed
(number grains ha.) 30 DAS/ at mat- at ma- weeds weight
/ha). ha.) wrltyha turity
Grain yield 1.00 0.86* -=0.35 0.88° 0.43* 0.33* 0.36 -0.74 -0.77 <0.73* -0.79
Spikelet (numbergha.) 1.00 -0.81 0.33s 0.35 0.80°* 0.41 -0.74* 20,68 -J.17 =0.78
% Unfilled grains 1.00 0.51¢ 0.58* 0.60° 0.33 0.86* 0.86* 0.74* 0.86*
Panicle(number/ha) 1.00 0.45°* 0.91° 0.40 -0.79* -0,78* ~0,09* -0.82*
Tiller(number/ha at
30 DAS) 1.00 0.91¢ 0.16 -0.40* -(C.S53 =0.16 =0.44"*
Tiller(number/ha at
am"ﬁ.ﬂ-m-ﬂ<v M.OO zu\._‘ mo. llo !qml lOlqa. IO.\HQ 'U.mu.
Plant height at
amﬁncnwﬂwﬁ H.OO Ioiqwl lO..ﬂm. lO qu ‘OQQM.
Grasses at harvest. 1.00 -0.41* =0.46°* 0.71°
Sedqges at harvest 1.00 -0.51* 0.,.70*
Broad-leaved weeds at harvest 1.00 0.74°*
Weed weight at 60 DAH at harvest 1.00

*Significant at the 0.05 probability level,.



4.3 Effoct of herbicide treatments on cgtgrgss

control) in the greenhouse

All the herbicidé treatments resulted in significamtly
lower cutgrass growth parameters than the untreated control
throughout the period of experimentation (Table 4.21}. |
Glyphosate at 1.6 kg aes/ha applied on raplildly growing
cutgrass, gave complete control of both the shoot,
rhlzeme and root of cutgrass throughout the period of
the experiment which lasted 12 weeks in the greenhouse,
From 4 to 12 weeks after treatment (WAT), oxadiazon at
1.25kg a.l./ha resulted in comparable control of cutgrass
to glyphosate at 1.6kg ae/ha. At 1 and 2 WAT there was |
no significant difference between oxadiazon at 1.0 and
1.25 kg &.1l./ha In the control rating. Benthiccard plusﬂ "
propanil at 1.8 + 3,24 kg a.i./ha resulted in comparable e
cutgrass control to oxadliazon at 1.0 kg a.i./ha in the
first week of observation, At 2 WAT, among the herblclde
treatments, the mixture of propanil with butachlor at 2.04
+ 1.8 and 1.02 + 3.6 kg é.i./ha was less effective on
cutgrass than oxadlazon at 1.25 kg a.l./ha. At 4 WAT,
molinate at 4.0kg a.i./ha followed by benthiocarb plus
propanil at 1.08 4+ 1.%4 and 1.8 +’3;?4 kg a.i./ha resulted
in comparable cutgrass controlwigﬁgf;;hosate at 1.6 kg ae./
ha. At 8 WAT, in additlon to those ilndicated for 4 WAT,
molinate at 4.0 kg a.i./ha followed by butachlor plus
propanil also caused comparable cutgrass control to the

maximum. Appllcation of mixtures of benthiocarb or

butachlor with propanil were significantly less effective
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Table 4.21. Effect of herbicides on cutgrass in the greenhouse at Badeggi, 1905 wet season.

Treatments : .m.wwm Time, 2 % Control’ at
(Herbicides) q a.i./ha DAP AWAT 2WAT 4WAT BWAT 12WAT
Glyphosate 1.6 21 100a®  100a 100a 100a 100a
Oxadiazon 1.0 7 75 bc 62 b 68bc 74bcd 70bcde
Oxadiazon 1.25 / 83b 65Sb 77abc 82abd 74abcd
Sutachlor + propanil 1.8 + 2.04 4 60¢ 20c 20e 504 37fF
Butachlor 4+ propanil 3.6 + 1.02 14 67¢c 30c 22e 5Cd 4d3ef
Benthiocarb + propanil 1.28 + 1.94 14 63c 5Cb 57cd 60d 4€def
Benthiocarb + propanil 1.0 + 3.24 14 72bc 58b  63bc 63cd S53def
Molinate fb hutachlor + propanil 4,0fb 1.8+2.04 7fb 14 45d 50d 73bc 91ab 57def
Molinate fb butachlor &+ propanil 4.0fb 3.64+1.02 7fb 14 60c 50b 77bc 9€a 25abc
Molinate fb benthiocarb + propanil 4.0fb 1.08+1.94 7fb 14 42d 50b 75abc S€a 40f
Molinate fb benthiocarb + propanil 4.0fb 1.84+3.24 7fb 14 43d 50b 85ab 99a 90ab
Untreated control - - Oe 0d Oe De 0g
SE+ ‘'eed control - 4.54 4.71 7.45 7.21 8.59

1. Based on 0-10C where less than 60% = poor, 60 to 80% = fair; 80 tc 90s= good; 90 to 100 =-exscellent

2. Weeks after treatment (post emergence herbicide application).
3. Different letters within column show significant differences according to DMRT at 5¢

4. Days after planting.



- 106 I
in the control of cutgrass without a prior application ~f
molinate at 4.0 kg a.i./ha. At 12 WAT, among the treat-
ments containing molinate at 4.0 kg a.i./ha, only those
with a follow-~up of the two mixtures of benthiocarb plus
propanil and butachlor plus'propanil at 3,6 + 1.02kg a.i./l
ha caused comparable % control to the maximum. |

4.3.2 Tiller number/pot.

N

Glyphosate at 1.6 kg ae./ha completely inhibited
tiller development of cutqgrass throughout the pericd of
the experiment (Table 4.22.)., At 30 days after treatment
(DAT} all the other herbicide treatments resulted in
significantly lower tiller number of cutgrass than the
untreated control (Fig- 4). Molinate at 4.0 kg a.i./ha
followed by mixtures of propanil with butachlor and
~benthiocarb sach at both rates (Table 4.22) completely
inhibited tillering at this stage. At 60 DAT (Fig. 4),
these herbiclde treatments and oxadiazon at 1.0 and 1.25
"k a.io/ha resiulted in tiller number that were comparablo
to those obtained with glyphosate at 1.6 kg ae./ha and
significantly lower than that of the untreated contrcl.
‘Tiller numbers for the other treatments were however
similar to that of the untreated control (Table 4,23.).
At 12 WAT, only molinate at 4.0 kg a.i./ha followed by tr.
mixture of propanil with butachlor at 3.6 + 1,02 kg a.i./
ha and benthiocarb at 1.8 + 3.21 kg a.i./ha and oxadiazon
at 1.25 kg a.i./ha were comparable to glyphosate at 1.6
ka ae/ha in tiller number. Treatments of mixtures of
propanil with benthiocarb or butachlor at the low rate

without prior applicatiorn of molinate at 4.0 kg a.i./ha
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Table 4.22. Effect of herbicide treatments on tiller number of cutgrass
in the greenhouse at Badeggi, 1985 wet season.

- S — - e —

- .

Application

Treatments ‘ . - Tiller mmber van.uaM:-,y.l.
(Herbicides) — " - - mmmm.».\:m: e ;.mmmm 30 DAT® 60 DAT “uwnwmwms
nn<tsoumnm- - 1.6 21 0 nw 0 c 0 d
Oxadiazon 1.0 7 62 b 102 bc 204 abe
Oxadiazon 1.25 7 55b 54 ¢ 142 bed
Butachlor s propanil 1.8 4+ 2.04 14 85 b 333 a 397 ab
Butachlor + propanil 3.6 + 1.02 14 75 b 326 a 331 abc
Benthiocarb 4+ propanil o 1.08 + 1.84 14 61 b 279 ab wwo ab
Benthiocarb 4+ propanil 1.8 + 3.24 14 54 b 338 a 287 abc
Molinate fb butachlorspropanil 4.0 fb 1.8+2.04 7fb14 O c 127 bc 163 be
Molinate fb butachlorspropanii 4.0 fb 3.64+1.02 7fb 14 O0c 62 ¢ 84 cd
Molinate fb benthiocarbs+propanil . 4.0 fb 1.08+1.94 7f 14 0c 71 ¢ 201 be
Molinate fb benthiocarbspropanil 4.0 fb 1.8+43.24 7bf14 0c ' 42¢ 56 cd .
Untreated control 224 a 445 a 495 a

| mmr weed Control e : 26 53 83

- — - — S, - - - - - e — — = - ——

w.-ow%uumnmn vum:nunmn;.~¢ ommummnmﬂnnmmnamyn“u.o»mmmnmnﬂ»mwnmhu_tww:w:
column show significant differences according to DMRT at 5%

fb = followed by

—y
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as well as oxadiazon at 1.0 kg a.i./ha, resulted in significantly'

lower tiller number than the untreated control {Trbtle 4,22), -

4.3.3 Plant neight ST ’
| As observed with many other vegutative puraneters, no

emergence occurred at 30 DAT in pots treated with glyphosate

at 7.6 Kg a.l,/ha throughout the period of the cxperiment

(Pable 4.23), Similarly no plants had emerged in the pots

treated with molinate., In addition fto the herbicide

treatuents indicated, oxadiazon at both rates znd benthiocarb

plus propanil at 1.8 + 3.24 kg a.i./ha significantlnyédﬁbéd
cutgrass plant height compared with the untreated control,

At e DAY, oxadiazon at both rates and treatments containing
moliﬁate, except when followed by butachlor plus propanil at
1.8 + 2.04 kg a.i./ha resulted in shorter plants of cutgrass

than the tallest with butachlor plus propanil at 1.8 + Z.Qﬁ

Kz a.l./ha alone. At the emd of the experiment which 1g£téé
12 weeks only glyphosate at 1.6 kg a2 /ha and wolinate
"§3 '_£0l}awed by the two mixtures of benthlocarb and propanil
'T?rgéuced significantly shorter plants compared with the

"'untreated control, which produced 224.,5 cm cutgrass plants,

‘fff' 443.4 Roizome dry weight
. Glyphosate at 1.6 kg aiz,/ha.resulted in no rhizome
development. The value obtalned with this treatment was
siznificantly lower than those of all the other herbicide
treatments (Table 4.24). The other herblcide treatments
resulted in 8.7 g to 20.0g rhizowe dry weilght compared with

23,55 obtained with the untreated control, Oxeiiazon at -



108

Table 4.23.
at wmammmM1

Effect of herbicide treatments on plant height (em) in the greenhouse
1985 wet season.

e

significant differences according to DMRT at 5% 4.

- Followed by

S L Application Plant height {cm)
o Treatments - .- ot _ Rate Time 30 DAT 60 DAT®
- {Herbicides) T kg a.i./ha 1
| IR - . DAP
" Glyphosate 1.6 21 “0.0e> 0.04. 0.0d
_uoxmawmuo: 1.0 .r: T 71.5 cd W._mop.mvnaufm.umo.m ab
- Oxadiazon 1.25 7 47,0 d 84.5 cd 127.8 abc
WMTmmquw:ﬁwnzwon + propanil  ..9.& + 2.04 14 114.0 ab 187.3 a ..pwp.m a
_ | . Butachlor + propanil 3.6 + 1.02 ~ 14 89.C abc 176.5 ab 189.7 a
Benthiccarb + propanil 1.08 + 1.94 Y 95.2 abc 156.3 ab 178.5 a
Benthiocarb + propanil 1.8 + w.mm _wh ) 86.9 bc 145.0abc 161.3 ab
3mwwzmnm fb butachlors+propanil 4.3 fb 1.8+2.04 7 fb 14 0.0e 128.3abc 136.8abc
Molinate mvﬁ butachlorspropanil 2.0 b 3.64+1.02 7 fb 14 0.0e 56,04d 128.8 abg
Molinate fb benthiocarbspropanil = 4.0 fb 1.0841.94 7 fb 14 0.0e 95,084 111.5 be
Molinate fb benthiocarbs+propanil 4.0 fb 1.84+3.24 7 fb 14 0.0 w«.ona. 77.3 ¢
Untreated control _ _wum.m a 169.0ab . .mm@.m a
5B+ Weed control 8,20 mm.mw. | 16,26
1. Days after planting; 2. Days after treatment; 3. Different letters imﬂzpz nOHcﬂa show
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1.25. kg a.i./ha, benthiocarb plus propanil at 1.8 +
3.24kqg a.i./ha, molinate at 4.0 kg a.i./ha followed by thu
_mixture of propanil with butachlor at both rates and that
“with benthiocarb at 1.8 + 3.24 kg a.l./ha caused lower
rhizome dry weights than the untreated control. Oxadiazon
at 1.0 kg a.i./ha and the mixturc of benthiocarb with
propanil at 1.08 + 1.94 kg a.i./ha alcone and when it
followed molinate, all had comparable rhizome dry welghts
to oxadiazen at 1.25 kg a.i./ha but were not significantly
different from the untreated control (Fig. 4).

4.3,5 Root dry weight. | .

All the herbicide treatments resulted in significantly
lower root dry weight than the untreated control (Table
4.24.). Oxadiazon at 1.25 kg a.li./ha, molinate at 4.0 kg
a.l./ha followcd by butachlor &+ propanil at 3.6 + 1.02 kg

a.l./ha and henthiocarb plus propanil at 1.8 + 3.24 kg
;a.i./ha resulted in comparable root dry weight to glypho-
sate at 1.6 kg ae./ha which completely prevented root
production. The above mentioned herbicide treatments
resulted in 43.59 to 80.0g root dry welght/pot compared
with the value of 349g/pot for the untreataed control,
Oxadiazon at 1.25 kg a.i./ha however, resulted in lower
root dry welght than the low rate at 1.0 kg a.i./ha, |
while the mixtures of butachlor and benthiocard with
propanil when applied alone caused higher root dry weilght
production comparad with thelir corresponding mixtures

' preceded by molinate at 4.0 kg a.l./ha (Fig. 4).
-

L



111

Table 4.24. Effect of herbicide treatments on cutgrass in the greenhouse
: at Badeggi, 1985 wet season.

Application .

Treatments : . Rate Time "Rhizome Root . Shoot
{Merbicides) . . ﬂ mmlm.w.mwm MMMA PRPERE g/pot
glyphosate D ;wmﬁ m.m. B _,:._ 21 mmwo.o g 0.0 e 6.0 e
Oxadiazon ._@W_ - a0 7. 17.5 abc 186.0 bc . 89.0 bed
Oxadiazon . T 1a2s 0 7 45.0be S2.5e  85.0 bed
Butachlor s propanil .wwwpw_«@w»m 1.8 + 2.04 1M " 20.0 3b H 245.0 b 152.4 ab
Butachlor + propanil meMma i ﬂnw 3.6 + 1.02 . 14 15.5 ab  185.0 bc . 124.5 be
wm:._u_._.wonmn..d + propanil 1.08 5+ 1.94 14 .mm.m mUn. .. 253.0 b 36,5 Be
Benthiocarb ¢+ propanii quuﬂa . 1.8 + 3.24 . 14 : 14.9 be aﬂwp.c be 102.8 bed
Molinate fb butachlorspropanil 4.0 fb 1.842.04 7 wU pr 15.8 be¢ 80.0C de = 60.0 cde
Molinate fb butachlorspropanil 4.0 fb 3.64+1.02 7 fb 14  12.5 ¢  50.0 e 38.5 de
Molinate fb benthioccarbs+propanil .4.0 fb 1.08+1.94 -~ 7 fb »pww 17.7 abc 140.6 cd- 55.0 cde
Molinate fb benthiocarbspropanil 4.0 £b 1.8¢3.24 7 £b 14 m 8.7 ¢ 43.5 e 23.0 de
Untreated control B S ., 7 23.5a 349.0 a 230.0 a

SE+ Weed control . .. . . ETITIT S  Gles 26.00 . 24.50

1. Days after planting . «

2. Different letters within column show significant differences according to DMRT at 5%

e
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1%

h,3,6 fihoot dry veight

#11 the herbicide treatmenis, except butachlor plus
propanil at 1.8 + 2.04 kg a.i./ha, sig dficantly reduced cutgrads
shoot dry weignht compared with the untreated conirol (Table 4,24),
Among the herbicide treatments, only those zontaining molinate
at 4.0 kg a.i./ha had comparable shoot dev wel it to glyphosate
at 1.0 kg ae/ha which completely prevented shoot dry matter
preduction., the shoot weight with these hecbicide treatments
were 23.0g to 60.0g/pat compared with 230g/vot cbinined with the
untreated control. Preceeding mixtures of .utochlor and propanil
with wmolinate application resulted in lower shoot dry weight than
when the wmixtures were applied alone (Fip. 4),.

Experiment 4.4 Fileld control of cutgrass in lowland pice

4o 4,1 Effect of herbicide treatments on cutgrass dry weight
Cutgrass plants were only sampled at 60 days after
herbicide application (DAH) during 1985-06 and 1906-67 dry
geasons., However, in the 1986 wet season, cuizrass dry weight
at 30 DAl decreased significantly with the rate oi pglyphosate
application, while both rates of glyphosate resul led in similar
but lover cutgrass dry wveipght compared with no _lyvhosate
treatnent at 60 DAH (Table 4.25). At 60 DAl in the 1985-86
dry season,cutgrass dry weight also decreased with the rate
of glyphosate applied, while in the 1986-87 dry reazson both
rates similarly significantly reduced cutgrass ury weight

compared with the untreated ccontrol.,
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Table 4.25. =ffects of levels of glyphosate, oxadiazon and weed control treatments
vn cutgrass dry matter production in direct-seeded iowland rice at Badegqgi.

Trectments Cutgrass dry weicht (kg/ha)
Preplant mwwnSOmmwm rate .Awo ae /ha}l mmmmwmw N .MMMWIlilthMQWWMﬂq_
0.0 N 1633 a 863.6 a 939.7 a  920.5 a
0.5 R - 639.8 b  651.9 b 473.8 b 345.2 b
1.0 .Y 4373 ¢ 608.8c . 440.4 b - 299.1 c
SEs L 2120 10.32 30,30 27,92
bre-smergence . C - . |
Qxadiazon rate (kg a.i./ha)
0.0 S 736.8 2 719.7 a 772.0 a  580.9 a :
0.75 S 474.5 b  696.5 b  463,.9b  462.3 b -
8By | o 27.28 18.18 25.52 12,36
Post-emergence .ma “_a_ Rate o _ , . .
" (kg a.i./na)
Butachlor + propanil - 1.8 + 2.0 - 605.4 b 455.7 ¢ 387.0 b, 371.5 ¢
Bentazon + propanil © 0.96 4+ 2.0 608.0 b . 504.6 bc  551.7 b 486.5 be
Benthiocarbspropanil = 1.08 & 2.0 517.0 bc  508.6 bc ~ 511.7 b 406.9 ¢
-Oxadiazon+propanil _ 0.75 + 2.0 = 561.3 bc ~ 458.4 ¢ 431.0 b 08.1 ¢
Pimethametryns+propanil 0.75 4 2.0 516.7 be 455.86 bec 397.7 b 404.1 ¢-
Propanil 2.0 . B16.6 b 571.6 b 494.0 b 501.0 be
Hand-weeding twice at . - 20 & 40 363.3 ¢ 252.04 - S51.1¢ = 100.3 4
Control (untreated) 1056.0 a  2459.6 a  2118.9 a  1593.8 a
SE+ Wead control . 88,84 34.90 35,16 34.90

- - d. ’
3. DAH = Days after herbicide application; m.smuzmwmmmmo:“ w.umiunwmmmmos

Means followed by the same letter(s) within a treatment column are not significantly
different~at 8% Towvel nf rrehahili ko aedina. natom



The efféct of pre-energence oxadiazon on cut.rass

- dry welght was significant at 30 and 60 DAH in the 1986

i vet season and at 60 DAH in the 1986-87 dry season. 1In
- both cases, application of pre-emergence oxadliozon at

0.75 kg a.l./ha reduééd'cuﬁgrass dry weipht (Table 4.25).
Post-emergence herbicides had significant c¢ffect
- on cutgrass dry weight at 30 DAH in the 1986 wel season
(Table %#.26) and at 60 DAH in all the trials. In all
. cases, all the weed control treatments lncludin: the
hand-weeded control caused significent reduction in
cutgrass dry weight compared with the untreated control,
In the 1986 wet season, while the mixtures of propanil
with dimethametryn at 2.0 + 1,08 kg a.l./ha and
benthiocarh at. 2.0 «.1.08 Kz a.i./ha and oxa:diazon at
2.0 + 0.75 kg a.l./ha resulted in comparable culirass
dry weight to the hand-weeded control at 30 DAH, none
of the post-emergence herblcide treatments was comparable
- at 60 DAH. Mixtures of propanil with benthiocarb and |
dimethametryn also resulted in higher cutgrass dry
welghts than propanil mixtures with butachlﬁr and
oxadlazon which produced 37%.5 kg/ha and 308.%1 kg/ha
| respectively cOmpafad with 1593.8 kg/ba_of_the untreated

B
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Table 4.28, Interaction of glyphosate and post emergence weed controi
treatments on cutgrass dry weight in dry-seeded lowland rice at
Badeggl, 1986 wet season.

Treatments xm_h L_” Application ) Cutgrass Qﬁwxﬂwwmww at 30 u»zp
Post-emergence u_ w_._@mwmm.mc\3m o _mwmmﬁmm;__ MMMﬁ:ommwm_ WMWM (kg ~ae mwm%
Butachlor 4 propanii - 1.8 + 2.0 Looo1a :%_. 784.2 bc - 666.0 bed 366.1

" Bentazon + propanil ._-o.mm + 2.0 14 - 866.0 ab 684.0 bea 466.0
Benthiocarb + propanil 1.08 4 2.0 14 £668.0 becd 566.0 cde - 317.1
Oxadiazon 4 propanil 0.75 ¢+ 2.0 14 716 .0 be 634.0 bcd 334.0
Dimethametryn 4+ propanii 0,75 + 2.0 14 760.0 bc - 533.9 cde 316.3
Propanil - 2.0 14 ~ 749.5 B¢ 583.6 bcde  516.8
Hand-weeding nimnm_mn _ o _ 20 & 40 470.1 def 399.5 def  200.1
control | | 1134.0 a 1050.0 a 584.0

SE+ Glyphosate x weed contrcl treatments | 927.40

ef
def
ef
ef
ef

cde

1. DAH = Days after herbicide application; 2. pag = Days after seeding.

3mw:mm0pwosmuu<n:mmmam letter(s) within a column are not significantly different
at 5% level of probability using pMmRT. :
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Table 4.27. Interaction of glyphosate and post-emergence weed control treatments
on cutgrass dry weight in the wet seeded lowland n»nm at Badeggi,
1985-86 dry season.

Treatments Application ncﬂanmww Mﬂﬂutwwmwwmww
- _ﬂmmmr.».\:wv MWHM Glyphosate rate (kg ae /ha)
ost-emergence) . DAS 0.0 0.5 1.0.
Butachlor 4+ propanil 1.8 + 2.0 14 675.4 bc  401.2 e 290.6 f
Bentazon + propanil 0.96 + 2.0 14 687.6 bc 455.0 de 374.0 ef
Benthiocarb + propanil 1.08 3 2.0 14 725.6 be 450.0 de 350.0 ef
Oxadiazon + propanil 0.75 + 2.0 14 571.6 cd 357.0 ef 446.6 de
Dimethametryn w propanil 0.75 + 2.0 14 649.4 bc 433.4 de 284.4
Propanil 2.0 14 784.6 b 456.4 de 469.0 de
Hand weeding twice at . : 20 & 40 273.6 f 237.0 £ 245.4 £
Control 2540.8 a 2425.2 a 2413.2 a
SE+ Glyphosate x post-emergence weed control 52.28

1. DAS = Days after seeding; 2. DAH = Days after herbicide application

Means followed by the same letter(s) within a column are not mna:wmpnw:wwx
different at 5% level of probability using DMRT.
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Table 4.28. 1Interaction of glyphosate and post-emergence weed control treatments
on cutgrass dry weight in the wet-seeded lowland rice at Badeggi, 1586-87
dry season.

Treatments Application Cutgrass dry weight (kg/ha) at

Rate Time 60 DAKZ

Tkqa a.i./ha) MMMH Glyphosate rate (kg ae /ha)
(Post-emergence) : 0.0 0.5 1.0
Butachlor 4+ propanil 1.8 + 2.0 14 750.4 ¢d 218B.4 fg 145.6 fg
Bentazon + propanil 0.96 + 2.0 14 860.8 ¢ 324.0 f 274.6 fqg
Benthiocarb + propanil . 1.08 + 2.0 14 737.2 cd 260.2 fg 223.4 fg
Oxadiazon + propanil 0.75 &+ 2.0 14 620.0 d 202.4 fg 101.8 g
Dimethametryn + propanil 0.75 + 2.0 14 575.2 e 271.4 £ 185.6 fg
Propanil 2.0 14 : 877.4 ¢ 338.6 f 287.0 fqg
Hand-weeding twice at 20 & 40 133.6 g 67.4 g 100.0 g
Control : 2628.0a 1079.2 b 1074.4 b
mmmmﬁh Glyphosate x Post emergence weed control 53.48 .

1. DAS = Days after seeding; 2. DAH = Days after herbicide application
Means followed by the same letter(s) within a column are not significantly
different at 5% level of probability using DMRT.

L
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Table 4.29. Interaction of pre-emergence oxadiazon and
glyphosate on cutgrass dry welght in the wet
season direct-seeded lowland rice at
Badeggi, 1986,

———

Cutgrass,dry weight

Treatments at 60DAH™ (kg/ha)
o - Application Pre-emergence oxadiazon

Time rate kg a.l./ha

Rate T
(Pre-plant) (kg ae./ha) DBS .0 0,75
Glyphosate 0.0 21 880.0 a 648.0 b
Glyphosate 0.5 21 880.0 a 400.0 cd
Glyphosate 1.0 23 500.0 c 376.0 d
SE+ Glyphosate x oxadiazon 39.80

1. DBS = Days before seeding

2. DAH = Days after herbicide application

Means followed by the same letter(s), within a column
are not significantly different at 5% level of

probabiblity using DMRT.
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control in this trial. In the 1985-86 and 1986=87 dry
seasons (Tables 4,27 and 4.28) none of the herblcide
treatments resulted in comparable cutgrass dry velght to
the hand-weeded control. Propanil at 2.0 kg a.i./ha resulted
in significantly higher cutgrass dry weight than the mixtures
with butachlor and oxadiazon. 1ln 1986-87 dry season these
mixtures also resulted in lower cutgrass dry weight than
bentazon plus propanil.

The interactions between pre-plant glyphosate and
post-emergence weed control treatments and that of pre-
cuergence oxadliazon with post-emergence weed control
treatments were significant on cutgrass dry weight at
30 Dat in the 1986 wet season (Table 4.26) ana at 60 DAH
in the 1985-86 and 1986-87 dry seasons (Tables 4.27 and
4.,28). Tne interaction between glyphosate and pre-emergence
oxadiazon (Table 4.29) was only significant on cutgrass
dry weight at 60 DAH in the 1986 wet season.

while both rates ot glyphosate caused significant
reduction of cutgrass dry weight when pre~emergence
oxadiazon was applied later at 0.7 kg a.i./ha, only
glyphosate at 1.0 kg ae/ha signifricantly reduced the
weight without pre-emergence oxa¢iazoq, Even without
glyphosate, significant difference w#éfobtﬁined between
pre-emergence oxadiazon at 0.0 and 0.75_kg a.l./ha,(Table
4,29) while with glyphosnti at 0.5 and 1.0 kg ae/ha, plots
treated with oxadiazon also caused sigﬁificant reduction of

cutgrass dry weight compared with no oxadiazon treatment.
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Table 4,30, Interactlion of pre-emergence oxadiazon and
pcst-amergence weed gontrol treatments on
cutgrass dry welght in the dry-seeded
lowland rice at Badeggi, 1986 wet season,

-

Treatments Cutgrass dry weiaht

_Application rime {kg/ha) at 30DAH
Rate = Oxadiazon rate
(Eost-emerqence) 7Kg a.i./ha)  DAS (kg_a.i./ha)
' 0.0 Q.75
Butachlor + _
propanil 1.8 + 2.0 14 700.0bcad 510.6cd
Bentazon + - ' ’ .
propanil 0,96 » 2.0 14 €72.0bcd 544.0ca
Benthiocarb + |
propanil 1.08 + 2.0 14 634.0¢cd 430.0cde
Oxadiazon + . - | -
propanil _ 0.75 & 2.0 114 BOD.6bc 322.0de
Dimethametryn +
propanil 0.75 + 2.0 14 622.0cd  411.2¢cde
Praopanil : 2.0 14 755.2bcd  478.0c¢
"Hand weeding twice at _ _ 20 & 40 . 510,0d 216.5¢

Control . ' _ 1200.0a 912.0bc -

SEy Oxadiazon x Post emergence wead control 82,54

- —m—— e

1. DAS = Days after seeding.,
2. DAH = Days after herbicide application .
Means followed by the same letter(s) within a eclumn are

not significantly different from each other at 5% level
of probability using DMRT.



122

In this trial with the application of glyphosate; 
all the weed control treatments resulted in significantly
lover cutgrass dry weight at 30 DAH and 60 DAl in the 1985«
86 and 1986-87 dry seasons than the untreated conirol. At
30 Dad, without glyphosate cutgrass dry weight with bentazon
plus propanil at .96 + 2.0 kg a.i./ha did not diifer
significantly from'that of the untreated control. In addition..ﬁ
to bentazon + propanil at 0.95 + 2.0 kg a.i./ha, propanil |
alone and 1ts mixture with butachlor, oxadiazon and diméthametryn
caused higher cutgrass dry matter production at 30 DAH than
the hand-weeded control., However, wlth glyphosate at 0.5 kg
ag/ha all the poste-emergence treatments including nand-weeding
were comparable, With glyphosate at 1.0 kg ae/na, propanil
alone at 2.0 Kg a.i./ha caused higher cutgrass watter
production than the hand-weeded contraol, At U Uall in the dry
season trials, the post-emergence herbicides rcaulted in
higher cutgrass dry weight than the hand-weeded control on
plots not freated with glyphosate (Tables 4.27 and 4,28),

The interaction between pre~emergence oxadiazon and
pou t-emergence weed control treatments was significant on
cutgrass dry weight at %@ DAH in the 1986 wet season (Table 4.,30)
and at 60 DAH in the 1986~87 dry seascn trials (<Table 4.31).
In the two trials, cutgrass dry welghts were significantly
lower on all the plots which received post-emergence weed
control treatments irrespective of pre-emergence oxadiazon
treatment., At 30 LDAH, in the 1986 wét'season, without pre-

energence oxadlazon, post-emergence oxadiazon »lus propanil



T '125 o
at 0,75 + 2.0 kg a.i /ha caused aignificantly higher cutqrass
ary weibht than hand-weeding. With the applicuation of o
pre-¢mergence oxadiazon at 0.7Y kg a.l./ha, propanil aléﬁél

at 20 kg a.i./ha and 1ts mixturea with butachlo.” ut 2.0 +

"_ 1.8 kr a.i./ha, bentazon at 2.0 + 0.96 kg a.i./ha resulted

in significantly hi her cutgrass dry welgnht th o the hand-
weeded control {Table 4,30). At ©0 LaH in the 1.8u=-847 dry
season trial, cutgrass dry welghts on plots which received
sost-amergence herbicide treatments were sigaiticantly

lower than that on plots without post-emergence Ureatments,
irrespective of pre~emergence oxadiazZon treatmoiit. Without
pre=gnergence oxadiezon, post-emer.ence oxadinzoa Jdus propanil
at 0.75 + 2.0 kg a.1./ha caused the least cubtyrpss dry weight
wmeny; herbicide treatments. LEenthiocarb plus repanil at
1.08 + 2.0 kg a.i./ha resulted in comparable cutyrass dry
ﬁeignt to the least among herbicide treatmenis unider the

same oxadiazon treatment. All the other herbicice treatments
resulted in similar cutgrass welgnt but higher thrun that of
oxadiazon mixture. With the applicaticon of ovre-~aciergence
oxadiszon, butachlor plus propanil at 1.8 + 2.0 k_ r.l./ha
and oxediazon plus propanil at 0.7% + 2.0 k7 1.1./ha resulted
in the 1east cutgrass dry waignt among herbicide treatments,
Propanil at 2.0 kg a.i /ha causad the highest cutgrass dry
welght under the same pre-amergence oxadiazon treatment.

Dime thoame tryn plus pr:;'pa.hil at O. 96 + 2.0'kg a.i./ha,
however resulted in similar cutgrass welght to that of oxadiazon

dixture hile the value cobtained with propanil was
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Table 4,31, Interaction of pre-emergence oxadiazon and
post-emergence weed contrel treatments on
cutgrass dry weight in the dry season,
wet-seeded lowland rice at Badeggi, 1986-87.

. - Application Cutgrass dry welight
Treatments Rate Time (kg/ha) at 60 DAHZ
(kg_a.i./ha) T Oxadiazon rate

{Post-emergence)

(kg a.i./ha)

' 0.0 0.75
Butachlorepropanil 1.8 + 2.0 14 463.8c 273.24@
Bentazons+propanil 0.96 + 2.0 14 542.0c 431.0cd
Benthiocarb +
propanil ' 1.08 & 2.0 14 433,2¢cd 364.0de
Oxadiazonspropanil 0.75 4+ 2.0 14 364.8de 262.0e
Dimethametryn + ' :
propanill D.75 + 2.0 14 484.4c 325.2de
Propanil . 2.0 ' 14 535.2c 466.8¢
Hand-weeding twice

at 20 & A0 140.2fF 60.4f
Control _ 2677.6a 1510.0Db
SE# Oxadiazon x Post-emergence weed control 39.30

- DAS = Days after seeding
2f DAH = Days after herbiclde application
Means followed by the same letter(s) within a column are

not significantly different at 5% level of probability
using DMRT.
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©1 uiflcantly higher. Irrespective of pre-eacr =.ce
yLication of oxadiazon at 0.0 and V.75 k- «l./.15,
all the herbicide treatments crhused sigeificaniiy Ligher
culgrass dry weight than hand-weeding done twic: (.able 4,31).

4uo%,.. 9 Cutgrass coverage .

Cutgrass coverage was higher in the wot _<osou than
in the dry season. Glyphosate .t both rates ::  :ilicantly
reCuced cutgrass % coverage at 3. and 60 DAl 'n 11 the
trizls when compared with zero glyphosate tre. L :i.t,
Cutrrass coverage at 30 DAH in <he 1885-8C UIry e .son
trial ranged from 1.0 + 9,1 while in the 1 8 w L season
vie value ranced from 21,5 to 46.8» and in the 19 L-87

dry season the value was between 1.3 and 11,7, at €0 Db

cutgras; coverage varied from 12,3 to 31,2+ 1. 1.05=806
dry season, while in 1986 wet and 19836~87 dry - .ions the
corresponding values ranged from 12,6 to 40,.5.: -+ 5,1 to

27.9x respectively, The difference betwee. V.. i 1,0 kg
ae/ha of slyphosate was however only signific:.. .t €O DAH
in the 1985-86 dry season when 1,0 kg ae./ha resilled in
lover cutgrass coverage than 0.5 kg ae/ha.

In 211 the trials except at 60 DAH in 1.80-i7 dry
season, pre-emergence oxadlazon significantly reduced
% coverage of cutgrass at 30 and 60 DAH compared with no
oxadizzon treatment (Tables 4.31 and 4.32).

All the post-emergence weed control treatments

sizaificantly reduced % coveraze of cutgrass ot



Table 4,32, Effects of 'levels df giyphdsate, oxad
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and weed control treatments on % cut-
grass coverage in direct-seeded lowland rice.

s

Lazon

Treatments | Cu tgiagg gg}\:?r?&?
e rate 1905-86 1986 1986-87
(kg ae,/ha) DS W$ _bs_,
0.0 9.1 a 46.8 a  11.0 a
0.5 1.5b 22,51 1.3b
1.0 1.0 b 2.5 b 1.3 b
SE4 0,60  elgo 0.7
Pre-emergence N |
Oxadliazon rate
(kg _a a . o o
0.0 53 a .55 7.3 a
0.75 "m | | 25 23:8 b 248 »
SEs+ i D 0.41 . 3.55  0.40
Pre—emergence '. |
Butachlorspropanil ‘1.8 + 2.0 2.0 pe 27.0 be 2.0 «d
Bentazon+propanil 0.96 + 2.0 3.0b °37.3b 5.0b
Benthiocarb + - |
propanil 1.08 + 2.0 3.0 b 26.6 bc 4.0 be
Oxadiazon+propanil  0.75 4+ 2.0 3.0 b 25.3 be 4.0 ko
Dimethametryn + - S - o
propanil - 0s75 4+ 2.0 3.0 b 21.3 ¢ 4.0 bn
propanil ; 2.0 - 4.0b 22.7 ¢ 4.0 ke
" Hand-weeding twice  20.& 40 1.0 ¢ 14.4 ¢ 1.0 d
“Control - 12,0 @ €67.3 a iz,g é
' SEx Weed control ' 6.8 '-4.50 .'0.82

1+ = DAH = Dpays after herbicide apSlIcation

2. WS = Wet Season; 3. DS = Dry season

 Means followed by the same letter(s) within a treatment
column are not significantly different at 5% level of

probability using DMRT, '
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Table 4,33, Effects of levels of glyphosate, bkédiazcn
o and weed control treatments on % cutgrass
coverage In the direct-seeded lowland rice at

Badeggi. -
Treatments Cug%rggsbig cTaye
Glyphosate rate 1985TEE oBE 190587
(kg ae./ha) DS WS DS
0.0 : 31.2 a 40.3 a 27.9 a
0.5 20.0 b 17.4 b 6.9 b
1.0 12.2 ¢ 10.6 b 5.1 Db
SEs 2.00 9.41 44,01
Pre-emergence
Oxadiagon rate (kg a.i./ha)
0.0 22.6 a 10.2 a 14.4 a
0.75 19.7 b 15.3 b 12.3 a
SE» 0.90 2.43 2429
Post—emergence _
Butachlorspropanil 1.8 + 2.0 13.2 b  19.3 bec 11.0be
Bentagon+propanil 0.96 + 2.0 17.1 A 26.8 b 16.2 b
Benthiocarb—prqpanil 1.0842.0 17.7 & 23.3bc 7.1 cd
Oxadlazonsprepanil 0.7542.0 13.0b 17.7Thbec 7.6 ¢
Dimethgmetryn + 0.754+2.0 14.8 b 15.1 ¢ 7.2 ed
propanil
Propanil 2.0 13.6 b 24.3 bc 14.4 be
Hand-weeding twice at 20 & 40 2.0 ¢ 3.3d 2.04d
Control - 17.7 a §2.2 a 41.5 a
SE+ Weed control 2.30 2,92 1.70

1. DAH = Days after herbicide application
2. WS = Wet seasonj 30. DS = Dry season

Means followed by the same letter{s) within a treatment

column are not significantly different from each other
at 5% level of probabillty using DMRT.
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Table 4.34. Interaction of glyphosate and poste
_ emerqgence weed control treatments on %
cutgrass coverage in the wet-seeded
lowland rice at Badeggi, 1985-86 dry

Season.
Application Cutgrass,coverage at
Treatments ' rRate Time 30 DAH™ (%)
_ (Kq a.i./ha) pas 1 Glyphosate rate (kg
. . rm—— ae/ha)
0.0 0.5 1.0
Butachlor «+ .
propanil 1.8 & 2.0 14 6 bc 0c¢ 0 c
Bentazon +
propanil 0.96 + 2.0 14 9 b 0 c 0 c
Benthiccarb + .
propanil 1.C8 + 2.0 14 9 b 0 ¢ 0c
Oxadlazon +
propan’.l 0.75 + 2.0 14 @b 0 c 0 ¢
Dimethametryn + ' )
propanil .75 + 2.0 14 S b Cc e
Propanil 2.0 14 12 ab O c Cc
Hand~weeding o
twlce at 20 & 40 3 be 0 c Cc
Control : | : 16 a 12ab 8 b

SE+ Glyphosate x Post-emergence weed control 2.10

1. DAS = Days after seeding
2. DAH = Days after herbiclide application
Means followed by the same letters within a column are

not significantly different from each other at 5%
level of probability using DMRT.
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Table 4.35. Interaction of glyphosate and post-emergence
weed control treatments on % coverage of
cutgrass in the dry-seeded lowland rice at

Badeggl, 1986 wet season.

Treatments

Post-~
emergence

Butachlor »
propanll

Bentazcon 4
propanil

BenthioCarb +
propanil

Oxadliazon +
propanil

Dimethametryn +
proepanil

Propanil

Hand-weeding
twlce at

Control

1

Application

Rate Time
(kg a.l. /ha) DAS

1.8 & 2.0 14

0.96 + 2.0 14

0.75 4+ 2.0 14

0.75 + 2.0 14
2.0 14

20 & 40

% cutgrass coverage at

30 pAHZ
-Typhosate rate
(kg ae /ha)
0.0 D.5 1.0

4Sbwe % g 23d~g
62 ab 32¢=qg 18e~g
51b-d | 23d~g 6 g

3§b—f 17drg 21le-g

3 g 12fg 16 fg

 35p-f 11 £fg 22d-g

15 fg 20e-g 8 g
88 a 56 bc 58 be

SE+ Glyphosate x Post-emergence weed eontrol 9.9

1. DAS = Days after seeding

2 DAH = Days after herbicide application

Means fcllowed by the same letter{(s) within a column are
not significantly different from each other at 5% level
of probability using DMRT.
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Table 4,.36. Interaction of glyphosate and post-emergence
weed control treatments on % cutgrass
coveraqge in the weteseeded lowland rice at
Badegqgl, 1986-87 dry season.

| e e e —————
Application % cutgrass
Ireatments Rate Time covera at 30 2

(kG a.i,./ha) T Y A

Post-emergence 208 (kg ae /ha)

0.0 0.5 1.0
Butachlor +
propanil 1.8 + 2.0 14 6 abc 0 e 0 ¢
Bentazon +
propanil 0.96 4+ 2.0 14 15 a 0 e 0 e
Benthiocarb +
propanil 1.08 + 2.0 14 12 ab Oc 0 ¢
Oxadiazon +
propanil 0.75 + 2.0 14 12 ab O e 0Oe
Dimethametry +
propanil 0.75 + 2.0 14 12 ab 0 e 0 e
Propanil 2,0 14 12 ab 0O ¢ . D¢
Hand=-weeding
twice at _ 20 & 40 3 bc Oc 0 e
control 16 a 10abe 10abe
SE+ Glyphosate x Post-emergence weed control 3.6

- 1 DAS = Days after seeding
2 DAH = Days after herbicide application
Means followed by the same letter(s) within a column are not

significantly different from each other at 5% level of
probability using DMRT.
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Table 4.37, Interaction of glyphosate and poste-emergence
weed control treatments on % cutgrass
coverage 1in the direct-seeded lowland rige
at Dadeggl, 198%5~86 dry season.

Application % cutgrass 2
Treatments Rate : Time coverage at 60 DAH
(kG asi./ha) DAsi EIy’pHESg'SE'e Tace o
. ——— (kg ae/ha) ©
0.0 0.5 1.0
putachlor : : ' |
propanil 1.8 » 2.0 14 25.0¢ad 12.1ef 2.3 f
Bentazon + ,
propanil 0.96 + 2.0 14 33.0 ¢ 10.3ef 7.8ef
Benthiocarb « _ ' o
propanil 1.08 4+ 2.0 14 26.0cd 18.cde 8.1lef
Oxadiazon + ' . - S
propanil , 0.7% + 2.0 14 . 31.0 ¢ 6.0ef 2.0 f
Dimethametryn + ' | . .
propanil | 0.75 4+ 2.0 14 32.0 ¢ 7.6ef 4,6af
Propanil 2.0 14 - 31.5 ¢  7.1ef 2.0 f
" Hand=-weedling
twice at 20 & 40 20 & 40 2.0 f 2.0ef 2.0 £
Control 69.1 b 95.6 a 68.3b
SE+ Glyphcosate x Post-emergence weed eontrol 3.99

— - -

1. DAS = Days after seeding
24 DAH = Days after herbicide application
Means followed by the same letter(s) within a ecolumn

are not significantly different at 5% level of
probability using DMRT.
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Table 4, 38. Interaction of glyphosate and post-emergence
weed control treatments on % cutgrass
coverane in the dry-seeded lowland rice at
Badeqggi, 1986 wet season.

Application % cutgraﬁs
Treatments Rate zime coverage at 60 DAH2
(Kg a.i./ha) DAS Gl BﬁBﬂEEE'FEE!""'”

Y
(kg ae/ha)

0.0 0.5 1.0
Butachlor +
propanil 1.8 + 2.0 14 37.5be 11.7¢ 8.7¢c
Bentazon 4+
propanil 0.96 + 2.0 14 48.3 b 21.7bc 10.3¢c
penthiccarb «+
Oxadlazon 4
propanil 0.75 + 2.0 14 35.8bc  9.2c 8.2¢c
Dimethametryn 4+
pl:‘()pani]. 0.75 + 2.0 1.4 B0.0bC ‘].0.0C 5-2(:
FPropanil 2.0 14 44.0b 19.2bc 9.8¢c
Hand-wecding twice at 20 & 40 2.Se 3.3c 4.2¢c
control 79.2a 47.5b 30.0be
SE+ Glyphosate x Post-emergence weed control 10.53

1. DAS = Days after seeding
2. DAH = Days after herbicide application.
Means followed by the same letter(s) within a column are

not significantly different from each other at 5% level
of probability using DMRT.
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Table 4.39., 1Interaction of glyphosate and post-emergence
weed control treatments an % cutgrass
coverage in the wet-seeded lowland rice at
Badeggi, 1986-87 dry season. '

Treatments _Application

rRakte
(kg a.i./ha)

Pczt~-emergence

Butachlor +

propanil 1.8 4+ 2.0
Bentazon +

propanil 0.96 + 2.0
Benthiocarb »

propanil 1.08 + 2.0
Oxadiazon +

propanil 0475 4+ 2.0
Dimethametryn +

propanil 0.75 4+ 2.0
Propanil 2.0

Hand-weeding twice at

Control

Time

DAS

14

14

14

14

14

20 & 40

at 60 paH?

Cutgrass coverage

(%)

Glyphosate.rate (kq

SE+ Glyphosate x Post-emergence weed control

ae/ha).

0.0 0.5 1.0
24.Cbc 5.3 c 4d.6C
35.6b 7.5¢ 5.3c
16.8c 2.1c 2.1C
17.0¢ 2.0c 1.6¢C
16.1c  3.3c 2.0¢
32.5b 7.0c 3.8¢c
2.0 ¢ 2.0c¢ 2.0c
78.63 25.8bc 20,0bc

4.87

1. DAS = Days after weeding

2. DAH = Days after herbiclde application

Means followed by the same letter{s) within a column are
not significantly different at 5% level of probabllity

nsineg NMMRT
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30 DAH only ln all the ¢rials. In 1985-86 and 1986-8

dry seasons at 30 DAH, among the herbicide treatments
only butachlor plus propanil at 1.8 + 2.0 kg a.i.zhah
resulted in comparable % coverace of cutgrass to hand-
weeding. However, at 60 DAH, nonc of the herbicide
treatments was comparable to the hand-weeded control ih
the 1985-86 dry season while benthiocarb plus propanil at
1.08 » 2.0 and dimethametryn plus propanil at 0.75 + 2.0
kg a.i./ha resulted in simllar cutgréss coverage to the
hand-weeded check in 1986-87 dry season. In the 1986-87
dry season, bentazon plus proparil also resulted in higher
% cutgrass coverage than post-cmergence oxadiazon plus
propanll. 1In the 1986 wet season trial, while only
bentazon plus propanil caused higher % COVEraqé at 30 DAH
than the hand-weeded control, all the herblicide treatments
resulted in hlgher value at 60 DAM, Bentazon plus propanil
Btil) resulted in higher coverage than the lowest with
herbicide mixtures caused by dimethamekryn plus propanil.
- In all the trials, the interaction of the post-
emergence herbiclde treatments with glyphosate was o
significant on % coverage of cutgrass at 30 and 60 DAH
{Tables 34 -~ 39), All the post-emergence weed control
treatments including hand-weeding dld not differ signifi-.
cantly in % coverage of cutgrass at 30 and 60 DAH when they

followed both rates of glyphoséte in all the trials,
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Without glyphosate, the mixture of propanil with butachlor
at 2,0 + 1,8 kg a.i./ha, bentazon at 2.0 + 1,08 k7 a.i./ha
at 70 DAH in the 1986 wet season and 2ll the post-euergence
nerbicide treatments at 60 DAH in all the trials resulted
in Zizher § coverage of cutgrass than the hand-weeded
control, With the application of glyphosate at 0.5 and
1.0 ki asi./ha at 30 and 60 DAH in all the trials, all
the post-emergence herbicide treatments resulted in
comparable % cutgrass coverage to the hand-wezded control,

The interaction between pre-emergence oxzdiazon
and post-emergence herbicide treatments was significant
on % coverage of cutgrass at 30 DAH in the 1906 wet and
at 60 DAH in the 1986-87 dry seasons, In both *rials
dimethametryne plus propanil at 0.75 + 2.0 k5 a.i./ha
conisistently produced comparable cutgrass coverage to hand=-
weeding irregpective of the rate of oxadiazon treatment.
Post~-emergence cxadiazon plus propanil at 0,75 + 2.0 kg
asls/ho under both rates of pre-emergence oxadiszon treatment
in 1986 wet season at 30 DAH resulted in comparable cutgrass
coveragze to hand-weedinz, DButachlor plus propanil at 1.8 +
2,0 kg a.i./ha and benthiocarb plus propanil at 1,08 + 2.0
kg a.i./ha at 30 DAH caused comparable cutgrass coverage to

hand=-weeding under zero oxadiazon treatment in the two

trials (Tables 4,40 and 4.41).,
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Table 4.40, Interaction of pre-emergence oxadiazon and
post-emergence weed control treatments on
% coverage of cutgrass in the dry-seeded
lowland rice at Badeqggi, 1986 wet season.

Treatments Application Cutgrass coverage at
LT fne — 30 BARL (E)——
(kg a.i./ha) DAST Oxadiazon rate

g (kg a.i../ha)

0.0 0.75
Butachlor + ‘
propanil 1.8 + 2.0 14 23 be 31 b
Bentazon »
propanil 0.96 + 2.0 14 43 b . 31 b
Benthiocarb +
propanil 1.08 & 2.0 14 26 bc 27 bc
Oxadiazon +
propanil 0.75 + 2.0 14 32 bc 18 ¢
Dimethametryn +
propanil 0.75 &+ 2.0 14 27 bc 16 ¢
Propanil 2.0 14 30 b 15 ¢
Hand-weeding twice at 20 & 40 20 c 9 ¢
Control 91 a 43 b

SE+ Oxadiazon x Post-emergence weed control 6.9

1. DAS = Days after seeding
2. DAH = Days after herbicide application.

Means followed by the same letter(s) within a column
probability using DMRT.
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Table 4.41. Interaction of pre-emergence oxadlazon and
post-emerqgence weed control treatments on
% coverage of cutgrass in the
wet—seeded lowland rice at DRadeggi, 1986-87
dry season,

% cutgrass
Treatments ApplicatiOn__ coverage at 60 DAH2
Rate Time Dxadtazon rakt
(kg a.i./ha) G : adiazon rate
Pre-emergence ' 0.0 . 075
Butachlor +
propanil 1 1.8 + 2.0 14 12.2bcd 9.7 cd
Bentazon + ‘ _
propanil 0.96 + 2.0 14 18.6 b 10.7 cd
Benthiocarb +
propanil 1.08 + 2.0 14 7.9 cd 6.1 d
Oxadiazon &
propanil 0.75 + 2.0 14 8.1 cd B.1 cd -
PDimethametryn +
propanil 2.0 14 16.6 b 12,2bed
Hand-weeding twice at 20 & 40. 2.0 @ 2.0 d
cpntrol 41,6 a 41.3 a
SE+ Oxadiazon x Post-emergence weed control 2.29

1. DAS = Days after seeding
2. DAH = Days after herbicide application.
Means followed by the same letter(s) within a column are

not significantly different at 5% level of probability
using DMRT.
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4,43 Plant height of rice d

At 28 days in the 1986-87 dry season (Table 4,44),
and 56 days in the wet season and 98 tays in both the
dry and wet seasons (Table 4,42), ylyphosate application
at both rates resulted in significantly taller plants
than no glyphosate treatment. At 56 days in the dry
season trial, plants of the plots treated with glyphosate

at 0.5 kg ae/ha were taller than those of 1.0 kg a2e/ha,

Pre-emergence application of oxadiazon only had
significant effect on rice plant height in the dry season
trigl at 28 DAS when the treated plets had shorter plants

then the untreated ones.

In the 1986 wet season and 1986-87 dry seasons, poste
emergence herbicide treatments had significant effect on
plant height at 28, 56 and 98 DAS (Tables 4.4 and
4,44), 1In the two trials, none of the herbicide treate
ments resulted in comparable rice plant height ot 28 DAS
to the nhand-weeded control. At this stage of croup growth
heisnts of plants of the plots treated with oxadiazon

plus propanil at V.75 + 2,0 kg a.i./ha did not differ
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Significantly from those of the untreated plots in the two
trials, Similariy butachlor plus propanil at 1.8 + 2,0 kg ’
a.l./ha resulted in plants of similar heights to those of the
untreated plots in the 1986 wet season.

At 56 DAS, although none of the post-emergence herbicide
treatments resulted in comparable plant height to the hand-
weeded control, all the weed control treatments caused
significantly taller plants than the untreated control in the
1986 wet season and 1986-87 dry season. While rice plant height
was similar for all the herbicide treatments in the 1986 wet
season, bentazon plus propanil at 0.96 + 2,0 k. a.i./ha
resulted in taller rice plants than all the post-euergence
herbicide treatments in the 1986-87 dry season. At 98 DAS,
all the weed control treatments including the hund-weedéd
control caused similar rice plant height in the wet season
trial while those of the post-emergence herbicide treatments
were lower than that ot the hand-weeded control in 1986-87
dry season,

‘ihe interaction between glyphosate and pre-emergence
oxadiazon was signifticant on plant height at 56 DAS in the
1986-87 dry season (Table 4.43). Without pre-epergence oxadiazon,
the tallest plants occurred on plots treated with glyphosate
at 1.0 kg ae/ha while with pre-emergence application of oxadiazon
the tallest plants were obtained with glyphosate at 0.5kg ae/ha.

4,4  Tiller number of rice at 30 DAS
Tiller number of rice was significantly affccted by levels

of glyphosate at 30 and 60 DAS in the 1986 - &7 dry
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Table 4.42. Effects of levels of glyphosate, oxadiazon and weed control
treatments on plant height in the direct-seeded lowland rice

at Badeqggi.

Plant height (cm)

Treatments _ _ _ _ 56 DAS? S8 DAS
Pre-plant glyphosate rate (kg ae./ha) 1986 Ws2 . 1986-87 Umw 1986 WS 1986-87 DS
0.0 S ' 56.5 b 61.6 ¢ 82.6b  77.0 b
0.5 | - 74.2 & B80.9 a . 91.8a  98.0 a
1.0 S 72.5 a " 13.7 b 95.9 a 99.0 a -
SE+ . L 3.69 2,10 3,41 6.29
Pre-emergence S : . . |
Oxadiazon rate (kg a.i./ha) S _
0.0  68.2 a 72.7 a 90.8 a 92.7 a
0.75 o . . . 67.2 a 71.5 a 90.0 a 30.5 a
SE+ o o 2.56  1.75 1.89 1.40
Post-emergence = | : meMM.M.\:mV .
Butachlor + propanil 1.8 4+ 2.0 68.5 b 711 ¢ 90.0 a  94.3 b
Bentazon + propaniil 0.96 + 2.0 67.6 b B0.1 b 87.7 a 93.5 b
Benthiocarb ; propanil 1.08 4+ 2.0 £7.4 b 69.2 ¢ 83.0 a 98.5 b
Oxadiazon + propanil 0.75 4+ 2.0 66.5 b 68.7 ¢ 94.1 a 85.6 b
Dimethametryn + propanil 0.75 + 2.0 65.8 b 70.3 ¢ 88.5 a & 83.4 b
Propanil . 2.0 65.1 b 69.7 ¢ 90.2 a 94.4 b
Hand-weeding twice at - 20 & 40 87.7 a ' 98.8 a 102.9 a  104,5 a
Control (untreated) . 52.1 ¢ 56.7 d 77.0 b 68.5 ¢
SE+ Weed control 3.38 2.66 3.56 3.24

1. DAS = Days after seeding; 2. WS = Wet Season; DS = Dry Season
Means followed by the same letter(s) within a treatment column are not significantly
ifferent at 5% level of probability using DMRT. ~
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Table 4.43. Interaction of pre-emergence oxadiazon
and pre-plant glyphosate on plant height
in the weteseeded lowland rice at Badeggi,
1986-87 dry season.

e ———
Treatments
Pre-plant Rate Time Plaqt height at 36 ——
EerEEcIHe (Kg_ae./ha) 1 DAS (cm)
e —— DBS
—_— ) ra g
a.i./ha)
0.0 0.75
Glyphosate 0.0 21 60.1 ¢ 63.0 ¢
Glyphosate 0.5 21 75.5 b " B6.5 a
Glyphosate 1.0 21 82.5 ab 64.9 ¢
SE+ Glyphosate x Oxadiazon 2.97
Sl _— L S

(4

1. DBS = Days before seeding.
2. DAS = Days after seeding.
Means followed by the same lettew{s) within a goluma

are not significafngly different at 5% level of
probability using DMRT.
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season where it increased significantly with the rate of
glyphosate compared with no glyphosate treatment, In the
1986 wet season, glyphosate at 1.0 kg ae./ha significantly
increased tiller number at 60 DAS compared with no
glyphosate treatment, while at 30 DAS it caused higher
tiller number than no glyphosate treatment but the
difference was not significant. 1In the 1986-87 dry season,
application of glyphosate at 1.0 kg ae./ha significantly
increased tiller number of rice by 48 and 78% at 30 and
60 DAS respectively while iIn the 1986 wet season,
glyphosate at 1.0 kg ae./ha caused aboyt 35.5% gignificant
increase in tiller number at 60 DAS compared with the
control (Tables 4.44, and 4.45.).

Although the effect of pre-cmergence oxadlazon on
tiller number of rice at 30 and 60 DAS in the two trials
was not significant, oxadiazon at 0.7%5 kg a.i./ha
seemed to result in higher tiller number than no oOxadiazon
treatment.

In the 1986 wet and 1986~87 dry seasons all the
post-emergence herbicide trestments resulted in higher
tiller number than the untreated control. At 60 DAS, all
the post-emergence herbicide ktreatments caused lower
tiller production than hand-weeded control in the two
trials, Only butachlor plus propanil resulted in
comparable tiller number at 30 DAS to the hand-weeded check
in the 1986 wet season, while in the 1986-87 dry season
trial, the herbicide treatment was the only one that
caused significantly lower tiller number than the hand-

weeded check.
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Table 4.44. Effects of levels of glyphosate, oxadiaz¢n and weed control
treatments on plant height and tiller :csumﬁ in the direct-
mwmama lowland rice at Badeggi.

T.reatments : Plant height {cm) : Tiller {nc/ha x 10,000)
28 Dbm» 30 DAS
Pre-plant glyphosate rate (kg ae/ha) 3 1986 WS 1986=-87 DS
, 1986 zmm 1986-87DS
0.0 27.0 a 26.3 b 166 a 131 ¢
0.5 | 28.5 a 27.4 a 168 a 168 b
1.0 - 30.0 a 27.7 a 177 a 194 a
SEs 0.86 0.21 | 8.67 3.00

Pre-emergence
Oxadiazon rate (kg a.i./ha)

0.0 | . 28.6 a 26.8 b 167 a 161 a

075 . 28.3 a 27.4 a 175 a 168 a

SE+ , . 0.79 0.21 7.2 4,3 b
POst-emergence ate )

. g a.i./ha)

Butachlor 4+ propanil : 1.8 + 2.0 27.4 bc 27.1 b 184 ab 162 b
Bentazon 4 propanil 0.96 » 2.0 28.3 b 27.6 b 170 b 166 ab
"Benthiocarb + propanil 1.08 + 2.0 28.1 b 27.2 b 176 b 173 ab
Oxadiazon + propanil 0.75 + 2.0 27.4 be 25.1 ¢ 177 b 171 ab
Dimethametryn + propanil 0.75 + 2.0 29.0 b 27.8 b 166 b 175 ab
Propanil 2.0 29.3 b 27.2 b 156 b 173 ab
Hand=weeding x 2 20 & 40 - 31.5 a 29.7 a 211 a 183 a
Control {(untreated) 26.6 ¢ 25.2 ¢ 124 c 111 c
SE+ Weed control C. 0.63 0.33 9.20 6.6 b

1. DAS = Days after seeding; 2. WS = Wet Scason; DS = DIy Season.
Means followed by the same letter(s) within a tregtment column are not significantly
different from each other at 5% level of prebability using DMRT.
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In the two trials, the interaction between glyphosate
and post-emergence herbiclde treatments on tiller number at
30 and 60 DAS was significant. In the 1986 wet season trial
at 30 DAS without glyphosate, maximum tiller number was
obtained with post~emergence oxadiazon plus propanil while
with glyphosate at 0.5 and 1.0 kg ae/ha, ghe hand-weeded
control caused maximum tiller production. Under zero
glyphosate, all the weed control treatments including hand-
weeding resulted in higher tiller number than the untreated
check. Mixtures of propanil with oxadiazon and benthiocarb
also resulted in higher tiller number than the Land-weeded
control, With the application of glyphosate at U.b kg ae/ha,
all the herbicide treatments resulted in lower number than
the hand-weeded check. Only benthiocarb plus propanil at
1.08 + 2.0 kg a.i./ha and butachlor plus propaail at 1.8 +
2.0 kg a.l./ha caused higher tiller number than the untreated
control, With the application of glyphosate at 1.0 kg ae./ha,
among the post-emergence herbicide treatments, only benthiocart
plus propanil resulted in tiller number that was couparable to
that of the untreated control. Mixtures of propanil with
oxadiazon at 0.75 + 2.0 kg a.i./ha, benthiocarv at 2.0 + 1,08
kg a.i./ha and dimethametryne at 2,0 + 0.75 kg a.l./ha had
significantly lower -tiii';r_ Sty thatDite hand-vesdsd cheok
under this glyphosate treatment (Table 4.45).
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Table 4.45. 1Interaction of glyphosate and post-emergence weed control treatments on-
the number of tillers in the dry-seeded lowland rice at Badeggi,
1986 wet season.

Tiller (number/ha x 10,000) at

Treatments xmmeHwnmﬁpoa Time - —Tmw==—====30 DASecmec e

. TKG a.1./ha) 1 Glyphosate rate (kg ae/ha)
Post-emergence — 0.0 8.5 1.0
Butachlor vwoumnww 1.8 + 2.0 ; 14 191 bed 178 cd 182 Una.
_wm:wmmo:.+ propanil 0.96 4+ 2.0 . 14 171 cd 153 cde 186 wma
Benthiocarb + propanil - 1.0 & 2.0 14 193 be 185 be 151 cde
Oxadiazon + propanil 0.75 &+ 2.0 14 206 be - 150 nam, 174 cd
cwamn:msmnn%: + propanil 0.75 + 2.0 14 174 g . 157 cde 167 cd
Propanil 2.0 14 149 cd 135 de 184 bed
Hand-weeding twice at 20 & 40 141 4 262 a 230 ab
Control - 119 e : 123 e | 131 e
SE+ Glyphosate x Post-emergence weed control 17.25

l. DAS = pays after Seeding

Means followed by the same letter(s) within a column are not significant different
from each other at the 5% level of probability using DMRT.
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At 00 DAS in the 198b wet season (Table 4,46), without
glyohosate, all the weed control treatments including
hand-weeding, resulted in similar tiller numbers which 4
were significantly higher than that of the untreated control.,
However with the application of glyphosate at U.” kg ae/ha,
all the herbicide treatments resulted in simllar tiller
number to the untreated control but benthiocaru pnlus
propanil at 1.08 + 2,0 kg a.i./ha resulted in comparable
rice tiller number to the hand-weeded check., Wilh glyphosate
at 1.0 kr ae/ha, while all the post-emergence treatments
resul ted in higher tiller number than the untreatcd control,
only propanil at 2.0 kg a.l./ha, its mixtures with benthiocarb
at 2.0 + 1,08 kg a.i./ha, butachlor at 2.0 + 1.8 kg a.i./ha
caused comparable tiller number to that of the nqnd—wgeded

check,

At 60 DAS in the 1986-87 dry season, without
glyphosate, all the post-emergence herbicide treatments
caused significantly lower tiller pumber than hand-
weeding. With glyphosate at 0.9 kg aeJ/hg,
benthiccarb plus propanil at 1.08 + 2.0, oxadinzon and

propanil at 0,75+2.0 and propanil alone at 2,0 v n.i./ha
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Table 4&.46. Interaction of glyphosate and post-emergence weed control
treatments on the number of tillers in the wet season, dry-seeded
lowland rice at Badeggi, 198¢.

Tiller {number/ha x 10,000} at 60 DAS

Treatments Application

Rate Time Glyphosate rate (kg ae /ha)
Post-emergence (kg a.1./ha) .MMWM 0.0 _ a5 1.0
Butachlor + propanil 1.8 + 2.0 14 234 g-~f 223 d-f 319 Wn&
Bentazon + propanil 0.96 + 2.0 14 - 193 e~f - 230 d-f 302 bed
Benthiocarb + propanil 1.08 + 2.0 14 - 238 c~f 275 b-e 345 mw
Oxadiazon + propanil - 0.75 &+ 2.0 14 254 b-e 238 c-f 303 bed
Dimethametryn s :
propanil 0.75 + 2.0 14 242 c-f : 238 c-f 308 bcd
Propanil . : 2.0 14 249 c-e 243 ¢=f 328 abc
Hand-weeding twice at 20 & 40 285 Ulw 332 ab 403 a
Contreol | _ 103 g 201 e~f . 129 g
SE+ Glyphosate x Post-emergehce weed control wo.ww.

1. DAS = Days after seeding

Means followed by the same letter(s) within a column are not significantly different
at 5% level of probability using DMRT. ¢
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Table 4.47. Interaction of glyphosate and pdst-emergence weed control treatments on
number of tillers in the direct-seeded lowland rice at Badeggi,
1986-87 dry season.

Application Tiller (number/ha x 10,000) at 60 DAS

Treatments Rate Time ~Glyphosate rate (kg ae /ha)

Tkg a.i./ha) wwmw 0.0 0.5 1.0
Post-emergence
Butachlor 4+ propanil 1.8 + 2.0 14 172 e 262 cd 326 ab
Bentazon 4+ propanil 0.96 + 2.0 14 180 e 267 cd 306 ab
Benthiocarb 4+ propanil 1.08 + 2.0 14 174 e 305 ab 302 ab
Oxadiazon 4+ propanil 0.75 w 2.0 14 160 e 320 ab 322 ab
Dimethametryn 4 propanil 0.75 & 2.0 14 171 e 270 c 334 a
Propanil 2.0 14 156 e 299 bc 316 ab
Hand~-weeding twice at | 20 & 40 314 ab 306 ab 319 ab
Control 60 f 238 4 236 d
SE+ Glyphosate x Post-emergence weed control 11.18

1. DAS = Days after seeding.

Means followed by the same letter(s) within a column are not significantly
different at 5% level of probability using DMRT.
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causued comparable tiller number to hand-weedi
Unizr plyphosate at 1.0 kg ae./ha all the weed cuntrol
trecunencs resulted in comparauvle tiller aumb.rs that

were nigher than that of the untreated control (.-bie 4,47).

L.4,5 Rice yield attributes
Pnicle (pumber per hectare)

The eiffect of glyphosate on the number o’ . icles
r hectare was significant in the 136b wet and 1) L=l 7
iry scasons. In the trials both rates of ;ly hwo..nte
recualted in significantly higher number of paniclius per
haectare than rthe no glyphosate treatment (Table 4.,48),
application of pre-emergence oxadiazon -t 0,75
.ie/hu si_nificantly increased the number of n.. . icles
per hectare compared with no oxadiuzon treatmei: in the
two trials,
All the post-emergence weed control trealL...Ls
incluzing the nand-weeded check resulted in ni li.r
nanber ¢l penicles per hectare than the untre eC (oitrol.
M~ post-emergence herbicide treatments causcd o.cor
sumber of panicles per hectare than the hanu-w.. o .d check
in 1686 wet and 1986-87 dry seasons,
The interaction between glyphosate and post-emergence

weed control treatments was significant on the ' umber of

panicles per hectare in the 1986-87 dry season.
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A\

Table 4.48. Effects of levels of glyphosate, oxadiazon and weed control treatments |
tiller number and panicle number in the direct-seeded lowland rice at Badeggi.

Tillers (no/ha x 10, ooov Panicle (no/ha x 10,000)

Treatments

5 60 Urm u : at Harvest

Pre~plant glyphosate rate (kg ae/ha) 1986 WS 1986-7D3 1986 ws 1986-87DS

9.0 . 225 Db 173 ¢ . 172 b 155 b

0.5 - _ . 248 ab 183 b 242 a 261 a

.0 - . 305a 308a 247 a 266 a

SEx+ . . ... ... . 15.00 = 11.00 2.43 2,00
Pre-emergence _
Oxadiazon rate {kg a.i./ha)

0.0 . - 245 a 253 a 214 b 219 b

0.75 271 a 256 a 242 a 236 a

SE+ a - | 13.22 - 4.0 4.20 3.17
POst—=emergence _ Rate

(kg a.i./ha)

Butachlor + propanil =~ 1.8 + 2.0 259 b 254 b 241 b 221 b
Bentazon ¢ propanil 0.9 4+ 2.0 242 b 251 b 212 b 223 b
Benthiocarb + propanil 1.08 + 2.0 286 b 260 b 244 b 229 b
Oxadiazon + propanil = 0.75 + 2.0 265 b 268 b 222 b 239 b
Dimethametryn + propanil 0.75 4+ 2.0 ~ 263 b 258 b - 258 b 234 b
propanil - 2.0 273 b 257 b 241 b 235 b
Handeweeding twfce - 20 & 40 - 340 a 313 a 305 a 215 a
Control (untreated) - o S 144 ¢ 178 ¢ 71 ¢ 141 ¢
SE+ Weed control 16,00 4700 T 8.%0 - 6.00

1. DAS = Days after seeding; 2. WS = Wet seagon; 3. DS = Dry Season

Means followed by the same letter(s) within a treatment column are not significantly
different at 5% level of probability using DMRT.



Table 4.49. 1Interaction of glyphosate and post-emergence weed control
treatments on number of panicles in the wet-seeded lowland
rice at Dadeggi, 1986-87 dry season.

Application Panicle (number/ha x 10,000)
Treatments Rate Time
Tk a.i./ha) MMMH Glyphosate rate (kg ae/ha)
Post-emergence 0.0 0.5 1.0
3utachlor 4+ propanil 1.8 + 2.0 14 MMM cd MMN ab MMM b
3entazon s propanil 0.96 + 2.0 14 125 d 271 ab 273 ab
Denthiocarb + propanil 1.08 4+ 2.0 14 152 cd 248 b 286 a
mm Oxadiazon + propanil 0.75 + 2.0 14 154 c 275 ab 288 a
Dimethametryn &+ propanil 0.75 + 2.0 14 139 cd 276 ab 289 a
Propanil 2.0 14 149 cd 276 ab 280 a
Hand-weeding twice at 20 & 40 287 a 297 ab 302 a
control 87 e 166 c 169 ¢
SE+ Glyphosate x Post-emergence weed control 9.41

1. DAS = Days after seeding

»

Means followed by the same letter(s) within a column are not significantly
fferent at 5% level of probability using DMRT.

” . =
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Under all rates of glyphosate in the 1986-87 dry season,
postecnergence weed control treatments includins hand-
wizeding resulted in significantly hisher number of
panicles than the untreated control, With zlyphosate
at 0,5 kg ae/ha all the herbicide treatunents were
comparable in nunber to the hand-wredcd control, while at
1.0 ks ae  of zlyphosate, butachlor plus propanil at 1.8 +
2,0 kg a.i./ha resulted in lower number than h-ond-weeding,
Without glyphosate, all the herbicide treatments caused
lower panicle production fthan the hand-weeded conirel’
(Table &.49),

Spikelets per panicle

i‘he effect of glyphosate on the number of cpikelets

per panicle in the 1986 wet season and 1986-07 (v season
was significant. In the 1986 wet season, glypnhosate at
0.5 and 1.0 kg ae/ha similarly resulted in hi jner number of
spikelets per panicle than no glyphosate treatment. In the
1986=-87 dry season, number of spikelets per panicle

increased signiticantly with the rate of glyphosate treatment
in the trial, The number of spikelets were 113, 147 and

154 for glyphosate at 0,0, 0.5 and 1.0 kg =e/hu respectively
in the 1986 wet season trial, Corresponding values for the
198G-87 dry season trial were 93, 147 and 174, rcuzpectively
{(Table 4,50).
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different from each other at 5% level of prebability using DMRT.
_ A
Ty

Table 4.50. Effects of levels of glyphosate, oxadiazon on weed conircel trestments
on spikelets per panicle and % unfilled grains in the direct-
segfed lowland rice at Badeggi.
Treatments Application mﬁwwmmemASOmvmnmnpmm unfilled crains(%)
Fre-plant glyphoszte rate (ka ae./ha)l 1586 5~ 1286-87 DS~ . 1986 =S 1.2EBE€=-87 DS
0.0 . - 133 b %3 ¢ 17.3 b 31.6 &
0.5 o~ - o : T %51 b 147 b 31.3 & i6.E b .
1.0~ - o 159 a 174 a 25.9 b 14.0 ¢
SE+ . - 3.29 2.00 0.36 C.69
Pre-emergence _
Oxadiazon rate (k¢ z.i./ha)
G.C : .. 1l2e b 136 b J9.7 a 2i.7 =&
.75 C : 158 & 14 & 26.5 b 18.9 &t
‘SEs _ . 1.28 2.00 C.5¢ C.4C
o - : . - Rate _
Post-emergzrice _ (ko a.i./ha) _ .
Butachlcr , propanil L 1.8 + 2.0 132 b 148.%0 21.8 ¢ 7.9 ¢
Bentazon + cropanil 0.%6 + 2.0 129 b 134 ¢ ?24.3 ¢ 1.7 b
senthiecarb + ororanil | 1.08 &+ 2.0 154 b 148 b 23.6 bc 18.8 ¥c
Oxadlazcern + proranil C.75 + 2.C 167 b 145 bc 20.92 ¢ 16.72 ¢
Uwamwvmamrh%3+ﬁnu,mnww 0475 4+ 2.0 . 185 b 143 bc, 2.2 @ 17.6 ¢
FPropanii _ 2.0 - - 135 b 141 bc 20.8 b 18.%2 tc-
Hand-weeding twice ot 2C & 40 179 & 171 a 10.£ ¢ 7. ¢
Control (untreasted) _ 46 c 75 & 84.¢ a 48,5 &
5E+ weed control 3.71 4.00 3.00 1.25
1. ¥8 = w=z% Season; 2. DS = bry Seascn
eans followed “y the same letter(s) within a trestment column are nct significentiy
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Pre=emergence oxadiazon at 0.75 kg a.i./he
si i7icantly increased the number of spikelets neor
panlele compared with no oxadiazon treatment in the
two seasons.

All the herbvicide treatments resulted in 'Lcher
nunb:r of spikelets per panicle than the 1986-87 dry
seasons, bentazon plus propanil at 0.96 + 2,0 kg a.i./ha
resulted in lower number of spikelets than the wmixtures
of propanil with butachlor and benthiocarb.

The interaction between glyphosate and pos'-emergence
herbicide treatments was significant on the number
splkelets per panicle in the 1986 wet . and 198687
dry season trials (Tables 4.51 and 4,52). In the 1986
wet season, without glyphosate all the post-emergence
herbicide treatments resulted in lower number of spikelets
per panicle than the hand-weeded control, With the
application of glyphosate at both 0.5 and 1.0 kg ae/ha,
among the herbiclde treatments, only bentazon plus propanil
resulted in significantly lower number of spikelets per

panicle than the hand-weeded control,
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Table 4.51. 1Interaction of glyphosate and post-emergence weed control
treatments on number of spikelets per panicle in the dry sceded
lowland rice at Badeggi, 1986 wet season,

Spikelets per panicle

Ireatments MMﬂMﬁH»nmnwoa Time Glyphosate rate (kg ae./ha)
POost—-emergence kg 2.1./ha) wmwu 0.0 0.5 1.0
Butachlor 4+ propanil 1.8 + 2.0 14 114 ¢ 170 b 187 ab
Bentazon + propanil 0.96 + 2.0 14 117 ¢ 135 ¢ 135 ¢
Benthiocarb + propanil 1.08 4 2.0 14 119 ¢ 174 ab 167 b
Oxadiazon + propanil 0.75 + 2.0 14 134 ¢ 180 ab 188 a
Dimethametryn + ,

propanil 0,75 4+ 2.0 14 121 ¢ 182 ab 191 a
Propanil 2.0 14 108 ¢ 182 ab 182 ab
Hand-w=eding twice at 20 & 40 173 ab 102 ab 182 ab
Control 21 e S0 d 66 d
SE + Glyphosate x Post-emergence weed control 6.85

e

1. DAS = Days after seeding

Means follcwed by the same letter(s) within a column are not significantly
different from cne another at the 5% level of probability using "MRT.

"
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_;”HmSHm 4452, 1Interaction of glyphosate and post-emergence wead control
treatments on the number of spikelets per panicle in the wet-

seeded lowland rice at Zadeggi, 1986-87 dry season.

" Application
Treatments SETTS Time
- DAS
Fost-emergence
Jutachlor + propanil 1.8 + 2.0 14
Rentazon + propanil 0,96 3+ 2.0 14
nenthiccart + propanil 1.08 + 2.0 14
Oxadiazon + propanil 0.75 4+ 2.0 14
Dimethametryn + propanil .75 + 2.0 14
Propanil 2.0 14
Hand=waeding twice at 20 & 40

Control

SE+ Glyphosate x Post-emergence

Spikelets per panicle

Glyphosate rate (Kg
0.0 0.5
99 e 165 bed
80 e 149 4
23 e 158 cd
95 e 152 cd
92 e 156 cd
23 ¢ 157 cd
152 cd 162 bcd
36 g 79 £
7.0

ae /ha)
1.0
181 ab
174 be
187 ab
188 ab
180 ab
172 bc
199 a
100 f

1. DAS = Days after seeding

Means followed by the same letter(s) within a column

differant at 5% level of probability using DMRT.

»

are not significantly
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Table 4.53. Interaction of pre-emergence oxadlazon and post-emergence weed con-
trol treatments on the number ©f spikelets per panicle in the
dry-seeded lowland rice at Badecggi, 1986 wet season.

Application ) Spikelets per panicle
Treatments FAe - Oxadiazon rate (kg a.i./na)

(kg a.i./ha) DAS 8 5 8. 9%
Post—emergence i Riide
Butachlor + propanil 1.8 + 2.0 14 135 cd 179 a
Bentazon + propanil 0.96 + 2.0 14 121 d 137 &4
Benthiocarb + propanil 1.08 4+ 2.0 14 144 c© 164 bc
Oxadiazon 4+ propanil Q.75 + 2.0 14 157 ¢ 178 ab
Dimethametryns+propanil 0.75 + 2.0 14 147 € 183 a
Propanil 2.0 14 126 & 143 ¢
Hand-weeding twice at a0 & 40 175 ab 183 a
centrol 3 f 88 e
£L. Oxadiazon x Post-emergence weed control 5.07

—

1. DAS = Days after seeding

Means followed by the same letter(s) are not significantly different at
% level of prcbability using DMRT.
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In the 1986-87 dry season, without glyphosate no poste
emergence herbicide treatment was comparable te the
hand-weeded check., While with glyphosate at 0.5 kz a.é/ha/
all the post-emergence herbicide treatments were
comparable, On plots treated with glyphosate 1.0 kg ae/ha,
propanil and its mixture with bentazon resul hed in lower
nunber of spikelets per panicle than the hand-weeded
control,

The interaction between pre-emergence oxadlazon
and post-emergence herbicide treatments was =i, ificant
on the number of spikelets per panicle in the 1U8f wet
season, In this trial, no post-emergence herbicide treatment
was comparable to the handi-weeded control in the number of
spikelets per panicle when no pre-emergence oxadiuzpn
was applied, Propanil alone at 2.0 ﬁg a.1./ha and
the mixture of propanil with bentazon at 2.0 + 0,96 kg
a.l./ha caused lower number of spikelets per canicle than
the mixtures cof propanil with oxadiazon and dimethametryn
each at 2.0 + 0,7% kg a.i./ha and benthiocarb at 2.0 + 1.08
kg a.l./ha {(Table 4.53),

With the pre-emergence application of oxadiazon at
0.75 kg a.i./ha, post-emergence oxadiazon plus propanil
and dimethametryn plus propanil each at 0.75 + 2.0 kg
a.l./ha and butachlor plus propanil at 1.8 + 2.0 kg a.i./ha
resulted in comparable number of spikelets to the hand-weeded

check.
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Propanil alone and its mixture with bentazon also produced
significantly lower number of spikelets per panicle than
the post-emergence herbicide treatments indicated above !

whern they followed pre-emergence application of oxadiazon.

% Unfilled grains

The effect ot glyphosate on % unfilled grains although
significant did not show a consistent trend in the 1986 wet
season and 198b-87 dry season. While the maximum v unfilled
grains occurred with glyphosate at 0.5 kg ae/ha in 1986
wet season, % untfilled grains decreased with the rate of
applied glyphosate in 1986~87 dry season (lable 4,50),

Pre-emergence oxadiazon at 0,75 kg a.i./na significantly
reduced j unfilled grains compared with no oxadiazon
treatment in the 1986 wet season and 1986-87 dry season.
Application of pre~emergence oxadiazon at 0.75 kg a.i./ha
reduced % unfilled grains from 30% and 22% without oxadiazon
to 26% and 20% in 1986 wet season and 1986-87 dry season
(Table 4,50).

Ine number of unfilled grains was also significantly
reduced by all the post-emergence weed control treatments
inciuding the hand-weeded check compared with the untreated
control. The herbicide treatments resulted in higher
value than the hand-weeded check in 1986-87 dry season
while dimethametryn plus propanil was comparable to the

hand-weeded check in value in the 1986 wet season,
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The interaction between glyphosate and post-emergence
herbicide treatments was significant on % unfilled grains
in the 1986 wet season and 1986-87 dry season., In 1986
wet season, irrespective of glyphosate treatwent, propanil
resul ted in higher % unfilled grains than the hand-weeded
check, With glyphosate at 0.5 kg a.e./ha propinil also
resulted in higher % untilled grains than its mixture
with dimethametryne. When the post-emergence nerbicide
trcatments tollowed glyphosite at 1.0 kg ae/ha only
mixtures of propanil with dimethametryn and o:udlazon
resulted in lower % unfilled grains than the nand-veeded
check (Table 4,54),

In the 1986-87 dry season, none of the gost-émergencc
herbicide treatments was comparable to the hand-weeded
check in the % unfilled grains under no glyphosale
treatment, With glyphosate at 0.5 kg ae/ha propanil
alone at 2,0 kg a.i./ha and the mixture with bentazon
and dimethametryne caused higher i unfilled grains
compared with the hand-weeded check (Table 4.55), However,
all the post-emergence herbicide treatments were comparable
to the hand-weeded check when they followed glyhosate at

1.0 kg ae/ha,
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Table 4£.54. Interaction of glyphosate 2and post-emergence weas control
treatments on % unfilled grains in the dry-seeced lowland
rice at Badeggi, 1986 wet season.

. osate rate .

Txg a.i./ha) DAS | mth 9.5 9 1.0
Post—emergence
Butachlor + propanil _ 1.8 + 2.0 14 . 17.1 cde 21.5 bcd 26.6 bc
Rentazon + propanil : 0.96 + 2.0 14 20.6 bed 24.6 bcd 18.5 bcd
aenthiccarb + propanil 1.08 &+ 2.0 , 14 17.3 cde 29.8 he 23.5 bed
Oxadiazon + propanil Co75 4+ 2.0 14 24.5 bcd 21.5 bcg 16.8 cde
Dimethametryn + propanil .75 + 2.0 14 © 14.0C cde 14.0 cde 8.6 de
propanil 2.0 14 _ 34.8 b 35.6 b 21.8 bed
Hand-weeding twice at o 20 & 40 16.C cde 13.5 cde 1.6 e
Control _ 7.8 a 90.0 a 90.0 a
SE+ Glyphosate x Post-emergence weed control 5.41

1. DAS = Days after seeding

Means followed by the same letter(s) within a column are not significantly
different from one another at the 5% level of probability using DMRT.
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Table 4.55.

Interaction of glyphosate and post-emergence weecd control

treatments on % unfilled grains in the wet-seeded lowland rice

at padeggl, 1986-87 dry season.
Trestments mvnwwnmwno: ) Unfilled grains (%)

%mwmm.w.\jmv M%Hm Glyphosate rate (Kg ae./haj)-

Post=cmerJjence DnS 2.0 9.5 1.0
Butachlor + propanil 1.8 4+ 2.0 14 31.3 ¢ 12.8defg 9.5 f
Bantazon + propanil 0.96 + 2.0 14 31.6 ¢ 18.1 d 13.3 def
3enthiccard + propanil 1.08 + 2.0 14 31.5 ¢ 12.0defqg 12.8defg
Cxadizzon + propanil 0.75 + 2.0 14 27.6 ¢ 12.5defg 8.1 fg
Dimethametryn + propanil 0.75 ¢ 2.0 14 29.3 ¢ 13.6 def 9.6 fg
Propanil 2.0 14 30.Cc 15.8 de 10.3 efg
Hand-wzeding twice at 20 & 40 9.0 fg 7.0 g 7.8 fg
Control 62.1 a 42.6 b 40.6 b
3E+ Glyphosate x Post-emergence weed control 2.14
1. DiS = Days after seeding

Means followed by the same letter(s) within a cclumn are not significantly
different from one another at the 5% level of probability using DMRT.

w
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- Table 4.56. Interaction of pre-emergence oxadlazon
and some post—-emergence weed control
treatments on ¥ unfilled grains in the
dry~seeded lowland rice at Badeggi
1986 wet season,

Treatments Application Unfilled grains(%)
Rate

gj
3
1]

Oxadlagzon rate

(kg asi./ha) DASa (kg a.i./ha)
Pocst-emergence ' 0.0 , 0.75
Butachlor + ' -
Bentazon +
propanil 0.%6 + 2,90 14 17.7bcC 22.7hc
Benthilocarb 4
propanil ']..08 + 2.0 14 2506b ) 21¢4bc
Oxadiazon ¢
propanil 0.75 4+ 2.0 14 21le1be 20, 7bc
Dimethametryn <+
Propanil 2.0 14 39.9b 21.6 ¢
Hand-weeding twice at ' 20 & 40 10.2 ¢ 10.5 ¢
Control _ B6.6 a 83.2a
SEx Oxadiazon x Post-emergence weed control 4.40
1. DAS = Days after seeading o e

Means followed by the same letter(s) within a column
are not significantly different at the 5% level of
probability using DMRT.
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fhe interaction between pre-emergence oxniliazon
at U.75 kg a.i./ha and post-emergence herbicide
tre-tments was significant on f unfilled ¢rains in the
1980 wet season. When no pre-~emergetice oxadiazon wos
applied propanil alone and the wmixture with benzihiocard
resulted in higher % untilled grains than the hand-weeded
check (Table 4,56), With the application of pre-rcmergence
ox~diazon at 0,75 kg a.i./ha in the 1380 wet seucon all
the »ost-emergence herbicide treatments were comparable to
the hand-weeded check (Table 4,56),

fice grain yield

In all the trials, rice grain yields with _lyrvhosate
at 0,5 and 1,0 kg ae/ha were similar but significontly
higher than that of no glyphosate treatment. Hlicc gréin
yields were 1.8 t/ha, 3.9 t/ha =2nd 4,1 t/ha for ;lyphosate
at 0,0, 0.9 and 1.0 kg ae/ha respectively in the 1985-86
dry season trial., Corresponding values were 1.8 L/ha,

4,1 t/ha and 4,2 t/ha tor the 1986-87 dry season irial
and 3.0 t/ha, 4.3 t/ha and 4.0 t/ha for the 1380 wet
senson trial (Table 4.97).

Pre~cmergence oXadigzon ol 0.75 kg a.i/ha esul ted
in significantly higher rice grain yield than uc oxadiazon
treatuent., Application of pre-cmergence oxadi-zon at

0.5 k3 wele/ha increased grain yleld in 19385 - o6 dry,
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¢t and 190€-87 dry seasons respectively, irom
5.4 and 3.2 t/ha without oxadiazon to 3.4, ‘.7 and

‘o0 Tiha.

Jeed control treatments resulted in significantly

i her rice grain yields than the untreated control in

11 the trials (Table 4.57). In 1485«-86 and 19:6=87

iry cseasons all the post-emergence herbicide treatments
chused lower rice grain yield than the hand-wecded check.
s1'ein vields on the plots which received treatments of
ropanil mixtures with dimethametryne and oxadiazon each
it 2.0 + C.75 kg a.i./ha, were comparable to the hand-
weeded check in the 1986 wet season. Bentzzon plus
propanil resulted in lower grain yield than all Uic other
pvosi~emergence herbicide treatments in 198C-E7 dry season
nd with the exception of propanil at 2.0 kg u.is/ha in

the 108€ wet season (Jable 4.57).

The interaction between glyphosate znd

post-emergence herbicide treatments was siguificant cn

grain yield in all the trials. Without glyphossie, none

of the post-emergence herbicide treatments resulted in
comparable grain yield to the hand-weeded check in the
dry season trials, while mixtures of propanil with
butachlor, oxadiazon and dimethametryne were comparable
in grain yield during the wet scason. In the 1985-86 dry
season, under glyphosate at 0.5 kg ae./ha only bentazon
plus propanil caused lower rice grain yield than the hand-
weeded check while under glyphosate at 1.0 kg ae/ha, only

propanil at 2.0kg a.i/ha resulted in lower rice grain yield than
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Table 4.57. Effects of levels of glyphosate, pre-emergence
oxadiazon and weed control treatments en grain
yield in the direct~seeded lowland rice at

Badeggi.
Treatment Grain yleld Ef/ha)
Pre-plant 1983-86 1926 1986
D3 WS D3
Glyphosate rate (kg ae/ha)
0.0 1.8 b 3.0 b 1.8hb
0.5 3.9 a 4.3 a 4.1a
1.0 4.1 a 4.6 = 4.2a
Pre-emergence, l
Oxadiazon rate (kg a.i./ha)
0.0 . 3-1 b 3.4 b 3.2b
0.75 3.4 a 4.7 a 3.6a
SEs 0.04 G .06 0.03
Post-emergence Rate
(kg a.i./ha}
Butachlor +
propanil 1.8 + 2.0 3.5 b 4.7 b 3.7
Bentazon + . X
Benthiocarb
propanil 1.08 + 2.0 3.3 b 3.9 ¢ 3.7b
Oxadlazon 4
propanil 0.75 + 2.0 3.5 b 4.7 a 3.6h
Dimethametryn «+
propanil 0.75 4+ 2.0 3.5 b 5.3 a 2.5b
Propanll 2.0 3.1 b 3.4 de 3.5b
Hand~weeding t
twice at 20 & 40 4.6 a 5.0 a 4.4a
DA83
control 1.5 ¢ 2.0 e 1.7¢
SE+ 0.10 0,17 0.07
1. DS = Dry season; 2. WS = Wet season;

3. DAS = Days after seeding

Means followed by the same letter(s) are not significantly
different from each other at the 5% level using DMRT.
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Takle 4.58. Interaction of qlyphosate 2nd post-emergence weed control
treatments on grain vield in the wet-seeded lowland rice

at 3zadeggi, 1935-86 dry season

Treatments mmMMmHMnmnwO: ime
Post—-emerqgence 1kg a.i./ha) bas T
Butachlor 4+ propanil 1.8 + 2.0 14
Bentazon + prcpanil 0.96 + 2.0 14
Benthioccarbh + prcpanil 1.08 + 2.0 14
Oxadiazon + propanil 0.75 + 2.0 14
Dimethametryn + propanil . 0.75 + 2.0 14
Propanil 240 14
Hand-weeding twice at 20 & 40
Control

SE+ Glyphcsate x Post-emercence weed control

Grain vield (t/ha)

Glyphosate rate (kg ae/ha)

0.0

e
L]

o RN

de

cf

de

de

0e5

4.2 ab

4.3 ab
4,3 ab

4.3 ab

c

1.0

5 ab

w
&
T

4.
4.
&.

Lo fo

{=
L]

1. DAS = Days after seading.

Means followad by the same letter(s) within a column are not significantly

different at 5% level of probability using DMRT.
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Table 4. 5%. Interaction of ¢lyphosate snd post-emergence weed contrcl trentments

on arain yield in the dry-seeded lowland rice at 3adeogl, 197%¢€ wet sesson.

Application Grain yield t/ha

Treatments Rate Time Glyphosate rate (kg ae/ha
Post-emergence (kg a.i./ha) DAS J.0 0.5 1.0
Butachlor + propanil 1.8+ 2.0 14 3.8 ¢ 5.2 ab 5.1 ab
Bentazon + prapanil 2.98 + 2.0 14 2.4 f 3.0 def 4.2 bc
genthiocarb + propanil L208 1+ 2.0 14 2.0 ef .m.m he 4.4 be
Oxadiazon + prepanil 0.75 4+ 2.C 14 3.5 he 5.4 a 5.2 a
pimethametryn + propanil 0.75 + 2.0 14 3.9 cd 5.3 ab 5.6 a
Propanil 2.0 14 2.6 ef 3.4 de 2.2 bc
Hand-weedlng twice at 20 & 4C 4.5 bc 5.0 ab 5.5 a
Contrcl ‘ 6.8 g 2.3 f 2.9 ¢
SE Glyphosate x Post-emergence weed control C.31

1. DAS = Days after seeding

Means followed by the same letter({s) within a column are
different from each other at the 5% level of probability

nct significantly

using DMRT.



the hand-weeded check, (Table 4,53)., In this trial o
without glyphosate, propanil and its mixture with
benthiocarb resulted in comparable grain vield to the
untreated check {(Table 4,58)., .

| In the 1986 wet season, under glyphosate at 0.5 kg
ae/ha, propanil alone at 2.0 kg a.i./ha and the mixture with

bentazon resulted in significantly lower yield than those

‘of the hand-weeded check and the other post-emergence

weed control treatments (Table 4.,99). The mixture of )
propanil with butachlor, benthiocarb, oxadiazon and dime-

thame tryne resulted in comparable grain yield to the hand-
weeded contrel under the same glyphosate treatment. With
glyphosate at 1.0 kg ae/ha, the mixture ol propanil with
butachlor, oxadiazon and dimethametryne produced similar

rice grain yield te the hand-weeded check, Under the same
glyphosate treatment, propanil alone at 2.0 kg a.i./ha, its
mixture Qith bentazon and benthiocarb resulted in similar
grain yield but significantly lower than those of dimethametryne
plus propanil and oxadiazon plus propanil., Without glyphosate,
dimethametryne plus propanil resulted in higher grain yield
than all the other post-emergence treatments except oxadlazon
plus propanil in the trial. In the 1986-87 dry season,

with glyphosate at 0.5 kg a.e/ha,



LW

Table 1.63. Interaction cof glyphosate and ﬁOWﬁlmamn@m:nm weed contrcl treatments
on grain yield in the dry season, wet-seceded lowland rice at _

Badeqgi, 1986-87.

Treatments o Applicaticn . Grain yield (t/ha)
ﬂmwwlwamﬂnm:nm %mmmm.pixsmv MWMM e.mm MWMnjommwmowmwm (kg MWMij
Aautachlor + ﬁnﬂvwnnw 1.8 + 2.0 H. Mb”w._;.. 1.8 £g 4.3 bc 4.5 ab
sontagon s propanil - 0,96 4+ 2.0 © 14 . 1ih 4.0 cd 4.3 be
3enthiocarb #+ prcopanil 1.0 &+ 2.0 - a0 : 1.7 g 4.1 bed 4.5 ab
Oxzacdiazon ¢+ prcpanil . 0.7% & 2.0 _ Hb_ Lo 1.0 h 4.4 abe L.4 abc
Dimethametryn + propanil-. 0.75 + 2.0 - 14 _” _ © 1.8 fg - 4.2 bed 4.3 bc
propanil S 2.6 . 14 1.6 g 4.2 abe 4.3 be
Hand-wecading twice mwmu i \ _ R 20 & 40 - 3.6 d 4.7 a 4.7 a
Control o 0.5 i 2.1 efg 2.2 e
SE+ Glyphosate x Post-emergence weed no:wn.owﬂ_.__H - 0a.13

1. DAS = Days after seeding

Means followed by the same letter(s) withln a column are not sighificantly
different from each cther at 5% level of probability cmwma DMRT.

A
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Table 4.61. Interaction of pre-emergence oxadiazon
and post-emergence weed control treatments
on grain yield in the wet-seeded lowland
rice at Badeggi 1985-86 dry season.

Treatments Application Grain yield(t/ha)
Rate Time Oxadlazon rate
Post-emergence (kg a.,i./ha) DASi (kq a.i./ha)
0.0 0075
Butachlor +
propanil 1.8 4+ 2.0 14 3.4bc 3.6b
Bentazon +
propanil 0.96 + 2.0 14 3.0cd 3.5b
Benthiocarb
proepanil 1.08 + 2.0 14 2.8d 3.6b
Oxadiazon +
propanil 14 3.3bed 3.5b
Dimethametryn +
propanil 0:75 &+ 2.0 14 3.5b 3.4bc
Propanil 2.0 14 2.9d 3.2bcd
Hand-weeding twice at 20 & 40 4.5a 4.5a
Control 1.2e 1.3e
SEs+ Oxadiazon x Post-emergence
weed control 0.14

P S — -

e ——— e —— e

1. DAS = Days after seeding

Means followed by the same letter{s) within a colum acre
not significantliy differeat at 55X level of probability
using DMRT.
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Table 4,.62. Interaction of pre-emergence oxadlazon and
s post-emergence weed contrel treatments on
grain yield in the dry-seeded lowland rico
at Badeqggl 1986 wet season.

“reatments

Post-cmergence

Butachler 4+
propanil

Santagzon &+
poopanil
.
Benthiocarbh «+
propanil

Oxadiazon +
propanil

Dimethametryn +
propanil

Propanil

.
P (TR
R

Hand-weeding twice at

Cantrol

Application Grain yield"(tih%)
Rate Time Oxadiazon ratc (Kg)
— 0 da.i./ha) -
(kg _a.i./ha) DrS~ 0.0 0.75 |

‘ |

1.8 + 200 14 3.8 Cd 5.6 a 'I

i

1.08 + 2.0 14 3.2 d 4.6 be i
0.75 + 2.0 14 4.1 % 5.3 ab i
0.75 + 2.0 14 4.9 b 5.7 a |
2.0 14 2.8 d 1.0 ¢ -

20 & 40 4.8 b 5.2 ab :

1.1 e 2.9 d ”

SE_-L Pre-emergance oxadiazon

x Post-emergence 0.24
weed control

Yi. DAS = Days after seeding

Means followed by the same letter(s) within a column .
are not significantly different from each other at i
the 5% level of probability using DMRT. i
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Propanil alone at 2.0 kg a.i./ha and the miitufelcf .
propanil with oxadiazon at 2.0 + 0.75 kg a.i./ha
produced comparable grain yield to the hand-weeded
control. Under glyphosate at 1.0 kg ae/ha, mixtures
of propanil with butachlor, benthiocarb and oxadiazon
resul ted in comparable rice grain yield production to
the hand-weeded control,

The interaction between pre~emergence oxadiazon
and post-emergence herblcide treatuwents was signlficant
on rice grain yleld in all the trials. In the dry season
trials, none of the post-emergence herblcide mixtuwres
resulted in comparable rice grain yields to the hand-
weeded check under the two oxadiazon treatments. In
' -_1985-86 dry season, without pre-smergence oxadiazon,

_ _'propanil alone at 2.0 kg a.i./ha and the mixtureél.:
.i ;with benthiocarb at 2.0 + 1.8 kg a.i./ha, and bentazon
| at 2.0 + 0,96 kg a.i./ha resulted in significantly
lower grain yield than the best herbicide treatment,

dimethametryne plus propanil at 0.75 + 2.0 kg a.l./ha,

Without pre-~emergence oxadlazon, mixtures of
propanil with oxadiazon and dimethametryne resgulted in
rice grain vields that were comparable to that of the

hand-weeded control but significantly higher than those

of the other post-emergence herblcide treatments.
However with pre-emergence oxadlazon application, in

adgdition to the pogt-cmergence herblelde ireatments



174

indicated, mixtures of propanil with butachlor and
benthiocarb also caused similar agrain production to the
hand-weeded control. As observed in the wet season,
propanil and its mixture with bentazon resulted in
significantly lower rice grain yield than the best
herbicide treatment, oxadlazon plus propanil, when no
pre-emergence oxadiazon was applied in the 1986-87 dry
season, However with the pre-emergence application of
oxadilazon, only bentazon plus propanil caused lower rice

grain production in this trial,
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Table 4.63. Interaction of pre-emergence oxadlazon
and some post-emergence weed control
treatments on grain yield in the wet-seedec
lowland rice at Badeqgi, 1986-87 wet seasor.

Treatments Application Ggrain yield (t/ha)

Rate Time Oxadlazon rate
a.i./ha)
ol = D

Post—-emergence (kg a.i./ha) DAS 0.0 Q.75

Butachlor + o

propanll _ 1.8 + 2.0 14 3.5 bc 3.0 Db

pentazon + ' : S

propanil 0.96 + 2.0 14 - 3.1 4 3.3 cd

Benthiocarb + o

propanil 1.08 + 2.0 14 3.3 be 3.7 B

Oxadiazon «

propanil . . . 0.75 + 2.0 14 3.7 b 3.5 be

Dimethametryn + R S

propanil . 0.75% &+ 2.0 14 3.4 bc 3,6 be

Propanil 2.0 - 14 3.2 ¢cd 3.8 Db

Handweeding twice at 20 & 40 1.3 a 4.4 a

Control _ _ . 0.6 Ff 2.7¢

SE+ Pre-emergence oxadlazon x POst-emergence
weed control ¢.11

1. DAS = Days after seeding

Means followed by the same letter(s) within a column
are not significantly different at 5% level of
probability using DMRT.
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4.2 Correlation studies 1983 and 1983-84

Growth characters such as number of tillers,
panicles and spikelets per panicle were significantly
positively correlated with rice grain yield in the
1986 wet and 1986-87 dry seasons (Tablaes 4.64 and 4.65),
On the other hand grain yield and yield attributcs of
rice were significantly negatively correlated with
cutgrass dry welght. |

The regression of crop growth characters such
as plant height at harvest, number of tillers per ha
at 60 DAS and yield attributes such as number of
panicles per.ha, spikelets per panicle, % unfilled
grains and grain yield on cutgrass dry weight at &0
DAH was calculated for the two seasons as shown in
table 4.66. As depicted in the regression curves
(Figs 5-%9}, there was a significant increase
in grain yield and other vyield attributes.as cutgrass
dry weight decreésed as a result of chemical
control. Genorally, an lncrease in one kg of cutgrass
dry weight/ha corresponded to redguckion of two kg of

rice qrain yield/ha.
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Table 4.6. Relationship between yield, crop growth and cutgrass dry weight
as affected by chemical weed control in direct~seeded lowland rice

1986 at Badeggi, 1986 wet season.

Crop arowth Cutgrass
Spi-~ % un- Pani- Tiller Tiller Plant 30DAH 60DAH  30"AH  60DAH
kelet filled cle (num— (number height (% coverage) (dry weight,
Grain yield numb- orains (numb- ber at mat- kg/ha)
er/ha) er/ha) 30DAS/ turity/
ha. ha.
Grain yield 1.00 0.80 -0.€9* -0,61 0.31¢ 0.53¢ 0.41° -0.34* -0.20 -0.63* -0.71*
Spikelet (number/ha) 1.00 -0.80* 0.84* 0.64° 0.77 0.33 -0.50 -0.61 -0.60* -0.b6"
% unfilled grains 1.00 0.34 0.41 0.48 -0.40+ 0.35 0.40* 0.49° 0.83*
Tiller (number/ha
Tiller (number/ha
at maturity) 1.00 0.57¢ ~0.48* -~0.53°* 0 47* -0.69*
Plant height at
maturity 1.00 -0.31 -0.38 -0 .= -0.58°
% Cutgrass coverage
at 30 DAH 1.00 0.73¢ 0 57e 0.47*
% Cutgrass coverage
at 60 DAH 1.00 0 57 0.58*
Cutgrass dry weight
at 30 DAH 1 00 0.58*
Cutgrass welght at
60 DAH 1.00

1. DAS = Days after seeding. 2. DAH - Days after herbicide application
*Signifizant at 0.05 probability level. -

\
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Table 4.65 Relationship between yield, crop growth and cutgrass dry weight as
affected by chemical weed control in direct-seeded lowland rice at

Badeggi, 1986-87 dry season.

Crop growth

Spikelet % Un— Panicle Tiller
(number/ filled (num- (num-
ha) . grains ber/ha) ber at

Grain yield wmw>mx

Grain yield 1.00 0.89* ~0.84* 0.90= 0.74*
Spikelet (number/ha) 1.00 -0.85* 0.84= 0.74°
% unfilled grains 1.00 1.00 0.46 0.37
Panicle (number/ha) 1.00 0.69*

Tiller (number/ha
at 30 DAS) 1.00

Tiller (number/ha
at maturity)

Plant height at
maturity

% Cutgrass coverage at
30 DAHZ

% Gutgrass coverage at
60 DAH

Cutgrass dry weight at
30 DAH

Cutgrass dry weight
at 60 DAH

Tiller
(num-—
ber at
matur-
ity).

0.85*
0.83*
0.41

0.82*

0.66*

1.00

Plant % Coverage

height 3504  60DAH
olhh. |°lqm.
0.36* -0.,75*
=0.47* 0.80°*
0.40" =-0.74*
o..Pm Io..mﬁ.
0.56* 0,73*

Hloo o.mo

1.00

Dry weight

60DAH

-0.85°*
-0.82°¢

0.80°
-0.85*

~0.62°¢

lOlwb.

-0.56°*

0.79

1.00

1.00

1. DAS = Days after seeding; 2. DAH = Days after herblcide application

*significant at 0.05 probability level.
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Table 4.66. Regression equations and coefficients of determination of crop
growth parameters and yield components of rice on cutgrass

dry weight at Badeggi.

Crop growth variables
and yield componénts

Pland height at maturity
Tillers at 60 DAS a:cawmﬂxawu
Panicles ﬁncawmn\amu
Spikelets per panicle
Percent unfilled grains

Grain yield

Plant height at maturity
Tillers at 60 DAS (number/m)
Panicle a:cawmn\amv

Spikelets per panicle
Percent unfilled grains

Grain yield

Regression equation
(1986 wet season)

< = D T S

< & & <«

= 91.80 4+ 0.215x-0.006x

= 339.4-2.17%=0.01x°

= 303.2-4.04x-0.05x°

= 181,0-2.47x-0.06x2

18.9-0.52x4+0.02x°

L

1986-87 dry season

= HOO..“.TO!OWNKIO ROHXN

= 327.5-2.76x=0.02x°
2 310.2-4.35x40.0.06x2

= 186.5-2.34x4+0.04x°

= 7.82-0.41x40.01x°

= 4.89-0.07%x40.09%2

2

Coefficient of
determination

Anmv

0.34
0.48
0.52
0.43
0.69
0.51

0.31
0.71
0.72
0.67
0.64

0.%?2
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400 x 10,000

Rice cv. FARO 29
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400 Rice cve FARO 29 100

0 °/e unfilled grains
y= 18.9-0,52X+0.02X2
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F"g- 7. Regression of spikelets per panicle and °/ unfilled grains
on cutgrass dry weight at Badeggi 1986 wetl season
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400 100
Rice cv. FARO 29
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y=7.82-0- 41x +01 x2

’ = 0. 64
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Fig. 8. Regression of number of spikelets per panicle and % unfilled
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Chapter 5 DISCUSSION
e Chemical weed control in three cultivars of rice

S«7.1 Effect ot cultivars on weed infegtation and growth
and yield of rice

As retlected in weed dry matter production at 60 DAH

in cthe 1983-84 dry season and in beth trials at harvest,
cul tivars had significant effect on weed intestation. Dry
weced weight was highest on plots of the short statured
FAILO 27 compared with those of FARO 15 and FAHRO 29 which
produced taller plants, This may be attributed tc the
ettective suppresion of low growing weeds by smothering and
shading by the later cultivars.

Similarly, Hoque et gl. (1978) reported that the weight
ol weeds that grew in association with Dharial a tall cultivar
of rice was lower than that obtained under B 5 a short
statured improved cultivar. In U.S.A, Smith (1974)
however, observed that both plant height and maturity
period influenced the ability of three cultivars of
rice - Starbonnet, Nova 66 and Bluebelle to suppress
weed infestation. He reported that, although Bluebelle and
3tarbonnet had the same height, the late maturing
Starbonnet reduced barnyardgrass infestation more than \
the early maturing Bluebelle. He concluded therefore
that height alone did not seem to affect their ability
to reduce the infestation of barnyardgrass and that the
maturity time was also an important factor. The results
of the wet &and dry season trials are in conformity with
the findings of Smith (1974). Plots sown with FARO 15
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which combines vigorous growth with long maturity pericd
of 160 days had the least infestation of grass weeds in ti-
1983-84 dry season compared with FARO 27 and FARO 29 which
mature in 100 = 120 days. Similarly because of the

predominance of grasses like Digitaria debilis, Leptochloa

coerulescens, Sacciolepis africana and Eragrostis ganqetjga

in the two trials, FARO 27 had higher grass weed infestatiow
than FARO 15, this effect was reflected in total weed
weight in the same trial. 1In addition grass weed
infestation was higher with FARO 27 and FARO 29 in 1983
wet season. A similar trend occurreé on the effect of
cultivars on sedges in both the wet and dry seasons. A
clear trend did not emerge on the effect of cultivars on
broadleaved weeds. In the 1983 wet season trial, cultivar
had no significant effect on the infestation of broad-
leaved weeds. In the dry season trial, plots of FARC 29
had no broadleaved weeds. In the wet season trial, the
non-significant effect of cultivars on broad-leaved weeds
might be due to the fact that the major broadleaved weeds

at the experimental site such as Sphenoclea zeylanica

were tall plants which were able to grow to the height of
rice cultivars in the trial. As a result of this, they
were able to escape suppression like other weeds. In the
dry seascn trial, the poor distribution of broadleaved
weeds because of subsequent flooding and puddling before
direct-seeding of rice may have aided their subsequent
suppression by rice cultivars. All the broadleaved weeds

at the site were annual weeds like Sphenochlea zeylanica,

Celosia trigxna,Heteranthgna callifollia and Ipomoea
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aguatica which propagate only by seedss

The effect of cultivars on tiller number at 3C DAS
did not show a consistent trend. For instance, in the
1983 wet season trial, FARC 27 had significantly higher
number of tillers paer hectarae than the other two cultivars.
In the dry seascn trial, PARO 15 h2d the highest number
of tillers while FARO 27 had the least number of tillers
among the three rice cultivars., PARC 29 had lower number
of tillers than the best varlety in both seasons. At 60
DAS, there was no significant difference in the number nf
tillers between the three cultivars in both the wet and
dry seasons. Differences in tillering ability may not
only be due to differences in the ability of the cultivars
£o suppress weeds but may also be due to the geneology of
the different cultivars and their adaptability to growing
~onditions, .

IThe cffeét of cultivars on number of panicles,
spikelets per hectare and % unfilled grains was
significant in the 1983 wet and 1983-84 dry seasons,

FARC 15 consistently had significantly higher number of
panicles than FARO 29 and PARO 27 in the 1983-84. dry
season while in the 1983 wet season FARO 15 and FARD 29
harl comparable number of panicles which were significantly
higher than that of FARC 27. - In the two seasons, the
number of spikelets per hectare was significantly higher
with FARQO 29 than the other two cultivars. In the 1982
wot season, both FARD 15 and FARO 27 had comparable

number of spikelets per hectare whilé FARC 27 had signi-

ficantly hligher number of spikelets than FARO 15 in the
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1983-84 dry season. FARO 15 and FARO 27 were comparable
in % unfilled grains while FARO 29 had the least %
unfilled grains. In the 1983-84 dry season, FARO 15
recorded the highest % unfilled grains which was
significantly higher than that of the other two cultivars.
FARO 27 had the least % unfilled grains and the
differences were significant compared with that of the
other two cultivars,

It is apparent that the three varieties differ in
their performance with regards to yleld attributes in the
same experiment. This is why breeders select for high
yielding attributes in plant breeding trials. It is
pertinent to note that FARO 15 produced significantly
higher number of panicles than FARO 27 in the two trials
and FARO 29 in the 1983-84 dry season trial. FARO 29
consistently produced higher number of spikelets than
FARO 15 and FARO 27. FARO 15 which produced averagedly
the highest number of panicles recorded the least number
of spikelets per hectare. The results of these trials
(Table 4.5) corroborate that earlier reported by Yoshica
and Parac (1971) at the International Rice Research
Institute Philippines which showed that high-tillering
varieties like IRB which have high number of panicles
produced lower number of spikelets per panicle compared
with medium-tillering varieties like IR-154-4B-1 with
lower panicle number,

Cultivar had significant effect on grain yield in the
two seasons. 1In the 1983 wet season, FARO 29 and FARO 19

were comparable in grain yield production but both
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cut-yield FARC 27, while in the dry season, FPARO 29 out-
yielded FARQ 27 and FAROC 15 which were comparable in gr=in
yield. Despite higher panicle number by FARO 15 in the
1983-84 dry season and the least % of unfilled grains hy
FARO 27 in the 1983-8%1 dry season trials, FARO 29 had
significantly higher number of spikelets per hectare in tiho
two trials. This factor might be responsible for the
higher qrain yield by this variety.

5.1.2 Effect of herbicides on annual weeds and rice

The most promising treatment in the two seasons was
the mixture of bernthiocarb plus propanil plus silvex at
148 + 3424 + 075 kg a.i./ha. &among herbicide treatments,
it resulted in the least weed coverage at four and eight
weeks after herbicide application and at maturity and the
highest number of panicles per hectare and spikelets per
panicle. This treatment also effectively reduced the
infestation of grasses, secdges and broadleaved weeds in
the two trials giving 96% reduction in total weed
weight in the 1983 wet scason. Another promising treat-
ment was the mixture of butachlor plus propanil at 3.6 +
1.02 kg a.i./ha. It compared favourably with the mixture
of benthiocarb plus propanil plus silvex at 1.8 + 3.24
0.75 kg a.i./ha in the reduction of weed coverange and
weed dry weight at maturity. Plots treated with butachlor
.plus propanil 1in the Jdry seascon, resulted in the least
infestation of grass weeds amcong herbicide treatments and
86% rcduction in the infestatlon of total weed dry
weight. Flots trecated with the mixture of benthiocarb

»lus propanil plus silvex at all rates had less infestatinon
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of broadleaved weeds compared with butachlor plus propani
at the tested rates in the same trial. The two different
mixtures were however similar in the control of sedge
weeds at comparable rates. Except in the 1983-84 dry
season when hand-weeding resulted in better control of
grass weeds, benthiccarb plus propanil plus silvex at
1.8 + 3.24 + 0,75 kg a.i./ha resuited in better control
of grass weeds in the 1983 wet season than hand-weeding.
While benthiocarb + propanil + silvex at 1.8 + 3.24
0.75 kg a.i./ha resulted in comparable sedge control to
hand-weeding in the 1983 wet season trlal, sedge weed
control was significantly better with benthiocarb plus
propanil plus silvex at 1.8 + 3.24 + 0.75 kg a.i./ha than
hand-weeding in the 1983~84 dry season trial. Butachlor
plus propanil at 3.6 + 1.02 kg a.l./ha wag comparable to
hand-weeding in the control of grass and sedge weeds in
the 1983 wet season but control of grass weeds was much
poorer with the same treatment in the 1983-84 dry seascon
trial.

The performance ©f the two different mixtures in the
trials was the result of the mode of action cof the
herbicide components in each mixture on weeds. FOor instances
benthiocarb a major component in one of the mixtures in
the trials is a pre-emergence herbicide which has been
reported by many workers to excellently control annual
grasses, several sedges and a few number of broadleaved
seeds (Anon., 1977; De Datta and Bernasor, 19273; Okafor
1978s; Okafor, 1986, akcbundu, 1987). But silvex another

herbicide in the same mixture has excellent control of
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aquatic sedges and broadleaved weeds which are resistant
to commonly used broadleaved weed killers (Anon, 1983b).
The second herbicide mixture used in the trial was butachlr.
plus propanil at varying rates. Butachlor is also a pre-
emergence herbicide for the control of most annual grasses,
certain broadleaved weeds and several annual sedge weeds
(De pDatta and Bernasor, 1973; De Datta and Lacsina, 1974;
Anon, 1981). Propanil a component in the two different
mixtures is a post-emergence selective contact, foliar
applied herbicide for the effective control of annual
grasses, a few Ssedges and broadleaved weeds seven to 14
days after emergence. (Smith, 1974; Okafor, 1978a;
Okafor, 1986). Studies in the humid tropics show that
benthiocarb and butachlor are not persistent enough to
give season-long weed control in rainfed rice (Akobunduy,
1987) but weed control can be considerably improved by
mixing with propanil which has no scil residual
properties (Okafor, 1986). The propanil in the mixture
kills emerged weeds at the time of application while the
pre-emergence herbicides prevent new weed seeds from
germinating for long enough period to enable rice crop
canopy to shade out additicnal weeds.

The excellent performance of the mixture of benthiocar.
plus propanil plus silvex at 1.8 + 3.24 + 0.75 kg a.i./ha
in the two trials is in agreement with the results of
Richard and Street (1984) at the Mississippi Delta of
®.S.A. where the mixture of benthiocarb plus propanil at
3.4 + 3.4 kg a.i./ha resulted in excellent control of

annual grass weeds compared with benthiocarb alone at



192

4.5 kg a.i./ha.

Conflicting reports have been obtained in the use of
butachlor alone at varying rates to control weeds. Chang
(1973b) in Taiwan, De Datta and Lacsina (1974) at
International Rice Research Institute Philippines found
butachlor applied pre-emergence to the effective in the
control of weeds. However Chang and De Datta (1974) also
in Taiwan found that butachlor was ineffective in weed

control under high infestation of Monochgria vaginalis.

Under upland conditions in Nigeria, butachler alone was
consistently ineffcctive in weed control (Anon., 19803
Anon, 1981; Anon, 1962), From the results of the two
trials, the performance of butachlor plus propanil as
reflected in wecd control and grain yield obtained was
promising and comparable to that of the hand-weeded
control. Earlier report by Richard and Strcet (1984)
also at the iiississippi Delta of U.S.iA., found butachloer
plus propanil at 4.2 + 3.4 kg a.i./ha to combine exccllent
weed control with high grain yield. It has alsc been
reported carlier that at the experimental farm of
National Cereals Research Institute, Ibadan, the mixture
of butachlor plus propanil at 4.0 + 3.0 kg a.i./ha resultcd
in comparable grain yicld to hand-weeding (Anon, 1980).
Benthiocarb plus propanil plus silvex at 1.08 &+ 1.¢
+ 0.45 kg a.i./ha and butachlor plus propanil at 1.8 »
2.04 kg a.i./ha significantly reduced weed infestation
in the two trials compared with the untreated control but
the subsequent effect on grain yield was poorer than that

of the hand-weed:d control. The poor performance of
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these treatments could be attributed to the low level of
‘ropanil in the mixtures. Propanil alone at 5.0 kg a.i./
ha was found to give comparable grain yield to two hand-
weedings in the southern Guinea Savanna of Nigeria
(Williams, 1975). Okafor (1978a)obtained comparable grai:
yield to hand-weeding when propanil was applied at 3.0
kg/ha in a trial at the Rice Research Station Bende,
south-eastern Nigeria. Propanil at 3.6 kg a.i./ha was
also reported by Okafor (1984) to give comparable grain
yield to hand-weeded controcl at Ngala in the Lake Chad
nasin of Nigeria. The rate of propanil in the mixture
»f benthiocarb plus propanil plus silvex at 1.08 4
1.94 + 0,45 kg a.i./ha and butachlor plus propanil at
1.8 4 2.04 kg a.i./ha appears rather low compared with
the reported effective rate of application of propanil.
when benthiocarb 4+ propanil + silvex at 1.08 4+ 1.94
«:5 kg a.i./ha was comparcd with the best treatment in
the trials which was benthiocarb plus propanil plus silvex
at 1.8 + 3424 4+ 0,75 kg a.i./ha, the rate of propanil was
420% lower while the rate of benthiocarb was also 40% lower.
When butachleor plus propanil was applied at 1.8 +

2.04 kg a.i./ha, the concentration of butachlor was
40% lower while the rate of propanil was 50% higher
compared with butachlor plus propanil at 3.6 + 1.02
K3 ae«le./ha another promising treatment in the trials.
while the rate of butachlor and propanil in the mixture
should be increased by 100% in the former mixture, only
the rate of propanil in the latter mixture should be

increased by 200% to obtain effective control of high
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infestations of grasses, sedges and certain broadleaved
weeds. The work of Richard and Street (1984) in U.S.A.,
in which excellent weed control with high grain yield was
obtained when butachlor plus propanil was applied at 4.2 -
3.4 kg a.i./ha is in agreement with the proposition for

an increment in the rate of propanil in the two mixtures
of application.

The mixture of benthiocarb plus propanil plus silvex
at 1.8 + 3.24 + 0.75 kg a.i./ha resulted in significantly
higher number of tillers per hectare than all the herbici .
treatments except butachlor plus propanil at 3.6 + 1.02
kg a.i./ha in the two seasons. However, benthiocarb plus
propanil plus silvex at 1.8 + 3.24 + 0.75 kg a.i./ha
resulted in significantly higher number of panicles per
hectare in the wet season and spikelets per panicle in
the two seasons than the hand-weeded control. 1In the
1983 wet season, application of benthiocarb plus propanil
plus silvex at 1.8 + 3.24 4 0.75 kg a.i./ha resulted in
grain yield of 4.9 t/ha which was comparable tc that on
2lots treated with butachlor plus propanil at 3.6 + 1.02
K3 a.l./ha. In the same season both treatments produced
significantly lower grain yield than hand-weeding. The
significantly lower % unfilled grains with hand-weeding
in the wet season trial may have contributed to the
production of the higher grain yield. 1In 1983-84 dry
season, benthiocarb plus propanil plus silvex at 1.8 +
324 + 0475 kg aei./ha resulted in comparable grain yield
to hand-weeding while butachlor plus preopanil at 3.6 +

1.02 kg a.i«s/ha caused lower grain yield than hand-
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weeding. In the two trials, zeason-long weed competition
rasulted in cdmplete crop loss in the 1983 wet season and
90% reduction in rice grain yield in 1983-84 dry season
trials respectively. These results are In aqreement with
previous research findings (IRRI, 1967; Okafor and
De Datta, 1974; Okafor, 1981; oOkafory, 1982; Okafor, 1986)
which emphasized the severe yield reduction due to
uncontrolled weed arowth in direct-seeded rice and the
dramatic increase in grain yield and vield attributes of
rice compared with the untreated control when weeds are
controlled.

5.1.3 Interaction of cultivars and post-emergence
weed CONtrol Lreatments on weeds ang rice plants

The interaction of rice cultivars and weed control
treatments was significant on the dry weight of sedges,
number of panicles and number of spikelets and grain
vield in the two trials. Plets of FARO 15 and FARQ 29
had lower infestation of sedges at the lower rates of
treatments of herbhicide mixtures of benthlocarb plus
propanil plus silvex at 1,08 + 1.94 4+ 0.45 kg a.i./ha,
1444 + 2.5 + 0.6 kg a.i./ha and butachlor plus propanil
at 1.8 + 2.04 kg a.i./ha and 2.4 + 1.70 kg a.i./ha than
those of FARO 27. 1In these trials, the tall vigorously
growing and long duration characters of FARO 15 and
FARO 19 enhanced the performance of low rates of the
herbicides in suppressing weeds compared with short
statur>d FARO 27 as similarly observed by Hogue et al.
(1976 a, b). The ability of the tall vigorously growing
cultivars to suppress weeds was also reflected in the

hlgher number of panicles, spikelets and grain yleld even
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at low rates of herbicide treatments compared with the
short statured FARO 27 (Tables 4.6, 4.9, 4.11 and 4.12).

The results obtained on interaction of cultivar and
weed control treatments on number of panicles (Table 4.7)
and number of splkelets (Table 4.B) indicate that ability
to suppress weeds might not be the only factor responsible
for the production of high rice yield attributes but adapt-
ability to growing conditions and the genetic composition
of the rice cultivars are important factors (Yoshida and
Parao, 1972). For example in the 1983-82 dry season
(Takle 4.7), there was no significant difference between
the number of panicles of the short statured - FARO 27,
medium height - FARO 29 and the tall vigorously growing -
FARO 15 at the lowest rates of treatments of benthioccarb
propanil + silvex at 1.08 + 1.94 + 0.45 kg a.i./ha and
butachlor 4+ propanil at 2.4 + 1.70 kg a.i./ha despite the
lower weed weight associated with the latter varieties.
Similarly FARO 27 produced comparable number of spikelets
to either FARO 15 or FARO 29 at the lowest rates of
herbicide treatments indicated above (Tables 4.8 and 4.9).
when weed competition is suppressed, plant nutrients are
available for crop growth (Roa, 1983; Okafor, 1984) but
the performance of different cultivars of rice would
depend on their adaptability to growing conditions.

5.2 Control of cutgrass in the_g;cenhousq.

Glyphosate at 1.6 kg ae/ha gave the most effective
control of cutgrass in the greenhouse. Glyphosate which
is translocated throughout the plant when applied on the

leaves of treated plants completely eradicated both the
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treated leaves and the proximal root and rhizomes of
cutgrass under flooded conditions in the greenhouse.
Suwunamek and Cheugsai (1979) also obtained excellent

control of purple nutsedqge (Cyperus rotundus L) when

glyphosate at 0.5 and 0.8 kg ae/ha was applied on rapidly
growing plants under waterlogged conditions in a field
and greenhouse trials in Thailand.

Oxadiazon at 1.25 kg a.i./ha which was applied at
four days after transplanting resulted in initially good
control up to one week after herbicide application but
at the end of the experiment, the control of the shoot
of cutgrass was unsatisfactory. In the trial, oxadiazon
at 1.0 and 1.25 kg a.i./ha caused only 25.5 and 36.1%
reduction in cutqgrass rhizome production compared
with the untreated control. The poor control of the
subterranean parts exhibited by oxadiazon is in agreement
with the carlier work of Ishizuka et al. (1975) and
Achhireddy et al. (1985) which showed that oxadiazon
was little translocated to the roots and tillered shoots
of barnyardgrass when 14C labelled oxadiazcon was applied
to the leaf hlades.

Other promising treatments in the trial were molinate
at 4.0 kg a«.i./ha fellowed by butachlor plus propanil at
3.6 + 1.02 kg a.i./ha and molinate at 4.0 kg a.i./ha
followed by benthiocarb plus propanil at 1.8 + 3.24 kg
a.i./ha. The former treatment resulted in 85% control
of cutgrass shoots and 46.8% reduction of rhizome
dry matter production. The latter treatment, resulted in

50% control of cutgrass shoots and 63.0% reduction of
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rhizome dry matter production. Wwhile the two treatments
were similarly comparable to glyphosate at 1.6 kg ae./ha in
the control of root dry weight, glyphosate at the same
rate resulted in significantly better control of rhizome
dry matter. Molinate is a selective thiocarbamate
herbicide for the control of grass weeds in rice (Klingman
et al., 1975) but is rapidly metabolised in plants and soils
(Mueller and Oelke, 1965; rang, 1969). It has been
successfully used in the control of barnyardgrass in
California U.S.A. (Oelk and Morse, 1968B) and in Arkansas
(Smith, 1969; Smith, 1970a, Smith, 1970b; Smith, 1971;
smith et al., 1971). 1In the greenhouse trial, after prior
application of molinate at 4.0 kg a.i./ha on cutgrass buds,
successful shoct and root control was obtained when the
mixture of propanil plus benthiocarb at 3.24 + 1.8 kg a.i./ha
and propanil 4+ butachlor at 1.02 + 3.6 kg a.i./ha were
applied 14 days later because of the initial suppression
in cutgrass qgrowth.

Butachlor plus propanil at 1.8 + 2.04 and 3.6 4+ 1.02
kg a.i./ha resulted in unsatisfactory control of shoot,
root and rhizome dry matter production compared with
glyphosate at 1.6 kg ae/ha. Both treatments caused
14.9 and 17.0% control of above ground shoot respectively.
The harvested rcoot dry weight was not significantly
different from the untreated control. Propanil inhibits
the Hill reacticn in plants (Good, 1961) but translocation
within the leaf or from the treated leaves to the rest

of the plant is limited (vih et al., 1968a). Butachlor
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is little translocated after absorption throuth the shoot
to the roocts and rhizomes {Andn., 1979), hence, unsatisfrc-
tory contrel of rhizomes and roots. The application of
benthiocarb + propanil at 1.08 + 1.94 and 1.8 + 3.24 kg
a.l./ha also resulted in unsatisfactory control in this
trial. Reduction of rhizome dry matter production was

20.2 and 36.6% respectively.

5.3 Control of cutgrass in rice

5.3.1 Effect of gqlyphosate

The results of the 1985-86 and 1986-87 dry and 1986
wet season trials indicate that preplant application of
glyphosate at 0.5 and 1.0 kg ae/ha significantly reduced thc
dry matter production and % coverage of cutqrass and
increased the plant height at 56 and 98 DAS, number of
panicles, number of spikelets per panicle and grain yield
of rice in all the trials. Even with parameters like rice
plant height at 28 DAS and number of tillers per hectare,
glyphosate at both rates caused a significant increase in
the 1586-87 cdry season trial compared with no glyphosate
treatment. In the wet seascon trial, where moisture was
less limiting especially at the early stage of crop growth,
plant height at 28 DAS and tiller number were not increased
by qglyphosate. Reduction in the dry weight and %
coverage of cutgrass decreased with the rate of glyphosate
in the 1985-06 dry season. Similar trend was observed
in the 1986 wet season with regards to cutgrass dry
weight. In the 1986-87 dry season, plant height at

56 DAS, number of tillers at 30 and 60 DAS, number of
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's.pikelets per panicle all increased with the rate of

applied glyphosate, while % unfilled grains also decreased
with glyphosate rate. For instance, application of
glyphosate at 1.0 kg ae/ha resulted in 56.1% increase in
rice grain yield in 1585-86 dry season, 30.9% in 1986
wet season and 57.1% in 1986-87 dry season compared with
the untreated control. In the same trial, glyphosate at
0.5 kg ae/ha increased rice grain yield by 53.8% in
1985-86 dry season, 27.5% in 1986 wet season and 56.1%
in 1986-87 dry season compared with no glyphosate treatment.
The results of the field trials also showed that glyphosatc
at 0.5 kg ae/ha caused 24.5% reduction in cutqrass dry
weight in 1985-86 dry season, 35.2% reduction in 1986 wet
season and 53.1% reduction in 1986-87 dry season compared
with the untreated control. Increase in glyphosate rate
from 0.5 to 1.0 kg ae/ha only caused 6.6%, 13.4% and 7.1%
further reductions in cutgrass dry weight in 1985-86 dry,
1986 wet and 1986-87 dry secasons respectively. 1In the
field trials, low rates of glyphosate at 1.0 and 0.5 kg
ae/ha were used because pre-emergence oxadiazon at 0.75 kg
a.i./ha and post-emergence selective herbicide treatments
were used later,

It is cbviocus that the effective control of cutgrass
was responsible for the favourable performance of rice
on plots treated with glyphosate. Cutgrass is a
stoloniferous and rhizomatous perennial grass (Hutchinson

and Dalziel, 1931). However there is very little published
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literature om the effect-of cutgrass on-—sice performance,
Smith (1981) reported that cutgrass was economically

troublesome world-wide since it causes major yield and
quality losses in rice culture, He did not show the effect
of different herbiclde treatments on cutgrass infestation
in rice fields and subsequent effect on rice grain yield.
Rice farmers of the Nupe tribe in north-western Nigeria
have also reported severe yield losses as a result of
cutgrass competition with rice for space and plant
nutrients. Yhe difficulty of control by hoe-weeding and
hand=-pulling has also been reported by local farmers.
Elsewhere, glyphosate has also been found to be an effective
weapon for the control of stoloniferous grasses like

bermudagrass (Cynodon dactylon Pers) (Anon., 1980). 1It is

also effective against rhizomatous grasses like speargrass
(Olunuga, 1975; Lagoke, 1979) and quackgrass (Claus and
Behrens, 1972).

The differences in the performance of glyphosate
between the 1986 wet season trial, and the 1985-86 and
1986~87 dry season trials could be attributed to the fact
that the period of dry-seeding of rice 1s usually
accompanied by a dry spell. Pre-spraying droughting was
reported by Dybing and Currier (1961) to cause probable
reduction in foliar absorption of sprayed herbicide. There
is also remarkable reduction in translocation of the
herbicide in the leaf and rhizome tissue caused by molsture

stress as reported by Crafts (1961).
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5.3.2. Effect of pre-emergence oxadiazon

Pre-emergence oxadiazon at 0.75 kg a,i./ha resulted
in a significant reduction in cutgrass dry weight except
at 60 DAH in the 1985-86 dry season trlal and in %
coveragé of cutgrass except at 60 DAH in the 1986-87 dry
season. Oxadiazon however did not have any significant
effect on vegetative growth parameters of rice'such aé
plént height, number of tillers and panlele number
which is strictly influenced by tillering 1in the 1986 wet
seascn trial. In the 1986-87 dry season trial, these paraw
meters were increasedhby oxadlazon at 0.75 kg a.i./ha.
However, it caused slight but non-significant stunted
growth of rice at 56 and 98 DAS in the 1986 wet and
1986-87 dry séaSOn trials. |

Pre-emergence application of oxadiazon at
0.75 kg a.i./ha significantly increased spikelet number
per panicle in 1986 wet and 1986-87 dry seasons and
grain yield in all the trials. It also reduced %
unfilled gralns in 1986 wet and 1986-87 dry seasons.
Season=long control of cutgrass was not achlieved
despite the application of pre-emergence oxadlazon at
0«75 kg a«l./ha because pre~emergence oxadiazon is not
expected to be very effective on perennial cutgrass
except at seedling and sprouting stages.

The non~significant effect on rlce vegetative
growth was because of less effect on cutgrass even though
some level of control was achleved. Richard and Street
(1984) at the Mississippi Delta of U.S.A. reported excellent

contro} of barnyardgrass when oxadlazon was applied alone
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at 1.1 kg a.i./ha and in mixture with propanil at 0.8 .

3.4 kg a.i./ha. The differences in the growth habit
between annual barnyardgrass and perennial cutgrass might
be responsible for the varying level of control. Excellent
weed control with high grain yield was obtained when
oxadiazon was applied pre-emergence to weeds at 1.0 and
0.75 kg a.i./ha (IRRI, 1978, 1979). Okafor (1979) also
obtained satisfactory control of weeds mainly annual

with high grain yleld at the Lake Chad Basin of Nigeria
when pre-emergence oxadiazon was applied at 0.5 kg a.i./ha.

5.3.3. Effect of post-emergence herbicide ggea;mengs

The application of post-emergence herbicide

mixtures 14 DAS caused significant reductlon in percenpage
coverage and dry welght of cutgrass compared with the |
untreated control in all the trials. The effectlve control
of cutgrass was also reflected in the performance of rice,
where the post-emergence treatments caused a significant
increase in plant height at 56 and 98 DAS, number of
tillers, number of panicles, number of spikelets per
panicle and consequently rice grain yield and reduced per-
centage of unfilled grains compared with the control in

all the trials where these parameters were taken. However,
inspite of the effective control of cutgrass and the
favourable effect on yield, only mixtures of propanil with
dimethametryn at 2.0 + 0.75, benthiocarb at 2.0 + 1.08

and oxadiazon at 2.0 + 0.75 kg a.i./ha gave consistently
effective control of cutgrass and in 1986 wet and 1986-87
dry seasons resulted in comparable values to those of the

hand-weeded check. In most cases, propanil alone and its
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mixture.wlihk bentagzon-resulted ia higher-cutqrass
infestatlion values than the hand~weeded control.
Oxadiazon plus propanil at 0.75 + 2.0 kg a.l./ha
offered the best control of late emerging cutgrass,

Oxadiazon which 1s one of the component of the harflicide

LSV
-

mixture 1s an oxadiazole compcund (Anon., 1982) of low
solubllity in water, is nonvolatile and moderately
persistent in the soil, therefore giving season~long weed
control. It has strong selectlve activity against grass
weeds which compete with rice for plant nutrients
(Audus, 1976). Abundant moisture which is present under
lowland conditions is necessary for activation of
oxadiazon. It is compatible with propanil which gives
wi.ov contact control of grasses. When the two herbicldes
are in mixture, the propanill provides thelcontrol of
already emerged grass weeds while the oxadiazon in the
mixture inhibits the emergence of new weeds. Bentazon
Plus propanil which was not very promising in the trial
has been reported by many workers (Okeleye'gs.gl., 1979;
Moody, 1980) to be ineffective under a high infestation
of grass weeds. It has been reported that bentazon is
mainly active against broadleaved weeds and annual sedges
in rice cultivation (Anon., 1978). Propanil the second
component of the mixture provides only contact contrel of
grasses. It is appérent therefore that late emerging
grasses will not be controlled by the mixture of bentazon
with propanil.

Except for plant height at 98 DAS and tiller number

at 30 DAS in the 1986~87 dry season, all the herbicide
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treatments resulted in lower crop growth parameters than
the hand-weeded control.

The post-emergence herbicide treatments also caused
lower values of yield attributes such as panicle number
and number of spikelets and also higher percentage of
unfilled grains than the hand-weeded control. Comparable
grain yield with the hand-weeded control was however
obtained in the 1986 wet season with oxadiazon plus propanil
at 0.75 + 2.0 kg a.i./ha and dimethametryne plus propanil
at 0.75 + 2.0 kg a.i./ha. The comparable grain yleld to
hand-weeding obtained on plots treated with oxadiazon plus
propanil at 0.75 + 2.0 kg a.i./ha was due to the substantial
control of late emerging cutgrass by post-emergence
oxadiazon. Though dimethametryne is a trazine effective
against broad-leaved weeds when used alone, it was observed
to improve the performance of propanil against already
emerged grass weeds without reducing rice grain yields as
demonstrated in all the trials.

Hand-weeding performed better than pest-emergence
herbicide treatments in all the trials but hand-weeding
cannot be economically used for weed control where the
heétarage under lowland rice cultivation is large. Hand=-
weeding operations are slow, labour intensive and
unattractive due to the drudgery associated with it, 1In
broadcast-secded rice, hand-weeding cannot be successfully
carried out because of the difficulty of distinguishing
between rice seedlings and grass weeds. PoOSt-emergence
selective herbicides therefore offer the best weed control

alternative under all seeding conditions of rice. When
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applied at the seedling stage of weeds, selective control
of abundant weeds, 1s achieved without injury to rice
seedlings.

5.4 Interaction of herbicide combinations on
cutgrass and rice

In this investigation, the significant interaction
between glyphosate and pre-emergence oxadiazon on cutgrass
dry weights at 60 DAH in the 1986 wet season further
emphasizes the important role of both herbicides in this
weed situation in rice production. 1t is apparent that
once glyphosate was applied at 1.0 kg ae/ha significant
reduction of cutgrass dry weight cccurred even without
pre~-emergence oxadiazon. With lower rate of 0.5 kg ae/ha
of glyphosate, supplementary pre-emergence oxadlazon was
necessary for significant reduction in cutgrass dry weight.

The interaction of glyphosate and post-emergence weed
control treatments was significant on cutgrass dry weight
at 30 DAH in the 1986 wet and 60 DAH in the 1985-86 and
1986~-87 dry season trials.

In the 1986 wet season trial, even at 0.5 kg ae/ha
of glyphosate, propanil at 2.0 kg a.i./ha resulted in
comparable cutgrass dry weight to other weed control
treatments at 30 DAH. Similarly at 30 DAH bentazon plus
propanil at 0.96 + 2.0 kg a.i./ha, resulted in comparable
cutgrass dry weight to hand-weeding with the application
of glyphosate at 0.5 and 1.0 kg ae/ha. On plots without
glyphosate, cutgrass dry weight with the application of
bentazon plus propanil at 0.96 + 2.0 kg a.i./ha did not

differ significantly from that of the untreated control at



207
30 DAH (Table 4.26).

In the 1985-86 and 1986-87 dry seasons (Tables 4.27
and 4.28) at 60 DAH, similar to 1986 wet season at 30 DAY,
propanil alone at 2.0 kg a.i./ha and bentazon plus propanil
at 0.96 + 2.0 kg a.i./ha resulted in comparable cutgrass
dry weight to other herbicide treatments which were at
least comparable to hand-weeding with the application of
glyphosate at 0.5 and 1.0 kg ae/ha. Dimethametryn plus
.propanil at 0.75 &+ 2.0 kg a.i./ha was found to be most
effective under high glyphosate treatment in all the trials.
Dimethametryn is mainly a post-emergence herbicide
effective on broad-leaved weeds but also has some activitics
on young grasses and possibly seedlings of cutgrass. At
the time of application, the suppression due to high rate
of glyphosate might just allow scedlings of cutgrass on
the field to be controlled with dimethametryn plus propanil
at 0.75 4+ 2.0 kg a.i./ha. Dimethametryn is also absorbed
by green leaves of susceptible weceds with a strong effect
on Hill reaction of photosynthesis. Activation of propani:
against emerged grass weeds by dimethametryn has been
demonstrated in trials on weed control in riece (Anon.,
1984; 1985).

Significant interaction was obtained between
glyphosate and post-emergence weed control treatments
on % unfilled grains, spikelet number per panicle in
1986 wet and 1986-87 dry seasons and grain yield in all
the trials., without glyphosate, all the post-emergence
herbicide treatments resulted in higher percentage of

unfilled grains, lower spikelet number per panicle and
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lower grain yield than hand-weeding. Under glyphosate
at 0.5 and 1,0 kg ae/ha, propanil mixtures with
oxadiazon, dimethametryne and in some cases butachlor and
benthiocarb resulted in comparable grain yield and yield
attributes to hand-weeding. Propanil alone and its
mixtures with bentazon were either found to give comparable
grain yield and yield attributes to hand-weeding in one
trisl or lower in another trial under glyphosate at
0.5 kg ae/ha.

The interaction between pre~emergence oxadiazon and
post emergence weed control treatments was significant
on cutgrass dry weight and % coverane of cutgrass at
30 DAH in the 1986 wet season trial. Irrespective
of the rate of pre-emergence oxadiazon, bentazon plus
propanil at 0.96 4+ 2.0 kg a.i./ha resulted in higher
cutgrass dry weight than hand-weeding. Similarly, without
pre-emergence oxadiazon, oxadiazon plus propanil at
0.75 + 2.0 kg a.i./ha was slightly higher in cutgrass dry
weilght than hand-weeding. Even with the application of
pre~emerqgence oxadiazon at 0.75 kg a.i./ha, butachlor plus
propanil at 1.8 + 2.0 kg a.i./ha and propanil alone at
2.0 kg a.i./ha, cutgrass dry weight was higher than hand-
weeding in the trial. Also, in the % cutgrass coverage,
bentazon plus preopanil at 0.96 + 2.0 kg a.i./ha
resulted in higher % cutgrass coverage than hand-
weeding, with and without pre-emergence oxadiazon. Whereas,
butachlor plus propanil was comparable to hand-weeding
wlthout pre-emergence oxadiazon, it caused higher cutgrass

coverage than hand-weeding with the application of pre-



209

emergence oxadiazon at 0.75 kg a.i./ha,

The interaction between pre-emergence oxadiazon
and post-emergence weed control treatments was also signi-
ficant on cutgrass dry weight at 60 DAH in the 1986-87 dry
season trial (Table 4.31). The mixture of propanil with
butachlor at 2.0 &+ 1.8 kg a.i./ha, and oxadiazon at 2.0 «
0.75 kg a.i./ha resulted in the least cutgrass dry weight
irrespective of the rate of application of pre-emerqgence
oxadiazon. Benthiocarb plus propanil was also found to
cause comparable cutgrass dry weight to the minimum
obtained among herbicide treatments under both rates of
pre-~emergence oxadiazon. However, dimethametryn plus
propanil at 0.75 4+ 2.0 kg a.i./ha was only comparable
to the least cutgrass dry weight in the trial under
oxadiazon at 0.75 kg a.i./ha. Similar trend on
interaction was obtained between pre-emergence oxadiazon
and post-emergence weed contrcl treatments on %
coverage of cutgrass at 60 DAH in the 198687 dry season
trial. 1In the 1986 wet season trial (Table 4.30), at 60
DAH bentazon plus propanil resulted in the highest weed
coverage among herbicide treatments without pre-
emergence oxadiazon., Under pre-emergence oxadiazon at
0.75 kg a.i./ha, propanil alone at 2.0 kg a.i./ha caused
the highest % weed coverage among herbicide treatments.

The application of pre-emergence oxadiazon at 0,75 kg
a.i./ha suppressed the growth of cutgrass seedlings after
land preparation. Although propanil alone at 2.0 kg a.i./hz
and its mixture with bentazon at 2.0 + 0.96 kg a.i./ha

consistently resulted in higher cutgrass dry weight than
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hand-weeding, dimethametryn plus propanil at 0.75 & 2.0 ko
a.i./ha and oxadiazon plus propanil at 0.75 4 2.0 kg a.i./na
further suppressed cutgrass growth. The cutgrass dry
weight obtained with the latter treatment was comparable

to that on plots hand-weeded twice under pre-emergence
oxadiazon at 0.75 kg a.i./ha. Propanil alone and bentazon
plus propanil only have contact effect on emerged grasses.
In fact, bentazon a component in the latter mixture has
effect only on broad-leaved weeds and sedges. Dimethametryn
though a broad-leaved contact herbicide has also been founc
to activate the action of propanil against grass weeds

as demonstrated after the initial suppressior in growth

by pre-emergence oxadiazon. Post-emergence oxadiazon

at 0.75 ka a.i./ha further suppressed the growth of

grass weeds therefore making it possible for propanil at

2.0 kg a.i./ha to effect considerable reduction in the
infestation of cutgrass. The performance of butachlor

plus propanil at 1.8 4+ 2.0 kg a.i./ha and benthiocarb

plus propanil at 1.08 4 2.0 kg a,i./ha was erratic under

both rates of pre-emergonce oxadiazon in the 1986 wet

and 1986-87 dry season trials. An increase by 50%

in the rate of the component herbicides in the two mixtures
will introduce some degree of consistency in the perfor-
mance of the two herbicide treatments. For instance, in
the 1985 greenhouse trial, satisfactory control of cutgrass
was obtained when molinate, a weak soil residual herbicide,
was applied in combination with either benthiocarb plus
propanil at 1.8 + 3.24 kg a.i./ha or butachlor plus
propanil at 3.6 + 1.02 kg a.i./ha.
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There was signlficant interaction between pre-
emergence oxadiazon and post-emergence weed conkrol treat-
ments on spikelet_number per panicle in the 1986 wet seasan
trial (Table 4.,53). Oxadiazon plus propanil at 0,75 +« 2.0 kg
a.l./ha resulted in lower spikelet number per panicle than
hand=weeding without pre-emergence application of
oxadiazon. With the application of pre-emergence oxadiazon
at 0.75 kg a.i./ha, post-emergence oxadiazon plus
propanil caused comparabkle number of spikelets to hand-
weeding. Other post-emergence bherbiclde treatments that
caused comparable spikelet number to hand-weeding under
the same oxadiazon rate were butachlor plus propanil
at 1.8 + 2.0 kg a.i./ha and dimethametryne plus propanil at
0.75 &+ 2.0 kg a.i./ha. Propanil alone at 2.0kg a.l./ha and
its mixture with bentazon at 2.0 + 6,96 kg a.i./ha resulte?
in the least number of spikelets per panicle among herbicidc
treatments irrespective of the rate of pre-emergence
oxadiazon. Benthiocarb plus preopanil at 1.08 + 2,0 kg a.i./
ha resulted in higher number of spikelets per panicle than
the former herbicide treatments but lower thanm hand-weedina.

5.5 Correlation and regression

In the 1986 wet and 1986-87 dry seasons (Table 4.66),
the significantly high positive correlation between grain
yield and number of tilllers per ha at 30 DAS and at
maturity, number of panicles per ha and spikelets per
panicle showed that these growth parameters contributed
solely to grain yleld production. Percentage of unfilled
* gqrains was also significantly positively correlated with

cutgrass dry weight per ha. Number of tillers per ha at 30
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DAS and at maturity,lnumber of panicles per ha, spikeiets
per panicle and grain yleld (Table 4.66) were significantly
negatively correlated with % coverage of cutgrass and

dry walght of cutgrass per ha at 30 and 60 DAH (Figs 5-3)}.
This was due to the severe competition exhlblted by cutgrass
plants with rice plants for nutrients, space and light as
demonstrated ir the reductlon of rice grain yleld and

other yield attributes of rice in all the trials,
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Chapter 6 SUMMARY AND CONCLUSIONS

Weed competition in direct-seeded lowland rice consti-
tutes one of the major limiting factors to high rice grain
yields in lowland rice production areas in Nigeria. The
traditional method of weed control in Nigeria is by hoe-
weeding and hand-pulling. Alternative weed control methocs
which will remove the drudgery of hoe-weeding and hand-
pulling resulting in improved weed control efficacy and
higher rice grain yields were investigated in all the
trials.

The effects of cultivar and weed control treatments
on weeds, growth and yield of direct-seeded lowland rice
were evaluated at Badeggi in 1983 wet and 1983-84 dry
seasons. A split plot design with cultivar as main and
weed control treatments as sub-treatments replicated four
times was adopted in the trials. The main treatments
evaluated were three rice cultivars FARO 15, FARO 29 and
FARO 27. " The sub-plot treatments consisted of mixtures of
propanil with butachlor and benthiocarb, an untreated and »
hand-weeded control. The species composition of weeds 28
days before the land was prepared was grass weeds (70%),
sedges (20%) and broad-leaved weeds (10%)

In 1985 wet season, a greenhouse pot trial was
conducted at Badeggi to evaluate twelve treatments including
an untreated control for the control of cutgrass in a
completely randomised design with four replications.

Single herbicide treatments of glyphosate at 1.6 kg ae/ha,

oxadiazon at 1.0, 1.25 kg a.i./ha, treatments of mixtures
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of propanil with butachlor and benthiocarb at varying rates
and herbicide combinations of molinate at 4,0kg a.i./ha
followed by mixtures of propanil with butachlor and
benthiocarb were investigated in the trial. Except
glyphosate, all the herbicides used in the trial were
selective herbicides in rice weed control.

In 1985-86 dry, 1986 wet and 1986-87 dry seasons,
herbicide combinations applied preplant, pre~emergence
and post-emergence were evaluated for the control of
cutgrass in lowland rice fields. The cutgrass infestation
was about 100% in the experimental sites 28 days before
land preparation. The experimental design was a split-
split plot design in three replicates with preplant
glyphosate as the main plot treatment, pre—emergenée
oxadiazon as the subplot Lreatment and some sele;tive post-
emergence herblcide mixtures, an untreated and hand-
weeded controls as the sub-subplot treatments,

The results obtained from the 1583 wet, and 1983-84
dry seasom trials showed that cultivar had significant
effect on weed dry weight, tiller number per/ha, plant
height at 28, 56 and 98 days after seeding. Significantly

higher grass weed welght (473,4kg/ha) was found on plots
| of FARO 2? than plots of FARO 29 and FARO 15 which recorded
360.4kg/ha and 384,7kg/ha respectively in 1983 wet season.
Sedge weed welght on plots of FARO 27, FARO 29 and FARQ 15
were 391.0kg/ha, 241.0kag/ha and 21B.2kg/ha respectively in
the same season. Comparable broad-lecaved weed weight was
found on plots of the three cultivars as follows: FARO 27

(284.0kg/hal, FARO 29 (321.5kg/ha) and FARO 15 (301.0kg/ha)
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in the same trial. Higher grass wced weight and lower
broadeleaved weed weight was found in association with th
three cultiwars in the 1983-84 dry season compared with
the 1983-84 wet season trial.

FARO 15 was significantly taller than FARO 27 and
FARO 29 at 56 and 98 DAS in both trials, The maximum
height reached by FARO 15 at 98 DAS was 105.5cm while that
of FARO 27 and FARO 29 were 84.6cm and 90.8em. Plant
height was of practieal importance in the two trials since
it aided in weed suppression by the rice cultiwvars.

In the 1983 wet season, FARO 15 out-yielded FARO 27 by
23,5% while FARO 29 also ocut-yielded FARO 27 by 21.1%. 1In
1983-84 dry season, FARQO 29 out-yielded FARO 27 by 21+2%
while FARO 15 showed a yield increase of 7.7% over the same
cultivar, the significantly hgher weed weight on plots
of FARO 27 may have accounted for the relatively poor
performance of the cultivar in grain yield production.

The post-emergence herbicide treatments in the 1983 wco
and 1983-84 dry seasons significantly reduced weed dry welont
compared with the untreated control and increased tiller
number per ha, plant height, panicles per ha and spikelets
per ha and grain yield compared with the untreated control
in all the trials. 1In 1983, all the treatments, caused
lower grain yield than the hand-weeded check plots while in
198384 dry season, the mixture of propanil with benthiocarb
plus silvex at 3.24 +1.8 4 0.75kqg a.i./ha caused com-
parable grain yield to handeweecding. Generally, in all the
trials, an increase in the rate of benthiocarb from 1,08kg

a.i./ha to 1.8kq a.i./ha resulted in lower weed dry weight
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and higher grain yield. Similarly an increase in the rate
of butachlor from 1.8 to 3.6kg a.i./ha caused lower weed
dry weight and higher grain yleld. Uncontrolled weed
growth throughout the crop life cycle in 1983 wet season
resulted in complete crop loss. In the 1983-84 dry season
trial, weed associated with FARO 15, FARO 29 and FARO 27
throughout thelr growth cycle resulted in 84.4%, 94.1% ani
97.9% losses in rice grain yleld respectively.

The interaction between cultivar and post-emergence
herbicide treatments was significant on the number of
panicles per ha, spikelets per panicle and the final grain
yield in the two trials. The mixture of propanil with
benthiocarb plus silvex at 3.24 + 1.8 + 0.75kg a.i./ha
resulted in comparable grain yield to the hand-weeded check
plots under FARE 15 and FARO 29 in both trials, wWhereas
in the 1983-84 dry season, the same treatment caused.
comparable grain yield to the hand-weeded check plots under
the three cultivars. Significantly higher grain yield
was recorded under FARO 15 and FARQC 29 at the lower rates
of the mixture of propanil with benthiocarb plus silvex
than under FARO 27. The differences were less dramatic at
the lower rates of the mixture of propanil with butachlor
under the three cultivars in both trials. The same trend
on interaction was manifested between cultivar and
herbicide treatments on the.number of panicles per ha
and spikelets per ha in both trials.

The results obtained from the greenhouse showed that

glyphosate at 1.6kg ae/h> resnitad in complete control
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(100%) of shoot, root and rhizome dry matter production,

Other treatments which caused comparable cutgrass control
were molinate at 4.0 kg a.i./ha followed by butachlor plus
propanil at 3.6 4+ 1.02kg a.i./ha and molinate at 4.0kg a.i./-=
followed by benthiocarb plus propanil at 1.8 + 3.24kg a.i./h=.
The treatments resulted in 85% and 90% control of cutgrass
shoots at 12 weeks after herbicide application. Rhizome

dry matter production control was 46.8% and 64.9% while

root dry matkter production control was 85.6% and 87.9%.
Another promising treatment was oxadiazon at 1.25kg a.i./ha
applied at bud initiation. It caused 74% control of shoots,
36.2% control of rhizome and 84.9% control of root dry

matter production compared with the untreated control.

Under fleld conditions in all the Erials, application of
glyphosate significantly reduced cutgrass dry weight and
increased tiller number per ha, panicles per ha, spikelets
per panicle and final grain yield. In the 1985-86 preliminary
trial, glyphosate at 1.0kg ae/ha reduced cutgrass dry weight
at 60 DAH by 29,5% and increased rice grain yield by 56.1%.

In 1986 wet season, the same glyphosate rate reduced cutgrass
dry weight at 60 DAH by 53.1% and increased rice grain yield
by 30.9%. Wwhile in 1986-87 dry season, the same treatment
reduced cutgrass dry weight at 60 DAH by 67.5% and increased
rice grain yield by 57.1%.

Application of pre-emergence oxadiazon also significantly
reduced cutgrass dry weight and increased rice grain yield.
In the 1985-86 dry, 1986 wet and 1986-87 dry season, pre=-

emergence oxadiazon reduced cutgrass dry weight at 60 DAH by
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3.2%, 39.9%, 2.4% and increased rice grain yield by 8.1%,
27.6% and 11.1% respectively. The above Ffigures emphasizc
the Importance of glyphosate and oxadiazon in the control
of cutgrass which is capable of rapid propagation through
rhizomes, seeds and surface creeping stems 1In lowland riece
fields.

Poste~emergence herbicide treatments further reduced
cutqrass dry welght and increased crop growth, yield attri-
butes and final grain yield compared with the untreated
control. In 1985-86, 1986-87 dry seasons, all the post-
emergence herbicide treatments caused significantly higher
cutqgrass dry welight and lower grain yleld than the hand-
weeded check plots. 1In 1586 wet season, bhutachlor plus
propanil at 1.8+2.0 kg a.i./ha, mixtures of propanil with
oxadiazon and dimethametryne each at 2,0 4 0.75kqg aisl./ha
caused significantly higher cutqrass dry welght but compa-
rable grain yield to hand-weeding. ‘

Significant Interaction was obtained between preplant
glyphosate and pre-~emergence oxadiazon on'cutgrass dry
weight at 60 DAH in 1986 wet season and on plant height
at 56 DAS in 1986-87 dry season. While both rates of
glyphosate caused significant reduction of cutgrass dry
weight when pre~emergence oxadiazon was applied later at
0.75kg a.i./ha only glyphosate at 1.0kg ae/ha significantly
reduced the weight without pre-emergence oxadiazons This
interaction 1s of practical importance tc large scale riééw
farmers who use tractor mounted sSprayers. The interaction

between pre-plant glyphosate and postwemergence herbicide
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treatments was significant on tiller number per ha, non-
significant on panicles per ha. significant on spikelets
per panicle, % unfilled grains and final grain yield
in all the trials. This interaction was also of practical
importance., For instance, under glyphosate at 1.0kg ae/ha
and 0.5kg ae/ha, the mixtures of propanil with oxadiazon an!
dimethametryn each at 2.0 4+ 0.75kq a.i./ha, butachlor
plus propanil at 1.8 + 2.0kg a.i./ha and sometimgs
benthiocarb plus propanil at 1.08 + 2.0kg a.i./ha resulted
in comparable grain yield to the hand-weeded check plots
in all the trials. without glyphosate all the post=
emergence herbicide treatments caused significantly lower
grain yfeld than hand-weeding except in 1986 wet season.
The interaction between pre-emergence oxadiazon and
post-emergence herbiclde treatments was significant on
% cutgrass coverace, cutgrass dry weight at 60 DAH
and plant height of rice at 98 DAS. A non-=significant
interaction was obtained betweed pre-emerqence_oxadiazon
and post-emergence herbicide treatments on tiller number
of riee at 30 DAS and 60 DAS and panicles per ha in all
the trials. The interaction between pre-emergence
oxadlazon and post-emergence herbicide treatments was
significant on % unfilled grains, spikelets per
panicle and grain yield in all the trials. The signifi-

cant Interaction between pre-emergence oxadiazon and post-
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emergence herbicide treatments on grain yield in 1986 wet
season was of practical importance. uUnder pre-emergence
oexadiazon in this trial, the mixtures of propanil with
oxadiazon and dimethametryne each at 2.0 + 0.75kg a.i./ha
caused comparable grain yield to the hand-weeded check
rlots.

Rice grain yilelds were significantly positively corre-
lated with spikelets per panicle, number of panicles per h3,
tiller number per ha and negatively correlated with %
cutgrass coverage and cutgrass dry weight at 30 DAH and
€0 DAM. In the 1986 wet season, corresponding values were
r = 0.80, 0.61, 0.53, -0.54, =0.70, =0.063 and =0.71;

while in the 1986-87 dry season, the values were (r .89,

0.90, 0.85, ~0.75 and -0.85). At 30 DAH 1in 1986-87 dry
season, cutgrass did not emerge to compete with rice plants,
The results obtained from this study indicated, that
cutgrass infestation throughout the crop life cycle depress .o
various crop growth parameters such as tiller number, plant
helght, yield and yield attributes such as panicles per ha
and spikelets per panlicle tompared with the weeded control

plots,
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Appendix 12

Ambient temperature, relative humidity and rainfall at
Badeggi, 1983.

J July
Day-TEEEE?EEE?g_'ReIét{ve Precip., Temperature Relative Frccip.
min. e Max humidity Min.oC Max. humidity
—% __ (mm) % (o)
1 25 34 e - 23 32 77 -
2 26 35 78 55 24 30 77 34.1
3 23 32 83 - 21 29 96 -
4 25 32 76 - 22 31 84 -
5 26 34 73 - 24 32 84 21.3
¢ 25 34 83 - 21 30 89 -
7 25 34 81 25.6 23 32 86 114
8 Q2 28 91 - 21 30 9N -
9. 21 23 84 - 23 32 B4 11.0
10 24 32 79 6:5 21 82 82 9
11 22 b3 84 - 24 33 81 -
12 24 28 81 6.3 25 32 86 -
13 21 31 88 - 21 30 85 16.6
14 25 30 77 - 23 32 84 -
15 23 4 80 - 24 31 94 -
16 24 32 82 - 22 29 92 20.5
177 24 33 82 - 23 30 89 -
18 25 33 81 0.3 24 31 88 -
19 24 30 84 21.4 25 30 81 -
20 21 29 91 - 23 32 85 -
21 23 31 88 - 25 33 81 -
22 25 33 81 - 22 31 83 233
23 24 32 81 - 24 30 92 -
24 24 30 91 .1 23 33 80 e
25 24 1 80 - 24 32 81 -
26 24 32 87 - 23 31 88 -
27 25 33 83 8.0 24 32 B84 -
28 24 32 88 0.3 24 32 77 & P
29 23 35 84 - 23 29 89 0s4
30 24 31 88 - 23 29 80 15.6
31 23 28 87 -
Total 74,0 170.3

Mean 24 32 83 23 31
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Appendix 2. aAmbient temperature, relative humidity ang’

rainfall at Badeggi, 1983

Day

O v o N oaos w o Pt

1
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Total
Mean

August September

Temperature Relative Precip, TeMperature Relative Pr>cin.

Min.oc Max. hum;dity {mem) Min.c’_C Max. humédity e
o TN i — e

22 30 77 ~ 23 32 81 -
23 31 77 5.9 24 27 81 7.7
23 26 96 5.8 22 31 84 -
23 30 84 0.3 24 23 81 69.4
24 32 84 0.6 27 28 96 -
24 27 89 2.7 21 30 84 -
23 29 86 253 24 31 81 -
24 31 91 §,2 23 32 86 -
23 31 84 - 24 33 80 T4
24 29 82 - 24 32 83 -
24 28 81 De2 24 30 88 2.5
24 31 86 - 21 33 88 O.1
23 28 85 - 24 32 84 -
22 30 84 - 22 32 84 -
23 32 94 - 24 33 81 6a5
23 31 92 - 23 32 86 1545
23 31 87 - 23 32 85 -
23 31 88 14.4 23 30 90 4.9
21 29 81 3.9 22 33 89 -
23 30 85 4.9 24 32 85 -
24 31 81 1.2 24 32 90 3.4
23 31 83 - 22 31 88 113
24 32 92 - 22 32 92 -
24 32 80 1.8 22 33 87 3.8
23 29 81 21.2 23 32 86 34,5
27 30 88 2.9 2% 27 9296 0.7
23 30 84 -~ 22 32 88 -
24 32 T 25,7 22 33 76 -
21 29 89 - 24 34 84 5.3
23 30 80 - 22 31 79 2+9
24 31 87 -

144.0 175.1

23 30 85 23 31 85
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Ambient temperature, relative humidity and
rainfall at Badeggi, 1983

=3

N

wm b w

N ~] (o2

23
24
25
26
27
28
29
30
31
‘otal
M2en

October November

;iﬁperaﬁgre Relative Precip. Temperature Relative ;;ecip
.oc Xe hum%dity (o) Min.oc Max. hum;dity (mm)

22 32 84 - 20 34 43
24 33 83 - 22 34 69
23 32 70 - 22 34 80
23 32 83 - 22 34 67
24 23 86 - 22 35 66
23 32 71 - 21 35 72
24 34 83 - 20 35 74
24 34 85 - 21 35 74
24 34 72 - 20 34 77
23 34 76 - 20 34 73
23 34 79 - 18 35 75
23 33 87 - 20 35 81
22 33 81 - 21 35 83
24 33 84 - 22 35 79
24 34 81 - 22 35 82
24 34 82 - 21 34 72
25 34 86 - 20 36 71
24 33 86 - 18 36 59
24 35 78 - 19 36 63
23 34 74 - 17 35 71
22 34 88 - 19 36 74
21 33 90 - 19 34 76
21 34 84 - 18 34 67
19 34 86 - 20 35 81
P 34 73 - 16 34 72
24 34 88 - 17 34 62
21 34 68 - 17 35 49
24 34 88 - 15 34 47
21 34 83 - 18 34 74
22 35 75 - 20 i3 67
20 35 47 -
23 34 80 20 35 70
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LbBpndix 4:

Amblent temperature, relative humidity and rainfall at
Badeggi, 1983-=84

July
Day Tempera%ure Relative Precip. Temperature Relative freci

Min.qc Max humidity Min.oC Max humidity )

% (mm) % L)
g 20 34 69 - 17 33 39 -
2 18 34 66 - 14 33 33 -
3 19 34 63 - 12 32 28 -
b 17 35 63 - 18 34 49 -
5 16 35 69 - 17 31 38 -
o 19 35 63 - 16 31 56 -
7 19 2D 71 - 14 33 34 -
8 18 35 68 - g L 33 50 -
9 19 36 83 - 17 34 62 -
.1. 20 34 82 - 15 34 39 -
11" 22 34 70 - 16 33 50 -
12 23 36 81 - 14 34 51 -
13 21 35 81 - 15 23 57 -
14 21 35 Y i - 16 35 53 -
15 29 35 81 - 14 33 51 -
16 22 36 81 - 17 3 31 -
17 21 34 84 - 17 32 70 ~
18 21 34 76 - 16 31 36 -
19 17 36 46 - 14 33 Ly =
o0 20 36 71 - 14 36 39 -
21 20 36 68 - 13 35 38 -
22 19 29 38 - 14 36 35 -
23 13 34 37 - 15 36 35 -
24 13 33 47 - 14 36 50 -
25 13 32 33 - 12 36 32 =
26 14 33 45 - 14 35 48 -
27 15 3 27 - 14 37 48 -
28 15 32 L - 18 36 39 -
29 16 31 59 - 17 35 42 -
30 16 33 61 - 18 36 28 -
31 15 33 60 - 15 33 30 -
Tetal = - - - = * - -

Mean 18 34 63 - 15 34 43 -
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A-pendix 5. Ambient temperature, relative humidity and
rainfall at Badeggi, 1984,

February March
Day Temperature Relative Temperature RElAtive Precip.

Min.oc Max  humidity P::;ip Mine, Max. humidity (o,

1 18 37 50 s 22 37 48 &
2 16 37 26 - 23 38 66 -
3 16 38 28 - 20 40 44 -
4 17 36 16 - 20 39 68 -
5 16 33 21 - 23 18 70 -
6 17 33 21 - 24 39 68 -
7 16 32 83 = 25 39 69 =
g8 15 34 83 » 25 38 67 "
9 17 34 31 - 25 35 64 -
19 17 35 66 - 23 35 66 »
11 18 37 58 - 24 38 67 =
12 17 37 53 - 24 38 70 ”
13 17 39 37 - 25 39 81 -
14 17 38 65 - 24 38 73 >
.5 20 38 41 - 26 39 73 -
16 21 37 a8 - 24 37 66 -
17 20 38 58 - 25 39 69 -
13 19 38 54 = 25 38 65 -
RERET: 36 58 - 26 39 65 4.0
20 16 38 22 - 24 37 66 -
1 28 19 26 - 25 38 63 -
22 18 18 37 . 26 37 64 "
23 19 37 43 - 24 36 68 -
“4 20 38 37 - 25 39 33 e
‘5 23 38 63 - 22 39 28 -
26 22 38 62 » 26 37 66 -
27 19 38 58 e 26 38 66 “
2 21 39 318 - 25 37 65 -
s0 23 38 42 - 26 39 42 -
37 - - - = 25 38 23 o
3L - - - o 25 38 61 -
‘otal - - - - - - - 4,0

~an 18 36.8 46 - 24 38 61 -
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Ambient temperature, relative humidity and

nay

W W N

= O VU D 9 oW’

e

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
Total

Mean

rainfall at Badeqgi, 1984
April

aimperafure Relative Precip. Temperature Relative Precic.

Ne Max humidity (mm) Min. o Max. humidity foum

c % %

24 39 .5 § - 26 33 72 4045
27 38 65 - 22 32 82 -
27 38 64 - 25 34 88 -
26 39 62 - 26 36 73 11.2
24 37 60 - 24 32 81 31.5
27 39 64 - 23 33 87 -
27 38 87 - 25 34 78
25 38 63 - 25 34 77 -
24 36 60 - 25 35 75 -
26 39 61 - 26 30 82 30.7
24 39 53 - 21 31 84 -
27 38 52 - 24 35 82 -
27 38 52 - 26 34 76 22.0
24 34 50 - 21 32 77 -
25 37 56 - 25 35 76 -
24 38 62 - 25 31 83 -
24 38 63 - 24 35 82 -
25 39 60 - 23 32 83 -
25 35 58 - 23 34 73 -
24 38 57 - 24 35 85 -
26 39 56 44.1 25 34 b 24.8
23 30 66 - 20 31 91 -
23 34 68 - 24 33 72 -
26 33 67 - 25 35 72 -
25 36 72 - 213 33 T7 -
27 2D 18 34.5 24 34 82 4.3
21 33 79 - 22 33 81 -
24 35 77 - 24 34 78 0.8
25 31 73 - 23 32 68 ~-
23 34 75 - 23 32 76 -
- - - - 22 29 91 4,7
- - - 78.6 - - - -
25 33.5 62 - 24 33 79 140.2
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Arpendix 7, Ambient temperature, relative humidity and
rainfall at Badeggi, 1986,

June
ay SR TOTRC popcyp, TeCatiIS Relaive procts
O o (mm) e % (mm )
1 24 35 83 11.6 28 28 85 -
2 21 34 81 1.2 22 31 80 -
3 33 83 - 23 30 84 3.8
4 22 33 73 13.7 24 31 84 i [ 4
5 22 28 86 - 21 31 89 -
6 22 29 94 3.1 23 30 26 -
7 22 32 76 - 22 31 73 4,6
8 24 33 84 - 24 29 83 -
9 24 33 71 1.1 22 31 81 -
10 22 31 79 23.2 24 32 72 -
1 21 31 84 - 23 30 82 -
12 24 30 74 9.7 22 30 80 -
1 24 33 70 - 23 31 84 -
14 Fgp 32 87 - 22 31 73 -
1 24 32 87 93.1 23 30 79 4.2
16 25 32 81 - 23 29 92 2.4
17 21 33 83 10.0 23 30 96 -
18 24 34 77 - 22 31 82 -
19 22 32 83 10.1 23 33 91 -
20 24 33 73 - 24 34 87 38.1
21 22 30 91 — 22 30 92 31.5
22 24 33 87 115 22 27 97 0.8
23 23 32 83 1.5 23 30 87 -
24 22 e 91 - 22 28 85 -
28 22 27 83 - 23 30 92 -
26 22 31 4 - 22 30 81 9.0
27 24 31 68 - 22 29 94 -
28 24 33 90 B 22 30 98 -
29 24 34 83 13.5 21 31 87 -
30 22 30 85 41.7 23 31 80 42.7
31 - - - - 21 33 96 2a
Total ~ - - 245.0 - - - 140.7

'ean 23 32 82 - 23 30 86 -
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Ambient temperature,
rainfall at Badeggi, 1986.

relative humidity and

02
w
n{

O 0 3 O = W N

o T O B L I S S e o T T = S
Ww N o= O 9 0O <N O N & w N O

o L )
-

Ww W N NN
= O w 0 30 u

Total

Mean

Augus ¢t

Mper ature  Re .

ftin., Wax. humisity CeciPe ninl “Maxt humidity roci
C %

22 26 91 - 24 26 94 -
21 29 B84 - 24 31 92 -
22 32 92 - 26 32 77 28,0
23 33 77 48.2 22 28 85 -
23 29 96 - 24 30 76 4.7
22 31 85 20.4 24 30 80 2.1
22 29 93 - 25 30 85 3.5
23 31 88 - 24 23 923 13,5
24 32 82 17.3 23 29 93 4.H
21 29 23 - 23 29 92 0.7
22 31 88 2.9 23 31 79 0.5
21 29 93 - 25 31 84 0.5
22 30 80 1.2 25 32 75 14.0
22 30 92 - 23 30 96 13.1
22 30 a3 - 25 32 84 245
22 33 75 . 25 32 85 -
23 30 o1 - 24 33 77 10.5
24 32 74 3.0 23 31 83 -
23 29 88 - 24 32 81 -
23 31 81 - 24 31 84 13.6
22 32 84 15.3 24 27 95 g,
21 30 87 - 23 29 81 11.7
23 31 74 - 24 32 75 2«7
23 32 77 - 25 39 88 14.8
23 31 84 17.2 23 29 92 -
23 31 91 - 24 32 77 14.8
24 29 90 - 22 29 82 -
23 31 84 - 22 33 20 -
21 32 85 5.3 23 32 81 14.0
22 31 88 1.4 23 31 76 1.6
23 32 7 13.6 - - - -

- - - 145.8 - - - 182.3
22 . | 85 - 24 30 84 -
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Ambient temperature, relative humidity and
rainfall at Badeggi, 1986.

vpendix 9.

October

B me e Moty oo ECEALI IINER precis,
% % mm) oc % (mm)
1 23 28 97 4.7 22 31 85 -
2 22 1 79 -- 22 33 85 -
3 23 33 81 4.6 24 33 86 -
1 22 31 84 0.7 24 32 77 -
5 22 29 95 0.7 24 28 83 -
6 23 31 77 - 24 32 92 -
7 24 33 86 - 23 34 81 -
8 25 33 76 - 4.3 34 82 -
9 24 33 74 - 25 34 84 -
i) 24 34 77 2549 24 32 73 -
% | 23 33 81 - 23 32 56 -
12 24 34 86 - 23 32 70 -
13 24 33 78 - 24 34 60 -
p 24 33 B2 - 25 34 63 -
.5 23 34 82 - 20 33 56 -
6 24 34 79 11.9 20 34 63 -
17 22 34 88 - 21 33 83 -
13 23 30 89 - 22 i3 69 -
19 24 28 78 0.6 22 34 83 -
20 22 33 78 - 22 32 76 ~
1 23 34 81 - 21 34 75 -
2 24 34 87 - 23 34 84 -
23 23 34 81 - 22 30 87 -
24 32 74 - 19 32 76 -
=9 23 i3 82 - 22 33 { jo -
26 23 34 84 2.4 21 33 83 -
27 23 33 84 - 23 34 71 -
28 23 32 79 - 21 33 57 -
29 22 31 90 - 21 33 59 -
30 23 33 70 23.6 20 34 77 -
31 22 32 83 13.8 - - - -
"otal = - - 88.9 ~ - - -
in 23 32 82 - 22 33 75 -
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Appendix 10, Ambient temperature, relative humidity and
rainfall at Badeggi, 1986-87.

December
Temperature Relafrive

Temperature Relative

-ay Tii‘oc Max. humidity il Min., Max. hunidity Precte.
1 16 33 57 - 17 31 64 -
2 18 32 €0 - 17 33 A4 -
3 20 31 55 - 17 34 54 -
a4 18 34 52 - 17 s 82 -
5 15 31 a4 - 17 36 44 -
6 16 31 71 _ - 16 33 - a8 -
7 15 32 72 . - 15 2 56 -
8 18 32 7 81 = 15 31 43 -
9 12 34 51 & 18 32 38 -

10 13 34 66 = 16 33 50 -

11 13 34 695 -~ 14 38 76 -

12 13 34 62 - 14 33 60 -

13 14 33 60 - 15 34 70 -
4 14 34 45 - 13 35 76 -

15 14 32 a4 - 17 35 75 -

15 15 32 71 - 18 35 67 -

17 14 31 63 . = 21 35 67 -

18 14 30 55 . = 22 36 84 -

19 14 31 32 - 21 36 84 -

2 13 29 69 © e 21 36 74 -

21 17 29 65 - = 17 38 74 -

2 16 32 52 .. = 16 37 47 -

2 16 33 a5 = 15 37 32 -

24 16 34 85 - . = 14 36 66 -

> 17 34 86 - 16 34 75 -

26 17 34 62 - 13 35 70 -

2 17 33 73 - 15 34 34 -

ng 20 34 42 - 16 35 45 -

. 16 33 50 e 16 35 52 -

3 14 33 a4 - 17 34 86 -

31 17 31 71 - 18 35 54 -

Total - - - - - - - -

Mean 16 32 59 - 19 34 61 -




Appendix 11
Ardient temperature, relative humidity and rainfall at

Badeggi » ‘1987-
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June
Day Temperature Relative

in.ic Max hum%dity
1 16 36 73
2 7 37 27
3 19 36 65
4 15 37 4O
5 17 36 L 3.
6 15 36 68
7 14 36 66
8 15 37 37
9 14 34 28
10 13 36 41
11 13 37 65
12 13 39 69
13 12 37 70
14 13 37 60
15 15 37 80
16 17 36 66
17 21 36 68
18 20 36 71
19 1 37 70
20 16 37 73
21 17 37 76
22 17 38 €8
23 18 39 68
24 17 38 69
25 17 38 64
26 18 38 64
27 23 37 56
28 24 38 60
29 - - -
30 - - -
31 - - -
Total = - -
Mean 17 37 61

PI‘QCipo

July

Tenperature Relative Frrecip.

Min.o, Max humidity

. % (- )
17 37 43 -
17 38 23 -
17 36 25 -
18 37 27 -
17 39 29 -
18 37 35 -
18 38 35 ”
12 39 62 -
24 36 65 -
24 37 59 .
21 38 80 12.5
19 39 46 -
22 36 73 »
25 37 72 -
25 36 75 -
26 35 75 -
27 37 68 -
26 38 66 -
26 37 62 -
27 39 75 -
27 35 77 9.5
23 35 87 -
24 37 68 -
26 37 70 -
25 37 69 &
26 34 73 =
25 36 (5 -
27 33 T4 -
27 35 82 -
27 35 69 -
26 37 74 -
- - - 2E.
2> 37 62 -
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Appendix 12

Ambient temperature, relative humidity and rainfall
at Badeggi, 1987.

Day April
Temperature Relative Precip.
Min.e, Max. humidity
z - % Som)
1 25 37 65 28.0
2 22 33 86 -
3 © 24 35 77 -
4 26 37 77 -
< 26 38 81 -
6 26 36 75 -
7 25 38 69 -
8 18 37 50 -
9 20 37 39 -
10 21 38 64 -
11 22 39 70 -
12 22 38 74 -
13 24 38 68 -
14 24 39 58 -
15 27 37 69 -
16 25 38 61 -
17 26 37 69 -
18 25 38 63 -
19 24 40 62 -
29 24 38 61 -
21 26 37 19 -
22 23 38 21 -
23 24 39 26 -
24 25 39 28 -
25 24 LO 59 &
26 24 39 41 -
27 25 39 56 -
28 27 40 70 -
29 23 40 67 -
30 25 39 68 -
31 - - " -
Tetal - - - -

Mean 24 38 60 -



264

Appendix 13. /nalysis of variance of plant height at 23 days after seeding at
Badeggi, 1983 wet season.

Source of variation WWMMMMM of Sum of Mean F Significance
squares Squares o

Main-plot

Replication (R) 3 17.95 3.98 1.33 NS

Variety (v) 2 257.06 128.53 51.70¢ SIG.

Error (a) 6 12.49 2.08 0.46 SIG.

Total 11 369.56 33.60 7.50

Sub=plot

Weed control treatment (w) 7 393.72 56.24 12,53 SIG.

VXW 14 131.11 9.36 2.08* SIG.

Error (b) 63 282.70 4.48

Total 4 807.53 2.61

Grand Total 95 1095.06

Grand Mean 28.19

Total number of observations 96

NS = Not significant at 0.05 level, *, ** significant differences
at the 0.05 and 0,01 levels respectively.
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Appendix 14. inalysis of variance of

seeding in the direct-

dry season.

plant F:ight at 28 days after
Seeded lowlend rice at Badeggi, 1983-84

Source of variation Degrees of

freedom

zmpslmwOw

Replication (R)

Variety (v)

Error (a)

Total

Stib~plot

weed control treatmentg
V x W |
Error (b)

Total . _.._ e
Grand Total

Grand Mean

Total number of observations

11

7
14
€3
84
95
30.71
96

Sum of
square 3

292,46
23.52
8.31 -
31.83

1223.03
Wm.oq
357.82
1669,.97
1994.27

Mean ) F Significance
mmc ares . ——
97.48 e 17.16%* SIG.
11.76 S 8,49ee SIG.
1.38 7 0.24
2.94 0.52

174.72 : 30,760 SIG.

5.36 1,12 NS
5.68. . :
19,88 L

NS = Not significant at 0.05 level,

0.01 levcls, respective .

» significant differenc.. at the 0.05 ana
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Appendix 15,

Badegqi, 1983 wet season

Analysis of variance of plant height at 56 days after seeding at

Source of
variation

Main-plot
Replication (R)

Variety (V)

Error (a)

Total

mcUImHOW

weed control treatments (W)
V X W

Error (b)

Total

Grand Tokal

Grand Mean

Total

nuinher of observations

Degrees of
freadom

-
24
63
84
95
75.71cm
96

sum of - Mean
sguares squares
418.60 139.53
201.21 100.60
46,14 7.89
247.38 22.48
2669.54 361.36
693.93 49.93
£61.55 10.50
4025.02 47.90

13.28*+
13.08°s
0.73
2.14

36,.31°**
QOQMOO

Significance

SIG.
SIG.

S1G.
SIG-

NS =

Not significant at 0.05 level, *, **, significant differences at te 0.05 and 0.01
levels respectively.
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Appendix 16. Analysis of variance of plant height at 56 days after seeding —
in the direct~-seeded lowland rice at Badeggl, 1983-84 dry season.

source of varlatlon _ _ WWMMMMM of wmuwwwm memwmm F Significance
Main-plot

Replication (®) . 3 275.78 91.92 13,530 SIG.
variety (V) 2 1298.64 649,34 54,994 SIG.
Error (a) | 6 70.84  11.80  1.73

Total 11 | 1369.53 124,59 21.50
Sub-plot |

Weed control treatments 7 7543.89  1077.68 158,.69°° S1G.
V XWw | 14 2213.53 158.11 23,28+ SI1G. -
Error (b) . . 63 427.83 5.79

Total | 84 10185.26 421.25

Grand Total | 95 ©11830.57

Grand Mean | . 68.1

Total number of observations 26

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and 0.0%
level respectively.

\ .
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Appendix 17. Analysis of variance of plant height at 98 days after seeding

at Badeggi, 1983 wet season

Source of variation WWMMMMM of
Main-plot

Replication Hmv__ B . . 3
variety (V) - 2
Error {a) . _ 6
Total o g . 1
Sub~plot

Weed control nﬂornaozwa_.tu . 7

VvV xw | 14
Error (b} 63
Total 84
Grand Total 95
Grand Mean : | 93,31
Total number of observations 96

Sum of Means
sguares squares
247.29 82.43
3254.2% 2627.13
85.82 14.30
5340.07 485.46
319709.30 17101, 33
1090.68 77.,91
956.17
121756.18
1217343.52

|24 Significance

Se.43"*
183.57*¢
0.34
32.00

1126.77*
5.13

S1IG.
SIGa

N3

S1G.

SIG.

NS = Not significant at the 0.05 level, *, *¢,

0.05 and 0.01 levels respectively.

4

significant differences at the



269

Appendix 18, Analysis of variance of plant height at 98 days after seeding
in the direct-seeded lowland rice at BRadeggi, 1983-84 dry season.

source of varlation

Main~plot
Replication (R)

variety Acv_

Error (a)

Total

Sub-plot

weed control rna.naoswu
VXw | |
Error {(b)

Total

Grand Total

Grand Mean

Total number of observations

Degrees of Sum of
freedom sguares
3 1065.78
2 8179.15
6 _,._ 450.38
11  8629.53
7 119934.36
14 1514.85
63 1368.93
84 122818,14
95 132513.45
93,45
96

Means
squares
355.26
4089.57
75.06
784.50

17133.40

108.20
21.73

1452.12

F Significance
16,3594 51G.
54.48%¢ 51G.

3.45

3¢.10

7688.50%+ SIG.
4.98* SIG.

NS = Not significant at Q.05 level; *, **, significant differences at the
0.05 and 0.01 levels respectively.
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2

Appendix 19 Analysis of variance of number of tillers per m® at 30 days after
seeding at Badeggi, 1983 wet season.

. _ Degrees of
Source of variatien freedon

Main plet
Replication (R)

Variety (V)
Error hmv
Total

Sub_plot -
Weed control treatments (W) -

VW
Error (b)
Total
Grand Total

Grand Mean 328,8
SE

Total number of observations

— o N W

7
14
€3

84

95

Sum of Mean

sguares Sguares

24674 822.4
12901.0  6450.5
7107.0 11844

20008, 4 1818.9

255511.3 36581.6
25221.7 1801.5
35543,5 564.2
316276.5 3765.2
338752.0

F

1.45
54 Ll
2.10
3.32

64, 6
34193%*

Significance

NS
S1G

S1G.
SIG.,

NS = Not significang at the 0.05 level.

and 0,07 levels respectively.

*, #¢  significant differences at the 0.05
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Appendix 20: Analysis of variance of number of tillers per aw at 30 U>MH in the
direct-seeded lowland rice at Badeggi, 1983-84 dry season.

varistion freedon ~  squares  squares  ©  Significance

Main plot

Replication (R) 3 2257.3 752.5 1.00 NS

Variety (v) 2 113789.1 56894.5 51.34°" SIG.

Error (a) 6 6648,.2 1108.0 1.48

Total 11 120437.2 10948.8 14.65

Sub-plot

Weed control treatments 7 272149.0 38878.4 52,03 SIG.

V X W 14 43072.9 3076.6 4.11*° SIGe.

Error (b) 63 47079.4 747.3

Total 84 362301.2 4313.1

Grand Total 95 484996.0

Grand Mean 383.9

Total number of observations 96

DAS = Days after seeding.

NS = Not significant at 0.05 level, &, <e

level respectively.

sy significant differences at the 0.05 and 0.0,
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Appendix 21: Analysis of variance of number of tillers at 60
at Badeggi, 1983 wet season

days after seeding

Saurce of
variation

Main plot
Replication (R)

variety (V)

Error (a)

Total

Sub=-plot

Weed control treatments (W)
V X W

grrar {b)

Total

Grand Total

Grand Maan

Total number of observations

Degrees of
freedom

Sum of Means
squares squares

11

T
14
53
84
95
313.2
96

19446.6 £482.2
6713.1 3356.65
7645.1 1274.2
14358.3 1305.3

1423303.5 wowwmm.#.
26361.0 1882.89
35548.0 564.3
1485212.6 17581.1
1519017.5

11.48¢%¢
2.634
2.258

2.31

360,35
3.332e

Significance

31G.

NS

SIG.
SIG.

NS = Not significant at the 0.05 level, *, *°*,

0.05 and 0.01 levels respectively.

significant differences at the
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Appendix 22¢ Analysis of variance ow number of tillers sm at 60 days after
seeding in the direct-seeded lowland rice at Badeggi, 1983-84
dry season, _

Source of variation Degree of Sum of F Significance
freedom squgres —_

Main-plot

Replication (R) 3 67139 22380  16.65%* SIG,

Variety (V) 2 3723 . 1862 b, 96* s1G,

Error (a) 6 2252 375 0.27

Total 1 5975 543.18 0440

Sub-plot

Weed control treatments (W) 7 1374063 196295  146,09%# SIG,

VxWw 14 50068 3576 2,6%% SIG,

Error (b) 63 - - 84649 1344

Total 84 1508780 17962

Grand Total 95 158193

Grand Mean : . 3731

‘otal number of observations 96

NS = Not significant at 0,05 level, #, #* significant differences at the 0.05
and 0,01 levels respectively.
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Appendix 23:

1983 wet season.

Analysis of variance of number of um:Hnumm\sm in the direct-seeded
lowland rice at Badeggi,

wocnnm of
variation

Main-plot

Replication (R)

variety (v}
Brror {(a)

Total

Sub-plot

Degrees of
f reedom

11

weed control RWWInInann (W) 7

vV X W

Error {b)
Total

Grand Total

Grand Mean

Total number of

cbservations

14
63
84
95
252.4 |

96

Sum of
squares

233%9.1
93472.8
12358.8
105831.5

1152555.3
56954.6
33831.1
1243341.0
1351511.6

- 779.5

Mean

- sguares ..

46736.4

i

2059.8
9621.0

164650.8 .
4068, 2
537.0 .
14801.7
100.0

¥
]

1.45
22.69%¢.
3.83
17.91

306,611

7.57+"

NS = Not significant at the 0.05 level; *; *
0.05 and 0.01 levels respectively.

ry

significant differencas at the

Significance

NS

SiG.

SIG.

TG SIG.
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Appendix 24:

lowland rice at Badeggi, 1983-84 dry season.

Analysis of variance of number of nmswnpmm\am in the direct-seeded

source of
variation

ZNMSIWHOW
rReplication (R)
variety (V)
Error (a)

Total

mCUIWHOH
weed control treatments (W)

V X W

grror {(b)

Total

Grand Total

Grand Mean

Total number of cbservations

Degrees of

freedom

7
14
64
84
a5

537.1

956

sum of
squares

56950
12692
7303
19995

1256137
40004
93343
1390284
1467229

Mean

mmc ares

18583
6346
1217
1817072

179448
2915
1482
16551

F Significance
12.81+* SI1G.
5.21¢ SIG.
0.82
1.22
121.11** SIG.
1.96* S51G.

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and

0.01 levels respectively.
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Appendix 25: Analysis of variance of wvwxmwmww amoxam.xwpo~v in the direct-
seeded lowland rice at Badeggli 1983, wet season., : )

.

sources of Ummnmmw of Sum mm zmm:,. : F . . Significance
variation _ o freedom _. squares squares ./ —
Replication (R) = - . 3 - 6715 . 2238 5 2412 . NS
variety (v) . - T2 T eIy - 33337 . 89,14** . _mmm.m.._
Error (&) . 6 L 2244 34 . 0,35
rotal . 11 68917  6265.18  5.93
m:Ulv~0ﬂ.__,. - o L - - _ . . _ : _
Weed control treatments (W) 7 o 3167381 452483 Sw.om../_..\_ STG.
VxW | o - 14 145428 10388 ,,/ 9.85 - SIG.
Ercor (b) - 63 . 66440 1055 N
Total .. - . 84 3379251 40229 !

. Grand Total T S 95 - . 3454883 W .
Grand Mean S .H: - 415.8 |

Total number of observations 96

NS = Not significant at 0.05 level, -r ee.significant differences at the 0.05
and ¢.01 levels respectively.
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Appendix 263

lowland rice at Badeggi, 1983-84 dry season.

Analysis of variance of spikelet ﬁ:o\aw X uONV in the direct-seeded

source of Degrees of Sum of Mean .
variation freedom squares squares 1 Significance
Main-plot
Replication (R) 3 64102 21367 8.56%* SIG.
Variety (V) 2 604245 302123 50.00*" SIG.
Error (a) 6 30212 5035 2.01
Total 11 £34457 mqmqq.wd, 23.10 . .
Sub-plot ) . |
Weed n03¢nowmnwmmnam:«w Atu 7 2894456 413494 165 .66 SIG.
Vxw o o | 14 265880 18991 7.60%¢ SIG.
Error (b) £3 157248 2495
Total 84 3317584 39495
Grand Total 95 4016143
Grand Mean ..hmq.u
Total number of observations 96

significant differences at the 0.05

NS = Not significant at 0.05 level, *, *°,

and 0.01 levels respectively.
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Appendix 27: Analysis of <m5wmdom of % cnm»wwmn mwmnsm in the direct-seeded lowland
- rice mn wmnmmm» 1983 wet seasons

Source of variation ronsen Soiroes  senares
Replication (R) » 3 3.11 1.03
Variety (V) 2 199.64 99.82
Error (a) 6 62,60 - 10.43
Total 1 262.25 " 23.84
Sub=- L

Weed oob&ﬂou nﬂmmﬂsmsﬁu ntu 7 88284,57 12612.08
¥ x W 14 306,52  21.89
Error (b) 63 312,02 4.95
Total 84 88903.12  1058,37
Grand total = - 95 89168, 49

Grand mean 19,93 |

Total number of observations 96

_F_ Significance
0.21 NS
9. 56%* siG,
2,10
4.81
2546,41%%  SIG,
Ly 4420 SIG,

NS = Not mnmbwwwombd at 0,05 level, *,
1 levels Hmm@moapqmpw._

and O

#¢, significant differences at the 0,05
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Appendix 28

»

Analysis of variance of % wnfilled grains in the
lowland rice at Badeggi, 1983-84 dry season,

direct-gseeded

Source of variation

Main-plot
Replication (R)

Variety (V)

Error (a)

Total

Sub=~plot

Weed control treatments (W)
VxW

Error (b)

Total

Grand total

Grand mean

Total number of observations

Degrees of

freedom

e AR A I Y

7

14

63

84

95
21.25

96

‘Sum of
mnﬂmm regs

20,25
5628.00
64450
5692.50

1614 .66
41,33
37925
2435,25
8148,00

Mean
sguares

6.75

2814.00

10.75
517450

230.66
31.52
6,02
28,99

1¢12

261.76m0

1478
85,96

38,31

Be23%%

Significance

NS

"SIG,

SIG,
SIG,

NS = Not significant at 0,05 level, * ##, mumﬁuw»omﬁn differences at the 0.05

and 0,01 levels respectively.
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Appendix 29: Analysis of variance of 1000 graln weight (g) in the direct-seeded

lowland rice at Badeggi, 1983 wet season.

Source of
variation

Main~plot
Replication {R)

variety (V)

grror (a)

Total

Sub-plot

Weed control treatments (W)
V x W

Error (b)

Total

Grand Total

Grand Mean

Total number of observations

Degrees of

freadom

11

14
63"
8a
95
29.03

96

Sum of

sguares

. 3.54

14.17
5.25

19.42

3.38
4,23

17.56
25.17
48.13

Meéan

squares

1.18
7.09
0.88
1.76

0.48
0.30
0.28

F Significance
1.34 NS
8.10**  SIG.
1.72 NS
4.08 NS

NS = Not significant at 0.05 level, %

and 0,01 levels respectively.

**, significant differences at the 0.05
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Appendix 30: Analysis of variance of 1000 grain weight (g) in the direct-seeded
lowland rice at Badezgl, 1983-84 dry season.

Source of variation IR YL amer  muas
Englmu.o.n

Replication (R) . 3 Q.04 0.01
Variety (V) | 2 3.86 1.93
Error (a) 6 Q.20 0.03
Total 11 4,06 0.37
Sub-plot ;

seed control treatments (W) 7 0.67 0.096
VW 14 0.74 0.053
Error (b) 63 32.36 0.51
Total 84

Grand total 95 37«87

Grand mean 29.78

Total number of observations 96

F Significance

0.08 NS
57, 90%+ SIG.

0.72

NS
NS

- b

NS - = Not significant at 0.05 level, *, #*, significant differences at the 0,05

and 0.01 levels respectively.
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Appendix 31: Analysis of variance of grain yield in the direct-seeded lowland
rice at Padeggi, 1983 wet season.

Source of variation wwmwmmw.ou mmﬂMﬂMM Mmmb as IWI Significance
Main-plot

Replication (R) 3 5420 1.73 11.81%% SIG.
Variety (V) 2 10,39 5.19 17 71%% SIG,.
Error (a) 6 1.76 0.29 1.99

Total 11 12415 1.10 7.89

Sub-plot .

Weed control treatments (W) 7 283,58 40.51 276, 01%+ SIG.
VXxW 14 7.20 0.51 3« 50+ SiG.
Error (b) 63 9.24 0.14

Total 84 300,03 3¢5

Grand total 95 317.39

Grand mean 3.11

Total number of observations 96

NS = Not significant at 0.05 level, *, **, significant differences at the 0,05 and
0,01 levels respectively.
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Appendix 32: Analysis of variance of grain yield in the direct-gseeded Moﬁpmrn )

rice at Badeggi,

. v a
¥ -

1983-84 dry seascn

Source of variation

Main=blot
Replication (R)
Variety (V)

Error (a)

Total

Sub=-plot
Weed control’
VW .
Error (b)
Total ;
Grand total
Grand mean
Total number of observations

N_um-@uwm (W)

Degrees of Sum of Mean . .
freedom sguares squares F . .Significance -

2.91 0.97 . 8.8%  sIG,

3
2 757 3.98 34,00%¢ - SIG,
6 0.70 0,11 1,07 -
11 8.68  ~ 0.79 .  7.89 B
7 192.86 26,12 238,33%*  SIG.
"% 7.2% 0.5 L7 SIG.
63 6,90 0.10 |
84 197.00 2.34
95 208,60
2.97
96

- NS = Not signifificant at 0,05

levels respectively.

level, *, **, gignificances at the 0.05 and 0.10
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Appendix 33: Analysis of variance of % weed coverage at bﬁbmd in the
direct-seeded lowland rice at Badeggi, 1983 wet season,

Source of wvariagtion mwmwmmm of 4WMMmWMm zmmw res _ IW Significance
Main-plot

Replication (R) 3 5,25 1.75 1.44 NS
Variety (V) 2 65433 32,66 19.12%8 SIG.
Error (a) N -6 10.25 1.70 1440 ,
Total s 11 75.58 6.87 5,67

Sub-piot _ .

Weed control treatments (W) 7 81583.33  11654.767 9598.03%#  SIG.
VxW 8 14 %90.65 27.90 L 22,98%# SIG.
Error (b) . 63 76,50 1421 )
Total A 84 82090,50 976479

Grand total - : 95 82131433

Grand mean 24,58

Total number of observations . 96

1, #Weeks after herbicide application

NS = Not significant 0,05 level, *,
and 0,01 levels respectively.

*%, significant differences at the 0.05
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Appendix 34! Analysis of variance of % weed coverage at four weeks after
herbicide application in the direct-seeded lowland rice at Badeggil

1983-84 dry season,

Source of variation wwwwmmm of WMﬁmMMm meb - .mw: Significance
Main-plot

Replication (R) 3 3458 1.19 1.67 NS
Variety (V) 2 547.0 273.50 1156.35#**  SIG.
Erro (a) 6 1041 0.23 0.33

Total 11 548,41 49.85 70.21

Sub=plot

Weed control treatments (W) 7 90022, 5 12860,35 18004,5%**  SIG,
VXW 14 509.0 36.35 50 (%% SIG.
Error (b) 63 45,0 0.71

Total 84 9057645 1078.29

Grand Total 95 91128.5

Grand mean 19.6

Potal number of observations 96

NS = Not significant at 0.05 level, *, #*, significant differences at 0.05 and 0.01

levels respectively.
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A, endix 35;

analysis of variance of » weed coverage at ei nht weeks after

herbicide application in the direct-seeded lowland rice at Badeggi

1983 wet season,

Source of variation WMMMMMM of wca OMm
Main-plot

Replication (R) 3 3470
Variety (V) 2 126.58
Error (a) 6 5.66
Total " 132,25
Sub=plot

Weed control treatments (W) 7 87283.29
Vxw 14 234,08
Error (») _ 63 81.62
Total 84 87599,00
Grand total 95 87734,.,95
Grand mean 21.77

Total number of observations 96

Mean

Sguares

1423
63.29
0.94

12,02

12469.84
15.72
1.29

1042.84

F Significance
0.95 NS
57.01%» SIG,

0,72
9.31
§623,88%+%  sIG,
12,90%= SIG.

NS = Not significant at 0.05 level, *, **  siznificant differences at the 0,05 and

0.01 levels respectively.,



Appendix 363 Analysis of variance of % weed coverage at eight weeks
S after herbiclde application in the direci-seeded lowland rice at

Badeggl, 1983-84 dry season.

Source of wvariation , wwmwmmm of .wcﬁmm%w Mmmwdmm _w Signlficance
¥ , Main-plot
", Replicatien (R) 3 11.91 3,97 1,75 NS
Variety (V) - 2 313400 156, 50 158, 17#%* 5IG,
Error {a) . 6 5,58 0.93 0441
Total T 318,58 23,96 12.80
Sub-plot :
~ Weed control treatments (W) 7 78621.16  11231,59  4965,54%*  SIG,
& VxwW oo \ 1% 524,33 37,45 16.55%*  SIG.
Error (b) - . 63 142,50 2.26 |
Total 84 79288.00 943.98
Grand total g5 79618. 50
Grand mezn 27.88
Total number of observations 96

NS= Not significant at 0.05 level, *, **, siznificant differences at .05

and 0.01 levels respectively.
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Appendix 37: Analysis of variance of % weed coverage at maturity in the

direct-seeded lowland rice at Badeggi, 1983 wet season

Source of variation

Main-plot
rReplication (R)
Variety (V}
Error (a)

Total

Sub-~plot

weed control treatments (w)
V x W

Error ({b)

Total B
Grand Total

Grand mean

Total number of observations

96

Degrees of Sum of Mean
freedom sguares sguares
3 7.58 2.52
2 60.33 30.16
6 9.91 1.69
11 70.25 6.38
4 930954.50 13299.21
14 153.00 10.62
63 90.50 1.43
84 $3338.00 1111.16
95 93415.83 11
18.29

F8

1.76
18.25¢¢

1.15

4.46

9258.01**
7450%»

Significance

NS
5IGe.

5IG.
S51Ge.

NS = Not significant at the 0.05 level, *, **, significant differences at the 0.05 and

0.01 levels respectively.
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Appendix 38: Analysis of variance of % weed coverage at maturity in
the direct-seeded lowland rice at Badeggi, 1983-84 dry season.

mocnnm of variation WMMMMMM ot WMMNWMm MMW”ﬂmm F ~ Significance
menlmuon

Replication (R} 3 13.54 4.51 0.34 NS
Variety (V) 2 1.75 0.87 _ Q.14 . NS
Error (a) 5 36.58 6.10 0.46

Tatal _ . 11 38,133 3.48 0.26

Sub--plot

Weed control treatments (w) 7 75734.96  10819.28 816.32¢¢ S1G.
v x W . 14 586.92 41.92 J.16" 51G-
gcror (b) - 63 | 834,88 13.25

Total 84 77156.75  918.53

Grand total 95 77208.62 _

Grand mean 41%

NS = Not mwomwmwnm:w at 0.05 level, *, ** significant differences at the 0.05 and
0.01 levels respectively.
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Appendix 39:

Analysis of variance of dry-weight of grasses at harvest in

the direct-seeded lowland rice at Badeggi, 1983-84 dry season.

Source of
variation

Main-Plot

Replication (R)

variety (V)

Brror (a)

Total

mcUImHOﬂ

Wweed control treatwents (w)
Vox W |
Error Auu"_
Total

Grand Total

Grand Mean = .

Total number of observations

Degrees of Sum of
freedom squares
3 33920.5
2 . 16839.8
6 1978
11 18818.5
7 1122001.6
14 143529,7
63 33627.2
84 1299158.4
95 1331897.5
118.9
26

Mean F
squares —
11306.9 21.18e¢
8419.9 25,530
umwym 0.51
1710.77 3.20
160285.9 " 300,29
10252.1 19.20%°
533.8

15466.2

Significance

51IG.

SI1G.

51G.

NS = Not significant at 0.05 level;
0.01 levels respectively.

*, **, muonwmunmzﬁpmwmmmhmznmm at the 0,05

and



291

Appendix 40: Analysis of variance of dry weight of grasses at harvest at
Badeogi, 1983 wet season.

Socurce of Degrees of Sum of Mean .
variation . freedom squares squares F Significance
Main-plot | | .

Replication (R} . 3 .~ 1359.35 453.12  15.49**  SIG.
variety (v) 2 2265.54 1132.77 21.91*%  SIG.
Error (a) - & 310.21 51,70 1.76

Total L  2575.74 234,15 8.0

Sub-plot B |

Weed control trea w7 402256.06  57465.15 1965.28°¢  SIG.

vV ox W . 14 ~ 5264.59 376,04 12.86** SIG.
Error (b) T 63 1842.12 29,24

Total _ T aa . 409362.77 4873.37

Grand Total - o5 413297.87

Grand Mean _ T - 40.62

Total number of observations =~ 96 . o

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and
0.01 levels respectively.



292

Appendix 413 Analysis of variance of dry welght of broadleaved weeds
at harvest at Badeggi, 1983 wet season,

Source of variation

Degrees of Sum of

freedon sgquares
Main-plot .
Replication (R) 3 2652,13
Variety (V) 2 166,61
Error {(a) N . 6 747,67
Total | B M 914,28
Sub-plot . |
Weed control treatments (W) 7 58300, 24
Vxw S b 833117
Error (b) o . . 63 - 1820,65
Total | . 8h © 68452,07
Grand mean _ 30.21 :
Totzal number of observations T 66

Mean

squares

a8k, 04

83.30
124 .61
83,11

8328.61
595.08
28,98
814,94

30.598%
0.56
4,312
2.87

288,19%#
20,59%*

mamspwwomsomm

|

m.

) . w

s16,

"Rs /o
SIG,.
SIG,

NS = Not significant at 0,05 level, %, wE, significant differences at the 0.05 and

0.01 levels respectively.
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Appendix 42: Analysis of variance of dry weight of broad-leaved weasds
at harvest in the direct-seeded lowland rice at Badeggi, 1583--84
dry season.

source of | Dgmemor  smor  mesn p signieicance
Main-plot _ :

Replication (R} -~ ' 3 ©324.18 108.05  9.61** SIG.
variety (v) . 2 B12.19  406.09 14.32¢¢ sIG.
Error (a)  _ | m_m - w  6 _ 170.06 N - 28.34 |

Total o 982,25 89.29 .
Sub-plot ! -

weed control treatments (W) 7 1457.08 216.15 18,53¢* 51G.
VvV xw . 14 1438,99 102.78 9.15** ° ' SIG.
Error (b) 63 707.71 11.23

Total B 84 3603,77 42.98

Grand Total % __ _ _H_ _ 55 4910.17 :

Grand mean ___,_@.__, - 4.08 : N .

Tetal number of observations 96

NS = Not significant at 0.05 level, *, *¢, significant differences at 0.05 and
0.01 levels respectively. P
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Appendix 43. Analysls of varlance of dry weight of sedges at harvest at
Badegqgi, 1983 wet season.

scarce of wvariation WMMMMMM of wmmmmmm memnmm EMI Significance
Main-piot

Replication (R} 3 11917.2 3972.4 8.98°¢ S1G.
variety (V) - | 2 6094.4 3047.2 9,97*= SIG.
Error (a) 6 1833.0 305.5% 0.69

Total 13 7927.4 720,67 2.97

Sub-plot _

wWeed no:nn&w_nnouwamlnn ntv 7 266854.0 29550,0 66.86%¢ SIG.
VX W | 14 8961.8 840.1 1.86¢ SIG.
Error (b} 63 27843.0 242.0

Total 84 243658.8 2900.7

Grand Total \ 95 263503.4

Grand Mean 28.0

Total number of observations %6

NS = Not significant at the 0.05 level, ¢, **, significant differences at the

0.05 and 0.01 levels respectively.
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Appendix 44: Analysis of variance of dry weight of sedges at harvest in the
; direct-seeded lowland rice at Badeggi 1983-84 dry season.’

Source of variation MMMMMMﬂom WM”mmMu
Main-plot

Replication (R) 3 23.87
variety (V) 2 1069.63
Error (a) € 74 .44
Total 11 1144.07
Sub-plot

-Weed control treatments (W) 7 37406.5%€
V X W 14 1216€2 .55
Error (b) €3 *32.&4
Total 84 S8582.46
Grand total 95 51€70.40
Grand mean 1%9.10

Total number of observations Sc

Mean

WMC dres

7.%
534.81
12.41
104.00

5343.85
858.78
14 .88

601.22

F

0.537
43.,10°°
€.83
€6.99

360.97°°
58.68**

Significance

NS
SIG.
SIG.

SIG.

NS = Not significant at 0.05 level, ¢, **, significant differences at 0.05 ang

0.01 levels respectively.
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Appendix 45: Analysls of variance of dry weed weight at 30 days after herbicide

application at Badeggi 1983 wet season,

Source of 45
variation

Main=-plot

Replication (R)

variety (v) - )

Error {a)}

Total

Sub=-plot .

weed noanOn.nﬂnmwsmnnu {w)
_< X W | |

Error (b)

Total ]

Grand Total

Grand Mean .

Total number of observations

Degrees of Sum of
freedom squares
"3 16171.9
2 5818.5
.m 1750.7
11 7569.2
7 ) 4122030.0
14 25017.6
63 46728.6
84 4193776.1
95 4217517.2
148.5
96

Mean F

uwm_.u ares

5390.6 7.26%%
2909.2 9,87
291.8 0.39
638.10 C0.92
588861.4 793,91
1787.0 2.40°
741.7

49925,9

Significance

. SIG.

51G.

SIGe.

SIGe

NS = Not significant at the 0,05 level; *, **, significant differences at the 0.05
and 0.01 levels respectively,

¢



2387

Appendix 46: Analysis of variance of weed dry welght at 30 days after
herbicide application in the 1983-84 dry season.

source of Degrees of Sum of Mean F Significance
variation . freedom squares sguares _ —
Main-plot | _ | |
Replication (R) o 3 3958.6 ©1319.5 . 2.09 . NBo
variety (V) = : T 2 o | 738.5 - 369.3 _ 0.58 - NS
grror (a) . _ 6 - 73805.3 . 634.2 1.00 ]
Total . | _ T 4543.8 - 413.07 0.77

| Sub=-plot _ :
weed control treatments (W) 7 - 698660.1 99808.6 158.36%¢ S1G.
Vxw | - . 14 2565.4  183.2 0.29 NS
grror (b) : : 63 89705.4. 530.2 \d
.H.ow.mw _ : 84 740931.0 8820.6
Grand Total o 95 749433.4 .
grand Mean . . 77.6 .
Total number of observations 96

NS = Not mwoawmwnwnﬂ at 0.05 level, *, **, significant differences at the 0,05 and
0.01 levels respectively. . Lo : .
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Appendix 47:

herbicide application at Badeggi, 1983 wet season.

Analysis of variance of weed dry weilght at 60 nu«n umnmn

source of
variation - .

Maln—-plot
Replication (R}

Variety (V)

Error (a)
Total

mcUlmMOw

weed control treatments
{w)

VvV xW

Error (b)
Total

Grand Total
Grand Mean

Total number of
observations

Degrees of

freedom

11

”
14
63
84
95

pum.mxaw

-

96

Sum of

squares

24048
10228 ,
28945
39173

2878904
21961
231188
3132053

Mean

mmcmnmm,

8016
5114
4824
3561.18

411272
1569
3670
37286

F . Significance
- 2.18 | NS
1.06 | NS
1.32
0.97
112.07¢¢ SIG.
0.43 NS

T

ty

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and

0.01 levels respec

tively.

¢
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Appendix 48: Analysis of variance of weed dry weight at 60 days after herbicide
application in the directeseeded lowland rice at Badeggl, 1983-84.

Source of Degrees of Sum of Mean _ F Significance
variation . freedom squares squares .
mezlmuow J. : - . _ . \
Replication (R) 3 . 73838 24613 ._ 15,47+ SIG.
variety (v) o | _ 2 . 3101 : 1550 | .., 4,58+ SIG.
Error (a) - B 2027 38 . 021

Total __ - o ”. 1 - 5128 - . 466.18 w 0.29

Sub-plot . .. . ... N - :

Weed no:nnow_._wmounsnmwm (W) 7 1837644 262521 155,03 SI1G.
V x W S __ 14 . . 11404 815 Co.s1 NS
Error (b) - - o | 63 " 100213 1591 |

Total o | 84 © 1949251 23205

Grand Total - .98 2028227

Grand Mean . 136.2

Total number of observations 96

NS + Not significant at 0.05 level, ¢, ®o, significant diffe :nces at the 0.05 and
- 0.01 levels respectively,”
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Appendix 49:

1983 wet season.

Analysis of variance of weed dry weight at harvest a

t Badeggi,

Scurse of
variation

Main-plot
Replication (R)

variety (V)
Error (a)

Total

mcdtmwon

. Weed control treatments (W)

¥ X W

Error (%)
Tatal

Grand AOﬂmﬂ%
Grand Mean-.

Total number cof observations

tegrecs of

freedom

11

14
63
84
95
97.7
96

Sum of

mﬂﬁmhmm

43805
pse 8016

3463

12479

1654821
11303
69058
1735582
1791666

Mean
squares
14602
44508
577
1134.45

236403
836
1096
20662

P

13.32%¢

7.81%"*

D.52

1.03

215.66%¢

0.76

Significance

SIG.

SIG.

mHnwl .

NS

NS = Not significant at 0.05 level, *, **, significant

and 0.01 levels respectively.

differences at the 0.05
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Appenaix

50: Analysis of variance of weed dry weight at harvest in the direct-
seeded lowland rice at Badeggl, 1983-84 dry season.

gource of
varlation

zmwzlmHOH

Replication (R)

Variety (V)

error (a)

Total

m:U|mH0n

weed control #ﬂm#nlw:&u wtv

V X W
Errcr (b)
Total

Grand Total

Grand Mean

Total number of observations

Degrees of
freedom

14
63
84
95
142.5
96

Sum of
squares

42573.7
10566.8
2470.3

13637.1

1534294.5
107216.7
38507.9
1580019.1

Mean

sguares

14191.2
5283.4
411.7

123%.73

219184.9

7658.3

611.2.
© 20000.2

23.21**

12.830¢

0.67

2.02

358,59
12,52

*Significance

SIG.

S1G.

SIG.

NS = Not significant at 0.05 level, *,
and 0.01 levels respectively.

significant differences at the 0.05



Ve

Appendix 51:

Analysis of variance of % control of cutgrass at 1 week

after herbicide application in the green house at Badeggi

1985 wet season.

Degrees of Sum of
Source of variation frasdos squares
xlpalmuON 3 327.85
Hexbicide treatments 11 19723.95
Error 33 1715:.3
Total 47 21967.09

Grand mean 50.75

Appendix 52:

Mean
Squares
109. 30
1793.09
51.98

F Significance
2.1 NS
34,5 51G.

Analysis of variance of % control of cutgrass at 2 weeks after

herbicide application in the green house at Badeggi, 1985 wet season.

Degrees of Sum of Mean
Sources of variation freedom squares squares F Significance
Replication 3 285.13 95.04 2.6° SIG.
Herbicide treatments 11 18278.88 1661.81 45.48e++ SIG.
Error 33 1205.86 36.54
Total 47 19770.87
Grand mean 44 .00
NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and

0.01 levels respectively.
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Apeendix 53: Analysis of variance of » contrcl of cutgrass at 4 weeks

after herbicide application in the

1985 wet season.

green house at Badeggi,

Socurce of variation

Replication
Herbiclde treatments
Error

Total

Grand mean 51.96

Appendix 54:

Degrees of Sum of

freedom

3
11
33
47

sSguares

1207.13
25348.19
4695,30
31250, 71

Mean

sguares 3 Significance
402.35  4.06% SIG.
2304,38 16, 26%% SIG.
142,28

Analysis of variance of % control of cutgrass at 8 weeks after

herbicide application in the greenhouse at Badeggi, 1985 wet season,

Source of wvariation

Replication
Herbicide treatments
Error

Total

Grand *ean 70,08

Degrees of
freedom

3
1
33
47

Sum of
s res

468,86
25499.65
2624423
28592473

Mean

squares k- Significance
156.29 2,0 NS

2319.15 29,15%# SIG.
79.52

NS = Not significant at 0.05 level, *, ##, gignificant differences at the 0.05
and 0,01 levels respectively.
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Appendix 55: Analysis of variance of % control of cutgrass at 12 weeks
after herbicide application in the green house at Badeggi
1985 wet season,

T f M ..
Source of wvariation | wwmmmmw of ‘wzmmwmm | mmmndmm F Significance
Replication | . _ 3 - 481,32 160.44 1.03 . NS
Herbicide treatments I - 22554.71 2054,07 13.,208% SIG»
Err or _ 33 5437.94 155,7 :
Total 47 28213.97

Grand mean 512

Appendix 56: Analysis of variance of tiller number of cutgrass_per pot at 30 days
. - after herbicide application in the greenhouse at Badeggi 1985
wetl season. )

Source ¢f variation WMMMMMM of Mcwmwwm Mmmbdmm F N Significance.
Replication _ 3 '22084,.83 7361.60 2.83 NS
Herbicide treatments 11 - 177574.0 16143,07  5,7#% SIG.
Error 33 85607.16 2594 .15

Total _ | 47 285266,00 =

Grand mean  179.18

NS = Not significant at 0.05 level, *, *#  gigificant differences at the 0.05 and

0.01 levels respectively,
)
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Appendix - 57: Analysis of varlance of tiller number of cutgrass per pot at 60 days
after herbicide application in the greenhouse at Badeggi, 1985
inw sSeason. .

variation | Rrees Of BamEs sesmres - | Significance
Replication - 3 84782.56  21594.18 1.92 NS
Herbicide treatments | _.pp ) 1031734.10  933794.00 8.34°° ~ SIG.
Error - .33 370798.69  11236.32 - |

Total . . S 47 1467315.30 -
Grand Mean t. mm.w | i

Appendix 58: w:mu<mwm.0w_<mnwmmmm of nwmsw_jmwo:n hmau of cutgrass at 30 days
after herbicide application in the greenhouse at, Badeggi, 1985
wet season.

Source of : ) Degrees of Sum of Mean F Significance
variation - _ | freedom squares squares _ .
Replication T '3 325%.97" 1086.65 4.05 S1G.
Herbicide treatments 11 105662,98  9685.7 35,83 SIG.
Error . - 33 8846.39 268,07 -

Total _ : 47 117769.35 -

Grand Mean = 51.70

‘NS = Not significant at 0,05 level *, **, signifigant di
and 0,01 levels nmmumnnwdmp<.u_ ’ ’ g fant differences at the 0.0
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Appendix 59: Analysis of variance of plant rmwwsw {em) at 60 days after
herbicide application in the greenhouse at Badeggl, 1985 wet

season, |
Source of : : Umonmmw of Sum of Mean . F - Significance
variation N . freedom sguares - . squares C — -
Replication ._..__ | 3 15288.75 5096.25° 10.60 _ SIG.
Herbicide nhmmﬂsr:nu_ o 11 _ - 149085.92. °  135%3.26 »ow.ww.r SIG.
grror L 33 . 47603.25 1442 .87 .
Grand Mean - _H»Hoqw .

Appendix 60: y:mu%an.Oﬁ <mﬂwm3nm of tiller number per pot at haprvest in
the greenhouse at Badeggi, 1985 wet season.

source of _ Degrees of " Sum of Mean F .8ignificance
variation ) .. - freedom squares sguares —_—

Replication - .___ o 3 .- 91899 30633 | 0.56 NS
Herbicide treatments 11 897462.67  81587.5 1.51 NS
Error o | 33 . 17754.56 59148.5

Total A 47 2764817.7

Grand Mean  223.33

NS = Not significant at 0.05 level, *+, »», significant differences at the 0.05 and
0.01 levels respectively. v
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Appendix &1.

Analysis of variance of plant height {cm) at harvest in the greenhouse

at Badeggi, 1985 wet season,

Source of Degyees of
variation mnnﬁ&oﬂ
xmkunmnwos 3
MerPicide treatments 14
Error 33

Grand mean

Appendix 62:

136.52

Sum of
sqyares

41286.56
134594.73
48748.68

Mean P Significance
sSquares

13762.88 9.31°** SIG.
12235.88 8.28*¢ SIG.
1477.23

Analysis of variande of shoot dry weight of nznonwmm
greenhouse at Badeggi, 1985 wel season.

Am\noww in the

Grand mean

Source of Degrges of
variation freedom
Replication 3
- Herbicide treatments | 11
Error | 33
“Total 47

sum of
squares

4198.05
175156.43
80383.38
259737.87

Mean P Significance
squares

1399.35  0.57 NS
1592343  6.53*°* S51G.
2435.86

NS = Not significant at 0.05 Hmdmu.

0.01 levels respectively.

’

LR

significant differences at the 0.05 and
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Appendix 63: Analysis of variance of root dry weight of cutgrass (g/pot) in the

greenhouse at Badeggi, 1985 wet season.

Source of Degrees of Sum of
variation freadom squares
Replication o o 3 164402,02
Herbicide f..ma_iawu_ 1 186465.43
Error I 33 90689.67
Total R 47 441557
Grand mean aGQoMmo\Uo« |

Mean

mmcmﬂmw

54800.67
16951.40
2748.71

-

F Significance
19,94+ SIG.
m.‘u-q mHmi

Appendix 64: Analysis of varianee of rhizome dry weight of cutgrass {(g/pot),
-4in the greenhouse at Badeggi, 1985 wet season.

Source of o _
variation _ . ) Degrees of

. freedom
Replication o 3
Herbicide wnmmnlwnmn. _ 11
Error . | o 33
Total . R 47
Grand mean = 15.75

Sum of
squares

180.56
2012.73
1984.15

4177.48

Mean
squares

60.19
182.98
60.13

Significance

NS

SIGe

NS = Not significant at 0.05 level, *, **
0.01 levels respectively.

T

signifi®ant differences at the 0.05 and
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Appendix 65:

Anagl sis of variance of outgrass dry weight a«t 60 FAH in the

direct@seeded lowland rice at Badeggl, 1983-86 dry season.

Source of variation wwmwmmw of wcwmwwm Mmmbﬁmm F Significance
Main-plot
Replication 2 163.93 81.97 1.49 NS
Glyphosate 2 4181.12 2090,56 153,01%# SIG,
Error (-) 4 51.30 12.82 0.23
Total 8 4232,42 329.05 12.89
Sub=plot
Oxadiazon 1 487,49 487.49 3.89 NS
Glyphosate x oxadiazon 2 63.83 31.92 0.25 NS
Error (b) 6 751.19 125.20 2.28
Total 9 1302.51 144,72 2.64
mcun.mCUIUHoa .
Sub-sub=-plot treatment (Post

emergence herbicide) 7 26151.73 3735496 68,28%*# SIG.
Glyposate x sub treatment 14 1383.88 98.85 1,80 NS
Oxadiazon x submsub treatment 17 368, 76 52.68 0.96 NS
e X ettt T 4K 853,63 60.97 1011 NS
Error nOu 84 Pmmw Wbo.w._
Total 126 3335359 264,71
Grand total 143 39052 .45
Total number 27.72
Llotal number of observations 144

NS = Not slgnificant at the 0.05 level, ¥, **,

0.05,.and 0.01 levels respoctively.
D.H = Days after Lorbicide agplication.

¥
significant differences at the
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Appendix 66: Analysis of variance of cutgrass zmHQSn\o.msm at 30 days

after herbicide application in the direct-seeded lowland —
rice at Badeggi, 1986 wet season.

source of

: Degrees of sum of Mean ' £ .
variation froedon zquares  squares P Significance
Main-plot
Replication 2 261.1 130.5 0.83 NS
Glyphosate 2 6492.8 3216.4 50.11%¢ SIGe.
Error (a) 4 216.0 54.0  ~ 0.34 )

Tetal 8 6708.8 §38.6 5.38
Sub~plot :
Oxadiazon S 1 €986.2 6986.2 - 51.84%* 5IG.
Glyphosate x oxadiazon 2 13880.7 998.3 7,344 31G.
Total 9 7775.4 1086.2 €.98
Sub sub plot
Sub sub treatments (Post emergence
herbicides) 7 12735.7 1819.4 11.69%e 816G
Glyphosate x sub sub treatments
(Post emergence) 14 €62,7 47.3 0.20
Oxadiazon x sub sub treatments
(Post emergence} 7 _ 621.5 g8.8 0.57
Glyphosate x oxadiazon x Post -
emergence . 14 544.8 38.9 0.25
Error (c) o _ 84 13069.7  155.6
Total 126 27634.14 219.3
Grand Total 143 44379.7
Grand mean 30.7 .

Total number of observations 144

NS = Not significant at 0.05 level, *, “o, significant differences at the 0.05

and 0.01 levels respectively.
"
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Appendix 67:

Analysis of varlance of cutgrass dry weight/0.5m

2

at 60 days after

herbicide application in the direct-seeded lowland rice at Badeggi,

1986 wet season.

Source of

Degrees of | Sum of Mean
variation ._mwmmaoa squares squares
Main-plot .
Replication 2 219%.8 1099.9
Glyphosate 2. 12302.4 6151.2
Error {(a) 4 B149.0 2037.3
Total 8 20451.4 2556.42

_ Sub-plot
Oxadiazon . : 1 4466.7 44667
Glyphosate x Oxadiazon 2 231.7 115.8
Error (b) - 6 T703.5 117.2
Total 5 5401.8 600.2
Sub sub plot
Sub sub treatments (Post emergence

- herbicides) 7 5491.7 784.5
Glyphosate x Sub sub treatments :

: {Post emergence) 14 8419.8 5C1.4

~ Oxadiazon X Sub sub treatments

- {Post emergence) 7 4511.7 644,.5
Glyphosate x Oxadiazon x Post

emergence 14 13404,2 857.4

Error {(c} 84 11515.1 137.1
Total 126 43342.4 344.0
Grand total 143 71395.4
Grand mean 23.9
Total number of observations 144

B.02*
3.01
14.86

38.09¢e
0.85
4.27 .

5.72%*
4.30%*
4.70%"

6.98**

Significance

S1G
N3

S1G.
NS

mHQ-
SIG.
S1Ge.

S1G.

NS = Not significant at 0.05 level,
0.01 respectively.

, significant differences at the 0.05 and



312

Appendix 68: Analysis of varlance of cutgrass dry tﬁ»m:n\o.mam at 60 days

after herbicide application in the direct-seeded lowland rice

at Badeggi, 1986-87% dry season.

source of variation jegeses of  sum of
Main-plot
rReplication 2 154.58
Glyphosate 2 20247.04
Error (a) 4 375.94
Total 8 20622.98
Sub-plot
oxmmmmNO: S 1 1051.76
Glyphosate x oxadiazon 2 : 4.22
Error (b) - 6 172.51
Total 9 1225.49
Sub sub plot
Sub=sub treatments (Post

emergence herbicides) 7 12127.89
Glyphosate x sub-sub treat-

ments (Post emergence) 14 3026.74
Oxadiazon x sub~sub treatm~

ents {Post emergence) 7 141.33 -
Glyphosate x oxadiazon x sub-

sub~treatments 14 2991.23
Error (c) 84 18744.38
Total _ 126 18744.38
Grand total - 143 40750.43

Grand mean 21.10
Total number of observations 144

Mean

sguares

77.29
10123.52
93,99

2577.87
MOmw.qm
»11

28.75
136.50

1732.56
216.20
20.19
35.61

148.76
148.76

2.17

107.71*=

2.63
72.39

36.58%*+
0,07
0.01
3.83

48.65%*
6.07**

0.56

Significance

NS
S1G.

51Ga
NS

SIG.
S1G.

NS

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and 0.01

levels respectively.

%
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Appendix 69: Analysis of variance of % coverage of cutgrass at 30 days
after herbicide application in the direct-seeded lawland

rice at Badeggl, 1986 wet season.

begrees of Sum of Mean

Source of variation freedom sguares squares
Main-plot
Replicatlon 2 €807.7 3403.9
Glyphosate 2 19552.7 9776.4
gError (a) 4 8790.0 2197.5
Total 8 28342,7 3542.83
Sub-plot
Glyphesate x oxadiagzon 2 4317.7 2158.9
Error (b) 6 5451.1 908.5
Sub-sub-plot
YUb-sub-plot treatments{Post

emergence herbicides) 7 33320.9 4788.7
Glyphosate x Sub-sub-treatments

(Post emergence) , 14 6869.3 a90.7
Oxadliazon x Sub-=sub treatments

{Post emergence) 7 7943.5 1134.8
Glyphosate x oxadiazon x Post .

emergence 14 4878.7 348.5
Error {c) .84 30349.8 361.3
Total 126 83562.2 663.2
Grand total 143 134696.2
Total mean 30.1 _ :
Total number of cbservation 144 -

--N5 = Not significant at the 0.C5 level, ¥,
0.05 and 0.01 levels, respectively.

F Significance
D.4°% " SIGe
4.4 NS ,
6.0
10.16. .
G.834**. SIGe
237 NS
251 NS
4.91 NS
13.25%¢ SIG.
1.35 NS
3.14°*¢ SIG.
0.96 NS.
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Appendix 70: Analysis of variance of % out@rass coverage at 60 days after
herbicide application in the direct-seeded lowland rice at
Badezgl, 1985-86€ dry season.

314

. Degrees of  Sum of Mean .
Source of wvariation mﬁMmaoB SqUATOS SqUATES ¥ Significance
2 952,43 476,22 5,16 NS
Error {(a) 420,82 105,20 111
- 1 309.17 309.17 5.19 NS
Glyphosaté x Oecadliazon 2 720,18 360,09 €.05%
Error A.UV . -6 WU.NQO@ 59.51 Oomu .
Total S 1366.44 154,05 1.63
Sub-gub plot
Sub-sub treatments (Post
emekgence) 7 68840,38 9834 . 34 104, 65%% SIG.
Glyphosate x Sub-sub treatments
(Post emergence) 14 7566,.68 540,48 5e 75%% S1G.
Oxadiazon x Sub=-sub treatmehnts
{Post emergence) - 7 217.88 31.13 0.33 NS
Giyphosate x Oxadiazon x Sub=-sub .
treatment (Post emergence) 14 951.93 68,00 0.72 NS
Error (c) 84 7895.00 93,99
Total 126 85471.87  678.35
Grand total 143 §7026.99

Grand mean 21.12
Total number of observations 144

NS = Not significant at the 0.05 level, ¥, #x,
0,05 and 0.01 level respectively.

significant differences at
"

the



 Total
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Appendix 71:

1886 wet season,.

Pﬁmw%mwm_om variance of % converage of cutgrass at 60 days after
herbicide application in the direct-seeded lowland rice at Badeggi,

Source of variation mmmwmmm of MMmewm
-2 7492.8
Glyphosate 2 - 3@224,3
Error (a) 4 17016,9
8 40241.3
Sub=plot i
xadiazon o g! 8025.2
Glyphosate x Omadiazon 2 234.4
Error (b). _ & . 2549.5
Total S . - 108091
Sub=-sub plot . T
Sub-sub-tregtments (Post emergence
herbicides) 7 24502,
Glyphosate.x Sub-sub treatments
(Post emergence) 14 4998.2
Oxadiazon x Sub-sub treatments
(Post mergence) 7 2709.0
Glyphosate x Oxadiazon x Post
emergence 14 1250.6
Error (c . 84 1291745
Total’ : " 126 L3774
Grand total - 143 J04920,5
Grand mean 22.8 .
Total number of observations Yy

Mean
mmﬂmﬂmm

.3746.4

11612.2
4254.2
5030.16

8025,2
117.2
L424.9
1201.0

3500.3
357.0
387.0
89.3

153.8
368,1

F Significance
24, 36%* siG.
2.73 NS
27.66
56,32
18.88% S1G.
0.27 NS
2.76
7.81
22, 76%* sIG.
2.32%% SIG.
2.51% sic,
0,58 NS

NS = No% significant at the 0.05 level, *, %%, significant differences at the 0,05

and 0.01 levels respectively.
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Appendix 72: Analysis of varlange of % cutgrass coverage at 60 days after
herbicide application in the direct-seeded lowland rice at Padeggil,

1986-87,

Source of varlation

Main-plot
eplication
Glyphosate

Error (a)
Total

oIrrrfa

Sub-plot

xadiazon

Glyphosate x Oxadliazon
Error (&) .
Total N :

Frs¥ .18 LR

Sub=-sub pleot

Sub-sub treatments (Post emer-
~ gence herbicide) 7
Glyphosate x Sub-sub treatments

Post emergence) 14
Oxadiazon x Sub-sub treatments

(Fost mamwmmaamv 7
Glyphosate x Uxadiazon x Sul-

suk~treatments) 14
Error {c) : 84
Total - 126
Grand total : _ 143
Grand mean 13.12
Total number of observations 144

ummmmmm of

Mwmmmom squares

Sum of

1538.89
15726401
3895.28
18821429

98.34

i.AAiNm

Ble33
193.94

19403.94
7806421
7243
141440
4388,83

31892,87
524456,99

Mean

sguares

76944
7853,01

773.02

2352 4,66 -

98434

5463
14.06

21.55 .

2771400
563,30
10.36
10.10

52425
253.12

Significance-

F
14, 72%% S1G.
10.81%* - S1G.
14,87 o
45,02
©,90%% SIGa
o.pc.. zm .
0.26 .
VI/
53, 05%*
10, 78%*
0.19 NS
0.19 NS

NS = Not significant at 0,05 level, *, *x,

and 0,01 levels respectively.

significant differences at the 0.05
. =

A
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Appendix 73: Analysis of varlance of plant height (cm) at 28 days after
seeding in the direct-seeded lowland rice at Badeggi, 1986
wel Season.

Source of varlation WWMMMMM of mMHmWMm Mmmwnmm F Significance
2 29.07 © 14.53 1.97 NS
Glyphosate 2 209.96 104,98 2.91 . NS
grror (a) 4 144 .18 36.04 4.88
Total 8 354.15 . 44,26 £.00
m:W|mwoﬂ : :
xadiazon 1 5.04 5.04 0.10 NS
Glyphosate x Oxadiazon 2 125.71 62.85 1.34 NS
- Exror (b} 1) 280.43 46,73 0.33
Total 9 411.19  45.68 6.19
Sub sub-plot
3ub sub-treatments (Post -
emergence herbicides) , 7 ) 286.34 - 40,90 5.54°" 51G.
Glyphosate x Sub sub treat- o
ments (Post emergence) 14 73.64 $.36 0.71 _ NS
Oxadiazon x Sub sub-treat- ) _ -
ments (POst emergence) ) 7 48.18 6.88 - = 0,93 NS
Glyphosate x Oxadiazon x Post _ .
emergence 14 88.79 6.34 0.86 NS
Error {c) _ : 84 619.59 7.37
Tetal ) 126 1116.56 8.86
Grand total S 143 1910.98
Grand mean 28.45
Total number of observations 144

NS = Nct significant at the 0.05 level, *, **, significant differences at the 0.05
and 0.01 levels respectively.
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Appendix 74: Analysls of varlance of plant height (cm) at 28 days after seeding
in the direct-seeded lowland rice at Badeggi 1986-87 dry season.

Source of variation WWMMMMM of WM”mWMm MMWMnmm F Significance
Main-plot
Replication 2 3.40 . 1.70 0.03 . NS
Glyphosate 2 53.29 26.64 12.06%* SIG.
Error (a) - 4 8.83 2.20 - 1.07
Total 8 62.13 7.76 . 3.78 - 51G.
Glyphosate x Oﬁmﬁ»suos 2 18.75 - 9.37 - 5.69 - © 5IG.
Error (b) 6 ¢.87 . 1.64 0,80
Total 9 38.2% 4.35 2.07
Sub sub-plot
Sub sub-treatments (Post .

emergence herbicides) 7 277.83 . 39.69 19.25%¢ SIG.
Glyphosate x Sub sub treat- :

ments (Post emergence} 14 39.78 2.84 - . 1.38 NS
- pxadiazon x Sub sub treatments _

(Post emergence) 7 14.09 S 2.01 0.98 NS
Glyphosate x oxadiazon x sub-sub

treatments 14 35.99 2.57 1.25 NS

Error (C) S B4 172.22 2.05
Total E umm : 539.93 4,28
Grand total _ 143 643.72
Grand mean 27.10
Total number of observations 144

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05 and

0.01 levels respectively,
_ [
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Appendix 75:

Analysis of variance of plant height (cm) at 56 days after

seeding in the direct-seeded lowland rice at Badeggi, 1986

webt Season.

Source of variation

Main-plot o
Replication E
Glyphosate

grror f{a)

Total

Sub~piot

Oxadlazon

Glyphosate x Oxadiazon
Error (b)

Total

Sub-sub-plot
Sub sub treatments (Pest
emergence herbicides}

Glyphosate x Sub sub mnmmnam:nmz

(Post emergence)
Oxagdiazon ¥ Sub sub treatments
{Post emergence)
Glyphosate x Oxadiazon x Post
emergence
Error {(C)
Total
Grand total -
Grand mean 67.7
Total number of observations

Degrees of sum of Mean
freedom sguares sguares F Significance
2 4470.2 2235.1 - 10.86%¢ SIG.
2 9182.2 4591.1 6.98* SIG.
4 2629.2 - 657.3 3.19
8 11811.5 . 1476.43 7.17 N
1 36.5 - 36.5 0.07 NS
2 5721.1 2860.5 6.04%s SIiG.
6 2841.5 473.6 2.30
9 8599.0 955.4 4.64
7 11673.,3 1667.6 8.10%" 51Gs
14 1999.8 142.8 0.69 NS
7 1351.0 193.0 0.93 NS
14 3807.3 272.0 1.32 NS
84 17285.8 205.8
126 36117.2 286.6
143 60998.0
144

NS = Not significant at the 0.05 level, ¢, *»,

and 0.01 levels respectively.

mw@:wmme:n differences at the 0.05
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 Appendlix 76: b:mwwmum_Om variance of plant helight (cm) at 56 days after seeding -
in the direct-seeded lowland rice at Badeggi, 1986-87 dry season

Source of _ Degrees of sum of Mean F Significance
variation . freedom sguares squares :
Replication 2 644.0 - 322.0 . 2.53 NS
Glyphosate 2 - 9163.1 - 4591.6 L 22.55%e SIGe
grror (a) . 4 " B14.4 . 203.86 1.60 NS
Total . ’ 8 . 9997.5 1249.68 .  9.87
" sub-plot - a : | | | . | : | .
Oxadiazon ) o _ 1 . 49,2 o 49,2 - . 0.22 - NS
Glyphosate x Oxadiazon 2 . '5281.5% - 2640.8 _ 11.51** " SIGe
Error (b))’ . 6 1329.4 221.6 1.74 _
Total w. )

) 6660.2 - 740.0 - 5.83

Sub sub plot , . S L.
-Sub sub treatments (post

emergence herbicldes) 7 - 12284.2 . 1754.9 13.83%¢ S1G.
Glyphosate x Sub sub treatments _ _
(Post emergence) 14 2017.3 201.2 1.58 NS
Oxadliazon x Sub sub treatments _ : . :
(post emergence) 7 . 688.6 898.4 . C.77 ' NS
Glyphosate x Oxadiazon x Sub- < -
sub treatments 14 C 3155.0 225.4 1.77
Error (c) oo o : 84 ' 410657.8 126.9 ’
Total . C 126 - 29603.0 234.9
Grand total _

: 143 o 46904.6
‘Grand mean 72,086 . .
Total number of observations 144

- NS = Not significant at the 0.05 level, *, **, significant differences at the
0.05 and 0.01 levels respectively. A
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Appendix 77: Analysisqf varilance of plant height (em) at 98 days after seeding

in the diyect-seeded lowland rice at Badeggl,

1985 wet seasche

)\ ,
. { Deglees of Sum of Meéan

‘Source of variation A fresdom SeuAres squares |mr Significance
Main-plot : : :
Ropileatfon i 2 483748 2418,9 10,56%%  SIG,
Error (a). = . 2230.0 5575 243
Total . 8 729141 1249,68  9.84
mzdlmHOﬁ o .

Xa azon . ) A NPO.P N.m_..hv Ooom . zm. :
Glyphosate x Oxadlazon 4 6412.,9 320644 12.37%% SIG,
Error (¥») _ . é 155445 259.1 1.13
Total . ‘ 7991, 7: 888.0 “5.87
Suk-sub-plot ;

Sub-sub treatments (Post emergence -
herbicides) 7 660544 943,6 4, q2%% 'SIG,

Glyphosate x Sub-sub treatments .

{Pogt emertgence) 14 534647 381,9 1.66 NS
Oxadiazon x Sub-sub treatments .

(Fost emergence) ? 2736.8 391,0 1.70 Ns
Glyphosate x Oxadiazon x Post

emergence ) MM 7635.9 545,95 238 NS

wrror {(c) 4 19230, 4 228,9
.HO.ﬁm.u.. : 120 PAWW@.N WN@.@
Grand total . 143 ©1684.9
Grand mean 90, 4 S
Total nuwnber of observations 144

NS = Not significant at the 0.05 level, ¥, **

and 0.01 level respectively.

.

o

, significant differences at the 0.05
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Appendix 78:

Analysis of variance of plant height (cm) at 98 DAS in the direct
seeded lowland rice at Badeggi, 1986-87.

Source of Degrees of Sum of Mean
variation mnmmaoa squares  squares IMI Significance
Main-plot
Replicatlon 2 2871.7 1435.8 7.61¢ SIG.
Glyphosate 2 13678.8 6835.4 11,77+ SI1G.
Error (a) ’ 4 2324.2 581.0 3.08
Total 8 16003.0 2000.3 10.61
Sub=-pnlot
Oxadlazon _ 1 180.8 180.8 . 1.27 NS
Glyphosate x Oxadiazon 2 3369.0 1684.5 11,889 SIG.
Error (b) _ 6 850.8 141.8 0.75
Total 9 4400.6 48%.0 2.59
Sub-sub-plot
Sub=-sub-plot treatments (Post

emergence herbicides) 7 14536.7 2076,7 11.01*° S1G.
Glyphosate x Sube-sub—treatments

(Post emergence) 14 8030.5 573.6 3.04+* S1G.
Oxadiazon x Sub-sub-treatments

(Post emergence) 7 1501.2 214.5 1.13
Glyphosate x Oxadiazon x Sub-

syb-treatments 14 5903.2 421.7 2.23
Error (cC) 84
Tetal 126
Grand total 143
Grand mean 91.6
Total number of observations 144
NS = Not significant at 0.05 level, *, **, significant differences at the 0.05

and 0.01 levels, respectively.
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Appendix 79:

Analysis of variance of number of tillers per m

2

at 30 days

after seeding in the direct-seeded lowland rice at Badeggi

1986 wet season

Sources of Degrees of  Sum of
variation freadam squares
2 92607

Glyphosate 2 1874
Error {(a) 3 1444%
Total 8 16319
Sub-plot
Oxadlazon . 1 2547
Glyphosate x Oxadiazon 2 38567
Error {b) _ 6 22897
Total : 9 63980
Sub—sub-plot
Sub-sub treatments (Post

emergence herbicides) 7 76652
Glyphosate x Sub=-sub treatments

{Post emergence) 14 73769
Oxadiazon x Sub-sub-treatments

{(Post emergence) 7 8620
Glyphosate x Oxadiazon x PoOst

emergence 14 10975
Brror {(c} 84 128107
Total 126 298944
Grand Total 143 471850
Grand mean 170.5
Total number of cbservations 144

Mean

sgquares

46303
937
3611
2035.87

2517
19283
3816
7109

10950
5269
1374
771

1525
2373

F Significance
30.36%= 51G.
0.25 NS.
238
1.34
0.65 NS
5.05 NS
2.50
4.66
7.18*%* SIG.
3.45¢** 51G.
0.98 NS
0.50 NS

NS = Not significant at the 0.05 level, *, "*, significant differences at the
0.05 and 0.01 levels respectively.

L
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Appendix 80: Analysis of variance of number of nwaumnmxam at 30 days after seeding
in the direct-sceded lowland rige at Badeggi, 1986-87 dry season.

Source Of Degrees of  Sum ef Mean .
varjation . -  freedom squares = squafes F significance
2 S272.3 2636.1 5.05 : 51G.

Glyphosate 2 15094 .7 47547.3 49_30%» 51G.
Error (a) 4 3857.4 964.4 1.84 :
Total 8 98952 .1 12363.0 23.74
mcwlmHOH _ : _
Oxadiazon _ _ .1 1701.6 1701.6 1.53 NS
Glyphosate x Oxadiazon 2 1161.5 - 580.8 0.52 NS
Error (b) 6 6666.0 1111.0 3.13
Total 9 9529.1 1058.8 2.03
Sub-sub-plot
dub-sub-treatments {(Post

emergence herbicides) 7 63338.3 9048.3 17.34%¢ S$1Ga
Glyphosate x Sub~sub treatments

{Post emergence) 14 12323.2 915.9 1.75 NS
Oxadiazon x Sub-sub treatments

(Post emergence) _ 7 1744.8 249.3 0.47 "~ NS
Glyphosate x Oxadiazon x Sub- _

syb treatments 14 5255.9 375.4 0.72
Error (c) 84 43819.7
Total 126 126981.9
Grand Total o 143 240735.3
Grand mean 164.3 .
Total number of observations 144

NS = Not significant at 0.05 level, *, **, significant differences at the 0.05
and 0,01 levels respectively.
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Appendix 81:

Analysis of varlance of tiller ::avmn\am at 60 days after seeding
in the direct-seeded lowland rice at Badeggi, 1986 wet season.

Source of Degrees of Sum of Mean
variation freedon squares squares F Significance
Main-plot
Replication 2 115072 . 57536 12.43%° 5IG.
Glyphosate 2 162163 81082 7.12%* SIG.
Error (a) 4 45457 11374 _ 2445
Total 8 207661 25957.62 5.61
1 21316 21316 1. 75 _ NS

Glyphosate x Oxadiazon 2 58895 . = = 29448 2442 NS
Erfor (b) 6 72909 12152 = 2.62 NS
Tetal 8 153121 17013 3.57 _
Sub-sub plot
Sub~sub treztments {(Post

(emergence herbicides) . 7 378056 54008 11.57%® SIG.
Glyphosate x Sub-sub treatments _

(post emergence) 14 75008 5358 1415 NS
Oxadiazon x Sub-sub treatments :

(Post emergence) 7 30440 _ 4349 0.94 NS
Glyphosate x Oxadlazon Post

emergence 14 73971 5284 1. 14 NS
Error (c) 84 388702 4627 . :
Total 126 946177 7509
Grand Total 143 1422030
Grand mean 259.0
Total number of observations 144

NS = Not significant at the 0.05 level, *, **, significant differences at the 0.05

and 0.01 levels respectively.

A



326

Appendix 82: Analysis of variance of number of tillers/m’ at 60 days after
seeding in the direct-seeded lowland rice at Badegygi, 1986-87
dry season. o o

' Source of .. Degrees of  Sum of Mean

variation . freedom sguares squares IMI Significance
2 812.5 40€.3 0.50 NS
Glyphosate 2 4918%8.,.4 245949.2 606.81%* 5IG.
Error (a) 4 1621.2 405.3 0,50
Total 8 493519.6 61689.9 77.13
1 480.3 480.3 0.35 NS
Glyphosate x Oxadiazon 2 3764.1 1882.0 1.37
) Error H.UV 6 mwmmnw 1371.2 ) Q.C.N.P
" _Total 9 12471.3 1385.7 1.73
. Sub-sub plot :
Sub-sub treatments (Post :
mamﬂ.ﬂmjnmu -w H\MHHHO.W Mﬁbhnﬂuw wo.mmli 5IG.
Glyphosate x Subwsub treatments 14 100155.8 7154.0 0.94ve 5IG.
Oxadiazon X Sub sub treatments 7 10570.9 1510.1 1.88 NS
Glyphosate x Oxadiazon x Sub-
sub treatments _ 14 12403,5 886.0 1.1
Error () 84 67181.3 799.8
Total : 126 361421.9 2868.4
Grand total 143 868225.3
Grand mean 254.8
Total number of cbservations 144

NS = Not significant at the 0,05 level, *, **, significant differences at the 0.05 and
' 0.01 levels respectively.
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Appendix 83: Analysis of variance of number of panicles per m™ in the direct-
‘seeded lowland rice at Padeggi, 198 wel season.
Source of varlation WWMMMMM of MCMmOMm Mmmwdmm F Significance
Mainwplot .
Replication 2 299180 149590 20.83%% SI1G.
Glyphosate 2 197724 98862 B4 T7%* SIG.
- Error {a) 4 58384 14596 2.91
Total 8 256107 32C13.3 €.38 .
m—hﬁ'm“_uo.—u A
Oxadiazon 1. 17711 17711 1.96 NS
Glyphosate x Oxadiazon 2. 62237 31169 3.45 NS
Error ﬂ;ﬂv 6 54178 @OWO T 1,80 e ———— T
. Total -9 134226 14914 2.97 oo
Sub~sub-plot
Sub~sub tréatments nmomﬁ emer-
| .gence herbicide) 7 908076 129725 25,87%% SIG.
Glyphosate x Sub-sub ﬁﬂmmdamﬁdm
(Post emergence) - 14 67882 4845 0.66 NS
Oxadiazon x Sub-sub treatments -
{(Post emergence) 7 62034 8862 1.76 NS
Glyphosate x Oxadiazon x Post
emergence 14 62702 Ly'7g 0.89 NS
Error {(c) 184 621126 5013
Total 126 1521819 12078
Grand total 143 2221333
. Grané mean
Total number of observations 144 Py

NS = Not significant at 0.05 level,
and 0.01 levels respectively,

.

%*, #x, gignificant differences at the C.05



328

Appendix B4: Analysis of variance of number of vmn»owmm\am in the directeseeded
lowland rice at Badeggl, 1986-87 dry. season.

Source of variation

Main-plot
Replication
Glyphosate

Error (a)
Total

Sub=plot
dxmmmmnou
Glyphosate x Oxadiazon

Error (b)
Total

opFNn

(Lol o) |V

Sub=sub plot

Sub-sub treatments (Post emer-
gence) 7

Glyphosate x Sub-sub treatments 14

Oxadiazon x Sub-sub treatments 7

Glyphosate x Oxadiazon x Sub-sub

treatments 14
Error (c) 84
Total 126
Grand total 143
OH.NHHM mean NN.N.A

Total number of observations

Degrees of
freedom

Sum of
sgquares

993.0
377716.8
690, 2
378407,0

3847.3

4333.9
17526.2

2235501
62459.9
314347

1206243
L8757 46
3501735
TLT7099.7

Mean
sguares

45645

188858.4

17245

47300,87

934444
1924,0
T22.3
1947

31935,7
L4674
4491

861.6

582,.8
2779.2

F Significance

0.85 NS
1094,56%%  SIG.
0,296

81,16

12 5%+ 1G,
2,66
2.23
334

Wb.l ﬂw** mHO -

7.065%% SIG.
0.77 NS
1e47 NS

NS = Not significant at the 0,05 *, **, significant differences at

0.01 levels respectively.

the 0.05 and
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Appendix 85: Analysis of variance of spikelets/panicle in the direct-seeded
lowland rice at Badeggi, 1986-87 dry season.

source of : : Degrees of Sum of Mean : .
variation . N freedom squares squares P Significance
Main-plot .
Replication 2 1271.3 635.6 2.10 - NS
Glyphosate 2 162331.2 81165.6 444.94¢% SIG.
Error {(a) 4 729.7 182.4 0.60
Total 8 163060.8 20382.6 67.67
Sub-plot .
Dxmmmmunv: 1 658.8 - * 658.8 S.18¢** SIG.
Glyphosate x Oxadiazon 2 424.4 212.2 1.67 NS
Brror A"vw 3) qutm ﬂ.NQo.H d.43
Total 9 1845.0 205.1 0.68
Sub-sub plot . .
§0b-sub treatments (Post

emergence) 7 96614.3 = 13802.1 45,.82+9 S1G.
Glyphosate x Sub-sub treatments 14 9524.3 680.3 _ 2.25%° SIG.
Oxadiason Sub~sub treatments 7 2251.8 321.7 1.086 NS.
Glyphosate x Oxadiazon x Sub- _

sub treatments 14 1684 .4 120.3 - 0.31
Ercor () L B84 25301.3 301.2
Total 126 135376.3 1074,4
Grand total : 143 301554.0
Grand mean 138.2
Total number of observations 144

NS = Not aignificant at the (.05 level, *, **, significant differences at the 0.05
and 0.01 level respectively. _

x
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Appendix 86:

lowland rice at Badeggl 1986 wet season

Analysis of variance of spikelets per panicle in the direct-seeded

source of Degrees of Sum of
variation freedom sguares
2 28.8
Glyphosate 2 32329.4
Error (a) 4 2082.4
Total 8 34411.8
1 10033.4
Glyphosate x oumnhmuo: 2 9225.3
grror (b) : 6 716.3
Total 9 19875.0
Sub-sub plot
Bub-sub treastments 7 344737.8
Glyphosate x Sub sub treatments 14 19751.7
Oxadiazon sub-sub treatment 7 4542.6
Glyphosate x Oxadlazon x Sub-
sub treatments 14 4468,0
Error (c) B84 20815.0
Tokal 126 394316.9
Grangd Total : 143 448731.6
Grand mean 134.1
Total number of observations 144

Mean

sguares

4.4
16164.7
520.6
4301.47

20033.4
4612.7
119.4
2219.4

49248.3
1410.8
648.9

319.1
247.8
3129.5

F Significance

0.05 NS
31.05°* SIG.
2.10
17.36
84.04++* SIGe
38,63 SIGe.
0.48
8.95 )
198, 73¢ S1G.
5.6%* S1G.
2.61 SIG.
1.28

NS = Not significant at the 0.05 level,
and 0.01 levels respectively.

*, *¢, significant differences at the 0,05
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Appendlx 873

lowland Hpnm at Badeggl, 1986-87, dry season

Analysiy of variance of % unfilled grains in the direct-seeded

Source of variation N Mwmmmmm ot MMWMHMM
Main-plot | !
Replication S 2 0,60
Glyphosate ! 2 8529,06
Error (a) | 4 91.78
Total ! 8 3620,83
Sub-plot
dxmmmmnob 1 106,78
Glyphosate x Oxadiazon 2 T1e72
Error (b) 6 935.63
Total W N..NN.AU
Sub-sub _plot )
SUb-sub treatments 7 17676.19
Glyphosate x Sub=-sub dﬂmmdams&m 14 1168,39
Oxadiazon x Sub-sub treatments 7 208,56
Glyphosate x Oxadlazon x Sub-sub

treatments ] . 14 295.28
Error (c) i 84 2353433
Total _ 126 21701.75
Grand total - . 143 30515.31
Crand mean 20,02 .
Total number of observatiomn 144

Mean
Sgquares

0.30
4264,53

22.9%4
452,60

106.78
35,86
15460
20,24

2525017
83,46
29,97

2109
28,02

400,00

F Significance
0.01 NS
0.81
16,15
ml mb.: mH_n..
2.29
0455
1,07
90,1 35%#* SIG.
2, 97%% S1G.
1.06 NS
C.75 NS

NS = Not significant at 0.05 Hm<wH~ *, %%  gignificant differences at the 0.05 and

0.01 levels r&spectively.
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Abpendix B88:

Analysis of variance of % unfilled grains in the direct-seeded
lowland rice at badeggl, 1986 wet season.

Source of wvariation

freedom

Main~plot
Repilcatlion 2
Glyphosate 2
Error (a) 4
Total 8
Sub-plot
ammammwob 1
Glyphesate x oxmmumnos 2
Error (b) 6
Total 9
Sub-sub plot
Sub-sub treatments (Post

emergence herbiecldes) 7
Glyphosate x Sub-sub treatments

(Fost emergence) 14
Oxadiazon x Sub-sub wwmmﬁsmsdw

(rost emergence) 7
Glyphosate x oxmawmnoauﬁ.nﬁﬂ

emerg mbom 14
Error 84
lotal 126
Grand total 143
Grand mean 29.07
Total number of observations 144

Degrees of

Sum of

Sgmares

320,9
890.1
25.9

915.9

951.8
480,2
681841
2259.2

85603444
62195
2029.4

26474
11098,5

Mean
Sguares

F Significance
1421 ‘NS
68, 85 SIGe
0,04 |
C.13
7 o Ol SIGe
1276 NS
1 .03 NS
1.90
G2y 55 % SIG,
2,28%% SIG.
2.,15% SiG,
143 NS

NS = Not significant at the 0,05 level, *, ¥*, significant a»wmmamﬁnmm at the 0,05
and 0,01 levels respectively.
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Appendix 89: Analysis of variance of grain yield in the direct-seeded lowland
rice at Badeggi in 1985-86 dry season. o

Source of Degrees of Sum of Mean R
variation _ freedom sguares squares P Significance
Main-plot
Repilcation 2 1.62 : 0.81 4,38 NS
Glyphosate 2 155.23 77.61 _ 619,49 5IGe
Error {(a) 4 0.501 _ 0.125 .67
Total 8 155.74 19.46 108.15
mcvlmwow
pxadlazon i 4,09 4,09 33.48%» 5IG.
Glyphosate x Oxadiazon _ 2 0.98 0.49 4.03 NS
Ercer (b) 6 0.73 0.12 0.66 NS
Total 9 5.80 0.4 3.49
Sub—-sub plot
Sub-sub treatments (Post §

emergence herbicides) 7 87.96 12.56 . S7.99s%» SIG.
Glyphosate x Sub-sub treatments

(Post emergence) 14 28.42 2.03 10,.58** SIG.
Oxadiazon x Sub=sub treatments

(Post emergence) 7 2.95 0.42 2.28e0 S1G.
Glyphosate x Oxadiazon x Sub-sub _ .

treatments 14 5«55 0.39 2.140> SIG.
Error (c) 84 15.52 0.18
Total 126 140.42
Grand total 143 303,59
Grand mean 3.3
Total number of observations 144

NS = Not significant at 0.05 level, *, *¢, significant differences at the 0,05

and 0.01 levels respectively.
| 8
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Appendix mo.. Analysis of variance of grain yield in the direct-~seeded lowland
~rice at Badeggi, 1986 wet season.

Source of . Degrees of Sum of Mean
variation freedom sguares squares P Significance
Main-plot .
Replication 2 1.83 0.91 1.59 NS
Glyphosate 2 31.82 15.91 27.41 E1G.
Error (a) 4 2.32 D.58 1.0
Total 8 3.14 4.26 7.48
Sub-plot
mxmmmmuoa 1 23.87 23.87 80,56 5IG.
Glyphosate x oumnwwuoa 2 5.80 2.90 9.78%+ SI1G.
Sub-sub _plot
Sub-sub treatments nvOmn

emergence herbicides) _ 7 342.03 48.86 85.06¢=¢ SIG.
Glyphosate x Sub-sub treatments :

{Post emergence) 14 16.57 1.18 2.06" SIG.
Oxadiazon x Sub-sub treatments

(Post emergence) 7 10.70 1.52 2.66" 51G.
Glyphosate x Oxadlazon x Post

emergence 14 7.91 0.56 0.98 NS
Error (c} 84 48.24 0.57 .
Total e 126 428.48 3.37
Grand total _ 143 492.91
Grand mean 3.5
Total number of observations 144

NS = Not significant at the 0.05 level, *, *¢, significant differences at the 0.05
and 0,01 levels respectively.
LY
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Appendix 91: Analysis of variance of grain yleld in the direct-seeded lowland
rice at Badeggi, 1986-87 dry season., -

Source of bDegrees of Sum of Mean
variation _ freedom squares = sqguares F Significance
2 0.17 - 0.085 Ga74 NS
Glyphosate 2 171.95 85.97 -1887.75** S1G.
Error (a) 4 0.18 0.04 N 0.39
Tetal 8 172.13 21.5%4 195.54
Sub-plot : _ :
mxmewuoa .u. HuHW .Ho.u-m . ._.m'Fw'. SIG.
Glyphosate x o*mnanﬁoa 2 0.40 0.20 . R.62
Error (b) 6 0.46 . 0.08 0D.68
Sub-sub plot
Sub-sub treatments (Post . . . .
emergence) 7. 73.79 10.54 92.40% S1G.
Glyphosate x Sup-sub treatments 14 12.36 0.88 7.74%¢ 5IG.
Oxadiazon x Sub-sub treatments 7 - 1.84 0.26 2.30%s S1G.
Glyphosate x Oxadiazon x Sub- T
sub treatment 14 1.06 0.07 0.57
grror {c) 84 9.56 0.11
Total 126 - 18.65 0.78
Grand total S 143 _ 273.03
Grand mean 3.35
Total number of cobservatlons 144

NS = Not significant at the 0.05 level, *, **, significant differences at the 0.05
and 0.01 levels respectively.
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Common and chemical names of herbicides
mentioned in the text.

Common name

Benthloecarb
Bentazon
Butachlor

Delapon
Dimethametryne

Fluoridifen

Glyphosate
Molinate

Oxadiazon
Paraquat

Propanil

Silvex

Chemical name

S=/"(4=chlorophenyl) methyl diethyl
carbomothlcate.

3-1soprophyl~1H-~2,1,3~benzo thiadlazin-
4 (3H)=one 2, 2-dioxide.

N~(butoxymethyl)=2~chloro=~2"',6'diethyl
acetanilide. e

2-2-dichloropropionic acid

4=~(1,2~dimethyl=n-propylamino)=-
2-thylamino~6-~methyl=thio=5~triazine

FP-nitrophenyl (x-x-x=trifluoro=2-
nitro-P-toyl) urea.

N-(phosphonomethyl) glycine,

S-ethyl hexahydro~IH-azepine—1-
carbothioate.

2-tert=butyl~4(2,4-dichloro-s~
1sopropocyphany15 DZ 143 ¢4—~0xadlaxolin=-
H5-oOne. T
1,1=dimethyl-4,4 bipyridinium ion.

3' 4'~dichloroproplonanilide.

2-(2,4,5~-trichlorophenoxy) propionic
acld,
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